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ABSTRACT. 

Present knowledge of the occurrence and structure 

of carbohydrate-protein linkages, and of the stability 

of these linkages under alkaline conditions, is reviewed. 

ethods that have been employed to determine the primary 

structure of carbohydrate -moieties are discussed, and 

special reference is made to methods that involve 

treatment of glycoproteins with alkali or sodium boro-

hydride in alkali. 

The effects of alkali and alkaline borohydride on 

4-N-(2-acetamido-2-deoxy41-glucopyranosyl)-11raeparagine 

(Cloac-Asn) were studied, and some interesting products 

were identified. It was found that reduced oligo-

saccharides may be obtained from glycoproteins containing 

GleNAc-Asn as linking moiety by treatment with sodium 

borohydride in alkali at 100°C, and the value of the 

method was demonstrated by the preparation of reduced 

oligosaocharides from hen ovalbumin. 

A hypothesis that attempts to explain why only 

specific k-asparaginyl residues become glycosylated is 

discussed. These residues are followed by a 3-hydroxyamino 

acid in a position next-but-one towards the C-terminus 

of the apoprotein. It has been suggested that hydrogen 

bonding; occurs between the hydroxyl group of the 

3-hydroxyamino acid residue and the oxygen atom of the 

amide group of the i-aeparaginyl residue. Attempts 

have been made to test the validity of this hypothesis 

by the titration, with acid and base, of glycopeptides 

containing the specific amino acid sequence. 



It is accepted that certain biological activities 

of some glycoproteine may be. influenced by the stereo-

chemical characteristics of carbohydrate moieties. The 

chiroptical properties of GloNAc-lien have been studied 

in order to elucidate some of these characteristics. 

The conformation of GloNAc-Asa in aqueous solution has 

been established and compared, by X-ray diffraction 

studies, to those adopted in the crystalline state and 

when bound to lysosyme. 
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ALBREVIA IONS. 
5 

ORD 
CD 

Glycopeptide 

Ovine submaxillary rucin 
Porcine submaxillary mucin 
Bovine submaxillary mucin 

1-Dimethylaminonaphthalene-5-sulphonyl 
1-Dimethylaminonaphthalene-5-suiphonic acid 
1-Dimethylaminonaphthalene-5-sulphonamide 

4-N-(2-4cetamido-2-deoxyle-k-glucopyranosyl)- 
irasparagine 

4-N-(2-Amino-,2-deoxy-P-2-glucopyranosyl)-11-
asparagine 

4-N-0(-12-Glucopyranopyi-L-asparagine 
2-Aoetamido-2-4eoxy-P-pglucopyranosyl aside 
2-Acetarido-2-deoxylle-R-glueopyranosylamine 
2-Acetamide-l-N-acety1-2-deoxy-p-112-glucopy-

ranosylamiiie 
N-Acety1-713-2-glucopyranosylamine 
N-Acetyl-P-E-mannopyranosylamine 

Acetyl-P=E-galactopyranosylamine 
N-Acety1-06-2-gelactopyranosylamine 
N-Acetyli-c(  
V-Acetyl-P-R-xylopyranosylamine 
2-Amino-2-deoxy-11-glueitol 
2-Amino-2-deoxy-2-mannitol 
2-Amino-2-deoxy-P-ti-glucopyranosyl-(1-4 4)-

2-amino-2-deoxy-k-glucopyranose 
2-.Amino-2-deoxy-P-R-glueopyranosy1-(1-4 4)-

2-arino-2-deoxy-2-glucitol 

Optical rotatory dispersion 
Circular diohroism 

The definition of this term has been 
extended to include materials that are 
obtained from glycoproteins and that con-
tain carbohydrate covalently bound to only 
one amino acid residue. The term has been 
extended in this way previously (see for 
example.Fletcher, VArksi Marshall 
Neuberger, 1963). 

OS'' . 
Ps 
E37. 

Dna-- or danayl 
Dns-OF 
Dns-Nri 2 
OloNAc-Aran 

• GUN-Ann 

Glc-M3n 
GloNAc-N3 
GleN 
GlciiAc-NHAc 

Gle7171-1Ac 
Alan-4CH A c 

P tial.P11 Ac 

Ara-NE A c 
Xyl-IIHAc 
GlcNol ' 
i'anNol 
Chitobiose 

Chitobiol 
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Table ht. 	Some glycoproteins and their carbohydrate content. 

al 	. Tot 	no 
No.* 

From animal tissues:- 

2V1 	Examkle Hot, sugar residues 

1 Enzymes Bovine pancreatic ribonucloase B 14,700 7 

2 Porcine pancreatic ribonueiease 21,000 38 

3 Bovine pancreatic deoxyribo- 
nuclease 31,000 7 

4 Snake venom L-amino acid oxidase = 70.000 iio 

5 Snake venom proteinase B 95,000 85 

6 Bovine liver 0 -glucoronidase 280,000 (8%) 

7 Hormones Porcine Follicle stimulating 
hormone 32,000 13 

8 Human chorionic hormone 27,000  41 

9 Human thyrog/obulin 670,000 351 

10 Ovine interstitial cell- 
stimulating hormone 16,300 13 

11 Immunoglobulins Rabbit yG 140,000 19 

12 Human yA 140,000 58 

13 Human yM :1050,000 457 

14 Egg-white Hen ovalbumin 45,000 8 

15 Hen ovoniucoid 28,000 38 

16 Hen avidin 53.000 2 

17 Hen ovotransferrin  80s000 14 

18 Plasma Calf fetuin 48t000 49 

19 Human a1-acid glycoprotein 44,000 89 

20 Human transferrin 90,000 24 

21 Human haptoglobulin 2-1 200,000 143 

22 Bovine fibrinogen 330,000 42 

23 Urine Human Tamm-Horsfall protein 80,000 103 

24 Connective 
Tissue Dog tendon collagen (0.8%) 

25 Extra...cellular Bovine glomerular basement 
membranes membrane (9.4%) 

26 Cellular M and N specific glycoproteins 
membranes  from red-cell membranes 30,000 

(cont. opp. pi30_) 



28. 

CHAPTER 1, 	11:TR0DUCTI0r. 

PAIW 	NATIM OP GLYCOPMTINS, 

Glycoproteins are .characterised as a group of 

proteins that contain covalently linked carbohydrate, 

moieties that have structural features in common and 

require, at least in part, similar enzymatic mechanisms 

for their assembly and breakdown. everal writers 

have noted the wide diversity of substances that may 

be classified ac glycoproteins (see, for example, 

Eeuberger, 1970). some of them have biolog-

ical activity as enzymes, hormones, immunoglobulins 

and plasma clotting factors. They are of widespread 

occurrence: egg-white milk, serum and urinary proteins 

often have covalently-attached carbohydrate, and they 

are components of connective tissue, mucinous secretions 

and cellular membranes (see Table 1.1). Clycoprotelne 

ray be soluble globular proteins or insoluble protein 

types such as collagen, 

Glycoproteins are found in mammalian tissues, in, 

plants and in bacteria. rolecular weights range bet-

ween those of relatively small glycoproteins such as 

bovine pancreatic ribonuclease 	(Z;o. 1 in Table 1.1), 

and ovine submaxillary mucin 	I x 106) (3;o. 27 in 

Table 1.1), and the carbohydrate content from less 

than l; (no. 24 in. Table 1.1) to greeter than PV 

(o. 27 in Table 1.1). Anything from one to seven 

types of sugar residues may constitute the oligo-

saccharide moiety and the size, complexity and number 
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Table 1.1 (cent). 

No. Mom Example Mol.Wtip Total no. 
suwir residues 

27 Mueins Ovarian cyst fluid A substance 1,000,000 4,120 

28 Sheep submaxillary gland 
glycoprotein 

1,000,000 ,I.600 

29 From plants Pineapple stem bromelain 33,000 9 

30 'Soybean haemagglutinin 110,000 33 

31 Glucoamylase from Aspergillus 
(15%) niyr 

32 	From bacteria 	Envelope-specific glycoprotein 
from Eacherichis Coli B (4%) 

Also stipulates the references below, 

1. Plummer & Rirs (1964) 

2. Reinhold et al. (1968) 

3. C4itley, Moore & Stein (1969) 

4. de Kok & Rawitch (1969) 

5. Wilma, Xvanaga & Suzuki (1968) 

6. Plapp & Cole (1967) 

7. Cahill et al. (190) 

8. Bahl (1969) 

9. Spiro & Spiro (1965) 

10. Walburg & Ward (1963) 

11. Graham & Neuberger (1968) 

12. Dawson & Clamp (1968) 

13. Miller & Metzger (1965) 

14. Johansen, Marshall & Neuberger (1961) 

15. Montgomery & Wu (1963) 

16. Melamed & Green (1963) 

17. Williams (1967) 

18. Spiro (1960) 

19. Eylar & Jeanlom::(19(2) 

20. Jamieson (1965a) 

21. Gerbeck, Bezkorovainy & 
Rafelson (1967) 

22. Bray & Laki (1968) 

23. Fletcher, Neuberger & 
Ratcliffe (1970) 

24. Ref./aides & Winzler (1966) 

25. Spiro (1967) 

26. Kathan & Adamany (1967) 

27. Aminoff,,Morgan & Watkins(1950) 

28. Pigman &GottschaLk (1966) 

29. Murachi, Suzuki & 
Takahashi (1967) 

30. Lis, Sharon & Katehalaki 
(1966) 

31. Lineback (1968) 

32. Okuda a Weinbaum (1968) 
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of oligosaccharide units per polypeptide chain too may 

vary. The oligosaccharide moiety may be as simple as 

the single 0-p-D-galactopyranosyl residue found in collagen 

(Spiro, 1969), or it may be far more complex. The limit 

in size would appear in general to be about fifteen sugar 

residues, although the heterosaccharide moieties of 

glycosaminoglycans are believed to be much larger. For 

example, keratan sulphates isolated from various sources 

by treatment with papain and cold alkali have number-

averagb molecular weights of 11,500 (bull-shark cartilage), 

10,000 (human cartilage), 8,900 (ox cornea) and 9,700 

(chicken cornea) (;athews & Cifonelli, 1965). 

It may be seen that the presence of carbohydrate 

does not impart any properties to a protein which are 

specific for glycoproteins. The structural features of 

glycoproteins that differentiate them from other proteins 

are the carbohydrate-protein linkages. The investigations 

to be described are concerned with several aspects of the 

linkage involving L-asparagine and N-acetyl-D-glucosamine. 

PART 2. TEE CARBOHYDRATE-PROTEIN LINKAGES. 

Section 1. The amino acids and sugars involved in linkages. 

A degree of specificity is exhibited in both the amino 

acid and sugar residues involved in carbohydrate-protein 

linkages. Glycosylated residues of the amino acids 

L-asparagine, L-serine, L-threonine, 5-hydroxy-L-lysine and 

L-cysteine have been found. The majority of the linkages 

elucidated so far fall into three distinct types. 

In the first type of linkage, the amide group of an 
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D-asparagine residue is bound to the C1  atom of an Y-ecetyl-

D-glucosamine residue. This linkage is known to occur in 

many serum and egg-white proteins and was first described 

in hen ovalburnin (see Gottschalk, 1966). Glycoproteins 

containing this linkage are often of relatively low 

molecular weight and generally possess only a few hetero-

saccharide moieties per mole of protein. The sugar residues 

D-mannose, 11-acetyl-a-glucosamine, I7-galactose, -fucose 

and sialic acid are often found in the moiety bound by 

this type of linkage, whereas N-,acetyl-2-galactosamine 
seldom occurs. 

The second type of linkage involves 13-hydroxy amino 

acidic, rtich are often bound to N-acetyl-a-galaotosamine 

residues. Various muoine (Harbon eet al., 1964; Tanaka, 

kertolini 67. Pigman, 1964) and blood group substances (Lloyd 

Kabat, 1968) contain this sugar residue linked to both 

L-seryl and i-threonyl residues. Glycoproteins containing 

this type of linkage often have relatively high molecular 

weights, and possess a high percentage of their weight as 

carbohydrate. They generally contain R-galactose, 1.-acety1-

42-glucosamine, N-acetyl-a-galactosamine, i-fucose and 

sialic acid, but seldom i..mannose, a-lrylose also serves as 

the linking sugar in proteoglycans, but is bound only to 

k-serine (Rodgns  1968). 

A third type of glycoprotein linkage has been found 

in guinea pig skin collagen (Butler & Cunningham, 1966; 

Spiro, 1969) and in ox glomerular basement membranes 

(Spiro, 1967). It involves an 0-glycosidic linkage between 

a D-cp-alactose residue and the hydroxyl group of 5-hydroxy- 

Glycopeptides which contain glycosylated residues of 
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cY teine have been reported ac components of red 

cell membranes (eiss, .mote 	Bobinrki, 1971). The 

chemical naturesof the etructuresinvolving some of 

these amino acids and the sugars to which they are 

most commonly bound are described in rig. 1.1. 

Occasionally other sugars ANam be*tn 62,,wmA. 

x.,.. Brine and irthreonine may be linked to D.-galactose 

in earthworm cuticle collagen (Lee t"; Long, 196S), to 

L-arabinose in a hyaluronic acid-polypeptide complex 

from ox vitreous humor ('•'JIrdi, Allen, Turner f. 

Stary, 1969) or with 2-mannose in the cuticle collagen 

of Annelida  (4iro Bhyroo, 1971) and in an enzyme 

mycodextranase secreted by Penicillium melinii  

(umuel rordin, 1971). 4-trans-rydroxy-L-proline 

is found in plant extensin (Lamport, 1969), and has 

been found bound to Trarebinoee. The structure 

0--galactopyranosyl-(1-43)--gelectopyrenosy1-L-

cyateine has been determined in a glycopeptide isolated 

from human urine (vote 	eise, 1971). 

A chiff-base type of linkage involving a sugar 

and an 1, terminal-a valine residue has been prorosed 

for theP-chain of one of the minor hemoglobins (i ) 

which is found in increased amounts in patients with 

diabetes mellitus. After reduction of the glycoprotein 

with sodium PiTborohydride at p1 7 or p!  3.51 followed 

by acid hydrolysis, an isotopically labelled substance 

was isolated. 77:sterification and acetylation yielded. 

a compound with a similar, but not identical, mass 

spectrum to that obtained with 1-N-(2,3,4,5„6-penta-Ct- 
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Fig. 1.1. The structures of some carbohydrate-protein  

linkage moieties. 
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acety1-1-deoxy-R-galactito1-1-y1)-i-valine ethyl ester 

(Bookchin & Gallop, 1968). 

It was suggested originally, partly because 

cleavage of the carbohydrate-protein linkage occurred 

readily in mild alkali (Graham, Murphy & Gottschalk, 

1963), that a number of proteins contain: glycosidic 

ester linkages, but this suggestion overlooked the 

llkalihood that ©-glycosidic bonds involving peptide-

linked Irserine and i-threonine residues would be 

cleaved readily under these conditions by aP-elim-

ination reaction. Further evidence for glycosidic 

esters in BSM and OSM was presented by Murphy & 

Gottschalk (1961), who observed that reduction by 

lithium borohydride in tetrahydrofuran of glycopeptides 

that had been solubilised in this solvent by digestion 

with trypsin and treatment with phenylisothocyanate 

resulted in the loss of 83% of the total dicarboxylic 

acids and the production of 2-amino-4-hydroxy-k-butyric 

acid (-homoserine) and 2-amino-5-hydroxy-i-pentanoic 

acid. These observations have not been fully explained, 

but it was suggested that diborane was formed during 

the decomposition of excess lithium borohydride with 

an anhydrous solution of hydrogen chloride in methanol. 

Diborane will reduce carboxylic acids (Gottschalk & 

K;nig, 1968). The Hestrin hydroxylamine reaction 

for esters has been applied to OSM, BSM and PSM, and 

no glycosidic ester could be found, although the BSM 

used contained acetyl esters linked to sialic acid 

residues (Bertolini & Pigman, 1967). 
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Section 2. Glycoproteins with more than one type of  

carbohydrate-protein linkage. 

Some glycoproteins are known to contain two types 

of carbohydrate-protein linkage. Thomas & Winzler (1969) 

showed that 25% of the carbohydrate in M and N-specific 

glycoproteins from erythrocyte membranes is linked via 

alkali-labile bonds. They have also isolated a glyco-

peptide (see p.5) that contains only L-aspartic acid 

(Thomas & Winzler, 1971). The chondromucoprotein pre-

pared from ox nasal-septa without the use of alkali or 

proteolytic enzymes gave, on treatment with 0.5M-NaOH 

at 25°C for 24 hr, protein-free ehondroitin sulphate, 

and an alkali-resistant glycopeptide containing keratan 

sulphate (Partridge & Elsden, 1961). Chondroitin 

sulphate and keratan sulphate may be linked, therefore, 

to the same polypeptide chain. Ox corneal keratan 

sulphate Also appears to be involved in a linkage that 

is stable to 0.5M-KOH for 48 hr (Seno, Meyer, Anderson 

& Hoffman, 1965)&that may involve b-asparagine and 

N-acetyl-R-glucosamine (Greiling, Stuhlsatz, Kisters & 

Plagemann, 1968). Renal glomerular basement membrane 

may contain a heteropolysaccharide unit bound to i-aspar-

agine as well as the disaccharide units bound to 

5-hydroxy-i-lysine (Spiro, 1967). 	Linkages 

involving 11-asparagine and i-serine or i-threonine appear 

to be present on the H-chain of rabbit1G immunoglobulin 

(Smyth & Utsumi, 1967) and in the human YA (Bra) myeloma 

protein (Dawson & Clamp, 1968). A heavy-chain disease 

protein (Cra)(Clamp, Dawson & Franklin, 1968), lacto-

transferrin (Spik & Montreuil, 1968) and YA lactoglobulin 
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Table 1.2  

Glycoproteins which are known to contain GleNAc-Asn. 

Hen ovalbumin (Johansen, Marshall & Neuberger, 1961) 

Hen ovomucoid (Tanaka, 1961) 

Human al-acid glycoprotein (Eylar, 1962) 

Guinea-pig a «acid glycoprotein (Cunningham & Simkin, 1966) 

Human tranafcrrin (Jamieson, 1965a) 

Human lactotransferrin (Spik & Montreuil, 19644 

Bovine fibrinogen (Mester & Vaas, 1964) 

Calf fotuin (Spiro, 1964) 

Human ceruloplasmin (Jamieson, 1965' 

Rabbit yG globulin (Nolan & Smith, 1962a) 

Human yG globulin (Rothfus & Smith, 1963) 

Bovine yG globulin (Nolan & Smith, 1962b) 

Human myeloma yA protein (Bra) (Dawson & Clamp, 1968) 

Heavy chain disease protein (Cra) (Clamp, Dawson & Franklin, 1968) 

Mouse Bence Jones protein (mom 46) (Melchor*, 1969) 

Human thyroglobulin (Spiro, 1965) 

Bovine ribonuclease B (Plummer, Tarantino & Maley, 1968) 

Horse and pig aorta glycoproteins (Moczr, 1968) 

Corneal keratan sulphate (Baker, Cifonallij. lathews & Roan, 1969) 

Bovine glomerular basoment membrane (Spiro, 1967) 

Taka...amylase A (Anal, Ikenaka & Matsu/him 1966) 

External yeast invertase (Gascgn, Neumann & Lampen, 1968) 

Soybean haomagglutinin (Lin, Sharon & Katchalski, 1966) 

Pineapple stem bromelain 
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(Descamps, Monsigny & Montreuil, 1968) are other 

examples in which these two types of linkages occur. 

Section 3. A genetic relationship between the amino acids. 
involved. 

There appears to be no.obvious relationship.bet-

ween the amino acids that are found glycosylated, but 

a phylogenetic connection has been proposed by Jamieson 

& Jett (1971), linking L-asparagine, the 13..hydroxy-i-

amino acids and I-lysine (which undergoes hydroxylation 

prior to glycosylation; Rosenbloom, Blumenkrantz & 

ProckoR,1968). The nucleoside base codons for,i-Aspar-

agine (AAU and AAC) can give the codons for 1-serine 

(AGU and AGC), for I-threonine (ACU4And ACC) and L-lysine 

(AAA and AAG) by a single base sequence change. Id-
Asparagine was suggested to be the most primitive 

acceptor amino acid, the other types having arrived by 

single mutations. It should be noted, however, that a 

change to I-cysteine or L-proline would require two 

base changes. 

?ART 3. METHODS USED FOR IDENTIFICATION OF THE STRUCTURE  

OF THE LINKAGE MOIETY. 

Section 1. The L-asparagine to N-acetyl-R-glucosamine  

linkage, 	Isolation of glycopeptides. 

Glycoproteins which are known to contain G1cNAc-Asn 

as linking component are Bated in Table 1.2. Identi-

fication of this type of linkage normally involves the 

isolation of glycopeptides (see p.5) Containing I-aspartic 
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acid as the major, if not the only, amino acid after 
proteolytie digestion of the protein chain with non-

specific enzymes such as subtilisin, papain or pronase. 

Activities in addition to its proteolytic activity have 

occasionally been ascribed to some preparations of 

pronase. Thus, cleavage of the carbohydrate-protein 

N-acyl-glycosylamine type of linkage in orosomucoid 

(Kamiyama & Schmid, 1962), in thyroglobulin (Spiro, 

1965) and in soybean haemagglutinin (Sharon, 1972), 

and also partial cleavage of the 0-glycosidic linkage 

(Carubelli, Bhavanandan & Gottschalk, 1965)7 has been 

described. Even with pronase, it is often difficult 

to remove completely the amino acids adjacent to the 

carbohydrate moiety, and repeated digestion is often 

necessary; the presence of sialic acid appears to 

inhibit digestion of some glycoproteins (Cunningham & 

Simkin, 1966). If peptide material remains attached 

to thep‹-carboxyl group of the glycosylated i-asparag-

ine residue, it may sometimes be removed by protecting 

the freeof-amino group with a benzyloxycarbonyl group, 

followed by treatment with carboxypeptidase (Fletcher, 

Marks, Marshall & Neuberger, 1963; Kaverzneva & 

Bogdanov, 1962). 

Syntheses of G1eNAc-Aen. 

4-N-(2-acetamido-2-deoxy-P-D.glueopyranosyl)-i-

asparaginel neNAc-Asn) has been synthesised and character-

ised (Marshall & Neuberger, 1964; Bolton, Hough & Kahn, 

1966; Tsukamoto, Yamamoto & Miyashita, 1964). The 
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Table 1.). 	Half-lives of some glycosides in 2M-HCI at 100°C. 

temin) 	 Reference 

Methyl ci-INimannopyranoside 	 3- 	Overend, Rees & Sequeira (1962) 

Methyl al..galactopyranoside 	 1 	Overend, Rees & Sequeira (1962) 

Methyl 2-acetamido.2-deoxy,amtglucopyranoside 	1Q 	From data of Moggridge & Neuberger (1938) 

Mimosa from hen ovalbumin 	 6 	Graham & Neuberger (1968) 

GUNAc-Asn 	 17 	Marshall (1969) 
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protected intermediates,2-acetamido-3,416-tri-0-acetyl-

2-deoxy-P-E-glucopyranosylamine and c‹-benzyl-N-benzyloxy-

carboxyl-L-aspartatel were condensed in the presence of 
dicyclohexylcarbodiimide. The protected amino acid 

derivative required laborious separation by counter-

current distribution or by the solvent extraction pro-

cedure described by Le Quesne & Young (1952) and, 

overall, eleven stages were required for synthesis 

starting from D-glucosamine and i-aspartic acid. Fart 

of the present work was devoted to simplifying the pro-
cedure required for this synthesis and to characterising 

GleNfic-Asn with special regard to its optical rotation 

in solution and to its hydration phenomena in the 

crystalline state. 

Isolation and identification of GleNAc-Asn from glyco- 

peptides. 

Isolation of GleNAc-Asn from glycopeptides cont-

aining only aspartic acid (see page 5) may be achieved 

by partial acid hydrolysis. As can be seen from the 

half-lives measured in 2M-HC1 at 100°C (Table 1.3), the 

rate of hydrolysis in acid of GleNAc-Asn is somewhat 

slower than the rates of hydrolysis of those types of 

glycosidic bonds that are often found in glycoproteins. 

However, low yields of GloNAc-Asn might be expected. 

The destruction of G1cNAc-Asn proceeds via two competitive 

pathways in 2M-HC1 at 100°C (see Fig. 1.2). One of 

these pathways involves N-deacetylation. Owing to 

the presence of a positive charge adjacent to the 

acylamido group, the rate of hydrolysis of N-deacetylated 

GlollAc-Asn is relatively slow and this compound may 
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Fig. 1.2. The two major pathways by which G1cNAc-Asn may 

be hydrolysed in 2M-HC1 at 1000C  

4- Aspartic acid 
+ NHS 
CH2pH 

0 

20 x 10-3min-1  ki- - 

k2= 22 x 10-3min-1  

k 3 = 21 x 10-3min-1  

k4= 7 x 10 3min-I  

ki  k2  = 42 x 10-3 

From Marshall (1969). 
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accumulate in acid hydrolysates of glycopeptides (Fletcher, 

Marshall & Neuberger, 1963; Monsigny, Adam-Chosson & 

Montreuil, 1968). GleNAc-Asn may also be isolated 

from glycopeptides containing L-aspartic acid as the 

only amino acid by the sequential periodate degradation 

method developed by Smith and co-workers (Abdel-Akher, 

Hamilton, Montgomery & Smith, 1952) in which periodate 

oxidation is followed by reduction with borohydridel land 

release of the polyalcohols produced by mild acid, 

hydrolysis. 

The material isolated may be compared to the syn-

thetic compound by its physical and chemical properties 

and by the chromatographic behaviour of itself and its 

derivatives. Further acid hydrolysis of the material 

should yield one mole of ammonia per mole of i.aspartic 

acid released. 

The highly fluorescent dansyl derivative of GleNAc-

Asn has proved useful in its identification in hydroly-

sates of dansylated glycopeptides from ribonuclease B 

(Plummer, Tarentino & Maley, 1968) and soybean haem-

agglutinin (Lis, Sharon & Katchalski, 1969). 

An amido hydrolase that will cleave the linkage 

quantitatively providing that thec(-amino and carboxyl 

groups of the glycosylated Trasparagine residue are free 

has been isolated from a number of sources (Ohgushi & 

Yamashina, 1968), The enzyme was found to have no 

activity on i-asparagine, and to cleave the model linkage 

compound GloNAc-Asn to give Iraspartic acid and 2-acet-

amido-2-deoxy-A-E-glucopyranosylamine. The latter 

compound decomposes at neutral pH to give E-acety1-2-

glucosamine and ammonia (Makino, Kojima, Ohgushi & 
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Yamashina, 1968; Mahadevan & Tappel, 1967). The amido 

hydrolase has been used to characterise GleNAc-Asn in 

glycopeptides from ribonuclease B (Tarentino & :aley, 
1969) and stem bromelain (Okumura & Yamashina, 1970). 
Large amounts of G1cNAc-Asn are excreted in the urine of 

some mentally retarded patients (Jenner & Pollitt, 1967), 
and an examination showed that this amido hydrolase was 
absent from the seminal fluid. 

The stability to alkali of a glycopeptide prepared 
by tryptic digestion of hen ovalbumin was investigated 

by Neuberger (1938). Half of the total nitrogen content 

was liberated as ammonia by 1M-NaOH at 100°0 after 16 hr. 

Later studies ( :°arks, Marshall & Neuberger, 1963) showed 

that 1.5 moles of ammonia per mole of glycopeptide con- 

taining L-aspartic acid and L-leucine as the only amino 

acids were liberated by 0.2M-NaOH at 100°0 after 400 min, 

and a first order rate constant of 7.2 x 10-3min-1  was 

calculated for the initial part of the reaction. This 

value was similar to that obtained for the rate of 

evolution of ammonia from Glc-Asn (5.5 x 10-3min-1) under 

the same conditions Marks & Neuberger, 1961). Treatment 

of a glycopeptide containing several amino acidsluthich 

had been prepared from hen ovalbuminl with 109f,  (w/v) barium 

hydroxide at 100°C for-4 hr in the absence of oxygen was 

found to change the D-mannose s D-hexosamine ratio from 

1.6 : 1.0 to 4.0 : 1.0 (Clamp & Hough, 1965). 
In the work to be described, the degradation in 

alkali and in alkaline borohydride of the Y-acylglycosylamine 
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linkage in model compounds and in glycopeptides has been 

comprehensively studied. 

Section 2. The 0-glycosidic linkages to i-serine and  

L-threonine. 

-Elimination in alkali. 

0-Glycosidic linkages involving L-seryl and L-threonyl 
residues usually undergo facile cleavage in the presence 

of alkali by p-elimination (see Fig. 1.3). This reaction 

results in destruction of the L-threonyl and L-seryl 

residues, the concomitant production of 4.-amino crotonic 

and acrylic acids, and in the release of oligosaccharides. 
This type of linkage has been identified by studying 

the products of treatment of glycoproteins with alkali. 

Anderson, Hoffman & ;,:alyer (1963) provided evidence for 

the involvement of the hydroxyl group of I-serine in linkage 
to chondroitin 4 and 6 sulphates by measuring, after acid 

hydrolysis, the destruction of this amino acid resulting 

from treatment of the chondromucoprotein with alkali. 

Anderson et al., (1964) treated BSM, blood group A + H 
substance and shark cartilage keratan sulphate with 

0.5-NaOH at 4°C for 2 days and proteoglycans containing 

keratan sulphate from a number of different sources with 

0.45.1-KOH at room temperature for 20 hr. In each case 
the alkaline treatment was followed with acid hydrolysis. 
Substantial losses of L-threonine and L-serine were found. 
In separate experiments, hydrogenation over a catalyst of 
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(3-Elimination of glycosyloxy residues from carbohydrate-

protein linkages involving L-seryl or L-threonyl residues. 

  

  

Reduction results in the formation of alanyl or 

2-aminobutyryl residues. 
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10% platinised charcoal reduced the unsaturated amino 

acid residues of the alkali-treated glycoprotein to 

alanyl (20% yield) andq-aminobittyil4 	(35% yield) 

residues (see Fig. 1.3). Carubelli, Bhavanandan & 

Gottschalk (1965) showed that there was an increase in 

the spectrophotometric absorption at 241nm during the 

alkaline degradation of OSM. This increase was 

attributed to the strong absorbance at 241nm of C(-amino-

acrylic acid and O(-aminocrotonic acid. 

The effect of substitution of the of -amino and 

carboxyl groups of i-seryl derivatives on the rate of 

13 -elimination has been investigated (Derevitskaya, 

Vafina & Kochetkov, 1967). 34-0-01-Glucopyranosyl)-

N-benzylcxycarbonyi-i-serine methylamide is split to 

the extent of 95% at pH 11 at 37°C after 24 hr. Neither 

3-4(/3-k-glucopyranosyl)-i-serine nor 3-0-&-i-glucopy-

ranosyl)-D-serine methylamide is split under these con-

ditions. Surprisingly, 3-0-(p-2-glucopyranosyl)-N-glycyl-

i-serine methylamide is also completely stable. 

A-Elimination in the presence of sodium borohydride. 

Tanaka, Bertolini & Pigman (1964) studied the 

P-elimination reaction in the presence of alkaline boro-

hydride. BSM was treated for periods of up to 9 days 

with 0.1M-NaOH and 0.3M-NaBH4 at 5°C. A total yield of 

74% alanine was formed from the I-serine destroyed but 

only about 13%q-amino butyric acid was formed from the 

i-threonine destroyed. The loss of about 70% of the 
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carbohydrate upon dialysis showed that this had been 

released from the protein. 

The sugar involved in the linkage is often reduced 

to the corresponding alcohol in alkaline borohydride, 

and may be identified as such, 

At higher temperatures, almost quantitative release 

of carbohydrate moieties may occur. Carlson (1968) 

treated pig submaxillary mucin at 25°C and also at 45°C 

for 15 hr in lid-NaBH4, both in the presence and in the 

absence of 0.05ill-KOH. Most (90%) of the oligosaccharides 

were released at 45°C in the presence of NaBH4  alone, or 

of NaBH4  together with KOH, while only 20% was released 

at 25°C. The high yields of oligosaccharides released 

contrasted with the low yields obtained under similar 

conditions of alkali*  but lower temperatures, by other 

workers (Lloyd, Kabat, Layug & Gruezo, 1966). 

In addition, under conditions of raised temperatures, 

high concentrations of borohydride„ and low concentrations 

of glycoprotein, reduction may proceed at a much faster 

rate than degradation of the released carbohydrate. All 

of the oligosaccharides isolated by Carlson (1968) had 

N-acety1-2-galactosaminitol as the reduced terminal 

residue, whereas the oligosaccharides isolated by Lloyd, 

Kabat, Layug & Gruezo (1966) were terminated by galactitol, 

or by hex-3-ene-1,2,5,6-tetrol. 

Bertolini & Pigman (1967) treated BSM and OSM with 

conditions that were different to those of Carlson's(0.3B-

NaBH4  in 0.1M-NaOH at 45°C) and measured the loss of various 

components of the material in the dialysis bag after 
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dialysis. At the end of 12 hr of alkaline reduction. 

approximately 75% of the I-seryl and &-threonyl residues 

were lost, and a total of not more than 75% of the N-

acetyl-p-hexosamine residues were reduced. As protein 

was also lost from the dialysis bag, it was suggested that 

cleavage of peptide bonds occurred under these conditions. 

Weber & Winzler (1969) treated avian mucin, canine 

and porcine submaxillary mucins, and M and N blood-group 

active sialoglycopeptides from erythrocytes, with 0.4E-NaBH4  

in 0.02M-NaOH at 45°C for 10 hr, and with 0.21;-NaBH4in 

in 0.211-NaOH at 25°C for 48 hr. The decrease in the 

number of moles of i-serine and D-threonine was greater 

than that of p-galactosamine in every case, and at 45°C 

significant amounts of aspartic acid were lost. Alkaline 

reduction of the mucins resulted in production of hexos-

aminitols in almost quantitative yield from the hexosamines 

lost, while only 60% of the hexosamines destroyed in the 

M and N active glycoproteins were reduced to the corres-

ponding hexosaminitols. It was concluded that the 

application of these conditions would give only qualit-

ative identification of the amino acids and amino sugars 

involved in linkage. 

Section 3. The effect of alkali on other types of carbo-
hydrate-protein linkages. 

The structural entity involving '.-51P-22-galacto-

pyranosyloxy-irlysine is very stable to alkaline conditions 

and the 5-hydroxy-i-lysine-linked carbohydrate Units, 

containing either the monosaccharide :i -,81-galactopyranosyl 

or the disaccharide 2-0*12-glucopyranos4A-D-galacto- 
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pyranosyl, can be obtained in high yields by treatment 

of glycoproteins with 21-NaOH for 16-20 hr at 90-105°C. 

The products may be quantitated directly on the auto-

analyser (Spiro & Fukushi, 1969). The material obtained 

from the basement membrane was degraded further by 

0,51-H2504  for 28 hr at 10000 andr.--5-p-,12-galactopYranosyl-

oxy-i-lysine was isolated and characterised (Spiro, 1967). 

Complexes containing 4-hydrOxy-i-proline and I-

arabinose were isolated from glycopeptides from tomato 

cell-walls (Lamport, 1969) by hydrolysis with 0,221i-Ba(OH)2  

8H20 at 105°C for 6 hr. The 4-hydroxy-i-proline residue 

had free imino and carboxyl groupst'and it,:lvas.  deduced 

that the 4-hydroxyl group was involved in a glycosidic 

linkage. 

PART 4.  THE IMPORTANCE OF STRUCTURAL AND STEREOCHEMICAL 
EXAMINATION OF CARBOHYDRATE MOIETIES OF  
GLYCOPROTEINS. 

Section 1. The functional significance of carbohydrate  
moieties. 

The carbohydrate moiety may influence the function of 

a number of biologically active glycoproteins. 

Human chorionic gonadotrophin and follicle-stimulating 

hormone were found to lose their hormonal activity after 

treatment with neuraminidase when tieSt6dcby in vivo methods 

(Mori, 1969). That this loss of activity may be connected 

with changes in turn-over times was, shown by Morel' et al., 

(1971). They found that removal of sialic acid from the 

two gonadotrophic hormones, and orosomucoid, fetuin, 

ceruloplasmin, haptoglobin, o(2-macroglobulin and thyroglobulin 
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resulted in the rapid removal of these materials from the 

circulation and concentration of these materials in the 

parenchymal cells. This increase in the rate of catabolism 

appears to depend on the integrity of the exposed, terminal 

2-galactose residues of the asialoproteins as treatment 

with p-galactooidase or galactose oxidase increases the 

survival time to that of the native protein. 

Certain glycoproteins in the blood of several species 

of Antarctic fish have the property of lowering the 

freezing point of the blood (De Vries, Komatsu & Feeney. 

1970). The glycoproteins lower the freezing point of 

water to the same extent as equal weights of sodium chloride. 

This glycoprotein contains disaccharides, (N-galacto-

PYranosyl-(1 144)-2-acetamido-2-deoxy-0(-2-galactopyran-

osyl) linked to every 2-threonyl residue in repeating 

sequences (-THR-Ala-Ala-THR-Ala-Ala) (De Vries, Vandenheede 

& Feeney, 1971). The ability of the glycoproteins to 

depress freezing point is destroyed by proteolytic digestion. 

Acetylation of 35% of the sugar hydroxyls, oxidation of 

80% of the 2-galactose residues by periodate, or treat-

ment with 0.15g-sodium borate destroys the anti-freeze 

activity, whereas oxidation at 06  of the 2-galactose 

residue has no effect. Results suggest that the activity 

is related to the cis-2,3-hydroxyls of the 2-galactose 

residues, as well as the integrity of the whole glycoprotein. 

Certain glycoproteinssuch an the submaxillary gland 

mucins, act as protective agents and as lubricants. In 

many cases, these glycoproteins are rich in sialic acid, 

and it is these constituents, as well as the high molecular 
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weight of the glycoproteins, that endow mucous secretions 

with a high degree of viscosity (Gottschalk & Thomas, 1961). 

Certain studies suggest that the fibrinogen-fibrin 

interconversion involves the release of carbohydrate 

(Chandrasekhar & Laki, 1964). The works of others do not 

agree with these findings; Raisys, Molnar & Winsler (1966) 

concluded from experiments on rabbit fibrinogen,in which 

sialic acid and 2-glucosamine residues were labelled with 

140, that release of carbohydrate during clotting does not 

occur. 

As a large number of extracellular proteins are 

glycoproteins, whereas many intracellular ones are not, it 

was suggested some years ago that glycosylation of a pro-

tein is necessary for its export from the cell (Eylar, 

1965). Thus, external yeast invertase contains 50% mannose„ 

while the internal invertase contains less than 3% (Gasorm, 

Neumann & Lampen, 1968). There are, however, many except-

ions to this suggestion; for example, serum albumin is 

not a glycoprotein. Winterburn & Phelps (1972) have 

recently discussed the exceptions to Eylar's theory, and 

have suggested that glycosylation determines the extra-

cellular fate of a protein. 

Section 2. Biological activities of the carbohydrate  
moieties of glycoproteins. 

The carbohydrate portions of certain glycoproteins are 

sometimes involved in forming the antigenic determinants 

of these macromolecules. 

Substances with serological specificities related to 
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the A, B, 0 and Lewis blood-group systems have been isolated 

from various tissue fluids and secretions. These substances 

may contain non-reducing terminal N-acety1-0(--galactos-

aminyl residues and 4-2-galactosyl residues)which largely 

determine the A and B specific activities, respectively, 
and the Lewis specific activities are, in part, determined 

by the nature of the non-reducing qi-i-fucosyl residues 

(Watkins, 1966). 
Certain cell-membrane antigens are glycoproteins. 

The M and N blood-group specificities of human erythrocytes 

reside in sialoglycopeptidas which are released by trypsin 

from a glycoprotein isolated from erythrocyte stroma 

(Winzler et al., 1967). This glycoprotein also bears the 

receptor sites which bind with myxoviruses (Springer, 

Nagai & Tegtmeyer, 1966). These activities appear to 

depend on the presence of sialic acid residues on the mem-

brane glycoproteine (Springer & Ansel', 1958). Consider-

able evidence has accumulated that the , recognition of 

one cell by another involves the carbohydrate moieties of 

membrane glycoproteine (see for example Cot & Gesner. 1968). 

Roseman (1970) has proposed that intercellular adhesions 

are a result of interactions between the glycosyr-r - -

fegiduesof the membrane of one cell with glycosyrtrAw6 

fetases of the adjacent cell. 

There may also be a connection between the rate of 

growth and the size of glycopeptides of cell-surface comp-

onents in both control and virus-transformed cells (Buck, 

Glick & Warren, 1971). 
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A synthetic antigen has been prepared by linking up 

to 13% of the /3-carboxyl groups of poly-k-aspartic acid 

with di-N-acetyl chitobiosylamines  followed by cross-

linking with ethylenimine. The product was found to 

elicit an immune response .in mice (Shier. 1971). The 
antibody formed cross-reacts with the presumed receptor 
sites for wheat-germ agglutinin on tumour-cell surfaces, 
and 5 times the number of mice immunised by this antigen 

reject myeloma tumours compared to control mice. 

Section 3. The heterogeneous nature of carbohydrate  
moieties. 

Carbohydrate appears to be an important source of 

heterogeneity in glycoproteins. The polypeptide chain 

may occur naturally with or without attached carbohydrate, 

as with ribonuclease A and B (Plummer & Hire, 1964) or 

with rabbit 	globulin (Smyth & Utsumi, 1967). The 

carbohydrate moiety on a specific amino acid residue 

in a protein may exist in more than one form. Thus, for 

example. in collagen the prosthetic group may consist of 

a single P-R-galactosyl residue, or of a disaccharide 

oci-glucosyl-(1 	2).43-2-galactose (Spiro, 1969). 
The microheterogeneity found in the carbohydrate 

moiety of hen ovalbumin (Cunningham, 1968) may be of 

a different type where the carbohydrate chain may terminate 

in different sugar moieties. Chromatography of the 

glycopeptide prepared by pronase digestion on AG50-WX2 

(t(a+) resins by elution with sodium acetate buffers 



tpli 2.6, lmLI in Nal-, then pH 6.0, 50mM in Na+; Huang, 

Mayer & \ontgomery, 1970) yielded fractions, the 

compositions of which were as follows (expressed as 

moles per mole of i-aspartic acid): 

Component Moles Vo Man GlcklAc 

A 5.0 6.01 5.00 

B 12.5 5.10 5,08 

C 35.8 5.92 4.05 

D 27.0 5.94 2.18 

E 19.7 5.01 1.96 

The origin of this heterogeneity may be the biosynthetic 

mechanism whereby carbohydrate moieties are built up by 

the attachment of monosaccharide residues in a stepwise 

manner. It should be noted however that 0(.1:1-manno-

sidases and N-acetyl- ft -D-glucosaminidases 

53- 



arepresent in egg-white. This type of microhetero-
geneity has been established in a number of glyco-
proteins including oLamylase (McKelvey & Lee, 1969) 

and fetuin (Oshiro & Eyler, 1968), and is probably a 
general feature. 

Seqtpn 41-. The effect 9f cfrb,hxdrate moieties on the  

conformatiop pr _gliycopro t sins. 

Although a direct functional role for the 

carbohydrate moieties has been established for only 

a limited number of glycoproteins, complete correlation 

of the structure, conformation and role of these macro-

molecules can be achieved only when knowledge of the 

constitution, primary structure and stereochemistry 

of each of the carbohydrate moieties has been obtained, 

and the effect of these on the overall tertiary and 

quaternary structure of the protein determined. For 

example, Shimizu et al.. (1971a)has suggested that 

the large amounts of carbohydrate in IgM molecules may 

create spaces between subunits, prevent steric inter-

ference between the multiple binding sites, and thus 

promote their more effective utilization. The role 

of hydroxy-i-lysine linked disaccharide units in 

decreasing the morphological organization of collagen 

has been discussed (Spiro, 1967). Exceseive glycosy-

lation of collagen molecules would permit them to 

participate in fibril formation only if these collagen 

molecules were located on the periphery of the fibril, 

54. 
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while the disaccharide unit located in the 4X 

chain of rat-skin collagen may fit into the ',hole',  

region between neighbouring collagen molecules when 

packed in a quarter-stagger array (Morgan, Jacobs, 

Segrest & Cunningham, 1970), 

PART 5,  METHODS ,OR DETERMINATION 9P WS PRIMARY 

STRUCTURE OF CARBOHYDRATE MOIETIES. 

Section 1. Methypttion. 

The preparation of fully methylated oligo- and 

polysaccharides is one of the most useful techniques. 

The methylated sugars are most easily separated and 

measured by gas-liquid partition chromatography. 

Section 2. Periodate oxidation. 

A molecule containing free neighbouring hydroxyl 

groups will be cleaved by periodate. Malaprade (1928) 

showed that the reaction will proceed as follows: 

CH2OH 

(CHOH)n  + (n + 1)HIO4 	2HCHO + nECOOR + H2O 

CH2OH 	 + (n+1)1I03  

Formic acid is formed from secondary hydroxyl groups 

and formaldehyde from primary hydroxyl groups. 

Measurement of these products, the amount of periodate 

uptake, and the sugars destroyed, gives much inform-

ation concerning the number and types of terminal 
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residues, and the degree and position of substitution 

of internal residues. 

The glycopeptide frbm hen ovalbumin has been sub- 

jected to periodate oxidation (Fletcher, Marks, arshall 

& Neuberger, 1963), and to investigation by methylation • 

techniques (W,ontgomerypLee 	1965). On the basis 

of the results obtained, a structure for the carbohydrate 

moiety has been proposed (see Fig. 1.4). 

Section 3. Isolation of fragments from glycopeptides  
by partial acid hydrolysis. 

Hydrolysis of glycopeptides or bligosaccharides by 

treatment with dilute mineral acid, or water-soluble 

polystyrene sulphonic acid resins (Painter, Watkins & 

Morgan, 1962), may lead to the isolation Of di- or tri-

saccharides which are more amenable to structural deter-

mination. Artifacts may occasionally be formed by 

acid reversion (see, for example, Manners, 1959). 

Hydrolysis with 0.111-1101 at 10000 for 3 hr of a 

dinitrophenylated glycopeptide prepared from hen ovalbumin 

(Montgomery, Lee &litu, 1965) led to isolation of a 

fragment in low yield containing one residue of E-Mannose 

and one residue of N-acetyl-R-glucosamine_per mole of 

Li-aspartic acid. 

Section 4. Structural determination by the use of 
glycosidases. 

The structure of glycopeptides may be investigated 

by identification of the sugar residues that are cleaved 

by specific, purified glycosidases. 	The components of 

hen ovalbumin glycopeptide that were separated by chrom- 



Pig. 1.4. The structure of hen ovalbumin alycopeptide. 

The structure proposed by Xontgomery, Lee 84 Wu (1965):-

OlcNAc -(1 -> 4)-an -(1 4)-01cliAc - 1 -3 4)-G1eNAc -NH-Asp 
/1\ 

(1 - 1?) 

Man
P  

(1 - 3) 
Man -(1 - 4 gang 	

_ 2) 

The structure proposed by Huang, :ayer Amtgomery (1970):. 

(G1cNAcp)0,1 or 2 ..an -GleNAcp-OlcEAcp.m.Asp 

(T4anp)0 or 1 - Wan)3  

4/an (GicNA00 or  3. 

57- 
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atography on AG50-4X2 resins have been subjected to the 

actions of .0(-Dmannosidase and N-acetyl4LD-glucosaminidase 

(Huang et al.,-1970) and a sequence of sugar residues 

proposed (Fig. 1.4). A complex with the composition 

(;:an,(GleNAc)2Asn) has been isolated from hen ovalbumin 

glycopeptide by treatment with the glycosidases mentioned 

above. The final D-mannose residue is cleaved from the 

complex by a p-D-mannosidase prepared from Achatina fulica  

(Sugahara, Okumura & Yamashina, 1971). 
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Section 5. Alkaline degradaticon of oligosaccharide moieties. 

Mechanism cfP-alkoxy carbonyl elimination  
with neutral re(lueing terminal hexoses. 

Glycosidic bonds are normally stable to alkaline 
hydrolysis, but a stepwise degradation may take place 

from the reducing end of oligosaccharide moieties, and 
alkaline degradation has been used to obtain oligo-
saccharide fragments from glycoproteins with alkali-
labile carbohydrate-protein linkages. The mechanism in-

volved was described as 0-alkoxy oarbonyl elimination 

(Corbett,• Kenner & Richards, 1953a,b). The proton 0( 
to a carbonyl group in the open.chain form of the reducing 
neutral hexane may be removed by hydroxide ion, followed 
by elimination of th4imalkoxy substituent. A C3  sub.-

etituent will be readily eliminated. C4  subetituente 
are less readily eliminated; the mechanism assumes that 
a carbonyl group is formed in the 2-position by a Lobry 

de Brayn transformation, so that the C4 substituent 
will be in a bposition relative to it. 06 substituents 

are relatively stable, and 02  substituents very stable. 

The eliminated alkoxide anion is an oligosaccharide, 
which may have an alkali-labile linkage at the reducing 
end. Further degradation may result and sugar unite 
will be removed in a stepwise manner until a sugar unit 
involved in an alkali•-stable linkage is exposed. 

Uechanism of degradation of oliFossacharAdes with reducinK 

terminal Eracetyl hexosamine residues. 

Mild treatment with alkali of N.acetyl-R.hexosamine 

has been considered in the elucidation of the Morgan- 
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Moon (1934) reaction. The structures of the products 

that are formed by treatment of 11-acetylhexosamine 

residues with alkali have been determined (Kuhn & Kriiger, 

1956, 1957). These products.have. been called "chromogens". 

The two principal chromogens appear to be formed by the 

lose of one and two molecules respectively of water to 

give an'anhydro sugar in the 5-membered ring form, and 

finally 5..dihydroxyethy1-3-acetamidofuran (structures I 

'and II in Fig. 1.5). Leaback & Walker (1963) showed 

that under the'acidic conditionsof the condensation step 

with p-dimethylaminobenzaldehyde, the furan derivative 

(structure II) is formed quantitatively from the anhydro 

sugar (structure I). Aminoff, :.Torgan & Watkins (1952) 

have discovered some of the more satisfactory conditions 

to use for quantitative estimation of N-acetylhexosamine. 

These workers found that maximum colour intensity was 

produced by heating N-acetyl-2-glucosamine at 100°0 

with 0.0252-Na2003(PH 10.8) for 4 minx, followed by 

treatment with p-dimethylaminobensaldehyde. The chromogens 

formed by treatment with alkali possessed ultra-violet 

absorption'( max  230nm), which decreased with continued 

heating, as did the colour produced by the addition of 

p-dimethylaminobenzaldehyde. This suggested that the 

chromogen itself was unstable in alkali. It was also 

found that enhanced colour production was achieved in the 

presence of borate buffers. 

The colour.  produced by 3-0-substituted N-acetyl-

hexosamine residues, such as that in facto-N-biose I 

(Gal 1 	3 G1oNAc) was greatly enhanced compared to 

that produced by free N-acetyl-hexosamines (Kuhn, 

Gauhe & Baer, 1954a,b). 	It was proposed that 

simultaneous 13-elimination of the 3-eubstituent 
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rendered conversion to the anhydro sugar almost 

quantitative. A reaction mechanism is shown in Pig. 1.5. 

Treatment with alkali (pH 10.5) at 37°C of a cell-wall 

glycopeptide containing, the disaccharide 4-0-17-acety1.1Pk-

E-glucosaminyl-P-acetyl-R-muramic acid, the D-laotyl 

residue of which is linked to a tetrapeptide, results in 

elimination of the 12-lactyl residue and formation of 

2-acetamido-2-deoxy-P-R-glucopyranosy1-3-ene. The product 

is a chromogen which reacts directly with p-dimethylamino-

benzaldehyde (Tipper, 1968). 

Treatment of 4-0-substituted or 4,6-dieubetituted 

Er.acetylhexosamine residues with alkali does not result in 

chromogen formation. The 4-substituent prevents the pyranose-

furanose interconversion (Kuhn, Gaulle & Baer, 1954a,b). 

It should be noted that epimerisation of P-acetylhex-

°gamines may also occur in alkali, Spivak & Roseman (1959) 

obtained a 2.0, yield of N-acetyl-D-mannosamine by the 

treatment of N-acetyl-D-glucosamine with R. dilute aqueous 

solution of sodium hydroxide (pr 11; 2 days; room temperature).. 

Other reactions of supare in alkali. 

Pyranose-furanose interconversione, condensations and 

fragmentation reactions may occur as a result of the action 

of alkali on sugars. Ike (1914) isolated 100 different 

products from glucose by treatment with alkali. Saccharinic 

acids, resins and other high molecular weight products of 

unkbown compoeitionsI may be formed. 

Pyrazine glyoxaline derivatives are formed by the 
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CH7.0H 
OH 

H÷ 
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HO 
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OH 

CHO 
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H, 0 H 

CH2.0H 
O 

NHCOCH3  

CH,PH 

HCOH 0  

OH,H 71-1-11-(2> 

CF1i.OH 

NCO 

NHCOCH3 	 NHCOCH3  

Fig. 1.5. Formation of chromogens from 3-0-substituted N-acetyl-D-glucosamine residues by 

treatment with alkali. 

Conversion of I to II occurs in acid solution., 

	OH 
/CHO 2/--1  

OR 
HO 

NHCOCH3  

CH2.OH 

N HCOC H3  N HCOCH3  
HO 

anhydro-N-acetyl-D-glucosamine 	anhydro-N-acetyl-D-glucosamine 	5-dihydroxyethy1-3-acetamidofuran 

(pyranose form) 
	

(furanose form) 
	

rn 

Rb = eliminated glycosyloxy residue 
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action of ammonia on R-glucose at 37°C for 2 weeks 

(Hough, Jones 4: Richards, 1952). These derivatives 

have a characteristic ultraviolet spectrum with Xmax oV 

275nm. Similar compounds have been separated from the 

reaction products of aqueous ammonia on 2-glucosamine • 
(Tana, 1961). 

De-amination of hexosamines may occur in hot 
alkali. This reaction has been adopted for use as a 
method for determining gluoosamine (Tracey, 1952). 
However, whereas saturated phosphate/borate buffer 
(pH 11.4) at 100°0 yielded 100% ammonia from glucosamine, 
saturated sodium carbonate yielded 80%, 0.25M sodium 

carbonate 50%yand saturated sodium tetraborate only 
25%. It is clear that we may expect a variety of 
products when glycopeptides are treated with alkali. 

Section 6. Alkaline degradation with borohydride reductiop. 

Stepwise degradation in alkali normally proceeds 

until an alkali-stable linkage is reached and has been 
used to isolate (1-4 2) linked disaccharides . Thus, 

lacto-W-fucopentaoseI yielded 52%o( -i-fucosyl -(1 -42) - 

12 -galactose and 16% of the corresponding talose derivative--
formed by epimerisation - when treated at 100°C for 

20 min with 0.025M -Na2CO3  (Kuhn, Baer & Gauhe, 1958). 

Derivatives containing 3.40.i:substituted reducing terminal 

sugars have been isolated by interrupting the alkaline 

degradation with, an alkaline resin Lpoly(vinylberzyl-

triethylammonium) hydroxide] by dialysing away the fragments 
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(Harr, Donald & Morgan, 1968). 

Another method of interrupting this process of 

alkaline degradation is to use sodium borohydride, as 

discussed earlier. By this method, Carlson (1968) 

isolated_ from gig zubniaxillary- mucin a pentasaccharide 

2-acetamido-2-deoxy.41-galactopyranosyl (1-43)4>(-i-

fucopyranosyl-(142).:1P-2-galactopyranosyl-(1-->3)-

E
N-glycolylneuraminyl-(2-+6)1-2-acetamido-2-deoxy-i-

galactitol as well as a number of smaller reduced 

saccharides, all of which contained N-acetyl-E-galacto-

gamin/tali, Lloyd, Kabat, Layug & Gruezo (1966) showed 

that the action of sodium'hydroxide and sodium bdro-

hydride on blood group tubiit#A6.e produced complex 

mixtures of products ranging from monosaccharides to 

oligosaccharides containing more than six monosaccharide 

residues. 2-04)(-i-Fucopyranosyl-Egalactitol was 

isolated and characterised, as well as a reduced tetra-

saccharideck-i-fucopyranosyl-(12)1P-E-galactopyranosyl-

(1-4)-2-acetamido-2-deoxy4-E-glucopyranosyl-(1-406)hex-

3-ene-1,2,5,6-tetrol, 

Thomas & Winsler (1969) have prepared reduced °lig°. 

saccharides from M or N active human erythrocyte 

membranes using 0,1H-Na011 and 0,44-NaBB4  at room temp-

erature for 24 hr. The most complex product was a 

reduced tetrasaccharide, N-acetylneuraminyl-(2---). 3)- P 1- 

galactopyranosyl-(1-0)-P-acetylneuraminyl-(2-40 47-  

acetyl-R-galactosaminitol. Other smaller saccharides 

were formed. Some of these had structures that suggested 

they had arisen from carbohydrate moieties containing 
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3 or less sugar residues. In addition, reduced products 

such as N-acetylneuraminyl-(2 	3)-12-galactitol were 

isolated; these may have arisen from a peeling 

reaction from a larger oligosaccharide initially 

released. Free sialic acid, galactitol, N-acety1-2-

glucosaminitol, a 3-deoxy-2-glycitol,and the reduced form 

of the Yuhn & Kriiger chromogen (see page 60 ), were also 

formed. 

A mechanism for the production of a 3-deoxy-p-

glycitol in these reactions has been proposed (Lloyd, 

Kabat & Licerio, 1968) in which unsubstituted 

3-deoxyhexulose, formed by elimination of a substituent 

at C:3  from a reducing terminal 2-galactose residue via 

a peeling reaction, is further reduced at the 2-keto 

group by borohydride. These workers also isolated sub-

stituted and unsubstituted 3-hexenetetrols by the 

action of alkaline borohydride on blood group Le 

substance. The unsaturated derivatives decolourised 

bromine and potassium permanganate solutions. A reduced 

form of the Kuhn & Krilger chromogen has also been 

obtained by the action of alkaline sodium borohydride 

on ELD-Ga1-(1 ---)3)-2-G1cNAc (Lloyd & Kabat, 1969). 

Section 7. The present work.  

It may be seen that, although the results of methods 

such as periodate oxidation and cleavage with glycosidases 

can give readily-interpreted data concerning the structure 

of non-reducing terminal sugar residues, alkaline degrad-

ation, especially in the presence of reducing agents, 
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provide:: useful information concerning the primary 

structure at" the reCuoing end of the oligosaccharide 

moiety, ompecially when overlapping fragments can be 

obtained. So far, this latter method has been used to 

obtain oligonaccharides from linkages involving 

ii-threonine and i‘-serine. Part of the work to be 

described will be devoted to determining the conditions 

for alkaline degradation of the 1-asparegine to N-acetyl- 

glucosamine linkage, so that structural determin-

ations of this type may be performed. 

6. DETERMINATION OP THE CONFORMATION OP GLYCOPROTEINS. 

A large number of physical techniques have been 

applied to the study of protein conformation. Of these, 

high-resolution X-ray crystallography has not been 

employed successfully with a glycoprotein so far. Once 

obtained, electron density data may be difficult to 

interpret because of the inherent heterogeneity of 

carbohydrate moieties. Of other methods, acid-base 

titration and chiroptical methods will be discussed here. 

Section 1. Acid-base ,itration. 

The hydrogen-ion titration curve of a protein 

molecule is a measure of the total number of protons 

bound to, or dissociated from, all of the acidic or 

basic groups of the protein, as a function of pH. The 

results may be analysed according to the Isinderstr0 

Lang (1924) model to determine the intrinsic dissociation 
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of the groups involved; , 	group counting may be com- 

pared to the amino acid analysis to discover groups 

that are inaccessible to titration, and the effect of 

desaturing solvents, high and low pH eto. on these may 

be evaluated. 

Titration of 14Ycovroteins. 

The first electrometric titration curve of protein 

to be reported in the literature was that of ovalbumin 

and the first discovery of a phenolic group inaccessible 

to titration was made with this protein (Crammer & 

Neuberger, 1943). Other glycoproteins have been titrated, 

including ovine luteinising hormone (Ward, Walborg h 

Adams-Mayne, 1961), bovine fibrinogen (Mihalyi, 1970), 

haptoglobins (\Yaks. & Alfeen, 1966), fetuin (Spiro, 1960) 

and glycoprotein I from kidney bean (Purtai, 190), a 

protein of about 60.000 molecular weight containing 50 

monosaccharide residues. In 0,151-Sa01, the kidney 

bean glycoprotein showed irreversible behaviour above 

pH 9, and storage in alkali, or titration in 5N. guanidine 

and 1.21-urea exposed 15 more carboxyl groups (but with 

lower than expected intrinsic dissociation contents), 

10 more lysyl residues and 4 more tyrosyl residues. 

Storage at pH 12 for longer periods than 1 hr increased 

the titrating groups to a number higher than theoretical, 

suggesting that degradation had occurred. It was sug- 

gested that these abnormalities might, in part, be 

explained by intramolecular interaction between carbohydrate 

side-chains and the polypeptide chains, or by simple 

steric effects caused by the carbohydrate moieties 
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themselves. 

Interpretations of this kind would he helped by 

knowledge of the behaviour of the prosthetic groups 

during titration. and at extremes of pH. 

Section 2. 	Chiroptical methods. 

Denatured proteins generally show much less negative 

mtations than native proteins at wavelengths above about 

220nm*  and Moffitt & Yang (1956) suggested that this 

was due to a loss of helical content. Several equations 

have been used to determine helical content from ORD 

curves, including a single term Drude equation (Kauzmann, 

1957) and the several term equations of Moffitt & 

Yang (1956) and of Schechter & Blout (1964). 

Glycoproteins studied containing relatively little 

carbohydrate such as hen ovalbumin (Tomimatsu & Gaffield, 

1965) and avidin (Green & Melamed, 1966) are probably 

open to interpretation in terms of their polypeptide 

chain conformations alone. However, glycoproteins con. 

taining a higher density of prosthetic groups on the 

polypeptide chain, such as in haptoglobulins I and II 

(Gerbeok, Bezkorovainy & Rafelson, 1967), fetuin (Waks 

& Alfeen, 1966), 	immunoglobulin (Dorrington & Tanford, 

1968) andotracid glycoprotein (Yamagami & Schmid, 1967) 

have also been studied, and parameters of the multi. 

term Drude equation (Schechter & Blout, 1964) used to 

determine the helical content of these glycoproteins. 

The CD spectra of "freezing point depression', 

glycoproteins from antarctic fish show positive peaks 

at 218nm and negative peaks at 194nm (De Vries, Komatsu & 

Feeney, 1970). The 24.-acetamido chromophore of the 
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ncety1-17-zalactosanine realdues, which are bound to 

evory 'third roam act. C resiluo *-threonin.0, will 

ni07e important contributions to the CD pattern, bvt 

it is. diffinult to predict the n1 4. an _ rlagnitmle of 

the effect. The,  Cr spectra of red cell membranes have 

aro been interpreted in terms of 	content 

(Ginner 	.7inger, 1971). 

comyllete intcrprottlon of theee data ilecess-

it%tos an c7a1uation of both the direct and indirect 

effects o'? the curbohydrate moieties on the chiroptical 

propertien of alycorroteins. 

!free, neutral nu6ars and Glycosides give plain 

OD curves drmn to 2)Or n (1,istowe;ky, Avicad 	EnFlard, 

1965). A rale wa3 proposed to oreclict the contribution 

of bydroxy fth. nethexy groups in a !her of awpra, 

oomefih,It alone, the linef.F, of the oetpalt riAle or c.rfitt 

et Ta.,  (1961), consring the ring oxyt,;n !Atom, 

which !las its Wbsorption MRY.IMPN 110.0W VVR1M, hz71 the 

principai chromophore. Acoossiblo chromenhore6 in 

sugar icrivativez such an lactonen (Okuan, Ilaraya 

Klyemoto, 1966) anR,azide (7au1een, 16) :lave boen 

exanined by On!) and Mana octant rulon foriTIlatO. 

The ohromophoric ncetanlido 4Kroup nu bech e/:smined 

in the glycosidez of TI-aoetyl-L-glucosavline ,and 

:-Galactoaamine (2eychc7;-  a Rabat, 1965; „tintovral:-yi, 

Aviv4 .5; nnglard, 196,9). "'hp) CTID, cures chewed tl-at 

theOLanomer had a re po&itive roti;tiln thall the 

/3-ar.onier, 'out both EaG 	trove. 	clout 22t7trl ere a 

yeak at 2Cf.'A.m. 	'axIativ;:: IL t1:.e muoriity,Te of thc Cotton 
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effect for the various derivetives.were interpreted 

using the octant rule (Beychok Rabat, 1965) and the 

preferred orientation of the 2-acetamido group postulated 

to be the some se that observed in the lysoryme 17-acetyl-

E-glucoeamine compleyes (Phillips, 1967). CD spectra 

of these derivatives were also obtained down to about 
210nm (Rabat, Iloyd Pa Peychok, 1969). In the sane paper, 

the ORD/CD spectra of several oligossecharides containing 
mono- and di-substituted N-acetyl-ipt-hexosamine residues, 

and of N-ecetylneureminic tcid, colominic acid and 
teichoic acids  were preeented. Some rules were proposed 
which may allow the nature and position of substitution 

of N acetyl-i-hexosemine residues to be predicted. 

substitution, especially on the 3-position, appears to 
enhance the higher wavelength negative Cotton effect/CD 

band and and-L-fucosyl substituent has a dominant effect. 

The CD spectra of mucopolysaccharidem show two bands in. 

the region of the amide tend carboxyl chromophores. The 

negative peak at higher wavelengths is common to all 

polymers, while the eharaeteristics of the other band 

depend. on the polymer structure (Stone, 1971). 

Conformatioga aspects ip tie present work. 

Much atereochenicel information has been obtained 

from CD and ORD of well defined and easily available 

chromophores. For example, the carbonyl group in the 

rigid environments that exist in steroids or triterpenoids 

has been much etudied. The wavelengths at which chrome-

phores of naturallyoccurring carbohydrates absorb have 

only recently been penetrated by modern speotropolarimeters 

and CI maebinee. Consequently, much remains to be done 
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before the interpretation of data becomes straightforward. 

The examination of the stereochemistry of carbo-

hydrate moietiesl and of their conformation with respect 

to the polypeptide chain, will be approached in this work 

by determining the stereochemistry of the linking 

moiety Glenc-Asni The chiroptical properties of 

GleNAc-Asn, .eycopeptides containing this compound, as 

well as . a number of analogous synthetic compounds,in 

aqueous solution will be described, and interpreted. 

The stereochemistry of Glonc.Asn in two other 

environments will be described. Large crystals of 

GloNAc.-Asn.3H20 and Glc-Asn.112(Ywere grown, and the 

three-dimensional structures studied, using X-ray dif-

fraction methods, by Dr. L.Denaexe in the Department 

of Chemical Crystallography, Oxford. 

The stereochemistry of Glcnc-Asn will also be 

described when bound to an enzyme, hen egg lysozyme. 

It was felt that the type of environment presented by 

an enzyme might be more akin to that experienced in an 

in vitro situation than in either aqueous solution or 

in the solid state. The experiments were performed in 

the laboratory of Professor D. Phillips at the Depart-

ment of Molecular Biophysics, Oxford, by Drs. C. Deddell 

and L. Johnson, and we were able to take part in con-

structing difference electron density maps and inter-

preting them with Kendrew model building. The results 

of these experiments will be described in terms of a 

comparison of the conformation in the three different 

environments. 

The significance of the conformation of Glaile-Asn 
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as a factor is determining the mechanism of biosyn-

thesis of glycoproteins will be discussed below. 

PAII 7.  :EL.,710pRTEZSIo c: CARMIYDRAn-:-CI4LN LINKAGES. 

Section 1. Ale peplAar looatipn, of biomtheeils. 

Roseman (1962) outlined the two possible pathways 

for the biosynthesis of the prosthetic groups of glyco. 

proteins. The polypeptide chain may be formed on the 

ribosome, released and then the carbohydrate inserted 

at specific points, or the oligoaaccharide may first be 

linked to a specific amino acid, which is then activated, 

and the complex incorporated into the growing peptide 

chain. It now appears from a number of studies that 

most sugars are added in a sequential manner after the 

formation of the polypeptide chain, while it is on its 

way through the endoplasmic retioulum., 

sscti2n 2. Piosynth9sis of N-acsrl glitcocylemine curb°.  

hirdrate-pro‘einA Ilinkases. 

The mechanism of assembly of inner N.acety1-1

gluoosemine and R.mannose residues remains to be eluci-

dated. That the formation of the W.acyl glycosylamine 

linkage is coded for only in a direct way is unlikely, 

as no transfer RNA carrying emacetyl.M.glucosamine has 

been found (Sinohara Sky. Peck, 1965), The work of 

some suggests that the internal N.acety1.11-glucosamine 
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residue is attached while the protein is still on the 
ribosome (olnar, iobinson &Winzler, 1965; Iawford & 
Echachter, 1966), but other studies do not agree with 
this finding (Sarcione. 1964; Louchilloux Cheftel, 
1966; .elchers, 1970), although the studies were 
performed on different types of cell. The sugar donor 
is likely to be UDP-N-acetyl-E-glucosamine, and the 
enzyme responsible similar, to those transferaaec studied 
by Lcloir (1964). As the glycosylated i-asparagine 
residue in ribonuc1ez-lee'13 corresponds to an i-asparegine 
residua (No. 34) in ribonuclosse A (Plummer IS: Hire, 
1964), it is probable that irasparagine residues rather 
than iraspartic acid residues are the acceptors of 
h acetyl-i-glucosamine. 

UDP-N-Acetyl-«glucosamine tronsferases have been 

isolated (e.g., from goat coloh:tmum by Johnston. 
kcGuire, Jourdein C4 Roseman, 3.960, but appear to be 

active only with terminal i-mannose aooeptor residues 
of glycoproteine. The enzyme specific for formation of 

theme-aryl glycosylamine carbohydrate-protein linkage 

remains to be isolated. 

section 3.  Biosynthesis ofglycosidic carbohydrate- 

urotein.linkagea. 

Direct enzymic addition of N-acetyl-R-gclactoeamine 

on to protein receptors formed by removal from nsm of 
the carbohydrate prosthetic groups with periodate has 
been shown (Hagopian & Eyler, 1968). Other sugars, 
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Table 1.4. Sequences  of peptides containing glycomylated anparngine residues. 

   

Cys-Ala-Asn-Lou-Val-Pro-Val-Pro-Ile-Ihr-ASN-Ala-Thr-Leu-Amp-Arg-Ile-Thr-Gly-Lys-Trp-Phe. 
Tyr-Ile-Ala-Ser-Ala-Phe-Arg-Asn-Glu-Glu-Tyr-ASN-Lys-Ser-Val-Gln-
Glu-Ile-Gln-Ala-Thr-Phc-Phe-Tyr-Phe-Thr-Pro-ASN-Lys-Thr-Glu-Amp-Thr-Ile-Phe-Lou-Arg-
Glu-Tyr-Gln-Thr-Arg-Gln-Asp-Gln-Cyn-Ile-Tyr-ASN-Thr-Thr-Tyr- 

Lou-Ann-Val-Gln-Arg-Glu-ASN-Gly-Thr-Ile-Ser-Arg-Tyr 1  

Thr-Glu-ASN 2  

ASN-(Ala,Thr,Pro,Val)3  
Asn-(ASN,Gly)-Ser 4* 

ASN-Asn-Thr 4 

Asp-110-Lau-His-Gln-Val-Glu-ASN-Lys-Thr-Ser-Glu-Val-Lys-Gin 5  

ASN-Lys-Thr-Ser 6,7,8  
Gly-Glu-ASN-Arg r— 

Pro-Arg-Glu-Gln-Gln-Tyr-ASN-Ser-Thr-Tyr-Arg-Val 9  

Asp-Asp-Lys-Tyr-Tyr-ASN-Thr-Ser-Leu-Glu-Thr 10  

Glu-Glu-Asp-Tyr-ASN-Ser-Thr 11, 12 

Pro-Lou-Arg-Glu-Gln-Gln-Pho-ASN-Ser-Thr-Ile-Arg-Val-Val-Ser 13' 
(ASN,Gly,Ser) 15 

Glx-Glx-Glx-Phe-ASN-Ser-Thr-Tyr-Arg 16,17  

Ala-Ser-Gln-ASN-Ile-Scr-Asn-Azn-Lou-His 18 

(Ile,G1x)-ASN- - -Thr 19  

Cyn-Scr-Gly-ASN-Scr-Ser 19  

Ala-Ser-Glx-ASN-Val-Ser-Asx 19 

ASN-Glx-Ser-Gly- 
Thr-ASN-Phe-Thr 19 • 

Val-Ann-Trp-ASN-Trp-ser 19* 

Phe-Ser-Trn-Lys-Tyr-(ASN,Anx,Ser,Asn,Lys) 20,21 
Leu-Thr-Phe-Gln-Glx-ASN-Ala-Ser-Ser-Met 20,21 
Val-Lyn-Thr-Ilia-Thr-ASN 20,21 

Ile-Ser-Glx(ASN,Ser,His,Pro) 20'21 
20,21 Leu-Tyr-ASN-Val-Ser-Leu-Val-Met 

Ala-Glu-Aan-Tyr-ASN-Lys-Ser 22,23 
Cys-Asp-ASN-Lou 23 

Phe-Gly-Ser-Tyr-ASN-Lys-Ser 22,23 

Human orosomucoid 

Rat Yoshida accites tumour al-glycoprotein 

Human Plasma Da-u2  -glycoprotein 

Human fibrinogen 

Ox fibrinogen 

Human yG.uyeloma protein (Eu)(constant portion) 

Huaan-1O myelc7A protein (Cor)(variabie portion) 

Human ,vG globulin 

Rabbit yG globulin 

Ox 'O globulin 

M01130 Pance-Jones 1G-chain (!more 46)(variable portion) 

Human Denco-Jones K-chain (HDJ 10) 

Hunan Ecuce-Jones X=chain (Fu1) 

1h6:an Renee-Jones K-chain (HDj 4) 

Human Scrum myclomn K-chain (pup) 

Human Sertrf. myelona K-chain (Nor) 

Ilaldenstrou eacroglobulin (Ou & Di) p-chain 
(constant portion) 

Human transferrin 

, 
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peptides and free Treerine and 1-threonine were inactive 

at, r ceptorr). 	F not added, to free t-serine, 

but is traneerred to a preformed protein receptor,  

(:lobinson, Telser Dorftan, 1966) during the biosynthesis 

of cLondromucoproteine. 21mi/arly, a UDP.22.gslactosyl 

tranoferase purified from the skin of embryonic guinea 

pi.s. me active with a receptor prepared by smith-

degradation of colleaen, whereee 5.tydroxy-i-lycine 

had much reduesd receptor activity (Bosmann & Zylar, 

196a). Ttese experiments shor that the cerbohydrste. 

protein linkages form after the completion of the poly 

p,u+10" chains. 

Amino ecid sequence reouirements for the  

for :ration of the Trasparaene to r-acety1.1. 

glAcooar011e  

A preferred sequence in the neighbourhood of 

ulysesylated LI-esparsgine residues has been noted 

Neuberger a Marshallo  1960. An examination of amino 

nol.d sequences in glycopeptides of this type shows that 

ydroxy Amino acid, L-tbreonine or Im.serine, occurs 

in tbo position next but one towards the C-terminue of 

the protein (see Table 1.4). In all but one, or 

possibly two, cases the following sequence occurs! 

--ASIT-Y-Thr( 
	

)- 

where AU is the glycosylatod asparagine residue, and X 

may be any amino acid except i-prolinc, I.cysteine, 

iwaystine, i-tyroaine, irtryptopten, 	hen5,10Pnine 
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or L-aspartic acid, which have not been unambiguously = 
identified in this mention. fhr occurrence of this 

Sequence shows that the carbohydrate is attached 

ufter the compleLion of the .poly peptide chain, that 

the transferase that initiates glycosylation requires 

this sequence as the receptor and that the necessary 

site for glycosylation is coded for directly in the 

Genome, as well are indirectly via the production of 

the tranuferase eymes. 

;fhe . occur 	

m 

rrence of nov-ilxporLylated receptor sGouencen. 

The amino acid sequence described above may occur 

in proteins where the ii-aspexcE;ine residue is not 

glycosylated. Examples such as human oaloitonin 

21.11., 1969), guinea pig immunoalobulin 

chain (namm 8 histowskk-Berneteins  3963) and bovine 

trypsinogen 	toley:Tovel;y, Topit;ek 6; norm, 1966) 

are included in e list of the 101 occurrences of this 

eq,uence tabula ed in the .Mies of Protein 2equences 

end Structure (3969) (Hunt a: Dayhoff, 1970). Thu',  the 

sequence is a necessary, but not sufficient condition for 

glycosylation to occur. Other :"actors such ac; the 

availability of ULP-N-acoty1-2-glucosamine, contact of 

apoprotein with transferase, kinetic factor; end the 

total stereochemistry of the receptor site are also 

presumably important. 
6 h  dro 	bo ded ode 	th 	t r site. •. 

Several mechanisms might be suggested for the 

ability of the amino acid sequence shown above to specify 
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Table 1.4 (Cent). 

Hur,san thyroglobulin 

Bovine thyrotropin 

Ovine luteinising hormone 

Hen ovalbumin 

Eon ovoe'ucoid 

Hen egg-white nvidin 

Hen ovoglycoprotein 

lien serum/ovo transferrin 

lien ovo transferrin 

lien egg-white vitellin 

lien egg-yolk phosvitin 

Ox pancreatic ribonuclease II 

Pig pancreatic ribonuclease 

Bovine pancreatic ribonuclease 

Ox aorta glycoprotein 

Pineapple sten bromelain 

a-Amylase (Aspergillus oryzne)  

Glycopeptide from Metridium dianthus  connective tissue  

Ala-Leu-Glu-ASN-Ala-Thr-Arg 
24  

Val-Pro-Lys-ASN-Ile-Thr-Ser-Glx-Ale 25 
Arg-Val-Glx-ASN-His-Thr-Glu-Cys-His 25 
Leu-Thr-Ilo-ASN-Thr-Thr-Val-Cys-Ala 25 

Val-Pro-Lys-ASN-Ile-Thr-Ser-Glu-Ala 26 
Arg-Val-Glx-ASN-flis-Thr-Glx-Cys-Him 26 
Glu-Pro-l1e-ASN-Ala-111r-Leu-Ala-Ala 26 

Glu-Glu-Lys-Tyr-ASN-Leu-Thr-Ser-Val-Leu 27,28,29 

ASN-Thr-Asp 30,31  
Thr-ASN 30,31 

Pro-Pro-Ala-ASN 31 
Ala-ASN-Thr 32 

Leu-Gly-Ser-ASN-Met-Thr-Ile-Gly-Ala-Val 33 

ASN-Thr-Ser 30  
ASN-Gly 30 

Thr-ASN 30 
ASN-Ser 30 

Gly-Leu-Ile-His-ASN-Arg-Thr-Gly-Thr-Cys 34'35  

Ala-ASN-Uw-Thr-Gly 3405  

ASN-Thr-Ser-(Ala,Gly,Val)-Ile 
36 

Ser-ASN-Ser-Gly-(SerP)a-Arg-Ser-Val 37  

Lys-Ser-Arg-ASN-Len-Thr-Lys-Asp-Arg-Cys 313  

Ser-Arg-Arg-ASN -Het-Thr-Lys-Asp-Arg-Cys-Lys 39 

Ser-Ser-Ser-Ser-ASN-Ser-Ser-Asn 39 
Tyr-Gla-Ser-ASN-Ser-Thr-Met 39 

Ser-ASN-Ala-Thr 
40 

Ala-Phe-Gly-ASN-Gly 41  

Ala-Arg-Val-Pro-Arg-Asn-ASN-Glu-Ser-Ser-Met 
42 

Ser-ASN 43  

Gly-ASN-Thr 44  

• Carbohydrate may be on either of the two aspnragine residues. 

ASN represents those asparagine residues that are glycosylated. 
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the site of glycosylation, A specific site close to 

the active cite on the enwyme zny bir. the A-hyclroxy-

amino acid, residue or, alternatively, the4-ydroxy-

amino ecid may interrupt the forms.tion ofd-%elix in 

the apoprotein (lernto, 1962) and allow access to the 

71-asparagine residue. 

A possible mechanim has been proposed, bovever, 

involving a hydro en-bonded interaction between the 

k.asparagine residue and the ir-threenine and. E-serine 

rosiaus, bated on th.,  interpretation of the results 

of acid-base titration_ of a glycopeptide containing 

this odquence. The experimental titration curve of a. 

Glycopeptido containing the in acids 1-ospartic = 
acid, i-leucine, i-thrconine find i-serine, together 

with small amounts of other amino acids Js shown in 

Fig. 1,6 (Johansen, !tarshnil a irouberger, 1961). In 

addition to the titration of the peptide d-carbexyl 

and cis --amino groupa, titration was observoi at higher 

values of pH, and this was suggested to be a group 

with a pRa of about 9.5 beginning to titrate. nien 

a glycopeptide containing Iraspartic acid au the 

only amino acid (gontgomery,'Lee & Wu, 1965) and the 

synthetic GloNAc-Aen Matcher, 1965) were titrated, 

no extra titration was observed until a pE of about 

2,5 units higher was reached. it was postulated that 

the titration observed at high pt' was due to the imido 

group constituting the linkage (marked with an arrow 

in Plate 1.1), but the acidity of the group was greeter 

Neuberger & nrshall (1969), 



?lg. 1,6. The titration curve of a glycopeptide, 

containing several amino acid residues, 

prepared from hen ovalbumin. 

From Johansen, "!arshall a: Neuberger (1961). 

Fig. 1. Titration curve of a sample of the glycopeptide. 
The points represent some of the experimentally determined 
results with appropriate corrections for titration of the 
solvent. The continuous line indicates the theoretical 
values obtained by assuming there aro 1.05 equiv. each of 
ionizing groups with pK values of 3.5 and 6.7 respectively. 

79. 
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:late 1.1. 

An N-acetyl-i-glucosaminyl residue (marked G10100) is 

linked by an N-acylglycosylamine type of structure to the 

P-amide group of an I-asparaginyl residue (marked Asn), 

which is incorporated in a peptide, Asn-Leu-Thr. The 3-hydroxyl 

group forms a hydrogen bond (marked with an arrow) to the 

oxygen atom of the /-amide group of the I-asparaginyl residue, 

The following atoms are marked: The ring oxygen = 05; the 

oxygen atom of the linking amide group = C9; the nitrogen atom 

of the linking amide group = N1; the oxygen atom of the 

2-acetamido group = 07; the oxygen atom of the C6  hydroxyl 

group = 06  and oxygen atom of the 3-hydroxyl group of the 

-threonine residue = C... The model is based on that proposed 

by Eeuberger & Marshall (1969). 
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Ilate 1.1. 	A space-filling model representing a glyco-

Peptide in which a hy rog,en bond is incorrorated. 

An N-acetyl-i-glucosaminyl residue (marked GleElic) its 

linked by an N-acylglycosylamine type of structure to the 

P-amide group of an L-esparaginyl residue (marked Asn), 

which is incorporated in a. peptide, Asn-Leu-Thr. The 3-hydroxyl 

group forms a hydrogen bond (marked with an arrow) to the 

oxygen atom of the p_amide group of the I-nsparaginyl residue. = 	• 

The following atoms are marked: The ring oxygen = 05; the 

oxygen atom of the linking amide group = C
9
; the nitrogen atom 

of the linking amide group = Ni; the oxygen atom of the 

2-acetamido group = 07; the oxygen atom of the (36  hydroxyl 

group = 06  and oxygen atom of the 3-hydroxyl group of the 

i-threonine residue = Cr. The model is based on that proposed 

by Veuberger & Marshall (1969). 
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Table 1.5' 	 Sequences of peptides containing glycosylated serine and threonine residues. 

Heavy chain disease protein, Zuc. 	 Pro.-Gly-Gly-SER-Ser-Glu-Pro-Lys 
1 

Ox submaxillary glycoprotein 

Chondroitin--sulphate 

a-Amylase (Asnergillus oryzae) 

Rabbit y G inmunoglobulin 

"Anti-freeze" glycoprotein 

Ox encephalitogen 

Gly-SER 2 
Ser-SER 
Ser-THR-Gly-SER 

Gly-Gly-SER-Gly 3  

SER-Glu-Asp-Gly-(Ala,Thr) 
4 

Ser-Lys-Pro-THR-Cys-Pro-Pro-Pro-Glu-Leu 5  

TIR-Ala-Ala-THR-Ala-Ala-THR 
6 

Val-Thr-Pro-Arg-THR-Pro-Pro-Pro-Ser-Gln-Gly-Lys 
7 

SER/THR represent those,serine or threonine residues that are glycosylated. 

Sequences of peptides containing glycosylated hydroxylysine residues. 

Guinea-pig skin tropocollagen Gly-Met-HYL-Gly-His-Arg-Gly-Phe-Ser-Gly-Leu-
Asp-Gly-Ala-Lys-Gly-Asn-Thr-Gly-Pro-Ala-Gly-
Pro-Lys-Gly-Glu-Hyp-Gly-Ser-Hyp-Gly-Glx-Asx 8,9 

10 
Carp swim bladder collagen 

Human skin collagen 
	 Gly-Phe-HYL-Gly-Ile-Arg 10 

Gly-Pro-HYL 10 

HYL represents those hydroxylysine residues that are glycosylated. 



in, the elyc;Fis»jtitde containing several amino acidr. 
It wa suiLea2te:1 that a hydroor-honr3 forme 

betwseal the proton of theig-hydroxyl rcup of the 
irthrootine roriduc 	xy,:en nteT of the linkage 
imido Group woulil facilitate the dinnocintlor o

ff
? the 

N-5 lzido proton. A moda of thin structure ma be 
built (Tlato 1.1) ur_ix:g s dintimet between the two 
hydrocen-boncd stoma of 2.7 Q(I'auling, 1948). The 

side chain of the intermediate amino acid with P non. 

polar nidn chain (I-IclAcinc) lo directed away from the 

carbohydrate moiety. 
If a by...roam-bonded structure of the type shown 

in nate 1.1 is present in one of the conformations 
adopted by the apoproteino  it mic,ht provide the basis 

for tiv: specifinity tovarcim the transferese. 
The specificit: may be alalorated further by nn 

exami.ation of tho crystal-ntruilture of rihoruelease A 
or S (Wyeltoff et 	l370). 	I.rspargine residue 

Yo. 34 corresponds with the glyconylated L-enparegine 
rezidue in ribonuolease Ds CA1.t of the 10 I-neparagine 

reoidueso  No. 34 in rot the nlost expooed, but le the 

only one with f3-hydroxy amino acid in the povition 

next but one towards the C.terminus. 

82. 
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in llolymem. 

Orly,  a few sequences in the neighbourhood of gly- 

cosylatee 	erine or i-t..,rconinc resiluer; have been . 

established (4:able 1. ) • rmetphelitogan in not naturally 
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References for Table 1.4. 	 '28. Leo & Montgomery (1962) 

1. Schmid et al. (1971) 

2. Caputo, Florldi.& Marcante (1969) 

3. Iehihnra & Schmid (19&7a) 

4. Ishihara & Schmid (1967b) 

5. Hester (1969) 

6. Hat,themeyer, Cynkin, Ban & Trindle (1966) 

7. Iwanago et al. (1968) 

8. Mester, Moczhr & Szabados (1967) 

9. Edelman et nl. (1969) 

10. Press & Hogg (1970) 

11. Rosevear & Smith (1961) 

12. Clamp & Putnam (1964) 

13. Nolan & Smith (1962) 

14. Hill et al. (1966) 

15. Smyth & Utsumi (1967) 

16. Duquesne, Monsigny & Montreuil (1965) 

17. Howell, Hood & Sanders (1967) 

18. Melchers (1962) 

19. Sox & Hood (1970) 

20. Shimizu et el. (1971a) 

21. Shimizu et al. (1971b) 

22. Spik & Montreuil (196?) 

23. Charet, Monsigny, Spik & Montreuil (1969) 

24. Rawitch, Liao & Pierce (1968) 

25. Liao & Pierce (1971) 

26. Papkoff, Sairam & Li (1971) 

27. Cunningham, Clouse & Ford (1963)  

29. Johansen, Marshall & Neuberger (1961) 

30. Monsigny, Adam-Chosson & Montrcuil (1968) 

31. Montgomery & Wu (1963) 

32. Tanaka (1961) 

33. De Lange (1970) 

34. Williams (1968) 

35. Elleman & Williams (1970) 

36. Augustyniak & Martin (1968) 

37. Shainkin & Perlmann (1971) 

38. Plummer & Hire (1964) 

39. Jackson & Hire (1970) 

40. Catley, Moore & Stein (1969) 

41. Radhakrishnemurthy & Derenson (1966) 

42. Yasuda, Takahashi & Murachi (1970) 

43. Anal, Irenaka & Matsushima (1966) 

44. Katzman & Oronsky (1971) 

References for Table 1.$  

1. Frangione & Milstein (1969) 

2. Ozeki & Yosizawa (1971) 

3. Katsnra & Davidson (1971) 

4. Tnugita & Akabori (1959) 

5. Smyth & Utsumi (1967) 

6. De Vries, Vandenheede & Feeney (1971) 

7. Hagopian, Westall, Whitehead & Eyler (1971) 

8. Butler & Cunningham (1966) 

9. Butler (1510) 

10. Morgan, Jacobs, Segrest & Cunningham (1970) 
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ulycocyletcd, but ray function 	eupnr neeeptor in 
the presence of VT.T..-acetyl-:-galactosnrine ene pry 
appropriate train; ferny: (Veeopier n7lar, 1960. 
An 	prolire triplet oecurs re r to the glyconylatel 
I-threorine re7iidues here, aM rIlo in rabbit YG 
immuLocalobtain, On thn other herd, the r=ubalr.ilIary 
mucins do not.beve reny, if any, sequencer of thin 

t,,,pe. Other norlifications that occur to amino acid 

rooiduen savequent to incorporation in a protein 

chnit 06011 to require that the v,mino acid. urderaoing 

chanise.lies in a restricted type of seovence. 

lation 	;,,roline in collagen mpearr to require the 

sequence: X- Pro-ay where Y may be any amino acid 
except kayoing': 7onee, Phoada c Weenfrien(3, 1971). 

fllern pre indications thet the Ppeeificity requirements 

for the li-prclin hyero7ylatior invo2ve loilEer sections 

of the protein, chi-tin (YivirlYY:c et sl,, 19:71). There 

also apyeers to be cpecificity for metblation ena 

aootylation of 	_11 residues in bistones Cre Lange, 

C=ith lotner, 197(;) end -ror the formation of betmine 

residucAin cytochreelos;'N! Tnnge, ClLser 

197C), eve ' of whlet 	followe(1, by an Ima/tered 17,-/ysyl 

reeiclue. 

It iv of interest nleo t1let glyeocylation of 

lydroxy me acyt6d1he rcsidue in certain b1,7,eteriophage 

appearsMiss 	to have trroecifie c;equence requirements in 

ti:i thoC;e revidues t1,;t lie in the acquence 

FuplfplipIpPu (whore 7!*  ic the al:icoszilatne resieus) are 
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rore frequently clycot3ylated (Lunt Newton, 1965), 

preccnt wor. 

The acid-base titration behaviour of glycopeptide 

m3teria3)  prepared from hen ovalbuminl containing the 

sequence AS/i-Leu-Thr was reinvestigated and interpreted 

on the basis of all the titrating groups found to be 

present from analytical data, in addition, the ovalbumin 

fzom a related species, the Embden goose, was isolated 

an6 analysed, and glycopeptidee of a similar nature 

prepared by enzymic digestion. 



CHAPTER 2. 

THE ACID-BASE TITRATION OF GINCOPEPTIDES. 

EXPERIYENTAL. 

Some of the analytical methods, such as those used 

for the determination of amino acids, sugars and amino 

groups, are described in Chapter 6. 

Preparation of hen ovalbumin. 

Two hundred fresh; non-fertilised, eggs from a 

number of hens were purchased from Appleby Farm, Ashford, 

Kent. The ovalbumin was prepared by ammonium sulphate 

fractionation of the egg-white (S$rensen & H$yrup, 

1915-1917), followed by five recrystallisations from 

half-saturated solutions of ammonium sulphate. The 

crystals were examined under the photomicroscope at 160 

magnification. 

Disc-gel electrophoresis. 

The preparation was examined by polyacrylamide 

disc-gel electrophoresis (Davis, 1964) on gels of 9.47' 

(w/v) acrylamide and 0.25% (w/v) N,N'-methylenebis-

acrylamide at pH 8.5. Crystalline ovalbumin was 

separated by centrifugation, and lmg was dissolved in 

running buffer (1m1) together with sucrose (100mg). An 

aliquot (50)4) of this solution was loaded on the top 

of each gel. 

Electrophoresis was also performed on gels contain-

ing 0.1% (w/v) sodium dodecyl sulphate, as described by 

Marshall & Zamecnik (1969), except that the gels were 

run at room temperature and, before electrophoresis, 

the protein solutions (1mg/m1) were left overnight at 

86. 
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+4°C in the running buffer together with 0.1% (v/v) 

mercaptoethanol and 0.1% (w/v) sodium dodecyl sulphate. 

The mobility of each protein band was expressed 

relative to the distance moved by bromophenol blue. 

The gels were stained with Amido Schwarz and destained 

with 7% acetic acid. 

Proteolstio diFeption. 

The crystalline material was dissolved in water, 

dialysed extensively against water, and then denatured 

by pouring into 5 volumes of methanol. The precipitate 

was filtered off and dried over anhydrous calcium 

chloride in vacuo (yield 114g). Proteolytic enzymes 

were bought from Armour Laboratories, Eastbourne. 

Denatured ovalbumin (100g) was suspended in water 

(2 1), covered with a layer of toluene, and equilibrated 

at 37°C. The pH was brought to 2.8 with 4g.nc1t  and 

1.6g.crystalline pepsin added; Further amounts of 

pepsin were added after 26 hr (1.6g), 48 hr (0.8g) and 

110 hr (0.8g). The pH was regulated at pH 2,8 by means 

of a pH stat (Radiometer Ltd*, Copenhagen) by addition 

of 4147-1101 from a burette operated by a magnetic valve. 

The progress of digestion was monitored by measuring 
the amount of acid added, and by the increase in colour, 

after reaction with ninhydrint of small aliquots with-

drawn from the digestion mixture; After 120 hr. the pH 

was raised to 7.8 with 4=  NaOH*  and trypsin (0.27g) 

and chymotrypsin (0.27g) were added* The pH was kept 

constant with 410-Na0H during the initial period of 

digestion with trypsin and chymotrypsin, and then with 
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4N-HC1 at the later stages (after 182 hr of total = 

digestion time) when the pH began to rise above 7.8. 

The digestion was stopped at 225 hr and the pH lowered 

to 5.5. 

PurificaVion of alycoDqptides. 

The digest was concentrated to 200m1 by freeze-

drying, small amounts of insoluble material were removed 

by centrifugationi and small aliquots assayed for 

D.mannose. n-T,ropanol (1800m1) was added. The mixture 

was stirred, and stood at +4°C for 3 hr. The precipitate 

was collected by centrifugation at +4°C and taken up in 

100m1 water. Small aliquots were removed and analysed 

for D-,,ainnose and total nitrogen. Ninety percent of the 

T.-mannose present in the digest (1.6g) appeared to have 

been precipitated, and the molar ratio of nitrogen to 

L-rannose had been reduced to a value of 42, in the pre-

cipitate, from the calculated value of 102, in the original 
protein. 

portion (0.5m1) of the redissolved precipitate was 

placed on a column (79 x 2.5cm) of Sephadex G-25 (fine 

grade, Pharmacia Ltd., Uppsala. Sweden), equilibrated with 

.1-acetic acid at +4°C, and wee eluted with 0.1i-acetic 

acid at 14.4m1 per hr at +4°C. Tractions of 11m1 were 

collected and assayed for i-mannose, nitrogen and extinction 

at 275nm. The 12-mannose-containing fractions (7.4mg ;-

mannose were)collected and freeze-dried. 

Further concentration of the rest:.of the original 

solution (100m1), containing n-propanol-precipitated 

material, produced a solution that was too viecous for 
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gel-chromatography. Glacial acetic acid (0.6m1) was added 

to the solution containing the rest of the digest, and the 

material was placed on a large column of Sephadex G-25 

(75 x 6cm), equilibrated with 0.1i acetic acid as before, 

and eluted at a flow rate of 50m1/hr. The fractions 

containing hexose were collected, concentrated to about 

25m1„ and the concentrated material was again subjected 

to gel-chromatography on the same column, which had 

previously been washed extensively with 0.1 acetic acid. 

The fractions containing hexose were again concentrated 

end the material was subjected to gel-chromatography for 

a third time. 

The fractions containing high concentrations of 

glycopeptide, obtained by the third cycle of gel-chromat-

oaraphy (Fractions 104-107; see Fig. 2.2b), were retained 

separately. Fractions 90-103 were pooled and dried in the 

frozen state, and the residue was taken up in water (10m1). 

Fractions 108-120 were also pooled and concentrated. 

High-voltage paper electrophoresis. 

Small amounts (containing about 250,mg of hexose) of 

Glycopeptide material, that had been separated by gel- 

chromatography as described above, were subjected to paper 

electrophoresis at pH 2.0 for 2 hr at 32V/cm. The 

electrophoretic strips were dipped either through the 

ninh drin reagent or the periodate/permanganate reagent 

(see Chapter 6).  

Analysis of glYcopeptide material. 

The fractions obtained by gel-chromatography, 

and pooled as described above, were analysed for 
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2-glucosamine and amino acids, which were released by acid 

hydrolysis in 41 and 61-EC1 (seo'Chapter 6). The values 

for threonine and serine were corrected for losses of 

3,6 and 7.73!,  respectively, occurring during acid hydrolysis. 

Each fraction was also assayed for its content of nitrogen 

and hexose and for the colour produced by reaction with 

ninhydrin. 

Acid-base titration. 

Glycopeptide material. containing about 40pmoles of 

bound aspartic acid, was precipitated from 3m1 portions 

of each of Fractions 104, 105, 106 and 107 (see Fig. 2.2b) 

by the addition of 57m1 ethanol at room temperature, and 

the suspensions were shaken, and centrifuged. The pellet 

was then redissolved in 0.5m1 water, and glycopeptide 

material was re-precipitated by the addition of ethanol 

(9.5m1). The precipitate was isolated, dried over CaCl2  

in vacua at room temperature, and taken up in 4m1 of 

freshly-deionised water. Solid KC1, recrystallised from 

aqueous ethanol, was added in quantities such that the 

solution was 11 in Ka when made up to 5m1 by addition of 

water. A small amount of the solution was subjected to 

acid hydrolysis (61-HC1; 110°C; 20 hr) and the amino acids 

released were analysed. 

This solution (3.6m1) was titrated in a water- 

jacketed titration cell at a controlled temperature. The 

surface of the solution was flushed with nitrogen saturated 

with water-vapour, and the solution was stirred magnetically 

during titration. The pH was measured with a Radiometer 

(Copenhagen) pH meter, which was standardised against 
0.05M-potassium hydrogen phthalate buffer ("aeons, Ltd.) and 

0.05M-sodium borate buffer (British Drug Houses) at various 



temperatures:- 

T0 pH of phthalate buffer pH of borate buffer 

2 4.01 10.6 
20 4.00 10.00 
25 4.01 9.96 
40 4.03 9.84 
60 4.10 9.68 

The two buffers agreed to within at 0.02 pH unite. 

Titrant 	1.0s or 4.0Lip -MR or-4 01 
(prepared by dilution of British Drug Houses Volucon 

solutions with freshly deinnised water) was added from 

a 0.5m1 micrometer syringe (Burroughs Wellcome & Co., 

London). Sufficient volumes of titrant were added to 

change the pH about 0.1 unit each time, and the pH was 

read 30 seconds after the addition of titrant. Blank 

titration° were performed on 3.6m1 1ii1.KG1 and corrections 

were made for volume differences that occArred during 

titration. 

Titrations were performed with KOH solutions up to 

the alkaline end-point, and then back titrations were 

performed with the HC1 solutions down to about pH 2. 

Samples from Fraction 106 and Fraction 104 were also 

titrated initially with acid down to about pH 2t at 

temperatures of 40°C and 60°0 respectively. 

One of the samples of glycopeptide material 

(Fraction 105; see Fig. 2.2b and Table 2.3), which had 

been titrated at 2°C, was reisolated and recovered by 

placing on a column of Dowex 50-X8 (20-50 mesh; e form; 
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55 x 3cm) and eluting with water at +400. The 

carbohydrate-containing fractions (eluting at a peak 

after. 120m1) were neutralised with a measured volume 

of 0.4 K014 (about 2m1) concentrated on the rotary 

evaporator to about 3m1, and made 34 in K01 in a 

volume of 5m1 as before. A sample of this (3.6m1) 

was titrated and a portion was analysed for amino 

acids as described above. Another of the samples 

(Fraction 104), which had previously been titrated 

at 6000, was reisolated, and retitrated in the same 
way. 

RESULTS. 

Hen olcapumin preparatign. 

Under the light microscope, the hen ovalbumin 

preparation appeared as small, cigar shaped needles 

which grouped themselves to form rosettes (Plate 2.1). 

Polyacrylamide disc-gel electrophoresis without 

the inclusion of detergent gave one broad band with a 

mobility relative to that of bromophenol blue of 0.54 

and a narrow band with a relative mobility of 0.49 

(see Plate 2.2). Ilectrophoretic heterogeneity of 

ovalbumin was suggested by Iinderstrim-Lang c Ottesen 

(1949), and has been shown by Perlmann (1955), to be 

due to the attachment of two, one or no phosphate 

groups to i-seryl residues in the protein. The protein 

component containing two phosphate groups might be 

expected to give rise to the faster-running band under 

the conditions used here. 
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Plate 2.1. 	Crystals of hen ovalbumin viewed under a 

lagnification of 16. 

The crystals separated fror solutions, which were half-

snturated in ammonium sulphate, at pi? 4.% 

:11te 2.?. 	aectrophoresis of hen ovalburnin on  

Polyacrylamide gels. 

-ye 	 A 
	p 

93- 

\"%keim•se' 

+v e 

Gel A was run under the conditions of 77::Ivis (1764). The 

pH wes 8.5. 

Gel E was run in 0.1S,  sodium dodecyl sulphate as described 

by :4(rshall & Zamecnik (1969). 	About 50,Re, of protein was 

placed on the top of each gel. 	Gels were cut at the hand 
given by bromophenol blue. 
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Electrophoretic heterogeneity in de-phosphorylated 

ovalbumin was observed by Lush (1964) on starch gels at 

pH 5, and two genetic variants have been separated and 

distinguished by the presence of either an k-asparaginyl 

or an k-aspartyl residue in the same relative position 

in peptides of otherwise identical sequence (Wiseman, 

Pothergill & Pothergill, 1971). 

Polyacrylamide disc-gel electrophoresis in 0.1 

(w/v) sodium dodecyl sulphate gave one band with a 

mobility relative to that of bromophenol blue of 0.53 

(Plate 2.2). 

Proteolytic digestion. 

The increase in colour after reaction with ninhydrin 

(using glycine as standard)l and uptake of acid or alkali. 

that occurred during digestion of ovalbumin at constant 

pH)areshown in Fig. 2.1. The values shown were calculated 

on the assumption that the free amino group formed from 

each peptide bond split.:. gave the same molar colour yield 

with ninhydrin as glycine, while the uptake of acid or 

alkali is expressed as the number of moles of acid or 

alkali per total number of peptide bonds (387). From 

the ninhydrin values, approximately 30% of the total 

number of peptide bonds may be calculated to have been 

split with pepsin, and a further 10,/, with trypein and 

chymotrypsin. A 40% splitting of peptide bonds has been 

observed with ovalbumin (Fletcher, 1."arks, Yarehall & 

Neuberger, 1963) after digestion with the same com-

bination of enzymes. 

The number of moles of acid taken up during the 

first part of the reaction with pepsin (up to 40 hr) was 



40 

30 

10 

0 
150 100 

Time of hydrolysis (hr) 
200 

At the time marked A, pH was raised to 7.8 and,digestion 
was continued with trypsin and chymotrypsin. 

50 

Digestion was commenced 

at pH 2.8 with pepsin 

Fig. 2.1. Rate and extent of hydrolysis of hen ovalbumin by pepsin,trypsin and chymotrypsin. 

Number of free amino groups, measured by reaction with ninhydrin, as % of total 

number of peptide bonds (387) 

Number of moles of H+ taken up as % of total number of peptide bonds (387) 

----- Number of moles of 9H-  taken up'as % of total number of peptide bonds (387) 

i 
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equivalent to the number of moles of free amino group 

released as measured by the ninhydrin reaction, but 

dropped below this value as the reaction proceeded, 

At pfl 7,8, alkali was added to keep the pH constant 

during the initial digestion by trypsin and chymo-

trypsin, and acid was added at the later stages of the 

reaction. This is discussed below. 

Purification and analysis.. 

Ninety percent n-propanol precipitated a high yield 

(905) of carbohydrate-containing material an(measUred 

by hexane analysia)from the digest, leaving some tree 

peptide and amino acids in the supernatant. The molar 

ratio of total nitrogen to R-mannose in the precipitate 

was 42, compared to a value of 102 in the original 

protein. 
Gel-chromatography on a small column of Sephadex 

G-25 of a small proportion (o.5%) of the enzymic digest 

gave good separation of carbohydrate-containing material 

from free amino acids and peptides, as judged ,by the 

2-mannose and total nitrogen estimation (Fig. 2.2a). 

The most concentrated carbohydrate-containing fractions 

had a ratio of 9.3 mines of nitrogen per 5 moles of 

D-mannose. The ulvf  absorption measurements made on 

the fractions showed that the aromatic peptides and 

amino acids were more retarded On Sephadex than other 

peptidesor amino acids. 

The same nitrogen to mannose ratio (9:5) was 

achieved only 'by three successive chromatographic 

separations on a large Sephadex G-25 column when the 
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Fraction no. 61 
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Fig. 2.2a. Gel chromatography of a small proportion of the material  

obtained by enzymic digestion of hen ovalbumin. 
	97- 

Column of Sephadex G-25 (79 x 2.5 cm) at 4°C.Eluted by 0.1M-acetic acid. 
Digest obtained from.0.5g hen 

ovalbumin was chromatographed. 

Fig.2.2b. Gel chromatography of the total material obtained by  

enzymic digestion of hen ovalbumin. 

Column of Sephadex G-25 (76 x 6 cm) at °C.Eluted by 0.1M-acetic acid. 

The elution profile of the third re-cycle (see text ) is shown. 

60  Digest obtained from 99.5g hen 

ovalbumin. was chromatographed. 

Flow rate = 50m1 per hr 

cs) 
240 

‘3,  
(9
0 

 
C 
C 

20  

1500 

1000 
z 
Ef 

A 

5003 
A 

a 

70 	80 	90 	100 	110 	120 	13 
Fraction no. (IM) 

Mi-4BOrcinol-H2SO4  reaction A-A Total nitrogen 0-0E275 



98. 



Cal 

Arp 
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104 .122 Or 120 
0.24 0.16 0.27 O. 0.31 (432 
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rest of the digest was applied. The high viscosity of the 

concentrated solution:,  limited the minimum volume which 

could be applied to the column. 

Some of the fractions obtained were examined by 

paper electrophoresis (Fig. 2.3). Fractions 90-107 gave 

one broad band which stained yellow with the periodate/ 

permanganate reagent, while the ninhydrin reagent pro-

duced a brown colour initially, changing to a purple 

colour after a few days. A brown colour has been noted 

previously with this reagent when detecting the free 

amino group Of glycosylated irasparagine residues on 

paper (Marshall & Neuberger, 1972). 

Combined portions from fractions 104-107 gave only 

one peak, onthe Locarte autoanalyser,eluting 29 min 

after loading the sample, in the course of elution with 

the pH 3.15 (0.2ii-Na+) citrate buffer (see Chapter 6). 

A molar colour yield of 0.53 with respect to norleucine 

was calculated; the number of moles of glycopeptide 

loaded was calculated on the basis of the yield of 

aspartic acid measured after acid hydrolysis, on the 

assumption that hydrolysis yielded one mole of aspartic 

acid per mole of glycopeptide. The colour yield of 

GleNAc-Assn on the Locarte autoanalyser was 0.407; the 

Technicon autoanalyser gave much lower values (see 

Chapter 4). Assay with the ninhydrin reagent gave a 

molar colour yield of about 0,6 with respect to that of 

glycine. 

Examination of the analyses of fractions 

(Table 2.la)shows that the glycopeptide had fractionated 
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Fig. 2.3. 	Paper electrophoresis of glycopeptides prepared  

from hen ovalbumin. 

Glycopeptide material (containing about 25014 mannose) was subjected 

to electrophoresis at pH 2 for 2 hr at 32 V/cm.Fractions were obtained 

by gel chromatography as shown in Fig. 2.2b. 

— 15cm 

— 10cm 

— 5cm 

Starting point. 

Fractions 	Fractions 	Fractions 
108-120 	104-107 	90-103 

Spots shaded 	developed with both the periodate / permanganate 

and the ninhydrin reagents. 

Spots shaded 	eveloped only with the ninhydrin reagent. 
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Table 2.1b. Analysisof_carbohydrate-containAan:matorial from the pilot  

rel,-chromatop•aphic _purification of directed ovalbumin, and  

coResition in terms of the I:noun amino acid COQUT1CO in  

the vicinity of the carbohydrate reietx. 

Alai Copoaition 
MoJe Residue MOlOG per mole Glycoveptide. 

asPartie acid Fraction 

Glu 0.05 Glu*Glu.*Lys.Tyr.ASN 0.07 
Lys 0.07 

ItTr 0.07 V 	u.(01y,Ala)Ser 0.07 
Asp 1.00 
Leu 0,95 ASTI.Leu-Tbr 	e .ValoLou.( 	Ala) 0.12 
Tbr 0.72 
Scar 0.79 ASN.Leu.Thr.Ser.Val 0.25 
Val 0.42 
Gly 0,18 ASN.Leumahr-Ser 0.30 
Ala 0.17 

3.12 ASN 0.19 
Nan 4.71 

Composition of cazboKy6rate.'conthininc pater Fractions (0-1(:q (Fin.2.2b) 

 

GlYeopeptide Mole fraction 

Olu-Glui.Lys.Tyr.ASN 0.07 
ASN.Leu.Thr.Ser.*Val.Leu4Gly,Ala)Ser 0.16 
ASN.Leu-Thr.Ser 0.69 

ASN 0.08 

MN reprenents the elyconylated anparagine residue. 
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according to the size of its heterogeneous carbohydrate 

moiety (Cunningham, 1968), and according to the number of 

amino acid residues in the peptide portion. It may be 

seen, that A mixture of glycopeptidee containing different 

lengths of peptide was obtained. Less than one mole, 

per !"sole ofaspartic acid, of each ,of the other amino 

acids listed. was released by acid hydrolysis. This was 

presumably due to the use of enzymes of differing 

specificities. 

The amino acid sequence in the vicinity of the 

carbohydrate moiety in known (Table 1.4) to be as follows:- 

carbohydrate 
• I 

Glu-Glu..Lys-Tyr-ASV-Ieu-Thr.Ser-Val-Leu 

The compositions of the fractions of glycopeptide 

material obtained are expressed es mole fractions of 

glycopeptides, each of which contains, a different length 

of peptide chain (Table 2.1b). The compositions were 

deduced from the amino acid analyses and from the known 

sequence, extended at the 0-terminus by glycine, Tralanine 

end 11-serine. 

Figh voltage paper electrophoresis of the material 

containing hexose which was obtained in the fractions 

that were more retarded by chromatography on Sephadex 

0-25 (Fractions 108-120) separated a component with 

slow mobility. This component stained faintly blue with 

ninhydrin and did not contain carbohydrate (Fig. 2.3). 

The component was eluted from some previously washed 

electrophoretic paper, and the faster moving 

material that contained carbohydrate. was also 
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Tab).e 202, AnalVift of 7coneDtide and peptide aftox toner electrghoFetic  
pyrifioation of Fractions io8.apo 5see Fir.  

cilropeptide (Band 2) 

654 f otal po, or polos of Am 

Asp 	1.00 
Lou 	0.96 
Thr 	0.84 
Sor 	0,91 
Val 	0,25 
Gly 	0.15 
Ala 	0.15 
G1ct 	2.52 
Man 	4.15 

Peptide cBand 1) 

3.5;;;of total /pp_ of roles of Asp. 

Aap 	1.00 
Ser 	1.46 
Glu 	2.05 
Gly 	2.74 
Ale 	3.19 
Val 	2.82 
Lou 	0.03 
Thr 	0.02 
Probable compositions. 
Asx2  Ser3  011:4  0175  

Ala Val 6 6 

AnalyRis o Fractions,1Ok tmd 105 after titration,_ and 
;Tinolation from Doupt 50. 

105 Praction 104 	 Fractin, 

Asp 	1.00 
Lou 	0.95 
Mr 	0.88 
Ser 	0.90 
Val 	049 
Gly 	0.07 
Ala 	0.08 
Glu 	048 
Lys 	0,04 
Tyr 	0.08 
Man 	4.93 
Glen 	n . . d 

Aop 	1.00 
Lou 	0.96 
Thr 	0,C5 
Sor 	0,89 
Val 	0.08 
Gly 	0.06 
Ala 	0.0e 
Glu 	0.07 
Lys 	0.02 
Tyr 	0.08 
Man. 	4.85 
Moll 	n.d. 



eluted. The sugar and amino acid analyses of the two 

bands are presented in Table 2.2. 

The low mobility of this peptide on paper electro-

phoresis at pH 2 might suggest that it was a fairly 

large peptide, and the fact that its elution volume 

from the Sephadex column was similar to that of the 

glycopeptide might suggest that it had a molecular weight 

of about 2,000, considering that peptides are retarded 

to a greater extent on G-25 than carbohydrates of the 

same molecular weight (see Chapter 3). Its composition 

is described in Table 2.2. The peptide did not yield 

leucine or threonine on acid hydrolysis, and inspection 

of the analyses of the earlier fractions (90-107) showed 

that only trace amounts ( 413%) of the aspartic acid 

could be contained in this peptide in these fractions. 

The amount of peptide present was deduced from the amounts 

of glutamic acid found in excess of those expected from 

the known sequence. 

It is reasonable to believe that the contributions 

made by this peptide to the experimental titration curve 

were small, but they were nevertheless taken into account 

when interpreting the data. The peptide was separated 

from some of the fractions on Dowex 50-X8 (20-50 mesh; 

H+  form) by elution with water (Rosevear & Smith, 1961). 

The carbohydrate-containing peak emerged after 120mll and 

was collected. The analysis of glycopeptide material 

obtained by this treatment suggested that free peptide had 

been removed. The titration curve of this material was 

not significantly different from curves obtained on glyco-

peptide material which had not been subjected to Dowex 50 

chromatography (Pigs. 2.8 and 2.9). 
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Analysis of the titration curves of glYcopeptides. 

The experimental titration curves, corrected for 

the titration of equal volumes of 11-KC1. are shown in 

Figs. 2.4 to 2.9. Each titration curve is calculated 

as the number of moles of titrant added per mole of 

aspartic acid released by acid hydrolysis. The experimental 

curves were analysed by fitting to them theoretical curves 

constructed from the following equations- 

[Acid] 
p at pH + log 	(Henderson, 1908) 

A composite curve was then constructed by summing the 

individual. theoretically derived, curves. The amounts of 

titrating groups and their pLa values are tabulated 

(Tables 2.3 to 2.8). 

It may be seen from Figs. 2,4 to 2.9 that the curves 

are complex, but two major groups, titrating with apparent 

pKa values of 3.15 (20°C) and 6.62 (20°0), may be identified. 

These pra values may be assigned to the several (NC-carboxyl 

groups of the glycopeptides containing a number of amino 

acid residues on the C-terminal side of the glycosylated 

asparagine residue, and to the k-amino groups of these 

glyoopeptides, respectively. The behaviour of these 

titrating groups at different temperatures are in keeping 

with this assignment. As the temperature is increased, 

the pKa of the group titrating at 6.62 (20°C) changes to 

a more marked extent than the group of pKa 3.30 (20°0. 

These changes cause the overall shape of the curve to 

become increasingly flat. 
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2 	The composition of Fraction105 in terms of the knovnapeptide  

sequence in,the vicinity of the carbohydrate moiety. 

Olvcopeptide Mole fraction 
1 G1u.41u.Lys.iTyr..ASN 0.07 

2. ASR? O.07 
5. ASIT.Len.Thr..Ser.Val..leu..(Gly,Ala) 0.15 
4.  ASNwLeu.Thr.Ser-Val 0,09 
5.  ASN0.110u.Thr-Ser 0.54 

6.  (Amn2  Ser3  01u4  G1y5  Aie.6  Va16) 0.04 

Aosimmenta of the  pX values observ0 at 2°9 (see  FiGk224) to qroups  
within the ,glycopeptlAt, _,T4assirinment9 were made 17 comparisons of 

the values feURd with those established for similar gaups, in other  

peptides and amino acids. 

Sequence(a)  erime 

2 

Moles 	plata) 

2  2.10 

3,415 ) 
) 

1 ) 0.95 3.34 
) 

6 ) 

1,6 0.29 4.25 
3 4 0.95 6.98 

1 ) 048 8.00 
) 

6 ) 
2 0.12 8.75 
1 0.06 10.20 
1 0,07 10.75 

masked 
Grp 	Moles %Well) 

0( .40011 	0.07 	2,10 
( ok ..COOH 	0.78 	3.10 
( 
( 0( -mon 	0.07 	2.80 
( 
( c) -coon 	0.04 	3.00 

'Y -coon 	0,51 	4.40 
c( -tint 	0.78 	6.60 (20°C) 

( 0( .11112 	0.07 	8.00 
( ( ot.NH2 	0.04 	8.0o 

c4 ..NH 	0,08 	8.60 
..OH 0.07 10.00 
..V12 0.07 10.40 

(o) The numbers in this column refer to the nunber of the g °peptide 
Given at the top of this table, 
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Fig. 2.4. 	 Titration of glycopeptide material at 2°C. 

(ilycopeptide material from Fraction 105 (see Fig. 2.2b) in 1M-KC1. 

Titration commenced at pH 4.1 by addition of KOH to pH 12.5. 

Back titration from pH 12.5 to pH 2.0 was coincident with forward titration (down to pH 4.1). 

The amounts and ph values of titrating groups are compared to the amino acid analysis in Table 2.3. 
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Composite theoretical turve constructed by addition of the titration expected from individual groups 
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GT.= 
06.00011 

0640011 

10n?-4011  
piCeM litata 	PKIIM20 zajas 

2 2.10 0409 

0.75 

2.10 
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0.x'0
C  

3.15 ( o.o6 3.c o 

( 0.07 2.00 
045 4.2, Y•40011 0.32 4.4o 

0.00 6.62 C 0.72 6.60 (20 

( « 4111 0.07 C,00 

0.06 7.35 OC 431 0.r ;..00 
0,06 C.60 0( arall 0406 8.6o 
0.16 10.2 ( -Cl 0.07 20.00 

( 
( c)( 4471 0.07 10.40 

riemence(a) 

3,4 

57We 	The comscaition of Fraction 107 in ono of.knovn portide 

noquezipo in Vila vicinity of the corbohvdrnte moiety. 

gyemeptido 	 Vole fraction 

03ti•Glug.Lyndr7r...ASU 	 0.07 

ASV 	 0.09 
3. A.71.101:42hr.SeroVni.Leu.4017.Aitt) 	 0.10 

ASN.LetsoChno,Ser 	 0.62 
Ann &er.. Glu Glyr  Ale 	 0.06 

P
6 

Aentrns*ant 	p,Ep valueo obnyrved pt 20°C Coco Fir. 	to 170,p0  

vithin the r17gpzrntMee Thy ocairn-2ento mire risen 1.1/ cocnari9onn of  

the valmen found yitn thcao eckabliohe4Cor oinilnr rrcupq in other  

poriti4p0 np4 epipo ocido. 

(a) Awe aortas in thin colt= refer to the nuchoz^ of the c yeopeptide 
civorl !A the top of thin tale. 
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Fig. 2.5. 	 Titration of glycopeptide material at 20°C. 

Glycopeptide material from Fraction 107 (see Fig. 2.2b) in 1M-KC1. 

Forward titration from p11 4.1 to pH 12.5 by addition of KOH. 

Back titration from pH 12.5 to pH 2.0 was coincident with the forward titration (down to p11 4.1). 

The amounts and pK values of groups titrating are compared to the amino acid analysis in Table 2.4. 
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Noble 243. 	The (=position of Fraction 106 in term of thq knownpoptide -, • 
pecuencoin,the -vicinity of the 'carbohydrate 

Glycopeptide tole fraction 

1.  Glu.CIu.Lys.Tyr.ASN 0.07 
2.  ASN 0.14 
3.  ASN-LcusThr.Sor.Val. u. 0 0,25 
4, ASN.Lou-Thr.Ser.Val 0.11 

ASN.Lou.Thr-Ser 0036 
Aon2  Sor3  Glu4  G1 5  11a6  16  0.03 

Asaieitc pf the pra valuep oboorvcd_ 1,#09.0 (Poo Fic..2.6) to groups 
within thoT;17/ccpptilde, _The,ossirments weFe_mado bx‘comparieona.of  
the vo1ues fond with,thosopstplishodfor similar Fromm in other  
ontdos and. m14110  nadq! 

e5Pen °
(a) erimntal 

Group 

a .40011 
(0( .ccon 
(c 	.COCE ( 
(0( ...coon 

X .COOH 
c)t .4U!2  

( °( .VIG2  
(c 	4412  

0( .1Ill2 

( 	-on 
( 	tal a 

Calculated 
(25°C) 

2.10 
3.10 
2.80 
3.00 
4.40 
6.60 (20°c) 
8.00 
8.00 

8.6o 
10.00 
10.40 

2 
3.4,5 	) 

) 
) 

6 	) 
1,6 

.3t4,5 
3. 	) 
6 	) 

2 

1 	) 
1 	) 

	

raw; 	pK (40°C) 

2 	2.10 

	

o.Co 	5 

	

0.26 	4.10 

	

0,6o 	6.23 

	

0.o6 	7.40 

	

o.ji 	840 

	

0.10 	9.90 

Nolen 	pK 

0.14 
0,72 
0.07 
0.0 
0.27 
0.72 
0.07 
0.03 

0.14 

0.07 
0.07 

(a) The numboro in this column refer to the number of the clycopoptide 
civon at the top of this table. 



Fig. 2.6. 	 Titration of glycopeptide material at 40°C. 

Glycopeptide material from Fraction 104 (see Fig. 2.2b) in 1M-KC1. 

Forward titration from pH 4.2 to pH 12.0 by addition of KOH, and on another sample from pH 4.2 to pH 2.2 by addition of HC1. 

Back titration from pH 12.0 to pH 2.5 by addition of liCl. 

The amounts and plc values of groups titrating are compared to the amino acid analysis in Table 2.5. 
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Table, 2.6. 	The composition of Fraction 104 in terse of; the known peptide 
se5uence in theyicipitzof thkcarboladrate moietk.. 

Glyqqpeptide 	 Vole fraction 

1.  u..Glu.Lys..Tyr..ASN 0.06 
2.  ASN 0.13 
3.  ASN.Leu.ahr.Ser.Val.Leu.(G1y,Ala)08er 0.12 
4.  ASN•Leui.Thr.SerftVa1.Leu.(01y,Ala) 0.03 
5.  ASNoLeu-Thr..Ser.Val 0.10 
6.  ASN•Leu.Thr..Ser 0.56 

Aesiinnts of. the 116 values observed at 	 C csee Fir. 2. to froups 
within the rlycoPePtide, The assivimentswere made by cormarisons of . 
the values found.with those establidhed f9r ciri1or mum in other  
Peptides rand amino acids. 

6eguence 	
, 

EaperiFental 	Calculated 
lAoles pi(60)C) 

	

alaR 	mfagia ID' ic4(25°0' 

2 	? 	,2.10 	GS ..COOR 	0.13 	2.10 . 

1 	) 0.87 	'3.26 	( c( 40011 	0.06 	2.80 
3,4,5,6 3 

	

	a .40011 	0.81 	' 3.10 

4.25 a. 	0.16 	y .40011 	0.16 	4.40 

3,4,5,6 	0.81 	5.92 	- 0; 41112 	0.81 	6.60 (20°0) 

2 	) 0.17 	7.78 	( c( 40
2 	0.15 	'8.60 

( 0( ..11B ' 1 	) 	 0.06 	8.00 

1 	0.06 	9.65 	.011 	0.06 	10.00 

3. 

	

	0.05 	9.30 	n12 	0.06 	10.40 

(a) The numbers in this column refer to the number of the clycopeptide 
Given at the top of the table. 
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113. Fig. 2.7. 	 Titration of glycopeptide material at 60°C. 

Glycopeptide material from Fraction 104 (see Fig. 2.2b) in 1M-KC1. 

Forward titration from pH 4.2 to pH 11.7 by addition of KOHL  and on another sample from pH 4.2 to pH 2.4 by addition of HC1. 
Hack titration from pH 11.7 to pH 2.4 by addition of HC1. 

The amounts and pK values of groups titrating are compared to the amino acid analysis in Table 2.6. 
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Composite theoretical curve constructed by addition of titration expected from individual groups 
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1 

3,4,5) 

1 

3,415 

Calculated 

Moles PK leg) 

4000111 	0.10 	2.10 

	

0,04 	2.80 

	

0.84 	3.10 

40C0OR 	048 	4.40 

o.84 	646o (20 

	

( 44.1 	0.04 8.00 
(o( 2 0.10 8.60 

	

4.0E 	0.04 	10.00 

	

0.04 	10.40 

Table 2 
	

Whf composition of Fraction 103 Drevieuslv titrated at .2°C  
after treatment with Bowex 50x8 (20.60 meoh)(e form)t in  
terms of the known rptide sequence in the vicinitx of the  
carbohydrate moiety. 

~Cc1gcCeptide Mole fraction 

1. G1um41 	L 0.04 

2. ASV 0.10 
0.08 

4, AS71.6Leu.Thr.Ser 0.74 
5. ASN.Leu 0.04 

Asoirnment9 of the pica Volupq obe9rved at 40"C nee Fiat ;4,11) to FrauIT 
within theflytoeertidp. The Imirpmtnts were made bzconvarieeps of 
the values found 4h those established for similar rsours in other  
peptides and amino acids. 

once(a) 	Experimpntal. 
Moles AL. 	4o 

2 2.10 

0.95 3.10 

0.07 4.50 

o„87 6,3o 

0.12 8.25 

0.10 9.90 

(a) The numbers in thin colt= refer to the number of the Glycopeptide 
Given at the top of this table. 
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Fin. 2.8. 	Titration of glvcopcptide material at 40°C after treatment with Dowex 50 (11 form). 

Glycopeptide material was isolated from glycopeptide material previously titrated at 2°C (see Fig. 2.4) by elution from 
Dowex 50 1114  form) with water. The glycopeptide material was brought to pH 7.0,concentrated, and brought to a concent-
ration of 1M in KC1. 

Forward titration from pH 6.9 to pH 12.3 by addition of KOH, and on another sample from pH 6.9 to pH 3.0 by addition of HCl. 

The amounts and pK values of groups titrating are compared to the amino acid analysis in Table 2.7. 
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Tables,, The composition of Fraction 104, previously titrated at 60°C, 
after treatment with Dowex 50..x8 c20,..40 mesh (I form}!  in  

terms of the known peptide _sequence in the vicinity of the  

carbdhYdrate moiety. 

Glpeope 

  

Mole fraction  

   

1. Glu-Glum-Lysdryr.ASK 	 0.04 
2, ASN 	 0.06 

3. ASINGLeu41 ,..8erw,Val um.(01y vA1o) 	0,08 

4. ASN.Leu•ThrftSer«Val 	 0.11 

5. Asil-Ideri-Thruzer 	 0.71 

Aresigsmpts of the  Allp, valups (Aiserved at 25°C (me Fin, 2.9k to Aroups 
within thp glycoppptildpk  she amAgnmellOs were ma4 by c9mParipons of 
the valupp,foundxit 1 those established for similarivoups irk other  

peptides_ end amisio ,acid. 

ppguence(  ) 	ExP9r moMai 	Calculated 

Walt 040.10 	ana 	We itittieV 

2 7 2.10 0(.40011 0.06 2.10 

3,4,5 ) 0.95 3.45 ( 0(.000H 0,90 3.10 
1 ) ( 0( .4008 0.04 2.80 

1 0.08 4.50 Y.coon 048 4.40 

3,4.5 0.87 6.55 0( „m
a 0.90 6.60 (20°0 

1 ) 0.08 8.00 ( 0( -NB2 0.04 &co 

2 ) ( 01. 41112 o.o6 8.6o 

1 0.10 9.90 ( -on 0.04 10.00 

1 ( -11n2 o.o4 10.40 

(a) The numbers in this column refer to the number of the glycopeptide 
Given at the top of this table. 

116. 



1.2 

117. 

Fig. 2.9. 	Titration of.glycopeptide material at 25°C after treatment with Dowex 50 (1 form). 

6Iycopeptide material was isolated from glycopeptide material previously titrated at 60°C (gee Fig. 2.7) by 

elution from Dowex 50 (11+ florin) with water. The glycopeptide material was brought to pH 7,concentrated, and 
brought to a concentration of IM in KC1. 

Forward titration from pH 7.0 to pH 12.2 by addition of KOH, and on another sample from pH 7.0 to pH 2.0 by 
addition of HO. 
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values of groups titrating are compared to the amino acid analysis in Table 2.8. 
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The pKa values and amounts of titrating groups 

expected from the composition of glycopeptides of 

varying length in each fraction were deduced from the 

pra values known for various glycopeptides and peptides 

(Tables 2.3-2.0. The apparent values at 26°C of pKa 

of titrating groups of the glycopeptide containing 

-asparagine as the only amino acid are 2.3 and 8.2 

(7ontgoMery., Lee & WU, 1965), and of GloNAc-Asn at 

25°C are 2.1 and 8.6 (Trarshall & Neuberger, 1964). The 

pKa value of the c(-COOH of the glycosylated &-asparaginyl 

residue. the o('-amino group of which is bound to L-tyro- 

sine., night be expected to be about 2.8 (25°C) 

(Greenstein' & Winitz, 1961). The pKa of the 0(-amino 

group of the glycopeptide containing the I-glutamyl 

residue at its N-terminus might be expected to be about 

8.0  (25°C), while the pKa values of the ,-carboxyl groups 

of the T&-glutamyl residues would be about 4.4. Values 

for pKa (25°C) of 10.0 and 10.4 were assigned to the 

side chains of I-tyrosyl and k-lysyl residues respectively. 

There appeared to be small contributions from the 

ionising side chains of some of the residues in the 

trace amounts of the contaminating free peptide whose 

composition was Asx2, Ser3, Glx4, Gly5, Ala6, Va16, (Tables 2.3- 

2.5).The data suggest that part, but not all, of the 

aspartyl and glutamyl residues arising on acid hydrolysis 

of .the peptide were originally present as non-amidated 

residues. 

The results described in Tables 2.3-2.8 show that 

all titration observed up to high values of pH (pH 12 

at 2°C; pH 10 at 60°C) may be accounted for by 
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consideration of the contributions of glycopeptides of 

varying length. 

At high values of pH, further titration commenced, 

which appeared to be due to nore than one titrating 

group per mole of aspartic:acid (see Pigs. 2.6-2.9), but 

no accurate assignment was possible owing to the large 

correcting factor for the Ionisation of water which had 

to be taken into account. 

It was also observed that back titrations at 40°C 

and 60°0 from high pH did not coincide with the forward 

titrations,,suggesting that some irreversible change had 

taken place (Pigs. 2.6 and 2.7). The difference at the 

alkaline end of the titration curve suggested that the 

same number of groups were titrating here, but at lower 

values of pH, while the difference at the acid end 

suggested that groups here were titrating at higher 

values of pH. The back titratione performed at 20°C and 

2°0 were coincident with the forward titration, showing, 

as expected, that the changes observed were temperature 

dependent. Glycopeptide material that had been titrated 

at 60°C end subjected to chromatography on Dowex 50 

retitrated normally (and reversibly) in the alkaline 

regions at 25°C, but continued to titrate at higher 

values of pH in the acid region (Pig. 2.9). 

The observed values of pYa for the 0(-amino and 

o(-carboxyl groups of the glycopeptide ASN-Leu-2hr-0 

(etc) plotted against 1/T°K are shown in Fig. 2.10. prom 

the expression for the van't toff isochore:- 

In Y 
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Fig. 2.10. The pKa  values, measured at various temperatures, 

of the a-amino and a-carboxyl groups of a glycopeptide. 

The composition of the glycopeptide was ASN-Leu-Thr-,where ASN 

represents the glycosylated L-asparagine residue. 

di---411-pK of the a-amino group 

pK of the a-carboxyl group 
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saoat  

Glyci ne  9.78  13.349 1o181.0 
L.Alanine = 	• 9.87 13,46o 10,98p 
Glycyl.glycine 8.17 11058 10,620 
Glycyll.alanine 8,25 11,270 11,100 
ASIT.Leu-Thr.Ser(etc) 6,54 8,930 7,560 

6 

	

-8.3 	7  

	

-1.8 	2 

	

.0.6 	2 

	

.4.6 	8 

Table 2.. ,Dissociation constants and some t modynamic meters for  

 

cids 	theirderi • 

Deference, =curd. 	 gK of Pk.apina t)ren,  
L.Asparaginyl.clycine 7.21 (180c) 
L.Asparagine 8.80 (25°c) 2 
Glytyliresparagine 8.40 (25°C) 2 
GleNAc.Aan 8,6o (25°c) 3 
L.Aspartate diethyl ester 6,40 (25°C) 4 
L.Aspartate diamide NA.  7.00 5 

1. Leach & Lindley (1954) 
2. Greenstein & Winitz (1961) 
3. narshall & VeuberGer (2964) 
4. Mean & Blanchard (1933) 
5 	Chambers & Carpenter (1955) 
6. Owen (1934) 
7. Smith, Taylor & Smith (1937) 
8. Present results 

Values of &H°  and Ale are in unite of cal mole wi  

Values of AS°  are in units of cal K-1 mole-1 

(1 cal * 4.184 S) 
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where K is the ionisation constant for the group, T is 

the temperature in 0K, and R is a constant of 1.987 cal 
.1 deg 	mol

-1  ,LH, the enthalpy change upon ionisation, 

may be calculated, A linear plot was obtained for the 

IX-amino group ionisation, suggesting that the change 

in the constant-pressure heat capacity (dCp) upon 

ionisation was very smell. Other thermodynamic parameters 

were calculated for theoC.amino ionisation from the 

relationships:- 

e(254/0 	2.303 RT apt (25°0 

AG°(25°o) 	6•Flo TL 8o(25o0  

and are compared with the parameters for similar lonieations 

in peptides and amino acids in Table 2.9. 

DISCUSSION, 

The ensvmic dimestion of the =Than. 

An evaluation of the rate'otengymic hydrolysis of 

ovalbumin may be gained by measurements of the increase 

of ninhydrin colour. However, this may only be a crude 

approximation as a measure of the percentage of peptide 

bonds eplit,as small peptides have been found to have 

colour yields between 0,6 and 2.0 relative to glycine 

or leucine Poore & Stein, 1948; Yanari, 1956). 

During digestion of the protein by pepsin, protons 

will be taken up quantitatively by the carboxyl group 

released, only when the pKa of that group is well above 

the pH at which the reaction is taking place, vis:- 



R-NH 0-R F 0 ' 	RNH3+  + RIM= 
+ii+  

12 3 . 

Consequently, measurement of acid uptake will not give 

an accurate assessment of the number of peptide bonds 

split on a mole to mole basis. 

The quantity of hydrogen ions (nR+) required during 

the splitting of peptide bonds is given by a relationship 

proposed by Jacobsen et al.,  (1957):- 

1 
n 

1 1011.°13EA 

where B is the total quantity of carboxyl group produced, 
and pKa is the pKa value of that carboxyl group. Thus, 

assuming that the correct number of peptide bonds split 

after 150 hr is given by the ninhydrin estimation, an 

average pKa value of 3.7 may be calculated for the carboxyl 

groups released in this experiment. This value is similar 

to that determined experimentally after the peptic,  

hydrolysis of haanoglobin (Bohak, 1970), 

Hydrolysis of ovalbumin by chynotrypsin and trypsin 

at the constant pH of 7.8 required an uptake of alkali 

for the first 24 hr, followed by uptake of acid in the 

later stages of the digestion, The uptake of acid might 

have occurred as a result of slow hydrolyses of &terminal 

amino acid residues. To illustrate the problem, the 

hydrolysis of the dipeptide Phe-Arg will be considered. 

The'o(-amino group of this dipeptide has a pKa value of 

7.57 (at 25°C), while, the pKa values of 0(-amino groups 

of free phenylalanine and arginine are 9.13 and 9.09 



o.93 mole 

Ft1  

NH3♦   c C00-  

0.93 mole 

respectively. The percentages of free and charged 

groups before and after hydrolytic cleavage of one 

mole of this dipeptide at pH 7.8 may be calculated:- 

R 0 H. R1 	0 H 131  
I 	1 	, 

NH34' -C-C-N-C- COO` + 	
-C-C-N-C- C00- 

124. 

0.63 mole 4.37 mole 

+1.49 mole 

H+  
+1.00 mole 

OH- 

H 

C COO- 

0.07 mole 

H1 

NF2 	COO- - 
0.07 mole 

The uptake of base required to neutralise the carboxyl 

group formed (1.00 mole) will be more than counter-

balanced by the uptake of acid by the free amino groups 

(1.49 mole), and a net uptake of 0.49 mole of acid per 

mole of peptide completely hydrolysed will be observed, 

When the pKa values of the amino groups of the products 

are not very far removed from those of the reactant 

peptides, little uptake of acid will be required for their 

neutralisation. A net uptake of base will therefore be 

observed. 

PurifAcation of the Ayccpeytide. 

Precipitation of the digest with n-propanol appeared 

to give no better purification than precipitation with 

ethanol (Fletcher, '4arks„ ;larshall & Neuberger, 1963). 
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Concentration of the digest to a volume, which was suffic-

iently small to place on the G-25 column produced a very 

viscous solution, and it was found that repeated gel. 

chromatography was necessary to achieve separation of 

glycopeptide material from free peptides and amino acids. 

The state of purification of the glycopeptide material 

was judged by the ratio of the number of nitrogen atoms 

to the number of moles of hexose in the product. 

Acid-base titration of the glycoveptides. 

Analysis of the titration curves (Tables 2.3-2.8) 

showed that all the titration up to pH 11.5 (at 20 °C) could 
be accounted for by a consideration of all the ionising 

groups present in the mixtures of glycopeptides of dif-

ferent length. The hydrogen of the amido group of the 

N-acylglycosylamine linkage, therefore, does not titrate 

in this region as had been suggested earlier (Neuberger I 

Marshall, 1969) and the postulated hydrogen-bonded 

structure (discussed on page 78 ) cannot be identified by 

this technique. It is possible that the titration observed 

above p} 9.0 in earlier studies (Johansen, Yarshall 

Neuberger *  1961; see Fig. 1.6) may have been due to the 

ionisations of glycopeptidea of varying length. 

Additional titration was observed at pH's above 11.5 

(20°C)„ 11.0 (25°C), 10.4 (40°C) and 9.8 (6000), but the 

titrations at high pH at 400C and 6000 were accompanied by 

irreversible changes. Fletcher (1965) demonstrated the 

presence of a group ionising at high pH in a glycopeptide 

that was prepared from hen ovalbumin. This glycopeptide 

contained j-aspartic acid as the only amino acid. Spectrophoto-

metric titration indicated a pKa of 11.9 at 26°C, but potentio-

metric titration at 20°C gave a lower value of 11.25. It was 
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u • 	-or=e weak acids. 

Reference. 
16.2 Ballinger & Long (1966) 
15.1 Branch & Clayton (1928) 
13.71 16.5.19 Michaelis & Rona (1913) 

13,6 17.5 Michaelis & Rota (1913) 
14.14 0 Thamsen (1952) 

13.57 18 Therrien (1952) 
13.47 17.5 Michaelis & Rona (1913) 
14.09 0 Thomsen (1952) 
13.50 18 Thamsen (1952) 
12.18 17.5-18  Michaelis & Rona (1913) 
22.92 0 Thomsen (1952) 
12.45 1 Thimsola (1952) 
12.09113.85 25 Urban & Shaffer (1931) 
12.34,14.10 17-18.5 Urban & Shaffer (1931) 
11.97 17.18.5 Michaelis & Rona (1913) 
12.74 18.5 Michaelis & Rona (1913) 
11.76 20 Fletcher (1965) 
11.65 26 Fletcher (1965) 

Table .0. 

Compound 
Ethanol 
Acetamide 
01.,Methyl.g.glucoside 
R.Sorbitol 

R.Vannitol 

127G1ucose 

D.Mannose 
Raffinose 
1.Acetyl.R.glucosamine 
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found difficult in the present studies to obtain an 

accurate assessment of the number or pKa values of 

groups titrating at this high pH because of the large 

correction that had to be made for the titration of 

water. However, from the titration performed at 25°C, 

which was essentially reversible, more than one group 

would appear to be involved. The amid° hydrogens are 

possible candidates, although the pja value of acetamide 

has been stated to be as high an 15.1 et 25°C (Branch & 

Clayton, 1928). The pKa values for non-reducing 

carbohydrate hydroxyl-groups have been reported in the 

region of 13 to 14 (see Table 2.10). Derevitskaya, 

Smirnova& Rogovin (1961) studied the eaectrometric 

titration of various carbohydrate derivatives in ethyl-

enediamine and deduced that all hydroxyl groups can 

ionise on addition of sufficiently strong bases 

The ionisation of hydroxyl groups appears to have 

a large temperature dependence, similar to that of 

water (pKw (20°C) = 14.17; pKw (60°C) = 13.02) (Darned 

& Owen, 1950). The pKa value of mannitol, for example, 

decreases by 0.59 units upon increasing the temperature 

from 0°C to 18°C (Table 2.10). In the present studies, 

a marked drop in the value of pH at which titration of 

the glycopeptide at alkaline pH commenced was observed, 

as the temperature was increased. Some further con-

siderations of this ionisation using chiroptical methods 

will be described in Chapter 5. 

The pYa value of the °C-amino 	up of the glycoey-

lated ir-asparagine residue, which is linked to peptide 

by itsc(-carboxyl group (6.54 at 25°C) is lower than 
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many other recorded pKa values for 0(-amino groups of 

peptides and free amino acids (Table 2.9), and is about 

the same as that of the diethyl ester of aspartic acid 

(Edsall & Blanchard, 1933). 
In Table 2.9, the molar enthalpy (A11°) and molar 

entropy (AS°) changes4 occurring on ionisation of the 

o(-amino group of the glycopeptide, are compared to values 

reported elsewhere for the ionisations of c(-amino groups 

of other peptides and amino acids. LH°  values determined 

for the ionisations of the amino groups of most amino 

acids and peptides are in the range 10,000 to 13,000cal mole-1  

(Cohn & Edsall, 1943), whereas the Lie value determined in 

the present studies for the ionisation of thecX-amino 

group of the glycopeptide is much lower (7,500cal mole-1). 

The 6S°  values determined for the ionisations of the 

0(-amino groups of amino acids are in the region -8.0 to 

-9.0 cal deg-1 mole-1 whereas those for peptides are less 

negative (about -2.0 cal deg-1  mole-1). The AS°  value 

determined for the glycopeptide in the present studies 

(-4.6  cal deg-1  mole-1) is between the values that have 

been measured for free amino acids and peptides, and is not, 

therefore, abnormal. 

The low values of LA°.and of pEa, may be caused by 

electron-withdrawing induction or electrostatic interaction 

exerted on thew(-amino group by the /8-amido group. It is 

possible that similar induction effects or electrostatic 

interactions are responsible for the fact that the pKa 

value of thec‹-amino group of Aen-Gly (7.21) is lower than 

that of the 0(-amino group of Gly-Gly (Table 2.9). 
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The pica of the 04-amino group of the glycopeptide was 

measured in a solution of ionic strength (I) of 1.0. The 

pKa measured under these conditions might have approx-

imately the same value at zero ionic strength. A formula 

proposed by Neuberger (1937) relates pKa°  (pica at zero 

ionic strength) with pKaI  (pica at ionic strength I) for 

the type of ionisation considered here: 

pKaI  = pKao 
0.5 1/2 

KR  1/2 1+ 1/2 

(where K: is constant). A value for KR of 0.4 was deter-

mined experimentally for the ionisation of the amino group 

of glycylglycine (Neuberger 1937). When this value is 

inserted into the above expression, the pica value at 

ionic strength 1.0 may be calculated to be only 0.007 pH 

units lower than the value at zero ionic strength., 

The values of pKa of the carboxyl groups of the 

glycopeptide were more difficult to measure precisely, 

but it was clear that they varied much less with temp-

erature. 

The irreversible changes observed at high pH and 

raised temperature in solutions of these glycopeptides 

should, in future, be taken into account when interpreting 

the titration curves of glycopeptides and possibly of 

some glycoproteins. Some of the changes which linkages 

of the G1CNAc-Aen type undergo in alkali have been 

investigated (see the following Chapter). 
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CHAPTER 3, 

REACTIONS IN ALKALI AND IN ALKALINE BORONYDRIDE 0! 
/211ErACYLGLYCOSYLAMINES AND OF HEN OVALBU7IN  
GLYCOPEFTIDES. 

Systematic studies of the effects of alkali on 

linkages involving N-acetyl-R-glucosamine and i-asparagine 
have not been previously reported, although the rates of 

production of ammonia from ovalbumin glycopeptidee 

(Marks, Uarshall & Neuberger, 1963) and from Glc-Asn 

C4rke h Neuberger, 1961) have been determined (see also 

page 42 ). There ere a number of reasons for an interest 

in the stability of GleNAc...Asn to alkaline conditions. 

Firstly, there have been reports that GloNAc-Asn under-

goes rearrangements when it is subjected to alkali under 

relatively mild conditions (Acheel, Tanaka 61 Romer, (1964). 

It was also demonstrated in Chapter 2 that the ovalbumin 

glycopeptide undergoes some irreversible changes at 

about pB  12 at temperatures in excess of 400C, and it 

seemed reasonable to examine the nature of the changes 

that the carbohydrate-peptide linkage undergoes in alkali. 

In some unreported experiments by R.D. Nwshall some 

years ago, it was found that there were very small yields 

of aspartic acid formed when GleiAc-Asn was treated with 

0.1l1  NaOH at 100°C, although these conditions 'were known 

to result in the production of ammonia from egg albumin 

glycapeptide. The fate of the i-aspartyl moiety was 

unknown. 
It was also highly desirable to obtain oligosaccharides 

and reduced oligosaccharides from glyeopeptidea in which 

sugars originally present in non-.reducing terminal 
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positions are still intact. Some of the most useful 

procedures for doing this, in the case of carbohydrate 

moieties attached through li-seryl or k-threonyl residues, 
have involved treatment under relatively mild alkaline 

conditions, as used by :'organ & Watkins and their col-

leagues in studies on the blood group substances (see 

page 63 ). Related procedures, in which rather more 

concentrated alkali has been employed,have also been 

used for studies of glycoproteins of similar types, and 

in th'ese sodium and potassium borohydride has usually 

been incorporated into the reaction medium. Possibly 

the most useful conditions for splitting linkages in 

which 11-serine and -threonine are involved,and obtaining 

reduced oligosaccharider are those described by Cnrlson 

(1960, in which relatively high temperatures ( 45-50°C) 

end concentrations of borohydride (34) in about 0.05; 

alkali are used, but other conditions may also be useful 

in some cases. 

Alkaline reductive cleavage has not been extensively 

applied previously to G1aNAc-Aen linkages. It was shown 

earlier (Lee P, ::Ontgomery, 1961) that treatment of hen 

ovalbumin with sodium borohydride at concentrations less 

than 0.1i; did not lead to cleavage of dialysable frag-

ments from the protein. 

In the present studies the rates of cleavage in 

alkali and in armlinaborohydride of li-acylglycosylamine 

linkages have bean measured and some of the products, 

particularly of those arising from ovalbumin glycopeptide, 

have been examined. 
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RESULTS. 

1,4RT 1. TREATENT OF 00rWON1)S WITH ALKALI. 

The kinetics of the degradation of GleRAc-Asz and of Gle.Afin. 

GloNAo-Asn was found to be stable at room temperature 
in 0.2 ;;-NaOH for 5 days, as judged by measurements made 
with the Technicon autoanalyser under conditions used 
earlier for chromatographing the compound (-7arshall, 1969). 
The rates of destruction at 100°0 of GlelAc-Asn in NaOH 
at concentrations 0.05, 0.2 and 1.0g and of Glc-Asn in 
0.22-Na0ff are shown in Pigs. 3.1 J,td. 3.6. The amounts 
remaining follow first-order rate expressions (Pig. 3.3), 
from which first-order rate constants (k) may be calculated. 

The rate constant for the decomposition of Glc-Asn in 

0,214=NaOH (5.9? x 10."3minml) is similar to that of G1oNAc-
Aen under the same conditions (6.44 x 10443min-1), suggest-
ing that the 2.acetamido group of GleNAc-Asn is not an 

important factor in determining its rate of reaction in 
0.2g-NaOH. The rate of destruction of G1c)Ac-Asn and the 
rate of .its conversion to aspartic acid are the same in 

0.2Z-Na0H, 1i;i6K01 as they are in 0.24-Ra0H alone (Fig. 3.1). 
The ionic strength (I) of the medium, therefore, has no 
effect on the rate or extent of reaction over the range 

of values of I from 0.2 to 1.2. 
The complex nature of the reaction is shown by the 

fact that, after a time approximately equivalent to ten 

half-lives for the decomposition of both acne-Ann and of 

Glo.Asn, less than one mole of aspartic acid per mole of 

substrate destroyed is released (Pigs. 3.1 and 3.2). It 

should be emphasised that the inability to cause quantitative 
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Fig. 3.1. 	Destruction of G1cNAc-Asn by treatment with 0.2M-NaOH at 100°C 133.' 

and the formation of aspartic acid,both in the presence and absence of 1M-NaC1  

The formation of aspartic acid and D-glucosamine when acid hydrolysis 

(4N-HC1; 3 hr; 100°C) followed the alkaline treatment is also shown. 

Concentrations are moles per mole of GlcNAc-Asn at zero time. 

\ot 

 2---0 G1cNAc-Asn (0.2M-NaOH alone) 
0---10 Asp (0.2M-NaOH alone) 

E. N .  .. 0 	O'Asp (0.2M-NaOH, then 4M-HC1) 
V 	\, 	 „

p 	v'GlcN (0.2M-NaOH, then 4M-HC1) 
\ 	
\SO — 	 ...,0 	>_.....4 Peak X (see text) (0.2M-NaOH alone •.„.. 	----.. 
N 	'---.. 	il...7 	G1cNAc-Asn (0.2M-NaOH + 1M-KC1 ) 

.- 	4; . Asp (0.2M-NaOH + 1M-KC1) -...,„ 

	

9 	 0  
ss, 	 ....... 

60 — 	 ,-. 	v 	
:--- —o 

0 
2  40 

20 

[7 

100 	 200 	300 	24 
Time (min')  

Fig. 3.2. Destruction of Glc-Asn by treatment with 0.2M-NaOH at 100°C 

and formation of aspartic acid. 

100 
LG 	4 Glc-Asn 



cn 

01-8 

tO
- 

1.4 

0 

011.2 O 
-J 

1.0 	 

134. 

Fig. 3.3. 	The rates of destruction of G1cNAc-Asn and Glc-Asn in 

0.2M-NaOH at 100°C, shown as first-order rate reactions.  
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The formation of aspartic acid and p-glucomamine when acid hydrolysis 

(44-11C1l 3 hr; DWC) followed the alkaline treatment is also shown. 

Concentrations are moles per mole of ClcNAc-Asn at zero time. 
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Fig. 3.6.  The rates of destruction of GlcNAc-Asn in 0.05M-NaOH, 

0.2M-NaOH and 1M-NaOH at 100°C, shown as first-order rate reactions. 
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Table 3.1. First-order tate constants at 100°C for the destruction of GUNAc-Asn (6mil) for 01c.Asn (6mM)U  and the formation of  
as artic acid under various conditionsof  

Conditions 	k(min) 	t mn(8) 	Mole fraction k + k (min 2) 
(b) k 1 + k  n

.1 	(b) 

k (min611.)  Substrate 
of alkali 	 of Asp after 

ten half-lives  
ron-J 

5. Glc-Asn 

1. G1cNAc-1tsn 

2. 01cNAc-Asn 

3. 0/cNAc-Alin 

4. GIcNAc-Asn 

3.1040 

6.44x10-3  

2.67x1073  

5.97x10 

16.1x10 0.87 

224 

108 

 43 

260 

105 

= 2.10x10-3  

0.27 

0.51 

[0.23](4)  

0.55 

0.3440 

3.28xio 

14.01x10".3  

0.62x10-33  
,(c) 

3.28xle.." 

0.-2 

1.64x10-2 

1. 40x10-2  

-2(c) 1.64x10 

2.26x10 

3.2nia0-3  

2.05x10-3  

2.69x10-3 

0.0510Nsall 

0.2!-NaOH 

1.0N-NaOH 

pH 10.2 buffer 
(0.514..H003  -+ CO 2  =  

0.2u- NecH 

(a) k is the rate constant for the destruction of the compound listed, and t1  is the corresponding half-life... The results from which 
these values are devised are shown in Fig. 3.6. 

(b) The rate constants k1, k2  and k3  are defined on page 141. 

(c) The rate constant for this compound does not, of course, include a term for kr  

(d) This is the amount of aspartic acid produced per mole of 01cNAc-Assn destroyed. It was measured after only 260 min of reaction time. 
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release of aepartic acid from GlellAc-Asn is not due, at 

least largely, to trapping at this stage of the amino acid 
as a component of 4-11-(2-amino-2-deoxy-13 --glucopyranosyl)-
k-asparagine (Gle-Asn), The maximum yields of aspartic 
acid released by complete destruction of GleNAc-Asn increased 

with the concentration of alkali used (Table 3.1, colurt 5, 

Pigs. 3.1. 3.4 and 3.5)!  The maximum yield of aepartic 
acid from GUNAc.Asn in 0.2Z-Na011 (51) was similar to that 

from Glc-Asn (551, again suggesting that the 2-acetamido 

group of GloNAc-Aen is not specifically involved in any 
reaction resulting in loss of aspartic acid. 

The production of aspartic acid from (lc-Aen may be 
considered in terms of an equation of the form 

Asp 	- 1 isp e-kt 

where Asp represents the concentration of aspartic acid 
at time t of alkaline treatment, and k is the rate of des-
truction of Glc-Asn (see for example Frost & Pearson, 1961). 

The rectilinear results obtained (Fig. 3.7a), and the fact 
that production of aspartic acid is not quantitativel are 

consistent with the degradation of Gle-Ann by competitive 

pathways, at least one of which yields aspartic acid. 

Similar analyses of the data obtained for GlOTAc-Asn 

give rise to straight lines when the MOH concentrations 

were 0.05 or 0.2ri  (Figs. 3.7b and c), but not in 1.01:47a01! 

(Fig. 3.7d). The type of behaviour shown by aspartic 
acid, :hen formed from OlcliAc-Asn in 1;il lia0ltl is consistent 

with that of a product which is produced, at least in part, 

by consecutive reactions, viz:- 
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Table 3.2. Elution tizaos of varioue ni 	nitive comnounds from, 
the Locarte autoanalyser. 

Buffer programme:- 
Loading buffer:. pH 3.15 0.21,10.Nee  citrate with 30% (v/v) 

methanol. 

Running buffers:. PH 3.15 (0.2-Na) • 
PH 4.25 (0.2rj.Ne) 

PR 6.65 (1.0M-Na.) 
pal 0.22440H 
pH 3.65  (0.2M Na' 

citrate 
citrate 
citrate 

citrate 

120 rain 
90 min 

140 min 
40 min 

120 min 

C pound. 

Hen ovalbum n glycopeptide II 

GUNAc.Aen 

Asp 
Aan 
Homoserine 
2-Amino.n-butyric acid 

Valine 

Glucosaminitol 
Nannosaminitol 
1orleucine 

41-Pluoro.p.phonylalanine 
Peak X 

214.Diam no.n.butyr c acid 
Ammonia 

Elution time (see Chapter 6). 

29 rain 

46 min 

48 min 
55 rain 

70 min 
76 min 
129 min 
153 min 

172 min 

195 min 
202 min 
229 min 
259 min 

277 min 

305 min 
314 rain 

and with pH 5.28 (0.5'-t•  1a citrate buffer (140 rain) instead of the 
pH 6.65 buffer:. 

Ammonia 	 356 min 
Homoserino lactone 	 414 min 



k3 Gla 	 k4TAc-Aen 	Intermediate 	Aspartic acid 

where the rate constants k3 and k4 are of similar orders 

of magnitude. 

An unidentified ninhydrin positive substance 

(called peak X) was found as a reaction product when 

GlcNAc-Asn was subjected to 1Z-NaOH at 100°0, and in 

reduced amounts when the reaction was performed in 

0.241-NaOH. Only trace amounts (too small to measure) 

were formed from GleNAc-Asn in 0.05g-11a0H, and none at 

all from Glc-Asn in 0.2. NaOH. Peak X was destroyed by 

acid hydrolysis (44-Hci, 10000, 3 hr) of the alkaline 

reaction products, but could be identified in partial 

acid hydrolysates (21;--H01, 1000C, 20 min) of previously 

unreaoted GleNAc-Asn. 

The peak X eluted from the column of the Locarte 

autoanalyser with the pH 4.25 buffer after a total elution 

time of 277 min (Table 3.2). The concentrationm-time 

curves of this component are shown in Figs. 3.1 and 3.5, 

for the construction of which an arbitrary molar colour 

yield with respect to L-valine of 1.00 was used. The 

concentration of X was at a maximum after about 75 min 

of reaction of GloNAc-Asn in 1;'--Na0H, and after about 

200 min in 0.2-1Ta0P. and was completely destroyed at 

the end of the reactions. Thus, it behaved in a manner 

expected for an intermediate that decomposed to form 

aepartic acid. Although direct evidence is lacking, the 

conditions that give rise to X mi ht suggest that it is 

140. 
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The competitive and consecutive reactions con-

sidered may be summarised thus:- 

Glc -Ann 
ki 	

Aspartic acid  

 

k2  
" 	

Products not including aspartic acid 
-1 9 

and 
kl  

GloNAc-Asn 	AsartAc acid 

k2 	Products not including aspartic acid 

k3
k4 Intermediate X . 4  Aspartie acid  

It should be emphasised that, for example, the designation 

k1 merely indicates rates of reaction of analogous compounds. 

The various values for these rate constants may be 

calculated from the observed first-order rate constants 

for substrate decomposition (k), and the mole fractions 

of aspartic acid produced per mole of substrate destroyed, 

after ten half-lives, by the relationships- 

k1 + k3 	XS 
	'Asp 

1 'Asp 

where op  is the mole fraction of aspartic acid. 

The values obtained are shown in Table 3.1. In the 

case of GleNAc-Asn it may be seen that the values of 

ki + k3 increase with hydroxide concentration, If these 

values are divided in each case by the hydroxide ion 
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concentrations, there is an approximately constant value 

for the second-order rate constant (see column 7, Table 3.1), 

which is closely similar to that found for Glc-Asn under 

one particular set of conditions, 0.2,1;-NaOH at 100°C. 

The first-order values of k2  for Glenc-Asn were 

found to be independent of the concentrations of hydroxide 

ion over the range studied (see last column, Table 3.1). 

It may be deduced that nucleophilic attack of hydroxide 

ion is not involved in the rate-determining step of the 

reaction which does not release aspartic acid. The half- 

life of this reaction is of the order of 5 hr;  but 010NAc- 

Asn does not undergo this reaction at all when it is 

heated at 100°C for 48 hr in water. It seems likely, 

therefore, that the reaction concerned involves a species 

of ClciAc-Aan in which the 04-amino group of the p-aspartyl 

residue is not in a chamged form. It is of interest also 

that the comparable value of k2  for (le-Asn is similar 

to that for GloYAc-Asn. 

Values for k2 were about the same for the different 

conditions of alkali, both for GlotTAo.Aen and for Glc-Asn. 
1 

A mean value of 2.4 x 10-'min for the first-order rate 
constant of this base-independent reaction was calculated. 

The rate and extent of reaction of Glenc-Asn was 

also studied in bicarbonate buffer, pH 10.2; after 260 min 

at 100°C, 0.5 mole GloNAc-Asn had been destroyed; while 

0.12 mole aspartic acid had been released. Values for 

the various rate parameters calculated from this observ-

ation are included in Table 3.1. The release.of aspartic 

acid under these conditions may demonstrate catalysis of 
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a general-base nature involving the carbonate and 
bicarbonate anions, The value calculated for kp  under 
these conditions was similar to the values found in 
YaOR solutions, supporting the view that this reaction 

which leads to loss of aspartic acid is not one subject 
to bane catalysis. 

In control experiments it was observed that no loss 

of aspartic acid occurred when it was heated in 0.2;;-NR0P 

alone, or in the presence of 6%;-. acetyllsglucosamine 
for 12 hr. This observationland the fact that the 
amounts of aspartic acid produced when GictiAc-Aen and 

Glc..Asn were heated for prolonged periods in alkali reached 
maxima, which thereafter did not-change, show that the 

observed low yields of aspartic acid are not due to 
further reaction after its initial release. 

.11-Asparagine decomposed rapidly in 0.2::-NaOH at 1000C, 
with a first-order rate constant of 1.69 x 

about 2.5 times faster,  than GloNAc...Asn (Fig. 3.8), The 

expected amounts of aspartic acid were produced after 
each period of time when measurements were made. 

Acid hydrolysis of samvlot9 previouslY treated with alkali. 
Further amounts of aspartic acid were released after. 

acid hydrolyses (4;;-Hel, 3 hr, 100°C) of samples removed 

after the shorter times of alkaline reaction of GlcNItc-Asn 

(Figs. 3.1,,3,4 and 3.5). The total aspartio acid 
measured after this treatment was approximately equal to 

that resulting from unreacted elenc-Aen plus component X, 

in addition to the free aspartic acid already present. 

It was assumed from these calculations that the molar 
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Fig. 3.8. Destruction of L-asparagine and formation of aspartic acid  

by treatment with 0.2X-NaOH at 1000C  
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colour yield given by X with ninhydrin,relative to 
that given by Irvaline,was unity. 

.core k.glueosamine than expected.. solely from the 
acid hydrolysis of unreacted Clenc-Asn and component X, 
was found in samples removed. from the reaction of GloNAc. 
Asn in 0.0*.lia0H end subsequently hydrolysed in acid 

(441-1C1. 100°C, 3 hr, Fig. 3.4). Even after 48 hr in 
alkaline solution1 0,6 mole 11-glueosamins per mole of 
initial substrate was found after acid hydrolysis. Only 
0.09 mole k-glucosamine was present after reaction of 
Olenc-Asn in 0.2gr-m0ti for 24 hr (Fig. 3.1). 

The stability of N.acetyl.2-glucosamine In 0.2;:-Ka0lf 
was also examined. No i.glucosamine was found after acid 

hydrolysis of a sample that had previously been heated 

at 100°C in 0.2-NaOH for 10 min, showing, not unexpectedly, 
that it is destroyed very rapidly relative to the rates 
already determined for ClerAc-Asn. 

2-Acetamido-2.denary-ILR.glueopyranosylamine (G1eNAc-

NR2) is somewhat more stable to alkali, After 30 min in 

0.2.Na01-1 at 100°C, it was found that half of the 2-glu. 

cosemlne initially present could be produced by hydrolysis 

in acid (Fig. 3.9), but after 18 hr under these conditions, 

no R-glucosamine was formed after acid hydrolysis. 

G1etiAc.EB2 would be produced from 01eNAc-Asn if the acyl-

nitrogen bond of the linking amido group were split, with 

the concomitant production of aspartic acid. 

It is reasonable to interpret the results in the 

following way. GleNAc-Asn decomposes in 0.0541 and 0 

23a0H at 100°0 by at least two pathways. One involves the 
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cleavage of the acyl-nitrogen bond to form aspartic acid 

and Cle1Ac-NH2' which is degraded fairly rapidly to form 

products from which E-glucosamine cannot be released by 

acid hydrolysis. A second pathway involves conversion 

of GloNAc-Asn to products from which k-glueosaminel but 

not aspartic acid,can be released by acid hydrolysis. 

At these lower concentrations of sodium hydroxide it 

would seem that Glen-Asn is produced as an intermediate 

only in small quantities, if at all. This deduction is 

consistent with the data described in Figs. 3.7b and c. 

In 34-NaOH this deactylated product probably occurs in 

significant concentrations. 

1-E-Acety1-27acetamido-2-deoxy-P-2-glucopyranosyl- 

amine (GlatiAc-TMAc) has a half-life in 0.2-11a0H at 100°C 

of about 10 hr, as measured by 2-glucosamine released 

after additional acid hydrolysis of samples previously 

treated with alkali (Fig. 3.10). The first-order rate 

constant calculated from these results (k • 1.20 x 10'3min'1  

is of the same order of magnitude as that for the release 

of aspartic acid (k1  + k3) from (lot Ac-Asn under the 

same conditions (3.28 x 10'3min 1). 

Ultra-violet absimption measurempnts. 

The absorption spectra between 220 and 330nm of 

neutralised (pH 5) solutions of GloNAc-Asn,after heating 

in 0.2;;-NaOH for various periods of time, are recorded in 

Fig. 3.11. Ultra-violet absorbing material 	max 264nm 

at pH 5.0) was formed, with a minimum molar extinction 

coefficient of 1300,based on the initial concentration of 

GleNAc-Asn. The spectrum changed on lowering the pH from 
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Fig. 3.11. 	Ultra-violet spectra of products formed by treating 

GlcNAc-Asn with 0.211-Na011 at 100°C for increasing periods of  
time. 

pg. 3.12.. Changes in the ultra-violet spectra of 

products formed by treating GlcNAc-Asn with 0.2M-Naen 

at 100°C for 24 hri the changes were induced by 
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above 8 ( >s max  295nm) to pH 6 (' max '.64nm) and again on 

lowering the pH from 5 to 3 (Fig. 3.12 ),showing that the 

chromophores are ionisable. The reaction product did not 
produce a colour upon direct reaction with Ehrlich's 
reagent. 

B-Acetyl-p-glucosamine formed products, the Kuhn 
chromtgens, with an absorption maximum at 230nm when this 
acetylated amino sugar was heated in 04,2;;•-Na0H at 1000C 
for 5 min (Fig. 3.13). These products produced colour 

with Ehrlich's reagent (E585  0.47), . After 10 min heating, 
en ultra-violet peak at 264nm (pH 5) had replaced that at 
230nm (Fig. 3.13), and colour was no longer produced with 
Ehrlich's reagent. The ultra-violet peak reached its 
full intensity after 20 min heating and a minimum TKOau'r 

extinction coefficient of 1425 was calculated. Upon 
lowering the pH from 5 to 2, the intensity decreased (E1190) 

and flalc  was shifted to about 250nm (Fig. 3.14), 
Ultra-violet absorbing materials (?‘max  253nm) were 

formed also from Gle21Ac-VH2 and ClonAc-NHAc (Figs. 3.15 

and 3.16) in 0.2;.-Ha0U,at rates which were approximately 

the same as those at which 2-glucosamine, measured after 
acid hydrolysis. was lost. The absorption maxima shifted 
to lower wavelengths when the pH was lowered from 5 to 3. 
Vinimum molar extinction coefficients of 1180 were cal-
Culated for both of the products from both of these 

compounds. 
It is known that malondialdehyde, which gives a pink 

colour with 2-thiobarbituric acid (Baelaw Waravdekar, 

1959), is produced when hexosee are treated with alkali. 
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Fig. 3.13. Ultra-violet spectra of products formed  

by treating N-acetyl-D-glucosamine (6mM) with 0.2M-NaOH  

at 1000C 
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Fig. 3.14. Changes in the ultra-violet spectrum of products formed by 

treating N-acetyl-D-glucosamine (6mM) with 0.2M-NaOH at  
100°C for 24 hr; the changes were induced by altering the  

pH of the products. 
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Fig. 3.15. 

151 
Ultra-violet spectra of products formed by treating  

  

   

G1cNAc-NH2 with 0.2M-NaOH at 100°C for increasing periods of time. 

Spectra measured on solutions at pH 5. 

Concentrations•of products are those 

formed from 6mM solutions of GlcNAc-NH2. 

Path-length of cell: 1 cm 

Reference cell contained water. 

	 Solution at pH 2 of products of 

reaction for 13 hr. 
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Spectra measured on solutions at pH 5. 
Concentrations of products are those 

formed from 6mM solutions of GlcNAc-NHAc. 
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Fig. 3.16. Ultra-violet spectra of products formed by treating  

GlcNAc-NHAc'with 0.2M-NaOH at 1000C for increasing periods  

of time. 
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This test for malondialdehyde proved negative for the 
products obtained when GleNAc-Asn. N-acetyll-glucosamine 
or GleNA0-141 were treated with 0.2=NaOH at 100°C for 
24 hr. 
ghe evolution 9f ammonia from GleNAc-Aran and  N-aeetv1-11- 
Fluconanine in 0.2-Na0H. 

About 1.5 residues of ammonia were produced by 

heating GloNAc-Asn in 0.2-11a0F at 100°0 for a period of 
time equivalent to four half-lives (Fig. 3.17). The rate 
of release of ammonia showed a narked induction period, 
and the time curve had an inflection point after 80 min. 
N-Acetyl-D-glucosamine released a maximum amount of 50 
of its ammonia after 100 min (Fig. 3.18). 
7utarotation of GloNAc-NE2.1m9.12,NaOli. 

The change of rotation with time of GloNAc-FR2  (40mg/m1) 

in 0.2.11a0H at 25°G is compared to that in water in 

Fig. 3.19. The initial rotations, and changes in dir- 

ection,are opposite in sign. 14-Acetyl-2-glucosamine 
mutarotated from a value of E:365  equal to +153 to one 

of +117°  after 14 hr in 0.21i-Na014. 
No loss of 12-glucosamine was observed after measure- 

ment on a sample hydrolysed in acid, of the mutarotated 

product from GloNAc-Nli2  in 0.2i Neal. 

Thin-la 9r chromatography of carboxylic acids. 

The production of relatively large amounts of 

ammonia and the deduction that the unionised b(-amino 

group of the aspartyl residue was involved in the various 

reactions in alkali leading to loss of aepartic acid, 

made it reasonable to consider the possibility that 
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Fig. 3.17. 	Ammonia released from G1cNAc-Asn (6mM) 

by treatment with 0.2M-NaOH at 100°C. 

Ammonia was measured by absorption into 

2% (w/v) boric acid, and titration. 
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Fig. 3.18. 	Ammonia released from G1cNAc (6mM) 

by treatment with 0.2M-NaOH at 100°C  

Ammonia was measured by absorption into 

2% (w/v) boric acid, and titration. 
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Fig. 3.19. The mutarotation of GlcNAc-NH2 in water  

and in 0.2M-NaOH at 25°C  

c = 40mg per ml 

Path-length of cell m 1dm 

GIcNAc—N1-12, in water 

--GIcNAc—NH2, in 0.2M-NaOH 
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Table 3.3. The reaction rates and yields of products formed when GlcrAc-Aan is reacted with allayalitatle:, 

Molarity of !mil with 

1b1es Asp released per mole of substrate 

100 

o 

100 

0.05 

0.50 

100 

0.2 

0.64 

100 

1.0 

0.75 

100 

2.0 

0.79 

82 

0.2 

0.45 

47 

0.05  

0.11 

First order rate consts.(min71)(x10 

Loss of GUNAc-Asti 	• 6.49 10.2 20.2 33.4 40.3 32.6 24.1 

Formation of Asp 2.4D 5.10 12.9 27.2 31.8 1.47 .027 

Total time over which reaction studied (min ) 360 360 360 300 660 48 hr 

2-glucosaminitol(b) 

Daglucosaminitol after acid hydrolysis(c) 

D-nannesaminitol after acid hydrolysis(c) 

Homoserinep)) 

(d) Asparagine 

0.40 

o 

0 

0.14 

0.15 

0.51 

o 

0.09 

0.12 

0.37 

0.69 

0 

0.13 

0.14 

0.43 

0.56 

0.12 

0.05 

0.08 

0.43 

0.43 

0.16 

0.02 

0.03 

0.21 

0.63 

0 

0.17 

0.09 

0 

0.16 

0 

0.34 

0.02 

(a) These times are the maximum times of reaction. 

(b) The yields are expressed as mole fractions of GleNAc-Asn destroyed, found after the times stated [see footnote (a). 

(c) The yields are expressed as mole fractions of GlcrAc.Asn destroyed, found after acid hydrolysis (4U741C11 1e1 3 hr 
of the substances already formed by alkali treatment. 

(d) The yields of asparagino are those found at the maxim.  



carboxylic acids might be formed as som6 of the reaction 

products. 

Three acid,: were separated by thin-layer chrom-

atography on cellulose by ether formic acid - water 

(7 : 2 : 1, 14 vol)9 efter treetnent of GleNA.c-Aen with 

0.2ii;-NaOH at 100°0 for 24 hr, followed by elution of the 

products from Dowex 1 with 0.05;-HC1, and from Dowex 50 

with water (Plate 3.1). 

The tar  values of the most mobile component [0.71 in 

ether-formic acid - water (7 : 2 s 1, by vol) and 0.43 

in phenol water - formic acid (75 : 25 : 1, w/v/vJ were 

the same as those of pyruvic acid. !aleic, fumaric and 

euccinic acids were not present. The slower running com-

ponent had RF  value of 0.43 in the ether - formic acid -

water solvent, and the third component did not move from 

the baseline. 

PART 2. TREAT ,ENT or COYPOUNDS WITH ALICALINN E OPYDRIDS. 

The kinetics of the degradation of GletrAc-Aar. 

GlellAc-lien in destroyed more rapidly when sodium 

borohydride is added to the reaction media than with 

alkali alone Figs. 3.20-3,22). The rates of disappearance 

of acHAc-Aen and of formation of various products were 

ale° determined pt 100oC in2*,0-Ne0TI which contained - 

1.011.nall4 (Fig. 3.23). The calculated first-order rate 

constants for the destruction of 0101Ac-Aen are shown in 

Table 3.3.The rate observed at 100°0 increased three-

fold in 0.058NaOn and 0.2-NaOHl and twofold in 1.0 -►Na0H, 

when 1.11:-WaBH4  is included (compare with the results in 

157. 



Solvent ___> 
front 

Starting 
point 

Plate 3.1. 	Thin-layer chromatography of some products  
formed by treating GlcNAc-Asn with 0.2M-NaOH 
at 100°C for 24 hr. 
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A. Succinic acid (24,1g; Rf  = 0.67) 

B. Fumaric acid (2.5pig; Rf  = 0.80) 

C. Products isolated from G1cNAc-Asn (0.13Amoles) that had 
been treated with 0.214,-NaOH at 100oC. 

D. ralic acid (2.5,  g; Rf  = 0.43) 
E. Maleic acid (Rf  = 0.67) 

P. Pyruvic acid (2.5)ig; Rf  = 0.71) 

Chromatography wee performed on thin layers of cellulose. 

Solvent: Ether-formic acid-water (7 s 2 : 1 by vol) 
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Fin. 3.20. 	Destruction of GloNAc-Asn and formation of products resulting  

from treatment of G1cNAc-Asn (Gm';) with 0.05-NaOH and 1M-NaBH1 
A 
at 100°C. 

Products formed when acid hydrolysis (4N-HCl; 3hr; 100°C) followed 

the alkaline reduction of G1cNAc-Asn 
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Products marked with V represent those formed when no further quantil;,  
of alkaline borohydride were added as the reaction proceeded. 
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Fig. 3.21. 	Destruction of G1cNAc-Asn and formation of products resulting  

from treatment of G1cNAc-Asn (6mM) with 0.21-NaOH and 1M-NaBH/1  at 100°C. • 
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alkaline reduction of G1cNAc-Asn. 
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of alkaline borohydride were added as the reaction proceeded. 
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Fig 3.22. 	Destruction of G1cNAc-Asn and formation of products resulting  

from treatment of G1cNAc-Asn (6rrilk1) with 1M-NaOH and 1M-NaBH/  at 100°C. 

Products formed when acid hydrolysis (4M-HC1; 3hr; 100°C) followed the 

alkaline reduction of GlcNAc-Asn. 
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Fig. 3.23.  Destruction of G1cNAc-Asn and formation of products resulting  

   

from treatment of G1cNAc-Asn (6mM) with 2M-NaOH and 1M-NaBH4 at 100°C  
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Products -rormed when acid hydrolysis (4M-HC1; 3hr; 1000C) followed 

alkaline reduction of G1cNAc-Asn. 
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Table 3.1). GlcliAc-Asn is also destroyed in lk-Nar.H4  

(pH at 25*  m 10.2) alone at a rate equivalent to that 

observed in 0.21i-Na0H (Fig. 3.24; cf. 3.1) 	The temp-

erature and concentration of borohydride required to 

effect this cleavage are much greater than those used 

earlier by Lee & Montgomery (see page 131). 

The reactions were also studied at lower temp-

eratures. At 820C (Fig. 3.25) in 0e24-11a0n, 

the rate was a sixth of that at 1000C (Table 3.3). A 

value of 26.7kcals mole44  was calculated for the 

Arrhenius activation energy of the reaction between the 

two temperatures. 

GloNAc-Asn was also subjected to the conditions 

that had been applied to cleave carbohydrate-peptide 

linkages involvine 4-seryl and irthreonyl residues in 

pig submaxillary mucin (Carlson, 196e), /r 0.051!-Ne0H. 

1il-NaPH4  at 47°C, the half-life for the decomposition 

of GloNAc-Asn was 48 hr (Fig. 3.26). An activation energy 

of 16.8 keels mole-4  could be calculated for reaction, 

between this temperature and 10000. The difference in 

activation energies found under the two conditions of 

alkalinity probably reflect the fact that the proportions 

of GleliAc-Asn which undergo decomposition by different 

pathways change, with concentration of alkali.  

It was observed also that a substance X, which is 

probably Glei-Asn, was produced as an intermediate (Figs. 

3.22 and 3.23) in those experiments where relatively high 

concentrations of alkali wire employed (cf. also Figs. 

3.1 and 3.5). 
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164. Fig. 3.24. 	Destruction of GlcNAc-Asn and formation of products  

resulting from treatment of G1cNAc-Asn (6mM) with 1M-NaBH!„ and no  

additional alkali at 1000C  
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Fig. 3.25. Destruction of G1cNAc-Asn and formation of products resulting 

from treatment of G1cNAc-Asn (6mM) with 0.2M-NaOH and 1M-NaBH,I.  at 82°C  

Products marked v/ represent those formed when acid hydrolysis 

(4M-HC1; 3hr; 100°C) followed alkaline reduction of G1cNAc-Asn. 
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Fig 3.26. Destruction of G1cNAc-Asn and formation of products resulting  

from treatment of G1vNAc-Asn with 0.05M-NaOH and 1M-NaBH4 at 47°C  

G1cNAc-Asn 

Aspartic acid 

Glucosaminitol 

Glucosamine 
Homoserine 

Products marked with I are those formed when acid hydrolysis 

(4M-HC1; 3hr; 100°C) followed alkaline reduction of G1cNAc-Asn. = 
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The production of reduced Ougara. 

4-41ucomaminitol was identified in the earplee 

taken at the later stages of the arkeline reduction, 

performed in more conoentrated alkali (Flee. 3.21-3.23). 

Increased amounts of ps-61ucosaminito1 were found it 

acid hydrolysis followed the al :aline reduction. The 

increase observed on acid hydrolytic almost certainly 

represents the amount of acetyl-k-glucoeamititol which 

Was originally present. The oeaoured anounts before and 

after acid hydrolysisi expreesed re a vo/e fraction of 

the amount of GleVAc-Aon destroyed, are recorde0 in 

Table 3.3. It woe necessary to add more sodium borohydride 

as the reaction proceeded (!,"ig.s. 3.,V) and 3.21) to re- 

place that destroyed, in order to produce 	yields of 

E-glucosaminitol and of 4-acetyl-ki;luoosaminitol. The 

conditions of 0.2-AaWit  1;;-NaDn4  at 100°C; for 6 hr pro-

duced the maximum yield of alditol con owed of both 

i-glucosaminitol and R-acety1-2-glueosaminitol. The 

total yield was 69%. C the other hand, Tilder conditions 

of cleavage led to smaller yields. In 0 05?i-NaDF oor. 

taining li.NaT.E4  the total yield of r-acetyl-E-Flucoe-

aminitol was only 16% after 4 hr, withno ii-gluccenminitol 

(Table 3.3). 

I ,annosaminitol, which might be expected to be 

formed through epimerisation of E etv1.4)..eleoeftamire 

before reduction, wac identified after renctions performed 

in I and 2" NaOH solutions which contained 1 Trar,TT4 
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Table p.4.  Reduction in alkaline borohxdridepf N..scetyll-Rlucosmnino  
and GlettAc.441  2 

Products were measured as mole per mole of substrate after alkaline reduction, 
followed by acid hydrolysis in 4a-HC1 at 100°C for 3 hr. 

N.rAcetyll..elucosamine 
Alkaline conditions: 

P-Glucosamine 

m
..Glucosaminitol 
D4lannosaminitol a 

Alkaline conditions: 

D..Glucosamine = 
D.GIucosaminitol 
D.Oannosaminitol m 

G1cNAc-NH2  

Alkaline conditions: 

D-Glucosamine 
le 

D.Glucosaminitol 
D..,:annossatinitol = 

0 	4  

2LN.0 

WI 	I 

lt-141aBII a. 	4' 

10 min .ILI: 0 
0,73 
0.06 

0 
0,78 
0.08 

0 0 
0.57 0.61 
0.24 0.24 

0.211•NsOU 

110 min gilt 
0.20 0 
0.36 0.50 
0.08 0.09 

Alkaline conditions: 	VI-Natti 

D-Glucosamine 
D-Glucosaminitol 
D-?!annosaminitol cs 

10 min ;LIE 
0.27 0 
0.23 0.29 
0.11 0.22 

OlcNAc..NRAc  

Alkaline conditions: 

	

1 hr 	LIE 
D-Olucosamine 	 0.73 	0.59 
EN.Glucosaminitol 	 0.08 	0.18 = 

, a 	4 
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(Table 3.3). This compound was more retarded on the 
autoanalyser than was a-glueosaminitol (Table 3.2), 

and was not completely resolved from it, although 
satisfactory measurements could be made. 

Only a small amount of material absorbing in the 
ultra-violet between 220 and 330nm was observed, com-
pared to that found in 0,2a-NaOH alone (Pig,. 3.27). 

Less absorption was observed when further quantities of 

NaBH4 were added as the reaction proceeded. Presumably 

the products which are formed in alkali alone and which 

absorb in the ultra-violet are unsaturated, so that it 

would not be too surprising if they underwent reduction 

by NaD114, or if they were not formed at all in the presence 

of NaBH4. 

lia..Acetyll-glucosamins (6m;1) was reduced to 

cosaminitol in 78/, yield in 0.2 NaOH, 1N-NaBH4  at 100°C. 
The yield in 21i644014 was less, but the yield of a-mannos-

aminitol was correspondingly increased (Table 3.4). The 
reaction appeared to be almost complete after 10 min. 
Relatively smaller yields of a-glucosaminitol were obtained 

from GleNAc-NR2  under the same conditions, and reduction 
was less rapid. Production of al-glucosaminitol from 

Olenc-Mito in 0.03 NaOH, 1;:-NaBR4  was slow. Only 0.44 
mole of asglucosaminitol per mole of al-glucosamine that 
had been destroyed was formed after acid hydrolysis 

(Table 3.4)of products formed by treatment of GloNAc-

NHAc with alkaline borohydride for 5 hr. 
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Fig. 3.27. Ultra-violet spectra of products formed 

from G1cNAc-Asn by treatment with 1M-NaBH4 and 0.2M-NaOH  

at 100°C. 

I Neutralised (pH 5) solution of 

GlcNAc-Asn (6mM) in 1M-NaBH4:0.2M-NaOH 

not previously heated. 

II Products (in solution at pH 5) 

formed from G1cNAc-Asn (6mM) by treatment 

with 1M-NaBH4;0.2M-NaOH at 100°C for 240 min. 

Further quantities NaBH4 added every hour. 

III Products (in solution at pH 5) 

formed from G1cNAc-Asn (6mM) by treatment 

with 1M-NaBH4;0.2M-NaOH at 100°C for 240 min. 

No further NaBH4 added as reaction proceeded. 

Path-length of cell: 1cm. 

Water in the reference cell. 
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The formatiort of pnin9 acids as a result of alkaline  
reduction of G1oNAc-Apn. 

Yields of aspartic acid were less than stoicheiomatric 

when 01c1lAc-Asn bee; decomposed. Yields were somewhat 

higher at 1000C in 0.05;-:6-NaOH in the presence of 1;6-

borohydride then with alkali alone, whereas the yield in 

34-BAPR4  was less than that produced by 3..Na0F 

alone (cf. Tables 3.1 and 3.3). The lowest yield recorded 

for aspartic acid was from the reaction performed at 47°C 

(Table 3,3). 

Two other peaks, running after aspartic acid, were 

found on the autoenalyser, and these had elution times 

of70'and 76 min respectively, when neutralised samples 

from the alkaline borobydride reaction of alcNAc-Asn were 

analysed directly (Pig. 3.28a). Standard samples of 

k-asparagine (70 min) and kk-homoserine (76 min) ran 

concurrently with these peaks. The ratio of the peak 

areas measured at 440nm to that measured at 570rm of the 

peak that aluted after 70 min,upon autoanalyeis of the 

products formed by alkaline reduction of GloNAc-Asn,was 

0.237, while the ratio measured for standard k-asparagine 

was 0.231. The ratio of the peak occurring at 76 min that 

resulted from autoanalysis of the products of alkaline 

reduction '(0.1 3) was also the same as that measured for 

standard kk-homoserine (0.187). The compound giving rise 

to the peak eluting et 70 min behaves as an intermediate, 

maximum amounts being present in the early stages of the 

reaction, and being destroyed as the reaction proceeds 

(7iSs. 3.20. 3.21, 3.25 end 3,280 This compound is 



Alkaline reduction for 240 min. 

Fig.3.28a Products formed from GlcNAc-Asn by treatment 	172. 

with IM-NaBH/.00.2M-NaOH at 100°C for different 

periods of time. Products are measured on the 

autoanalyser. 

The parts of the traces recorded up to the 

time of elution of valine only are shown. 

Alkaline reduction for 60 min. 
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Fig. 3.28b Destruction of L-asparagine by treatment with  

0.2M-NaOH and 1/2-NaBH4  at 100°C, and formation of  

aspartic acid. 
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asparaginel and it was shown in control experiments that 

the amino acid is convertedl in 	1;;—rarn at 

100°Cl almost quantitatively into aspartic acid with a 

half-life of 29 min (Pig. 3.28 ;k is 23.5 x 10."3min..1). 

There is a very small peak at the position occupied by 

homoserine on the chromatogram obtained by autoanalysis 

of the products of alkaline reduction of i-asparagine. 

but it is not possible to stata with assurance that the 

substance is homoserine in view of the tiny quantities 

involved. In any case, the yield is quite small (‘ 35). 

The compound which his been identified as homoserine 

(see below) is stable for at least 3 hr under the con-

ditions used. Standard gi-homoserine was used in the 

control experiments. 

Under some conditions, the kinetics for the production 

of aspartic acid displayed an induction period (see 

particularly Figs. 3.20, 3.21' and 3.24). These findings 

are consistent with the view that a relatively large 

fraction of the aspartic acid arises from an initial 

formation of asparagine. 

The yield of homoserine increased as the temperature 

decreased, becoming a major product at 47°C, although 

its rate of formation was slow (Pig. 3.26). 

Acid hydrolysis of samples removed during alkaline 

reduction of GleNAc-Asn Completely destroyed asparagine 

as expected, whereas homoserine was partially destroyed, 

giving rise to the lactone. The amounts of aspartic acid 

measured were approximately equal to those present already 
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in the alkaline reaction media, plus those formed from 

unreacted GleNAc-Aenpand in some cases also from G1aN-Aen, 

in addition to those expected from destruction of aspar-

agine (Fig. 3,20.3.25). 

It was desirable to measure the total quantities of 

homoserine and its lactone in acid hydrolysistes of 

samples previously treated with alkaline borohydride, 

especially under the conditions where large amounts of 

this 4.hydroxyamino acid were formed. Thus'acid hydroly-

sates of samples reduced for .6 and 11 hr in 0.2-NaOH at 
6200, and 0.058liaOli at 1000C for 180 mint weire auto-

analysed with a buffer programme in which pH 6.65 buffer 

was replaced with pH 5.24 These modified conditions 

result in the resolution of ammonia and homoserine lactone. 

A peak eluting 1 hr after ammonia, with a total elution 

time of 6 hr 54 min, wasfound in .each case. This peak 

had an area 1.7 times that resulting from homoserine in 

the same bydrolysate. Standard ap-homoserine was des-

troyed to an extent of 70% under the same conditions of 

acid hydrolysisond also formed a peak eluting after 

6 hr 54 min, This peak is attributable to the lactone 

of homoserine (Armstrong,1949) and it was found to have 

an area ratio of 1.5 relative to the homoserine peak. 

The identities of asparagine and homoserines as 

products of alkaline reduction in 0.05# NaOH, 

at 10000 of. GlollAc-Asnlwere,confirmed by thin-layer 

chromatography of their dansyl derivations. Five dansyl-
derivatives besides fins-OH and lins-M2  appeared on the 

plates. Four of these appeared at all stages of the 
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Plate 3.2. Chromatography of Drui-AspOilleine and  Dns-Homoserine. 
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rectction (20 min, 2 hr and 4 hr) and were identified as 
Dne-GleNAc-Asn, 	Dna-. :an and Dne-homoserine by 
their mobilities in three solvents (Plate 3.2). The 
intensities of the spots given under ultra-violet light 
varied with time in the same manner as the corresponding 

peaks measured on the autoanalyser. Dnel-glucosaminitol 

was found only at the later stages of the reaction. 
Standard 1-2,4-diaminotbuytric acid gave a peak on 

the autoanalyser during elution by the Tiff 6,65 buffer 

after 305 min,at a position which was just before the 

ammonia peak (able 3.2). Small peaks running in this 

position were found upon analysis of the products of 

reduction of CleNAc-Asn in 0.05-Na0E, and 0.21J641a0M, both 

before and after acid hydrolysis, but the sixes of these 

peaks suggested that GlcliAc-Asn is degraded to an extent 
which is lees than 32' to this compound. 

Thin-layer obromatoBraphy of acidic products formed from  
the alkali:pot reduction f 31cNAc-4sn. 

Thin-layer chromatography of the fractions obtained 

by elution from Dowex 1 with 0.08 1 C1, and with 0.-11011  
(see page257) of the products resulting from treatment 

of GlcNAc..Asn with alkaline borohydrid• 0.0511rNs0R; 

' • 3 hr: 1©0°C) did not show fast-running spots "if 	4 
corresponding to standard carboxylic acids considered as 

possible products (Plate 3,3). After prolonged re--evapor-

ation of the material obtained from the 0.08i1-14C1 eluate 
with methanol in order to remove boric acid, one spot 

was obtained (Rf  0,46 in ether - formic acid - water, 

7 t 2 t 1, by vol). The elemental analysis found by 
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;`late 3.3. Thin layer chromatography of an acid formed by treatment  

of GlcNAr-Asn with alkaline borohydride.  

  

     

Solvent: Ether-formic acid-

water (7 : 2 : 1 by vol) 

A = Products formed by treatment 

of GicNAc-Asn (0,2mg) with 

0.05t-NaOH, 1M-NaBH4  at 100°C 

for 3 hr, and isolated as 

describ*:d in the text. 

B = Fumaric acid 

0 = Maleic acid + Succinic acid. 

starting point 

Other carboxylic acids run to the positions shown in Plate 3.1. 

solvent 
f rent 
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Table 3.5. 

Analysis of acid  
hydrolysate before  
reaction with  
alkaline borohydride  

ChanAes observed upon treatment of glycopeptide I from hen ovalbumin with alkaline borohydride. 

(all values expressed as moles per mole Asp at zero time) 

Changes in components after 

wa.Na011117  

(13 1/3  hr) 

treatment under the 

0.22-Na011ib  

(20 hr) 

following conditi  

1.0M.NaOH 
MINN. 	401111•••1110• 

( We 5 hr) 

onap  
b) 

followed by acid hydrolysis(a) 

2.0u-NaOH(b) 

(3 hr) 

Asp 1.00 . 0.57 - 0.54 - 0.37 - 0.19 

Leu 0.96 . 0.14 - 0.11 - 0.05 - 0.04 

Thr 0.82 - 0.37 - 0.41 - 0.42 0439. 

Ser 0.96 - 0.12 . 0.23 - 0.29 - 0.21 

Glu 0.14 0 + 0.03 o 0 

Gly 0.14 + 0.19 + 0.16 + 0.19 + 0.18 

Ala 0.16 + 0.06 + 0.03 
0 

0 

Val 0.16 0 0 0 

G1cN 4.11 - 1.02 - 1.01 - 1.16 - 1.50 

t Ian 5.24 - 0.42 - 0.23 . 0.76 - 0.33 

2..Amino-n- 
butyric acid 0 +0.09 + 0.12 + 0.07 4 0.04 

HOmoserine 
(+ lactone) 0 + 0.05(c)  + 0.14 + 0.11 0 

Glucosarninitol 0 + 0.31 + 0.39 + 0.26 + 0.12 

Mannosaminitol 0 0 + 0.11 + 0.12 +0.10 

Total nitrogen 9.94 

Acid conditions for hydrolysis were li-11C1 at 100°C for 18 hr.  

All solutions contained in addition 1M-NaB1l4 at the beginning of the reaction. 

were added at intervals according to the schedule shown in Table 5.16. 

The amount of homoserine lactone was not measured in this experiment because it 

under the conditions used. 

Further amounts of borohydride 

co-chromatographed with ammonia 
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ara. Doris Toutterworth at the rational Physical Library, 

Teddington, A.ddleaex, was C 34.317!;; H 4.7l, i i < 0.247% 

The sample analysed for nitrogen was quite small and the 

value reported was stated to be a maximum figure. The 

nature of this carboxylic acid is unknown, but the yield 

is relatively high (d-ilmg from 8.4mg GloNAo-Asn), It is 

not known whether it is a degradation product of the sugar 

or amino acid part of the original molecule. 

chanaes obillrved on treatinit gpvcoptetAftes with alkaline  
;sodium borohydride. 

' raen ovalbumin glicopeptides I and II (see page 257), 

differing in their i-mannose and L-glucosanine contents, 

were both examined at various concentrations of alkali 

in 11-HaLE4 at 10000. The changes observed, expressed 

as moles per mole of i-aspartyl residue present at the 

start of the reactiont are shown an functions of time 

(rigs. 3.29-3.33), and the overall changes are also recorded 

(Tables 3.5 and 3.6). tnalyses of amino acids, hexos-

amines and hexosaminitols were of course performed after 

acid hydrolysis. 

Approximately 1 mole of 12-glucosamine was lost/ under 

milder conditions of alkaline borohydridef from glyco-

peptide I, rising to 1.5 moles in 2iiiiC.14a013, 1;i-NarHo nfter 

3 hr. A similar lose (1.4 moles) was recorded for 

glycopeptide II in 2;i7141011, l';-iNaT.H4  after 10 hr. Under 

these strong conditions of alkali, an initial loss of 

i-glucosaMine was followed by a slower loss as the 

reaction proceeded. 

The maximum yield of Q-glucosaminitol (0.39 mole per 
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-Fig. 3.29. Changes observed on treating hen ovalbumin glycopeptide I  
with 1M-NaBH4'  0.05M-NaOH at 1000C. 

Components measured after acid hydrolysis (4M-HC1, 100°C, 
18 hr) of material treated with alkaline bor6hydride. 
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Fig. 3.30. Changes observed on treating hen ovalbumin glycopeptide I  
with 1M-NaBH4  and 0.2M-NaOH at 100°C. - —  
Components measured after acid hydrolyses (4M-HC1, 100°C, 
18 hr) of material treated with alkaline borghydride. 
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Fig 3.31. 	Changes observed on treating hen ovalbumin glycopeptide  

with 1M-NaOH and 1M-NaBH4 at 100°C for 11hr. 

Components were measured after acid hydrolysis (4M-HC1; 18hr; 100°C) 

of material previously treated with alkaline borohydride. 
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Fig. 3.32. Changes observed on treating hen ovalbumin glycopeptide  

with 2M-NaOH and 1M-NaBH4 at 100°C. 

Components were measured after acid hydrolysis (4M-HC1; 18hr; 100°C) 

of materials previously treated with alkaline borohydride. 
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Fig. 3.33 	Changes observed on treating hen ovalbumin glycopeptide II  

with 2M-NaOH and 1M-NaBH4 at 100°C  
A 

Components were measured after acid hydrolysis (4M-HC1; 18hr; 100°C) 

of material that had previously been treated with alkaline borohydride. 
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' Table 1.04. Changes baerved on alkaline reduction in 11:1-NaEll4  2il-NaOH f 

O1YeoPe de II from hen ovalbumin. 

 

Analysis of acid  
hYdrolyeate before  
reaction with  
alkaline borohydrido. 

Charm in the  
.amounts of 
components after  
treatment for 10 hr 
followed by Acid  
hydrOlysis. 

    

       

Asp 1.00 

Lou 0.94 

Thr 0.82 

Ser 0.05 

Glu 0.11 

Gly 0.12 

Ala 0.12 

Val 0.15 

GleN 3.42 
Man 4.72 

Total nitrogen 8.75 

2-amino-n-butyric acid 0 

Glueosaminitol 

Mannosaminitol 

- 0.25 

- 0.02 

0.38 

0.21 

0 

0 

0 

- 1.38 

0408 

+ 0.04 

• 0.16 

• 0.00 
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mole of h.aspartyl residue originally present) was 

obtained in 0.2 NaOH, 1;i-NaPH4  'after about 11 hr of 

reaction (1?ig. 3.30), but the yield compared unfavour-

ably with that obtained from GleNAc-Ain.itself (0.69 

mole per mole dloNAo.Asn; Table 3.3) in 0,2';-11a0M, 

pl-annosaminitol was Again produced with 

more concentrated alkaline conditions. 

Fractional molar values of hexose were lost, as 

measured by the phenol-sulphuric acid reaction, from 

glycopeptide I during the reactions, but no definite 

relationship with the strength of alkali used could be 

ascertained, Practically no heroes was lost after re-

action of glycopeptide II with 2 64,1a0Y, 24-NaBY4  at 

10000 for 10 hr. 

As in the case of treatment of Glonc-Air with 

alkaline borohydride, losses of aspartic acid were observed, 

the extents of which were dependent on the concentration 

of alkali used (Table 3.5). The half-lives of the re-

actions resulting in destruction of aspartic acid in 

0,24 NaOH, 1;44aPM4, at 100°C for. GloNAc-Ain and for 

glycopeptide I may be compared, The values are 15 min 

(rig, 3,20) and 60 min (rig. 3,30) respectively. These 

values,combined with the observation that there is a 

greater absolute loss of aepartie acid when glycopeptide I 

is treated with alkali compared to that of GloNAc-Asn, 

imply that the base catalysed cleavage of the linkage 

between the carbohydrate and the peptide chain is also 

slower for the glycopeptide than for (110/Ac-Asn. 

Losses of serine and threonlne were observed In the 
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Table 3.7. Composition of fractions obtained by gel filtration (see Fig. 3,34) of the products of the reaction, of  

GIrcopeptide I with alkaline borehTdride. 

Treatment 	Pooled fractions GlcM 

Molar Ratios( 

Glaol Amino (b) 

Moles/mole glycopeptide I(I")  

GUM 	GUNK 	Amine"))  

Man Man .ft 
0.212.N4014 10.5 4°1 (25% Man) 0.758 0.053 0498_ 3.80 0.27 0.49 

2 (31% Man) 0.581 0.064 0.180 2.91 0.32 0.90 
3 (24% man 0,592 0.071 0.21 2.97 0.36 1.09 

Untractionsted(c) 0.627 0.061 mid. 3.09 0.39 n.d. 

2.0M.Na0111 4 hr(f) 	A (29l% Man) 0,487 0.025 0.423 2.29 0.11 2.10 

(71% Man) 0,608 0.023 	. 0.570 2.98 0.11 2.80 
Unfractionated(s) 0.532 0.024 n.d. 2.61 0.12 

(a) Since deacetylation of glucoaamine residues any have occurred in alkali, the question arises as to whether acid 
hydrolyse* (4M-Nell 100°C; 18 hr) will result in complete liberation of the sugars. This problem is considered 
in the discussion (page 23). 

(b) Tice amount of free amino group was assessed from the calorimetric reaction with ninhydrin, with B7glucosamine as 
a standard. 

(c) These data are for glycopeptide that was treated for 2D hr under the mane conditions (column 4, Table 3.5). 

(d) This is based on avalue of 5.01 moles of mannose for the experiment carried out In 0.2M-MAOH, to take account of 
the loss of 0.23 moles during treatment of glycopeptide I with alkaline borahydride. It is based on 4.91 moles 
*rawness in the experiment carried out in 227Na0H for 'similar reasons. 

(0) These data are for glycopeptide that was treated for 3 hr under the same conditions (column 6, Table 5.5). 

(f) The alkaline solutions contained 1eA8R4  and were heated at 100°C. 
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initial stages of the reactions involving treatment with 

alkaline borohydride. These losses probably occur only 

from those residues which have both their carboxyl and 

amino groups involved in peptide linkage (see page 45), 

Simultaneous increases in the values for glycine,alanine 

and 0C-amino-butyric acid were also observed, together with 

small amounts of homoserine and its Lawton*. 

Gel etwomoltoeraphy of klylepeptideg that MO been treated  
with alkakipe bcirghxpride. 

One broad peak containing hexose was obtained from 

gel chromatography of glycopeptide ',after reduction with 

1-3a13114  at 1000C in the presence of either 0.2...NaOH or 

27-NaOH, the most concentrated fractions eluting at 210m1 

end 165m1 respectively (Fig, 3.34), giving yields of 

hexose of 82 and 84% respectively from the amounts of 

starting materials used. 

The fractions of effluent collected from the initial, 

middle and final portions of the peak containing hexose 

(Fig. 3.34), obtained by gel chromatography of glycopeptide I 
after reduction in 0.2-Na0Hpcontained different ratios 

of 2.glucoeamine and 2-glucosamiuitol to boxes. (Table 3.7), 

showing that the material containing hexane was heterogeneous 

and that fractionation on G-25 had occurred by factors 

involving differences in composition. 

The ninhydrin reaction gave increased colour per mole 

of hexose for the more retarded fractions, suggesting 

that free amino groups were present, and that these might 

be factorff, causing fractionation. There was an overall, 

molar ratio of 0,28 residue of free amino group per mole 

of ii-glucosamine in the glycopeptide after it had been 
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Fig. 3.34. Gel chromatography of hen ovalbumin glycopeptide I  

that had been treated with alkaline borohydride at 100°C. 

Chromatography on Sephadex G-25 (two columns each 120 x 1.2 cm) 

in 0.114-acetic acid at 4°C. Columns were run in series. 

Assay: Phenol-H2SO4 reaction on 0.2ml of each fraction 

Fraction size: 9.2m1 

Flow rate: 18.6m1 per hr 

Eluting agent: 0.1M-acetic acid. 

Elution profile of glycopeptide I (45 limoles mannose) previously treated 

with 0.2M-NaOH; 1M-NaBH4 at 100°C for 11hr.Fractions were pooled(1,2 & 3) 

Elution profile of glycopeptide I (34 	mannose) previously treated 

with 2M-NaOH; 111-NaBH4  at 100°C for 4 hr. Fractions were pooled (A & B) 
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reduced with 0 2;1-Ta0H, 1 -1iarE4  at 100°C for 10.5 hr. 
I. larger, extent of deacetylation (0.92 moles per mole of 

D-glucosamine) was found in glycopeptide which had been 

reduced in 2-11a011, 11;-11a/T4  at 100°C. These values do 

not of course include 2-glucosamine residues originally 

present in glycopeptide I, but which had been converted 

to other products including i-glucosaminitol and N-acetyl-

ksglucosaminitol. 

The overall ratios of k-glucosamine to hexoee are 

about the same before and after gel filtrationIfor given 
conditions of alkaline borohydride treatment of glyco-

peptide I. The values obtained in the reduction carried 

out in 0.2;i.14101! are 0.628 and 4.601, before and after 

filtration, respectively. In 2.V.411011 the values are 

C.565 and 0.532 respectively. These results show that 

little, if any, sugar has been separated from the main 

fraction by gal filtration. 

Cnly trace amounts of amino acids (less than 0.1 mole 

of any amino acid per 5 moles of hexose)were detected in 

Fractions A & B(Fig - 3.34)showing that cleavage of peptide 

from oligosaccharide was complete and that separation of 

the free peptides and amino acids from the material con-

taining hexose had been achieved by gel chromatography. 

The colour produced in the ninhydrin reaction is there-

fore probably due to N-Aeacetylated E-gluccsamine residuess  

or just possibly products of them. 

Ieterogeneity of the products was further demonstrated 

by paper electrophoresis (Fig. 3.35). E-81ucosamine 

migrated 18cm under the same conditions, The periodate- 



Fig. 3.35.  Paper electrophoresis of reduced oligosaccharides. 193. 

Fractions 1, 2, and 3 were obtained by pooling fractions obtained 

by gel chromatography (Fig. 3.34) of glycopeptide I which had been 

treated with 1M-NaBH4;0.2M-NaOH at 100°C for 11 hr. Fractions A and 

B were obtained similarly (Fig. 3.34) from glycopeptide I which had 

been treated with 1M-NaBH4;2M-NaOH at 100°C for 4 hr. 

Electrophoretic conditions: pH 2.0; 32v/cm; 30 min. 

Shaded spotsi/ZAtained with both the periodate / 2,4-pentane-

dione reagent and the ninhydrin reagent used on a duplicate 

chromatogram. Spots not shaded developed only with the periodate 

2,4-pentanedione reagent. 

G1cN ran to this point under the 
same conditions. 

15cm 

(DI 

5cm 

C C 	Starting point  
Fractions I 	2 	3 	A 

ve 
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2,4-pentane dione reagent produced spots which fluoresced 

strongly under ultra-violet light. This reagent forms 

fluorescent products with formaldehyde produced as a 

result of periodate oxidation. 

The spots that moved away from the starting line 

stained also with the ninhydrin reagent. The mobilities 

of these components under the conditions used (pH 2.0) 

are likely to depend in part on the total number of free 

amino groups present in the molecule. The products from 

reduction in 2.0-NaOH Cineitiddd Odbgianc6g which migrated 

further than those produced from reduction in 0.%-141017. 

in addition to ones which migrated to a similar extent. 

Furthermore, the more retarded fractions,which contained 

hexane and which were obtained by gel chromatography, 

contained components with higher mobility on paper electro-

phoresie. These results agree with those discussed 

earlier, in which it was demonstrated that the more re-

tarded fractions had the larger amounts of free amino 

groups (Table 3.7) as determined from quantitative nin-

hydrin estimations. The components staining only with the 

periodate-2,4-pentanedione reagent and which remain close 

to the starting line are probably fully N-acetylated 

products. These substances occur among the products only 

when the alkali concentrations: used is low. 

Heterogeneity of the pooled fraction (Pig. 3.34) 

could also be demonstrated on Dowex 50 by elution with 

increasing concentrations of }?Cl. Two major ninhydrin-

positive peaks that also contained hexoset were obtained 

by elution of the materiall-at an acid molarity of about 

2 (Fig. 3.36). 
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Fig. 3.36. Elution profile of reduced oligosaccharide on 
	195. 

Dowex 50 X 4 (e)  
Oligosaccharide was isolated by gel-chromatography of 

hen ovalbumin glycopeptide I that had been treated with 2M-NaOH and 

1M-NaBH4 for 4hr 

Column: 64 x 1 cm. Resin suspended in water at 4°C. 

Eluted by water (100m1) and 4M-HC1 (100m1) arranged to give a linear 

gradient in HC1. 

04- 

0.3—

Ego 

4 33. 
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0 
 
20 30 40 50 60 

Fraction number (3.6m1) - 

A A Ninhydrin reaction on 0.5ml of each fraction 

Molarity of HC1 in effluent 

Fig. 3.37.  Gel chromatography of hen ovalbumin glycopeptide II 
that had been treated with 2M-Na0H; 1M-NaBH/I  

at 100°C for 10hr. 

Chromatographic conditions are those described in Fig. 3,34. 

Glycopeptide material contained 21 }moles mannose 

0•I 

Si-' • 
1D" 

150 	 200 	 250 
Volume of effluent (ml) 

Periodate / 2,4-pentanedione reaction on 0.5m1. 

fX-4 Phenol-H2SO4  reaction on 0.3m1 

E1,90  Eits  

05 
0.1 
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The elution profile obtained by gel chromatography 

of the material produced by treatment of glycopeptide II 

with 114-NaBH4  and 21/-NaOH at 1000 for 10 hr is shown 

in Fig. 3.37. Fractions were assayed by the phenol-H2SO4  

reagent and by periodate oxidation followed by treatment 

with 2,4-pentanedione. The 2,4-pentanedione reagent 

produced colour in the more retarded fractions that did 

not contain hexose (Ve  230-290m1; Fig. 3.37). The 

absorption spectrum (\max 405nm) of the coloured product 

formed in these fractions was sufficiently different from 

that 0\ max 41311m) formed in the fractions (Ve  170-220m1) 

that also contained hexose (Fig. 3.38) to suggest that 

acetaldehyde, as well as formaldehyde*  was formed by 

periodate-oxidation of the material in more retarded 

fractions (Ve  230-290m1) (Nash, 1953). 

The fractions produced by gel chromatography of 

material that was obtained by alkaline reduction of 

glycopeptide I1, followed by re-N-acetylation (Fig. 3.39). 

were also assayed by the phenol-H2SO4  and periodate/2,4-

pentanedione reagents. The colour produced in the more 

retarded fractions (Ve 220-270m1) by 2,4-pentanedione was 

much reduced compared to that shown in Fig. 3.37 and the 

substance(s) giving rise to this colour could be removed 

entirely by treatment with Dowex 50 (e). The presence 

of k.mannitol in these fractions could thus be excluded, 

and it seems reasonable to suggest that periodate-oxi-

dation of free serine and threonine gave rise to 

chromophores. Autoanalysis of the fractions(Ve  230-290m1; 

Fig. 3.37) showed that these free amino acids were present. 

To assess the extent to which N-deacetylation 
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Fig. 3.38. Ultra-violet spectra of productA of reaction between  

periodate / 2,4-pentanedione reagents and products formed by  

alkaline reduction of hen ovalbumin glycopeptide II  

Two fractions obtained by gel chromatography of 

glycopeptide that had been treated with 2M-NaOH and 

Og- 1M-NaBH4 (see Fig. 3.37) reacted with periodate and 

the reagent of Nash (1953). Conditions are described 

in the text. 

I Spectrum given by Fraction 22 (Ve=200m1) 

II Spectrum given by Fraction 29 (Ve=267m1) 

E 

0•l 

360 400 440 460 
414 

Fig. 3.39.  Gel chromatography of hen ovalbumin glycopeptide II  
that had been treated with alkaline borohydride and re-N-acetylated. 

Glycopeptide II (18 	mannose) was treated with 2M-NaOH and 

1N-NaBH4 for 10hr at 100°C.The products 

were re-E-acetylated withi[3H]acetic anhydride 

and subjected to chromatography under the conditions 

described in Fig 3.34. 

130 v.  150 	 200 
Volume of effluent (ml) 
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411---40 Phenol-412SO4 reaction on 0.3m1. 

C.p.m. on 0.05m1 + Bray's(1965) reagent. 

 

Periodate / 2,4-pentanedione reagent on 0.5m1. 
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,Sable 3.8e  Analysis of products formed as a result of gel chromatography_of_products of alkaline rpluetion of 

glycapeptides  

Analysis of samples of glytopeptides I and II after treatment with Veen% in eitheriDen-NaCH or 

Median at 100°C. In some cases the products were divided in to equal parts, one of which wee M6acetylated. 

Each of the materials were twarately filtered on &whoa= G..25 in 10.111-- acetic acid and the fractions containing 

hemp were pooled and analysed. Free NH3  was determined by ninbydrin reaction, mannose by phenal reaction, and 

other components after acid hydrolysis (trlal; 1009C; A hr.) 

Substrate and conditions(a) Molar ratio, 	Moles of kroduct per sole of reduced  
olipaaccharide( b)  

  

GUN Glucosasinitol Free NH GicN Glucosaminitol Free nna  TNannossminitol 

Man 	Men 	Man 

Glycopeptide I 
22.Ma00; 10 hr. 

Glycopeptide II 
Zeman; 10 hr. 

Glycopeptide II(c) 
214.NaCHI 10 hr. 

Glycopeptide II 
0.2K-MsOnt llhr. 

fig 

Glycopeptide II(c) 

0.11:-Na0Ht 11 hr. 

Glyeopeptide II(d) 

Cent-Meant 11 hr. 

0.493 

0.418 

0.476 

0.465 

0.488 

0.326 

0.035 

0.03 

0.069 

0.060 

0.093 

0.02 

0.507 

0.379 

0.025 

0.238 

o 

0.495 

2.42 

1.96 

2.24 

2.18 

2.29 

1.53 

0.14 

0.14 

0.32 

0.28 

0.44 

0.09 

2.49. 

1.78 

0.11 

0.65 

0 

2.32 

0.09 

0.08 

0.20 

0 

0 

0 

Continued opposite page 201. 
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might make it difficult to release sugars by acid hydrolysis, 

measurements of the various products were made on acid 

hydrolysates of the substances both before and after 

N-acetylation. The results'are summarised in Table 3.8, 

but discussion of these results will be deferred until 

later (see page37.)4 

Paper electrophoresis (pH 2, 30 min, 34 V/cm) was 

carried out on the substances obtained when glycopeptides 

I and II,  were treated with 21:-Na0H, lii-NaBH4  at 100°C for 

10 hr and subsequently filtered on Sephadex G-25 (see 

items 1 and 2 of Table 3.8). On staining with the periodate- 

2,4-pentane dione reagent, the ultra-violet fluorescing 

bands(illustratediriPlate 3.4) became, apparent. The pro- 
portions of products in the two cases are different, and 
this indicates that the material separated from the pro- 

ducts of reaction of glycopeptide I contains larger 

numbers of deacetylated R.glucosamine residues. The 

original glycopeptides I and II are therefore different 
in the contents or structures, or both, of their carbo- 

hydrate moieties. 
Gel.chromategraPhY of N-acetylated alycopeptide previously  
eubJectel t9 gkaXine reductiopl and determ,tnationa of 
the apparent mclecul#r weigAts of. the Products.  

The elution profile of glycopeptide II reduced in 

2.Na0H, 1/46B114  for 10 hr at 100°C. :Ettifa::.thenre-

N...acetylated is shown in Fig. 3.39. A shift after 

E.acetylation was observed. The elution volume had de-

creased by 45M11 which is equivalent to 33% of the void 

volume of the column. This value is much greater than 

that expected for the increase in molecular weight result- 
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Table 3.8. continued  

(a) All reactions were carried out at 100 in the presence of Iti-NaHH4. 

(b) Calculated, on the basis of 4.91 moles of mannose for the reduced oligosacearlde from glycopeptide I, and 

4.70 moles of mannose for that from glycopeptide II. 

(c) This material was re-N-ucetylated before gel chromatography. 

(d) Glycopeptide II in this experiment was treated vith4E-NaNN4  in 0.01-NaOH for 11 hr followed by 2U-Nmell 

with no further addition of borohydride, for 11 hr, at 100°C. 
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Plato ).4t. "'Per 	trephoresie of reduced oll onatcharidos.. 

Electrophoresis was ;..erforme at pH 2 and 32 V/ for 30 rein 

A 

B 

C 

A LS .1 

starting point 
ed fAi ,7,saccharidee obtained by treating glycoreptIde A with 

lt...N*111% at 100°C for 10 hr. 

X '2 Reduced x  i vaeacchark3em obtained by trooting elyeepoptide II witt. 

22 -NaOH ; 12-ha t4  at 100°C for 10 hr. 

4pots worn located with the periodate/2,40.pentenecdon. 	Hurt 
Ploto 5. 74iner shromatovalihrof sugars obtained from ro-W,acesitaxof 

4,1igerrecharideo by hydrolysis in 3L-6C1 at 10044C for hr 
11.01•101.11.1.411.11* 

Development by ethyl acetate-pyridine-water ( 190 $ 50 t 40 by voU for 14 hr. 

A Mamma* 

6 • Mancitol 

f,,m Acid hydrolysoto of 
reducod olipnomMoharido 
(see text for conditions) 

D • Glucememieltel 

• Glucesmains 

starting point 

moot 

A 

of Wirkg of standard sugar's were also placed on, the chromatogram*  
C 	 2;01/0 
	 A+E  

Components t> ore lccated vital the periodele/2 	 reauent. 



ing from N-acetylation. 

The elution profiles from the G-25 column of sugars 

of known molecular weight are shown in Fig. 3.40. The 

calibration curve for these compounds as well as for 

other substances suggested (Fig. 3.41) values for the 

molecular weights of reduced saccharides derived from 

glycopeptide II, as a result of reduction (111-NaliF4) 

in 2.0 NaOH, or 0.2 -NaOH, followed by N-acetylation, 

of 1460 and 1480 respectively. A compound containing 

3.42 moles of N-acetyl-R-glucosamine and 4.72 moles of 

R-mannose residues (see Table 3.6 for the sugar contents 

of glycopeptide II) would be expected to have a molecular 

weight of 1469. It was noted that the original glyco-

peptide II containing several amino acids (marked II 

in Fig. 3.41) did, not fall on the calibration curve 

constructed from the results obtained with the sugars. 

Its large molecular weight (1890) might be expected to 

result in its exclusion from the t-25 column if it did 

behave as a pure sugar derivative. In fact its elution 

volume was 21m1 greater than that of blue dextran. 

Peptides also behaved anomalously with respect to 

the calibration curve established with oligosaccharides. 

Glutathione was retarded to some extent, and oxytocin very 

considerably (Fig. 3,41). 

The use of either 0.1511S-Nael or 0.12 acetic acid as 

eluting agent made no difference to the elution volumes 

for R-glucose, lactose, lacto-N-difucohexaose or glyco-
peptide II. A change of solvent altered the elution 
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150 	 200 	 250 

Volume of effluent (ml) 

Fig. 3.40. Separation of materials of known molecular weight and reduced oligosaccharides from hen  

ovalbumin glycopeptide on Sephadex G-25.  

Chromatographic conditions are described in Fig. 3.34. 

Materials (<1mg) were dissolved in 0.1M-acetic acid (0.5m1) and subjected to chromatography. 

I Hen ovalbumin glycopeptide II 

G6 	II Re-N-acetylated oligosaccharid 

from glycopeptide II 

III Lacto-N-difucohexaose I . — 
0,5 	IV Lacto-N-difucopentaose I 

V Stachyose 

VI Raffinose 
0 

VII Lactose 

n  VIII Glucose 

a IX NaC1 

0 
:r 
a 

0.2 

0.1 

0 0 

Fractions containing carbohydrate were assayed with the phenol-H2SO4 reagent.Salt was assayed conductometrically. 
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Fig. 3.41. Calibration of Sephadex G-25 with materials of known  

molecular weight. 

Elution profiles are shown in Fig. 3.40, and chromatographic 

conditions are described in Fig. 3.34. 

Mol. wt. 

I Hen ovalbumin glycopeptide II 

IIA Re-N-acetylated reduced oligosaccharide prepared from glycopeptide II 

by treatment with 2M-NaOH and 1M-NaBH4  at 100°C for 10hr. 

IIB Re-N-acetylated reduced oligosaccharide prepared from glycopeptide II 

by treatment with 0.2M-NaOH and 1M-NaBH4 at 100°C for 11hr. 

III Lacto-N-difucohexaose 1. 

IV Lacto-N-difucopentaosel. 

V Stachyose 

VI Raffinose 

VII Lactose 

VIII Glucose 
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Assay of free amino groups contained in reduced oligosaccharides. 

TLe products more separated by gel chromatography of glycopeptides that had previously been reduced 

with alkaline borohydride. 

Conditions of alkaline Ninkrdrin value (moles) Number of 

borohydrids 	per mole of reduced 	Ni-Nacetyl groups 

c.p.m. (per moles  

GUN(a)) resulting from 

 

oligosascharide 	introduced per mole of P4[311)acet Utica 

reduced oligosatchsride  

Glycopeptide II 	227441011; la-Nagite 	248 	2.59 
	224 x 106(b) 

100°C; 10 hr 

Glycopeptide II 	0.2:440N; *Nally 	0.65 	041 	65.5 x 106(b) 

106°C; 12 hr 

(a) Measured after acid hydrolysis (411.11C11 100°C; 18 hr) of the reduced oligosaccharide. 

(b) The mean value of the c. p.m. measured on sevenomples. 

Table 3.9. 



volume exhibited by the major product of subjecting 

glycopeptide II to borohydride'reduction (2.1411T4) in 

La011 at 100oC for 10 hr. In 0.15;;-Nae1 it was 18,0m1 

and in 0.1 acetic acid it increased to 203m1. 

Ltaut  of.  EndlacetY1P410r4, 

?roe amina'groups in material separated by gel 

chromatography were measured by the ninhydrin reaction, 

lorii-thD-glueonamine an standard, and also by the uptake 

of radioactive N acetyl groups (Table 3.q). 

The ninhydrin every suggested that 1N-c eacetylation 

was alost complete after 4 hr in 2g-11n0T1, 1;:-Yni.lf4, as 

there wns little increase in the value reasured after 

10 hr. From measurements of radionotive uptake of 

Vlacetyl groups, somewhat higher values for the nun!her 

of free Rain° groups per moleculey than those Tound' by 

the nirhydrin asses were obtained. The values were :lmost 

equal to the number of Trglucosamine end 2-glueosaminitol 

residues (cf. Table 3,9 with item 3 of Table 3.8). The 

values obtained by the radidAotope method are likely to 

be more accurate than those found calorimetrically. 

Infrared spectra. 

The spectrum of the intact glycopeptide material is 

shown (Fig. 3.42). The bands at wavelengtbe of 1650cm1 

and 1550cm.1  may be assigned to amide l and II bande 

(Otting, 1956). These bands are not present at all in 

the material isolated after alkaline reduction in 2;a0H 

(Pig. 3.43), and are much decreased in intensity relative 

to the band et 1050cT-1 assigned to the C-0 stretching 
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Fig. 1.42. Infrared spectra of glycopeptide II. 

c 1mg in 100mg KB r. 
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o
o 
of 10 
C a 0 Fig. 3.43. 	Infrared spectra of reduced oligosaccharide, obtained by gel-chromatography of glycopeptide II previously treated with 

1!-NagH4  and 2M-Na0H at 100°C for 10 hr. 

c material containing 720pg mannose in 100mg KBr. 

5000 	4000 	30 	2000 	1800 	1 600 	1400 	1200 	1000 	800 	650 
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frequencies (otting, 1953), in the material isolated from 
glycopeptidee reduced in 0.2;j4-1410H (Pig. 3.44). A weak 
band at 1625cm given by material obtained by reduction in 

2-Na0Ht way be assigned to N-11 deformations of primary 

amino groups (Fig. 3.43). Methyl-13-2-glucosatinide, not 

unexpectedly, shows a band in the sate region (1607cm"1) 

and this may be attributed to the 	amino group (Fig. 3.45). 

kande at 810cm 1̀  and 1265cm were intensified after 

reduction with borohydride in 2-11801i, and are at present 

unassigned. 

No evidence of unsaturation was obtained from the 

infrared spectrum. 1), reover, in support of this, no 

decolourisation of alkaline potassium permanganate or 
bromine water was detected. 
identi4cRtA9n 9f 9ompopente by paper chromatographY. 

raper chromatograms of acid hydrolysates of 

material obtained by N-acetylation of glycopeptidel pre-

viously treated with 24..NaOTT, 1;;1 anIT, for 10 hr, are 

shown in Plate 3.5. Photographs were taken under ultra-
violet light after visualisation with the periodate-

?,4-Pentane diona reagent. The only components ident-
ified were ah-mannose, 2-glucosamine and 22-glucosamlnitol. 
No D-mannitol was detected. 
Identification of a further ninhydrin-nositive component  
kijapajailal afcaine. 
reduction.  

An unidentified peak was found during autoanalynis 

of acid hydrolysates (4 HCl; 10000; 18 hr) of glycopeptides 

after alkaline reduction. It eluted after 5 hr 20 min, 
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Fig. 3.44. 	Infrared spectra of reduced oligosaccharide, obtained by gel-chromatography of glycopeptide II previously treated with 
1M-NaBH4  and 0.2M-NaOH at 10000 for 11 hr. 

c material containing 720pg mannose in 100mg Klir. 
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Table 3.10. 	Products formed by acid hydrolysis (4 ;C1# 100°141gLbe 
of products formed tram ,u,N1-discetylchitobiose by 

reduction in ates0H 1114-HaBli4  at 1000C •  

Time of treatment with  
alkaline borOhydride 	80min 	LIZ 

Products 

GUN 0.40 0.24 

Glucosaminitol 0.18 0.13 

)4wu'osaminitol 0.13 0.08 

nhitobioin(a  0.13 041 

The concentrations of products are expressed per mole of substrate 

(a) 
	

“Chitobloill represents a mixture of 
017glucosominyl.(1.14)-prgtocosaminitol and 
(i1-olucosaminylw(1.4)lomannosaminitol in a ratio of 047 
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with the pfl 6. f5 citrate buffer. The size of this peak 

woe tireater in those experiments,in which glycopeptide 

was reduced in the presence,  of higher concentrations of 

alkali, The highest yield of this component was obtained 

after treatment with. 2;1;.-h7a0F„ 1;14177114  at 100°C for 10 hro  

followed by acid hydrolysis in 2;... or 4i,-FC1 for 3 hr nt 

1C0°C. he peek was present only in trace amounts in ' 

acid hydrolysates of raterial which had been re-L-acetylated 

after treatment with alkaline horohydride• 

recouse of the poesibility that the product woe 

reduced chitobiose, experiments to test this hypothesis 

were carried out,' 

?eduction or U,Nv-diacetyl-chitobiose in :7-Na0, 

1i-raPO4, for periods up to 10 hr, Gave a peak elutir,5 in 

an identical position to that of the unlmowno tott. before 

and after acid hydrolysis (4-1T1; 100/Ci; 1f3 hr), 4oid 

hydrolysis yielded, in addition, 1)..clucowmine, ir)-eaucos- 

eminitol anl D-mannosaminitol (Tevle 3.10). 

The product formed after 10 hr, anpline reduction 

wee doionised on A aolumn of r4ephadex C-10 equillbraAed 

with (:.l ea* 	acletote, 2nper electrophoresis of 

this material produced one spot with as nobility of l3.5nm• 

moving further than that '; , c)f, lit/-Elucosp.mine (le.30m); 

the spot developed, wit% the nirh;n 	reagent avd oleo 

with the periodate-7,4-pentane dione reagent (nate 3.6), 

A spot with the same molllity was found in the 3 hr acid 

hydrolysates of glycopeptide In after an identical 

nnolite reduction. Other hands were present in the 

h -drolysate of the reduced El7copeptidet end these ran 
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olicammacharidea (containing about 14 pmole bxes.) 

slyeapeptide 11 by treatategit itubleaut it-Nallti 

tO hr. 

a mixture o 

ebtaio6d by treatavIA ar N 

rAvt, at. 	0 hr 100°C tor 1. Prodast s oktaisst tram *best I 	0** * 

ser;.:,  subjected to elootrophsramiSe 

Products were isolated as described in the teat. 
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slower than D-glucosamine and also stained with ninhydrin. 
The band with mobility of 13.5cm found in the acid 

hydrolysates o.ti 'the reduced zlycopeptide was eluted into 
water. The material was N-acetylated and rehydrolysed 
with acid (4 701; 100°C; ln hr). Autoanalysis showed 
that ta  glucosaine, 12-g1ucosaminitol and"2-•mulnosaminitol 

had' been tormed in a ratio of 1 : 0.6 : 0.4. 
Two components could be separated from the reduction 

products of chitobiose by paper chromatography. Streaking 
was observed after developznent with n-butanol - pyridine - 
water (6 : 	3. by vol) for 2Q hr, although two Lands 

could be seen. Two bands in the same position were also 
found in the partial acid hydrolysates of the glycopeptide 
previously treated with 1'NeliK4  and 2:;-NaOF for 10 hr. 

"getter separation was obtained by development with 

n-butnnol Pyridine-0.1;:'-fr01 (5 	3 : 2, by vol) for 
15 hr. The bands obtained from the reduction product of. 
U.Nt-diacetyl-ehitobiose were eluted from the paper. 
liend A, which ran 2.5em,gave the peak which eluted after 
5 hr ,=() min on the autoandlyseri,and which was present in 
samples of reduced oligosaccharides and was formed by acid: 
hydrolysis, This substance was N-acetylated and sub 

to seid hydrolysis. 1.2-aueosamine and L-glucos-
aminitoll plus a small amount of the material eluting after 
5 hr 20 min, were obtained. 'land T, which ran 4.5cm, also 
gave a peak eluting at 5 hr 20 min before Reid' hydrolysis, 
and is-glucosamine and kpmennosaminitol plus, aGain, a 
small amount of the 5 hr 20 rein peakt after N-aeetylation 

followed by acid hydrolysis. Autoenelyeis of the sample 
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Table ).11. Analysis of products formed by alkaline reduction of N,N2-

diacetylchitObloss. The products were separated by paper  

chrosategraubl. 

Chitobiose was treated with 2UmNAOH1 1U-NaBH4  at 100°C 
for 10 hr. Ths product, resulting from reduction of 5 Oaoles of 
chitoblome were subjected to paper chromatography (ase text). Banda 
were eluted from the Chromatogram- And the products were subjected to 

Nmacetylation end acid hydrolysis (41141C1; 100°C; 18 hr) followed by 
autoanalysis. 

Upoles of product  

GUN 	Wicosaminitol liannosaminitol nChitabioln(4) 

Eland A 	1.84 	1.62 	 047 
Scud It 	1,48 	4. 	1.24 	0.10 

Molar colour yields of products with respect to Mmnorleucinelm 

Glucossainitol 	 0.50 

Mannesaninitol 	 0,60 
0.2.01ucomminyi.(1.->4)-2-c1ucosaminitot 2.70 
0-2-Glucasirkinyl.(1...N4).rastmoaaainitol 1.81 

(a) "Chltobloin represents a mixture of the two reduced disaccharides 
in a ratio of 0.77 
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after N.acetylation, but prior to acid hydrolysis, showed 

that fl-acetylation was complete because no ninhydrin 

positive peak was present.. The material eluting after 

5 hr 2C min in the experiments with glycopeptide and the 

material in the band running 13.5cm on paper electro-

phoresis was thus shown to be a mixture of A-2-glucon. 

soli/W.84 -me04).1.glucosaminitol and P.D.glucosaminyl-

(1 -.4).g.mannosaminitol 

The relative molar colour yields of p-l-glucosaminyl. 

(1 omm• 4)-k-glucosaminitol, g-kglucosaminyl-(1 	4)-E-

mannosaminitol and norleuoine were assessed. Each of the 

disaccharide, obtained from paper chromatography was 

separately mixed with a known amount of a-norleuaine and 

part of it subjected to autoanalysis directly. The 

amount of disaccharide in the remainder of the sample was 

measured by kracetylating the sample, hydrolysing it with 

acid and again analysing on the autoanalyeer. The amounts 

of L-glucosamine and Tol-hexosaminitol could thus be assesned. 

Fence the amount of disaccharide could be determined and 

its colour yield relative to that of li-norleucine 

calculated. The values are given in Table 3.11. 

A weighted molar colour yield, that included contrib-

utions from both disaccharides, was then calculatedl and 

used to estimate the amounts of "chitobiol" (that is the 

sum of the two reduced disaccharides) produced from glyco-

peptidse I and II under various conditions during alkaline 

reduction. The results are shown in Table 3.12. 

The amounts of reduced di-hexosaminitols measured 

in this way agreed with the increase in 1:0)-glucosaminitol 
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Table 3.12. Analyses of hexceaminitels, chitobiol and ,#l-glucesaminyl-(1.-;>4)17mannosaminitoi cehtained in  
reduced oligemeccharidee  

Glycopeptides ware treated with alkaline borohydride and subjected to gel chromatography.  

Measurements were made after acid hydrolysis (41:-MCI; 100°4 18 br). The concentration of products are expressed 
as_meles per mole of reduced oligosaccharides based on the mauaoss content of the reduced material. 

Carnations of alkaline redectien GUN Gil ManMel 

Glycopeptide I 21.NaOlit 111-NOW0 100°C;110 hr 2.45 0.16 0.10 

“Ch::::ioln(s)  

Glycopept id. II 214..ma0Mg 1r.MAIM41 100PC, 10 hr 1.88 0.15 0.09 0.35 
Glycopeptide II 0.22.400Mg 1t-NalHo 100°C; 11 hr 2.18 0.25 046 

Glycopeptide II 002r6010; it-Nankt 100°C; It br(b)  1.53 0.13 000 

(a) "Chitobior represents andaturo of Oloratocosaminyl.(1..iO4)  2 nanr-aasinitol and chitobiel. 
(b) In this experiment, treatment of glyeopeptide II withalkaline borohydride was followed by treatment with 

2117Na0M for it hr at treC without further addition of borobydrido. 
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and. 
 

ma nosaminitol mepeured after 7T-aeetylation 

(Table 3.1P). Me higl-est yield of reduced hexoseminitols 

(517( of the glvcosamine destroyed) was thus seen to be 

produced irom glycopeptide II by reduction with 21inOIT, 

1i;-NaLI 4  for 10 ter. 

aantitatl.ve assessment of the formaldehyde releeeed by  
veriodate oxi4ation, 

The rate of release of formaldehyde, produced by 

periodate oxidation of material obtained from glycopeptides 

I and II after reduction in 2;...Yae, 1;-.141EP4  for 10 hr, 

is shown in Fig. 3.46. The reaction rate decreased 

riarkedly after a few hours. :she amount released approx- 

imated to two moles of formaldehyde per mole of reduced 

oligosacchnride, the quantity that night be expected if 

one residue of hexosaminitol with en unaubetituted amino 

group, and also en unsubstituted 06  position, were present 

in the molecUle. In fact, only 0.49 residue© of hexoe- 

aminitol appeared to be present in the reduced oligosaccharide, 

formed when glycopeptide I was reduced under these con- 

ditions (Table 3.12). The amount in the reduced oligo- 

sacoharide from glycopeptide II was 0.59 residues (TnIlle 

3.12). 

After L-acetylation, the release of formaldehyde was 

rapid initially, but decreased after about 1 hr/  with a final 

production of about one mole. 

The yields of formaldehyde arising from the reduced 

oligosaocharide, prepared from glycopeptide II by treatment 

with n.2;;.4inovi, 34-11a1;114  for 10 hr, were smaller. This 

finding is not too surprising in view of the observations 
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Fig. 3.46. Release of formaldehyde by periodate oxidation  

of reduced oligosaccharides  

Periodate oxidation of about 0.1 limole of reduced oligosaccharide 

was performed with 1.07mg sodium metaperiodate in 1m1 of 0.4M-

sodium acetate buffer (pH 4.2) at 0°C. Formaldehyde released 

was measured by the reagent of Nash (1953). 

HCHO released from material isolated by gel chromatography of: 

Glycopeptide I that had been treated with 2M-NaOH; 

1M-NaBH4  at 1000C for 10hr 

Glycopeptide II that had been treated with 2M-NaOH; 

1M-NaBH4  at 100°C for 10hr 

Glycopeptide I that had been treated with 2M-NaOH; 

1M-NaBH4 'at 100°C for 10hr and re-N-acetylated. 

Results were calculated on the basis of 4.91 moles of mannose 

per mole of reduced oligosaccharide from glycopeptide I and 

4.70 moles of mannose per,mole of that from glycopeptide II. 
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Table 3.13. Formaldehyde formed by periodate oxidation of reduced  

44iossoccharides separated by gal chromatography  

(for details of Isolation procedure, see text) 

Source of reduced; 	Conditians of 	poles formaldehyde per, 
olloosaccharider 	alkaline reduction( a) 	mule reduced, eii~au+urchari (b) 

Glycopeptide I 

Glycopeptide II 

Glycopeptide I 

2:. NaOH; 10 hr 

21,24.Na011; 10 hr 

2ttm1ia011; 10 hr(c) 

Glycopeptide II 	0.2M-NAOH; 11 hr 
Glycopeptide II 	0.2U-Ne0H; 11 hr(c) 

Glycopeptide II 	0.SU440111 12 hr(d) 

1.10 
2.04 
1.o (c) 
1.10 
0.68(c) 
1.53(4)  

(a) All reactions were carried out at 100°C In the presence of it-Ma t4 
(b) This is calculated on .the basis of 4.91 moles of mongoose for the 

reduced oligoaeccharide from glycopeptide I, and 4.70 moles wanness 
for that lrom glycopeptide IX. 

(c) In these experiments, free amino groups which had been formed during 

the alkaline reduction had been fully re.N.acetylated. 

(d) In this experiment, treatment of glycopeptide II with 1$ .fl 	in 
0•2,11.NaOH was followed by treatment with 24' Na0K for 11 hr at 100°C 
without further addition of borohydride. 



she treatment 	 /  with 	 2 f.)lqnTi 1 f:-Nav = 	= -,4 
0°1 	 .* d b 	C for 

noted .above that -deacetylation of the amino sugar 

residues occurred to n lesser extent under these 

conditions. 

iatrogen determination. 

The results of nitrogen analyses of the reduced 

oligosaccharide are shown in Table 3.14. In each case, 

the total amount of nitrogen found by direct measurement 

was greater then could be accounted for by the numbers 

of residues of R-glucosamine and hexosaminitols present 

in the material. It was oboerved however, thnt the 

number of atoms of nitrogen contained in ennh reduced 

oligonaocharide was closely similar to the number of 

residues of R-gIuconamine present in the glycopeptide 

from which the material was derived. 

The number of li-glucosamine residues present in the 

reduced oligoeacoharide obtained from glycopeptide II 

after treatment with 0.%:-Na011, 1i;611aBH4  at 100°C for 

10 tr is Greater than in the material' obtained if this 

treatment is followed by treatment with 	NaOH at 100 

for 11 hr. It may be argued that the lower amounts of 

ii-glucosanine found in acid hydrolysis of material are 

produced by the latter conditions because of an increasing 

extent of N-deacetylation of 11-glucosamine residues brought 

about by the alkali, resulting in the formation of acid 

resistant glycosidic linkages. rut this is unlikely to 

be the explanation of the total bass, (althoughit may be 

220. 
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Table 3.14. Nitrogen contents (4  of reduced olinosacchoxi 	obtain fr a gl 	tides  

Cale. atone of ,1(c) from content ofx  

alkalinise r 	tion(  • 01cN GleNolNanNel uChitobol"(d)  

to hr 

2?,,..N 	10 hr .. 
2/44.41a0H 	10 hr(f)  

062g4a0N; 11 hr 
214...Na0H; 11 hr(g)  

2.45 

1.88 
2.24 

2.17 

1.53 

0616 

0.15 

0.32 
0.25 

0.09 

0.10 

0.09 

0.20  
0 

0 

0.46 

0.70 
0 

042 
068 

Atos s of 4 Original  
Unaccaunted molem.01  

GIc (4)  

3.17 	4.24 1.07 4.11 

2.82 	3.53 041 3.42 
2.76 	3.29 0.53 3.42 

2.74 	3.10 0.36 3.42 
2.30 	2.95 0.65 3.42 

Source of reduced 

olireaccharide 

Glycopeptide I 

Glycopeptide II 
Glycopeptide II 

Glycopeptide II 
Glycopeptide II 

(a) The nitrogen contents are given as atems of nitrogen per mole of reduced oligesaccharidel  the values of which 

are based on a content of 4691 melee of use for that prepared frees glycopeptide I, and 4.70 for that :prepared 

from glycopeptids II.  

(b) All reactions were carri out at 100eC in the presence of 14NaDN4  

(c) The amounts. of the components mentioned are determined after acid hydrolysis ( 	100°C; i8 hr) of the 
reduced oligosaccharldes. 

(4) "Chitebielot is &mixture of 131-glulxiseniny1.(1....>4)1.,gthcossitinitol- and 01-glucoseminy141..04)1+ 

mannosaminitol (sue footnote (a) of Table 3.10) 

(*) These are the numbers of residues of N..acetyllegluceeamine in the original glycopeptide before treatment with 

alkaline borehydride 

(f) This reduced oligosaccharide was fully 11.acety/ated before isolation by gel chromatography 

(g) Treatment of this reduced oligesaccharide included treatment with 2t-Na0H at toec for 11 hr without addition 

of further borohydride after the initial reduction in 0;21-NAOH- 



a snail contributing factor), because acid hydrolysis of 

reduced oligosaccharidel isolated after treatment of 

glycopeptide II with 2;;,-Na011, 1;;-Narfn4  at 100°C for 

10 hr, caused the release of more ii-gluconamine (1,88 

residues) than arose from the material under consider-

ation (Table 3.14). It is reasonable to deducel there-

fore4that the value for the 2-glucosamine to hexose 

ratio in the separated product was lower than that for 

glycopeptidi material separated after treatment with 

2;i-NaOH, 1;;-NaPH4  for 11 hr at 100°0 (Table 3.8 ), and 

the ohitobiol formed did not account for the extra 

gd.glucosamine loss. Thus, reduction in 0,2;:-Na01! at 

100°0 does not result in the production of substances 

which are all resistant to degradation by further treat-

ment with alkali leading to further losses of 1/-glucos-

amine. 

rascuspou. 

Trpatment of GloVAc-A n and related c.pmpounde with alkali. 

A simplified reaction scheme that is consistent with 

the observations made on the kinetics of, and reaction 

products from, Glenc-Ann and related compounds, when 

treated with alkali,le presented in Fig. 3.47. There are 

likely to be additional pathways, including for example 

N-deacetylation of O1cflAc-11H2. Part of the compound is 

split by a reaction, the rate constant for which contains 

a first-order term in base concentration, toyield aspartic 

acid (Table 3.1). This finding is in agreement with the 

kinetics usually found in the alkaline hydrolysis of 

amides, which occurs by the F 2 mechanism (ingold, 1953). 

222. 
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In the present experiments it was demonstrated that 

splitting of Glenc-Asn occurs by general base catalysis 

(see Table 3.1). The more concentrated the alkali, the 

higher the amount of an intermediate X, which is probably 

Olen-Ann, is produced (see page 140). Thus the pro- 

duction of aspartic acid from GUNAc-Asn at 100°C in 

NaOH follows somewhat complicated kinetics (see Pig. 3.7d). 

In dilute alkali the kinetics are simpler and it would 

seem that, although the overall yield of aspartic acid 

is lower, very little of it is formed by way of GleN-Asn 

as an intermediate. The release of aspartic acid from 

GleNAc-Awn is similar to that from Glc-Asn in 0•2;j-Na0H 

at 100°C. 

The initial rates of release of aspartic acid are, 

to a large extent,a measure of the rates of release from 

Glenc-Asn before a significant amount of 14.deaoetylation 

has occurred. The value calculated from Fig. 3.5 for 

this reaction in 1iii-Na01( at 100°C 	x 104.3miel)„ when 

compared to the value obtained in *MC1 (20 x 10-3min.1  ; 

:larehall, 1969) suggests that the release of aspartic 

acid from GlchAc-Asa is faster in acid than from alkali 

at the same concentration. For most amides the reverse 

la the case (Taylor & Paker, 193T), so that the °beery-

ations on GUNAc Asn suggest that the reaction is 

anomalous. 

In support of this is the finding that the yield of 

aspartic acid is far from quantitative, the loss being 

higher in the lower concentrations of alkali (Table 3.1). 

The reaction that results in decomposition of GUNAcwAsn 
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or Gle-Asn, but does not release aspartic acid,is largely 

.independent of the base concentration (see also page 1/4 

and has a first-order rate constant of about 2.4 x 10-3mins°  

The products formed in this reaction, or these reactions, 

are at present unknown, although they do not include 

maliC, maleicI fumeric or euccinic acids. Pyruvic acid 

may have been produced as.a result of the operation of 
this pathway, but it may also have arisen from the sugar 
moiety. It is perhaps of interest that pyruvic acid was 

isolated after treatment with 0.09 ,74,i0H at 1000C of blood 

group substances (Adams, 1965a). The total production 

of ammonia,when GleNAc-Asn is treated with 0.21;74,1e0H at 

1000Cl is.about 1.5 moles, but it is unknown if any of 
this arises from the 0C-amino group of the aspartic acid 

residues. Further studies along these lines must await 

the preparation of alcVAc-Asn in which the c(-amine group 

of the amino acid residue is labelled with 15th. 

It is of particular interest that losses of aspartic 

acid occur when certain glycoproteins are treated with 
alkali. Weber & Winsler (1969) observed this when they 
treated various submaxillary mucina and red,cell glyco-

peptides with alkali (see also page 47). Almost 40! of 

the aspartic acid content of sheep submaxillary gland 
glycoprotein was found to be destroyed upon treatment at 

12.8 (I • 1.6) at 7000 for 45 min (Harbon,et  al.,  1964). 

In all the glycoproteins studied by these two groups of 

workers, the major carbohydrate-peptide linkages are of 

the type in which 11-serine and Irtbreonine are linked to 

gracetyll-galactosamine residues, but it is possible 
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that linkaces of GleAc-Asn type occur also in them. 

There are, of course, mechanisms for the destruction 
by alkali of k-aspartic acid residues in protein which 
are devoid of sugars. Thus, treatment of ribonuclease A 
in 50 (w/v) NaOfl at 110°C, conditions which are admit-
tedly severe, causes complete disappearance of cystine, 

appreciable losses of aspartic acid and extensive des-
truction of serine and threonine (Neumann, loore 
Stein, 1962). Whatever the mechanisms by which k-aspartic 

acid residues in proteins are destroyed, it seems likely 
that there is an additional pathway possible in glyco-
proteins which contain linkages of the form GleNAc-Asn. 

It is relevant to mention that 4-ethyl-N-bensoyl 
isoasparagine may be converted in sodium carbonate 

solution to a mixture of N-bensoylisoasparagine and 

V-bensoylasparagine. &.15ensoy1-2-amino-i-succinimide is 

suggested to be an intermediate (Eattersby It Robinson, 

1954). It was also shown that 0C-bensyl N-bensyloxycarbonyl 

aeparagine is rapidly converted in alkali to N-bensyloxy-

carbony1-2-amino-i-succinimido (Bernhard, 1959). It is 

not known whether any cyclic derivatives of this type ere 

produced during the alkaline conditions presently employed 
for the treatment of GleNAc-Asn. It was suggested that 

an intermediate of this form might be produced when 

1-bensy1-2-N-bensyloxycarbony1-4-k-(3,4,6-tri-0-acetyl-2-

acetamido-2-deoxy-P-E-glueopyranosy1)11-asparagine was 

treated with alkali under mild conditions(parks, 7 arshall 

a Neuberger, 1963). 

The rate of release of ammonia from 01c1ac-Asn in 

0,21;;-NaOli at 100°C displays an inductive period (Fig. 3.17), 
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a feature not observed in the release of ammonia by 

alkali from hen ovalbumin glycopeptides (Neuberger, 1938; 

""arks, f4arshall & Neuberger, 1963). The source of the 

ammonia is not known, but it is of interest that after 

treatment of glycopeptidet  whose amino acid sequence was 

ASN.Leu.Thr.Ser (where ASN represents a glycosylated 

Itrasparaginyl residue). with 0.2-Na0H at 100°0 for 2 hr. 

about 0.7 moles of ammonia were released (,arks, :arehal1 

& Neuberger. 1963), whereas glycopeptidewhich probably 

contained few, if any, amino acids other than Irasparagine, 

released about 1 mole of ammonia in 1;;.-Na0H in the same 

time (Neuberger, 1938). ztOreover, about 0,8 moles of 

ammonia ware released from GleNAc-Aen after 2 hr in Os 

NaOH at 100°C (Fig. 3.17). Hence the rates of release 

of ammonia are of the same order in all cases. These 

results contrast with those reported by Aller, Neidle 

Waelsch (1955) who found a very much faster rate of 

release of ammonia from the peptide Asn,Gly than from 

Gly.Aen or from asparagine itself when the compounds were 

treated at pN 12 at 70°C 

The rate of release of aspartio acid from G1e Mc-

Alm was much slower than that from k.asperagine 

(1.69 x 10 min ) or the rate of breakdown of GloNAc-

(2.31 x lemiel). The rate of liberation of ammonia 

from k.asparagine under the same conditions has been 

measured previously (arks & Neuberger, 1961)(1.45 x 10'"2min 

and is very similar to the value presented here, and the 

rate of release of ammonia from E.glucosylamine 

(4.22 x 10°.  min ) has also been measured previously dtld 
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is of the same order as the rate of breakdown of Glonc-NR7  

measured in these studies. The value of the first-order 

rate constant for the production of aspartic acid from GlcNAc-Asn 

(3.28 10-3min 1) is about twice that of the destruction 
of Glenc-NHAc (1.3 x 16"3miel) in 0.21;64a0H at 100°C, 

a reaction which probably involves cleavage of a similar 

bond. 

The behaviour of glycosylamines in alkali is not 

well Understood. The mutarotatione of various glycosyl- 

amines under different conditions of pH have been studied 

by Isbell & Fruit' (1951). In weakly alkaline solutions, the 

sugam-show,  a decrease in rotation, suggested to be due 

to anomerisation, followed by a slow increase, suggested 

to be due to hydrolysis. both  these changes were sensitive 

to general acid catalysis and very slow at high pH; the 

formation of an intermediate.immonium ion was proposed. 

However, the reactions are more complex than those pro- 

posed, and it is likely that the initial changes in 

rotation observed under mild conditions are due, at least 

in part, to reactionDin which diglycosylimines are 

produced. 

The change in rotation of Glenc-NH2  in 0,2611a0T1 

at 25°C (Fig. 3.16) in not simply due to an initial 

hydrolysis to N-acety1-2-glucosamine4 which may , be followed 

by further reactions, as shown by the differences in the 

values for the final rotations reached by these two 

compounds. The differences observed in the mutarotation 

of G1aNAc-H1 2  in 0.2;ii-Na4TT and in water may indicate that 

completely different reactions of this compound are 



occurring under the two seta of conditions. It is 

unlikely to be a result of a change of the extent of 
ionisation of the free amino group and its effect on 

the total rotatory strength, because the pc value in 
less than 5 (;:arsball, 1967). At 100°C, 01017Ac-ETT2  

had a half-life of about 30 min, forming coloured and 

Ultra-violet absorbing products of a similar nature to 
those formed by 11-acetyl-D-glucosamine, and it is 

probable that preliminary hydrolysis does, in fact, 

occur at these temperatures. 
as mum ultra-violet absorption at about 230nm 

was observed by Aminoff .et al.,  (1952) on heating 
E,acetyl-kiglucosamine in 0.025g641a2CO3  at 100°C for 

4 min. After the addition of Ehrlich's reagent to 

this reacted solution, a purple colour 	was pro-

duced and it was suggested that the ultra-violet absorb- 
ing 	230nm) material was the Kuhn chromogen (see 

page 60 ). They found that the ultra-.violet absorption, 
and, ability to produce colour with Ehrlich's reagent, 

decreased after extended periods of heating. 

In the present studies it has been shown that the 

Kuhn chromogeni  thatwas initially formed from 11-acetyl-
kTlucosamine when it was treated with 0.2-Na01,at 

100°C, decomposed after 20 min, with the formation of 
ultraviolet absorbing material 'phew peak.at pH 5 ie. 
at 264nm, similar to, but not identical with that 
produced from CloNAc-Asn„ GlcITAc.WHAc and G1oNAc-1112. 

This ultra-violet absorbing.material may be related to 

those products formed from most monosaccharides in 

229. 



alkaline solution. Berl & Peasel (1951), for example, 

studied a substance that forms in alkaline solutions of 

glucose after several days at room temperature. The 

maximum absorption of this material was at - 295niii in 

alkaline, and at 265nm in acid solution. 

Treatment of G)1cNAc-Asn with alkaline bgrohTdride. 

There is a marked increase in the rate of destruction 

of GlcNAc-Asn when NaBH4  is included in the alkaline 

reaction media. Indeed, reaction occurs rapidly in the 

presence of 1-NaBH4  alone, It may be noted that the 

presence of borohydride increases the rate of cleavage 

in alkali of carbohydrate-peptide linkages involving 

i-serine and k-threonine and, indeed, Carlson (1968) found 

that borohydride alone, without addition of alkali caused 

splitting of these types of linkages in pig submaxillary 

mucin. It is, however, not relevant to discuss further, 

at this point, the cleavage of the D-serine and k-threonine 

types of carbohydrate-peptide linkage, because the 

observations made on the rate of splitting of GleNAc-Asn, 

and the products formed from it,are specific for this 

latter type. 

This greater rate of splitting of GlaAc-Asn, when 

borohydride is present in the alkaline solution,may be 

attributable to a general base catalysis, to which the 

reaction of this substituted amide is susceptible (see 

above). But there are other factors which may be more 

important, in quantitative terms. Thus, there are 

additional pathways for the breakdown of GlellAc-Asn in 

alkaline borohydride compared with those observed in 

230. 
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alkali alone. The presence of asparagine in the products, 

formed when GleNAc-Aen is reduced with borohydride in 

alkaline solution, suggests that cleavage'of'the C1  to 

amide N bond occurs under these conditions. About IC!, of 

the degradation products of GleNAC-Asn may be estimated 

as asparagine when reaction occurs in 0.212-Na0H, 12-NaTIR4  
or in 1E-NaBH4 'alone at 100°C (Table 3.3). Asparagine 

is destroyed undek the foimer set of conditions mentioned 

here, with a half-life of the order of 30 min (Fig. 3.28b). 

These data imply that somewhere in the region of 20 to 

257 of the GleNAc-Asa may be initially converted to 

asparagine. It should be emphasised that no asparagine 

was found among the products when GlaAc-Aen was treated 

with alkali without borohydride, although under these 

conditions the half-life for the destruction of asparagine 

is of the order of 35 min. 

Another interesting product formed from GleNAc-Aen 

when treated with alkaline borohydride is homoserine, with 

especially large amounts (3e) being produced in 0.051-

NaOH, 1 .Na13H4  at 47°C (Table 3.3). This may have been 

formed by way of cyclic imide intermediates (Fig. 3.48), by 

a reaction which may be similar to that whereby dioxo-

dihydropyrimidines are reduced by sodiuM borohydride 

(Cerutti & Miller, 1967). 

H2N 

ogiN 	3 	2 	1 N-CHz-CHN-CHa-OH 
Ri 	• 
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Fig. 3.48. A possible mechanism whereby homoserine might be formed by the action of alkaline  

borohydride on G1cNAc-Asn. 
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A further example of the reduction by aqueous sodium 

borohydride of a cyclic imide is given by the formation 

of 2.hydroxymethyl-benzoic acid from E-N-phthaloyl lysine 

asters (Gallop, Blumenfeld, Henson & Schneider, 1968). 

The possibility must not be ruled out, however, that 

direct scission of the amide bend may occur Under the 

influence of sodium borohydride (Crestfield, 7`wore 

Stein, 1963), but whether aspartio acid:•or homoserine would 

arise from this cleavage is uncertain. 

It might be mentioned that the source of homoserine, 

arising from the reduction with lithium borohydride of 

sheep and (tattle submaxillary gland glycoproteins,has not 

been explained satisfactorily, although it was suggested 

(Gottschalk & KOnig,- 1968) that direct reduction of 

aspartic acid residues under the action of diborane, which 

may be formed when lithiutt borohydride is destroyed by 

anhydrous methanolic H01„ had occurred (see also Chapter 1) 

A high energy of activation (26.7Kcal) was found 

for the destruction of GloNAo-Asn in 0.2J-NaCH, 1 41aEH4. 

T4oreover the production of reduced sugars was greater at 

higher temperatures. It seemed therefore most reasonable 

to carry out the reduction of glycopeptides at the higher 

temperatures employed. 

Higher yields of reduced hexosaminitols are obtained 

from Eracetyllwelucoliamine and E.041-diacetyl.chitobiose 

than from either GloNAc-NH2 or GloNAc-Aen under similar 

conditions. The lower yields obtained from GlelAc-Asn, 

as well as from glycopeptide material as discussed later, 

may therefore be a result of the intermediary production 
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of the glyoosylamine from these compounds. 

Trtatmeyet o; hen sim albumin alvcopeutide with alkall.ne  
borohydri,de. 

The production, as a result of treatment of alkaline 

borohydride, of reduced sugars from glyeopeptide showed 

some differences from that found with GlchAc-Asn. The 

total molar amount of reduced sugar obtained from glyco-

peptide (442}' of that theoretically possible) is not as 

great as that formed from Glonc-Asn (69%) in 0.2:1;./Ta0H, 

1;:-NaER4  (see Tables 3.3 and 3.8). Apreover, the time 

required to produce this maximum yield from glycopeptide, 

(11 hr) is longer than that (4 hr) required for the model 

compound. Both the amino acid and sugar residues involved 

in the carbohydrate-peptide are further substituted in 

the glycopeptide. 

The use of more concentrated alkali (2;j6.11a0H) during 

reduction of the glycopeptide produced only slightly 

reduced yields of total reduced hexobamines when these 

were measured after acid hydrolysis of re.K.acetylated 

material.  

Various side reactions occurred. About half of the 

threonine content, and about a quarter of the serine 

content., of theglyeopeptide material prepared from hen 

ovalbumin, were destroyed during the initial stages of the 

alkaline reduction reaction, and appeared to be the most 

labile components present (Tables 3,5 and 3,6; Pigs. 3.29-

3.33). The sequence of amino acids around the carbohydrate 

moiety in the glycopeptides employed is ASN.Tieu-Thr-Ser-Val, 

and it is likely that destruction of these amino acid 



235. 

residues occur when both theirck-anino and carboxyl groups 

are involved in peptide linkage. This is not surprising 

because treatment of ovalbumin with 0.5;;;-lia011, at 30°  or 

37°  for 20 hr (Prima, Alramatsu, Saigo Fgami, 1969) or 

of other proteins, which are free of carbohydrate, in 

0.2-ta0rt at 23°C for 24 hrt leade to losses of between 

5 and 1% of the threonine and serine (see also "arshall 

Neuberger, 1970). 

Glyoine was formed in the reaction of glycopeptide 

studied here. Previous studies (Adams, 1965b) have shown 

that treatment of muain derived from human colloid breast 

carcinoma with 0.1814-L10F at 100°C for 20 min resulted 

in a loss of threonine, and production of glycine (30,! 

based on the destruction of threonine) and°(-oxobutyric 

acid (70). Adams proposed a mechanism whereby D-threonyl 

carbohydrate-protein linkages were cleaved in alkali to 

yield glycine and 0C-oxobutyric acid, but it would appear 

possible that this reaction may occur with li-threonyl 

residues not bound to carbohydrate. 

Small amounts of o(-amino butyric acid were formed 

during alkaline reduction of the hen ovalbumin glyco-

peptide (Tables 3.5 and 3.6). This compound probably 

arises from the reduction of the 0(-aminocrotonic acid 

formed - ,- by the'* /3-elimination of the hydroxyl group 

from i-threonyl residues. 

Under the conditions of reduction in alkali employed 

(in most of the experiments 	and 2;;-NaOri at 100°C 

was used with 1L-NaBT14), all the peptide was separated 

from the carbohydrate moiety (see page 192). Free amino 
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Table 3.15. 	So it rate constants for reactions uhiCh cleave pREosidic bonds 

k(sid.1)xl Compound Conditions of acid 

Methyl 2-saino-2.deory-01-glueopyranoside 2•5:41C11 1000C 1.24 1 

Methyl 2-aceteosido..3.-doory÷12-gluoopyranomIdo so4 	100°C ( 180 a)  a 

2.Acetasido.Z.deoxy-842-glucopyranosyl-(2..44)-2- 
acetanido..2-deoxyl-glucose 

2SC,4; 10
doC 38.4(a)  

2-Anino-.2-deoxy-13.11-glucopyranosyl.41-->4).-2-emine-2-
dooxy-E-glucose 

e ; 100°C 0.23 2 

2-Amino*2-deoxy.0.2.glucopyrenosy1.(1.1.46).2.gaiactose 3N-i2so4s 100oC 0.75 3 
2-Acetaaido..2..deosy.0.2-glucopyranos71-(1....N6)-tigalactose 32-1121SO4; 100°C 115(b) 3 

Ref. 
1. Moggridge and Neuberger (1938) 
2. Shively and Conrad (1970) 
3. Lloyd and Evens (1968) 
(a) The rate of N.deacetylation was stated to be slow 
(b) The rate of N-deacetylation was not measured 
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an part of glucoenmine vrd of hexoserirltol 

residues were formed, and this appeared to be ennertis fly 

complete after treatment with ' naML  1 fra::-11.4  for 10 hr. 

rAe deacetylation reaction is 	to be useful in 

structural determination of glycopeptides* Not only ray 

partially N-dencetylated reduced oligosaccherides be 

separated by their charge characteristics (see for example 

ag. 3.35). but partial acid hydrolysis will lead to the 

production or oligonaccharides containing scid-renistant 

glucosaminidic linkages (see for exempla Eteler et al.. 
1970). Some rate conetents for glycosidie bonds of this 

nature are listed in Table 3.15. The half-life of 
6.0. 	, o.2-dooxy.P.L.glueopyrttnotryi)-. galactose in 

3„, 2 1/  for example, is about 15 hr. 

The reduced rate of splittinR with acid of these 

types of glycosidic linkage clearly made it essential to 

carry out a re.4Z-acetylation of the materiel, formed by 

treatment of glycopeptlde with alkaline borohydride before 

the acid hydrolysis step used in the analysis for hexos-

amine ('able 3.8) 

Partially N-deacetylated oligonaccherides may be use-

ful. 

 

Also in other.ways. Thus the action of nitrous acid 

on these materiels is likely to produce valuable break- 

down products. 

ohirnst 
boTphydride. 

of 	1 e r * = t 	t e 	ith 

 

The elution voluNes of various oligosecoharidee on 

I.e hrometography on Sephadex 1.25 in C.1;-acetic acid 

or in C./%;-UaC1 were shown to exhibit n simple relation 

ship with respect to nolecular weight (see also Cunningham 
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Simkin 1966; Lhatti S: Clamp, 1968). 

the molecular weight of the re-Erecetylated oligo-

saccharides,ai assessed from chromatography on Sephadex 0-25, 

was found to be that expected from cleavage of the peptide 

portion of the glycopeptide without any significant lose 
of sugars from the reduced oligosaceharide. We hexose, 

INiglucosamine or glycitols, were detected in the more-

retarded fractions obtained after G-25 gel chromatography, 

end only small (<5%) overall losses of hexose were observed 
after alkaline reduction of the glycopeptide material. 
It would appear unlikely, therefore, that the R-acetyl-

E-glucosamine residue directly attached to the k-asparagine 

moiety in the whole glycopeptide is substituted at its 

3-position by othersugars. 
Prior to rei.t-acetylation, the reduced oligosaacharidee 

were more retarded.pn Sephadex 0-25 than would be expected 

from the calculated molecular weight. The absorption of 
the materials to the gel is a result of the presence of 

basic aminogrolips (see also Isemura & Schmid, 1971). The 
acidic groups in Sephadex gels (Gelotte, 1960; Flodin, 
1962) have been implicated in causing retention of strongly 

basic proteins unless the pH of the eluant is kept below 
pH 2 (Cruft, 1961), or the ionic strength of the eluant 
is 0.01 or higher (Determann, 1967), The ionic strength 
of the eluant used in most of the present studies 

(©.1 acetic acid) was about 1.3 x 104°3. Increasing the 

ionic strength to that of 0.15, Nael was only pertly"'."; 

effective in eliminating the electrostatic interaction. 

The apparent molecular weight (1,200), calculated from 
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the elution volume in 0.15 NaCl from the calibration 

curve depicted in Fig. 3.36, showed that ionic inter—

actions with the gel had not been completely eliminated 

by increasing the ionic strength. 

The original glycopeptide-containing several amino 

acids in its peptide portion,was also retarded relative 

to the elution behaviour expected from its calculated 

molecular weight. Andrews (1964) noted that glycoproteins, 

on gel chromatography, behave as more expanded structures 

than proteins of the same molecular weight. The 

behaviour of glycopeptides containing several amino acids 

on gel ehromatography is clearly influenced by the 

characteristics of the peptide portion. The dangers of 

using values of the elution volumes of glycopeptidee to 
assess the molecular weights are obvious, if the column 
has been calibrated with oligosaccharideo. 

The observed behaviour of glutathione compared to 
that of tho oligosaucharides studied provides further 
confirmation of the need for care in interpreting data. 
The marked retardation of oxytocin in probably caused by 

an additional factor involving interaction of aromatic 

residues with the gel (Carnegie. 1965) 
ProPerties Qt reduced oligopaccharides. 

The most useful method for obtaining reduced oligo—

saocharides would appear to be treatment of glycopeptide 

or glycoprotein containing the N—acyl-glycosylamine type 

of linkage with 0.2ii—Va0B, 1;;'"Nall-T4 at 100°C for about 11 hr, 

with continued addition of alkaline borohydride throughout. 

Separation from the amino acids or peptides produced in 
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the reaction is readily achieved by gel chromatography. 

During the course of this work, a preliminary report on 

the production of a reduced trisaccharide (Man ---PG1cNH2-

glucosaminitol) by the action of alkaline borohydride 

(12-Na13H4, 11Z-Na0H; 10000; 4 hr) on a glycopeptide con-

taining one mole of 2-mannosei two moles of W-acetyl-R-

glucosamine and one mole of i-asparagine has been 

published (Lee, 1971). The glycopeptide had been pre-

pared by digestion with protease and ok-mannosidase of 

both ovalbumin and (X-amylase. 

Estimation of formaldehyde released as a result of 

periodate oxidation shows that there are differences in 

the structures of the reduced substances, isolated by gel 

chromatography of glycopeptide material reduced in 0.2Z,. 

NaOH and 2ff-Na0H. Part, at least, of these differences 

involves the extent of N-deacetylation of the terminal 

reduced hexosaminitol residue. 

The amount of formaldehyde released suggested that 

the 06  position of the 11-hexosaminitol residue formed 

was unsubstituted. It will be shown below that the N-

acetyl-R-glucosamine residue, which in the intact glyco-

peptide is attached to the aeparagine residue, is itself 

substituted at its 4-position and, as discussed above, it 

is unlikely that this sugar carries a 3-substituent. It 

is extremely unlikely, therefore, that this sugar residue 

provides a branch point, and it is probable, therefore, 

that this aspect of the structure discussed by Huang, 

gayer Amtgomery, 1970; (see also Chapter '1) is incorrect 

(see also Sukeno, Tarentino & Plummer & Maley, 1971).  
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Reduced oligosaccharide,which had been isolated after 

treatment with 2;(-Na0H, 1;•-naPH4  at 100°C for 10 hr, pro-
duced two moles of formaldehyde on periodate oxidation 

(Table 3.13). The substance, however, contains a total 

of 0.52 residues of hexosaminitol (Table 3.6). Hence there 

is a loss of about 11. moles of Ei-glucosamine. 0.52 of 
which can be accounted for as the reduced sugar. The 

remaining o.6 moles are unaccounted for, but it would 

appear that the nitrogen of this hexosamine is still 

contained in some form as part of the structure of reduced 

oligosaccharide material. (Table 3.14). Whatever thin 

modified substance is, it appears to yield formaldehyde 

on periodate oxidation. 

The possibility of obtaining reduced disaccharides, 

after alkaline reduction in the presence of strong alkali, 

has been demonstrated by the isolation of a mixture of 

ohitobiol and 4-(2-amino-2-deoxy-P-12-glucopyranosyl)-

3-mannosaminitol from an acid hydrolysate of the reduced 

oligosaccharides separated by gel chromatography. These 

reduced disaccharides have approximate half-lives of 

about 18 hr in 4,1 1101 at 100C. Acid hydrolysis of re-

a-acetylated forms of these reduced disaccharides produced, 
in addition to D-glucosamine, 2-glucoaaminitol and 

ii-mennosaminitol, small amounts of chitobiol (19fs) and 
4-(2-amino-2-deoxy-p-2-glucopyrancsy1)-12-mannosaminitol 

(8). Perhaps in contrast with these findings is the 

report that Edi"-diacetyl-chitoblose is hydrolysed in 

1;!-H2SO4  at 100oC almost exclusively by glycosidic fission, 

E-deacetylation occurring only subsequently (Shively & 
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Conrad, 1970). These data support the contention that the 

etructure of hen evabunin in the neighbourhood of the 

carbohydrate peptide linkage is 13-1,-G1onc-(1 	4).p - 
44-410NAO.1-Aen (see Chapter 1) 

Additional ninh drin-positive bands were produced upon 

electrophoresis of partial acid hydrolysates of glyco-

peptide material subjected to alkaline reduction in 

Veen for 10 hr (Mate 3.6). The structures of these 

remain to be elucidated, but the results so far presented 

demonstrate that fission in alkaline borohydride solution 
of glycoprotein linkages of the type GleNAc-Asn is likely 

to be a valuable additional method for studies of the 

structures of the carbohydrate moieties of these interesting 

macromolecules. 

IVRNTAL. 

5.  

GloNAc-Aen, G 	GleNAc-NAc and OloNAc 2 were 

synthesised (Chapter 4). N-Acetyl-R-glucosamine was 
obtained from Xoch-Light, Colnbrook, Bucks, and was purified 
by passage through a column of Dower 50-X4 (400 mesh, H+  form) 

followed by recrystallisation from 9()% ethanol with the 
addition of ether to turbidity. A-Acetyl-R-mannosamine 

was obtained from Sigma Chemical Co., St. Louis, Missouri, 
and Ei-glucosaminitol hydrochloride was a gift from Dr. W. M. 

Watkins of the Lister Institute of Preventive redicine„ 

London. NeNt-Diacetyl-chitobiose and f-methyll-glucosaminide 

had been prepared previously in this laboratory (Neuberger & 

Wilson, 1967; Neuberger & Wilson, 1971) 
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a-Homoserine (Biochemical Research, Los Angeles), 

recrystallised from 90% ethanol, and &-asparagine mono-

hydrate (British Drug Houses) recrystallised from water, 

i-2,4-diamino-n-butyric acid (Koch-Light), a..2-amino-

n-butyric acid (Koch-Light), k-valine (Roche Biochemicals, 

Welwyn, Herts), 4-fluoro-Rk-g-phenylalanine (British 

Drug Rouses) and a-norleucine (Hopkins & Williams, 

Chadwell Heath, Sussex) were used as standards on the 

autoanalyser. R-Mannitol (micro-analytical reagent) was 

obtained from Hopkins & Williams and recrystallised from 

90% ethanol.  
The following materials were used as standards in 

gel filtration experiments for molecular weight determin-

ations. Lacto-N-difucohexaome I, lacto-N-facopentacoe, 

isomaltopentaose, raffinose and stachyose were gifts from 

Dr. W.1. Watkins. Lactose (Hopkins & Williams) and 

a II-glucose (British Drug Rouses) were also used. Synthetic 
oxytocir acetate was a gift from Dr. D.D. Hove, Pharm-

acology Dept., Oxford, and reduced elutathione was 

obtained from British Drug Houses. 

Sodium hydroxide solutions were prepared just 

before use from constant volumetric solutions (British 
Drug rousen) diluted with freshly delonised water, and 

end cz-rei was prepared from twice-distilled constant 
boiling FC1. C3P3 -Acetic anhydride (100 mOi/mmole) was 
obtained from the Radiccherical Centre, Amersher. Dowex 

ion-exchange resirs were from Sigma Chemical Co. Polyamide 
sheets (15 x 15cm) were obtaine0. from Chen ; Chin Trading 
Co. Ltd., Taipei, Taiwan, and were purchased from Acre- 
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Lie Laboratories, 46 Pecnbridge Road, London. Sephadex 

G-10 and G-25 (fine grade) were obtained from Pharmacia. 

Uppsala, Sweden. 

Pyridine (Analnr) was refluxed over Neil pellets, 

and distilled through a fractionating column. The 

fraction with boiling point 115°-116°C was collected. 

Acetic anhydride was distilled frog► anhydrous sodium 

acetate through a fractionating column, and the fraction 

with boiling point 104°C Was collected. =ethanol was 

refluxed with magnesium methoxide, and distilled. 

Atmospheric moisture was excluded from these solvents 

during purification. n-Putanol was redistilled and the 

fraction with boiling point 116°-118°C was collected. 

2-Thioberbituric acid was bought from Eastman Kodak, 

and 2,Ladilethylaminobensaldehyde from ?isons Ltd., 

Loughborough, England, and was purified by the method of 

Adams and Coleman (1948). 

laTHODS. 

The autoanalyser systems methods for hexose and 

amino acid determinations etc., are described in Chapter G. 

4easurement,of rates pf reaction in alkali. 

Small amounts of Glenc-Asn or Glc-Asn were weighed 

out, together with ii-valine. These substances were 

dissolved in water or in NaOH solution whose concentrations 

were 0.c5g, 0.2 or lg. A solution was also prepared in 

0.21NaOH which contained 1;t-KC1. The solutions were all 

6rel in reactant. 

Small tubes were made by sealing 10cm lengths of thick-

walled boroullieate Lubin a (3mm internal diameter) at one 
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end, and 50E1 portions of the solutions under investigation 

were pipettad into them, The tubes were evacuated with a 

high-vacuum oil-pump and sealed off in a hot flame. The 

tubes were immersed in a boiling water-bath. Sets of 

duplicate tubes were removed, after various lengths of 

time, cooled in a dry ice-acetone mixture and opened. 

The contents of one set of tubes were taken up in 1n1 

volumes of pH 2.2 citrate buffer (0.2-114) and the nin-

hydrin-positive components measured in either 2541 or 

2001 portions, usually on the Locarte autoanalyacr, but 

the Technicon was also sometimes used. The contents of 

the other set of tubes were taken up in 4-1101 (3m1) and 

hydrolysed in sealed, evacuated tubes for three hours in 

a boiling water-bath. These tubes were then opened and, 

after cooling, were placed in a vacuum desiccator over 

NaOH pellets and cone. H2804  at roo, temperature. The 

dry residues were taken up in pH  2.2 buffer and placed on 

the Locarte autoanalyser. 

The stability of GleNftc-Asn ,was also studied in 

deionised water alone for times up to 48 hr at 100°0, and 

in pH 10.2 buffer that was 0.5 in Req. plus C032, and 

0.P12 in Ne, for 260 min at 100°O, by the same experimental 

procedure. 

In control experiments, solutions (6mm) of L-aspartic 

acid, together with &-valine in 0.2 ;;-NaOH both in absence 

and presence of t-aoety1-2-glucosamine (6mM), were heated 
to 1000C in the same manner for 12 hr, taken up in pH 2.2 

buffer and autoanalysed. 

The, rate of conversion of 14-asparagine to k-aspartic 
acid was s=tudied in 0.2-NaOH at 6m concentration ' 
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for times up to 4 hr at 100°C. The solutions were taken 

up in pH 2.2 buffer and autoanalyeed. 

The disappearance of ks.glucosamine,measured after 
acid hydrolysis, from N-acety1-2-gIucosamine, Clenc-NH 

and Glenc-NAc,during reaction in 6m solutions in 0.24.. 

Na0H,was also studied by the same method with a-norlenoine 

as internal standard. In these experiments the solutions 

of the substances which had been treated with alkali were 

taken up in 2m1 4k.1C1 and hydrolysed at 100°C for 3 hr 

before autoanalysis.  

Separation and measurement of the reaction products on the  
Lpcarte autoanaliyeer, 

The standard amino-acid programme of the Locarte 

autoanalyeer was modified as follows (see Table 3.2). The 

pH of the starting buffer was lowered from the standard 

conditions recommended by the manufacturers by 0.1 unit to 

pH 3.15 in order to obtain good resolution of Glefitc-Aen, 

and Glc-Aen from aepartic acid. The percentage of methanol 

in the pH 3.15 buffer added to the loading column was 

increased from 20% to 30% (v/v) in order to produce a sharp 

peak for GleNAc-Aen. 

The molar colour yields of standard components were 

determined in the presence of fixed concentrations of 

i-valine ae internal standard in weighed samples containing 

various molar ratios of acne-Awl 010-Aen and Drespartic 

acid,,and &-valine. With an approximately constant area 

(4.7) for the 1-valine peak, the areas of the peaks of 

GIctiAc-Aen and GU-Am ranged from 1.0 to 7.3, and that of 

L-aspartic acid from 2.5 to 19.0.l3etween these limits,  
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the relative molar colour yields of PleNAc-Aen and Glc-Asn 

increased by V and that of aspartic acid by 10%. From 

these data, calibration curves were constructed and used 

in the kinetic experiments. The relative (to valine) molar 

colour yield of GleNAc-Asn eras found to vary from 0.424 

to 0.456 and that of elc-Asn from 0.543 to 0.578. 

Xeaeurement of ammonia evolved by treatment of GIODAc-den  
and (`rlcNAc with alkel~.• 

he ammonia produced during the reaction of GlellAc-Asn 

with 0.2;:-NaOF was measured by absorption into boric acid. 

The experiments were performed in Thunberg tubes. ^!easured 

volumes (300p1) of 6mi: solutions of GleNAc-Asn in 0.2-Na011 

were placed in the bottoms of the Thunberg tubes and lml 

quantities of 2 boric acid solution were pipetted into the 

top sections. Tubes contairine 500)41 of 0.2;-7a0ii in the 

base were treated in the same way as blanks. The tubes 

were then evacuated on a water pump :or 2 min and sealed. 

These tubes were then completely immersed in boiling water 

for varying lengths of time. Complete immersion was found 

necessary to avoid distillation of the solutions. For 

the longer times of reaction, it was found more convenient 

to place the tubes in a constant tempereture oven. The 

tubes were removed and completely immersed in cold water. 

After standing for 30 min at room temperature, the tubes 

were opened and 10l volumes of e solution of 20mg methyl 

red and 10mg methylene blue dissolved in 10m1 ethanol were 

added to the boric acid. The boric acid solutions from 

the blank tubes were titrated to r. arey-coloured end-point 

with 0.02-Ne0N added from a Micrometer syringe. The 

boric acid solutions containing absorbed ammonia were 
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also titrated to the same colour using either 0.02;:-Na0B 

or 0.02 HCl, and the difference inpmoles of titraht 

required were equated to the number ofp moles of ammonia 

absorbed. 

Control experiments were performed in order to 

measure the amounts of ammonia evolved from aqueous 

ammonium sulphate solutions (10 moles in 0.3m1) under 

these conditions The solutions were kept apart from the 

alkali (0.3m1s  0.44401i) until the tubes had been closed 

and sealed by placing the 0,4-Va011 in small containers 

made from lcm lengths of borosllicate tubing. To start 

the reactions  the tubes were held at an angle of about 

60°C from the vertical and shaken until the two solutions 

were thoroughly mixed. These tubes were heated for 10 min 

and treated as described above. It was found that 99.0 ± 

0.7% of the ammonia contained in the ammonium sulphate 

solution was absorbed into the boric acid under these 

conditions. 

The evolution of ammonia from j acetyl-11- glucosamine 

(6 	was measured in the same way, for various periods of 

time of heating at 100°C, after mixing with 0.21/a0FT 

contained in the small containers as described above. 

Yeaqurtment of ultra-violet absorption of Products _formed 
by alkaline treatment of compounds.  

Solutions (6m of GleVic-Asni  Olonc-NAcf  N-acetyl-

k-gluoosamine or 2-acetamido-2-deoxy-P-2-gluoopyranosyl-

amine were flushed with nitrogen and heated in a boiling 

water-bath in flasks fitted with reflux-condensers, while 

nitrogen bubbled through the solution. :easured volumes 
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(300/A1) were withdrawn after various times and diluted 

teu-fold with water. The pH was brought to 5 by addition 

of 0.4 hydrochloric acid from a micrometer syringe, and 

the ultra-violet absorption spectra recorded from 220 to 

420nn against a water blank. The opectrum was also 

measured at different pH values after addition of small 

amounts of 0.34-nci or 0.1i-Ne0H to the solution from a 

micrometer syringe. 

Estimati9nof c9lour f9rmed with Rhrlich's reagent. 

Aliquots (1n1) of the reacted solutions were diluted 

to 10m1 with water, and 0.5m1 amounts were added to 3m1 

of Ehrlich's reagent. The mixture was heated at 36°C for 

20 min, cooled, and the extinctions at 585nn read in ion 

cells, against water. A reagent blank was also carried 

out. 

Test for colour rornation with 2-thiobarbituric acid. 

To 90m1 water were added 0.71g crystalline 2-thio-

barbiturie acid end 0.7n1 1,%.4 aoH. Dissolution was 

facilitated by shaking and warming. The volume was 

adjusted to 100n1 with water. Aliquots (0.5ml) of the 

reaction products of 6a);; solutions of alcHAo-Asn, G13NA0 

end GloNAc-NHS, that had been heated in 0.2-1.7sOF for nt 

least 24 hr, were neutralised to abs ut pH 7 with 0,4g...m. 

and brought to imi with water. The thiobarbituric acid 

(2m1) was added, and the solutions were shaken and heated 

at 100°C in a stoppered tube. The tube was then cooled 

and the extinctions at 532nm of the solutions were measured 

against a water blank. 
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Nranination of acipc products bx thin-layer chromatoAraphv. 

A solution of Glenc-Asn (13/4moles) in 0,2X-NaOH 

(2+n1) was heated in a sealed, evacuated tube for 24 hr 

at 10000. The reaction was placed on a column of 

Dowex 1-12 (200-400)(01' forty 6 x 2cm), which was eluted 

successively with water (50m1), 0.45 4C1 (50m1) and 

finally with 4.5g,44ci. The effluents were collected and 

evaporated in a rotary evaporator and then in a vacuum 

desiccator. Pellets of NaOH were also present in the 

evaporator and the desiccator. The residue was taken up 

in 2004 water, and 21,41 aliquots were chromatographed on 

cellulose thin-layer plates in ether . formic acid -

water (7 s 2 : 1, by vol) or in phenol - water - formic 

acid (75 25 : 1, w/v/v), together with fumario and 

naleic, malic and pyruvic acids (2.5mg/mi solutions) as 

standards. The substances were located with a spray 

indicator consisting of 40mg bromocresol green in 100n1 

ethanol previously neutralised with 0.1Z.Na0H. The 

substances appeared as yellow spots on a green background. 

For reasons which have been discussed (see page 153), 

the solution obtained from the 0.05;6  H01 eluate of 

Dowex 1 was placed on a Dowex 50-X4 (400 mesh)(11+  form) 

(1 x 4cm) and eluted with 12m. water. The effluent was 

freeze-dried and taken up in 100.4 water,and run on thin. 

layer cellulose plates as before. 

gutargtation of geNAc.NR2. 

The optical rotations of solutions of GloNAc-NH2  

(40mg/mi) both in water end also in 0.2g64a0H were measured  
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too 	6 hr 

	

100 	6 hr 
141.NaOH 	um 	3 hr 
2.0LaitOR 	.100 	5 hr 
(10PlalM44  alone) 	100 	4hr 

0.051+4403" 
0.24NsOR 

00 PC) 

(a) 3 twos)  

3 kr(a) 
3  I(a) 
3  hr(a) 3 hr 

4M-HCII 3 hr(a) 
41141cil 3 hirA44  

447ricti 3 
hr (a) 

Table 3.16. The conditions unda which various 

 

lapin*. 

 

   

and other compounds were heated in the p o of tu.momv  

CleNAc. 

(1°C) worst tlwa  
of heating. 

0.0*.Na011 
0.01M-Nem4 
0.31140hosphate 
butfor(Pa 7.0) 

0.2t441011 

11 0.2U.Na011 

2.0U-KOM 

0.11.14mon a 

11 hr 

	

A7 	30 hr 

	

25 	48 hr 

	

100 	2 hr 

	

too 	3 her 

	

100 	3 hr. 

	

100 	2 hr 

2.0)1430au 	100 	3 hr 

0,05S.Na011 	100 	5 hr 

0.036t44011 	100 	13 hr 
0.20041600 	100 	11 hr 

10 hr 
2.014.44W4 	10 hr 

COndition* 

chitobiose 

GICNAc.NRAc 

Hen ovalbmnin 
glycopeptido 

4144C10 18 ter(b)  

4U-AC11 is hr(b)  

iemel, 18 tru4 

4•1410.1  3 hr(b)  

41410,1 10  hr(b) 
41-0:1, 18 hr(b)  

hirN
" 02.41014 10 hr 

(a) Measurements were made on prodncts of alkaline reduction both before 

and after eUbjecting them to acid hydrolysis. 

(b) Measurements veva made on the products of alkaline reduction only 

after acid hydrolysis.  

Sodium born ride is of course destro dire hot  
reducing agent was therefore repleniahod at various stag** during the 
reactions, according to the following schedules. 

Conditions of 	Vol., alkaline N001% 	Intorvala of  

alkali 	added (% of initial 	addition  

volume) 

25 
SO 
16 
16 

25 

40 min 

6p sin 
60 sin 

60 sin 
20 min 
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at 365 rim at 25°C in a thermostated cell with a 1 dm. path-

length over periods of time up to 24 hr. A small portion 

(501A1) was withdrawn from the solution in O.2 NaOH 

after 74 hr and hydrolysed with 4=-1101 (3m1) for 3 hr at 
100°C together with a-norlexcine. The .11-glucosamine con-
tent of the dried hydrolysate was measured. 

Stu of the decomposition of N-acyl alYcosYlamines in 
alkaline borohydride. 

Solutions (6mil) of the substrates listed in Table 3.16 

in 12-NalitHe  together with the concentrationa of alkali 
shown. were heated in a 5m1 round-bottomed flask fitted 
with a reflux condenser on a toiling water-bath, together 

with known amounts of one or other of the internal standards, 

h-valine or 4-fluoro-hh-P-phenylalanine. 
It was noted that the borohydride was gradually des-

troyed as the reaction proceeded because of its reaction 
with water. Acidification of a solution of 11NaBH4  in 

0.2g-NaOH that had been kept at 100°C for 2 hr, no longer 
produced evolution of hydrogen. The borohydride appeared 
to be destroyed more rapidlyin the presence of lower 

concentrations of alkali (0.05Na0H) than with the higher 

concentrations (2.Q NaOH). In order that substrates 
should be continuously in the presence of reducing agent, 
further amounts of sodium borohydride dissolved in alkali 
were added as the reaction proceeded in the amounts, and 

at the intervals, described in Table 3.16. Duplicate 
(50,L 1) samples of the reaction mixture were removed after 

various periods of tine and brought to about pH 5 with 

4;1-acetic acid. To one sample citrate buffer (pH 2.2) 
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was added, and the ninhydrin-positive components measured 

on the Locarte autoanalyser. The second set of aliquots 

(50)4) of the reaction mixtures were acidified with 

4,-HC1 (2m1) and hydrolysed in sealed, evacuated tubes 

for either 3 hr or for 18 hr (see Table 3.16) at 10000. 

The hydrolysates were dried in a vacuum desiccator over 

conc. H2SO4  and solid MOH, taken up in pH 2.2 citrate 

buffer and placed on the autoanalyser. The products 

formed in the reactions of L-asparagine and of airhomo-

serine in 0.24-Ra0H*  1-WallH4  at 100°C were examined 

without acid hydrolysis. 

AutoanalYsis o reaction products.  

Yost of the ninhydrin-positive components of the 

products could be separated on the Locarte autoanalyser 

under the conditions mentioned previously (Table 3.2). 

The lactone of homoserine was not separated from 

ammonia by this buffer programme*  but could be separated 

by replacing the pH 6,65 buffer with one of pH 5.28 

(C.5g-N 
	

140 min elution). Peaks obtained on the 

autoanalyser were identified by running standard amino 

acids and amino sugars, under the same conditions as those 

applied to the reaction products, and by comparing the 

times of elution. In some cases further confirmation 

was provided by measurements of the peak areas obtained 

at 570nm and 440nm. The standard compound was then run 

together with the products of reaction. The increased 

area of the peak was measured, and the peak was checked 

for any signs of asymmetry. ?;olar colour yields were 

determined by running together known amounts of the 
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standard amino acide or hexosaminee and the internal 
standards k-valine cr 4-fluorc-a-p-phenylalanirs. 

111,-Yomoserine (about 1/.1mole) was heFted together 

with i-valine for 3 hr in 4:1,171 (5r1) at 100°C in a 
sealed, evacuated tube. after the hydrolysate had been 
dried, the residue was taken up in citrate buffer pH 2.2, 

and placed on the autoanalyser. reeks of both hc'oserine 
and homoserine lectone were found and measured. The 

molar colour yield of homoserire lectone was conputed on 
the assumption that all homoserine destroyed had been 
converted to the laotonel this is a reseorable assumption 

in view of the concentrated acid employed in the hydrolysis 

(see for example Greenstein kWinitz, 1961). 

A standard for the recognition of =-►mannosaminitol 

was prepared in the following way. N-Acetyl-R-mannosamine 

(50 moles) together with k-valine (20,qmoles) was weighed 

out, dissolved in Iii.414M (2m1) and left at ♦4°C for 

48 hr. Aliquots (10,p1) were withdrawn and hydrolysed in 

4 L.HC1 for 3 hr at 100°C. The dried residue was autoanalysed. 

No peak at the position previously determined for D-manno- 

samine was found. The molar colour yield for Z-mannos- 

aminitol was computed from the areas of the peaks found, 

on the assumption that the acetyl amino sugar had been 

- reduced quantitatively (Mayo Carlson, 1970).  

Dansylationof_the products of 0,cNAc...Asn formed by treat- 
ment with alkaline borohydride. 

GleNAc-Asn (4mg, 12'4 moles) was dissolved in 0.5m1 

0.05ii;-Na0H, 1Z-Na13Fi4  and placed in a 5m1 round-bottomed 

flask fitted with a reflux...condenser. The solution was 

heated on a boiling water-bath. Further quantities (1251) 
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of 0.05;:-Na0H, 1.1;NaDP4  were added every 40 min as the 

reaction proceeded. After periods of time of 40 mint 

of 2 hr and of 4 hr, 	 250,41 and 5o0,mi volumes 
respectively of the reaction mixture were removed. In 

each case the pH was adjusted immediately to 8.5 with 

4g.acetic acid. Solutions of danayl chloride in acetone 

(125/41; 15mg/m1) were added to each, and to the samples 

withdrawn after 2 hr and 4 hr, additional quantities of 

150, 1 and 40041 acetone respectively were also added. 

These latter additions ensured that the compositions of 

the solvents in the dansylation reactions were the same 

in all eamples. The reaction mixtures were incubated at 

3700 for 1 hr, and the volumes adjusted with water to one 

ml. 
Danayl chloride (100p1; 7.5meml solution in acetone) 

was added separately to 100m1 amounts of 10m solutions 

of Traspartic acid, L.asparagine, Di-homoserine, GlcliAc-

Asn and i-glucosaminitol, and the solutions were incubated 

at 3700 for 1 hr. To these solutions were added portions 

(looAl) of 0.0511:.NaOH, 114.NaDH4  which had previously been 

neutralised with 4; acetic acid, and the dansylated 

solutions were diluted to 2m1 with water. 

Small amounts (4,4) of the dansylated samples of the 

products obtained by reacting Gleftc.Aen with alkaline 

borohydride were chromatographed in two dimensions on 

polyamide sheets, on the reversed sides of which a mixture 

of the dansylated standards had been placed. On some 

sheets, the standards were run together with the treated 

compound. Development in the first direction was per-

formed with venter - 90% fvrmic acid (200 : 3. iv), and 
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in the 90°  vector, either with heptane-n-butanol glacial 

acetic acid (3 : 3 i 1, by vol), or with benzene-glacial 

acetic acid (9 t 1, v/v) (Woods & Wang, 1967). The plates 

were dried at 40°C for 2 hr before development with the 

second solvent. The first solvent nigrated about 12cm 

in 40 min at about 22°C; the other solvents took about 

2 hr to travel the sane distance. The plates were dried 

at about 40°0 for 30 min and subsequently photographed 

under ultra-violet radiation from two high-pressure 

mercury lamps. using Kodak high-speed Ektachrone or 

panchromatic film. with a blue lens filter. 

Eptmination of acidic prodpcts formed by alkaline redu,tion 
of GUNAct-ken. 

A solution of GlOTAc-Aen (8.4ne4m1) in 0.052-Na0F, 

1Are-NaBH4  was .heated at 100°C for 3 qtr, with the addition 

or further quantities (0.5n1) of 1;;-NaBH4/0.057 a0H every 

30 min. The reaction mixture was cooled, neutralised with 

41i-acetic acid, and placed on a column of Dowex 50-48 

(400 mesh; 11+, 10 x 1cm) which was eluted with 50m1 water, 

The eluats was evaporated on the rotary evaporator and 

then repeatedly evaporated under reduced pressure with 

absolute methanol in order to remove boric acid. The 

water-soluble portion of the residue was neutralised with 

0.2,-Na011 and placed on a column of Dowex 1-X2; 400 mesh; 

Cr; 5 x lcm). The column was washed with 40m1 deionieed 

water, and eluted with 0.OWC1 (50m1) followed by 

0.84-EC1 ( 0m1). Each acidic fraction was evaporated to 

dryness on the rotary evaporator tvit solid NaOH in part 

of the condenser, followed by re-evaporation several times 
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with water. The oily residues were taken up separately 

in loopl volumes of water, and gAil amounts were chromat. 

*graphed on thin-layers of cellulose with a mixture of 

ether - formic acid - water (7 s 2 : 1, by vol). The 

solvent used was that described by ,,hers % Huang (1969) 

for the separation of carboxylic acids. Standards were 

also run. These consisted of 2.14g amounts of auccinic, 

fumaric maleic and malic acids. The spots were located 

with a spray indicator which was a solution of 40mg 

bromocresol green in 100m1 ethanol and which had been 

neutralised with O.1 -2 	The positions of the acids 

were indicated as yellow spots on P. green background. 

The fraction obtained from the Donor 1 eolums by-

elution with 0.08 H01 was re-evaporated with methanol 

several times and then left with ery ether at +4°0. A 

white solid residue was obtained (molmg), which was dried 

over P205 ---- in ram at 6000 and sent for elemental analysis. 

Analyses of, the csmsonents of the glxsopestides. 

Two fractions of glycopeptide material with differing 

contents of R-mannose and N.acetyll.glucosamine were used 

in these experiments. These were labelled glycopeptide I 

and II and their compositions are described in Tables 3.5 

and 3.6. Amino acid and hexosamine analyses were performed 

on material after hydrolyses in 4;;;.1101 for 18 hr at 100°C, 

at a concentration <0.05% ( iv)• 

1-Glucosamine hydrochloride samples (0.2 moles) were 

treated under the same conditions of acid for periods of 

time of 18 hr and also of 40 hr with ki-norleucine as 

internal standard, in the presence and the absence of 50y1 
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amounts of a neutralised solution of 1=-NeBN4  and 0 

NaOH The recovery of 2-glueosamine was 90.17' (18  hr) 

and 02.419, (40 hr) after these periods of acid hydrolyses 

both in the presence and the absence of the added amounts 

of neutralised solutions of alkaline audio: borohydride. 
The R-glucosamine analyses performed on glycopeptide. 

material both before and after reaction with alkaline 

borohydride were therefore corrected for a loss upon acid 

hydrolysis of 10. 2-clucosaminitol was destroyed to an 

extent of 471  by acid hydrolysis, under the name con- 

ditions, for 13 hr, and corrections were also applied to 

the analyses of R-g ucosaminitol performed on reduced 
oligosaocharide. 

Samples of glycopeptide were made up to approximately 
6n with respect to the Iraspertio acid content of the 
elycopeptide with solutions of 1;1.NaB14, which were 

O.05g. 0.2P. 1.d- or 2.Oa in Ne0H concentration, together 
with either 4-fluoro1k-p-phenylalanine or Ri-norleucine 
as internal standards. 

An assessment of the effects of neutralised solutions 

of sodium borohydride on the phdna-sulphuric acid pros. 

cedure for neutral eugare was mede in the following way. 

Aliquots (10q4) of a eolutton of 0.211-FaOH 1g.warr41, 

previously neutralised with 4X acetic acid, were added to 

the k.mannose standards employed in the phena.P2SO4  

reaction. Addition of neutralised solutions of sodium 

borohydride in this way reduced the colour yield given by 

R-nennove by 8.5f% Standards containing neutralised solutions 

of sodium borohydride were also employed when texose name 
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were performed on glycopeptide that had been subjected to 

conditions of alkaline borohydride. 

7rsatmaint 9t  4Yqopeptidt with plkalin, borohyAride. 

Glycopeptide was heated under reflux on a boiling 

wat ►r bath and samples were withdrawn after measured 
periods of time. In all cases the glycopeptide concent-

rations were 6m!. Further quantities of alkaline sodium 

borohydride were added according to the schedule described 

in Table 3.16. Portions of samples (25 to 109m1) wore 

withdrawn, cooled, acidified with 4;;-HO1 (2m1), and 

hydrolysed for IS hr at 10000 in sealed, evacuated tubes. 

The hydrolysates were dried An vacua over B2804  and NaOH 

at room temperature and analysed using the buffer pro-

gramme described (Table 3.2). After an appropriate period 

of time (Table 3.16), Up. pH of the residual reaction 

mixture was brought to about 5 with 4-ascetic acid. The 

heroes content was determined. All measured values are 

expressed relative to the amount of aspartic acid measured 

at the start of the reaction. 

The analyser programme (Table 3.2) that separated 

the lactone of homoserine from ammonia was employed with 

some of the acid hydrolysed samples. 

Gel chr9matogmhz_ 9f glycopeptide mattriaT treated with  
alkqIina barohydridee 

Glycopeptide I ( 4Amoles of 2-mannose, 6mg) was 

heated in 2g-Na0H, 1  ..NOE4 at 10000 with further additions 

of 2g-NaPH, 1:40111u4  C20, (v/v) of the initial volume) 

every hour. After 4 hr, the solution was cooled and the 
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pr was brought 	about 5 with 47 Aetic acid. 

precipitate formed which was filtered off, and the super-

natant was evaporated on a rotary evaporator at about 4060, 

followed by continuous evaporation in the presence of 

anhydrous, redistilled methanol. The residue was taken 

up in about lml water and placed on the first of two 

columns, which were connected in series by fine-bore 

(0.5mm internal diameter) tubing, of Sephadex G-25 (fine 

grade) equilibrated with 0.IiI-acetio acid at +400. Each 

column measured 120 x 1.2cm. The columns were eluted 

with 041-acetic acid pumped at a fixed flow rate of 

18.6ml/hr. Fractions (9.3m1) were collected and 0.2m1 

portions of these were assayed for hexose by the phenol-

H2SO4  reaction. A tot'al of 28.4 moles of hexose was 

recovered. Those fractions containing hexose were collected 

in two distinct portions (Fig. 3.34). 

Glycopeptide I (45)_i moles of prmannose, 6m:) was also 

heated in 0.24-141011, leaBH4  at 100°0, with the further 

addition at the end of each 60 min of an amount equivalent 

to 20% (v/v) of the initial volume of 0.2,ea0H, 12-NaPH4. 

After 11 hr, the reaction mixture was cooled, brought to 

about pH 5. It was treated, as described above, with 

methanol, and subjected to gel chromatography, Fractions 

of 4.3=1 were collected an. . 	1 aliquots assayed for 

hexose with the phenol-H2SO4  reaction. A total of 36,7mmoles 

hexoec was recovered. Fractions containing hexose were 

collected into three portions (Yig. 3.34) and freese-dried 

Portions (0.1)4moles 2-mannose) pooled as shown in 

ng. 3.34, were compared by eleetrophoresis on paper in 
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the pn 2 buffer (Chapter6.), followed by staining either 
by the periodate/2,4.pentane dione indicator or with the 

use of ninhydrin 

Pree amino groups in the fractions were assayed by 
the quantitative ninhydrin procedure- (Chapter61, using 
2-glucosamine as standard. 

A portion of Fraction B (Fig. 3.34) containing about 
8,  moles hexose was placed on a column of Dowex 50-X4(64 x lam) 
(200-400 mesh; fl+form, suspended in water at +400; Horowitz, 
Roseman & Blumenthal, 1957). The sample was washed in 
with water (5m1) and elution was effected with a linear 
gradient of R01 (2 x 250m1 containers with 100m1 water in 
the one directly connected to the column, and 100m1 
in the other). The avant wan pumped on to the column at 
a constant flow rate of 16m1/hr and fractions of 3.6m3 

were collected. Aliquots (0.5m1).were neutralised with 
3.5 -: 	made up to la, and assayed by the ninhydrin 

reaction. The amount of alkali required to neutralise the 

fractions was used to determine the normality of R01 in 
each fraction. 

A further quantity of glycopeptide I (21.A moles 

R-mannose, 6%4) was subjected to alkaline reduction in 

2g-2{a011, lii-NaBH4  at 100°C• The reaction was continued 

for 10 hr, with the addition of 16 of the initial volume 

of 2;g4.14a011, 111-iNaLE4  every hour. The cooled, neutralised 

product was subjected to gel chromatography as described 

above, yielding material containing 16.7A4 moles hexose. 
Portions (0.5m1) of the fractions obtained were also 

subjected to periodate-oxidation for 30 min, and assayed 
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for formaldehyde under the conditions described below. 

The fractions containing hexose were pooled and later 

fractions (260-300m1 of effluent, see Fig 3.37) that 

contained no hexose, but produced formaldehyde as a 

result of periodate-oxidation, were also collected. 

Glycopeptide II (36)1moles marmoset  6m) was 

treated with. 2;;f-Na014' 1;:-NaPH4  at 100°C for 10 hr as 

before. The reacted material was divided into two equal 

parts and one part subjected to gel chromatography to 

yield 15Ai moles hexose. The other portion was acetylated, 
as described in the following section, before being fil-

tered on the G-25 columns. The analyses obtained on acid 

hydrolysates of the unacetylated and the re-E7.acetylated 

products are described (Table 3.8). 
Portions of the pooled reduced oligosaccharides 

formed when glycopeptides I and II were subjected to 

alkaline reduction for 10 hr, and to gel chromatography, 

each containing about 0.41+moles hexane, were compared by 

electrophoresis on paper at pH 2.0 for 30 min. The paper 

was developed as described above. 

Further material was obtained from glycopeptide II 

(72)11moles kimannose; 6mii  after treatment with 0.2;7-Na0P, 

1:,1-NaLH 4 at 100°C for 11 hr with the addition of 207.,  

(v/v) of the initial volume of 0.2Z-Na0H, 1;;7NaBli4  every 

40 min. A third of the reacted material was placed on 

the G-25 column as before and a further one third was 

acetylated before gel filtration. 

The remaining third of the neutralised reaction 

mixture (2iVfmoles hexose) was made up to 2 with respect 
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to NaOH by addition of an appropriate amount of 5;;-Na0H. 

The mixture was heated in a sealed, evacuated tube at 

100°C for a further 10 hr. The solution was then 

neutralised with 4-acetic acid and placed on the 0-25 

column, The fractions containing hexose in the effluent 

(21A moles hexane) were pooled. Analyses of these three 

fractions are described (Table 3.8). 

Portions containing about 0.1/pimoles hexose of the 

pooled fractions containing reduced oligosaccharides 

obtained by gel chromatography as a result of alkaline 

reduction of glycopeptides I and II as described above, 

were hydrolysed in 411-HC1 (2m1) at 100°C for 18 hr in 

sealed, evacuated tubesv the hydrolysates were dried 

in, vacua over conc. H2SO4 and solid Na0H. The residues 

were taken up in pH 2.2 citrate buffer and autoanalysed 

on the Isocarte machine as described previously.- Hexose 

was determined by the phenol-H2SO4  reaction. The more 

retarded fractions that contained no hexose, but produced 

formaldehyde as.a result of periodate-oxidation, were 

autoanalysed before and after acid hydrolysis in 4.1T01 

at 100°0 for 18 hr. 

Gel chromatoargahv after gracetylslition. 

The other halves of the products resulting from 

alkaline reduction of glycopeptidee I and II in 2L"-Na011, 

1ilNaBH4  at 100°C for 10 hr, and the other third of the 

product resulting from the treatment of glycopeptide II 

with 0.2i;Na0H, 1il-Na53H4  at 100°C for 11 hr were evaporated 

to dryness and re-evaporated several times with anhydrous 

methanol. The soluble portions of the residues were 
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dissolved in 2oo,4 water and r-acetylated by the method 

described by Etzler et al., (1970), conditions which lead 

to a small amount of 2racetylation also. 

After removal of pyridine and acetic acid by evapor-

ation, the residues were left with 0.5m1 0.21Na04 at 4°C 

for 1 hr in order to remove any.{-acetyl groups present, 

After neutralisation with 4;;acetic acid, the solutions 

were fractionated by gel chromatography as described 

previously. The fractions were assayed for hexose, and 

for formaldehyde released after periodate-oxidation. The 

fractions containing hexose were pooled, re-assayed for, 

hexose and portions were hydrolysed in 4-E01 for 18 hr 

at 100°C, and placed on the autoanalyeer as described 

previously, 

The procedures or W-acetylation followed by gel 

filtration did not lead to any extensive losses of hexose 

from the reduced materials. The amounts of reduced sub-

stances, obtained from glycopeptidee I and II after reduc-

tion in 2Wa011 which were subjected to these further treat-

ments contained 21,,1,1 *Holes and 24A moles hexose respectively. 

Recoveries of 15,L moles and 21)4 moles respectively were 

obtained, Similarly, reduced glycopeptide (24j moles 

hexose) produced by reduction in 0.2.4a0l3 was recovered 

in a yield of 887 (21)4 moles hexose). 

Molecular weight determination of re-t+-acetylatec. reduced  
oligosaccharides. 

The columns of Sephadex G-25 described above were 

calibrated with compounds of known molecular weight. 

Unreacted hen ovalbumin glycopeptide I, laato-N-difuco-

hexaose I, lacto-E-difucopentaose I, stachyose, raffinose, 
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lactose and glucose were each dissolved separately in 0.5m1 

0.1i:-acetic acid, placed on the 0.25 columns in series 

(page 26c and eluted with 0.1;:.-acetic acid as described. 

Fractions were monitored with the phenol-N2SO4  reaction and 

the elution volume (Ve) for each substance was determined. 

The diffusible volume OW was determined as the elution 

volume of sodium chloride, for which the fractions were 

assayed conductometrically. The void volume (V()) was 

determined as the elution volume of blue dextran. The 

quotient was plotted against 

©Nate' Vo  

molecular weight for each of the standard substances (Fig. 

3.41).  

The elution volumes for glucose, lactose, lacto-E7 

difucohexaose, unreacted glycopeptide II and reduced 

oligosacoharide prepared from glycopeptide .11 by treatment 

with 2.0;;;=.Na0B, 34-NallN4  at 10000 for 10 hr, were also 

determined after equilibration of the same columns with 

0.1%.Nael and elution with 0.15.NaC1 (Fhatti & Clamp, 

19604 

The elution volumes in 0 	acetic, acid of the reduced 

oligosaccharide obtained by N-aoetylation of glycopeptide 

Ti which had previously been treated with 0.2i:.-Na0N, 

14-NalT4  at 100°C for 11 hr and that obtained by &acetyl- 

ation after treatment with 2.0;;.Na0R, 1i,o1.NaBN4  at 100°C 

for 10 hr were measured. 

The elution volumes of glutathionine and oxytocin in 

0.1,10acetic acid were also determined. The ninhydrin 

reaction was used to identify the position in the effluent of 
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glutathione and the absorbaneer at 280nm was used for 

olytocin. 

petermlinstign 4i'„  free emino'erouns. 

Leduced oligosaccharides obtained by gel chroma-

tography were. assayed with the ninhydrin reagent 

(Chapter 6i) using ii!-glucosamine as the standard. 

naftetic anhydride was diluted '1O0-fold with acetic 

anhydride and those. materials obtained as a result of 

treating glycopeptide II with 2.%444a0F or with 0.2- 

a011 in lg-Nal3P4  for 10 hr and 11 hr respectively were 

N-acetylated with radioactive acetic anhydride as des-

cribed above for the unlabelled nucleophilic reagent. 

The products were subjected to gel chromatography. 

Portions (5/til) of the fractions obtained were neutralised 

with 0.1g.-Na0H. and 20m1 of Brayos'(1965) reagent were 

added. The radioactivity was counted en a Nuclear-

Chicago mark I liquid scintillation counter. The fractions 

containing hero*. were pooled and portions were withdrawn, 

hydrolysed In *old (4.4.1fol 100°C, 18 hr) and placed en 

the autoannlyesr. The radioactivities in further portions 

were measured, 

Ifethyl7p.E..glucocaMinide (20)4.molee)(m.p. 127-128°4 

in 0.3m1 water was N-acetylated as doecribed above. The 

residue was taken up in 0.34.410011 (1m1), left at 4-4°C for 

2 hr and neutralised with 4gRoacetic acid. The solution 

was placed on a column of Dolma 50-X8 (200-400 mesh; 14+  

form; 10 x 2cm) and eluted with 50m1 water. The effluent 

r e evaporated to' dryness on the rotary evaporator at 

40°0 and dried further in a desiccator over conc. I SO4 
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and solid 'aOF at room temperature overnight. The 

residue was placed on a rowex 1-X2 (200-400; 0174" form; 

12 x 2cm) and eluted with 50m1 water. The effluent was 

Freese-dried and the residue taken up in 10m1 water. 

A portion (109m1) was withdrawn and the L-glucosamine 

content determined on an acid hydrolysate. Further 

portions (50)41) were withdrawn and the radioactivity 

measured. The radioactivity per,,umole of D-glucosamine 

was calculated and this value was used to calculate the 

number of V-acetyl groups introduced by E-acetylation 

of glycopeptide material that had been subject to alkaline 

reduction. 

Infraryl spectrescpult. 

'aterial containing hexose (720j1g mennose) that had 

been separated by gel chromatography of glycopeptide 11 

previously treated with either 2;-1 a01, 1;;-Nall114  for 10 hr 

or 0.2ie.Na01i, 1i417N 4 for 11 hr., was added to about lml 

water containing 1(0mg KEr. The solution was freese-

dried, and left in an evacuated desiccator over cone. U2ST4  

for 24 hr. EEr discs were made in a. press and the infrared 

spectra recorded. Infrared spectra of YPr discs of 

unreacted glycopeptide 11 and methyl 131-glucosaminide 

were also obtained at concentrations of lmg per 1COmg YEr. 

Tests for unowturiltion. 

To about 200)1 of material containing hexoee 

of mannosOobtained from gel chromatography of glycopeptide 

II which had been treated with either 2;-Nn011. 1i;-0,40r4  
at 16000 for 10 hr or 0.2;m-11aM, 1i a/T4  at 100°C for 
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11 hr, was added solid sodium bicarbonate to saturation, 

followed by a drop of cold 1% aqueous potassium permanganate. 

A drop of water saturated with bromine was added to each 

of the samples which had been derived in the same way, 

Raper chromatography of #cid hydrolysfttes of hen ovalbumin 
glYcoDePtide_af:ter alkaline borohydride treatment and  
re-N-acetylation. 

Samples of glycopeptide (5m moles mannose) which had 

been reduced under alkaline conditions were hydrolysed 

either in 2*-11C1 or in 41H101 (3m1) at 100°C for 3 hr in 
a sealed, evacuated tube. 

The hydrolysates were placed on columns of Dowex 1-X2 

(200-400 mesh; acetate form; 8'x 2cm), which were eluted 

with 100m1 water, and the eluted fractions were freeze- 

dried. The residues were taken up in 2094 water and portions 
of 16?1 and 61 from both samples were examined by paper 

chromatography, together with standards of R-mannose 

(50jg) and Ew-glucosaminitol (59mg or 2;4g). The paper 

(Whatmana, 3140 46 x 57cm) was serrated at the bottom edge 

and developed for 12 hr with ethyl acetate : pyridine t 

water (120 3 50 : 40, by vol; Smith, 1969), using the 

descending technique. The vapour in the tank was presat- 

urated with that of the solvent. The spots were located 
with the periodate/2,4-pentane dione reagent and the 

results are shown in Plate 3.5. 

Partial acid hydrolysis of hen ovalbumin after alkaline  
borohydride treatmet4. 

Material used was obtained from hen ovalbumin 

glycopeptide II after treatment with 2Z-Na0H, 1Z-NaBH4 
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at 100°C for 10 hr, followed by collection of the peak 

containing hexose,produced by gel chromatography" as 

previously described. 

Small amounts (0.1fAmoles hexose) were hydrolysed 

separately in the presence of internal standard in 

211.-HC1 and also in 4g=lic1 at 100°C for 3 hr in sealed, 

evacuated tubes, The acid was removed over conc. H2SO4'and 

solid NaOH at ,  room temperature in vaquo7 and each residue 

was taken up in pH 2,2 citrate buffer, and placed on 

the Locarte autoanalyser. The ninhydrin4ositiVe 

components were estimated after elution with the buffer 

programme described in Table 3.2 with a slight modific- 

ation: The pH 3.15 buffer was continued for 140 min. 

A further sample containing about 14/LAmoles hexose 

was hydrolysed in 41--HCl at 1000C (5m1) for 3 hr. The 

solution was cooled and de-ionised on a Dowex 1-X2 resin 

as before from which it was eluted with 50m1 water. 

The effluent was freeze-dried. The residue was taken 

up in 100)41 water and a portion (8)4) subjected to paper 

electrophoresis at pH 2.0 for 30 min. The paper was 

dipped through the ninhydrin reagent (Chapter 6). 

Samples (84) were also chromatographed by descend- 

ing technique on a sheet of Whatmani Xitip (46 x 57cm) 

paper, which was serrated at the lower end. The 

chromatogram was developed with butanol : pyridine : water 

(6 ; 4 : 3, by vol) for 20 hr; the tank was pre-saturated 

with the vapour of this solvent. 

Preparative paper electrophoresis (pH 2, 30 min, 32V/cm) 

was performed (Chapter 6) on a 15)4 sample on prewashed 
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Whatmanr,  3VM e  spread on a line of about 6cm at the 

starting point. A small sample spotted separately, was 

developed with the ninhydrin reagent and corresponding 

bandi'were'cut out and eluted with water. The'eluates 

(.-)2m1) were freeze-dried and the residues were'taken up 

in,256M1, volumes of water. Portions .(109)41) of , each 

were acetylated. by the method of Etzler 	 

together with Ri-norleucine as internal standard, 

hydrolysed' with 4j-HC1 at 160°C for 18 hr, and 'auto-

analysed with the buffer programme described above. 

Alkaline reduction of NyN'-diacetyl chitobiCse. 

N,NI-Diacetyl-chitobiose(7.6mg), together with .  

Di-norleucirie standard, was, added to 211-Nap, lg-NaBH4  

at 100°C (3m1) and heated at 100°C with the addition of 

further quantities (0.6m1) of 21,41a0H, 1D-NaBH4  every 

hour for 3 hr. Samples were removed after 20 min and 

After 3 hr, acidified with 414101 (2m1) and were hydrolysed 

at 100°C for 18 hr in sealed, evacuated tubes. The 

hydrolysates were dried in vacuo over H2SO4  and solid 

NaOH at room temperature and analysed on the Locarte auto-

analyser with the buffer programme described above. The 

yields of, R.-glucosamine, Ei-gluposaminitol and 2-matnos-

aminitol were calculated, and the area relative to that 

of the artorleucine standard of a peak that eluted after 

340. min, was recorded._ 

N,114-Diacetyl-chitobiose (48mg) was heated with 

22,-Na0H, 	4 (5m1) at 100°C for 10 hr, with the 

addition of further quantities (1m1) of 2gr-Na0H, 34-NaBH4 
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every hour, At the end of the reaction, the mixture was 

cooled, brought to about pH 5, centrifuged, and evaporated 

to dryness on the rotary evaporator at about 40°C, 

followed by re-evaporation five times with anhydrous 

methanol. The residue-was taken up in lml 0.111 ammonium 

acetate and placed on a column of Sephadex G-10 equil-

ibrated with 0.1i-ammonium acetate at +400. Fractions 

of 4.9m1 were collected, and each was assayed by developing 

10E1 volumes with the periodate/2,4-pentane dione reagent 

on Whatmann No. 1 paper, The conductivity of each,  

fraction was al-so measured. Fractions 10-14 all produced 

fluorescent spots after treatment with the indicator, 

with a peak at fraction 12, and contained no salt. These 

fractions were collected and freeze-dried several times 

after further additions of water, in order to volatilise 

the ammonium acetate. The yield of product was 44mg; It 

was taken up in 4m1 distilled water. 

Duplicate 20,1 samples were subjected to electro-

phoresis (pH 2.0, 30 min, 32V/cm) on paper (see Chapter 6) 

for 30 min. Strips containing each sample were dipped 

through the ninhydrin or the periodate/2,4-pentane dione 

reagents. 

Samples (20p1) were also examined by paper chromat-

ography in butano1-7 pyridine-i-water (6 : 4 t 3, by vol) 

as previously described. 

Preparative descending paper chromatography was 

performed on pre-washed Whatmani 3j paper (46 x 57cm): 

developed with n-butanol-=. pyridine-01E-H01 (5 : 3 : 2, 

by vol; ::asamune 	Yosizawa, 1956). 
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A sample (2004) was placed on a line about 40cm 

long, and development was continued for about 15 hr. 

n-Eutanol and pyridine were distilled before use, and 

theO.L-HQl was prepared from double-distilled constant-

boiling H01, diluted with de-ionised water. A strip 

(700 was cut off one side of the chromatogram and 

dipped through the ninhydrin reagent. Strips, corresp-

onding to the bands that stained, were cut from the rest 

of the chromatogram and eluted with de-ionised water. 

The eluate was collected (r-J25m1), freeze-dried and 

taken up in 5m1 water. Samples (200p1) were each added 

to an aqueous solution of DL-norleucine (50A1), and 

N-acetylated by the method of Etsler et al., (1970). 

The residues were each taken up in 5001 de-ionised water 

and half was diluted with pH 2.2 citrate buffer and 

eluted from the Locarte autoanalyser with the programme 

of buffers described above. The remaining 2501 volumes 

were hydrolysed in v.Hci (3m1) for 18 hr at 100°0 in a 

sealed, evacuated tube. The hydrolysate was dried and 

autoanalysed as described previously. 

Formaldphyde productipp resulting frpm periodate oxidatign  
of the ;reduced pro4ucto pf g1ycovept1dp. 

The extent of formaldehyde production after various times 

of periodate oxidation was determined on various samples 

(Fig. 3.46). Portions containing about 0.5Amoles of mannose in 

0,5m1 water were placed in foil-covered test tubes cooled in 

an ice bath. Portions (0.5m1) containing sodium meta period-

ate (2.14mg/m1) in 0.47&esodium acetate buffer brought to pH 

4.2 with glacial acetic acid, previously cooled in the 
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ice bath, were added. The tubes were shaken end left in 

the dark at 00C in the ice bath for various periods of  
time up to 5 hr. txcess periodate was destroyed by 

addition of 250A1 potassium iodide solution (17mg ml) in 

water, followed by 250,A1 eodium thiosulphate (55mg/m1) 

in water. The tubes were shaken between each addition. 

The 0.02j-2,4-pentane dione reagent (1.5m1) described 

by :Rash (1953) was added and the absorbance at 415nm 

determined after 12 hr at room temperature. The quant-

ities of formaldehyde produced from standards (x.05-0.2 

jAmoles a-mannitol) were measured after. 5 br of periodate 

oxidation. A reagent blank was also determined. 

Otrof,:en determination. 

Analjeee for total nitrogen were performed on material 

separated by gel chromatography of glycopeptides I and /I 

previously treated with alkaline borohydride. The 

method is .described In Chapter 6'. 



CHAPTER 4. 

SYNTHESES AND PROPERTIES OF N-ACYLGINCOSYLAEINES. 

The studies described in this thesis required the 

preparation of a number of compounds. The physical 

properties of a number of the glycosylamines were des-

cribed by Isbell and his colleagues at the National 

Bureau of Standards in Washington, D.C., some 30 years 

ago. However, the bioch'emical importance of the 

N-acylglycosylamines was emphasized as a result of the 

realization that glycinamide,iribonucleotide was a 

naturally occurring intermediate in the biosynthesis of 

purines (Goldthwait, Peabody & Greenburg, 1954; Buchanan 

& Hartman, 1959). It was shown later that a structure 

of a similar type was present in a large number of 

glycoproteins (see Chapter 1). These latter studies led 

to a number of attempts to prepare GlcNAc-Asn, but all 

of the methods used led to disappointingly low yields. 

One of the purposes of the present work was to try to 

develop methods for preparing this substance in rather 

better yields. 

Problems in the syntheses of GleNAc-Asn. 

All the methods for preparing these compounds have 

involved the condensation of a 1-ester of an N-acyl-i-

aspartic acid derivative, most commonly the 1-benzyl 

ester of N-benzyloxycarbonyl-Traspartic acid, with an 

appropriately protected glycosylamine. The method 

developed in this work used this derivative of aspartic 

acid in the condensation reaction, but a novel method of 

obtaining this substance has been developed. The 

274. 
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Procedure was developed from that of Eusch, Hurlbert & 

Potter (1952) and some preliminary studies had been made 

by Dr. D.A. Lowther (see 7arks & Neuberger, 1961), but 

it was necessary to make a careful choice of solvent. 

Previous methods of separating esters of N-benzyl-

oxycarbonyl-Traspartic acid have relied on solvent 

extraction (Le ,uesne & Young, 1952), countercurrent 

distribution (.Marshall & Neuberger, 1964), chromatography 

on a silica gel column (Spinola & Jeanloz, 1970). 010 

dioy:clohexylammonium salt of 1-benzyl N-benzyloxycarbonyl-

L-aspartate was also used as a method of obtaining this 

particular ester (Cowley, Hough & Peach, 1971). The 

present studies show that about 5g of the 1-benzyl ester 

may be separated from the reaction mixture on a column 

of Dowex 1 (52 x 2.7cm) in 805 methanol (see page3102). 

Free N-benzyloxycarbonyl-i-aspartic acid which may be 

formed by a transesterification ('!arshall & Neuberger, 1964) 

was not eluted from the column under the conditions used. 

The order of elution of esters from the column was the 

1,4-dibenzyl followed by 1-bensyl and then the 4-benzyl 

esters (Fig. 4.1) as might be predicted from the pK 

values of the carboxyl groups. The 4-bensyl ester was 

eluted after replacement of the gradient of acetic acid 

in 80f/; methanol by a mixture of formic acid, water and 

methanol. A minor peak (B2) which was due to material 

absorbing at 258nm, eluted after the major peak due to 

the 1-benzyl ester (B1). This quantitatively smaller 

product was shown by thin-layer chromatography to be the 

1-benzyl ester also. This fractionation may have 
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Fig. 4.1. Chromatography of the benzyl esters of N-benzyloxycarbonyl- - 
L-aspartic acid on Dowex 1. 

Resin: Dowex 1-X2 (200-400 mesh; acetate form) 

suspended in methanol - water (80 : 20)v/v) 

Column measured 52 x 2.7cm. Flow rate = 18ml/hr. 

Esters were eluted at 250C by 11 of methanol-water (80 : 20 v/v) 

and 11 of methanolvacetic acid-water (80 : 18 : 2 by vol). 
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concentration. Fraction size = 10.2m1. 
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occurred because of its limited solubility in the eluting 

solvent employed, and it may have partly precipitated out 

on the resin at some time during the chromatographic 

process and separated from the major portion of the 1-bensyl 

ester. 

The general procedure for preparing GlcliAc-Asn is 

described in Fig. 4.2. There has been some discussion 

as to the optical rotation of 2-acetamido-3,4,6-tri-0-

acety1-2-deoxy-A-R-glucopyranosylazide (compound I) and 

values of 1 0.4.14D'F  as negative as -60°  (c 2 in CH013) have 
••• 

been reported (Dolton, Hough & Khan, 1966). The possibility 

that some of thecC-anomeric form was produced (Marshall & 

Neuberger, 1964) was raised, but proof was not given. 

The substance prepared pp20 m 44.6°  (c 2 in CH013)1 was 

found to exhibit only one spot on thin-layer chromat-

ography in those solvents frequently used for separating 

anomeric mixtures of acetylated sugars (Lewis & Smith, 

1969). Fractional crystallisation of the crude material 

did not lead to recovery of an aside with a positive 

rotation. In addition, chromatography on Dowex 1 (OH- 

form) of GleNAc-N3 produced only one peak of fractions 

containing material that rotated polarized light, and from 
it a compound was isolated that had the same specific 

rotation as that of the material placed on the column. 

Chromatography on Dowex 1 (OW' form) has not been used 

previously for purifying sugar azides, but it has been 

used for separating anomeric glycosides (Austin, Hardy, 

& Baddiley, 1963; Neuberger & Wilson, 1971). 

It is probable that the rogD20  value for. compound I is 
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about -450  (c 2 in CHC13), but the reasons for reports 
of lower rotation are not clear. 

In many of the earlier studies 2-acetamido 3,4,6-

tri-0-acety1-2-deoxy-F-2-glucopyranosylamine (compound II; 

Fig. 4.2), formed by reduction of the aside, was condensed 

with the aspartic acid derivative. It was found that 
better yields of the final product were obtained if the 
aside (compound I) were first 0-deacetylated in alkali. 

These findings were confirmed (Kiyosumi et al., 1970) 

after this aspect of the work had been completed. An 

overall yield of 555 of G1cNAc-Asn was obtained from the 

protected L-aspartic acid derivative.f by coupling with 

the de-O-acetylated glycosylamine (G1oNAc-NH2) in aqueous 

pyridine. Previous yields of 395 were reported when the 

0-acetylated glycosylamine (compound II) was used in the 

coupling step (Marks, Marshall & Neuberger, 1963). The 

two synthetic pathways are compared in Fig. 4.2. 

It was also found that the related derivative of 

P-D-glucose, Glc-Asn, could be prepared in a similar way 

from P-2-glucosylamine, 

There were considerable difficulties encountered in 

the earlier attempts to reduce, with Adams' catalyst, 

both compound I and G1oNAc-N3. These resulted from flush-

ing the apparatus before use with "white-spot" nitrogen, 

a procedure which led to a rapid inactivation of the 

catalyst. 

Dimerisation of the glycosylamine during the hydro-

genation step or during isolation of the product has been 

noted previously (Bolton, Hough & Khan, 1966), and the 

pp. and o(/3 isomers of di-(2-acetamido-3,4,6-tri-0-acetyl- 
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-glucopyranosyl)-imine have been isolated after hydro-

genation of compound I and concentration of the glycosyl-

amine at temperatures above 40°C. The amounts and 

physical properties of the 0-deacetylated and 0-acetylated 

glycosylamines obtained by the procedures used here and 

previously (Kiyozumi et al., 1970; Marshall & Neuberger, 

1964), showed that good yield of the monomer could be 

obtained by performing the hydrogenations in methanol and 

ethyl acetate respectively, followed by removal of the 

solvent in vacuo at temperatures below 25°C. Bolton, 

Fough & Khan (1966) claimed that the dimerised form of 

compound II crystallised out of solution when the hydro-

genation was performed in ethyl acetate, as used by 

:!arshall & Neuberger (1964), but it was shown from the 

results of the present studies that identical products 

in 70% yield were obtained when either ethyl acetate or 

ethanol was used as solvent. 

Single spots were located after thin-layer chromat-

ography of GlcNAc-N12  and compound II (Plate 4.1). The 

Q-deacetylated glycosylamine had 'the same mobility on 

thin-layer silica plates as E-glucosamine, but the brown 

colour developed much less rapidly than it did with 

E-glucosamine after spraying with alkaline silver nitrate. 

When cellulose plates were sprayed with the same reagent, 

the spots were faintly visible on a brown background. 

Hydrogenation of G1oNAc-N3  was also performed in glacial 

acetic acid in order to increase the activity of the 

catalyst (Keenan, Gieseman & Smith, 1954), but the specific 

rotation of the product was more positive than that dee- 
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Table 4.1. The,physical constants of GUNAc.Asn as reported in the 
literature  

_ 1.... State of 	la4 4V 1 	Specific rotation in water 
hydration 	(docom.) 	Lcao  temp.(4C) 

Anhydrous 

Monohydrate 

Sesquihydrete 
Trihydrate 

Ref. 
1. Klyosumi et al (1969). 
2. Yamamoto, Miyashita ic<Taukamoto (1965). 
3. Tmukamoto, Yamamoto JEMiyashlta (1964). 
4. Yamaahina, Makino, Ban-I & Koji's& (1965). 
5. Plummer, Tarentino & Maley (1968). 
'6. 	Marshall & Neuberger (1964). 
7. Michael, Tanaka & Romer (1964). 
8. Bolton, Hough & Khan (1966). 
9. Yoshisura, Hashimoto & Ando (1967). 
10. Present studies. 

(a) The stet* of hydration was not recorded, but the infrared spectrum 
of the compound was that of the anhydrous form. 

(b) A further melting point at 252°C was also found. 

250 +24.9 22 1.0 
264'466 +23.6 24 1.0 2 
255-258 +23.6 24 -1.5 3 
257-260 +22.4 30 6.7 
254-257(4)  +27 50 4.89 5 
259261 +26.0 26 0.84 10 
222-223 +18.6 21 1.0 6 

( 220 b)  +21A 1.0 7 
219-221 +24 24 1.0 8 
230.440 +20.6 23 1.5 
215-222 +23.2 24 1.5 2 
211-213 +24.6 26 1.7 10 
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cribed above, and by thin-layer chromatography the presence 

of three compounds was shown, one with the same mobility as 

GleNAc. 

Compound III was also prepared for n.m.r. studies. 
Purification of the product from the reaction mixture was 

difficult when the coupling reagent dicylohexylcarbodiimide 

was used. Therefore, the related water-soluble reagent 

1-cyclohexy1-3-(2-morpholinyl-(4)-ethiI)-carbodiimide was 

used, and the product was washed with dilute aqueous HC1 

before crystallisation. 

Properties of GloNAc-Asn and related compounds. 

A variety of melting points has been recorded for this 

compound (Table 4.1). It was confirmed in the present 

studies that a form with a higher melting point readily 

crystallised from aqueous ethanol at 60°C, while a product 

with a lower melting point crystallised out at +4°C. These 

findings agree with those of Yamamoto, Miyashita Tsukamoto 

(1965). In a series of experiments in which crystallisation 

was performed at different temperatures, the transition 

point between the two forms was found to lie between 10°c 

and 24°C. But the situation is not clear-cut because on 

one occasion the form with a higher melting point crystal-

lised out at 4°C, possibly due to the presence of seed 

crystals. 

Examination of the low and high melting forms under 

the microscope showed that they had different crystalline 

forms (Plate 4.2). The low melting form had chisel shaped 

ends, the flat edges of which were orthogonal, and large 

crystals '(approx. lmm diameter) could be grown. The high 
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Table 4.2. 	Elemental analyses of samples of GleNAc-Aan ( GleNAc-Aen (trib 	e)that had been 
dried at different temperatures. 

Formulae Temp. of - Found Caic. 
drying (GC) C H N C H N 

1. C12H2108N  37.20 6.76 10.73 37.01 6.96 10.79 

2. c1e21/38N3* 245H2©  64 37.48 6.68 10.52 37.50 6.93 10.92 

3. calves. IHe 100 40.36 6.3o 12.8 40.79 6.56 11.89 

4. c anoe3. o.Thao 13o 41.34 6.19 11.73 44.42 6.49 12.08 

5. c1221  o8 	anhydrous form) 64 42.89 6.21 12.32 42.98 6.31 12.53 

1-4 	Recryatallised at 4°C. 
5 	Recrystallised at 60°C. 
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melting form was obtained as small needles, and attempts 

to grow large crystals have not yet been successful. 

After drying at room temperature, the lower 

melting form showed an elemental analysis corresponding 

to a trihydrate, while the high melting form appeared to 

be anhydrous. After drying the trihydrate for 48 hr 

at 100°0 in vacuo, a loss of 	in weight was recorded. 

This loss is equivalent to the loss of two molecules of 

water of crystallisation; this finding contrasts wItli 

that reported by Tsukamoto, Yamamoto & Miyashi.ta (1964) 
who reported no change in weight on heating at temp-

eratures up to 140°0 in vacuo over P205. 

The elemental analyses, obtained after drying at 

this temperature, corresponded approximately with a mono-

hydrate. The third molecule of water was not completely 

removed by drying at 13000 for 24 hr in vacuo, a process 

which resulted in discolouration of the crystals. 

Elemental analyses are reported in Table 4.2. It was 

reported by Bolton, Hough & Khan (1966) that the mono-

hydrate lost its water of crystallisation when dried at 

10000. 

Determination of the molecular weights of GlcNAc-Asn 

3h20 by X-ray crystallographic methods (Table 3.3) con-

firmed, among other things, that the low melting point 

form was the trihydrate. Furthermore, in the course of 

the determination of the three dimensional structure, three 

molecules of water per molecule of G1cNAc-Asn were located. 

Determination, by the same method, of the molecular weight 

of the corresponding compound in which P-E-glucosylamine 

is linked to L-aspartic acid confirmed that the compound 
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Table 4.).  Molecular weight determination 
diffraction methods. 

(Performed by Dr. L. Delbaere, 
Crystallography, Oxford). 

of GlcNAc-Asn 311 0 by X-ray 

Department of Chemical 

Space group r.L2i  (2 molecules per unit cell). 

Unit cell dimensions: 	a = 4.96 

.70 Rba  
c = 24.17 R 

Monoclinic angle 	= 97°42 
Volume of unit cell 

	
V =axbxcxsin Z. 

= 903.7 x 1024m3  

Density d 
	

d = 1.4250g/cm3  

Avogadro's number 	M = 6.02225 x 1023no e 

d = 2 x Mol. wt. 

V x N 

Kol. wt. 

Calculated for C12112108N5. 31120; vol. wt. 
. 387.8 

= 389.3 

Table 4.4. Molecular wei h determination of Glc-Asn b 	X -ra 
diffraction methods. 

Space group P2 (2 molecules per unit cell). 

Unit cell dimensions: 

Monoclinic angle 

Dcnsity 

Mol. wt. 

Calculated forC10U188'ON2.1120;  vol. wt.  

a = 4.94 R 
b = 8.08 R 
= 16.68 R 
()el°.  

d = 1.5737g/cm 

= 313.7 
= 312.2 
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is the monohydrate (Table 4.4). Crystallisation of 

Glc-isn at high temperatures (6000) did not produce a 

crystalline form with the properties described by 

Coutsogeorgopoulos & Zervas (1961) for an anhydrous form. 

The infrared spectra of the two forms of GloRAe-Asn 

differed considerably (Fig. 4.3a) and agreed with those 

published elsewhere (see !firshall & Neuberger, 1972). 

The most notable differences were in the amino-acid , I 

and amide I band regions (1606-1700cm-1) and at 131,(̀ P'1-4  
(see Table 4.5). The spectra given by the Azlhydrated 

material after extensive drying (either at 1000C for 

2 days in vacuo or under these same conditions followed 

by drying at 14000 for 18 hr) was not greatly changed 

(Fig. 4.4). It is still very markedly 'different from 

that of the anhydrous form. 

The spectra of i-asparagine monohydrate and of the 

anhydrous form, also differ quite extensively (Fig. 4.3b). 

The latter was obtained after drying the monohydrate at 

12000 (Pelouze, 1833). The anhydrous form was the only 

derivative examined in the present studies that possessed 

an absorption frequency at 2100cM 4, characteristic of .  

many amino acids (Greenstein & Winitzl  1961). 

Possible assignments of a number of the absorption 

frequencies observed it the spectra of these, and 

number of related compounds. are given in Table 4.5. It 

might appear that differences between the hydrated and 

anhydrous forms are due to differences in hydrogen-bonding 

or some conformational changes affecting the amino-acid 

group. An intense absorption peak at 1305cm-1  that is 
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Table 44.  Infrared frequencies (above 13000a-1) exhibited by GlcNAc 	GlcNAc.utsn (anh.),and related 

poomoom4A1in Mr discs  

Pre* 	Walonded 	-NH 	' Amino •In........M.P Amine Amino Amide I ode II Amide III :A .....----- .m.M.M1 
N-H 	041 or 	dela acid I acid II acid III -CO atr. -NH defin C-N str. 	Won 

N-H C007 'tr. 1641 der'n .41, 	str. 

GleNAc-Aan. 

3112D 	 3380 a 1625 it 1500'w 1395 • 1863 • 1558 • 3364 w 

1650 * 1550 Oh 1350 w 

Glakc.Asn, 
ash. 	3350 • 1618 w 1512 w 1395 w 1657 s 2555 * 1305 a 

Glc.kan. 
12 	

3430 s 16151a. 1513 w 2396 w 1660 a 1564. 131©a 1375 w 

3350 so 1356 

GlaAc.NHAc. 	3466 a 	3350 • 1672 a MO x 1320 a 
1660 soh 1540 *11 

Gic-NUAc. 	3500 a 	3320 s 1665 a 1575 at 1320 a 

3170 * 
G2cNAc. 	3480 s 	3340 1636 a 1552 a 1300 ■ 

L.Aan H2O. 	3420 s 	3130 a 1645 a 1540 a 14142a p1682 r p1638 sh 1442 a 1372 s 
1322 ■ 

L-Aan. anh. 	3380 s 	3080 2100 w 1618 a 1510 a 1406 x p1680 p1645 1432 w 1362 a 
1342 a 

2-Amino butyric 
acid Woo data of /Coeval 2110 w 1580 • 1,510 • 1405 • 1350 a 

et al (1955) ) 1322 a 
a - Strong intensity bands. a - medium intensity bends. w - weak intensity bands. oh- shoulders. 
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Table 4.6. 	olar. optical rotations of GIcN&c-Asn in water at various wavelengths and temperatures. 

positives molar rotations (degrees) at various temperatures (t) 

nm 18°C 26°C 211 41°C lea 61°C 24n, 79°C 

589 92.9 91.0 88.4 87.0 83.9 78.5 75.7 72.4 69.6 
578 98.5 95.2 92.9 92.2 87.0 83.0 79.5 75.2 73.1 
546 114 111 107 106 101 96.2 '92.2 87.5 84.4 
436 216 209 203 200 192 183 173 167 161 

365 391 378 368 362 349 334 320 305 282 

Change of specific rotation with temperatures- dtuji)  w .0.1( Pe' 
dt 



found in GleNAc-Asn in its high melting crystalline form 

only (i.e., in the anhydrous form), is also possessed by 

Glc-Asn H 0. 

It is interesting that the amide T band exhibited by 

N-acetyl4-2-glucopyranosylamine absorbs at higher wave-

lengths (1665cm-1) than that of N-acetyl-2-glucosamine 
(1636cm-1). This may reflect the electron-withdrawing 

properties of the ring oxygen adjacent to the Cl-amide 

group in the former compound. 

There is variation in the values of ND  which have 

been reported for G1cNAc-Asn, but these were measured at 

various temperatures (Table 4.1). The optical rotation 

of the compound decreases as the temperature is increased 

(Table 4.6) in a similar manner to that observed for 

L-asparagine (Clough, 1915). 

On paper, or on thin-layer plates, both CloYAc-Asn 

and Clc-Asn stain brown after treatment with ninhydrin in 

acetone containing 2% pyridine, followed by heating at 

80-1000 (Plate 4.3). This brown colour has been observed 

previously ( ,larks, Marshall & Neuberger, 1963; Yamamoto, 

Uyashita & Tsukamoto, 1965) and is also given by glyco-

peptides that contain the glycosylated i-asparagine residue 

in an N-terminal position (see for example, Fletcher, :larks, 

& Neuberger, 1963; Pollitt & Pretty, 1972 and 

also page 99  ), 

The molar colour yields of G1eNAc-Aen on the auto-

analysers were found to be lower than those of most other 

amino acids and depended on the autoanalysis system used, 

The molar colour yield of 0.21 reported previously for 
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Plate 4.3. Thin layer chromatogra0xf  '711eNAc-Asn. 

Cellulose plates were developed with phenol-water (4 : 1 w/v). 

Compounds were located by spraying with acetone oontaining 

ninhydrin (i4 and pyridine (2% v/v), followed by heating at 80°C 

solvent 
front 

 

3 s CilcNAc-113n (804g) 

2 & 4 . aspartic acid (20440) 

starting 
point — 

 

Plate 4.4.  rmpor electrophoresis of GleNAc-Haas. 
Electrophoresis was performed at pH 1.85 and 32V/cm for 1 hr. 

Compounds were located with the ninhydrin reagent described above. 

start ing 
point 

    

1 e Aepartic acid (25)4) 

2 = GleNAc-Asn (109J) 
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the Technicon system G"arshall, 1969) agreed with that 

measured in the present studies. On the Locarte analyser 

a relative value of 0.41 was found (see Experimental 

section). A colour yield of 0,74 with respect to 

aspartic acid has been reported for glycopeptides from 

ribonuclease B containing L-aspartic acid as the only 

amino acid (Plummer, Tarentino & Maley, 1968), but the 

analyser system used was not stated. 

Nuclear magnetic resonance of a derivative of Glenc-Asn 
and of related compounds. 

The n.m.r. spectrum of compound i (see Fig. 4.2) 

in saturated solution in-dcfmrterchloroform is shown (Fig. 

4.5). The chemical shifts were measured with respect to 

the resonance of tetra-methyl silane o included as an 

internal standard. The spectrum is similar to that des- 

cribed by Kiyo,,sami et 1.,'(1970). 

The three single peaks in the region ofS 2.0 p.p.m. 

may be assigned to the methyl protons of acetoxy groups. 

The peak at 0..98 may be assigned to the N-acetoxy group 

as this group is known to resonate in the region 41.90 p.p.m.- 

S1.96 p.p.m. (Richardson & folJauchlan, 1962). The two 

other peaks found near 2.0 p.p.m, may be assigned to 

a combination of either two equatorial 0-acetoxy groups 

(51.98 p.p.m.) and one primary 0-acetoxy group (62,G4 p.p.m.) 

or to one equatorial 0-acetoxy group, one primary 0-acetoxy 

group 	p.p.m.) and one axial 0-acetoxy group 

((0.04 p.p.m.), because it is known that all axial acetoxy 

groups resonate at lower fields-than equatorial groups, 

and that primary equatorial groups are often at higher 
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fields than secondary groups (Lemieux, TUllnigi  Bernstein 

& Schneider, 1958). 

As the splitting of all the resolved ring protons 

are of the order of 8-9 c.p.s., the arrangement of any 
pair of vicinal ring protons must be trans-diaxial. Ring 

protons in a gauche arrangetent would couple by about 
2.5-3 c:p„s. (Richardson & cLauchlan, 1962; Hall, Lough, 

Pachier, 1962). The 0-acetoxy groups must, 

therefore, be equatorial, and the primary 0-acetoxy 
group resonates at lower field than the secondary groups 

in this case. 

The peaks in the region of S3.8 p.p.m., 64.1 p.p.m., 

(c4.7-5.2 p.p.m: and at S6.4 p.p.m. have been assigned 

previously by Kiyozumi et al., (1970) by reference to 

spectra of related compounds. The assignments are shown 

in Fig. 4.5. The chemical shifts and coupling constants 
differ only marginally from those measured previously. 

The E1-doublet (S4.87 p.p.m.) resonates at much 
lower field than does the H1-doublet (6 4.43) of methyl-
2 13,4,6-tetra-0-acetyl-p-E-glucopyranose (Igarashi 

Honfti, , 1967), This is due presumably to a lesser 
shielding of the proton at 01  induced by the azide group. 

The n.m.r. spectrum of compound I is, therefore, 

consistent with a structure in which all the acetoxy 
groups are equatorial, and the anomeric centre has a 
ig-configuration. 

The spectrum of compound II(see Fig. 4.2) is similar 

to that of compound I in the region of & 2.0 p.p.m. and 

4.1 p.p.m. (Fig. 4.5). An PE doublet appears at 
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S5.91 p.p.m., but other peaks are not well resolved. 

The n.m.r. spectrum of compound III (see Rig. 4.2) 

in solution in CDC1
3 does not show completely resolved 

ring proton resonances, even after application of com- 

puter averaging techniques (Pig. 4.5). This compound 

was also studied in solution in Dr.SO-d6  at 100 ills by 

Kiyozumi.et al., (1970). The Y-acetoxy group gives a 

peak at higher field (6 1.80 p.p.m.) than do the N-acetoxy 
groups of the two previous compounds studied; the 

corresponding peak in the spectrum reported by Iiyozurni 

et al., (1970) was at (C1.68 p.p.m. The peak at S2.0 
which is three times as large as the peak at .81.80 p.p.m., 

may be assigned to the three 0-acetoxy groups, which 

resonate at equivalent field strengths in the spectrum 

of compound III. The two equally intense peaks at 

S 	p.p.m. may be assigned to the methylene protons of 

the henzyl and benzyloxycarbonyl groups (:_'arkley, ;'endows 
Jardetzky, 19,57), and those at S7.03 and S 7.1 p.p.m. 

to the aromatic protons. Other regions of resonance are 

observed at S • . 7  p.p.m., 3.8 p.p.m., 4•05 p.p.m. and 

A4.8 p.p.m. after computer averaging. The resonance at 
g 2.7 p.p.m. may be assigned to the cp protons of the 

I-asparagine residue (Roberts & Jardetzky, 1970). The 

other regions of resonance,are at the same field strengths 

as those observed for the'ring protons of the compound I. 

Preparation of N-acetyl-glycosylamines. 

An improved yield of the a2-galactopyranosyl-ammonia 

complex was obtained by treating D-galactose with ammonia 
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Table 4.7. 	Physical constants of glycosylamines 

Specific rotation (in H20 Melting point CIO 
Pound  Lit* Found 

c " ailo  
Lit. 

kap  t.m.• P. 
p-e-glucopyranosylamino 1310-133 125-127 +20.7 24 1.4 +20.8 20 2 

(decamp 
pi*mannopyranosylamino 95-97 93-94 -11.3 25 1.2 .41.6 20 2 

Alrgalactopyranosylamine 133-136 134-136 +63.8 22 2.3 +62.2 20 2 
(decamp.) 

al-galactopyranosylamine.. 
ammonia complex 

amkarabinopyranosylamine 

108-11© 

124-126 

107.109 

124-125 

+134 

+83.3 

22 

24 

2.0 

2.8 

+138 

+86.3 

20 

20 

2 

2 

pl.zylopyranassylanine 129-131 128-129 -18.1 20 1.0 .19.6 20 2 
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Table 4.8. Physical 
	

is of peracetylated glycosylaminas 

Melting Point (C) Specific Rotation (inCHC1I) 

C  C 

Elemental Anal7ais 

N 

Found 
 

Lit. Found 
N 	C 

Caic. 

NiAcety1.213,4,6-tetrame- 

t., *alp  H H 

acety1-0-2-glucopyranagyl-162.464 
amine 

163-164 +18.4 24 2.0 +17.4 20 99 3.71 49.35 5.95  3.60 

N.Acaty1-2.3.416-tetra.0•. 
46tyl.p.Dsmannopyranosy 	189-191 
amine 

188-189 -17.6 25 0.8 -46.5 20 2 49.46 5.96 3.59 49.35 5.95 3.60 

A.Acitty1-21314.6-tetrele. 	164-166 
acetY1-0-2-galactopyrano-Phase change 
sylamine 	at 130°C 

acetyl-a-12-galactopyrano-173-174 
sylamine 
frAcetyl-2,3,4Ttris.27acetyl.. 
alrarabinopyranosylamine 	179-180 

173-274 

172-173 

177-178 

+36.8 

+122 

+89.8 

24 

24 

26 

0.7 

2.2 

1.6 

+34.7 

+117.4 

+89.6 

20 

20 

20 

2 

2 

2 

49.56 

49.53 

49.38 

6.00 

6.04 

6.10 

3.52 

3.76 

4.32 

49.35 

49.35 

49.21 

5.95 

5.95 

6.05 

3.60 

3.60 

4.42 

Iptcety1-2,314-tri.90acetyl- 
plrxylopyranosylamine 	171-173 172-173 +28.7 25 1.6 +28.5 20 2 49.27 5.94 4.55 49.21 6.03 4.42 

(a) 
	

t turn values are those reported by !Shell and Frush (1958). 
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255 
decamp. 

sylemine 
ri.Acety14-12-mylopyntnoo,  
sylamine 

Melting points (°c) Specific Rotation tin eater) 

t.a  Found 	Lit. 	Found 

24 6.86 6.36 45.45 6.84 6.35 

25 1.0 .47.4 2 4042 7425 6.0640 6 7.16 5.86 

24 0.4, .4 9.8 *3 3 43.59 7.03 6.50 43.45 CA 6.53 

24 1.6 *194.9 20 2 43.63 6.96 6.65 45.45 6.84 6.33 

0.7 .69.7 30 4 44.09 6495 7.42 43.97 6.85 7.33 

24 1.2 . 067 2 45409 6.69 7.58 43.97 6.85 7.55 

a 	Literature values are those re 	bi 
b 	All amples were dried at 64°C 	for this derivative of Ereannose which was dried at room 

temperature 

255 	* 8.6 

1194-180 .194 

222-.224 *Chi I 

215414 .0.8 

160 .25.5 
(40comme) 

205E404 .47.6 

emental Iambs** 
Found 
	

Cale. 
C 	RUC 
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at 0°C, rather than at room temperature as described by 

Finish & Isbell (1951). 

Neither the method described by the above authors, 

nor that described by Sgenchez & Del Pino (1965) for the 

preparation of p-i-galactosylamine was, found to yield 

crystalline material with the specific rotations quoted 

by these workers. The procedure described in the 

Experimental section was satisfactory. The. physical 

constants described in Tables 4.7-4.9 agreed with those 

reported previously (Isbell & Frush,' 1958). 

EXPERIMENTAL.  

L-Aspartic acid, 2-glucosamine hydrochloride, E-glucose, 

D-galactose and L-arabinose were obtained from British 

Drug Houses; D-xylose was obtained from Koch-Light 

Laboratories. 

Jethanol and ethanol were refluxed over magnesium 

methoxide and ethoxide respectively, and redistilled. 

iso-Propanol was dried over calcium oxide, and redistilled. 

Acetic anhydride and pyridine were purified as described 

in Chapter 3. Benzylalcohol was redistilled under a 

pressure of about 7mmHg (b.p. 89-91°C). Formamide was 

left in the presence of anhydrous sodium sulphate, and 

redistilled under a pressure of about 7mmllg (b.p. 81-83°C). 

Ethyl acetate and light petroleum (b.p. 60-80°0 were 

dried over anhydrous sodium sulphate. 

Adams' catalyst (platinum oxide) was obtained from 

Johnson, '!atthey & Co., Ltd., Hatton Garden, London, and 

palladium black was prepared from palladium chloride by 



the method of Wieland (1912). 

Dowex 1-X2 (200-400 mesh; Cl-  form), Dowex 50-X8 

(40-80 mesh; e form) and Dowex 50-X4 (200-400 mesh; 

H+ form) were obtained from Sigma Chemical Co. Ltd. 

::welting points were determined on a Kofler hot-

stage apparatus by raising the temperature at a rate of 

20C per min. Elemental analyses were performed by 'rs. 

D. Lutterworth at the National Physical Laboratory, 

Teddington, Middlesex. Samples that were sent for ele-

mental analysis were dried at 6400 over solid phosphorus 

pentoxide in vacuo, unless stated otherwise. Optical 

rotations were measured on a Perkin-Elmer model 141 

polarimeter in a ldm path-length cell at the temperatures 

stated. Thin-layer chromatography was performed at room 

temperature by upwards elution on layers (0.25mm thick-

ness) of silica gel or cellulose. The atmosphere of the 

chromatography tank was pre-saturated with that of the 

solvent unless otherwise stated. Nuclear magnetic reson-

ance spectra were. obtained on a Varian A 60A at 60 1.11 at 

the Department of Physical Chemistry, Oxford, on compounds 

in solutions in CD013' 

The synthesis of 4-N-(2-acetamido-2-deoxy-/-3 -12-gluconY-
ranosyl)-i-asparaKine (GloNAc-Asn). 

The preparation and separation of 1-benzyl-N-benzyloxY-
carbonyl-D-aspartate ester. 

N-Benzyloxycarbony1-74-aspartic acid was prepared from 

L-aspartic acid (78g; 0.6 mole) by reaction with benzyl-

oxycarbonyl chloride in the presence of sodium bicarbonate 

by the general method for preparing benzyloxycarbonyl 

301. 
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derivatives described by Greenstein & winitz (1961). 

After crystallising from ethyl acetate and light petroleum, 

b.p. 60-80°C, N-benzyloxycarbonyl-i-aspartic acid (110g; 

0.4 mole) was obtained in 66/, yield, m.p. 114-116°C, 

Eoqi)20 + 10.9 (0 8.0 in acetic acid). Bergmann & Zervas 

(1932) report m.p. 116°C, ND"  + 9.6 (c 7.5 in acetic 
acid). 

-Lenzyloxycarbonyl-i-aspartic anhydride was prepared 

by the method of :liner, Behrens & du Vigneaud (1941) from 

E-benzyloxycarbonyl-b-aspartic acid (100g; 0.35 mole). 

The product was recrystallised from a mixture of warm ether 

and light petroleum (b.p. 60-80°C) to yield the anhydride 

(66g; 0.25 mole) in 70c/,  yield, m.p. 108-109°C, ND18 . 37,4o 

(c 4.0 in acetic acid). Le Quesne & Young (1952) report 

m.p. 109-111°C. 

N-Benzyloxycarbonyl-i-aspartic anhydride (log; 38 mmoles) 

was heated with freshly distilled benzyl alcohol (6m1; 

59 mmoles) at 100°C for 4 hr in a sealed flask. The con- 

tents of the flask were then placed under vacuum in a 

rotary evaporator at 70°C for 20 min, and the residual oil 

was diluted with 25m1 of methanol water (4 : 1 v/v). The 

solution was then placed on a column containing Dowex 1 

resin and eluted at room temperature by an increasing 

Dowex 1-X2 (200-400 mesh; 250g) was suspended in water 

in a glass column and washed with 2....Na0R until the eluate 

was free of chloride ions; followed by 2-acetic acid (1.5 1) 

for a further 24 hr. The resin was then removed, resuspended 

in methanol = water (1 v/v) and repacked into a column 

measuring 52 x Mom at room temperature. 
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concentration of acetic acid in a mixture of methanol and 

water delivered from two vessels arranged to give a linear 

increase in acetic acid concentration. The first vessel 

contained 1 1 of methanol - water (4 : 1 w/v) and the second 

contained 1 1 of methanol - acetic acid - water (80 : 18 : 2, 

by vol). The flow rate (18m1/hr) was controlled by a 

pump, and fractions (10.2m1) were collected on an LICE 

fraction collector. The absorbance at 258nm of a sample 

taken from each fraction and diluted 100-fold with methanol -

water (4 : 1 v/v), wagmelaWured.. After 151 fractions had 

been collected, elution was continued with methanol - formic 

acid - water (40 : 9 : 1, by vol) until a total number 

of 188 fractions had been collected. The elution profile 

is shown in Fig. 4.1. The fractions containing material 

that absorbed at 258nm were examined by thin-layer 

chromatography on silica gel F254, together with authentic 

compounds. The spots were located by examination under 

ultra-violet light. This procedure showed that peak A 

(Fractions 15-36; Fig. 4.1) contained benmyl alcohol 

(Rf  0.29 in chloroform) and a small amount of an unident-

ified, ultra-violet absorbing substance (Rf  0.18 in 

chloroform). The first part of peak A (Fractions 15-24) 

contained, in addition, the 1,4-dibensyl ester of N-bensyl-

oxycarbonyl-i-aspartic acid [Rf  0.64 in chloroform, and 

Rf  0.98 in chloroform - methanol (9 : 1 v/v)1. Peaks B1  

and B2 (Fractions 90-121) both contained 1-bensyl-N-

benzyloxycarbonyl-L-aspartate [Rf  0.66 in chloroform -

methanol (9 : 1 v/0.), while peak C (Fractions 175-188) 

contained 4-benzyl-N-bensyloxycarbonyl-i-aspartate 
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Ehl, 0.48 in chloroform-methanol (9 : 1 v/v)i. The values 

fore255 for the 1- and 4-monobenzyl esters were CT.  1 

mole-1cm-1, and the absorbance measurements at ;255nm 

showed that yields of 45',!,  (in peak B1) of the 1-benzyl 

ester and 16% of the 4...-benzyl ester had been eluted from 

the column. 

Left at room temperature for several days, Fractions 

15-23 produced needles which were filtered off, and 

recrystallised from ethyl acetate by the addition of 

light petroleum (b.p. 60-80°C) to give the dibenzyl ester 

(1.3g; 2.9 mmolee) in 8 ,f,  yield, m.p. 64-65°0, MD  22  - 2.1°  

(c 5 in acetic acid). Berger & Katchalski (1951) report 

m.p. 66.5°C, EogD25 - 2.50 (. 1 in acetic acid). 

,."ethanol was removed from Fractions 97-116 (Fig. 4.1) 

on the rotary evaporator, and the residual solution was 

acidified to pH 2 by the addition of conc. 1401. The oil 

that had separated was extracted into ethyl acetate 

(3 x 25m1) and the solution was dried over anhydrous 

sodium sulphate. Addition of light petroleum (b.p. 60-

80°C) yielded the 1-benzyl ester in the form of rect-

angular blades (5.4g; 14.5 mmoles) in 337 yield, m.p. 

83-85°0. MD23  - 10.6°  (c 4 in acetic acid) (Found: 

C, 63.93; H. 3.31; N, 4.12. Cale. for C19H1906I``: 

C, 63.86; H, 5.36; V, 3.92;,.r,). Bergmann, Zervas & Salzmann 

(1933) report m.p. 84-85°0, MD21  - 10.6°  (c 5.2 in 

acetic acid). 

Fractions 175-188 were treated in the same way to 

yield the 4-benzyl ester as needles (1.6g; 43 moles) 

in 115 yield, m.p. 107-109°C, t*ID25  + 11.6°  (c 7.4 in 
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acetic acid. Lerger Tatchalski (1951) report m.p. 

108°C, LA 25  ID  + 12.1°  (c 10 in acetic acid). 

The preparation of 2—acetamido-3.4),6—tri-0—acety1-2— 
deoxv c(1—glucopyranosyl chloride (M—ncetochloroglucosaminw). 

ii—Glucosamine hydrochloride (largelyo( ; 175g; 0.8 mole) 

was converted to g—ii—glucosamine according to the method 

of estphal 	iiolzmann (1942) to yield 130g (0.73 mole; 

90: yield), m.p. 129-131°C, although lower melting points 

have been recorded (see Gottschalk, 1966). 

Glucosamine (130g; 0.73 mole) was acetylated with 

Pyridine (677m1) and acetic anhydride (466m1), to yield 

the peracetylated derivative (130c; 0.33 mole) in 45-' 

yield. m.p. 186-187°0, Ece.620  + 2°  (c 1 in chloroform). 
,)n 

Ludson :c Dale (1916) report m.p. 187-189°C, ND-- 1.2° 
(c 1 in chloroform). Thec—chloro compound was prepared 
from 92g (0.24 mole) of the above compound by the method 

of Leaback ec Walker (1957). The product (55g; 0.15 mole), 

m.p. 125-127°C NT,20  + 119.4°  (c 3 in chloroform) wns 

obtained in 63 yield. Leaback & Walker (1957) report 

m.p. 133-134°C, E°( 	+ 118°  (c 1 in chloroform). 

Preparation of 2—acetamido-2—deoxy—k—Flucopyranosyl  
aside (G1cNAc—N3). 

oc—Acetochloroglucasamine (55g; 0.15 mole) reacted 

with sodium azide,in formamide as described by Yamamoto, 

:!iyashita & Tsukamoto (1965). Compound I (Pig. 4.2) was 

obtained in 449 yield (27g; 0.075 mole), m.p. 167-169°C, 

rovo - 44.6° (c 2 in chloroform) after crystallising 
from warm ethyl acetate by the addition of light petroleum 
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(b.p. 60-80°C) until the solution was turbid. •icheel & 

'a.ff (195) report m.p. 161°C, roc]i)  - 43°. Dolton, 

Hough & Khan (1966) report m.p. 166-168°C, 	JD  - 600 

(c 7 in chloroform). ;arshall & Neuberger (1964) report 

m.p. 167-168°C, 05423322 	550 (c 0.84 in chloroform, and 

also report the production of an azide having [>c:, + 26.60  

(c 2.4 in chloroform) from the mother liquors. The 

specific rotation reported here agrees with the value 

reported by Acheel & TUlff (1956). The azide was 

'examined by t.l.c. on silica gel F256. Only one spot 

(R 0,21) was found on a plate which had been developed 

with benzene-methanol (4 : 2. v/v), and only one'spot 
(Lf  0.71) on a plate which had been developed with 

chloroform-methanol (1 : 1 v/v). The plates were inspected 

both under the ultra-violet light and after treatment 

with iodine vapour. 

A. further quantity of the crude, acetylated azide 

(4g) was prepared fromX-acetochloroglucosamine (5g), 

and dissolved in warm ethyl acetate (30m1). Light 

petroleum (b.p. 60-80°C) (3m1) was added, and the solution 

left at 'room temperature overnight. Crystals (2.6g) 
1)  were filtered off, yielding the azide (2.6g), rk/ 24_ 45.1  

(c 2 in chloroform). Then light petroleum (b.p. 60-80°C) 

(10m1) was'added to the mother liquor, and further 

crystalline azide was filtered off after 24 hr to yield 
0.35e,  coces 42.50 (c 2 in chloroform). A further 

quantity of light petroleum (b4p. 60-80°C) was added to 
1  the mother liquors, and crystals (0.1g), EK D26 33.9, 

 

were again filtered off. Jo more crystalline material 

could be obtained from the mother liquors. 
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The acetylated aside (15g; 40 moles) was 0-deacety- 

lated in the presence of 700m1 of a 1% (w/v) solution of 

magnesium methoxide in methanol at 0oC by the method of 

Vthitaker, Tate & Bishop (1962). Magnesium ions were 

removed by shaking with 2 x 350m1 of Dowex 50-X8 (40-80 

mesh; H+  form). The crude material obtained by evapor- 

ating the solvent was recrystallised twice from iso- 

propanol at room temperature to give GlcUAc-113  (8g• , 32 mmoles) 

in 8l/: yield, m.p. 142-144°C (decomp), 2421)25  - 25.8°  

(c 1.0 in water), 6-272  36.2 (c.0.14 in H20). Kiyosumi 

et pl., (1970) report m.p. 143-145°C (decornp), cx3D16  -27.5° 

(c 2.8 in water). The recrystallised product (1.1g), in 

a small amount of water, was placed on a column of 

Dowex 1-X2 (200-400 mesh; OH."' form) which had the dimensions 

of 87 x 2.5mm, and was eluted with de-ionised water at a 

flow rate of 17m1/hr at room temperature (Austin, Hardy, 

Buchanan L Baddiley, 1963).. Fractions (7m1) were collected 

and assayed on the polarimeter. Only one peak, which 

possessed negative rotation, was eluted from the column. 

The material was at maximum concentration at an elution 

volume of 1014ml. Water was removed on the rotary 

evaporator and the residue of 0-deacetylated aside was 

crystallised from iso-propanol to yield 0.7g, HD26 - 25.7o 

(c 1.0 in water). 

The preparation of 2-acetamido-2-deoxy-A-2-glucopyranosyl-
amine (GlcliAc-NH2). 

The 0-deacetylated aside (1.7g; 7 moles) was 

hydrogenated in the presence of Adams' catalyst as des-

cribed by Kiyosumi et al., (1971) to yield CleNAc-11112  in 
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79i' yield (1.2g; 5.5 moles) which melted initially 
between 87_890, reset above 130°C, and re-melted with 
decomposition between 170°C and 180°C. The specific 
rotation was ND2° - 6.70  (c 1.7 in water) when 
measured immediately, and [OD20 - 0.7° (0 1.7 in water) 
after 3 days. The sample that was sent for analysis was 
dried at room temperature. (Found: C, 42.97; IT, 7.48; 
N, 10.84. Cale. for 0e1605N2  41, 20: 0, 42.75; P. 7.40; 
11, 12.471. Kiyozumi et al., (1971) report m.p. 146-
147°C (decamp.), mD16 5.30 (c 2.4 in water) after 
42 hr. The nitrogen analysis of the present preparation 

is low, and this may be due to the presence of small 
amounts of the diglycosylamine which could be produced 
during crystallisation, but no evidence of this was found 
by thin-layer chromatography. 

Small amounts (2/1, lta and 0.5)01) of a fresh 107' 

(w/v) aqueous solution of Glenc-EH2 , and also 1./ta of a 

10: solution of 2-glucosamine were examined by thin-layer 
chromatography, both on silica gel H and on cellulose 
plates by development with ethyl acetate-propan-1-ol-
water-0.88 ammonia (1 : 7 : 2 ; 0.1, by vol). The 
plates were inspected by spraying with alkaline silver 
nitrate (Trevelyan, Procter Harrison, 1950). One spot 

developed on silica (a 0.21; tr1ci 1.0), or on cellulose 

(11f  0.34;41ch 1•°)* 

The preparation of 4-N-(2-acetamido-2-deoxyl-D-gluco- 
pyranosyl)-L-asparagine (GleNAc-Aen). 

2-Acetamido-2-deoxy4-)2-glucopyranosylamine (C.66g; 

3 mole) was coupled to 1-benzyl-F-benzylaxycerbonyl.n. 
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aspartate (0.83g; 2.3 mmole) in 15.7m1 pyridine • water 

(4 : 1 v/v) with dicyclohexylcarbodiimide (0.61g) at 

room temperature for 12 hr. The reaction mixture was 

stirred magnetically. One drop of glacial acetic acid 

was then added and the mixture stirred for another 10 min. 

Insoluble material was filtered off, and the solvent was 

removed on a rotary evaporator at about 6000 to yield 

log of crude material. A small quantity was washed with 

water, followed by ethyl acetate, and recrystallised 

from warm ethanol, yielding 1-benzy1-2-E-benzyloxycarbony1- 

--(2 acetamido-2-deoxy-p-k-glucopyranosyl)-L-aspargine, 

m.p. 207-210°0 (decomp.), Cx3D36 	10.0 (c 0.5 in acetone--+- 

water; 80 : 20 v/v) (Found: 0, 57.52; II, 6.09; IT, 7.62. 

''27'`33010'`3 requires 0, 57.95; II, 5.94; R, 

The crude material (0.85g; 1.5 mmole) was hydrogenated 

in the presence of palladium black (prepared from about 

lg palladium chloride) in methanol (130m1) by passing 

hydrogen over the surface of the stirred solution for 2 hr. 

The solution was filtered with the aid of Fullers' Earth, 

and the filtrate evaporated on the rotary evaporator. 

The product was examined by ta.c. on cellulose plates 

(0.25mm), by developing with phenol-4-water (4 : 1 w/v). 
The plates were run immediately after the solvent had 

been placed in the tank. The plates were dried (60°C 
overnight), sprayed with la ninhydrin in acetone which 

contained 	(v/v) pyridine, and heated at 80-100°C. 

A blue spot (RAsp  1.0) and a brown spot (Rf  0.30) appeared. 

The substance giving rise to the brown spot was separated 

from that giving rise to the blue spot by chromatography 
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on Dowex 1-X2 (200-400 mesh; acetate form; 1 x 5cm). The 
former was eluted by water (125m1) and the latter remained 
on the column. The eluate was evaporated to a small 
volume and a large excess of ethanol (to turbidity) added. 
The yield was 380mg (1.1 mole), 73% yield, or an overall 
yield of 55', from the protected aspartic acid derivative 
(m.p. 254-259°C, decomp.). 

The properties of Glenc-Asn. 

Some of the material (16mg) was dissolved in 0.1m1 
water and placed in a water bath at 6000. Ethanol (3m1) 

at 60°C was gradually added as the solution was shaken. 
After 30 min, the white solid that had separated was dried 
in vacuo  over conc. sulphuric acid at room temperature, 
m.p. 259-261°C (decomp.). A sample was dried at 64°C 

over P205 for about 

alD26  + 26.0°  (a 0 

in water), D(3365 + 

24 hr in vacuo,  m.p. 259-261°C (decomp.) 

EN33g + 109.7°  .84 in water), 	(c 1.6 

63,6°  (c 0.4 in 0.2i:-NaOH) (Found: 

Co  42.89; H, 6.21; IT, 12.32. Cale. for 01212108N3: Co  42.98; 

Yo  6.31; No  12.53%). 

L further sample (16mg) was dissolved in water (0.1m1) 

and cooled to +4°C. Ethanol (about 1m1) cooled to +4°C 

was added and the solution left at this temperature until 

crystals had appeared. These were filtered off and dried 

over 2205 at room temperature in vacuo,  m.p. 211-213°C 

(decomp.) DOD26 + 24.6°  (c 1 in water) (Found: 0, 37.20; 

6.76; N, 10.73. Cale. for C12H2108N3  3H20: C, 37.01; 

H, 6.94; 11, 10.79'1. 

A sample that had crystallised at +4°C was placed in 
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a small weighing bottle, dried at room temperature over 

P205 in vacuo, weighed, dried at 100°0 for 12 hr over 

P205 in vacuo, and re-weighed. The loss in weight was 

8.98)% The loss in weight calculated for loss of two 

of the three molecules of water of crystallisation was 

9.25;% Drying at 100°0 for a further 6 hr registered 

no further loss in weight. The compound had m.p. 210- 

2150b (decomp.). 

Separate samples of the trihydrate were also dried 

at 64°0, 10000 or 130°0' over P205  in vacuo for 24 hr, 

and sent for elemental analyses, which are described in 

Table 4.2. Drying at temperatures of 15000 led to 

discolouration of the compound. 

Samples of the trihydrate were recrystallised at 

60°C. The product had the same melting point as that 

recorded for the anhydrous compound. One' iiecrystallisation 

at room temperature resulted in a mixture of the two 

forms, as was evident from microscopic examination and, 

on another occasion, recrystallisation at +4°C produced 

the anhydrous form. 

The optical rotations of a solution of the trihydrate 

(c 1.6 in water) were measured at 589, 578, 546, 436 and 

365nm in a water-Jacketed cell of ldm path-length at 

various temperatures between 65°  and 79°0. The molecular 

weight of the trihydrate was determined from unit cell 

and density measurements made during the course of X-ray 

diffraction studies. 

The infrared spectra of the two forms of GlcliAc-Asn 

pressed into discs in the presence of air (lmg/100m nr) 
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were examined. The infrared spectra of the trihydrate 

previously dried in vacua over phosphorous pentoxide at 

100oC for 2 days, and again at 14000 for 20 hr, were 

also obtained. 

For comparison, the infrared spectra of the mono-

hydrate and anhydrous forms of L-asparagine in the form 

of nr discs were measured. The anhydrous form was 

obtained by drying the monohydrate at 11000 over phos-

phorus pentoxide for 20 hr. 

Crystals of the trihydrate, and of the anhydrous 

form, were photographed under a light microscope at 

magnifications of 25 and 160 respectively. The photo-

graphic plates represented an overall magnification of 

50 and 300 respectively (Plate 4.2). 

Aqueous solutions of both the anhydrous and tri-

hydrated forms of GloNAc-Asn were subjected to electro-

phoresis and chromatography. Small amounts (80 g) were 

examined by thin-layer chromatography on plates of 

cellulose and silica HF256 by developing with phenol--

water (4 : 1 w/v) as described above. One spot stained 

brown with the spray reagent containing ninhydrin (1',) 

and pyridine (27; v/v) in acetone on each plate (R.„ 0.38; 

R 	2.4 on cellulose and Rt  0.11 on silica). A sample 

(80 g) was also subjected to ascending paper chromat-

ography on Whatman No. 1 paper with phenol-,- water (4 : 1 

w/v).. One elongated spot (Rf  0.38; Rhop  2.4) stained 

with the same reagent. 

Electrophoresis on ::'batman 3:c paper in the presence 

of formic 	acetic acid-4-. - water (7 : 5 : 240, by 
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vol) at pI3 1.85 at a potential of 31V/cm for 1 hr gave 

one brown spot as a result of dipping through the same 

ninhydrin reagent (Plate 4.4). The compound ran 8.4cm 

towards the cathode (RAsp 0.80). 

Preparation of 1-benzy1-2-E-benzyloxycarbonyl-4-N-La: 
acetamido-3.4.6-tri-0-acety1-2-decxy*2-glucopyranosyl-
L-asparagine SCompound III, Pig. 4.2). 

1-Lenzy1-1\,-benzyloxycarbonyl-L,-asparagine (0.51g; 

1.3 mmole) was added to 2-acetamido-3,4,6-tri-0-acety1-

2-deoxy-p-E-glucopyranosylamine (0.47g; 1.4 mmole) 

together with 0.3g l-cyclohexy1-3-(2-morpholinyl-(4)-

ethyl)-carbodiimide in methylene chloride (12m1). The 

solution was stirred magnetically for 19 hr, by which time 

a precipitate had formed. The suspension was shaken with 

a few drops of added glacial acetic acid, and methylene 

chloride was removed on the rotary evaporator. The 

solid was dissolved in chloroform (20m1) (all was soluble), 

and extracted successively with water (3 x 10m1), 

(3 x 10m1), water (3 x 10m1), saturated NaHCO3 and water. 

The residue was recrystallised from boiling ethanol giving 

the product (Compound III) (0,35g; 0.51 mole) in 39' yield, 
]_, m.p. 210-215°C (decomp.) Ex D26 8.0o kc 1 in chloroform) 

Lit. -arshall w Neuberger (1966) report 220-221°C (decomp.), 
Ex1)22 4. 8.2o (c 0.98 in chloroform). 

Preparation of 1-N-acetv1-2-acetamido-2-deoxy75-D-gluco-
Pyranosylamine (GleNAc-Eliflc). 

nydrogenation of compound I (2g; 5.4 moles) in ethyl 

acetate in the presence of Adams' catalyst (:-'arshall 

Neuberger, 1964) led to the production of the 0-acetylated 

glycosylamine (compound II: Fig. 4.2) (1.3g; 3.8 mmoles) 
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in 705 yield, m.p. 230-234°0 (decomp.) and phase change 
at 14000,  DI 22 19.9°  ( 0.85 in chloroform) (Found: 

0, 48.70; 11,6.36;,14, 8.05. Cale. for 014112008E4: 

C0  48;55; H, 6.40; NI  8,095). Thin-layer chromatography 

on silica gel GP256  in chloroform -,--methanol (15 : 1 v/v) 

wave one spot'( 0.18) staining purple with the ninhydrin- 

pyridine reagent and yellow with a reagent containing 2. 

4-aminobenzoic acid, 55 sulphosalicylic acid and 15 

stannous chloride in acetic acid water (4 : 1), followed 

1.y heating to 90°C. ':Arehall & Neuberger (1964) report 

m.p. 151°0 and also 233-240°C (decomp.), [p(2332°  values 

from - 19.6°  to - 23.3°  (c 1.5 in chloroform). 

rough 4'z Than (1966) report m.p. 150°C (decomp.), 1001:23  

- 25.5°  (o 2 in chloroform). 

The hydrogenation was also performed with ethanol 

solvent, as described by Bolton, Hough &t Vhan (1966). 

The product was obtained in similar yield with identical 

physical constants., 

The fully 0-acetylated glycosylamine.(0.36g; 1 mmole) 

was ..Pacetylated as described by Yamamoto, a,i_yashit, 

Tsukamoto (1965) to give the peracetylated derivative 

(0.32g; 0.8 mmole) in 805 yield, m.p. 238-239°C, Wu" + 7.1°  

(c C.85 in chloroform) (:mound:  ound: 0, 49.54; H, 	7.28. 

Cale. for C16E2309E2  : Co  49.48; H, 6.23; Y4, 7.211. 

Hier (1958) reports m.p. 236-237°C, EKID24 120 

Tough & Khan (1966) report m.p. 236-237°C, 	7.1)2;4 

(c 2 in chloroform) and Yamamoto, A.yashita Teukamoto 

(1965) report m.p. 241°C, Ck]p  + 22.8°  (in pyridine)4  

0-Deacetylation was performed in a 15', solution of 
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-agnesium methoxide in methanol as described by Yamamoto, 

:'iyashita Tsukamoto (1965).. The peracetylated derivative 

(0.32g; 0.83 mmole) gave the 1:-acetylglycosylamine ((-,.16g; 

o.68 mmole) a 	yield, m.p. 255-258°C (deconP.), SCIN2C1  
27.0 (c 1 in water) (Found: C, 46.00; ii, 7.13; ;:p 1r).71. 

calc. for C 1 18°023  Co 45.80; li, 6.92; U, 10.68'). 

Baer (1958) reports m.p. 20900, Ete3 	28°  (in water) and 

tough 	I:han (1966) report m.p. 232-233°C, 

[0(.1,19  - 24°  (c 2 in water). Yamamoto, :Iyashita 

Tsuharn.oto (1965) report (for the monohydrate) m.P. 29-243oC, 
Da119  43.7°  (in water). There is a wide divergence, in 

the physical properties quoted for this compound, but it 

is likely that the value reported by Dolton, rough Tian 

(1966) is incorrect. The values found here agree with 

those ouoted by Baer (1958) who prepared the compound by 

the action of kettene on the glycosylamine. 

the preparation of 4-N-
(1c-Asn). 

-faucopyranosyl)-i-asuara inc  

   

D-Glucose (160g; 0.89 mole) was converted top 

glucosylamine by treating it as a suspension in re.ftf-nol 

(400m1) with ammonia in the catalytic presence of a'ir-onium 

chloride (4g) by the method of Isbell & irush (19.7:). 

Lfter recrystallisation, e., yield of 77g (0.43 mole) in 

48; yield was obtained, m.p. 131-133°0 (decamp.), initial 

	

' 	20.7°  (c 1.4 in water), after 24 hr EY]D2 	22.2°  

	

2L 	 4 

	

(c 1.4 	in water). Isbell 	?rush (1958) report m.p. 

125-127°C, ro 2°  + 20.8°  (c 2 in water). -c1) 
1-enzyl-L-benzyloxycarbonyl-L-aspartate (1.42g; 4 mmoles) 

and p-_"0-glucosylamine (0.72g; 4 mmole) were dissolved in 
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pyridine --water (4 : 1 v/v), and a solution of dicyclo- 

hexyloarbodiimide was added to give a final volume of 

28.2m1. The solution was stirred at room temperature; 
a. precipitate appeared after a few minutes. After 4 hr 

El few drops of acetic acid were added, the precipitate 

was filtered off, and the solvent removed from the filtrate 

on the rotary evaporator at about 60°C. The residue was 

taken up in ethanol and treated with Yorit. The ethanol 

was removed, leaving 1.8g of crude material. Some of 

the residue (0.35g) was dissolved in dry methanol, and 
palladium black prepared from about 0.5g of palladium 
chloride was added. The solution was hydrogenated for 

2 hr. ';,ater (10m1) and a little Fullers' Earth were added, 

and the catalyst was filtered off. The solvent Was 

removed from the filtrate and the residue was taken up 
in a. small amount of water, and placed on a column of 

.,owex l-X2 (200-400 mesh; 1 x 6cm) in the acetate form. 

11:he substance was eluted with water (20m1) treated with 

il3rit, end recrystallised at +400 from about 0.3ml water 

by the addition of ethanol to turbidity. The product 
was obtained as needles (80mg; 0.26 mmole) in a yield of 

y  37, m.p. 212-215°C []22 	16.2° (decomp.) (c 1 in 

water) (Pound: 0, 38.67;'H, 6.20; N, 8.66. 	alc. for 

'1o1'&2 I120: 0, 38.48; H, 6.46; N, 	'Irks Pc 

ieu-oercer*report (for the monohydrate) m.p. 203-204°0 

(decomp.), E] 2°  - 17.3°  (c 0.55 in water); Coutsogeorg- 

opoulos 	ervas (1961) report (for the anhydrous form) 

rl.p. 253°C (decamp.), ND 16 - 16.5°  (in water). 

* (1964) 
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Thin-layer chromatography on plates of cellulose in 

phenol -,-water (4 : 1 w/v) without presaturation of the 

tanl-  n.tmosphere, followed by spraying with the ninhydrin-

pyridine reagent, gave one brown spot, LT  0.12, ,l_f_sp  C.63. 

About 0.5 mole of the compound gave one peak on the 

Locarte autoanalyser after 46 min, with a molar. colour 

(.563 with respect to I-valine. 

he preparation of 1;-acetyl-fi-D-glucopyranosylamine (:le-yHAc) 

-acetyl4-P-rannopyranosylamine (:nn-ENAc)  
• ctopyranosylamine (pGal-TIVAc)  r-aeetyl-X-D-ralncto- 
• nosylamine (oCGal-NFiAc) N-acetyl-X-L-arabinopyranosyl-
rine (ra-:Ac) and N-acetyl-i -D-xylopyranosylamine (:y1-14HAc). 

host of these glycosylamines were prepared from the 

free sugars by reaction with ammonia as described alcove 
for D-glucopyranosylamine. Isbell Frush (1956) pre-

pared thek-M-galactopyranosylamine-ammonia complex pt 

room temperature, but it was found that better yields were 

obtained when the preparation was performed at 000. 

A mutarotation constant (k = 9.2 x 103min-1  at 22°C) 

for the initial change in rotation of the complex in 
1 solution was calculated by plotting km= 	log 0(0_-C  
t oco. 

This, value is larger than that found by Frush 

• Isbell (1951) (km  = 4.8 x 10-3min-1  at 2000. 

p-D-Galactosylamine was prepared from the crude0C-L 

L;alactosylamine-atmonia complex (4g) 'by dissolving it 

in 6m1 3; (v/v) 0.88 ammonia in water at room temperature. - 

Alis solution was left at room temperature for 30 min, 

and then 3Cm1 cold methanol, presaturated with ammonia at 

-1-4° , was added. After allowing the preparation to stand 
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at +4°C for 20 hr, the crystals that had been formed 

were filtered off and discarded. A further 20 ml cold 

methanol saturated with ammonia was added, and the 

solution left overnight. The crystals that formed were 

filtered off and dried over solid NaOH in the presence 

of ammonia vapour in a desiccator, The white solid 

obtained weighed 1.8g, m.p. 133-135°C, Ge11126 4. 62.9° 

(c 2.3 in water). Isbell & Frush (1958) report m.p. 

134-136°G, 4D20 4.  62.2° (c in water). 

The physical constants of the glycosylamines pre-

pared are shown in Table 4.7. 

The glycosylamines were fully N,0-acetylated in 

acetic anhydride in pyridine as described by Isbell & 

Frush (1958), and the products were then 0-deacetylated 

in 1$ magnesium methoxide in methanol (Whitaker, Tate & 

Bishop, 1962). The magnesium ions were removed by Dowex 

50W-X8 (40-30 mesh; H+  form) and the products recrystal-

lised several times from the solvents described by Isbell 

& Frush (1958). The physical constants of the peracetyl-

ated and kracetylglycosylamines are displayed in Tables 

4.8 and 4.9. 
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;owe glycoproteine exhibit specific biological 

functions, which reside wholly or in part within the 

cnrlohydrate prosthetic groups. It is probable that the 

relative conformations of the carbohydrate and poly-

peptide residues are important in these functions. 

'here nre a number of exnmples which can be mentioned in 

support of this view. Firstly, the chondromucoprotein 

of various connective tissues refluires an intact noly-

peptide chain in order that it may entrap water 17olecules 

in an, ordered structure so thrt the cartilage is rigid 

(Tho!nas, 1956). In a similar manner, certain ayco-

proteins in the serum of a certain species of Antarctic 

fish bring about changes in the structure of the water 

in the serum so that the freezing point of the latter is 

marhedly depressed (De Vries, Xonatsu k reeney, 1970). 

roth carbohydrate and polypeptide noieties contribute to 

this activity. 

. any of serum proteins and also, protein hormones in 

man appear to'depend on their carbohydrate 'roieties for 

their catabolism. These prosthetic groups contain PS 

non-reducing terminal moieties the structure sialy1 -4 nr.a. 
Removel of the sialy1 residues from many of these macro-

molecules exposes a terminal galactose residue which is 

recognized by the plasma. membrane of the hepatocytes. 

it would seem, however, that the environ"ent of these 

.alactose residues is highly specific since, for exrrnple 

asialotransferrin which has an exposed kTalactose residue 
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is not catabolised by the process ( lorell et el., 1071; 

Iricer 	/,shwell, 1971). 

The relationship between the antigenicity of the 

type specific factor of.Lthigella flexneri  and the 

stereochemistry of the carbohydrate moieties of these 

factors has been emphasised (Si:nons, 1971). It in also 

sumented that antisern to red cell membranes are evoked 
when the carbohydrate moieties on these surfaces "re 

presented in a conformationally favourable forr-". 	orioe, 

1:-;71). 

:1.1 these examples point to the need for an under-

standing of the conformation of glycopeptides and 

ayeoproteins. It is clear from studies of the chiroptical 

roper ties of oligosaccharides derived from the soluble 

blood group substances (see below) that the for-er have 

definite preferred conformations, the relationship of 

which to those occurrinc in the whole clycoproteins are 

unknown. c;ertainly there are hig1ly organized structures 

in polysaccharide gels (oes, 1969). 

The present studies have been aimed at elucidtin 

the structure in the neighbourhood of carbohydrate- 

peptide linkages of the racc-Asn type. 	need ri5 

clearly evident for a knowledge of the stereocheeistry 

of Uci:Ac-:tsn in the crystalline form, and Dr. 3J. 

lelbeere kindly carried out X-rcy crystallographic studies* 

l'owever, it was desirable to ascertain the structure of 

the compound in an aqueous environment. Chiropticta 

inethods were used for exarinine: this. :Tinnily, it ras 

felt necessary to see whether a protein environment right 

320. 
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modify the structure of GloNAc-Asn, and Professor D. 

Phillips was approached in order to see if it was feasible 

to examine, by X-ray crystallographic methods, lysozyme 

to which was bound the compound in question, Dre. L. 

Johnson and C. Beddell carried out these studies and 

allowed me to participate. Dr. D. Barry carried out an 

analysis to obtain the beet fit of the data to a stereo-

chemical representation of the model by methods developed 

for a computer. 

SECTION 1. CHIROPTICAL PROPERTIES OP 4-N-(2-ACETAMIDO-
2.DEOXY-B-2-GLUCOPYRANOSYL)-L-ASPARAGINE 
AND RELATED COMPOUNDS. 

The results obtained in optical rotary and circular 

dichroism measurements of a number of compounds will be 

presented. Some of the data have been briefly described 

(Austen & Warshall, 1970) and have now been interpreted 

in terms of a rule of symmetry, based on the "one electron" 

theory of optical rotation (Condon, Altar & Eyring, 1937). 

The basis for this rule is discussed later in this Chapter. 

The units employed in ORD and CD studies are the 

following. 

The specific rotation E..0 of a solution is defined as: 

oC 
rli;7 

where(X(in degrees) is the rotation of plane polarized 

light, 1 is the optical path-length of the solution (in 

decimeters) and c is the concentration of the substance 

(g/ml). 
Molecular rotation 	will be calculated in the 

studies to be described to allow comparison of different 
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compounds on a mole to mole basis 

= 
[00x mol, wt. (deg. cm2/dmole) 

100 

Circular dichroism is often expressed in terms of 

molecular ellipticity [g], a related phenomenon. Plane 

polarized light passing through optically active material 

may become elliptically polarized, and some CD instru-

ments measure the ellipticity directly. It is related 

to the differential dichroic absorption (60 by the 

relationship: 

3,300 
	(1oscowitz, 1960) 

The molecular ellipticity [0] is calculated from the 

measured angle (0 as follows: 

x mol. wt. 
[6]   (deg. cm2/dmole-1) 

cx1x100 

[8o] is the molecular ellipticity at the maximum or 

minimum of a Cotton effect. 

RESULTS. 

The chiroptical properties of N-acetyl-k-glycosaminides. 

The ORD curvesof aqueous solutions of the methyl ‹K-

and 16-glycosides of N-acetyl-R-glucosamine and N-acetyl-R-

galactosamine (Fig. 5.1) wereme8surea,, and confirmed 

those measured previously (Listowsky, Avigad & Englard, 

1968; Beychok & Kabat, 1965). The N-acetyl-i-glucosaminides 

and methyl N-acetyl-P-RD-galactosaminide show small troughs 

at wavelengths between 220 and 230nm, and the rotations 
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Fig. 5.1. 	The ORD of aqueous solutions of a- and 13- glycosaminides 

of N-acetyl-D-alucosamine and N-acetyl-2-galactosamine. 

ORD curves were measured on Bendix I and II instruments 

1 Methyl N-acetyl-a-D-galactosaminide 

2 Ethyl N-acetyl-a-D-glucosaminide 

yiMethyl N-acetyl-a-D-glucosaminide 

4 Methyl N-acetyl-p-D-galactosaminide 

5 Methyl N-acetyl-p-D-glUcosaminide 

6 Ethyl N-acetyl-p-B-glucosaminide 

-10 
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increase to more positive values at lower wavelengths. 

Increase in rotation ceases by about 200nm, suggesting 

that peaks occur at this wavelength. Penetration to 

lower wavelengths was limited by the range of the 

instrument used. 

tutarotated N-acetyl-12-mannosamine and methyl N-

acety1.0(.1-mannosamlAdF3 show peaks at 225nm and 220nm in 

their ORD spectra, while methyl N-acetyl-IX- and p.
mannoseminides show large troughs at 200 and 203nm 

(Fig. 5.2). The ORD curves are similar to those reported 

previously from 350 to 210nm (Beychok, Aehwell 

Kabat, 1971). The shapes of the ORD curves of the 

:7-acetyl-i-glycosaminides are suggestive of two over-

lapping Cotton effects of opposite sign (see ?ig. 5.3. 

which is discussed in some detail later). 

The Cotton effects are resolved more effectively 

in the CD spectra (Figs. 5.4-5.6). ;(44thyl N-acetyl-P6-

i-glucosaminide has a negative CD minimum at 207.5nm 

([0,1 .2-6,100 deg. cm2/dmole). Previous workers 

(Kabat, Lloyd & Beychok, 1969) state this minimum to be 

at 215nm, and the reason for the difference is unknown, 

but report a similar value for [G03. :lethyl N-acety14-

2-galactosaminide exhibits a negative minimum at 211nm, 

while methyl V-acetyl-P-2-mannosaminide shows a positive 

maximum at 217nm. At lower wavelengths, the ellipticity 

changes sign. A definite negative minimum is observed 

with methyl 14-acetyl-P-D-mannosaminide. Inflections in 

the CD curves at about 190nm are exhibited by the other 

E-acetyl-Q-glycosaminides. 



Fig. 5.2. The ORD of aqueous solutions of methyl N-acetyl-a-

and p-  D-mannosaminides and mutarotated N-acetyl-
D-mannosamine 
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1 Methyl N-acetyl-a-D-mannosaminide 

2 Mutarotated N-acetyl-D-mannosamine 

3 Methyl N-acetyl-f3-D-mannosaminide 

Measured on the Bendix II instrument 
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Fig. 5.3.  Cotton effects exhibited by hypothetical disymmetric  
molecules containing one or two chromophores. 

The CD and ORD curves given by one isolated optically-active chromophore. 

The CD and ORD curves given by two optically-active chromophores 

of equal, but opposite, rotational strength,separated 

by 5nm. 

200 220 240 260 280 
A (n m) 
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Fig.5.4. CD of an aqueous  

solution of methyl N-acetyl-p-

D-glucosaminide. 
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D-galactosaminide. 
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Measured on Cary 61 
Fig. 5.6. CD of an aqueous  

solution of methyl N-acetyl-p-

p-mannosaminide. 
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The observed CD curves have been resolved into two 

Gaussian bands of opposite signs. Values for the wave-

length of the extrema, X0, the extreme ellipticity [Dojo  

and the half-band widthAo, of these bands are recorded 

in Figs. 5.4-5.6. This approach is discussed en page 352. 
Reversal of the signs of the Cotton effects of the 

N-acetyl D-mannosaminides compared to those of the 

N-acetyl-21-glucosaminides and galactosaminides is not 

wholly unexpected because of the spacial relationships 

of the chromophoric acetamido groups to the sugar rings. 

The )RD of some glyc sylpmines. 

Aqueous solutions of 0(-Lf-arabinopyranosylamine, )-R-

glucopyranosylamine and P-2-galactopyranosylamine were 
prepared and immediately examined on the Bendix I instru-

ment. The compounds show positive plain curves from 600 

to 220nm. ck-2-galactopyranosylamine mutarotated to less 

positive rotations at all wavelengths. Positive plain 

curves for mutarotated solutions of 2-glucose were observed 

(Pace; Tanford & Davidson, 1964; Listowsky, Avigad & 

Englard, 1965). These workers found a general correlation 

between the ORD and the conformation of aldoses and 

aldosides. The curves for mutarotated 2-galactose and 2-

fucose were found to be more complicated, presumably due 

to the presence of furanose and open chain forms, 

The ORD of GIOTAc-NR2 is similar to that of methyl 

11-acetyl-P-2-glucosaminide (Fig. 5.7) and shows a trough 
at 224nm, with an [N] value of about -2,300 (deg. cm2/dmole). 

After storage of the aqueous solution under aseptic 
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-----ORD measured on Bendix I instrument 

---- ORD measured on Bendix II instrument 

CD measured on the Cary 61 

1 CD of solution of mutarotated 3-0-methyl-N-acetyl-D-glucosamine 

2 CD of solution of methyl 3-0-methyl-N-acetyl-p-2-glucosaminide 

329. 
Fig. 5.7. 	The ORD of aqueous solutions of G1eNAc-NH2  

1 The ORD exhibited by a fresh solution of G1cNAc-NH2  

2 The ORD exhibited by a solution of mutarotated G1cNAc-NH2  

Fig. 5.8. The CD of aqueous solutions of 3-0-methyl-N-acetyl-

D-glucosamine. 
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conditions for four weeks at +4o0, the molecular rotation 
of the trough becomes more negative (EM: -3,300 deg. cm2/ 
dmole), whereas the rotations at higher wavelengthtbecome 

more positive. Because the molecular rotation at the 

first trough (220nm) of a mutarotated solution of N-acetyl-

D-glucosamine is only -1.100 deg. cm2/dmole, it may be 

seen that the changes in the ORD of G1oNAc-NH2  suggest 

that the mutarotation of G1oNAc-NH2 is not caused simply 

by anomerisation, or by hydrolysis to yield N-acety1-2-

glucosamine. This problem has been discussed in ahapter 3. 

The Cl) of 2-acetamido-2-deoxy:-.3-0-methyl.R.4lucopvranose. 

The CD curves of mutarotated 2-acetamido-2-deoxy-3-

0-methyl-R-glucopyranose and its methyl 11-glycoside 

(Fig. 5.8) have their first negative minima at lower wave-

lengths (204nm) than the wavelength of the minimum exhibited 

by methyl N-acetyl-13-2-glucosaminide. 

The rotational strengths of thi transitions respons-

ible for these minima are greater than those responsible 

for the first extrema of the methyl glycosaminides of 

N-acetyli-glUcosamine or N-acetyll-galactosamine and, 

in contrast to these latter N-acetyl-R-glycosaminides, no 

positive maxima are visible between 185nm and 200nm. 

The chiroptical properties of N-acvlglYcosylamines bearing  
ecetamido groups at the 01   positions only. 

Yore marked anomalous dispersions are seen in the ORD 

curves of the N-acylglycosylamines (Fig. 5.9) than in those 

of any of the N-acetyl-R-glycosaminides. The overall 
shape of the ORD curve of N-acetyl-D-galactosylamine 



2 0 - I0 

0 

[IA 
x 10-3  

200 	0 )(„M)240 	260 	10 

20 

30 

40 

10 

[M] 
x ic'3  

0 

—10 

—2 0 

30 

10 

0 
[M] 
x10-3  

10 

20 

30 

40 
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is, however, similar to that of methyl N-acetyl-P-D-

galactosaminide (Fig. 5.1), while the shape of the ORD 

curve of N-acetyl-P-D-galactosylamine is similar to that 

of methyl N-acetyl.4-2-mannosaminide. The ORD curves of 

Ara-NHAc, Ulan-EHAc, Glc-NHAc and Glc-Asn have similar 

shapes to the ORD curve of N-acetyl-P-E-galactosylamine 

and show peaks at wavelengths between 231nm (Glc-Asn) and 

224nm (Ara-NHAc). Inflections are observed at wavelengths 

below 200nm in all these ORD curves except in that of 

Ara-NHAc. The presence of these inflections suggests that 

troughs of negative Cotton effects arc present at wave-

lengths just below 195nm, the wavelength limit of the 

instrument. 

The characteristic shapes of the ORD curves of the 

N-acylglycosylamines studied here would be expected if 

these compounds give rise to first Cotton effects at about 

210nm which are superimposed on much larger Cotton effects 

of opposite sign at lower wavelength (see Fig. 5.3). Not 

unexpectedly the Cotton effects may be seen more clearly 

in the CD spectra (Figs. 5.10-5.13). 

The CD curves for the N-acylglycosylamines all have 

first extrema at 212nm and inflections at wavelengths 

approaching 185nm. The latter suggests that there is present 

in each case a further extremum at about 185nm of opposite 

sign to the first. 0C-Gal-NHAc gives rise to a negative 

minimum at 212nm, and positive ellipticities at shorter 

wavelengths, while the other N-acylglycosylamines have 

positive maxima at 212nm and negative ellipticities at 

shorter wavelengths. 



[9] =31000 
at 185nm 

Measured on Cary 61 

1 N-acetyl-p-D-galactopyranosylamine 

2 N-acetyl-p-D-glucopyranosylamine 

3 N-acetyl-p-D-mannopyranosylamine 

• 4 N-acetyl-a-D-galactopyranosylamine 

Fig. 5.10. The CD of aqueous solutions  

of N-acylhexosylamines.  333- 
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Fig. 5.11. The CD of aqueous solutions of N-acylpentosylamines.  

Measured on Cary 61. 
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'Fig. 5.12. Resolution of the CD curve of N-acetyl-T-D-xylopyranosylamihe  

into two Gaussian bands of opposite rotational strength  
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Experimentally determined CD curve 

---- Gaussian bands generated for the parameters listed in Table 5.1. 

X—X Summation of the Gaussian bands generated for transitions I 

and II 
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From a comparison of the ORD and CD of thec(- and 
i-forms of N-acetylgalactosylamine, it is apparent that 
changing the configuration at the carbon atom bearing the 

acetamido group changes the signs of the Cotton effects. 

Comparison of the ORD and CD properties of these 
li-acylglystosylamines with those of the N-acety1-12-
glycosaminides shows that an equatorial acetamido group 
at C1 gives rise to Cotton effects with mid-points near 
210nm and near 185nm which are each of opposite sign to 
the Cotton effects of an equatorial acetamido group at 
C2. Similarly, the Cotton effects of an axially orientated 
acetamido group at Ci  are of opposite sign to those of an 
axially orientated acetamido group at C2. 

The CD curves of the N-acylglycosylamines were each 
resolved into two Gaussian bands of opposite sign, separ-

ated by about 26nm. The first band (transition I) is 
centred at 212nm, and the second near 186nm (transition II), 

and an example of the correspondence obtained between the 
theoretical CD curve generated by a summation of the two 

bands and the observed CD curve is shown in i'ig. 5.12. 

It is found that in all cases a good fit to the longer 
wavelength of the curve is obtained by choosing, as para-
meters for the Gaussian band at 212nm,the value of EGol, 

and the half-band width, actually observed in the CD curve 

at this wavelength. This demonstrates that there is no 

extensive overlap of CD bands at this wavelength. A 

satisfactory correspondence of the lower half of the curve 

to a Gaussian band is obtained by choosing the parameters 

listed in Table 5.1. 
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Table 5.1. The wavelengths (A), molecular ellipticities ([3  
(a5 	el 	o ]), half-band widths (&)  and rotational strengths (R) 

° 

	

of resolved CD bands 	Thd significance chf these parameters is discussed on page 352. 

Co  pound 	i(nn) 	[ELI] 	40I(nm) 	R x 104° 	ik II(nm)  [a II] A?'(nm ) 	R z 104°  .)o 
deg.cm  
...x.. 2 	c.fili,. 	 e 	2/ 

s. units 	* c.11.s. units  g.cm 

	

dmole 	 dmole 

No 1:3G1CRAc 207.5 - 6,100 14.6 5.3 189 + 9,100 8.4 + 5.0 
Rte 0.4a1NAc 210 - 4,100 14.2 - 3.4 190 +11,000 9.5 + 6.8 
Ne p-NanNAc 210 + 1,500 15.2 + 1.3 190 +15,700 13 	, -13.1 
No 3.40.-Ne-p-
G1cNAc 204 - 8,400 14.6 - 7.4 

3.0.Me-01cW 204 -10,500 14.7 - 9.3 
Glc-MIAs 212 +12,700 16.3 +12.0 186 -41,500 10.5 
0-Gal-NBAc 212 +13,600 16.2 +12.8 186 -44,000 10.5 -31 
Van-NHAc 212 +11,700 15.4 +10.5 185 -33,000 11.5 -25 

Xyl-MiAc 212 +15,0°0  16.3 +14.0 185 -24,000 10.5 -21 
Ararisillike 212 +13,200 15.5 +11.9 185 -26,000 11 .1g 

a-Gal-1HAc 213 40,100 16.3 -13.0 185 +31,000 13 +27 
GlcNAc.NHAc 213 + 7,500 16.0 + 7.0 195 +57,900 11 +40 
G1cNAc-Asn 213 +10,500 17.3 +10.6 195 .59,500 9 +34 

(a) The band at longer wavelength is termed transition I in all cases, and the parameters corresponding to this are termed 

Aoi. [E)01] and 6 1, The terms )koli,[Etii] and 6011  are used as parameters for transition II, the band at Shorter 
wavelengths. 	(b) This is for amutaretated aqueous solution. 
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There is no guarantee that the resolution of the 

results into two overlapping Gaussian bands corresponds 

with the number of transitions which occur. This approach 

has, however, been taken by others to examine the results 
obtained with disymmetric molecules (see page 361). The 

method is sufficiently sensitive to eliminate the pos-

sibility of further transitions,at wavelengths close to 

those being considered, leading to large Cotton effects. 

The Ao values for transition I in the CD spectra of 
the Nacylglycosylamines are all of the order of 15.4nm 
while the values for transition 11 are about 10.9nm. 

The CD curve of Glc-Asn (Fig. 5.13) is closely similar 

to that of Gle-UHAc, suggesting that the amino acid residue 

itself contributes very little to the chiroptical properties 
cf this molecule between 250 and 185nm. This view is 

substantiated by an examination of the difference CD curve 

(Fig. 5.13) for the re] values of Gle-Asn and L-asparagine 

at various wavelengths. In this difference curve, the 
positive maximum is seen to be displaced to longer wave-

lengths (215nm), but the difference in molecular ellipt-

icity between this and the native curve is small. The 

chiroptical properties of k-asparagine are discussed below. 

The chiroptical properties of  L-asparagine, GleNAe-Asn, 
GleNAc-NHAe and G1oNAc-R3. 

The ORD curve of aqueous solutions of GlcNAc-ERAc 

shows a positive shoulder at 227nm with a much larger peak 

(EY] = 13,600 deg. cm2/dmole) at 204nm. There is in addition 
an inversion point at 197nm with a change to highly negative 



Fig. 5.13. The CD of an aqueous solution of Glc-Asn 
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rotations at lower wavelengths. Results obtained on 

various types of instruments are shown (Fig. 5.14) and 

these data are indicative of the agreement which was 

obtained. The limitations in penetration into the ultra-

violet exhibited by the various instruments are also 

indicated. 

The ORD curve of the model linkage compound (GlellAc-

Asn; Fig. 5.15) is similar to that of GleNkc-UHAc, but 

possesses a more pronounced shoulder at 227nm. Here again 

it may be seen by a comparison of these curves that the 
amino acid residue makes little contribution to the ORD 

curve. This is emphasised by the following consideration 

also. A difference curve constructed for the El values 
of GlelAc-Asn minus those of i-asparagine (Fig. 5.15) is 
little different from the native curve. 

The molecular rotation of L-asparagine at 210nm has 

a value of only +800 deg. cm2/dmole) (Fig. 5.1). The 

first extremum of a positive Cotton effect is visible at 

this wavelength and an inversion point occurs at 204nm. 

The CD curve of i-asparagine (Fig. 5.16) shows a positive 

maximum at 202.5nm, in agreement with the ORD data. A 

maximum has been observed in the CD spectra of aqueous 

solutions of i-asparagine at 202nm by other workers 

(Fowden, Scopes & Thomas, 1971). Their quoted value for 

the maximum ellipticity at this wavelength (+2,840 deg. cm2/ 

dmole) agrees with that measured here (+2,900 deg. cm2/ 

dmole). The Cotton effect was assigned to an n 	TT*  

transition in the carboxyl group. 
The CD curve of GleNAc-NHAc (Fig. 5.17) Shows a very 
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solutions of G1cNAc-NHAc and Glc-NHAc. 
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Fig. 5.15. The ORD of an aqueous solution of the model linkage  

compound, G1cNAc-Asn. 

Measured on Cary 60 (Westfield) 
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Fig. 5.16. The ORD and CD of solutions of L-asparagine in water  

and in 1M-NaOH. 
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large, positive band at 195nm with a shoulder at longer 

wavelengths (210-220nm). Altogether four Cotton effects 

might be expected, with two optically active bands con-

tributed from each of the acetamido groups at C1  and C2. 
If there is no interference exhibited by the groups on 

each other, the acetamido group at C2  might be expected 

to give rise to a negative peak at about 210nm (Lea-v-6000) 

and a positive peak at about 190nm (1:C3-J10,000). Super-

imposed on this curve would be one given by the acetamido 

group at CI  with a positive peak at about 212nm (Cebir4 12,000) 

and a negative one at about 185nm ([ocl = 42,000). The 

resultant circular dichroism might be expected therefore 

to look similar to the additive curve obtained for the CD 

curves of Glc-NHAc and methyl N-acetyl-fl-R-glucosaminide, 

and this is described in Fig. 5.18. An examination of this 

latter figure and of the CD curve for G1cNAc-NHAc would 

suggest that the approach for the theoretical analysis is 

an oversimplified one. On the contrary, it was found to be 

reasonable to resolve the observed CD curve into two positive 

Gaussian bands, the first with X0  at 212.5nm ([0.3 =47,500) 

and the second at 195nm (Ea] = + 57,900; Pig. 5.17). 

Summation of these theoretical bands leaves a small amount 

of negative ellipticity, possible reasons for which are 

discussed later. 

The half-band width of the band at 195nm (40= 10.8) 

is the same as the half-band widths measured for transition 

II from the CD curves of the Pacylglycosylamines and N-

acetylglycosaminides. It is likely, therefore, that this 

band is caused by the same type of electronic transition 
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(probably 1-1—) TT * which is displaced to longer wavelengths 

by about lOnm in GleNAe-NHAc. Half-band widths are 

characteristic of particular types of transition ('loscowitz, 

1961). The positive band resolved at 212nm has the same 

half-band width as those already observed at this wave-

length for the other compounds studied, and therefore may 

be assigned to the same type of transition as that labelled 

transition I. 

The CD difference curve of GloNAc-Asn minus Irasparagine 

may be resolved into two Gaussian bands in a similar way 

(Fig. 5.19). The parameters of the resolved Gaussian bands 

are listed in Table 5.1. 

2-Acetamido-2-deoxy4-k-glucopyranosyl aside (GloNAc-N3) 

has a molar ultra-violet absorption maximum of 36 at 272nm. 

The absorption band is attributable to an n --4 Tr*  trans-

ition in the azido groupl for which closely similar values 

have been found from studies with other compounds (Levene 

Rothen, 1937; Sheinker, 1951). Aqueous solutions of 

GlcNAc-N3 show a CD positive maximum at 270nm (Fig. 5.20), 

and a positive anomalous dispersion curve with a first 

extremum at 288nm (Fig. 5.21), but this is only partly 

resolved. The difference ORD curve constructed for the 

Ej valuea;'pf G1cNAc-N3  minus those of Gleilc-NH2  shows a 

complete positive Cotton effect, with an inversion point 

at 268nm (Fig. 5.22). P-2-aucopyranosyl aside also 

exhibits a positive Cotton effect at about the same wave-

length (Paulsen, 1968). Thus it would appear that intro- 
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Fig. 5.19. The CD of an aqueous solution of the model linkage compound, 
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duction of an acetamido group at C2  does not alter the sign 

of the Cotton effect associated with the n 	ri;• transition 

in the azido group at Ci. 

Chiroptical properties of N-acylglycosylamines in dioxane-water. 

Assignments of the types of transitions of groups 

giving rise to Cotton effects have often been achieved by 

measurements of elliptical properties of substances in a 

variety of solvents of different dielectric properties. 

The CD curves of solutions of Ara-NHAc, pGal-/THAc, 

Glc-NHAc and !Pan-NHAo in dioxane - water (9 : 1 v/v) are 

recorded in Fig. 5.23. The high absorbance of the solvent 

limited measurements to wavelengths above 205nm. In all 

cases, the Cotton effects observed in this solvent occur 

at longer wavelengths (217nm) than those observed in water. 

The Ca3 values measured in aqueous dioxane are about 80 

of those measured in water. 

The shoulders in the CD curve of Glellc-NHAc in dioxane 

water (9 : 1 v/v) and in the ORD curve of GloNAc-Asn in 

dioxane - water (2 : 3 v/v) are similarly displaced to 

longer wavelengths andthe sizes of the Cotton effects are 

reduced (Fig. 5.24). 

Estimation of rotational strengths. 

The rotational strength (R) of the kth transition may 

be calculated from the following expression (Djerasei, 1960): 

k 
R 	87rI N fir Pao

k 

X ok  

where h is Planck's constant, c is the velocity of light 

and 	is Avogadro's number. The rotational strengths 
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(in c.g.s. units) of transitions I and II for all compounds 
studied are listed in Table 5.1. It will be seen that the 

rotational strengths associated with transitions in the 

C1 acetamido group are greatly in excess of those associated 

with the 02 acetamido group. 

The rotational strengths of the Cotton effects at 

195nm exhibited by GlaAc-NITAc 	= 40 x 10.40  c.g.s. unite) 

and in GleNAc-Asn (R = 34 x 10-40  c.g.s. units) are of the 

, same order of magnitude as those normally associated with 

inherently disymmetric chromophores (Aslow„ 1967). 

DISCUSSION. 

It is proposed to consider some general aspects of 

ORD and CD, and to postpone a consideration of the results 

obtained until later in the Chapter. The typical shapes 

of ORD and CD curves generated by a hypothetical molecule 

containing only one absorption band which is optically 

active are shown in Fig. 5.3. The characteristic curves 

are called Cotton effects, after the name of their dis-

coverer (Cotton, 1896). Positive Cotton effects give rise 

to positive CD bands and ORD curves with peaks at longer 

wavelengths and troughs at shorter wavelengths (as shown 

in Fig. 5.3), whereas negative Cotton effects give rise to 

negative CD bands and ORD curves which have troughs at 

longer wavelengths. 

Circular dichroiem curves are generally Gaussian, and 

correspond to the equation 
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where C90: is the maximum or minimum molecule ellipticity 

at)\0  (Fig. 5.3), and /210  is the value of half the width 

of the band at a value for the molar ellipticity equal to 

Circular dichroism is directly related to ORD by a 

well-established mathematical transformation (Kronig, 1926; 

Kramere, 1927). There is an essential difference between 

CD and ORD curves. As all molecules absorb at wavelengths 

below 180nm, disymmetric molecules exhibit non-sero 
rotations at wavelengths far removed from that at which any 

ohromophore contained in that molecule absorb, giving rise 

to plain dispersion curves. Consequently, ORD curves near 
a Cotton effect are superimposed on a "background" rotation, 

and,for studying the environment of a group associated with 

one particular electronic transition without interference 
from neighbouring Cotton effects, CD is the preferred 

technique. However, when two Cotton effects lie very close 

tp each other, some overlap of both the CD bands and ORD 

bands are to be expected. The bottom part of Fig. 5.3 

shows the CD and ORD curves that would be expected from a 

hypothetical molecule giving rise to two Cotton effects of 

opposite and equal sign, which are separated by only 5nm. 

Molecular theories of optical rotation and symmetry rules. 

Moscowitz (1962) has classified optically active 

chromophores into two types:- 

1. The inherently disymmetric chromophore 

2. The inherently symmetric chromophore which is 

asymmetrically perturbed. 
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rexahelicene (,oscowitz, 1961) and twisted biphenyls 

(:islow, 1967) are molecules of the first type. These 

molecules generally possess very marked optical activity. 

',.any organic molecules are of the second type in which 

symmetrical chromophores absorbing above 185nm are 

asymmetrically perturbed by chiral centres elsewhere in 

the molecule. 

Optical rotation and circular dichroism may be con-

sidered as resulting from the coupling of the magnetic 

dipole of an electronic transition with the electric dipole 
moments of all the other electronic transitions in the 

molecule. In reality, ORD and CD detect only ,the relative 

orientations of the transition moments of constituent 
groups within a molecule and not the relative positions 
of atoms and bonds. In order to correlate the signs and 

sizes of the observed Cotton effects with the stereo-

chemistry of the molecule under investigation, semi-

emperical rules have been derived. These rules were 

originally derived from an application of quantum-mechanics 

to the theories of optical rotation, and from measurements 

that were made on compounds containing chromophores that 

give rise to well-defined optically-acti7e transitions. 

The "one electron" theory of Condon, Altar & Eyring 

(1937) restricts the model to one which contains only two 

electronically excited states. In this model, both the 

magnetic and the electric transitions occur in the same 

chromophore. The rest of the molecule acts as a perturbing 

field which breaks down the symmetry of the chromophore 

and "mixes" the two transitions. This theory was applied 
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to the carbonyl group of certain disymmetric molecules. 

The first Cotton effect occurring at approximately 290nm 

has been associated with an n 	TT*  transition, in which 

an electron is promoted from a lone pair orbital on the 

oxygen atom to an antibonding1T4'  orbital, a molecular 

orbital which belongs to both the carbon and oxygen atoms. 

By considering the symmetry properties of the orbitals 

involved, Moffitt et al., (1961) derived the octant rule  

for ketones. The two natural planes of symmetry of the 

carbonyl group (ZY and 7,X) are perpendicular and these 
planes and the nodal surface of the 1T :4  orbital (Yx) 

divides up the apace around the carbonyl group into octants 
(Fig. 5.25). The contribution of a perturbing group 

depends upon the sign of the octant in which it lies. The 

sign of each octant was established by consideration of 

the symmetry of the orbitals involved in the transition. 

Studies of the chiroptical properties of compounds in 

which the carbonyl group is held in a rigid framework have 

verified in many cases the applicability of the octant rule. 

The .rule was developed for derivatives of cyclohexanone, 

and for bicyclic and polycyclic rigid structures of the 

trans-decalone type (Djerassi, 1960) and has since been 

established for many other types of compounds. Extensions 

of the octant rule have been proposed for unsaturated 

ketones ("!oscowitz, rislow, Glass 	Djerassi, 1962) and 

a sector rule has been proposed for lactones (Jennings, 

Klyne & Scopes, 1965). The application of the sector rule  

to carboxylic acid derivatives has shown that the carboxyl 

group adopts a preferred conformation, despite the 



Fig. 5.25. The division of space around the carbonyl chromophore  356. 
into octants)and the division of space around the  

amide chromophore into quadrants. 

The geometrical arrangement is that 

proposed by Moffitt et al (1961) in 

formulating the octant rule. The sign of 

the contribution of each atom in the 

molecule to the'rotational strength may 

be predicted from the sign of the octant 

(marked in the Figure) in which that atom 

lies. The ZY plane is the plane of symmetry 

of the carbonyl group. 

The geometrical arrangement 

is that proposed by Schellman 

and Oriel (1962) in formulating the 

quadrant rule.The ZY plane is the plane of 

symmetry of the amide group. 
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possibility of free rotation around the 0-CO 2H bond 

(Renwick & Scopes, 1969). The effect on their contrib-

ution of distance of the perturbing atoms from the 

chromophore/ predicted according to the octant rule,has 

not been fully evaluated, but it is clear that the closer 

the atom is to the chromophoric group, the greater is its 

contribution (Kuhn Ez Freudenberg, 1933). 

in general, substituent alkyl groups and halogens 

(except fluorine) follow the ordinary octant rule for 

saturated carbonyl compounds. However, fluorine substit-

uents appear to obey a reverse octant rule,  whereby their 

contribution to the Cotton effect is opposite to that 

predicted (Djerassi 	Klyne, 1957; Djerassi, Osiecki, 

Riniker Riniker, 1958). A reverse octant rule is also 

found to hold for some ketones substituted with oxirane 

rinE;s (Djerassi et al., 1965), and hydroxy and acetoxy groups 

of camphor derivatives appear also to produce reverse octant 

effects (bartlett et al," 1970). Reverse octant contrib-

utions by nitrogen-containing substituents are discussed 

by Yamada & Kunieda (1967) and Hohn Weigang (1968). It 

would appear, then, that the electronegative characters of 

substituents are important factors to be considered when 

attempting to predict the sign and magnitude of a Cotton 

effect from a geometrical rule. 

It is reasonable, therefore, to be cautious when 

applying a geometrical rule to carbohydrate derivatives 

and other derivatives which contain oxygen atoms. Beychok 

Kabat (1965) have, however, applied the octant rule of 
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14offitt et al., (1961) to predict the conformation of the 

2-acetamido group of methyl and v acety14- andp 

glucosaminides and galactosaminides. Prom various con-

siderations,including ORD curves, they deduced that in 

these compounds the plane of the acetamido group is co-

planar with 02, 05  and 06, and that the carbonyl oxygen 

is cis to the C2  ring proton, The octant rule has also 

been applied to five-membered sugar lactones (Okuda, 

Earigaya ec Kiyomoto, 1964). 

The electronic transitions of amiOe groups. 

early investigations of the spectra in the gas phase 

of amide groups showed the existence of an intense band 

at about 190nm, and a series of less intense bands below 

165nm (Hunt & Simpson, 1953). The 190nm band was assigned 

toarr 	Tr * transition (Peterson & Simpson, 1957), and 

the direction of its transition moment measured in 

myriatamide crystals. A transition at higher wavelengths 

(?2Onm) was also detected in myristamide. This transition 

is not normally resolved in other amides because it is 

very weak, and was assigned to ann-+TT *  transition by 

analogy with the spectra of carboxyl groups. Recent 

interpretations of spectra of simple primary amides in the 

vapour-phase'have led to the assignment of four bands in 

the 220nm - 130nm region (Basch, Robin & Kuebler, 1967). 
Dr * 

A weak band at 220nm was assigned to an n —3.1; transition 

and a second relatively intense absorption band at 195-170nm 

to a Tr....* Tf *  transition, the exact wavelength of which 
depended on the nature of the substituent.group adjacent 



359- 

to the amide. 

investigations of the ORD of helical polypeptides and 

proteins in wavelength regions between 25C and 165nm have 

reveEaed three optically active bands (Llout, Carver & 

Schechter, 1967). The first is negative, and is centred 

between 215 and 225nm, Lecause of its position, it has 

been assiGned to the weak n 	transition (Schellman 

Oriel, 1962). ioffitt (1956) predicted that the Tr-4P 

transition of a peptide group would be split into two 

transitions separated by about lOnm when that peptide group 

is involved in helix formation, and the two lower trans-

itions have been assigned to this split transition. 

The Cotton effect associated with an n -411" -r  trans-

ition in an amide group of a substance simpler than a 

protein or polypeptide, was first observed by Litman 

Schellman (1965) in the ORD of I-3-aminopyrrolid-2-one. 

recreasing the polarity of the solvent caused the centre 

of the Cotton effect to shift to longer wavelengths. This 

bathochromic behaviour would be expected for an n -41T 

transition („]cOonnell, 1952). Hypaochromic shifts were 

observed for7T--“[  transitions occurring at shorter 

wavelengths in a number of different types of amides 

Schellman, 1967), The chiroptical properties, 

and the changes of those properties with changes of solvent, 
of e number of other small, optically active compounds 
containing amide groups have recently revealed the existence 

ofTi.- -11 *  and n --3114  transitions at 190-195nm, and 

215-230nms  (see for example Goodman, Toniolo 	Falcetta, 1969). 
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:Yost of these examples contain the relatively rare cis-amides, 

but trans-amides have the same spectral properties (rielsen & 
Schellman, 1967). The wavelengths at .which n 	.° 

transitions occur depends on the overall structure and 

environment of the molecule in which the excited group 

occurs. For example, the cyclic peptides Cly5-I1-Leu and 
Gly4-L-Leu in water exhibit first CD extrema at 21/4nT and 

222nm respectively (Ziegler & Push, 1971), and the difference 
in wavelengths of the extrema have been ascribed to the 

effects of intraTrolecular hydrogen bonding. 

Schellman (Schellman & Oriel, 1962; Schellman, 1968) 
has discussed in considerable detail the form of symmetry 

rule which. is required for predicting the sign and order 
of'magnitude of the Cotton effect which results from the 

n --01-*  of a peptide bond. From a consideration of the 

planes of symmetry a quadrant rule  was proposed. It was 

shown that the magnitude and sign of the Cotton effect was 

prol)ertional to C( qiXiYi), where Xi. Yi  and ri  are the 

ri
5 

radial co-ordinates of the ith atom in the geometrical 

arrangement depicted in Fig. 5.25, qi  is the partial charge 

of the ith atom, and the coefficient C depends on certain 

perturbation coefficients and transition moments of the 

isolated peptide group, and on the effective dielectric 

constant of the atomic environment. The coefficient C might 

therefore be expected to be constant for a given series of 

related compounds. The derivation of the formula depends 

on the assumption that perturbation of the peptide group 

arises solely from the electrostatic fields of polar and 
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charged groups. The use of this rule appears to be more 

satisfactory than a simple application of the octant rule, 
because it takes into account the nature of the charge 
on the perturbing atoms. It is clear from the presence 

1 of the — term that the contribution of a given atom is 
r5 

very dependant upon its distance from the chromophoric 

group. 

The quadrant rule has been applied to studies of the 

Cotton effects produced by 3-D-aminopyrrolid-2-one 

(Litman & Schellman, 1965), li-pyrrolid-2-one-5-carboxylic 
acid, i-a-aminocaprolactam and camphorolactams (Goodman, 

Toniolo & Falcetta, 1969), and cyclic diketopiperasines 

(Balasubramanian & Wetlaufer, 1967). In these examples 

the contributions by the nearest atoms have alone been 

considered. This type of rule is the one which has now 

been applied to the n 4TF *  transitions exhibited by the 

N-acylglycosylamines. 

Application of symmetry rules to the Cotton effects pro-
duced by N-acylglzcosylamines. 

The Cotton effect produced by all the N-acylglycosy-

lamines in the region of 210nm was displaced bathochrom-

ically upon decreasing the polarity of the solvent (Fig7;,: 
5.). As already discussed, this behaviour is typical of 

an n .4iT*  transition. The wavelength at which these 

first Cotton effects are observed (called transition I) 

are similar to those that have previously been assigned 

to n.41-11 *  transitions in disymmetric molecules containing 

amide groups (see above). The second Cotton effect (II) 

is almost certainly due to the Tr-4 rr *  transition. 
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NN  

These assignments are in general agreement with those made 

previously (Beychok & Kabat, 1965; Beychok, Ashwell & 

Kabat, 1971; Listowsky, Avigad & Englard, 1968) to the 

two Cotton effects found .with N-acetylglycosaminides. 

The conformations of the acetamido _groups of N-Acetyl-
glycosylamines. 

The sizes of the Cotton effects observed in the wave- 

length region 250nm-185nm, suggest that the acetamido 

groups of the N-acetylglycosylamines studied here adopt 

preferred orientations with respect to their neighbouring 

atoms. In an attempt to establish the preferred conform- 

ations, the Quadrant rule (Litman & Schellman, 1965) has 

been applied. 

The partial charges on each perturbing atom in the 

N-acetylhexosylamines (Salinas & Sproviero, 1971) and in 

the N-acetylpentosylamines (Zhdanov, Makin, Ostroumov & 

Dorofeenko, 1968) were derived by quantum mechanical 

calculations. The values assigned to each atom are shown 

in Fig. 5.26. 

Assessments of the signs and sizes of the Cotton effects 

have then been made with the following assumptions. 

Firstly, it has been assumed that the amide group attached 

to Ci  is planar and trans. Secondly, it is assumed that 

the compounds all adopt the Cl preferred conformation. 

Thirdly, the protons attached to the oxygen atoms and, in 

the case of the N-acetylhexosylamines, C6  alsol have been 

assumed to have unrestricted rotations or, alternatively, 

that all the staggered positions are of equal importance. 

The question then arising concerns the size of the, angle 
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Fig. 5.26. Partial atomic charges used to calculate rotational strengths. 
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Table 5.2. A calculation by Schellmants procedure of the rotational  

strength (R) expected for Glc-NHAc with a conformation 

such that = +,8°  

The significance of T4, and the parameters X, Y, q, r and C, are defined 
in the text. 

Sign of Atcm 21g) j) 

2.80 

S(„ 	 ) 
r5x10"3  

(a) 

+2.43 

quadrant 

1.20 -0.262 3.25 0.362 Right 
upper 

-2.43 

(-ve) 04 0.75 5.20 +0.104 5.5 5.03 +0.08 .0.08 

04 0.75 6.45 .0.458 6.55 12  -0.18 +0.18 
n10 0.75 6.75 +0.501 6.85 15 +0.10 -0.10 

11. 1.40 5.3 +0.052 6.10 8.45 +0.05 -0.05 

C 1.40 4.15 +0.095 4.30 1.47 +0.38 -0.36 5 
H 1.00 4.20 +0.051 4.25 1.39 +0.15 -0.15 

06 
2.90 4.70 +0.045 5.30 4.18 +0.15 -0.15 

H6  3.30 4.90 +0.053 5.90 7.15 +0.12 .0.12 

h7 3.30 4.90 +0.053 5.90 7.15 +0.12 .0,12 
06 3.40 4.90 .0.457 6.00 7.78 -0.98  +0.98  

1 3.40 4.90 +0.302 6.00 7.78 +0.66 .0.64 

0.20 3.50 +0.053 4.80 2.55 +0.02 -0.02 

Right 
lower C 

0.6 

0.55 

2.3 

3.35 

+0.06 

+0.114 

2,63 

4.30 

0.131 

1.47 

+0.70 

+0.14 

+0.70 

+0.14 
(+ve) 02 1.75 3.10 -0.457 4.60 2.06 -1.20 -1.20 

H8 2.15 2.70 +0.302 4.75 2.42 +0.72 +0.72 

C., 0.55 4.85 +0.106 5.20 3.80 +0.07 +0.07 
0 1.15 5.80 -0.458 6.45 11.17 -0.27 -0.27 

no  1.10 6.00 +0.301 6.80 14.54 +0.14 +0.14 

N
3  1.30 4.90 +0.052 5,20 3.80 +0.09 +0.09 

Total a +2.17 

(a) The contribution of each atom to the total rotational strength is 
calculated in arbitrary units resulting from the application of 
Scheliman's expression. 
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between the amide plane at C1  and the sugar ring itself. 

This torsional angle (15) is defined as L:C9WiCilii, where 

the observer ie looking Ana the bond joining N1  to Ci, 
the atoms being numbered in rig. 5.26. The angle is 

regarded as zero when the projection of the N1C9  and 
C1H1 bonds are superimposed. The angle is positive when 

the projection of the C1H1  bond appears at a position 

which is clockwise to that of the projection of the N1q4 

bond. This is the convention adopted by others (Edsall 

et al., 1966). In the following discussion the use of 

atomic models such as the Dreiding type, will be found of 

considerable value. These models were used in the 

measurements of X1' Yi and r from which the calculations 

were made. It was assumed that the value of C in 

Schellman's equation was constant from one compound to 

another and for each conformation considered. 

An example of one of these calculations for,,G1c-NgAc 

with is +38°, is shown in Table 5.2. As can be seen from 

this table, the ring oxyzen makes a large positive contrib-

ution to the rotational strength in this conformation and 

does so for values of Ti  between about +40°  and +100°. 

The results of calculations of the rotational strengths 

of Glc-NHAc, Gal-NHAc, I an-NHAc, Ara-NHAc and Xyl-NHAc 

for all values of "-q are recorded in Fig. 5.27. The 

rotational strengths are in unite of a somewhat arbitrary 

nature, but would be related to those listed in Table 5.1 

by the constant factor, C. The rotational strengths 

determined experimentally for the n 	
* transitions of 

all the V-acetylglycosylamines used are positive, and have 



Fig. 5.27. Rotational strengths calculated for different conformations, 366. 
adopted by N-acetylglycosylamines, by Schellman's procedure. 

Rotational strengths are calculated for different values of the 
, torsional angle (ii)  around the C1N1  bond. Rotational strengths (R-) are C 

in those units which arise from the application of Schellman's equation (see 

text) 
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Table 5.. The conformations_of acetylglycocylarnines for which  

rotational strengths are calculated to be positive. 

Values of ç.  that give rise to positive rotational strengths as calculated 
by Schellman's procedure, are listed. 

G1o$111Ao -136° .... -92° -10°  +113°  -4 
Yan-NRAc .169°  -4 .130°  .80°  -...; +18C°  

1313a144HAo -150°  - 92°  -.12°  +115°  -9  -. 
Ara4ililic -152°  - 92° - 70 ....); +117° *4 
Xyl.talkc -152°  - 92°  7°  +113°  -4 -4 

The rotational strengths relative to those of G1c4MAc, of N-acetylglycosyl-
amines. The rotational strengths are calculated for conformations in which 
Cjias values from 00  to +80°  

1 Mx-!c pil-NHAc I4an-NIIAc Ara.NHAo Xyl-NUAc 

o 1.0 1.0 2.8 0.50 0.50 
+10 1.0 1.2 1.3 1.0 0.92 
+20 1.0 1.1 1.3 1.1 0.94 
+30 1.0 1.0 1.0 0.92 0.88 
+40 1.0 1.1 1.2 1.0 0.92 
+50 1.0 1.0 1.2 0.96 0.96 
+60 1.0 0.97 1.2 1.1 1.1 
+70 1.0 1.1 1.2 1.0 0.92 
4.80 1.0 1.1 1.2 1.0 0.93 
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values that lie between +10.5 and +14.0 c.g.s. units 

(Table 5.1). The values of -Ti,for which the rotational 

strengths were calculated by the quadrant rule to be 

positive are listed in Table 5.3.. If it is assumed that 

the conformation of the acetamido group with respect to 

the sugar ring is the same for each N-acetylglycosylamine, 

then the most likely t value might be expected to lie 

within the limits -136°  to -130°  or -7°  to +113°, as only 

between these limits are all the rotational strengths 

positive (see also Fig. 5.27). 

The permissible limits for the angle can be narrowed 

still further by considering the minimum distance that the 

amido oxygen (07) may approach the ring oxygen (05)„ or 

the 02  oxygen atom. The usually accepted distance needed 

between two non-bonded oxygen atoms is 2.7 a (Ramachandran 

& Sasisekharan, 1968) and considerations of this nature 

rule out the range of permissible angles for `1, from 436°  

to -130°  and +80°  to +113°.  
The rotational strengths calculated from the quadrant  

rule are expressed relative to those of Glc-NHAc at 

angles from 0°  to +80°  (Table 5.3). As the rotational 

strengths determined from experiment are about the same 

for each substance in this series of compounds (Table 5.1), 

the preferred conformation is likely to be that in which 

the value of -1;fis somewhere between +15°  and +80°  (see 

Table 5.3). 

The conformations of the acetamido groups of N-acetylglycos-
aminldes. 

The Quadrant rule was also applied to methyl N-acetyl- 
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ID -11-glucosaminide and methyl N-acety14-i.ga1actosaminide. 
The angle 7 ( L O7N2C2H2) is now defined in such a way that 
an observer looks gown the bond joining N2  to 02, the 

numbering of atoms being given in Pig. 5.26. when the 

projections of the bonds N207  and C2H2  are superimposed,t2._ 

ie said to be zero. When the projection of the bond C2H2  

is in a position clockwise to that of N2C7  the value of 752 

is positive. 

Similar calculations to those described above were 

carried out for these substances with the partial charges 

on the atoms used shown in Fig. 5.26. Partial charge values 

for atoms of the methyl group involved in the glycosidic 

linkage were taken from the calculations of Del Re (1958) 

for dimethylether. The glycosidic methyl group could not 

occupy all structurally possible conformations. The normal 

limiting distance of approach between the methyl carbon 

atom and the. ring oxygen is 2.8 R, that between the methyl 

carbon and C2 is 3.0 R and that between the methyl carbon 

and the amide nitrogen atom would be 2.9 R (Ramachandran & 

Sasieekharan, 1968). The limiting positions for the methyl 

group are those in which the torsion angle (LABO me01C1H1), 

lies between .38°  and +60°. Crystallographic studies of 

glycosides have shown previously that the torsion angle 

of the methyl group in methyl dB -k-maltopyranoaide is about 

+50°  (Chu & Jeffrey, 1967) and that in methyl") -i.xylo. 

pyranoside is +12°  (Brown, Cox & Llewellyan, 1966). An 

angle of +30°  was accepted as a reasonable value for these 

calculations. 

The results of calculation of the rotational strengths 
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for nethyl N-acetyl-p-i-glucosamide and -galactosaminide 
are shown in Fig. 5.28 for values'ofT1  between +40°  and 
-40°. The rotational strengths are calculated to be 

negative for values of Ta between about +15°  and -40°, and 

those of methyl 14-acetyl-pl-galactosaminide are calcu-

lated to be slightly less negative than those of methyl 
N-acetyl-A-R-glucosaminide. These results agree with the 

values of the relative rotational strengths of these two 

compounds measured experimentally (Table 5.1). 

As the calculated rotational strengths (Fig. 5.28) 

are in the same arbitrary units as those shown in Fig. 5.27, 

the most likely values of t2.  may be determined from a 

comparison of the experimentally determined rotational 

strengths. From Table 5.1, it may be seen that the experi-

mentally determined rotational strengths of methyl N-acetyl-

,8-E-glucosaminide is about half of that of Glc-NHAc. The 

values for the calculated rotational strengths (assessed 

in the arbitrary units used in the ordinate of Figs. 5.27 

and 5.28) of methyl N-acetyl-p-R-glucosaminide are there- 

fore between about 	and -2.5-  , corresponding withrLvalueo 

between 0°  and -20°. The preferred conformation of the 

2-acetamido group is therefore likely to lie between these 

limits. 

The conformation of GleNAc-NHAc andG1cNAc-Asn. 

Interpretation of the chiroptical properties of 

Glenc-NHAc and GlcNAc-Asn is complicated by the presence 

in each of them of two chromophores associated with 

degenerate transitions. However, this type of problem has 
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been examined previously by several workers in attempts to 

rationalise the rotational properties of proteins. 

Aoffitt (1956) first predicted that their --TT* 

transition of a peptide bond would be split into two trans-

itions of opposite rotational strengths separated by about 

lOnm, were that peptide to be involved in anc6-helix. 

It can be seen from his work that splitting would be expected 

to occur whenever two peptide groups possess relative 

conformations such that the planes of the two 'peptides are 

not parallel. Experimental verification of the splitting 

of this transition has come from ultra-violet spectral work 

(Gratser, Holzwarth & Doty, 1961; Holzwarth & Doty, 1965), 
and from the chiroptical properties of email molecules 

containing two amide groups (Schellman & Nielsen, 1967; 

Balasubramanian & Wetlaufer, 1967; Blha & Frio, 1970). 

The dependence of the magnitude of the splitting upon the 

values of the conformational angles* and* (for a definition 

see Edsall et al.,  1966) for di-peptide systems has been 

calculated (Bayley, Nielsen & Scheilman, 1969). 

The large positive Cotton effect observed at 196nm in 

the CD of G1oNAc-Aen and GIcNAc-NHAc may be the long- 

wavelength part of a split -IT 	* transition of the 

coupled diamide system. It should be noted that thell---* Ti * 

transitions of the N-acetylglycosylamines of k-aspartyl-

glucosylamine and of methyl N-acetylglycosaminides are at 

somewhat shorter wavelengths. The occurrence of splitting 

of the -Fr-9 1T *  transition is evidence that planes of the 

amide groups at C1  and C2  are not parallel, but in any case 

this would be highly unlikely. 
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Fig. 5.28. 	Rotational strengths calculated for different conformations, 

adopted by N-acetyl-D-glycosaminides, by Schellman's procedure.  

Rotational strengths are calculated for diffetent values of the torsional 

angle around the 62N2  bond CQ. Units of-the rotational strengths (g) are 

the same as those in Fig. 5.27. 

Fig. 5.29. Rotational strengths calculated for different conformations, 

adopted by GlcNAc-NHAc, by Scheliman's procedure.  

Rotational strengths are calculated for different values' of the torsional 

angle around the C
1
N1 bond CO, with a constant value for the torsional 

angle around the C2N2  bond (Z= 0°). Units of the rotational strengths 
,R, 
V-1 are the same as those in Figs. 5.27 and 5.28. 
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Of more immediate interest is the need to calculate 

the rotational strengths of the n 	* transitions of 

the chromophoric groups in GloNAc-NRAc and GleNAc-Asn. 

A complicating factor, however, is that the shift of the 

wavelength of the 	ur *  transition in these compounds, 

relative to those of the N.acetylglycosylamines, partly 

obscures the n .+TF *  Cotton effects. Probable values for 

the n 	Tr*  transitions (Table 5.1) were calculated from 

the results, but they are each likely to be composite 

values for the two n -4 -11-*  transitions discussed earlier. 

This type of complication was met in studies on di-peptides 

(2ayley, Nielsen & Schellman, 1969), but a solution to 

the problem was found by inclusion of factors which take 

into account the effects of dipole coupling between the 

electronic transitions of the two peptide groups. A similar 

answer was obtained when the rotational strengths were 

calculated on the basis of the one electron mechanism alone. 

The quadrant rule has now been applied to calculate 

the rotational strength of the n -47* transition of 

Glclihc-NEAc. 

Values for the partial charges lying on atoms of the 

amide groups of GloNAc-NHAo were taken from the mean of the 

values listed by Ramachandran & Saeisekharan (1968). The 

partial charges of the carbon and hydrogens of the methyl 

groups were taken from the values calculated for the 	carbon 

and hydrogens of i.asparagine (Del Re, Pullman & Yonezawa, 

1963). Considerations of the limiting distances for 

- irttezatoMia cmtacts.-, limited the torsional angles of 

-Vi and Ti to +Seto -40and +40°to -30°  respectively. The 
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rotational strengths in arbitrary unite calculated for a 

model where T72 211 0°  with various values of Z are shown in 

Fig. 5.29. 

These methods do not lead to an unambiguous assignment 

of conformation to GleNAc-NHAc and GleNAc-Aen. The results 

would however agree with the acetamido groups at 01  having 

a closely similar torsional angle (1;,) to those found for 

the N-acetylglycosylamines, and for the acetamido group at 

C2  having the same angle (T-1) as the comparable group in 

methyl N-acetyl-po-i-glucosaminide. 

FURTHER RESULTS AND DISCUSSION. 

The chiroptical properties of G1cNAc-Asn  GlcNAc-NHAc, 

Glc-NFAc and methyl N-acetyl-1)-D-glucosaminide in aqueous  
alkaline solutions. 

The ORD and CD curves of these compounds in aqueous 

solution of alkali ere shown in Figs. 5.30-5.33. and it may 

be seen that the shapes of the curves are changed but little 

compared with the corresponding curves obtained with sub-

stances in water. One of the interesting questions is 

whether the group /n-glycopeptides,which contain the GlcliAc-

Aen linkage and which titrate at a pH in excess of 12 

(see Chapter 2), is the imino hydrogen 

linkage. If ionisation of this group 

expect significant changes in the ORD 

Thus, the zwitterionic forms of amino 

transitions at lower wavelengths than 

which the carboxyl group is unionised 

Thomas, 1971). 

of the carbohydrate 

occurs, one might 

and CD patterns. 

acids have n -4V *  

do the forms in 

(Fowden, Scopes a 
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Fig. 5.30. 	The ORD of solutions of G1cNAc-NHAc in alkali. 
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Fig. 5.31. The ORD of solutions of G1cNAc-Asn in alkali.  
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376. Fig. 5.32. The ORD and CD of solutions of Glc-=NHAc in alkali.  
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Fig. 5.33  The ORD of solutions of methyl N-acetyl-p-D-glucosaminide  
in alkali  

020° 	 300 X (nrn) 	400 500 

   

-- ORD of Me p-G1cNAc in 1M-NaOH 

	 ORD of Me p-G1cNAc in 0.1M-NaOH 

ORD of Me f3-G1cNAc in water 

Measured on Bendix I 



378. 

The 1-11-acetamido N-T proton of GloNAc-NHAc would be 

expected to have a very similar p to that of GleiAc-Asn, 

but very little change is observed in the ORD and CD 

curves of GleNAc-NHAc in 0.11T-NaOH (about pH 13.0) compared 

to the curves measured - in water. The decrease in positive 

rotation observed in the ORD curves of GleNAc-Asn in 0.1:-
Na013, and 1.0i-Na011 when compared to ORD of GleNAc-Asn in 

water is4luel in part at least /  to changes in the state of 

ionisation of thek-amino group, because a similar decrease 

is observed when k-asparagine is examined in 

(Fig. 5.31). 

The first ORD peak of the positive Cotton effect 

exhibited by Glc-NHAc is visible both in water and in alkali 

up to concentrations of 	(Fig. 5.32) and the first pos-

itive extremum in the CD at 212nm is also visible in l=-Na0H. 

There appears to be no change in the wavelength in concent- 

rations of alkali up to 21,Z, suggesting that there is no 

ionisation of the N-H proton of the 1-N-acetamide group up 

to about pH 14.3. However, the rotation becomes slightly 

less positive as the alkalinity of the solvent is increased. 

The difference in the value of 	at 235nm exhibited by 

Glc-NHAc in water and by Glc-NHAc in 511:-NaOH was about 

-1000 deg. cm2  idmole,+is similar to the change in 'DI 

observed at 235nm in the ORD curves of GleNAc-NHAc under 

the same Conditions. 

If the 1-N-acetamido group of Glc-NHAe in alkali,remains 

in the conformation described above for water, an increase 

of negative charge in the "right-lower quadrant" would be 

expected to loid to a less positive rotational strength. 
Such a change would be expected to accompany an ionisation 



of either the C2 or C3 hydroxyl groups. 

There were only very slight differences in the ORD 

curves of methyl N-acetyl16-10-glueosaminide in water, 

0.1 NaOH or 1.0Z-NaOH (Pig. 5.33); this suggests that 

the 2-acetamido N-H proton does not'ionise at values of 

pH below about 14.0. 

The chiroRtical properties of hen ovalbumin glycopeptide  
and of the products obtained by treating the glycopeptide  
with alkaline borohydride. 

The compositions of glycopeptides I and II are listed 
in Tables 3.5 and 3.6 (Chapter 3). Whereas the peptide 

portion of these two fractions of glycopeptide material 

contain roughly equivalent amounts of each amino acid, the 

carbohydrate portions differ. Glycopeptide I contains 5.2 

residues of D-mannose and 4.1 residues of N-acety1-2-glucos-

amine, whereas glycopeptide II contains 4.7 residues of 

R-mannose and 3.4 residues of N-acetyl--glueosamine. These 

differences are reflected in the CD spectra (Fig. 5.34). 

Glycopeptide I possesses a more negative ellipticity at 

its minimum Teo: - 44,000 deg. cm2/dmole) than glycopeptide 

II (DaZ - 36,500 deg. cm2/dmole). 

The chiroptical properties of the glyoopeptides at 

wavelengths between 250nm and 185nm are mainly the result 

of contributions from optically active transitions in the 

2-acetamido groups of the N-acetyll-glucosamine residues, 

the 1-acylamido group at the linkage region, and the peptide 

bonds. The additional negative rotational strength of 

glycopeptide I compared to that of glycopeptide II probably 

reflects the negative contributions of an additional 

379- 
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Fig. 5.34. The CD of aqueous solutions of glycopeptides and re-N-acetylated  

reduced oligosaccharides prepared from hen ovalbumin.  

1 CD of hen ovalbumin glycopeptide I containing 

5.2 residues of D-mannose and 4.1 residues of 

N-acetyl-D-glucosamine 

2 CD of hen ovalbumin glycopeptide II containing 

4.7 residues of D-mannose and 3.4 residues of 

N-acetyl-D-glucosamine 

3 CD of re-N-acetylated reduced oligosaccharide 

prepared from glycopeptide II by treatment with 

0.2M-NaOH; 1M-NaBH4  for 11hr 

4 CD of re-N-acetylated reduced oligosaccharide 

• 40- 1 
A 	prepared from glycopeptide II by treatment with 

2M-NaOH; 1M-NaBH4  for 10hr. 

Glycopeptides I and II also contain several'amino 

acid residues. 

Measured on Cary 61 
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0,7 mole of Y-acetyl-E-glucosamine in non-reducing terminal 
positions. 

The CD curves from 240nm to 195nm of oligosacoharidee 

prepared from glycopeptide II by alkaline borohydride 

treatment followed by re-11-acetylation (Chapter 3) are 

very similar tothe CD curve of the intact glycopeptide II 

(Fig. 5.34). Cleavage of the 1-acylamido group in a glyco-

peptide that contained aspartic acid as the only amino 

acid would be expected to yield a product that exhibited a 

more negative Cotton effect at the first extremum, because 

GleNkc hen itself shows strong positive ellipticities at 

these wavelengths (C0a + 25,500 deg. cm2/dmole at 205nm). 

It is reasonable to believe, therefore, that the peptide 

portion which is removed during alkaline borohydride 

reduction and subsequent purification of the oligosaccharide 

material of the intact glycopeptide contributes strong, 

negative ellipticities to the CD curves of glycopeptides I 

and II. 

It is also instructive to compare the ORD curve of 

glycopeptide I with the ORD curves2 of glycopeptides con-

taining aspartic acid as the only amino acid, that have been 

reported by i,7ontgomery (1972). The ORD curve reported by 

him of a glycopeptide that contains the same number of 

N-acetyl-i-glucosamine residues as glycopeptide I, and the 
ORD curve of glycopeptide i itself are shown in Fig. 5.35. 

Glycopeptide I exhibits more negative rotations at wave-

lengths from 300nm to 203nm than the glycopeptide containing 

LL-aspartic acid as the only amino acid, and it seems likely 

that the contribution to the rotation by the peptide portion 
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Fig. 5.35.  The ORD of aqueous solutions of glycopeptides prepared  
ffom hen ovalbumin. 

A ORD of glycopeptide I containing 5.2 residues 

of D-mannose and 4.1 residues of N-acetyl-D-

glucosamine and several amino acid residues 

B (ORD of a glycopeptide containing 6 residues of 

D-mannose and 4 residues of N-acetyl-D-glucosamine, 

and L-aspartic acid as the only amino acid residue. 

C ORD of a glycopeptide containing 5 residues of 

D-mannose and 2 residues of N-acetyl-D-glucosamine, 

and L-aspartic acid as the only amino acid. 

B and C are from the data of Montgomery (1972) 
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is negative. The apparent rotational strength of the peptide 

portion of the glycopeptides studied might suggest that 

the peptide has a relatively fixed conformation, but it 

is not possible to establish the nature of this conformation 

at present. 

EXPERLJENTAL. 

Instruments, 

Chiroptical properties were measured on a number of 

instruments. MOst of the ORD measurements were made on 

Nmdix-Ericcson Polarmatic 62 spectropolarimeters, which 

were based on the design of Gillham h sing (1961). Samples 

were studied both on a first-generation instrument fitted 

with a 250 Watt arc Xenon lamp and Advance Electronics HR96T 

recorder at the Department of Pharmacy, Chelsea College of 

Technology, London, and also on a more recent instrument, 

fitted with a 450 Watt Xenon lamp, a Hewlett Packard 703513 

recorder, and an improved optical system, at the Department 

of Chemistry. Imperial College, London. In the discussion, 

these instruments are referred to as Bendix I and Bendix II 

respectively. A small number of ORD measurements were also 

made on Cary 60 spectropolarimetere by Cary Instruments Ltd. 

at Nonrovia, California and by Dr. P.M. Scopes and her staff 

at Westfield College London. 

The majority of CD measurements were performed on the 

Cary model 61 CD system at Unilever Research Laboratories, 

Colworth House, Bedford. Some measurements were also made 

on a Jouan dicrograph at Westfield College and on Cary 61 

and Cary 60 CD instruments at Monrovia, California. The 
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optical systems of all instruments were nurged with dry 

nitrogen, and the temperatures of the cell compartments 

were about 25°C. 

A cell of optical path-length of 0.5cm was used in 

the Bendix I and II instruments, Optically active substances 

were studied on the Bendix I in solution at concentrations 

sufficient to rotate light of wavelengths between 500 and 

240nm by about 200 millidegrees (m°) and between 240 and 

220nm by about 50m°. On the Bendix II, rotations of about 

200m0  were obtained between 500 and 220nm, and about 50m°  

between 22C and 197nm. The concentrations were therefore 

adjusted according to the rotational strengths of the 

compounds under study. For example, the N-acylglycosylamines 

were studied at concentrations of about 	(w/v) from 500 

to 300nm, 0.l from 300nm to 220nm, and C.01% from 220 to 

197nm. 

After the ORD of an optically active sample had been 

measured, the base line given by the solvent was recorded 

under the same conditions. Veasurements were discontinued 

when the noise level became too high for accurate measure-

ment. The lowest wavelengths at which reasonable measure-

ments could be read were 220nm on the Bendix I instrument 

and 197nm on the Bendix II. 

Compounds were studied at concentrations of about 0.1 

(w/v) on the Cary 60 instrument. The lowest permissible 

wavelength of the Cary 60 at Westfield College was about 

200nrn when solutions were studied in a 1mm path-length cell, 

whereas the lower limit of the Cary 60 at renrovia appeared 

to be 185nm with a 0.1mm path-length cell. 
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The ORD curves of GloN/c-VITAc measured on four different 

instruments are compared in Fig. 5.14. Good agreement Was 
obtained with the curves measured on the Bendix instruments, 

and the Cary 60 at Westfield College, at all wavelengths 
except those between 220 .and 230nm, where the Bendix I 
repeatedly recorded larger rotations than those recorded 
on the other instruments. The wavelength at which the peak 
was recorded at f,onrovia was lower than that recorded on 

the Eendix II, but it was noted that longer response times 

had been selected for the pen-recorder than those selected 
on the other instruments. 

Reproducibility on the Bendix II of the rotations of 

separate samples of equivalent concentrations of the same-

material was ±3m°  at 225nm for' measured rotations ,©f about 
+ 200m°, and - 3n at 208nm for rotations of about 30m°, and 

Eim°  at 197nm for rotations of about 60m°. Noise levels 

increased as the wavelengths decreased, which is almost 

invariably observed. 
The ORD curves were constructed by plotting molecular 

rotation (deg. Cm2/dmole) as a function of wavelength. 

The CD measurements made on the Cary 61 instrument at 

:301worth Rouse were performed on solutions in a 0.5mm path-
length cell. Concentrations (between 0.06 and C.15;-4 w/v) 

were chosen to give ellipticities of about 30m°  at 210nm. 

Penetration to a wavelength of 185nm was achieved in most 
cases. Baselines were constructed by scanning the solvent 

in the same cell under the same conditions; typical traces 

are shown (Fig. 5.36). 

Three separate samples of N-acety1-0-2-xylopyrano-

sylamine at similar concentrations in water which gave 



Fig. 5.36. A typical trace obtained on the chart of a Cary 61  

CD instrument at Colworth House. 

Measurements were made on a solution of Glc-Asn (0.077% w/v) in water 

in a cell of 0.5mm path-length. The centre trace is the base-line 

given by water in the same cell. 
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Table504. Eaximum molecular ellipticities, measured on the Cr :y 61  

and Jouan CD instrunents,, of some  E-acet21r1wcosy1amines. 

Values measured on 

. Cary 61  

W(nrJ) 	j-  (deg cm2/dro1e) o(nn) 	ei  (dc; en2/d:no7c) 

Na1.NHAo 212 

Ara-!BAc 212 

Xyl-NHAc 212 

+13,600 212 +11,090 

+13,200 212 +11,550 

+14,960 212 +12,210 

Extreme molecular ellipticities measured on three different solutions of 

Xyl.VHAc on the Cary 61 CD instrunent. 

X(rn) 	PI(deg cm2/dmo1e) 	T(nm)(a) 	ji](deE or::2/dc.ole) 

Xyl-/THAc (1)212 +15,006 185 .21,cc6 
(2)212 +14,700 135 -19,44.0 
(3)212 +25,180 185 -19,2C0 

(a) Inflection points occur at this wavelength. 
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ellipticities of about 23m°  at 212nm, and 30°  at 185nm, 

gave molecular ellipticities which were within ± 1.6';' 

of each other at 212nm, and ± 5 at 185nm. 

The Jouan dicrograph measured differential dichroic 

absorption and this was converted to units of molecular 

ellipticity. All the CD curves were recorded by plotting 

molecular ellipticity (deg. cm2/dmole) as a function of 

wavelength. 

The molecular ellipticities of three V acylglycosyl-

amines as measured on the Cary 61 and the Jouan dicrograph 

are compared in Table 5.4. ;;aximum molecular ellipticities 

measured on the Jouan dicrograph were about 84;' of those 

measured on the Cary 61 at 212nm, but penetration was 

achieved only as far as 200nm on the Jouan instrument. All 

rotational strengths are based on measurements made on the 

Cary 61. 

tiaterials. 

.Ost of the compounds studied were synthesised as 

described in Chapter 4. The N-acetyl-D-glycosaminides had 

been prepared previously in this laboratory (Neuberger & 

Wilson, 1971). 2-Acetamido-2-deoxy-3-0 methyl-D-glucopyranose 

and methyl 2-acetamido-2-deoxy-3-0-methyl-4-B- lucopyranoside 

were kindly provided by Dr. A.R. Allen. 

N-Acetyl-R-mannosamine was purchased from Yoch-Light 

Laboratories and I-asparagine from British Drug rouses. 

The preparation of glycopeptide I and II from hen ovalburnin 

(Chapter 2) and the preparation of the reduced, N-acetylated 

oligosaccharides (Chapter 3) are described earlier. 



SECTION 2. THE CRYSTAL STRUCTURE OF alcNAc-Asn.p22 
AND Glc-ften.H20. 

As the methods of calculating rotational strengths 

by application of the ideas of Schellman and his col-

leagues have not previously been applied to carbohydrate 

derivatives, it was of interest to discover if the 

stereochemistry of G1aNAc-Aen and related compounds are 

the same in the solid state as they are in aqueous solution. 

It was of particular interest to elucidate the nature of 

the forces that controlled the conformation of the C1-

amide, which appears from chiroptical studies to have a 

relatively fixed orientation. The number of degrees of 

freedom of rotation about the C1N1 bond will determine the 

orientation that a carbohydrate moiety of a glycoprotein 

may adopt with respect to the protein chain.' 

The marked differences in the properties of the tri-

hydrated and anhydrous forms of GleNAc-Asn have been noted 

(see Chapter 4). Although it was not possible to grow 

crystals of the anhydrous form of GleNAc-Asn large enough 

for X-ray diffraction studies, it was of interest to 

determine the nature of the intramolecular bonding to 

water molecules in the trihydrated form. As the chiroptical 

properties of the N-acylglycosylamines are easier to 

interpret than those of the di-N-acyl sugar derivatives, 

the crystalline structure of Gic-Aen was also studied, and 

the conformation adopted in the solid state compared to 

that of GleNAc-Asn. 

Crystals of G1eNAc-Aen.3H20 and Glc-Asn.H20 were 

grown from solutions in aqueous ethanol at +4°C. Photographs 

389- 
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of the crystals ,,viewed under a microscope set at 25 

magnification are shown in Plate 4.2. 

The crystals of both compounds belong to the monoclinic 

system and a P2 space group. The dimensions of the unit 

cells are,recorded in Chapter 4. 

The structures were solved by direct methods, and all 

carbon nitrogen and oxygen atoms were located to a satis-

factory resolution (R<0,07). Two water molecules were 

located in unique positions in the unit cell, but the third 

water molecule was variable in its position from one unit 

cell to another, This resulted in the appearance of two 

less intense peaks of electron density. The single water 

molecule in the crystal of Glc-Asn was located. Hydrogen 

atoms were located from a difference electron density map. 

The numbering of atoms and the bond lengths are shown in 

Pigs. 5.37 and 5.38. The bond lengths lie within the 

ranges previously established for other compounds (Pauling, 

1948). The parameters of the acylamide groups at Ci  and C 2  

are in agreement with the parameters of other acylamide 

bonds (Corey c Pauling, 1953). 
Representations of the conformations which are adopted 

by the two molecules in the crystalline state are given in 

11lOC  Pigs. 5.39 and 5.40. The conformation around C 	'results 

in the projections of bonds 0117111  and 01009  having Eiy11..-

clinal relationships in both GleNAc-Asn. 3H20 and Glc-Asn. 1120, 

A similar relationship is found between the -carbon atom 

andK-amino group of i-asparagine monohydrate (Kartha 

De Vries, 1961) and in the i-asparaginyl moiety of glycyl- 

asparagine (Pasternak, Katz & Corey, 1954) although these 
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Fig. 5.37. Bond lengths of G1cNAc-Asn. 3H20  
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Fig. 5.39.  A representation of the  

conformation adopted by  

G1eNAc-Asn.3H20 in the  

crystalline state.  
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Fig. 5.40. A  representation of the  

conformation adopted by Glc-Asn.H20 

in the crystalline state. 
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authors presented a structure containing, the 2-isomer 

of asparagine. In both GloNAc-Asn. 31120 and Glc-Asn. H20, 

if we look doWn bond C1009, the projection of bonds C- 0  Cll 
and 909 are superimposed. This type of structural feature 

occurs in a number of amino acids including Trasparagine 

(Ramachandran & Saaisekharan, 1968). The intramolecular 

non-bonded distances between the d-amino atom (Nil) and 

the amide oxygen (09) are fairly short (2.95% in GleNAe-Aen; 

2.884 in Glc-lien). A similar distance is .found in the 

structure of i-asparagine monohydrate.(Kartha & De Vries, 

1961). There is no hydrogen bonding between these two 

atoms, because the hydrogen atoms of the N-amino group are 

directed away from the carbonyl oxygen. Electrostatic 

interaction between the two groups may occur. 

It is immediately obvious from the structures that 

the sugar rings are in the 21 conformation, that the con-

figurations at the anomeric carbon atoms are /3 and that 

the amide groups are trans. 

The angles between the planes defined by the ring atoms 

02030505  and the atoms of the 01  amide group a C 10 9°9N1 14*41CI 
were calculated to be 69°  in the structure of GlelAc-Asn. 

3H20 and 56°  in that of Glc-Asn. H20, with the carbonyl 
oxygene closer to the ring oxygen than in an assumed con-

formation in which the oxygen atom of the amide group is 

syn-periplanar with the Ci  ring proton (1-11). The 09-05  

non-bonded intramolecular distances are 3.55t in GleNao-

Asn. 3H20 and 3.228 in Glc-Asn. H20. The conformations of 
these groups are shown schematically in Fig. 5.41. iqTrox-

imate angles of 21°  and 34°  for these two compounds 



Fig. 5.41. The conformations adopted by the acylamido groups at  

C1 in the crystalline forms of G1cNAc-Asn.3H20 and  

Glc-Asn.HO. 
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respectively may be calculated for the angle -CI  defined in 

Section 1 of this Chapter. Chiroptical methods yielded a 

limited range of values including the ones now found by 

,-ray diffraction methods. 

The angle between the plane containing the ring atoms 

C2C3C5  and 05, and the atoms of the 02 acetamide group of 

GleNAc-Asn. 31120 (C2N21115C70708) is 65.2°  in the solid 

state. In this conformation, the carbonyl oxygen is very 

nearly syn-periplanar with the ring proton at C2  (H2), and 

the plane of the amide group also includes 05  C6  and C6. 

The orientation of the acetamide group is similar tothat 

found previously in the crystal structure of U-acetylJX-2. 

glucosamine (Johnson, 1966). 

The atoms of the amide groups of GletlAc-Asn. 3E20 

are planar to within 0.058. The C1-amide group of Glc-Asn 

h20 is less planar; N1  is 0.098 out of the mean plane of 
the amide group. 

There are complete systems of intermolecular hydrogen 

bonding throughout both crystals, iAmt atoms able to take 

part in hydrogen bonding do' so. The hydrogen bonds involving 

El  are fairly long (GleNAc-Asn: Ni- H14...09  = 3.13°,, and 

in Glc-Asn: N1- 11."92  3,27R) (Pimental 

1960), and may therefore be fairly weak and not important 

factors, in determining the conformation adopted by the 

Cl  acylamido group. 



SECTION 3. THE STEREOCHEZSTRY OP 4-N-(2-ACETAMIDO-2-
DEOXY- -11-GLUCOPYRANOSYL)-i-ASPARAGINE IN  
IT, COMPLEX WITH LYSOZYME. 

As G1cNAc-Asn is a derivative of N-acetyl-E-glueos-

amine, an inhibitor of hen egg lysozyme, it seemed possible 

that a complex might be formed between GleNAc-Aen and the 

enzyme. The stereochemistry of this complex could then 

be investigated by an extension of the X-ray diffraction 

methods applied to complexes of lysozyme and of various 

inhibitors by Professor D. Phillips and his colleagues. 

Experimental Oetai1s, 

A tetragonal crystal (Alderton & Fevold, 1946), 

measuring about 1mm in diameter, of hen egg lysozyme was 

placed in a quartz capillary.. The crystal was surrounded 

by its mother liquor (pH 4.7) containing GloNAc-Asn at a 

concentration of 0.2j. The ends of the capillary were 

sealed, and the crystal was left to soak in this solution 

for 22 hr at about, 22°C. The solution was removed from 

the crystal, and the tube was mounted on a goniometer head. 

The crystal was aligned on a Supper precession camera 

in such a way that X-rays (Cax 1.5228) passed straight 

down the u ulliqike C. axis (Holmes & Blow, 1966).' A 

precession photograph was taken with a precession angle 

of 4°. The symmetry of the diffraction pattern obtained 

(see Plate 5.1) showed that the crystal was correctly 

aligned. The goniometer head carrying the crystal was 

mounted on a Filger & Watts linear diffractometer, and 

intensities were collected to a resolution of 2.5g. 
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Plate 5.1.  The diffraction pattern exhibited by the 

lyseepme, - GlcNAc -Assn complex. 

A precession photograph was taken on a Supper precession camera 

with X-rays (CuKa mg 1.5220 at an angle of 4°  to the c axis 

of the lysoxyme crystal. 
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The change in electron density due to the incorporation 

of GlaAc-Asn was calculated by subtracting the known 

structure amplitudes of native lysozyme, previously 

determined by Professor Phillips and his colleagues, from 

the observed structure amplitudes of the complex of GloblAc-

Amin with lysozyme. A Fourier synthesis was performed on 

the observed changes by applying the phase information 

observed for native lysozyme. 

The data were obtained in the form of electron densities 

recorded in planes perpendicular to the c-axis (c = 37.9R) 

at intervals along this axis of 0.638. These electron 

densities were recorded on each plane at distances apart of 

0.668. Contours were drawn at intervals of an estimted 

0.1eA'3  above a level of about 0.3er3. The sections were 

then stacked together (Blake et al, 1967a) and the three-

dimensional position of the electron density related to a 

model of lysozyme,b‘iilt with Kendrew models at a scale of 

2cm = 

The conformation of GIcNAc-Asn in the lysozyme complex. 

It was immediately apparent that G1 NAc-Asn was 

bound in the cleft of lysozyme (Blake et al., 1967b), 

with the sugar ring in site C and the i-aspartyl residue 

extending down into site D. 

Various stereoisomers representing GloNAc-Asn in a 

variety of configurations were constructed with the Kendrew 

models. The relationships of the atoms in these models 

were then directly related to the three-dimensional contours 
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of electron density constructed as described above. 

In other methods used to assess the configuration, 

the electron density was displayed at a contour level of 

0.36eA-3  on a Ferranti display system on-line to the 

Argos 500 computer. It was possible to display eimult-

aneously a line representation of the molecule. The 

programme facilities allowed the conformation of the 

molecule to be adjusted by performing rotations about 

a specified axis through the whole molecule, or by rotating 

about certain specified bonds. 

As the crystal structure of GlcliAc-Asn trihydrate had 

not been ascertained at that time, the structural para-

meters chosen for line representation was built up from 

those of L-asparagine as determined in the crystalline 

form of Trasparagine monohydrate (Kartha & De Vries, 1961) 

and, for a model inp-anomeric configuration, the structure 

of /g-i-glucose (Chu & Jeffrey, 1968). The amide geometry 

established by Corey & Pauling (1953) was employed for 

the 2-acetamido group. The possibility was also considered 

that Glenc-Asn was of a-anomeric form, although this was 

extremely unlikely (see, for example, Marshall & Deuberger, 

1964). For the construction of models representing the 

latter type, the parameters of N-acetyl-10(-2-glucosamine 

(Johnson, 1966) were chosen. 

Considerable freedom was allowed in all the models 

for the geometry of the linkage region, the bond lengths 

and angles of which were adjusted by programming until 

the best fit to the electron density was obtained. 

It was found from building Kendrew models that the 
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N-acetyl-R-glucosaminyl moiety of the molecule could be 

accommodated in the electron density in a, position such 

that the 2-acetamido group made specific hydrogen bonds 

with the main chain of the protein in the same manner 

found previously in inhibitor-lysozyme complexes (Blake 

et al., 1967b). The N2-atom (see Fig 5.37) was finally 

located at a distance of 2.8R from the main chain carbonyl 

oxygen of residue 107 (alanine), and the 07 atom was at 

a distance of 3.5R from the main chain NA group of 

residue 59 (aeparagine). With the 2-acetamido group in 

this position, most of the ring atoms were accommodated 

in the electron density. The atom 06  was not generally 

located in electron density, but Dr. L. Johnson said that 

this situation also occurs in other lysozyme-inhibitor 

complexes. 

The photographs which are shown in Plates 5.2 to 5.6 

depict the electron density displayed on a television 

screen, together with line representations of the bonds 

in GlcNAc-Asn. Points corresponding to density levels of 

0.36e r3  are joined up with thin lines to form a three-

dimensional contour of electron density. GlcliAc-Asn is 

represented by thicker lines. Two models side by side 

represent stereoscopic views of the same model, and are 

best viewed through a stereomagniscope. A suitable viewer 

is provided in the back of Advances in Protein Chemistry 

(1967) Vol. 22, and Plates 3.6 and 3.7 are best viewed 

through the coloured glasses provided at the back of this 

thesis.  



It is evident that the g-amino acid moiety of 

GleNAc-Asn should fit into the lower lobes of electron 

density (Plates 5.2-5.6) and that the narrow part of 

the electron density that joins the upper and lower 

lobes of electron density limits the configuration of 

Cl  

Models of the ('Lanomeric form with a Cl sugar con-

former leave the i-aspartyl residue well outside the 

limits of the electron density when the sugar residue is 

placed in the correct position. The fit obtained when 

attempts were made to accommodate a model of the /3-anomeric 

configuration, but with, a cis-amide at Cl, is shown in 

Plate 5.2. This configuration leaves 07  and N11  outside 

the electron density, and much of the electron deniety is 

left unaccounted for. 

Plates 5.3 and 5.4 show the best fits that could be 

obtained with the 01-amide group in a normal p trans  

configuration. In plate 5.3, the carbonyl oxygen is 

approximately. syn-periplanar (cis) with the Ci  ring portion 

(Hi). In this conformation, 07  and the carboxyl group 

lie:, outside the electron density. In Plate 5.4 a 

conformation is adopted in which the carbonyl oxygen is 

closer to the ring oxygen O. The carboxyl group and 07  

now lie inside the regions of electron• density, but the 

rest of the aspartyl residue lies well outside. In both 

cases, much electron density is left unaccounted for. 

Apdele were considered in which distortions were 

applied to the C1-amide group in such a way that the atoms 

01N1909C10 no longer lay in a plane. Two good fits that 

401. 
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Plato. 	modell  built by cAwlputort  ookipmf-Aop cgotoeuto 

& £r-arid. at Ci  

pper half of the three.dimenslonal representation of the electron 

aneity tontains the sugar ring, and the aspartyl residue extends down 

into the lower half. 

Plate. 5.3. A insibel. guilt W comport•rs 

st C 

61 containing 

 

The photographs show a television screen displaying a lino 

the compound and the electron &knelt of the compound When bound t* 

VMS. our details, ow text. 
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GitnAc.Asp temmslelny 

A trans-Aide IL  

The oroupm mround CiN:  hnd sr rientod differently in this modwl 

tempered to tie mmdM4 shown in mato 50* 

U$t 50*  A andel, Wilt by com uto  of GlettAc..Asn manikin-a 

a dlstorti swidAlt At C1 
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were obtained by programming changes in the C1-amide 

geometry are shown in Plates 5.5 and 5.6. In these 

models, most of the atoms are accommodated inside the 

electron density contour, although one of the carboxyl 

oxygens lies on the edge of the electron density. ;ore-

over, most of the electron density is now accounted for. 

it seems that the structure of GlelAc-Asn in its 

complex with lysozyme does not have a planar acylamido 

group at 01  so that the structure is different from that 

which it is in the crystalline state. The asparaginyl 

moiety has a structure similar to that of i-asparagine 

monohydrate with an 09N11  distance equal to 3.31. 

The final distance adopted for the C1N1  bond (l.40) 

was slightly shorter than that found for Glenc-Asn tri-

hydrate in the crystalline state (l.4451), but the bond 

angles around the 01  atom (Z-0201N1= 108.10; L 0501N1  = 

106.8°.and LC2C1C5  = 108.9°) were about the same. 

Interactions_ of GlcliAc-Asn with lysozyme. 

The position that GlerlAc-Asn adopts in the cleft of 

lysozyme is shown in Plate 5.7. As well as the inter-

actions involving the 2-acetamido group discussed above, 

the NH side chain groups of residues 62 and 63 (trypto-

phan) form hydrogen bonds with 04  (3.6a) and 03  (2.95). 

There is a strong electrostatic interaction (2.8R) between 

the 0-amino group of GlcrAc-Asn and the carboxyl group 

of residue 52 (aspartic acid). The distance of 012 

to the carboxyl oxygen of residue 35 (glutamic acid) is 
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Plate. 5.6. A model, built by computer, of G1cNAc-Asn, containing 

a distorted amide at C1 

This plate is in the form of a slide placed at the back of 

this thesis. The slide should be projected onto a screen placed at 

a distance of about six feet from the projector. The image should 

be viewed through the glasses also provided at the back of the 

thesis. 
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Plate.  5.7.  The mode of binding if G1cNAc-Asn to lysozyme. 

This plate is in the form of a slide placed at the back of this 

thesis. The slide should be projected as described fee Plate 5.6. 

The model of G1cNAc-Asn that provided the best fit to the electron 

density, as shown in the two proceeding Figures, is drawn with thicker 

lines. The sugar residue is at the top and is bound at site 'C'. The 

aspartyl residue extends down into site 'D'. Possible hydrogen bonds 

are marked with dotted lines. 
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2.9?, and there is a possibility of hydrogen bonding 

here as the residue is presumed to be unionised (Blake 

et al., '1967b). 

The occupancy of Glel:Ac-Asn in the lysozyme molecules 

in the crystal was calculated to be 24r7.. 

SECTIO,  . 	 DISCUSSION. 

Important features of the chiroptical properties of 

certain types of glycopeptides and of glycoproteins are 

the Cotton effects, in the wavelength regions below 250nm 

exhibited by the acylamido groups at Ci  and C2  of the 

linking 14-acetyl-R-glucosaminyl residue and by the C2-

acetamido groups of other N-acetyl hexosamine residues. 

These studies have shown that these effects are more easily 

isolated by CD techniques from those arising from other 

centres of optical activities in the molecule than by ORD. 

:oreover, Cotton effects arising from n--10.7r * transitions 

have been resolved from those arising from w --0/r 

transitions in CD spectra (Figs. 5.10-5.13), but not in 

ORD spectra (Pig. 5.9). 

Valuable information concerning the preferred orient-

ations adopted by the compounds studied here has been 

obtained by application of symmetry rules. The present 

studies have employed symmetry rules which take into 

account the electrostatic nature of the perturbing atoms. 

Other workers have applied the octant rule as formulated 

by :oscowitz et al.. (1962) to interpret the chiroptical 

properties of carbohydrate derivations (Beychok & Kabat, 
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1965; Beychok, Ashwell & Kabat, 1971; Paulsen,.1968; 

Okuda, Harigaya & Kiyonioto, 1964), but there are dangers 

in doing so as'this rule was derived for use on certain 

ketones. 

From the chiroptical properties of the compounds 

studied, it has been possible to define a limited range 

for the torsional angles about C-N bonds of the Cl  and C2  

acetamido groups. The preferred conformations are 

to lie within these ranges. It is interesting to find 

that the torsional angles around the C-N bonds of the 

acylamido groups of GlcliAc-Asn and Glc-Atin in the 

crystalline states lie within the ranges of values eval-

uated from chiroptical propertils. Similar correlations 

have been established previously for nucleoside derivatives 

Piles et al.,  1970). 
Examination of the ORD and CD of G1oNAc-Aen provides 

a sensitive and rapid method for the identification of 

this compound as the Cotton effects are very distinctive. 

Some information about structure and conformation has been 

obtained by examination of the chiroptical properties of 

glycopeptides and their breakdown products, but further. 

studies on model disaccharides and trisaccharides would be 

desirable (see also Lloyd, Beychok & Kabat, 1967; Ettler, 

et al., 1970). In this respect, ORD may prove to be' a 

• more useful tool than CD as configuration-dependent effects 

are more marked in ORD. 

Chiroptical studies may also prove to be of use in 

elucidating the nature of conformational changes that 

occur when glycoproteins and glycopeptides interact with 

other macromolecules. For example, it should be possible 
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to observe the changes induced in GleNAc-Asn by lysozyme 
with difference spectropolarimetry (Ikeda & Hameguchi, 
1969; Adkins 8: Yang:, 1963). 

Rotations about tbe 1110,  01009 and N101 bonds of 
the linking moiety, Glenc-Apn, in glycoproteins are 
theoretically possible, and have been commented upon 
(Rees u Scott, 1971). The present studies have shown 

that the groups around the Niel  bond are orientated differ-

ently in the substance when it is in the crystalline 
state and when it is in aqueous solution, compared to when 
it is bound to lysozyme. The forces required to bring 

about this change result from interactions with the poly-
peptide chain. It is reasonable to ask whether linkpfes 
of this type in glycoproteins are stereochemically 

identical with that occurring in the model compound itself 
and, furthermore, whether the linkage differs in its 

special orientations from one glycoprotein to another. 

These questions can be answered only by further studies, 



CHAPTER 6. 

SO .,Z PROPERTIES OF T17.7 OVALIPT7IN OF ETITU GOOSE. 

At the time these studies were commenced, in the 

autumn of 1968, there were relatively few sequences known 

in the neighbourhood of glycosylated i-asparaginyl residues 

of glycoproteins (see Etrshall & Neuberger, 1968). The 

frequency with which a P-hydroxy - amino acid residue 

occurs in a position next-but-one on the C-terminal side 

of the glycosylated residue had been discussed Uarshall, 

1967), and it was later suggested that the necessary 

sequence for glycosylation of an k-asParaginyl residue to 

occur, was -ASN-X-Thr(Ser)- (Aeuberger & arshall,'1969). 

It was pointed out at that time, that the occurrence of 

this sequence does not guarantee that glycosylation of the 

L-asparaginyl residue will occur, and that other factors, 

including the whole stereochemistry of the protein, are 

important. 

Bt the time, reports were known of several examples 

of sequences which did not fit into this pattern, but 

these have since been shown to be in error (see T4arshall, 

1972), with the exception of hen egg yolk phosvitin 

(Shinkin Perlmann, 1971). 

Because of these considerations, it was decided, while 

the experiments described in Chapter 2 were in progress, 

to examine other glycoproteins for the sequences of amino 

acids in the neighbourhood of glycosylated I-asparagine 

residues. Yowever, during the time that the experiments 

were in progress, many examples of the triplet amino acid 

410. 
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sequence became known (see for example, Catley, l'oore & 

Stein, 1969; Jackson & Hire, 1970; and also Table 1.4). 

Partly for this reason, and partly because other aspects 

of the problem became of greater interest, the project 

was not pursued extensively. Heverthelesa, some interesting 

results were obtained and these are now reported. 

It has been firmly established that hen ovalbumin 

contains a carbohydrate moiety at a unique site in the 

polypeptide chain, although the sequence -Asn-Leu-Ser-

occurs elsewhere in the polypeptide chain of one genetic 

variant of ovalbumin (Aseman, Fothergill & Fothergill, 

197?). 

It has been found (Fothergill 	.Hothergill, 1970) 

that there are greater differences in the structures of 

ovalbumin belonging to the different orders,galliformes  

and anseriformes than between species of the same order. 

it had earlier been decided, because of the not-unexpected 

finding just mentioned, that a comparison of the ovalbur-ins 

of the 2mbden goose (anseriformes) and the hen (galli-

formes) was desirable. 

RESULTS. 

Ireparation and properties offoose ovalbumin. 

Goose ovalbumin was prepared by the procedure which 

was basically that of SOrenson HOyrup (1915-1917), after 

adsorption of the lysozyme of the egg-white on carboxy-

methyl cellulose. A. photograph of the preparation of 

goose ovalbumin under 400 magnification is shown in Plate 

6.1. The ovalbumin does not form crystals on separation 



Plate 6.1. The xreraration of goose ovalbumin viewed under 

400 mavonification, 

Polyacrylemide disc gel electrephereeis of noose  

ovalbumin. 

Blectrophoresia was perforwed at l 8.5 either in the presence or 

absence of 0. 1 sodium dodecyl sulphate. Conditions are dJscrieed 4 

1112. 

Plato 6.2. 

Davis (1964) or Marshall & Zaaacnik (1969).50 amounts of protein were 

examined. 

11 411 111- 

A B 	C D E 

A Hen ovalbumin 

B Goose ovalbumin 

C Hen ovalbusin (on the left) 
Goose ovalbumin (on the right) 

D An aged sample of goose ovalbumin 

E Goose ovalhumin in 0.1% sodium 
dodecyl sulphate 

F Goose ovalbumint  reduced in 

mercaptoethanolt  in 0.1% sodium 
dodecyl sulphate 

G Goose ovalbumin, reduced and 
carboxymwthylatoe, in 0.1% sodium 
dodecyl sulphate. 

H Hen ovalbumin in 0.1% sodium 
dodecyl sulphate. 
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from ammonium sulphate solution, whereas hen ovalbumin 

crystallises as small, cigar-shaped needles (compare 

Plates 6.1 and 2.1). Nevertheless, an opalescent sheen 

is observed when suspensions of goose ovalbumin are 

swirled in daylight. 

The preparation contained a protein which possessed 

a very low mobility when subjected to disc electrophoresis, 

by the method of Davis (1964), at pH 8.5. This protein 

was removed by gel filtration on Sephadex G-lOO (-7ig. 6.1). 

The protein in the major peek was isolated by dialysis, 

dried from the frozen state and used in all further studies. 

Multiple bands are exhibited by goose ovalbumin on poly- 

acylanide discs at pH 8.5 (Plate 6.2; gel B) and also by 

hen ovalbumin (Plate 6.2; gel A). The electrophoretic 

heterogeneity of hen ovalbumin has been discussed previously 

(see Chapter 2). The intensities of staining and the 

mobilities of the bands exhibited by the two proteins 

differ slightly, suggesting, perhaps, differences in the 

degrees of phosphorylation. The hen ovalbumin variants 

run faster during electrophoresis than those of goose 

ovalbunin,when the two proteins are placed on either side 

of a plastic partition placed at the top of a single gel, 

and then subjected to electrophoresis (Plate 6.2; gel a). 

Other bandsl observed when samples of goose ovalbumin 

which have been stored for some time in the frozen state 

are subjected to electrophoresis are probably due to 

aggregation of the protein (Plate 6.2; gel D). 

When electrophoresis is performed in O.1' (w/v) 

sodium dodecyl sulphate, goose ovalbumin gives one band 
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Fig. 6.1. Gel chromatography of the preparation of goose ovalbumin. 

Column: Sephadex G-100,suspended in 0.1M-NaC1 at 

25°C,(85 x 2.5cm). 

Eluting agent: 0.1M-NaC1 at 8.3m1/hr. 
Protein (0.2g), obtained by ammonium sulphate fractionation 

of the egg-white, was placed on the column. 

Fraction no. @-65 ml) 



1.4 

1.2 

1-0 	 40 

2.4[ 

25°C. 

Fig. 6.2. Calibration of Sephadex G-100 column with proteins 	415. 
of known molecular weight. 

Protein (<10mg) was dissolved in 0.1M-NaCL and placed 

on the column described in Fig. 6.1. Eluting agent 

was 0.1M-NaC1, and chromatography was performed at 

4.2 4.4 	4.6 	48 
Log. mol. wt. 

5.0 5.2 

2.2 

Ribonuclease 
a-Chymotrypsinogen 
Pepsin 
Hen ovalbumin 
Bovine serum albumin (monomer) 
Bovine serum albumin (dimer) 
yGlobulin 

Vo 
V 
—e V for goose ovalbumin is 

marked with 

2 
3 
4 
5 
6 
7 

1.6 

1.8 
Va 

1.0 

0.8 

06 
RF 
0.4 

0.2 

040 4.2 44 4.6 4.8 50 5.2 5.4 
Logo  mol. wt. 

T a-Chymotrypsinogen 
U Pepsin 

Ovomucoid 
Hen ovalbumin 

ri Serum albumin(monomer) 
yr yGlobulin 

R
T 
 for goose ovalbumin is marked 

with —p 

Fig. 6.3. 	Calibration of polyacrylamide gels,run in 0.1%(w/v) 

sodium dodecyl sulphate, with proteins of known  

molecular weight. 

Gels were run at pH 8.5 under the conditions described by Marshall & 

Zamecnik (1969). 134, values are the distances run by the proteins 

relative to that run by bromophenol blue. 
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Table 6.1* The,composition of Embden goose ovalbumin. 

Substance 

Residues (to nearest integer) per mole of ovalbumin. 

Hen(a) 

Alanine 

Glycine 

Valine 

Leucine 

Isoleucine 

Proline 

Phenylalanine 

Tyrosine 

Tryptophan 

Serine 

Threonine 

Cystine/2 

Methionine 

Arginine 

Histidine 

Lysine 

Aspartic acid 

Glutarnic acid 

Glucosamine 
Mannose 

Moisture content 

Ash content 

(32°  --L t 
21 

31 

3
0(b) 

 

21(c)  
(b) 15 
(b) 23 

(b) 12 
(d)- 
? 

42(e)  
(e)  28(e)  

(f)  8 

19(b)  

12(b)  

6(b)  

23(b)  

36(6)  

51(b)  

8(g)  
12(h) 

(10.1;') 

( 9.60 

35 

19 

32 

31 

24 

15 

19 

10 

3 

3p 

15 

6 

15 

15 

7 

20 

32 

52 

(i) 
3(i) 
5 

(a) Amino acid analyses are from Smith & Back (1970) 

(b) Mean value of seven ectimations made after different times of hydrolysis 

(c) Measured after 78 hr of hydrolysis 

(d) Measured spectrophotometrically 

(e) Values obtained by extrapolation to zero time of hydrolysis 

(f) Measured as carboxymethyll—cysteine formed by reduction and alkylation 
of protein 

(g) Measured by modification of the Ronde & Morgan (1955) procedure 

(h) Measured by the orcinol.H2SO4  procedure 

(i) Johansen, Marshall & Neuberger (1960) 
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E). , Gels P and G show that the preparation of 

goose ovalbumin is not dissociable into sub-units by 

cleavage of disulphide bonds. 

Calibration of the Sephadex G-100 column (Fig. 6.2) 

with standard proteins, and calibration of the polyacryl-

amide gels (Pig. 6.3) with standard proteins that had 

been left overnight at +4°C in 0.1r,f,  (w/v) sodium dodecyl 

sulphate in electrophoresing buffer, suggested that goose 

ovalbuMin has a slightly higher molecular weight than 

does hen ovalbumin, a value of 47.500 for the goose 

protein was estimated. 

The amino acid and surer analyses of goose ovalbumin. 

The neutral sugar in hen and goose ovalbumin is shown 

to be D-mannose only (121.E. 6.4). 

The tmlino ecid and sugar analyses of goose ovalbumin 

are renorted in Table 6.1. The values are expressee as 

residues per mole (47,500 mol. wt.) of ,00se ovalbusin. 

The numbers of residues of amino acids released by acid 

hydrolyses for 15 hr, *3(' hr, e hr end 7 hr were calculated 

relative to the nurber of glyoine residues (21) released 

by hydrolysis for 20 hr. The analyses of all amino acids 

measured by autoanalysir, except serine, threonine, valine, 

isolcucine and oysteine, were independent of the times of 

acid hydrolysis, snd mean values of seven detessinations 

are given in Table 6.1. The analyses of eerie and 

threonire extrapolated to zero tise,and the analyees of 

valine and iscleucine obtained by 79 hr Ilydsolysisl(see 

Fig. 6.5) are reported. The changes suggested that serine 
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40 
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Serine 

Valine 

Threonine 

Isoleucine 

Fig. 6.4. Paper chromatography of neutral sugars. 	418. 

30 

20 

 Development by n-butanol-ethanol- 

0 water (10: 1: 2 by vol) for 2.  days. Goose ovalbumin (11mg) was hydrolysed 

in 1M-H2  SO4  . (5m1) at 100°C for 8hr, and =  
the hydrolysate was deionised. One fifth 

of the residue, and 100119 of each 

standard sugar, were placed on the 

chromatogram. 

0000 

    

    

0 
2 

I0 

   

   

     

     

Sugars were located with 

the reagent of Trevelyan,Proctor 

and Harrison(1950) 

0 
G lc 	Hen Goose Gal 	Man Gal 

Oval b. Oval b. G lc 
Man 
Fuc 

Fig. 6.5. Recovery of amino acids following hydrolysis of goose 

ovalbumin in 6M-HC1 -At 110oC for increasing periods of time. of 
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and threonine were destroyed to extents of 17% and 3.6% 

respectively by 20 hr acid hydrolysis (Fig. 6.5). Rees 

(1946) found that 10.5% and 5.3% of marine and threonine 

contents of various proteins were destroyed under the 

same conditions of hydrolysis during 24 hr. 

The mean value of the numbers of hexosamine residues 

released from the protein by hydrolysis in 411-H01 at 

100°C for periods of 2 hr, 4 hr and 6 hr was calculated; 

there was less than 4% difference in the values measured. 

prglucosamine was the only hexosamine detected on the 

autoanalyser. 

Tyrosine and tryptophen were measured spectrophoto-

metrically (Table 6.1). The results obtained were 

interpreted through the equations of Goodwin & Morton (1946) 

which are described by Heaven & Holiday (1952). The 

ultra-violet spectra of a centrifuged solution of goose 

ovalbumin in water and in alkali are recorded in Fig. 6.6. 

There is no change in the spectrum measured in O.31 NaOH 

after storage of the solution for 6 hr at room temperature. 

The tyrosine value agrees with that obtained by auto-

analysis.  

The analyses are compared to those of hen ovalbumin 

in Table 6.1. The main differences are higher threonine 

(13 additional residues). lower alanine (11 residues less) 

and greater carbohydrate content of goose ovalbumin com. 

pared with hen ovalbumin.  

Proteolxtic dige0i9n ()tat, se,ovalbumin. 

This part of the work was carried out with the help 

of Dr. E. Romanoweka of the Polish Academy of Sciences, 

Wroclaw, who spent six weeks as a British Council Visitor 
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Fig. 6.6.  Ultra-violet spectra of aqueous and alkaline solutions of  
goose ovalbumin. 

..p 	 I Ultra-violet spectrum of a solution of 

goose ovalbumin (0.064% w/v) in water 

II Ultra-violet spectrum of a solution of 

0.8 	 goose ovalbumin (0.026% w/v) in 0.3M-NaOH. 

0.7 

0.6 

05 

04 
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0•I 

260 	270 	280 290 300 310 
A(nm) 
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Table 6.2 
••••••••••...1 .  

Analysis of pooled fractions. containing Flycojaeptide material, 
obtained bx gel chroraltop-aphy of a proteolytic direst of  

goose ovalburain. 

   

Faction 1(a) F'raction 2(a) a) Fraction 

Asp 
(b) Thr 

1,00 
0.57 

1.00 
0.55 

1.00 
0.62 

Ser(c)  0.55 0.41 0.59 
Olu 0.68 0.55 0.31 

Pro 0.31 0.32 0.24 

Gly 0.67 0.41 0.35 

Ala 0.36 0.23 0.27 

Val 0.58 0.53 0.38 

i CYs - 0.47 0.26 

Ile 0.11 0.13 0.18 

Len 0.38 0.26 0.34 
- Tyr 

 
0.24 0.11 

Phe _ . 0.17 
Lys 0.57 0.41 0.33 

GleN 0.69 0.87 1.75 
Man 26.1 2.32 1.66 

M (d)  en 	22 	20 	50 

These are fractions pooled as shown in Fig. 6.7 
Corrected for LC loss during acid hydrolysis 
Corrected for 	loss during acid hydrolysis 
Percentage rrennose of that contained in the original glycoprotein 
before digestion. 
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in this Department. 

In order to discover if the carbohydrate was attached 

at more than one locus in the polypeptide chain, goose 

ovalbumin was digested with pepsin, followed by chymo-

trypein and trypsin. Ninhydrin estimations suggested that 

about 	of the peptide bonds were split after 72 br, a 

similar number to those split in hen ovalbumin by the same 

ensymes(Chapter 2). 

The elution profile obtained by chromatography on 

Sephadex G-50, of that portion of the digest which was 

insoluble in ethanol, is shown in Fig. 6.7. Fractions were 

assayed with ninhydrinl and with phenol-1 2504  reagents. 
The material containing hexose was pooled into three 

fractions (Fig. 6.7). The column was calibrated with some 

oligosaccharides of known molecular weight, and a glyco-

Peptide (mol. wt. 2140) from hen ovalbumin containing 

several amino acids in the peptide portion. Although Vo  

and molecular weight (Pig. 6.8) would not be expected to 

exhibit a rectilinear relationship under these circum-

stances (see Chapter 3), en approximate value of 1900 for 

the molecular weight of the glycopeptide material obtained 

from goose ovalbumin was estimated. As shown in Table 6,2, 

there are about six sugar residues in this glyoopeptide 

material, so that there must be more than one carbohydrate 

moiety attached to the polypeptide chain of the original 

glycoprotein, The molecular weight of a glycopeptide 

containing the original numbers of sugar residues present 

in the glycoprotein would be at least 3700. The analyses 

of Fractions 1, 2 and 3 are shown in Table 6.2. 



Fig. 6.7. Gel chromatography of material obtained by proteolytic digestion 

of goose ovalbumin.  

Column: Sephadex G-50, 56 x 2.6cm, in 0.1M-acetic acid., 

Goose ovalbumin (13p.moles) was digested with proteolytic enzymes, and that 

portion of the digest that was insoluble in ethanol was eluted from the 

column with 0.1M-acetic acid at 4°C. Fractions containing hexose were pooled into three lots. 
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Fig. 6.8.  Calibration of Sephadex G-50 column with substances of  
known molecular weight. 

Column: Sephadex G-50 (56 x 2.6cm), in 0-IA-acetic acid. 

Materials were dissolved in O.5ml 0.1M-acetic acid, and eluted by 

0.1M-acetic acid at 40C. 
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	1000 	200 

Glucose 

Raffinose 

Lacto-N-difucohexaose I 

jg Hen ovalbumin glycopeptide I (for composition,see Table 3.5) 

Ve 
of goose ovalbumin glycopeptide (Fraction 3; Fig.6.7) is 

marked with 



Fig.. 6.9.  Paper electrophoresis of material obtained by gel chromatograply.. 

of digested goose ovalbumin. 	 425. 

Material(pooled into three fractions as described in Fig. 6.7)was 

subjected to electrophoresis at pH 2.0 and 32V/cm for 2hr. 

15CM 

-10cm 

5cm 

Starting point 

Hen ovalbumin 
glycopeptide I 

 

Fraction 3 Fraction 2 	Fraction I 

Areas shadeOWStained with both the periodate/permanganate and ninhydrin 
reagents. Areas shaded\\\stained only with the ninhydrin reagent, and those 
shaded/1/2/stained only with the periodate/permanganate reagent. 
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Table 6Z, Analysis of three ninhydrin.positive components that :were  

separated from glzeopeztide material obtained by 4e1 chrop-

atomaphy of the proteolytic digest of pose ovalbumin. 

Components were obtained by paper electrophoresis of Fraction 3.(13mg) 

(see Fig. 6.9). 

Moles per mole of Aspartic acid(a) 

Component A 	Component B Component C 

Asp 1.00 1.00 1.00 
(b) Thr 0.50 0,85 C.54 

Ser(c) 3.2 0.71 0.69 
Glu 3.9 0.23 0.26 
Pro - 0.11 0.48 
Gly 6.7 0.19 0.42 
Ala 6.9 0.15 0.13 
Val 4.8 0.25 0.16 
Ile . 0.38 
Lou 0.5 o.31 0.08 
Phe - . 0.41 

Lys . . 0.36 
G1cN 1.3 3,80 1.91 
Man(d)  2.6 4.64) 1.61 

(e) 0.075 moles Asp 1.0 mole As ISe) 1.4 mole A4e)  

(a) Amino acids were released by hydrolysis in 611.a01 at 110°C for 20 hr, 
and Gla by hydrolysis in 4k011C1 at 100°C for 3 hr. 

(b) Corrected for 14 loss on acid hydrolysis. 

(c) Corrected for w; loss on acid hydrolysis.  

(d) Corrected for orcinol.positive colour eluted from paper. This 
amounted to E505  of about 0.3 while the samples gave an E505  of 0.7. 
The values for mnrnose are therefore not particularly reliable. 

(e) Total amounts of aspartic acid contained in the material that mc 
elutod from the electrophoretogram. 



427. 

The materials obtained from Fractions 1, 2 and 3 

(Fig. 6.7) were subjected to paper electrophoresis at 

pH 2 for 2 hr. Duplicate electrophoretograms were stained 

with periodate/permanganate and the ninhydrin reagent 

(see end of this Chapter). Fractions 1 and 2 contain 

material that stains only for carbohydrate, and does not 

move from the origin (Fig. 6.9). Fraction 3 produces 

three ninhydrin-positive bands, two of which stain also 

for carbohydrate (Fig. 6.9). Band B stains a greenish 

brown with ninhydrin and band C stains blue. 

The analyses of the three components isolated by 

paper electrophoresis of Fraction 3 (Fig. 6.7) are shown 

in Table 6.3. Component A possesses an identical mobility 

with that of the extraneous peptide obtained from some 

fractions of hen ovalbumin glycopeptide. It also has a 

similar composition to that of the peptide derived from 

hen ovalbumin (compare Table 6.3 and Table 2.2). Component 

B has a similar amino acid composition to that of hen 

ovalbumin glycopeptide (compare Tables 643 and 2.2), and 

also possesses a similar electrophoretic mobility (Fig. 

6.9). Component C has an ,amino acid composition which is 

markedly different from that of component B, in that it 

contains little leucine, but increased amounts of proline, 

glycine, isoleucine, phenylalanine and lysine. 

DISCUSSION.  

The reluctance of goose ovalbumin to form clearly 

recognisable crystals may be due to the additional 

heterogeneity provided by the additional carbohydrate 



content of this glycoprotein compared to that possessed 

by the hen. The ovalbumin of duck and turkey appear not 

to have been obtained in crystalline form from ammonium 

sulphate solutions (Smith & Back, 1970) and also contain 

increased amounts of carbohydrate. It is known, however, 

that aged hen ovalbumin crystallises less readily from 

ammonium sulphate solutions than fresh preparations 

(Smith & Back, 1965 and 1968). Possibly goose ovalbumin 

undergoes similar changes during storage. 

The only sugars contained in goose ovalbumin are 

E-mannose and N-acetyl-R-glucosamine. In this respect, 

the ovalbuminrof goose and hen are similar, although there 

are isolated reports that small amounts of 32-galactose 

occurs in hen ovalbumin (Levey, Conchie & Hay, 1966; 

Kim et al., 1967). The ovalbumins of duck and turkey 

contain additional sugars (Weintraub & Schlamowitz, 1970). 

The main differences between the amino acid analyses 

of the two proteins are a higher number of threonine and 

lower number of alanine residues in goose ovalbumin. One 

might expect, on statistical grounds, the possibility of 

a larger number of the triplet amino acid sequences 

necessary for glycosylation of ii-asparagine residues in 

the goose protein. 
The analysis and molecular weight of glycopeptide 

material/ isolated from goose ovalbumin by proteolytic 

digestion and gel chromatography, show that more than one 

carbohydrate moiety is attached to the polypeptide chain. 

Partial purification of this material by paper electro-

phoresis was achieved. There were sufficient differences 
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in the amino acid and carbohydrate contents of the glyco-

peptide separated to suggest that goose ovalbumin contains 

at least two carbohydrate moieties attached at different 

parts of the polypeptide chain. Evidence has been 

presented that there is also more than one carbohydrate 

moiety in the ovalbumins of duck and turkey respectively 

(Huang & Montgomery, 1972). Sequence studies on the 

glycopeptides of goose ovalbumin will be of interest and 
are now in progress. 

EXPERI MENTAL. 

Materials. 

Fourteen non-fertile goose eggs were obtained from a 

number of Embden geese at Cherry Valley. Farm, Bucks. 

Proteolytic enzymes, bovine serum albumin, ribonuclease A 

and chymotrypsinogen were obtained from Armour Laboratories. 

Ovomucoid was purchased from Worthington Biochemicals and 

rabbit globulin was prepared by Dr. R.D. 

Iodoacetic acid was obtained from British Drug Houses, 

recrystallised from ether by the addition of light petroleum 

(b.p. 60-80°0, and dried in a desiccator over paraffin 
wax in vacua. Urea (240g) (May & Baker Ltd.) was dissolved 

in water (500 mis) and the solution was deionised by 

passage through a column of washed Aniberlite MB-1 resin 
(20 x lcm), The first 200m1 of eluate were discarded and 

the next 200m1 were retained and stored in the frozen state. 

Carboxymethyl-i-cysteine was obtained from British Drug 

Houses. 



Preparation and properties of goose ovalbumin. 

The egg-whites (about 1200g) of fourteen goose eggs 

were separated, pooled and diluted with 0.051-NaH2PO4  

(3600m1). The solution was stirred with CM-cellulose 

(50g) under toluene at +4°C for 24 hr to remove lysozyme, 

and the 03-cellulose was removed by centrifugation. The 

supernatant was stored at +400 for several days, and was 

dialysed against several changes of water at +400. An 

equal volume (3200m1) of saturated ammonium sulphate 

solution was stirred into the egg-white solution, and the 

mixture was covered with toluene and left at room temp-

erature overnight. The precipitate was centrifuged off. 

and the pH of the supernatant adjusted to 4.6 by addition 

of 0.2g—H2SO4. The preparation was continued as described 

by SOrenson & H$yrup (1915-1917). 

The protein was obtained by dialysis against water 

at 4°C and drying in the frozen state to yield 68g. 

Gel chromatography of goose ovalbumin. 

Sephadex G-100 (fine grade, Pharmacia Ltd.) (18g) was 

suspended in 0.11g-liaC1 at room temperature, and packed 

into a column (85 x 2.5cm). A small amount of the protein 

(0.2g) was dissolved in 0.4-NaC1 (0.5m1) and placed on 

the column. Elution was performed by 0.1d"-NaCl at flow 

rate 8.3m1/hr kept constant by a pump. Fractions (3.7m1) 

were collected, and the extinctions at 280nm recorded. 

The material in the more retarded fractions (peak II; 

Fig. 6.1) was pooled, dialysed against water and dried in 

the frozen state. 
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The column was calibrated by chromatography of small 

amounts (10mg) of proteins of known molecular weight 

initially dissolved in lml of 0.111-NaCl. The following 

proteins were used: Ribonuclease, 13,700; chymotrypsin-

ogen. 24,000 (mol. wt. calculated from the amino acid 

sequences reported by Dayhoff, 1969); pepsin, 33,500 

(Fruton, 1971); bovine serum albumin, 68,000 (Tanford, 

Kawahara & Lapanje, 1967); hen ovalbumin, 45.000 (Warner. 

1954) and K globulin, 137,000 (Cammack, 1962). Goose 

ovalbumin (10mg) in 0.1d-NaC1 (1m1) was rechromatographeds 

Disc-gel electroRhoresis. 

The protein obtained in peak II (Fig. 6.1) was 

examined by polyacrylamide disc-gel electrophoresis (Davis, 

1964) as described in Chapter 2. Small amounts (50p1) of 

a solution of the protein (1mg/m1) in electrophoresing 

buffer containing sucrose (10% w/v) were placed on the 

top of gels. 

A small plastic wedge was placed in the sample apace 

at the top of one gel to divide the space into two, in 

such a way that samples of goose ovalbumin and hen ovalbumin 

could be placed separately on either side of the gel, 

without mixing the proteins in each sample. One part of 

the outside of the glass tube was marked, and the gel was 

subjected to electrophoresis as described above. Before 

removal of the gel, a small piece of it was cut away on 

one side of the partition in order to identify the side 

of the gel on which goose ovalbumin had been placed. 
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Samples of goose ovalbumin (1mg/m1) were left over-

night at 4°C in the presence of 0.15 (w/v) sodium dodecyl 

sulphate in running buffer, both in the absence and presence 

of 0.15 (v/v) mercaptoethanol, and subjected to electro-

phoresis on gels containing 0.1';f,  (w/v) sodium dodecyl 

sulphate as described by :larshall & Zamecnik (1969). A 

sample of reduced and carboxylmethylated goose ovalbumin 

and samples of chymotrypeinogen, hen ovalbumin, pepsin, 

ovomucoid (ma'. wt. 32,000; Deutsch & Morton, 1961), 

bovine serum albumin and globulin were subjected to the 

same procedure, in the absence of mercaptoethanol. 

Analysis of goose ovalbumin. 

Protein that had been dried in the frozen state was 

left to equilibrate with the atmosphere at room temperature 

for 24 hr. Portions of this material were weighed out 

and analysed separately for amino acids, hexosamines, 

moisture and ash content. 

Amino acid analysis. 

Small, weighed amounts of protein (2mg) were hydrolysed 

in 64-HC1 (3m1) at 110°C, and the hydrolyeates were dried 

and analysed as described later in the chapter. Two. 

samples were each hydrolysed for 20 hr, and single samples 

each for periods 15 hr, 30 hr, 48 hr or 78 hr. 

Hexosamine analysis. 

Duplicate samples of protein (50mg) were each hydrolysed 

in 4D-HC1 (3m1) at 10000 for 2 hr, 4 hr or 6 hr periods, 



and the hydrolysates dried as described later. The 

residues were taken up in water (3m1) and amounts of 

lml were subjected to a modified Randle 8; Morgan (1955) 

procedure. 

Analyses of moisture and ash content. 

Weighed portions (20mg) of goose ovalbumin were 

dried in an Abderhalden pistol in vacuo at 100°C for 

48 hr, cooled in vacuo, and reweighed. 

Further portions (20mg) were heated in an electric 

furnace at 460°C for 12 hr, cooled, and the amount of 

ash remaining was weighed. 

The results of amino acid and hexosamine analyses 

were corrected for moisture and ash content, and calculated 

as numbers of residues per mole of glycoprotein (47,500 

MOls Wt.). 

Spectrophotometric estimations and hexose analyses 

were performed on the supernatant of a centrifuged solution 

of goose ovalbumin (50mg) in water (5m1). A small portion 

of the supernatant was analysed for amino acids after 

hydrolysis in 61!-HC1 at 110°C for 20 hr, and the tyrosine, 

tryptophan and hexose contents analysed, as described 

below, were related to the amount of glycine measured. 

Spectroscopic determination of tyrosine and tryptophan. 

The ultra-violet spectrum of a small portion of the 

supernatant,(0.2m1) diluted to 5m1 by the addition of 

1M-14a0H (1.5m1) and water, was measured in a lcm path-. 
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length cell with 0.3Z-Va0H in the reference cell. The 

spectrum of supernatant (1m1) diluted to 10m1 with water 

was also measured. 

Hexose analysis. 

The supernatant (1m1) was diluted to 10m1 with water, 

and portions (1m1) were assayed by the orcinol-sulphuric 

acid procedure to be described later. 

Alkylation of reduced goose ovalbumin. 

A portion of the glycoprotein (90mg) in 8-urea and 

0.2 (w/v) EDTA (3m1) was reduced and carboxymethylated 

as described by Hire (1967). The carboxymethylated protein 

was isolated by dialysis against water for 48 hr at +4°C, 

and dried in the frozen state. Carboxymethyl-k-cysteine 

was released by hydrolysis of the material (2mg) with 

6M-11C1 (3m1) at 110°C for 20 hr in the presence of 

4 1-fluoro*a-phenylalanine and measured on the Locarte 

autoanalyser. 

Paper chromatography of neutral suzars. 

Goose ovalbumin (11mg) was hydrolysed in 34-F2SO4  

(5m1) at 10000 for 8 hr in vacua, and the cooled hydroly- 

sate was eluted from Dowex 50-X4 (200-400 mesh; 1-1-1-  form; 3g) 

with water (20m1). The eluate was itself eluted from 

Dowex 1-X8 (200-400 mesh; acetate form; 3g) with water 

(40m1). This eluate was dried in the frozen state, and 

the residue taken up in water (59m1). Small amounts 

(1°,0.) were developed on Whatman No. 1 paper (46 x 57cm) 

with n-butanol-- ethanol --r-water (10 : 1 t 2, by vol) 
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(Spiro, 1960) for 2 days. Small amounts (100,pg) of 

standard sugars were also chromatographed. Sugars were 

located by the silver nitrate method of Trevelyan, 

Proctor & Harrison (1950), and the background de-

stained by an aqueous solution of sodium thiosulphate 

(15;!, w/v). 

Preparation of glycopeltides from goose ovalbumin. 

Proteolytic digestion of gooee ovalbumin. 

The glycoprotein (13/.1 moles) was digested with pepsin 

(15mg) in 0.041-potassium hydrogen phthalate buffer 

(30m1; pH 2.8) at 37°C under a layer of toluene for 

48 hr. The pH was increased to 7.8 with 2g-Va0E, and 

0.1258tris buffer (15m1; pH 7.8) was added, together with 

trypsin (7mg) and chymotrypsin (7mg). At the end of 

another 24 hr, the digest was brought to pH 5, concent-

rated on the rotary evaporator at 45°C, and extracted three 

times with 50 volumes of ethanol. The precipitate was 

taken up in water (3m1). 

Gel chromatography of the digested material. 

That portion of the digest that was insoluble in 

ethanol was placed on a column of Sephadex G-50 (fine grade; 

Pharmacia Ltd.) (56 x 2.6cm) equilibrated with 0.31- 

acetic acid. Fractions (2m1) were collected, portions 

(50,m1) of which were assayed with the phenol-sulphuric 

acid reagent and with ninhydrin. The fractions containing 

hexose were pooled as shown in Fig. 6.7, and dried in the 

frozen state to yield 15mg of dried material in Fraction 1 
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(8,5mg hexose), 26mg in Fraction 2 (5.9mg hexoee) and 

65mg in Fraction 3 (12mg hexose). 

The column was calibrated with small amounts (0.5mg) 

of raffinose and lacto-N-difucohexose which were initially 

dissolved together in 0.1 acetic acid (lml). Small 

portions (0.5m1) of the fractions obtained were assayed 

for ketose by the carbazole-sulphuric acid reaction 

(Dische Borenfreund, 1951) and for fucose by Dische 

Shettles (1948) procedure (E measured at 430nm and 400nm). 

The column was also calibrated with hen ovalbumin glyco-

peptide (5)Amoles) and glucose (lmg) dissolved initially 

in 0.1M-acetic acid (lml), and fractions were assayed by 

the phenol-sulphuric procedure. Fraction 3 (Fig. 6.7) 

was re-chromatographed. 

Analysis of isolated glycopeptide material. 

Portions (lmg) of the materials obtained from the 

three fractions (Fig. 6.7) were each assayed by the 

phenol-H2SO4 reagent. Further amounts (lmg) were each 

hydrolysed in 6t-HC1 for 20 hr at 110°0 or in 4iim-1101 at 

100°C for 4 hr, and the hydrolysates were analysed for 

amino acids and hexosamines. 

Paper electrophoresis of glycopeptides. 

Small amounts of Fractions 1 (5mg), 2 (3mg) and 

3 (3mg) (see Fig. 6.7) were subjected to electrophoresis 

on Whatman 3MM paper at pH 2.0 for 2 hr. 

Preparative paper electrophoresie was performed on 

Fraction 3 (13mg). The components were eluted from the 



paper, and concentrated to 2 ml (Components B & C) or 

lml (Component A) (see Fig. 6.7). Aliquots (100m1) were 

assayed for hexose, and for amino acids and hexosamine 

after acid hydrolysis. 

Some methods of quantitative and qualitative analysis. 

The following methods have been used in various parts 

of the studies described in this thesis. 

High-voltage paper electrophoresis. 

Paper electrophoresis was carried out on a cooled-

plate apparatus (Atfield & ;,'orris, 1961) on whatman 3,1(1 

paper at a potential gradient of 32V/cm (50mA). One 

buffer used contained 98? formic acid (12.5m1), glacial 

acetic acid (43.5m1) made up to 1 1 with water (pH 2.0), 

and the other contained 98c,f formic acid (28m1) and glacial 

acetic acid (20m1) made up to 1 1 with water (pF 1.85) 

(;larshall & Neuberger, 1964). 

Paper and thin-layer chromatography. 

Chromatography was performed at 25°C in tanks into 

the base of which the developing solvent was generally 

placed several hours before use. 

Descending paper chromatography was carried out on 

Whatman 3MM or Whatman No. 1 paper in glass tanks 

(60 x 60 x 23), and ascending chromatography on Whatrnan 

No. 1 paper in a tank measuring 20 x 20 x 37cm. 
Thin-layer chromatography was carried out on layers 
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of silica gel G, H, GF256  or HF256  or microcrystalline 

cellulose GIerck, Darmstadt). The layers were 0.25mm 

thick and measured 20 x 10cm or 20 x 20cm. Development 

was performed in glass tanks (22 x 25 x acm). 

Several indicators were used to assess the positions 

of the materials chromatographed, and these included the 

following:- 

1. Ninhydrin/pyridine reagent. 

Chromatograms were treated with ninhydrin 	w/v) 

in acetone containing pyridine (2% v/v) and were heated 

at 80°C (;:marks, Marshall & Neuberger, 1963). 

2. Periodate/permanganate reagent. 

Glycopeptides stained brown with this reagent, which 

is described by Lemieux & Bauer (1954). The chromato-

grams were washed under the tap once the brown spots had 

appeared. Approximately 0.4)L4 moles of glycopeptide could 

be locatedn by this reagent, after chromatography. 

3. Periodate/2.4-Pentane dione reagent. 

The reagent is described by Weiss & Smith (1967). 

About 0.1)4 moles of reduced oligosaccharide were detected. 

Automated amino-acid analysis. 

Samples were hydrolysed at 110°C in vacuo for various 

periods of time, and were dried at about 40°C in a rotary 

evaporator which contained sodium hydroxide pellets in a 

separate container in the condenser. The residues were 

taken up in pH 2.2 citrate (0.2-Na+) buffer, and auto-

analysed. 

Analyses were carried out either on a Technicon or 



439• 

A Locarte autoanalyser. hinhydrin-positive components 

were separated and detected, on the Technicon by the 

buffer gradient and ninhydrin reagent which are described 

in "Techniques in Amino Acid Analysis" (Technicon 

Instruments Ltd., 1966), and which are based on the 

techniques described by Aoore & Stein (1954a and b). 

2-G1ucosamine and 2-galactosamine were resolved by lowering 

the pH of the starting buffer from pH 2.875 to pH 2.80. 

22-Norleucine was incorporated as an internal standards 

The Locarte autoanalyser is based on the design of 

Spackman, 7oore & Stein (1958). Ninhydrin-positive 

components were eluted from the resin by stepwise elution 

of buffers of increasing pH and ionic strength, and were 

detected by a ninhydrin reagent containing stannous chloride. 

The conditions employed for amino acid analysis were 

those described in the manufacturer's handb6ok. 2-Glucos-

amine eluted in the same position as 2111-morleucine, and 

4'-fluoro-p-BL-phenylalanine was generally incorporated 

as an internal 'standard. 2-Glucosamine and 2-galactosamine 

were resolved from amino acids by the buffer programme 

described in Table 3.2. 

Samples in p} 2.2 (0.2M-rNe) citrate buffer were 

loaded onto onto glass columns (6 x lc m) of an automatic loading 

accessory incorporated into the Locarte autoanalyser, 

and were forced into coils of Teflon tubing. Further 

quantities of pH 2,2 buffer were packed into these coils 

behind the samples, and the columns were then filled 
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with methanolic starting buffer 	3.25 or pH 3.15 

(0.2;1-Na4.) citrate buffer containing 207f, (or 30; see 

Chapter 3) methanol'. 

The autoanalysers were calibrated by application 

of 0.25ilmoles (for the echnicon) or 0.025).1moles 

(for the Locarte) of standard amino acids (Beckman 

Instruments Inc.,, Palo Alta, California) and R-glucosamine, 

together with the internal standard. 

Quantit t v inh drin rea 1 ent for'dete in tio of free 
amine groups. 

The method is described by'Rosen (1957). Recrystal-

lised glycine and R-glucosamine were used as standards. 

Determination of total nitrogen. 

Total nitrogen was measured by a modification, des-

cribed by S Blamed (1965), of the method of Jacobs (1962). 

The ninhydrin procedure of Rosen (1957) was used to 

determine the ammonia released. Glycine was also subjected 

to the digestion procedure, the ammonia released was 

measured, and a standard curve was constructed from the 

results..  

Determination of total hexose. 

The orcinol-sulphuric acid procedure (Franvis, Marshall 

& Neuberger, 1962), and the phenol-sulphuric acid procedure 

(Dubois et al., 1956) were employed. The two procedures 

gave values, which were within 5% of each other, for the 

hexose content of hen ovalbumin glycopeptide. Orcinol was 
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purified by heating the monohydrate on a rotary evaporator 

at reduced pressure at 65°C for 30 min in order to Amoye 

the water of crystallisation followed by recrystallisation 

of the residue from benzene. Analar phenol and conc. 

sulphuric acid (British Drug Houses) were used, 2-:.lannose 

was recrystallised from aqueous ethanol, dried in vacuo  

at 64°C, and employed as a standard for each determination. 

Determination of hexosamine. 

Samples were hydrolysed in 42-HC1, which was prepared 

from constant-boiling Hal by dilution with deionised 

water, at 100°C in vacuo for various periods of time. The 

hydrolysates were dried at room temperature over NaOH 

pellets and conc. H2SO4 in vacuo. 

The hexosamine contents of the residues were measured 

by the procedure of fondle & ;,'organ (1955) as modified 

by Kraan & ;Aar (1957). 2,4-Pentane dione was redistilled 

(b.p. 138-140°C) and stored in the deep freeze, and 

p-dimethylaminobenzaldehyde was purified as described by 

Adams & Coleman (1948). 

Spectrophotometry and polarimetry. 

Spectra were recorded on a Unicam SP 700 and mono-

chromatic measurements were made on a Unlearn SP 600. 

Infrared spectra were recorded on a Unlearn SP 200 and 

monochromatic optical rotations were measured on a 

Perkin-Elmer model 141. 



CHAPTER 7. 

CONCLUDING REMARKS. 

The study of the structure of proteins has proceeded 

in a number of distinct stages. First came the realisation 

that these substances are composed of amino acids and it 

was postulated that the chemical union between these amino 

acids was mediated through peptide linkages (Hofmeister, 

1902). It was found that the number of types of amino 

acids are relatively restricted. By 1935, when i—threonine 

was discovered by Rose and his colleagues (McCoy, Meyer & 

Rose, 1935), the total number of these amino acids was 

known to be about twenty. Earlier methods for the analysis 

of the amino acid composition of proteinswere somewhat 

cumbersome, although considerable data were accumulated 

by methods involving crystallisation (see, for example, 

Greenstein & Winits, 1961). The publication of analytical 

data for a number of proteins led to the realisation that 

this information was unlikely to provide any real insight 

into the way in which proteins function. Analysis of 

the primary structure of proteins presented insuperable 

difficulties until the development of chromatographic 

techniques (Martin & Synge, 1945). These techniques 

provided -the basis for Sanger's attack on the sequence of 

insulin (Ryle, Sanger, Smith ;tita'e 1955 ) and , with the 

development of methods for sequencing protein chains, 

it was realised that each type of protein molecule has an 

amino acid sequence which is largely unique. Although 
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Sanger's pioneering work was followed by intensive 

activity, which resulted in our present knowledge of 

the amino acid sequences of a large number of proteins 

(Dayhoff, 1971), there was still no appreciation of 

the manner in which a protein exerts its particular 

function. 

During this period, Perutz, and later Kendra, 

carried out X-ray crystallographic studies in Sir 

Laurence Bragg's department at Cambridge on the three-

dimensional structure of carboxyheemoglobin and on 

myoglobin. The solution to this problem led to an under-

standing of the nature of the cleft into which the haem 

prosthetic group fitted. 'Later studies by Phillips 

and his colleagues (Blake et al., 1967a) on lysozyme 

led to the first elucidation of the structure of a 

protein with proven enzymatic activity. Since that time, 

the stereochemistry of a number of proteins has been 

established (Blow & Steitz, 1970), and it is clear that 

the folding of the protein chain leads, in each example, 

to a cleft which is believed to be required for the 

particular activity of the protein. There has been no 

report of the overall stereochemistry of a glycoprotein 

up to the present time. 

Study of the carbohydrate prosthetic groups of 

glycoproteins has also demonstrated that relatively few 

types of monosaccharides are found in this situation. 

The general structural features of glycoproteins as we 

* Perutz (1962) 



know them at the present time have been discussed in 
Chapter 1. A few studies of the primary structures of 

carbohydrate moieties had been published before the 

demonstration by Cunningham and his colleagues 

(Cunningham, 1968) that the carbohydrate entity of hen 

ovalbumin is heterogeneous. Heterogeneity is a 

structural feature common to most, if not all, glyco-

proteins. At the moment it is difficult to ascertain 

whether the carbohydrate moiety, attached at a given 

position in a protein chain, varies from one molecule 

to another solely because there are differences in the 

numbers of specific sugar molecules attached at non-

reducing terminal positions, or whether there is a much 

more extensive variation in structure involving the 

more "internal" parts of the prosthetic group. However, 

the fact that a specific biological activity of a glyco-

protein may reside largely in a carbohydrate moiety, 

implies that there are likely to be highly specific 

structural features of these prosthetic groups. Until 

the problem of heterogeneity has been solved, there is 

little hope of discovering the nature of the total 

stereochemistry of carbohydrate moieties. 

The work in this thesis was aimed mainly at three 

interrelated probleMs. It seemed possible that acid-

base titration of glycopeptides might yield information 

about the way in which the code contained in the amino 

acid sequence -Asn-X-Thr,Ser- (see Chapter 1) is trans- 
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lated to result in the formation of carbohydrate-protein 

linkages. It had been suggested earlier that hydrogen-

bonding occurs between the oxygen atom of the amide 

group of the asparaginyl residue and the hydroxyl group 

of the 3-hydroxyamino acid that lies in the position 

next-but-one towards the C-terminus of the protein. The 

results of titration showed that any hydrogen-bonding of 

this type cannot be observed by this procedure. Further 

studies on the acid-base titration properties and 

chiroptical properties of a pure peptide, such as 

-Asn-Leu-Thr-Ser-, will be of interest, although it is 

possible that the nature of the specificity of the 11-

asparaginyl residue that becomes glycosylated will not 

be solved until investigations on the enzyme responsible 

for synthesizing the linkage have been completed. 

There is a need to obtain partial degradation pro-

ducts from the carbohydrate moieties of glycoproteins by 

procedures which do not involve a general breakdown of 

the prosthetic group. Some years ago, '.'organ (1958) 

suggested the use of alkaline conditions to obtain, from 

blood group substances, degradation products in which 

i-fucose residues were still present. Application of 

this method enabled Mari., Donald & Morgan (1968) to 

elucidate the structures of fragments in which the sugar, 

which is bound by a glycosidic linkage that is very labile 

in acid, was present. Conditions of alkali and alkaline 

borohydride have been widely used in studies on glycoproteins 
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which contain sugars linked to the 3-hydroxy groups of 

i-seryl and i-threonyl residues and which are readily 

degraded by alkali. Other types of carbohydrate-protein 

linkages with which N-acetyl-E-glucosamine residues are 

attached to the amide groups of irasparaginyl residues 

have been described asnalkali-stable"linkages"(Marshall 

Neuberger, 1972). The term "alkali stable" is, of course, 

a relative one;. this was clear from the earlier studies 

of Neuberger (1938) and Johansen, Marshall & Neuberger 

(1961). 

Treatment of GleNAc-Asn with alkali has been shown 

to result in a complex reaction. Furthermore, treatment 

of this model compound with sodium borohydride in alkali 

leads to reactions additional to those of alkaline 

hydrolysis and reduction of the released sugar. Treat- 

ment of hen ovalbumin glycopeptide with solutions con-

taining high concentrations of sodium borohydride (1E) 

in high concentrations of alkali (0.22 - 2.0E) at 1000c 

gives the maximum yield of reduced oligosaccharides. 

These conditions are likely to be widely applicable to 

studies of the primary structures of carbohydrate moieties 

and should yield information which is not readily 

obtainable by the use of other techniques. It has been 

shown in the experiments described that an II-acetyl-is-

glucosaminyl residue, attached to an I-asparaginyl 

residue in hen ovalbumin, does not form a branch point. 

This finding is in contrast to earlier reports (Montgomery, 

Lee & Wu, 1965). Furthermore, the N-deacetylation of 
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N-acetylhexosaminyl residues that occurs under the 

conditions of alkaline borohydride described above 

enables disaccharides containing glycosidic linkages, 
which are stable to acid, to be isolated. This has been 

demonstrated by the isolation of P-E-glucosaminyl-(1 .4 4)- 
E-glucosaminitol from hen ovalbumin. 

The chiroptical and X-ray diffraction studies that 

have been made on GleNAc-Asn and related compounds might 

be extended to other model substances. The change in 

conformation which G1cNAc-Asn undergoes when it forms a 

complex with lysozyme suggests that the conformation of 

this "internal" part of the prosthetic group may vary 

from one glycoprotein to another. At present we do not 

know if oligosaccharide moieties attached to Trasparaginyl 

residues in intact glycoproteins can interact with 

lysozyme. This aspect requires further study and it may 

lead to an understanding of, for example, the nature of 

binding of P-ovomucin to lysozyme (Robinson, 1972; Dam, 

1971). This interaction may be implicated in the thinning 

reaction of egg white. 

There are relatively few reports of studies devoted 

to the stereochemistry of carbohydrate moieties of 

glycoproteins. This stage of development of the subject 

is likely to give considerable insight into the way in 

which these moieties influence the biological activities 

of some glycoproteins. 
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54r 	 PROCEEDINGS OF THE 
obtained. However, the adsorbed antisera to 
fraction I agglutinated 'tanned' sheep erythrocytes 
coated with fraction I or its fractions giving titres 
[log2  (maximum dilution for observable agglutina-
tion)] of 7-10. Antisera to sheep articular cartilage 
extract gave a very low titre against cells coated 
with sheep serum; the serum-adsorbed antisera 
had little reactivity with cells coated with cortical-
bone fractions although, with articular-cartilage 
extract, they gave haemagglutination titres up to 
14 and precipitin lines were obtained by double 
diffusion. 

Herring, G. M. (1964). Proc. 1st Eur. Bone and Tooth 
Symp., Oxford, p. 263. Ed. by Blackwood, H. J. J. 
Oxford: Pergamon Press Ltd. 

Some Properties of Embden-Goose Egg-White 
Albumin 

By B. M. AUSTEN, ELZBIETA J. ROMANOWSKA 
and R. D. MAasnALL. (Department of Chemical 
Pathology, St Mary's Hospital Medical School, 
London W .2, U.K.) 

Goose egg-white albumin was prepared by a 
procedure closely related to that (Warner, 1954) 
used in the isolation of the similar protein from the 
hen's egg. Final purification of the monomeric 
form was achieved by chromatography in 0.1m-
sodium chloride on a Sephadex G-100 column. 
The protein exhibits three closely running bands on 
polyacrylamide-gel 	electrophoresis (Davis, 
1964). A single band was observed on electro-
phoresis in polyacrylamido gels containing sodium 
dodecyl sulphate, and the molecular weight was 
found to be 47 500 by this technique (Marshall & 
Zamecnik, 1969) as well as by chromatography on 
Sephadex G-100. The glycoprotein contains 24 
alanine, 21 glycine, 30 valine, 30 leucine, 21 iso-
leueine, 13 proline, 23 phenylalanine, 12 tyrosine, 
7 tryptophan, 39 serine, 27 threonine, 8 half-cystino, 
19 mothionine, 12 arginine, 6 histidine, 23 lysine, 
36 aspartic acid and 51 glutamic acid residues as well 
as 8 glucosamine and 12 mannose moieties/molecule. 
The main differences from hen egg-white albumin 
aro higher threonine (11 additional residues/mole-
cule), lower alanino (10 residues less/molecule) and 
greater carbohydrate contents. 

An enzymic digest (pepsin at p12.8 followed by 
trypsin and chymotrypsin at pH7.8) of 660 mg of 
heat-denatured albumin was neutralized (to pH 5.4) 
and evaporated under reduced pressure to a volume 
of about 3m1. The portion of the residue that was 
insoluble in ethanol was chromatographed in 0.1 
acetic acid on a Sephadex G-50 column. Three 
fractions wore obtained: the first (fraction I) (at the 

BIOCHEMICAL SOCIETY 
void volume of the column) accounted for 22% of 
the original mannoso of the protein, the second 
(fraction II) accounted for 20% of the mannose and 
the third (fraction III) accounted for about 50% 
of the mannoso. The mannose/glucosamine molar 
ratios decreased in the order fraction I > fraction 
II >fraction III. Fraction III had a molecular 
weight, by gel-filtration methods, of about 1900 
and contained 1.8 mol of glucosamine, 1.7mol of 
mannose, 0.69 mol of threonine, 0.55 mol of serine 
and 0.35 mol of glyeine/mol of aspartic acid. Smaller 
amounts of other amino acids were also present. 

Goose egg-white albumin therefore contains 
more than one carbohydrate prosthetic group/ 
molecule. It is reasonable to deduce from this 
observation, and from the amino acid composition 
of the whole protein, that the necessary amino 
acid sequence for the formation of 4-N- (2-acet-
amido -2 - deoxy-/3 -D -glueopyranosv1) - L - asparagine 
(see Marshall & Neuberger, 1970) occurs more 
frequently in this glycoprotein than it does in 
hen egg-white albumin. 

E.J.R. is a British Council Visitor from the Polish 
Academy of Sciences, Wroclaw, Poland. 

Davis, B. J. (1904). Ann. N.1'. Acad. Sci. 121, 404. 
Marshall, R. D. & Neuberger, A. (1970). Adv. Carbohyd. 

Chem. Biochem. 25, 407. 
Marshall, R. D. & Zamecnik, P. C. (1969). Biochim. 

biophys. Acta, 181, 454. 
Warner, R. C. (1954). In The Proteins, 1st ed., vol. 2A, 

p. 435. Ed. by Neurath, H. & Bailey, K. New York: 
Academic Press Inc. 

Cross-links in Protein from Cataractous 
Lenses 

By R. H. BUCKINGHAM. (Nuffield Laboratory of 
Ophthalmology, University of Oxford, Walton Street, 
Oxford OX2 6A TV, U.K.) 

Human cataractous lenses removed at operation 
vary widely both in opacity and depth of colour 
when examined after extraction. Cataractous 
lenses with deep-brown or black nuclei contain 
about 15% of their total protein in a form that is 
insoluble in 631-guanidinium chloride-50 mm-dithio-
threitol, a medium that dissolves the normal lens 
completely (Pirie, 1968). Cataractous lenses that 
are lighter in colour, but still with a golden-yellow 
nuclear core, yield little or no insoluble protein under 
such conditions. Tho proteins from these lenses, 
classed by Pirie (1968) as group III cataracts, have 
been studied in an attempt to account for the lens 
pathology and for the insolubility of proteins from 
darker lenses. 

Group III cataractous lenses were decapsulated 

From Biochem J. (1971) 124, 54P 
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Alkaline Reductive Cleavage of 4-N-(2-Acet-
amido - 2 - deoxy - (3 - n - glucopyranosyl) - L -
asparagine 

By B. M. AUSTEN and R. D. MARSHALL (Depart-
ment of Chemical Pathology, St Mary's Hospital 
Medical School, London W.2, U.K.) 

Treatment of glycoproteins, which contain 0-
glycosidic linkages to serine and threonine residues, 
with alkaline sodium borohydride was introduced 
to obtain reduced oligosaccharides (Schiffman, 
Kabat & Thompson, 1964) and to examine the 
amino acid residues forming the point of attachment 
of the carbohydrate prosthetic groups (Tanaka, 
Bertolini & Pigman, 1964). Present results suggest 
that similar procedures might be applied to the 
preparation of reduced oligosaccharides from glyco-
proteins or glycopeptides that contain 4-N- (2-
acetamido - 2 - deoxy - 13 -D - glucopyranosyl) - L -
asparagine (I) as a carbohydrate—peptide linking 
moiety. Studies of the products formed when 
compound (I) and 4-N - (13-n -glucopyranosyl)-L-
asparagine (II) are treated with hot aqueous alkali, 
both in the presence and in the absence of sodium 
borohydride, have-been carried out. 

First-order rate constants for the destruction of 
compounds (I) and (II) in 0.2m-sodium hydroxide 
at 100°C were 6.44 x 10-3  and 5.97 x 10-3min-4  
respectively. The rate of release of ammonia under 
these alkaline conditions from compound (I) 
followed complex kinetics, with an initial lag phase. 
Approx. 1.5mol of ammonia was produced after a 
time equivalent to five half-lives for destruction of 
compound (I). U.v.-absorbing material was formed 
(A,„a„. 204nm) with a minimum molar extinction 
coefficient of 1300, this value being based on the 
concentration of compound (I). L-Aspartic acid  

was formed from compounds (I) and (II) with first-
order rate constants of about 2.8 x 10-3  and 2.6 x 
10-3min-1  respectively. Thus after five half-lives 
for the reactions in which compounds (I) and (II) 
are destroyed only about 45% of the theoretical 
amount of aspartic acid had been released in each 
case. Free L-aspartic acid was found to be stable 
under the conditions employed, both in the presence 
and the absence of free N-acetyl-n-glucosamine. 

In 0.05m-sodium hydroxide at 100°C the first-
order rate constants for the destruction of compound 
(I) and for the formation of aspartic acid from it were 
3.1 x 10-3  and 0.87 x 10-3min-1  respectively. These 
data and those obtained in 0.2M-sodium hydroxide 
may suggest that the reaction whereby compound 
(I) is destroyed without formation of aspartic acid is 
intramolecular. N-Deacetylated compound (I) is 
unlikely to be the major product in which the 
aspartic acid that is not released is incorporated, 
since acid hydrolysis of the alkali-treated material 
does not release aspartic acid except from un-
degraded compound (I). 

Compound (I) was destroyed at rates of 21 x 10-3  
min-1  and 11 x 10-3min-I at 100°C in 0.2m- and 
0.05m-sodium hydroxide respectively in the pres-
ence of 1 m-sodium borohydride. Approx. 60 and 
50% of compound (I) respectively were degraded 
to give aspartic acid with, in each case, similar 
amounts of reduced sugars. Substances with the 
chromatographic mobilities of asparagine and of 
homoserino are formed in the alkaline reductive 
cleavage of compound (I). The identities of these 
amino acids were confirmed from thin layer 
chromatographic studies of their dansyl derivatives. 
Schiffman, G., Kabat, E. A. & Thompson, W. (1964). 

Biochemistry, Easton, 3, 113. 
Tanaka, K., Bertolini, M. & Pigman, W. (1964). Biochem. 

biophys. Res. Commun. 16, 404. 
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Optical rotatory dispersion of I-N-jI-L-aspartyl-2-acetamido-2-deoxy-P-
D-glucopyranosylamine 

Optical rotatory dispersions (ORD) of a number of glycoproteins, which contain 
I-N-#-L-asparty1-2-acetamido-2-deoxy-p-o-glucopyranosylamine (G1cNAc-Asn) as 
carbohydrate—peptide linking moieties, have been measured. Some of these studies 
involved glycoproteins with a relatively large number of such linkages, and as 
examples we may consider orosomucoidi, the haptoglobins2  and fetuin3. Although 
oligosaccharides which contain fl-linked N-acetyl amino sugar residues are known 
to exhibit Cotton effects with negative extrema at 220 nm4,3, probably caused by 
a weak n-7t* transition in the acetamido group, we do not know the extent to which 
the 13-L-aspartyl group at Ni in G1cNAc—Asn may contribute to the optical rotatory 
dispersion of a glycoprotein or glycopeptide. We have therefore measured the ORD 
curves of G1cNAc—Asn and of I-N-acety1-2-acetamido-2-deoxy-)3-n-glucopyranosyl-
amine (G1cNAc—NHAc), and compared them with those obtained with structurally 
related compounds. Measurements were made with both Bendix—Ericcsen Polarmatic 
62 and Cary 6o spectropolarimeters, and we are grateful to Dr. A. R. Rosen and 
to Dr. P. M. Scopes for the use of these respective instruments. 

The ORD curves for N-acetyl methyl a- and fl-D-glucosaminides (Fig. r) are 
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Fig. 1. ORD curves of methyl 2-acetamido-2-deoxy-a-D-glucopyranoside (indicated as i), methyl 
2-acetamido-2-deoxy-16-D-glucopyranoside (ii), a- and p-anomers of methyl 2-acetamido-2-deoxy-
D-glucopyranosides in a molar ratio of 0.49:0.51 (iii), mutarotated N-acetyl-D-glucosamine (iv) 
2-acetamido-2-deoxy-p-D-glucopyranosylazide (v). 

in agreement with those described earlier4,3. The resultant curve for a solution 
containing these a- and )3-glycosides in a molar ratio of 0.49:0.51 (Curve iii, Fig. I) 
almost coincides with that obtained with a solution of mutarotated N-acetyl-D- 

Abbreviation: ORD, optical rotatory dispersion; G1cNAc—Asn, I-N-14-L-aspartyl-2-acetamido-2-
deoxy-fl-D-glucopyranosylamine; GlcNAc--NHAc, I-N-acetyl-2-acetamido-2-deoxy-fl-D-gluco-
pyranosylamine. 

Biochim. Biophys. Acta, 215 (197o) 559-561 
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glucosamine (iv) except in the region of the Cotton effects. This might suggest that 
the anomers of N-acetyl-D-glucosamine at equilibrium in water are present in similar 
proportions to the above values. The calculated [41,]D values for pure N-acetyl s-
and 13-D-glucosamines may be calculated to be +182° and + 00, respectively, with 
the use of HuDsoN'ss rules and accepting A = +86 (ref. 6) and B = 96 (ref. 7). 
The measured [CD  value for N-acetyl-D-glucosamine at equilibrium in water is 
+87.5°, and these values therefore support the suggestion made above, assuming 
a simple equilibrium between pyranose anomers. It might be noted that while the 
measured value of [CD  for N-acetyl-a-n-glucosamine is +181° (refs. 8, 9), that 
reported for the 13-anomer is —49°, a value which was calculated from measurements 
made on a 0.054% solution in waters. In deuterium oxide, the anomers of N-acetyl-
n-glucosamine are estimated from NMR measurements to be present in the ratios 
of o.68 part of a- to 0.32 part of 13-form's. 

N-Acetyl-D-glucosamine in the crystalline states and in its complex with 
lysozymeu exhibits a structure such that carbon atoms 6, 5 and 2 as well as all the 
atoms of the acetamido groups are almost co-planar, with the carbon oxygen cis 
to the proton at ring carbon atom 2. Our ORD data may suggest that the anomers 
of N-acetyl-D-glucosamine and the N-acetyl-methyl-D-glucosaminides in solution are 
all structurally very similar with respect to the acetamido substituent. Application 
of the octant rule to these glycosidess leads to the deduction that the acetamido 
group is orientated in a direction similar to that described above for N-acetyl-D-
glucosamine in the solid state. 

2-Acetamido-2-deoxy-j-D-glucopyranosylazide has a molar ultraviolet absorp-
tion maximum of 36.2 at 272 nm. This is attributable to an n-7r* transition in the 
organic azido group for which closely similar values were found from studies with 
other compounds12-14. The absorption in the ultraviolet of this chromophore in a 
19-anomeric configuration is associated with a positive Cotton effect, with a first 
extremum at 288 nm (Curve v, Fig. r). This might be expected in general terms 
from an application of the octant rule", although interpretation of the curve is 
complicated by the presence of the chromophoric acetamido group at carbon atom 2. 
/9-D-Glucopyranosylazide also exhibits a positive Cotton effect at about the same 
wavelength's. 

Both G1cNAc-Asn and G1cNAc-NHAc also exhibit positive Cotton effects with 

.,(nm) 

Fig. 2. ORD curves of G1cNAc—Asn (i), G1cNAc—NHAc (ii). The difference curve of [0] values 
for GleNAc—Asn minus that of L-asparagine is indicated as Curve iii. 

Biochim. Biophys. Acta, 225 (2970) 559-561 
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the first extremum in each case occurring at a wavelength of 227 nm (Fig. z) and 
a second occurring at 204 nm. The contribution by L-asparagine to the ORD curve 
of G1cNAc—Asn is small as is indicated by the difference curve (iii, Fig. 2). The 
magnitude of the Cotton effect of the two N-acyl glycosides suggests that the i-
acylamido moiety, like the 2-acetamido group, adopts a preferred orientation with 
respect to its neighbouring atoms. The azido, acetamido, and fl-L-aspartamido 
chromophores that we have examined appear to give rise to positive Cotton effects 
when they are present in the /3-anomeric position. These observations are of value 
in comparisons of the configurations of compounds of this type, and are likely to 
to be useful in the identification of carbohydrate—peptide bonds occurring in glyco-
peptides. 

Department of Chemical Pathology, 	 B. M. AUSTEN 
St. Mary's Hospital Medical School, London, W.2 (Great Britain) .R. D. MARSHALL 
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