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(1) 

ABSTRACT 

Available data on the general structure of glycoproteins 

was reviewed and a subdivision into serum-type and epithelial-type 

glycoproteins was suggested on the basis of the polypeptide content 

per carbohydrate prosthetic group, the predominant type of linkage 

between carbohydrate and protein and the type of sugar residue 

involved in the linkage. 

The principle of isotope dilution, as used previously for 

the estimation of mannose in egg albumin was applied on a greatly 

reduced scale to the estimation of tuoose, mannose and galactose in 

glycoproteins. The method obviates the lack of specificity of 

colorimetric methods applied to the intact glycoprotein and allows 

the use of severe conditions of acid hydrolysis for the release of 

sugars without regard to destruction by acid of the released sugars. 

From model experiments it appeared that in some situations the result 

obtained may be higher than the true sugar content and means to avoid 

this difficulty were suggested. The released sugars were well 

separated by Celite chromatography which was also found to be useful 

for the resolution of anomeric glycosides. The release of mannose 

from egg albumin in 2 N HC1 at 1000  after various times was deter-

mined by the radioisotope dilution method and found to have a half-

time of 7 minutes. The destruction of mannose in 2 N HC1 at 140? in 

the absence of air was found to be enhanced to a much greater extent 

by free tryptophan than by the same amount of tryptophan in a protein. 

Addition of ribose reduced the destructive effect of tryptophan. 



A radioisotope dilution method was applied to the estimation 

of glucosamine and galactosamine in some glycoproteins after hydrolysis 

under strongly acidic conditions which gave a quantitative yield of 

glucosamine from methyl N-acetyl-D-glucosaminide. The hexosamines were 

isolated and estimated as their naphthylisothiocyanate derivatives. 
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1. 

I INTRODUCTION  

1. General Structure of Glycoproteins  

(a) The occurrence of carbohydrate in proteins  

It has long been known that carbohydrate is intimately associated 

with protein in many biological materials. A century ago Eichwald (1865) 

showed that on acid hydrolysis of mucins from various organs, a reducing 

substance then assumed to be glucose was released. Later some purified 

serum and milk protein fractions were found to give a positive furfural 

reaction after treatment with concentrated sulphuric acid (Udranszky 1888). 

Crystalline derivatives of D-glucosamine were isolated and identified 

from the hydrolysis products of various purified proteins such as egg 

albumin (Seeman 1898, Langstein 1900), bronchial mucin (Mdller 1901) and 

seromucoid (Zanetti 1903). Much later D-mannose was isolated and identi-

fied as the phenylhydrazone from hydrolysates of egg albumin (Frgnkel and 

Jellinek 1927) and from blood protein.fractions (Bierry 1929, Dische 1928, 

Rimington 1929). LI-Galactose, isolated as the methylphenylhydrazone, was 

also found to be a component of the latter (Bierry 1929). Sialic acid was 

first isolated in crystalline state from submaxillary gland glycoproteins 

of various apeoies (Blix 1936, Blix et al 1956), and found to be widely 

distributed in the mammalian body (see Gottschalk 1960). It is present 

in all vertebrates tested so far and in some invertebrates; the lowest 

member in the pbylogenetio scale, excluding bacteria, to contain sialio 

acid is the primitive platyhelminthe, Polychoerus carmelensis (Warren 

'1963). LmFucose was recognized as a constituent of blood group A subs-

tance by the isolation of 2,3,4 trimethyl-a-methyl-L-fucoside from the 



methylated substance Orgy et al 1946). 

That carbohydrate is attached to protein by chemical bonds has 

been shown for many glycoproteins. In purified submaxillary mucin 

Hammersten (1888) found the carbohydrate to be.  firmly bound to the 

protein. In serum globulins the carbohydrate was considered to be 

integral with the protein since it could only be released by strong 

acid hydrolysis (Hewitt 1934). Crystalline egg albumin,'containing 

only about 30 carbohydrate, did not lose am sugars despite repeated 

recrystallizations (Sorensen 1934, Neuberger 1938, Hewitt 1938) or 

ultrafiltration of native and denatured material (Neuberger 1938). 

Investigation of the carbohydrate unit (or units) of glyooproteins, 

by preliminary digestion with proteolytic enzymes was'begun with sero-

mucoid (Rimington 1929) and egg albumin (Neuberger 1938) both of which 

gave rise to polysaccharide material. In egg albumin the carbohydrate 

(i.e. 8 sugar residues) was found to have a molecular weight of about 

1500 and thus was accounted for in one unit. A rough estimate of the 

size of a saccharide isolated from alkali-treated urinary glycoprotein 

suggested that the carbohydrate occurred as many groups attached to the 

protein, rather than as one large piece (Gottschalk 1952). In the sub-

maxillary gland glycoproteins of the ox and sheep the carbohydrate was 

found to be present as the disaccharide, sialyl (2 	6) N-acetyl-

galaotosamine, many hundreds of which are attached along the protein 

chain (Gottschalk and Graham 1959, Graham and Gottschalk 1960). By 

analysis and molecular weight estimation of giycopeptides isolated from 

enzymic digests the carbohydrate, in many glycoproteins has been shown 

to exist in several units, of molecular weight up to about 4,000 (see 

Table 1). 
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Since many more-methods have recently become available for the 

isolation and purification of carbohydrate-protein substances (such as 

low temperature ethanol fractionation, ion,eichange chromatography, 

gel filtration,and.column electrophoresis) and for - testing the homo-

geneity of, preparations of macromolecules (for instance gel electro-

phoresis, immunoelectrophoresiss amino acid terminal analysis, etc.,) 

the presence of carbohydrate-protein complexes, in almost all mammalian 

tiseues and fluids investigated, has-been established, 

(b) Classification and terminology of carbohydrate-protein complexes  

in animals  

Until recently general agreement on terminology and classification 

of carbohydrateprotein complexes has-been lackingt in ,1958 it was 

stated "there is no generally accepted definition of a mucopolysaccharide" 

(Morgan 1958). Many classifications and definition; have been proposed, 

for example by Levens (1925), Meyer (1945 1953), Stacey (1946), Blix 

(1951) Masamune (1955), Kent and Whitehouse (1955),„ Montreal (1957), 

Winzler (1958), Bettelheim-avons (1958), Schultze (1958), Jeanloz (1960), 

OottschaIk(1962),and Schultze (1963), and the same names have been used 

to describe different substances. The feature common to most classific-

ations is the distinction made between the "mucopolysaccharides" and the 

"glyooproteins*. 

The mucopolysaccharldes are pelyeaccharides which contain hexosamine 

and have 	repeating unit: examples are chitin, bYaluronic acid and 

keratan sulphate. These substances have recently been given the generic 

name of "glycosamXnoglycans" (Balazs and Jeanloz 1965). Of these the 

polysaccharides-which contain uronic acid are called *glycosaminoglyc- 
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uronans" e.g.:heparin byaluronic acid, dermatan sulPhate and chondroitin 

4- and 6- sulphates. Most, if not all, of the glycosaminoglycans seem 

.to be bound by covalent bonds to.polypeptide'in . their natural state, 

since extraction by mild procedures at low . temperatures avoiding the 

use of agents such as alkali and proteolytic enzymes, produces material 

which contains .aome protein (see Muir 1964). 

Glycoprotein was,a term used originally to denote .!compounds of the 

protein molecule with a substance or substances'containing a carbohydrate 

group other than nucleic acid" (ComMittee on Protein Nomenclature 1908), 

a definition which covers. all carbohydrate-protein complexes. Current 

usage has excluded the glycosaminoglycans and greater knowledge about 

the :general structure of carbohydrate-protein complexes has led to a 

better description of glycoproteins "as conjugated proteins containing 

as prosthetic group one or more beterosaccharides with a'relatively low 

nutber of sugar residues, lacking a serially repeating unit and bound 

covalently to the polypeptide chain" (Gottsdhalk 1962, 1966). Implicit 

in this definition is that removal of all peptide material from a 

glycoprotein Would result in saccharides of low molecular weight (up to 

4000). Conversely,'removal of all carbohydrate from a glYcoprotein 

would give a protein. 

(c) Description of glycoproteins  

The glycoproteins, as defined above, cover a great range of 

natural polymers whch can be widely different in physico-chemical 

properties, molecular weight, carbohydrate content, composition,'dis-

tribution, biological activity and even in the type of linkage between 

carbohydrate and protein. For example, egg albumin behaves physically 
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as a protein, it has a molecular Weight of 45,000 and its carbohydrate 

content. of 3.2%oonsists of mannose and N-acetylglucosamine only. The 

carbohydrate occurs as a single unit attadhedito the protein by a rela-

tively alkali-stable N-glycosyl-amide linkage which.involves C1  of an 

Nracetylglucosamine residue ani the nitrogen or .an aaparaglhe residue 

(see Neuberger and Marshall 1966), By contrast, the glycoprotein from 

sheep .submaxillary gland givesviscous,polUtions,,is precipitated by 

acetic,acid.and it has a particle weight of about 106,. it contains 40% 

carbohydrate made up of N-acetylgalactosamine and,sialic acid. in the 

form, of a disaccharide, many hundreds of which are joined to the protein 

in a-very.aikali-labile glycosidic linkage between C1 of N-acetylgalac-

tosamine and the hydroxyl groups of the hydroxyamino acid (see Pigman 

and Gottschalk 1966, au Gottschalk and-Graham 1966). 

These two glycoproteins can be taken as extreme formS of the 

general. structure of many glycoproteins which is now.apparent. :The 

heterosacchartiesare each joined to the peptide chain by a single co-

valent bond which involves the reducing terminal of the carbohydrate 

and the functional group of an amino acid side chain. It appears that 

more than one type of heterosaccharide prosthetic group,may be present 

on the same peptide.chain, for example thyrogldbulin (Spiro 1963) and 

bovine submaxillary gland glycoprotein (Tsulki et al 1961). The 

heterosaccharides, which have been studied up till now and which con-

tain more than two sugar-residues, appear to be brandhed e.g. egg 

albumin (Clamp and Hough, 1963), a1-acid glycoprotein (Eylar and Jean-

loz,1962) fetuin (Spiro 1964), y-globulin:(Clamp and Putman 1964), 

ovomucoid (Bragg and Hough, 1961), and the blood-group substances 
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(Painter et al 1965) in contrast to the linear chain of the glycosamino-

glycans. Although there are some sugar sequences which occur more than 

once within a heterosaccharide, such as sialyl-galactosyl-N-acetylglucos-

aminyl- in for example al-acid glycoprotein (Eyler and jeanloz 1962) and 

fetuin (Spiro 1962), no simple repeating unit is evident as in the glycos-

aminoglycans. When present both eialic acid and fucose occupy non-

reducing terminal positions in the molecule. 

The position of the carbohydrate prosthetic groups inihe protein 

chain is unknown for all glycoproteins except for ribonuolease B where 

the asparagine residue at position 34 is involved in the attachment of 

the carbohydrate (PluMmer and Hire 1964). The blood-group substance 

polypeptido appears to be fairly resistant to the relatively specific 

proteolytic enzymes such as trypsin and. chymotrypsin (Morgan 1963) 

suggesting that the proximity of carbohydrate groups sterically inhibits 

the approach of proteolytic enzymes to the polypeptide (Watkins 1966). 

It has been shown for al-acid glycoprotein (Yamashina 1956) and for 

ovine submaXillary gland glycoprotein (Gottschalk and Fazekas de St. 

Groth 1960)that removal of *laic acid increases the !susceptibility to 

proteolytic enzymes. In the latter glycoprotein the numerous disac-

charides appear to be fairly uniformly distributed. In y-globulin most 

of the carbohydrate is associated with two of the four polypeptide chains 

- the H chains (Press and Porter, 1966). 

The blood-group substances having a high carbohydrate content have 

been referred to as Imucopolysaccharides" (Stacey and Barker, 1962, 

Brimacombe and Webber 1964) and also as "glycoproteins" (Gottschalk 1966). 

If, as Morgan (1963) has suggested that in these materials "relatively 
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short carbohydrate chains are'attached'at intervals as branches to a 

common peptide backbone", the blood-groUp- substinces would be included 

in the above definition of glycoproteins. Additional supportfor their 

inclusion is as follows: 

1. All the sugars apart from mannose which commonly occur in 

glycoproteins are found in the blood-group substancee. 

2. Some  of the blood-group substances show inhibitory activity 

against the influenza virus haemagglutihin (Pusztai and Morgan 1961a), 

a property shown by many glycoproteins. 

3. Other substance! in epithelial secretions have similarities 

in "carbohydrate and amino acid composition to the blood-group substances 

e.g. isolated components' of cervical and bronchial mucus (Gibbons aril 

Roberts 1963) and some of the animal submaxillary and sublingual gland 

glyooproteins (Hashimoto and Pigman 1962). 
4. The bovine sUbmaxillary gland glYcoprotein has been shown to 

possess blood-group activity (Horowitz et al 1963). 

(d) Some features offilycovoteins  

Since the term "glycoprOtein" embraces so many natural substances 

from different sources and since there are such large differences bet- 

ween some glycoproteins it may be useful to generalise and sub-classify, 

at least roughly, these sUbstancesi even though rigid subdivisions may 

not be possible. Various criteria have been used by different authors. 

(i) The acid nature of the substance has been.used in classifications 

such as those of Meyer (1953) and Blix (1954). This does not appear to 
acid 

be a useful basis for subdivision of glycoproteins since manykgroups may 

be present eg sialio acid as in many glycoproteins (Gottschalk 1960), 
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Phosphate as in egg albumin (Perlman 1955), sulphate as in sheep 

colonic mucin (Kent and Marsden 1963), and a high dicarboxylic amino 

acid content without much amide present as in ovemucoili (see Melamed 

1966). 

(ii) The relative amounts of carbohydrate and protein, as a 

single criterion, is unlikely to be satisfactory, as the carbohydrate 

content of glycoproteins ranges from 3.2% for egg albumin (Johansen et 

al 1961), 10% for human thyroglobulip (Spiro l964), 20% for fetuin 

(Spiro 1960), 40 for al-acid glycoprotein (EYlar and Jeanloz 196e), 

60% for porcine sUbmaxillary glypoprotein (Hashimoto et al 1964) and up 

to 85% for blood-group substances (PUsztai and MOrgan 1961b). Although 

the ar4cid glycoprotein ofvfeerum and the sUbmaxillary gland glycoprotein 

of sheep have a similar carbohydrate content about 40%, the two glyco- 

proteins have quite different physical properties, sugar Components and 

molecular weight. 
(iii) The types of sugar present. Amino sugars appear to be 

present in almost all carbohydrate-protein complexes found in animals. 

There are possible exceptions, for example, collagen contains only 

galactose and glucose (Blumenfield et al 1963). Uronie acid and sulphate 

have been used as distinguishing features of the mucopolysaceharides 

(Stacey 1946, Masamune 1955). However sulPhate has been found in glyco-

proteins from sheep colonic mucin (Kent and Marsden 1963), from corneal 

stroma (Robert and Disehe 1963) and from gastropod liver (Inoue and Egami 

1963), all of which contain sialic acid. Uronic acid and sialic acid are 

not usually found together in the one molecule but they are both present 

in small amounts in a chondromucoprotein from human cartilage (Anderson 
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1962). Sialic acid-containing mucins (sialo mucins) and fuoOse-

containing mucins (fudomucins) were suggested as divisions (Blix 195t, 

Odin 1958) but although these sugars do not seem to occur in great 

amount together, they ate commonly present in the same molecule, e.g. 

blood group Lea substance (Puaztai and Morgan 1961a) and al-acid 

glycoprotein (Eyler and Jeanloz 1962). Dische (1963) has pointed out 

that in a group of glycoproteins from the same source, such as serum or 

urinary glycoproteins, the sialic acid and fucose contents, when related 

to either the hexose or hexosamine contents, bear a reciprocal, relation 

to each other, in that when the fucose ratio is rising in a series the 

sialic acid ratio is falling. 

However the carbohydrate compositions of some groups of glycoptoteins 

are sufficiently different to be characteristic of the group. Glyco-

proteins from serum contain the sugars 1.-fucose, N-acetylneuraminic acid, 

D-galactose D-mannose and D-glucosamine, e.g. al-acid glycoprotein 

(Eyler and Jeanlos 1962), and y-globulin (Rothfus and Smith 1961). 10-

Galactosamine is present to a small extent in fetuin (Spiro 1960, Graham 

,1961) but is usually absent from serui proteins. 

In the blood-group sUbstances 1,-fucose, N-acetylneuraminic acid, 

D—galactoSe, D-glucosamine and D-galactosanine occur, D-mannose being 

Absent (Morgan 1963). A similar composition exists in the glycoproteins 

of the sUbmaxillary and sublingual glands of some animals e.g. bovine, , 

canine and porcine submaxillary glands, and bovine sUblingual gland .  

(Pigman 1966) and in the bovine cervical glycoproteins (Gibbons and 

Roberts 1963).. The submaxillary gland glycoprotein of sheep has prac-

tically only N-acetylneuraminic acid and D-galactosamine as its cons- 

tituents. 
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Egg albumin (Johanson et al 1960) and ribonuclease B (Plummer and 

firs 1964 contain only D-marrose and D-glucosamine; thyrotropin 

contains these two sugars and much smaller amounts of fucose and 

galactosamine (Carsten and Pierce 1963). In these three glycoproteins 

the carbohydrate is present as one unit. 

(iv) The type of linkage between carbohydrate and protein. Two 

types of linkage between carbohydrate and protein have' ;been demonstrated: 

(l) An N-glycosyl-amide linkage, which involves a bond between C1 of an 

N-acetylglucosamine residue and the nitrogen atom of the amide group of 

an asparagine residue, was unequivocally demonstrated in egg albumin by 

identification of synthetic 1-.(104-anertamido-)-2-acetamido-1,2-dideoxy-

D-glucose (see Fig 1) with a compound isolated by acid hydrolysis from 

egg albumin glycopeptide (Marks et al 1963, Yamashina et al 1963, Bogdanov 

et al 1964 Tsukamoto et al 1964, Marshall and Neuberger 1.964). 'Various 

pieces of evidence suggest that the same linkage probably occurs in ovo-

mucoid (Montgomery and. Wu 1963), in al-acid glycoprotein (Eyler 1962, 

Satake et al 1965), transferrin (Jamieson 196;), 	(Rothfus and 

Smith 1963), fetuin (Spiro 1963), thyroglobulin (Spiro 1963), and inter-

stitial cell-stimulating hormone (Pepkoff 1963). The N-glycosyl amide 

linkage is more stable to alkaline treatment than acetamide (Marks et 

al 1963). N-AcetylglucosamineAs the only sugar so far found in this 

type of linkage. 

(2) An 0-glycosidic linkage, involving C1 of a sugar and the hydroxyl 

group of a serine or threonine residue, (see Fig. 2) has been found in 

bovine and ovine submaxillary gland glycoprotein (Hashimoto et al 1963, 

Anderson et al 1964, Btavanandan et al 1964, Tanaka et al 1964, Harbon 



CH2OH 
0 0 NH2 

NH--6-CH-CH-COOH 

Fig. 1. 	2-Acetamido-14-(1,-P-aspartamido-)-1,2- 
dideoxy-D-glucopyranose, the compound 
which incorporates the linkage between 
carbohydrate and protein in egg albumin. 
and probably many other serum-type 
glycoproteins. 

R NH I 	1 
C=C 
H c.0 

-OH 

N- ACE TY L- 
GAL ACTOSAMI NE 

Fig. 2. The linkage of 2-acetamido-2-deoxy-P-D-galactopyranose to 
the hydroxyl group of a serine (R = H) or a threonine 
(R = CH,) residue in epithelial glycoproteins, and its 
breakdo4n by P-elimination in the presence of alkali. 

11.  



et al *Wand in blood group substances (Anderson et al 1964, Adams 

1965b). The sugar found up till now in this linkage is N-acetylgalac-

toaamine (submaxillary gland, glycoproteins and probably the blood group 

substances).' The same type of linkage has been.found in the glycos-

apinoglycans, Chondroitin sulphate (Anderson et al 1963), keratosulphate 

(Andersen et al 1964) and heparin (Lindahl and 'Roden 1964). Xylose 

seems to ,be the sugar glycosidically.attacheito thehriroxyamino acid 

residues in these compounds. A characteristic property of this type of 

linkage seems to be its considerable lability in alkali, its breakdown 

occurring by a process of 0-elimination (see fig. 2). It probably 

accounts for some of the "easily-split" linkages between carbohydrate 

and.protein referred to as nionic7or "salt like" in some classifications 

(e.g.: Meyer 1953, Vflo4er 1.958 and Jeanlp 1960). 

Another-type of linkage, namely a glycosidic ester involving N-

acetylgalactosamine and thscarboxylgroups of aspartic and glutamic 

.apid .has been suggested earlier in submaxillary gland glycoproteins of 

ox and sheep, on the basis of the LpHil  reduction Of the side chain 

carboxyl groups of the dicarboxylic amino acid residues in the glyco-

proteins (Gottschalk and Murphy 1961, Murphy and Gottschalk 1961). 

Release of the carbohydrate groups by alkali and hydroxylamine appeared 

to be in accord with this conclusion, (Graham et al 1963). However, some 

of the data is explicable in terms of an 0-glycosidic linkage to serine 

and threonine, but since later results, which were obtained using 

material from older animals, are not in accord with the original work, 

it has been suggested that some ester linkages may be present in young 

animals (Beat et al 1965). Unequivocal evidence is required before a 

linkage of the ester-type can be considered to be established. 
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(v) The amino acid composition of glycoproteins. The amino acid com-

position of submaxillary and sublingual gland glicoproteins has been 

compared with those of the cervical glycoproteins and the blood-group 

substances (Hashimoto and Pigman 1962). An interesting feature is that 

these glycoproteins are particularly rich in serine and threonine, which 

together make up 40 to 50% of the amino acid residues. On this basis it 

was suggested that they might be called "Threoglycoproteins". The 

proline and alanine contents of all these glycoproteins are also high. 

A characteristic feature of the submaxillary gland glycoproteins of the 

species so far investigated (i.e. sheep, ox, dog and pig) is that glycine 

is the most abundant amino acid present (Hashimoto and Pigman 1962, 

Hashimoto et al 1964). The aromatic and sulphur-containing amino acids 

are either absent or present in very low amounts. 

(e) A subdivision of glycoproteins  

The various properties of glycoproteins, which have been considered 

above, show quite marked differences between two types of glycoprotein, 

exemplified on the one hand by the glycoproteins from plasma and on the 

other by the glycoproteins from epithelial secretions. They are referred 

to here as serum type and epithelial glycoproteins respectively. As 

referred to above the latter glycoproteins have often not been classified 

in the same category as glycoproteins of the serum type (e.g. Schultze 

1960 and have been called "mucopolysaccharides" (e.g. Morgan 1963, 

Gibbons and Roberts 1963) and "mucins" (e.g. Blix 1963, Hashimoto (lit.a3) 0.96 

due to their viscous nature, high carbohydrate content and their high 

content of threonine. The data available on some properties of repres-

entatives from the two types of glyooproteins has been outlined in 



14 

tableal aid2. The serum-type glycoproteins tend to have a lower 

molecular weight and less carbohydrate than the epithelial glycoproteins, 

although there are exceptions. However there does appear to be a dis-

tinctive difference in the number of heterosaccharide groups per mole 

and in the density of the carbohydrate units on the protein chain as 

shown by the polypeptble weight per catibohydrate unit-. The heterosac-

charide density is very high in the epithelial type.glycoproteinS, 

particularly for the blood-group substances, where practically all of 

the serine and threonine residues, which make up 40 to 50% of the number 

of amino. acid residues preseni, must be substituted bY carbohydrate groups. 

On present information the type of linkage between carbohydrate and 

protein and the amino sugar inVolved in the linkage appear to be charac-

teristic of each type of glycopratein. In the glyeosaminoglycan-protein 

complexes, xylose seems to be the sugar which joins the-glycosaminoglycan 

chains to the protein by glycosidic linkage to serine 'aid threonine. 

Of interest is the differenae in stability to alkali of the two 

types of carbohydrate-peptide linkage. In glycopeptides from ovine sUb-

maxillary gland the 0-glycosidic linkages to serine and threonine are 

split in 0.5 N NaOH at 22°  at a rate of 'about 10-3 min-1  (CarUbelli et 

al 1965). The N-glycosidic amide linkage in egg albumin glycopeptide 

is cleaved in 0.2 N NaOH at 1000  at a maximum rate of 7.2 x 10-3  min-1  

(Marks et al 1963). Since the bovine cervical glycoprotein is readily 

degraded by mild alkali to low molecular weight material which gives a 

strong colour with Ehrlich reagent (Gibbons and Roberts 1963) it seems 

likely that the type of linkage involved is an 0-glycoside to the 

hydroxy amino acids. The blood-group substance for which there is 
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evidence of this type of linkage, 	 vesimilarly' in alkali 

(Aminoff et al 1962). 

A summary of the properties characteristic of the two types of 

glycoproteins is outlined in table 3. The glycoaandnoglycan-protein 

complexes have been included for comparison. Since detailed knowledge 

about most glycoproteins is still fragmentary there will probably be 

exceptions in one or more of the criteria thown. here and even' if 

further study demonstrates a series of glycoproteins with a gradation 

ina - Properties between the-two types, it does demonstrate the widely 

differing substances covered by the termIglycoproteire. 

Little is known about the mechanism of biosynthesis of glyeo-

proteins such as whether &A,€ Sugars are attached to any ofthe amino 

acid residues before thelatter are incorporated in the peptide chain, 

or whether the sugars are added singly or in heterosaccharide units 

after the protein has been synthesized!  In either ease the mechanism 

for the attachment of sugar to'amino acid residue in the case of the 

serum-type glycoproteins, which have few of such linkages, is likely 

to entail considerable specificity, in comparison to the equivalent 

-process in the epithelial glycoproteins, where Most of the appropriate 

amino acid side chains become attached to carbohydrate (see Gottschalk 

andieUberger 1966). 



Glycoprotein 

TABLE 1. 

MolecUler 
weight 
x 10-3 

SO MR PROPERTIES OFERUM-TYPE GLYCOPROTE/N9 

Carbohydrate 
content % 

Number of car- 
bokidrate units 

per mole 

fblypeptide 
weight per 
carbohydrate 
unit x 10-,  

Type of oarbo- 
hydrate-protein 

linkage 

Egg albumin 45 3.2 1 44 amide (1) 

Ovomucoid 28 24 3 7 amide2  

di-Acid glycoprotein44 404  5-6 5 amide (1).  

Fetuin 48 22 12 amide? 

Transferrin 90 5.2 2 43 amide9  

Ceruloplasmin 150 7.9 9-10 14 amide- 

Haptoglobin 85 15.8 
 7 

1011 

y-Globulin (IgG) 160 2.7 212 50!̀ asp. 

Fibrinogen 330 2.5 714 46 amidel4  

Urinary glyco- 
protein monomer 

28 26 215  10 

Thyroglobulin 660 9.8 257  24 aaide7  

Thyrotropin 28 1.2 116 
24 

ICSH 16 14 2 7 asp. 17 
Ribonuclease B 14.7 9 1 14 amide  

GN403  

ON 

Sugar residue 
in linkage 

GNAcl  



(amide (i) - N-acetylglucosamine-asparagine compound was isolated. 
(amide 	- ammonia was released from aspartia acid containing glycopeptidec. 
(asp. 	aspartic acid WAS the main amino acid of the glycopeptidea. 

corrected for water of hydrolysis 

the light chains were excluded Once they contain very little carbohydrate 

1. Neuberger and Marshall 19666 2. Montgomery and Wu 1963 	3.. 	Tanaka.1961 
4. Eylar and Jeanloz 1962 5. kflar 1962 	5. 	Yamashina et al 1965 . 
7. Spiro 196.; . Spiro 1964 	9. 	Jamieson 1965b 
10. Jamieson 1965a 11. Cheftel,et al. 1965 	12. Clamp and Putnam 1964 
13. Rothfus and Smith 1963 14. Mester et al 1963, Cynkin and Raschemeyer 1964 
15. Maxfield and Stefaxye 1962 16. Carsten and Pierce 1963 	17. 	Papkoff 1966 
18. Plummer and Hirs 1964 



TABLE 2. SOME PROPERTIES OF EITITIRLIALGLYCOPROTEINS  

  

Carbohydrate 
content 
p 

Number of car- 
bobydrate units 

per molt 

Polypeptide 
weight per 
carbohydr4e 
unit x 10 

Type of carbo-
hydrate-protein 
linkage 

Sugar resi-
due in 
linkage 

eter.1111.00 

41 830 0.71 :0-glyOotide GalNAc 

57 3,300 0.52 - 0-glYeeelde2 7' GalNAc 

56 0.24 0-glycoside,  

labile to 
alkali 

GalNAc 

350 0.21 0-glycoside6'7  GalNA057  

Molecular 
Glycoprotein weight x 10-3  

Submaxillary gland' 
glycoprotein of 	1,000 
sheep 

Submaxillary gland 4,000 
glycoprotein of ox 

Human colloid breast 
carcinoma mein, 

Bovine cervical 	.4,000 
riucins 

'flood -group 
	

500 
substances 

isolated by digestion with pepsin so 

1. Bbavanandan et al 1964 
4. Gibbons 1959 
7 Adams 1q6s- b 

he peptide chain was probably fragmented. 

2 	TpflAkA et al 1964 	3. Adams 1965c, 
5. Watkins 1966 
	

6. Anderson et al 1964 



TABLE 3. COMPARISON OF THE PROPERTIES OP TWO TYPES OF GLYCOPROTEIN 

Serum-Type TpitheliaI lycosaminoglycuronan-
protein complexes 1  

Main sources.. Blood plasma, egg white 
and tissues 

Epithelial secretions Bodyfluids and tissues 

Viscosity in water Most are not viscous Often viscous solutions Viscous solutions 

Molecular. eight Most less than 1 x 105  Greater than 1O-,:.and of 
the order of 10 

0.3._ 10 x 106  

Carbohydrate content 2% - 40% 40% to 85% 50% 

Number of, carbohydrate 
units per mole 

1 to 25 300 to 3,000 

Weight. of polypeptide 
per carbohydrate unit 

5,000. to 50,000 200 to 700 

Type of linkage N-glicosyl amide 0-glycosyl. 0-glycosyl 	pe2  

Amino acid involved in aspartic acid serine or threonine serine2  
. linkage 

Sugar residue inxived 
inlinkage 

N-acetylglucosamine N-acetylgalactosamine xylose3  

Amino acid composition Similar to non-conjugated 
proteins 

Rich in serine and tineonine, 
very little S-containing or 
aromatic amino acids. 

op 



1. Muir, 1964. 

2. Chondroitin sulphates: Muir 1958; Anderson et al 
Heparin: 	 Lindahl et al. 1965. 
Both serine aid threonine appear to be involved in 
in the glycosaminoglycan, keratosulphate (Anderson 

1963, 1965; Gregory et al. 1964. 

the carbohydrate-protein linkage 
et al. 1964). 

3. Gregory et al. 1964; Lindahl and Roden 1965. 
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2. The Estimation of Sugara in Glycoproteins  

(a) The sugar eomponentscof glycoproteins  

Several types of sugars have been found in glycoproteins: the 

hexoses are represented by Dr-galactose and D-mannose, the 6-deoxyhexoses 

by L-fueose, the 2-amino-2-deoxy-hexoses by D-glucosamine and D-galaotos-

amine and also present in many glycoproteins of diverse sources .)is 

sialic acid, an accylated 5-amino-3,5-dideoxy-D-glycero-D-galacto-

nonulosonic acid. The sialic acids or acylated neuraminic acids are 

derived from N-arylD-mannosamine which is Joined in aldol fashion to 

pyruvic acid to give the deoxy keto sugar acid with characteristic 

properties, i.e. its ready release by acid from glycosidic linkage and 

its lability to acid after being released (see monograph Gottschalk 

1960). D-Glucose is occasionally found in glycoproteins e.g. ichthyocol 

(Blumenfield et al, 1963), glyooprotein from the fat/plasma interface 

of cows milk (Jackson et al 1962), bovine aorta glycoprotein (Berenson 

and Fishkin 1962, Badhakrishnamurthy et al 1965),  pregnant mare serum 

gonadotropin (Bourrillon et al 1959), haptoglobin (Cheftal et al 1960) 

and glycoproteins in normal human urine (Bourrillon et al 1962). Li-

Rhamnose has been found in several glycoproteins, e.g. pregnant mare 

serum gonadotropin (Bourrillon et al 1959). 

Although the sugars from a number of glycoproteins, notably the 

blood-group substances, egg white proteins and some of the submaxillary 

gland glycoproteins, have been completely identified by characterization 

of crystalline derivatives there are still many glycoproteins in which 

the component sugars particularly the non-amino sugars, have been 

identified by such techniques as paper chromatogmaphy which does not 
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distinguish between the D- or Li-forms. D-Mannose has been identified 

by formation of the phenylhydrazone in egg albumin (Frankel and 

Jellinek 1927, Neuberger 1938) in avomucoid (Chatterjee and Montgomery 

1962) and in bovine seromucoid (Inazawa 1951) and as the p-bromophenyl-

hydrazone in egg albumin (Neuberger 1938). D-Galactose has been con-

verted to variously substituted phenylhydrazones after isolation from 

the blood-group substances (Annison and Morgan 1952a,b, Gibbons and 

Mbrgart 1954) from ovomucold (Chatterjee and MOntgomery 1962) and from 

bovine seromucoid (Inizawa 1951). Further confirmation of the D-Isomer 

has been obtained from the identification of crystalline saccharides 

such as D-galactosyl-3-(1-4)-N-acetyl-D-glucosamine isolated from the 

blood-group substances (Kuhn and Kirchenlohr 1954, C8t‘ and Morgan 1956) 

and from al-acid glycoprotein (Eyler and Jeanloz 1962). 1.-Fucose was 

identified in blood-group substances as the 2,304-trimethyl-L-fucose 

(Dray et al 1946) and as the digherrylhydrazone (Annison and Morgan 1952). 

The amino sugars D-glucosamine and D-galaotosamine have been 

identified as crystalline hydrochlorides after isolation from glyco-

proteins such as seromucoid (Zanetti 1903), frog spawn mucin (Folkes et 

al 1950), and submaxillary gland glycoproteins (Blix et al 1952), as 

crystalline Schiff's base derivatives of variously substituted aryl 

aldehydes (Neuberger 1938, Jolles and Morgan 1940) and as the dinitro-

phenyl derivatives from blood group substances (Annison and Morgan 

1952a, b). N-Acetyl-D-mannosamine has been obtained by the action of an 

aldolase on N-acetylneuraminic acid (Comb and Roseman 1960). The D-

mannosamine was identified as the hydrochloride and also converted to D-

arabinobenzimidazole by ninhydrin oxidation followed by reactionwith 

0-phenylenediamine. 
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The sialic acids*  which differ only in their acylsubStituents, 

have been obtained in a crystalline state from many glycoproteins (see 

Gottschalk 1960). 

The specificity of action of purified enzymes has been employed 

in the identification of sugars. Peuraminidase has often been used to 

split off the terminal acylated D,..neuraminic acids from glycoproteins 

(Gottschalk 1960 	). An a7fucosidase was induced  in Kiebsiella 

aerogenes by the al-acid glycoprotein (Barker et al:1962, 1963). A 

.purified p*galactosidase from Diplococcus pneumoniae  has been used to 

release DI-galactose from arapi&glycoprotein (Hughes and Jeanloz 

1964a) Similarly an Wacetyl4H?7glucosaminidase from the same source 

released N-acetyl-D-glucosamine from an al-acid glycoprotein derivative 

which had been treated with neuraminidase followed by galactosidase 

(Hughes and Jeanloz 1964b). D-Galactose oxidase (Avigad et al 1962) 

,was able to oxidize P-galactose non-reducing terminal residues in 

sialic aoid-free ar,.acid glyooprotein (Barker et al 1962), and in 

tropopollagen (Blumenfield et al 1963). Di-Glucose oxidase was found 

to oxidize D-glucose from tropocollagen (Blumenfieli et al 1963)• 

(b) The colorimetric estimation of non-amino sugars in glycoproteins  

without prior hydrolysis  

Many methods, which have been described for the estimation of 

sugars in polymeric substances, involve heating the, substance in gon-

centrated mineral acid to give products such as 2-furfuraldehydes, 

which produce coloured complexes with certain reagents, for example, 

phenolic compounds (a-naphthol, orcinol, resourcinol, phenol), nitrogen-

containing aromatic compounds (tryptophan, diphenylamine, indole, pyrrole, 
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carbazole) or thiol compounds (cysteine, thioglycolic acid) (for 

reviews spe,Winzler 1955, Ddsche 1955 1962 and •Ashwell-1957). The 

colour intensity is compared with that given by solutions of free sugar 

,of known concentration. Although such methods are usually reproducible 

and easily applied the resultsmay be.open,to.some doubts, It is not 

certain that sugars in glycosidic linkage will, always giVe the same 

colour yield as that froM Tree sugars. For instance, a mannan and 

dextran4.n. the orcinol-sulphuric aCid reaction required a longer heating 

time to.give the same colour yield as the monosaecharides (itasseur 1948). 

When different Sugars are present, as in glycoproteins, the contributions 

of each sugar to the colour produced has to be assessed (Spik and Montreuil 

1964). When the material to be assayed contains & high proportion of 

protein, amino acids, such ,as cysteine or tryptophan, may react with sugar 

derivatives to an. extent not insignificant in comparison with that of the 

,reagent (Hormann and Gollwitzer 1962, Marshall 1964). . It is difficult to 

obtain a true "blank" value. To correct for colour produced by the 

reagents the assay-solution can be replaced by water but then non-specific 

colour given by the protein part is not corrected fOr. Blanks obtained by 

omission of the reagent from the sulphuric acid reaction mixture does not 

allow for the possibility that the substances which otherwise react with 

the reagent now can react with other substances present e.g. tryptophan 

and cysteine. 

(c) The acid-catalysed hydrolysis of glycosides in'glycoproteins  

For the identification or estimation of the individual sugars 

occurring in a glycoprotein, it is necessary to liberate them from their 

glycosidic linkages, since practically all the chemical reactions used to 
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distinguish the monosaccharides makes use of the reactivity of carbon 

atom ,1 of the reducing sugar. Many methods for the determination of 

sugars are based upon the ability of monosaccharides to reduce compounds 

in alkaline solution, for example, the reduction of ferricyanide to 

ferrocyanide (Hagedorn and Jensen 1923), of cupric salts, to copper oxide 

(Somogyl 1937), of hypoiodite to iodide (Willseitter and Schudel 1918) and 

of 2,3,5-triphenyltetrazolium chloride to trlphenyl formazan (Fatrbridge 

et al 1951). In the estimation of glucose by glucoee oxidase the glucose 

must be in free form and in the P-anomeric configuration (see Bentley 1963). 

Many colorimetric methods, which involvejleating of.the: sugar or its glYco-

sidein strong mineralactd.in the presence of.a reagent requires cleavage 

of the glycosidic linkage priorto the conversion.of the,sugars to 2-

furalidehYde derivatives whiCh, by coupling with the reagent, form coloured 

complexes. The amino, sugars are also determined only when they are free, 

by such methods as that of Bison and Morgan,(1933) for , the unsubstituted 

amino.sugerasi Morgan and ElAo# (1930 for the Mr,acylated:amino sugars, and 

the Aminoff (1961) and,Warren (1959).methodsfor,the.sialic.acids. 

However, galactosexesidues in non-reducing terminal position of a 

saccharide may be,estimated without hydrolysis by galactose oxidase which 

oxidizes the hydroxyl group at C 6 to analdehyde.group(Avigad et al 1962). 

The sialic acid content mayjelso be estimated by titration of its carboxyl 

group. Ina glycoprotein the titration results are compared with that, 

obtained when the sialic acid residues have beenenzymically removed 

(Popenoe.and Drew 195'7, Spiro 1960). 

The release of sugars from.their glycosides is usually effected by 

aqueous mineral acid, since alkali is not effective in cleaving acetals 
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except in certain cases such as the glycosides of phenols,. enols and 

.hydroxyl groups which are in E-position to a negative groupallou 

1954). Also the use of alkali is undesirable since by initial attack.  

On the reducing part of a sugar,,aIkali brings about, extensive degrad-

ation.and rearrangement of the sugars (Pigman 1957). Although sugars 

are much more, stable generally in acid than in alkali they are slowly 

degraded in acid conations'necessary for the cleavage of their glyco-

sides. ,Different types of sugar vary greatly in the, ease with which' 

their glycosides are hydrelysed by acid and in their. stability to acid, 

two properties which are related. For example, methoxy sialic acid is 

completely hydrolysed at 011.3 and 80P in k5 minutes, and. in 0.1 N HC1 

at 100°  slant acid is slowly destroyed since after 1 hour it gives 

only 60% of the colour in the thiobarbituric reaction (Karkas and 

Chargaff 1964). 

(11) The mechanism of the acid-catalyzed hydrolysis of glycosides  

Studies which have been carried out on the acid-catalysed hydro-

lysis of simple glycosides give some information about the possible 

situations which may occur in:•the hydrolysis of the carbohydrate groups 

in glycoproteinz. The mechanism suggested for the reaction of most syn-

thetic glY00pYranosides is dhown in Fig. 3 (Edward 1955). The first 

step involves a rapid equilibrium-controlled protonation of the glyco-

sidic oxygen to give the.conjugate acid II. In the rate-determining 

step, the conjugate acid undergoes unimolecular decomposition to the 

alcohol and a cyclic carbonium ion III, which is thought to be stabilized 

by conjugation with the ring oxygen atom and to exist in the half chain -: 

form IV (Edward 1955).. The subsequent rapid addition,of water gives. 

glucose and a hydronium ion, 
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Fig. 3. The mechanism of the acid-catalysed hydrolysis of some glyco-
pyranosides (from Edward 1955)• 
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Evidence for the unimolecularity of the acid hydrolysis of many 

alkyl- and sObstituted phenyl-glycopyranosides has been based on 
0 

linearity of the logarithm of the rea4ion rate with Bengett's acidity 

function (Bunton et al 1955, Armour et al 1961, Timell 1964, Semke et 

al 1964) and on the large positiVe values found for the entropy of 

activation (Capon and Overend 1960, Overend et al 1962, Timell 1964, 

Semke et al 1964) a characteristic feature of unimolecular mechanisms. 

In the case of a furanoside, ethyl-P-D-galactofUranoside, the entropy 

of activation was found to be negative suggesting a bimolecular reaction 

(Overend et al 1962).  

Cleavage of the hexose-oxygen bond rather than the Aglycone-

oxygen bond was shown by isotopic examination of the products of hydro-  
lysis of the methyl and Phenyl- glucopyranosides carried out in 180 

enriched water (Bunton et al 1955).  A further indication is the form-

ation of thiophenol and ethamethiol from phenyl and ethyl thioglucoside 

(Bamford et al 1962). This type of bond rupture occurs similarly in 

the hydrolysis of acetals (O'Gorman and Lucas 1950). An example of 

glycoside hydrolysis where alkyl-oXYgeo fission only has been shown to 

occur is in the hydrolysis of t-butyl 13.40-glucopyranoside (Armour et al 

1961) which occurs with great ease (1000 times the rate of methyl p-D-

SluooPyranoside in PI BC104 at 25°). The different hydrolytic pathway 

is due to the great stability of the tertiary alkyl carbonium ion. Tri-

ethylmethyl S-D-glucopyraposide was hydrolysed at an even greater rate, 

due to the more stable triethylmethyl carbonium ion and possibly also to 

the greater release of steric strain on hydrolysis of the glycoside 

(Timell 1964). 
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An alternative mechanism of glycoside hydrolysis involving 

protonation of the ring oxygen, opening of the pyranose ring in a rate-

limiting step, and rapid reaction with water to give the products was . 

also consideredby Bunten et al (1955). Against this mechanism are the 

following data (Banks et al 1961). Acid-catalysed methanolysis of 

phenyl 2 3 4 6-tetra-0-methyl P-D-glucopyranosides and of phenyl a- and 

-D-glupopyranosides has been found to proceed with predominant inver-

sion at C 1 which would not be expected if ring opening occurred. Acid 

hydrolysis of methyl a4D-glueopyranoside has been associated with an 

oxygen isotope effect which is explainable only if the glycosidic oxygen 

is involved in the rat-ltmiting step. 

(e) The effect of substituents of glycosides on the rates of their acid  

hydrolysis  

The main factors which are invoked to explain the widely differ-

ent rates of acid hydrolysis of different glycosidic linkages may be . 

roughly classified into sterie and.electronie effeets (Shafizideh 1958, 

Capon and Overend 1960, Beichstein and Weiss 1962 Neuberger and Marshall 

1966; Overend et al 1962). Steno effects are mainly concerned with the 

strain associated with the sugar ring, due to its size, conformation, 

and to the size and spatial position of groups attached to it. Electronic 

effects are concerned with the effect of groups in the glycoside on 

(a) the protonation of the glycosidic oxygen and (b) the cleavage of the 

bond linking the glycosidic oxygen to the anomeric carbon atom. 

As with the cycloalkanes, the 6-membered sugar rings are usually 

'more stable and thus less readily hydrolysed than the 5- and 7-membered 

rings. For example, the rates of hydrolysis of methyl a-D-galacto- 
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septanoside and methyl a-0-mannofuranoside is of the order of 100 times 

greater than their corresponding pyranesides respectively in 0.01 N HC1 

at 1000  (Shafizedeh 1958). The ready hydrolysis of the furanosides has 

been attributed to the reiief of internal strain, due to decrease in non-

bonded interaction in the' furahoside on formation of the carbonium ion 

(Reiohstein and Weiss 1962) in analogy to the reactions of the cyclo-

pentanes (Brown and'HerkowSki 1952). However the effect of substituents 

in the'ring can also predominate. Highly strained aidopiianoside rings 

'such as methyl 3,6,anhydre-2,4-di-0-methyl-a414annopyranoside can be 

hydrolised even more rapidly than the correspendinetUranoside (Foster 

ete.11954) The furanosides and pyranosidesof fruCtose, which are very 

easily hYdrOlysed, differ by relatively little in their rates of acid 

'hydrolysis (Heidt and'EUrves 1944). 

The Cl conforMation of the ellPir form is the most stable arrange-

ment for most of the D-aldehexoses and it was shOwn that the order of 

the ease of acid hydrolysis for- the methyl D-aldohexopyranosides (idose 

>altrose >galactose mannote ?. glucose) is parallel'to.that predicted 

from instability faCtors arising from the position of functional groups, 

such as axial sUbstituents and proximity of oxygen atoms (Reeves 1950). 

The rates of hydrolysis of some methyl 'glycopyranosideki in 2 N HC1 at 

1000  are given in table 4. 

The cyclic carbonium ion postulated by Edward,,:. (1955) in the 

mechanism of hydrolysis of glycosides was considered to be stabilised 

by conjugation with the ring oxygen, and for this to be so C2, CI, 0 

and 05 must lie in one plane making a half-chair structure.' The con-

version, which will be hindered by opposition of sUbstituents at C2 

relative to C3 and C5 relative to C4, would account for the order of 



TABLE 4 

The Rate of Hydrolysis of Glycosides in 2 N HC1 at 1000  

Glycoside 
x 102  

min-1  Activation Enemy 
kcal mole-17  

Methyl a-D-fucopyranoside 210 53.9 
Methyl a41-galactopyranoside 51 34.0 

Methyl P-D-galactopyranoside 60 32.3 

Methyl a-4)-glucopyranoside 10 54.1 

Methyl a-D-mannopyranoside 25 51.9 

Methyl N-acetyl-a-D-glucosaminide 28.4t 

Methyl a-D-glucosaminide 0.1 56.0t 

calculated by Neuberger and Marsha (1966) from the data of 
Overend et al (1962)., 

t from Moggridge and Neuberger (1958)  

29 
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stability: heptopyranosides >hexopyranosides>- 6-deoxyhexopyranosides 

y,pentopyranoaides, and partly for the lability of:the:deoxy gluco-

nyranosides:(Edward 1955,' Qverend et al 1962). 

The greater ease of hYdrolysis of methy141-D-glycopyranosides 

compared to the a-anomerslms beenascribed to the higher free energy 

of thefl-anomers caused by repulsive interaction between the glycosidic 

and ring oxygen atoms, a situation which will be'rembved on protonation 

(Rdward.1955).'For more bulky aglyconss the steric effect of the a-axial 

group will predominate. 

The electronic effects of .the sugar substituents on the rate of 

hydrolysis Will be .to Affect the protonation of the glycosidic oxygen and 

the heterolysis of the conjugate acid in the same Way (Overend et al 1962). 

The great difference between the rates of hydrOlysis of variously 

'2-substituted methyl glucopyranosides has been explained in terms of an 

inductive effeot and correlated with the effect of such groups on the 

hydrolysis of diethyl acetals (Shafizedeh 1958) and on the dissociation 

constants of substituted acetic acids (Marshall 1963). The replacement 

of a hydroxyl group by an amino group on C2 in methyl glucopyranoside is 

to reduce the rate of hydrolysis by over 100 times (Mbggridge and 

Neuberger 1938). In this case the positiVely-charged amino group will 

provide an electrostatic shielding effect against protOnation of the 

glycosidic oxygen. In methyl a-D-glucosaminide, the amino group is 

closer to the glycosidic oxygen, than Is the case'with methyl P-D-glucos-

aminide and therefore the a-acompound is less readily hydrolysed (Neuberger 

and Pitt-Rivera 1939).  Acetylation of the amino group gives a rate of acid 
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hydrolysis comparable to the methyl glucopyranoside. Overend et al 

(1962) have compared the rates of hydrolysis of the various methyl 

deoxy-a4)-glucopyranosides with methyl cp40-glucopyranoside. The rela-

tive rates for the 2-, 3- and 4-deoxy compounds are 2090, 20 and 40 

respectively. 

The effects observed with the 3- and k-deoxy compounds together 

with a part of the effect in the 2-deoxy compound have been ascribed to 

a steric effect in the conversion of the chair form of the glycoside to 

the half-chair form of the carbonium ion. The 4-sUbstituent would have 

a larger effect since it is in opposition to the more bulky 5 hydroxy- 
, 

methyl group. 

The substituent at C5 has a small effect on rate of hydrolysis. 

For example the rate of hydrolysis of methyl 6-deoxy a-DA-glycopyrano-

sides is about 5 times that of the fully hydroxylated glycoside and about 

the same as that of methyl a-D,-xyloside (Overend et al 1962, Timell 1965). 

Timell (1965) has investigated the effect of many different substituents 

at C5 on the rate of acid hydrolysis and concluded that neither the 

inductive effect nor steric effects alone could explain the different 

rates obtained. Methyl 6-amino-6-deoxy-aD-glucoside was the most 

stable to acid of those 6-substituted glucosides tried, being 12 times 

more stable than methyl a.0-glucoside. The greater stability of the 6-
amino compound was attributed at least partly to the electrostatic 

shielding effect of the ammonium ion. The substitution of a carboxyl 

group at C5 usually has a stabilizing effect on the glycoside in acid 

but in some cases it hardly affects, and in other cases even enhances, 

the rate of hydrolysis (see for example Setke et al 1964, Timell 1965). 



The great ease of hydrolysis of the glycosides of sialic acid is 

predictable from its structure as a 2-deoxy and also a keto sugar. The 

mechanism of acid hydrolysis was suggested by Neuberger and Marshall 

(1966) to proceed predominantly through intermediates in which the 

carboxyl group (pica 2.6) is ionised, since (a) the uncharged carboxyl 

group would inhibit protonation of the glycosidic oxygen, (b) protonation 

of the glycosidic oxygen will reduce the pica of the carboxyl group and 

(c) the leaving group will be released more easily from the doUbly 

charged glycoside. This would explain, why the ester glycoside is less 

easily hydrolysed. Markas and Chargaff (1964) originally suggested the 

difference was due to an intramolecular catalytic effect involving 

formation of a bond between the carboxyl hydrogen and the glycosidic 

oxygen. 

The effect of the aglycone on the rate of acid hydrolysis of a 

glycoside is small for the alkyl and substituted alkyl compounds (Timell 

1964). The phenyl glycosides have a greater rate than the alkyl com-

pounds but substitution of the phenyl group does not have a great effect 

(Nath and Won 1954' Hal]. et al 1961, Semke et al 1964). The rates of 

hydrolysis of reducing disaccharides depends on the nature of the 

glycone and its anomery and to some extent on the particular hydroxyl 

group substituted in the aglycone residue (Moelwyn-Hughes 1929, Timell 

1964) 

The rates of hydrolysis of some disaccharides and some polysac-

charides, are listed in tables 5 and 6 respectively. In the glucose-

containing disaccharides and polysaccharides, the saccharides having 

linkages are hydrolysed at an appreciably lower rate than the 
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corresponding 	linked saccharides. This difference is not.'• 

observed with the two galactosyl disaccharides shown. The 1 

linked residues of lammarin are hydrolysed at a similar rate to the 

a-linked polysaccharides.. The ,3non-reducing terminal sugar residue 

Seems to be released more rapidly than residues in non-terminal position. 

The 1--->-4 glyoosidic linkage of maltose is hydrolysed 3 times more 

rapidly than those of sugar residues in non-terminal ,  positions in the 

polymer chain but maltose may not be an accurate model for the two non-

reducing' terminal residues bound in a polysaccharide. However the' rate 

of hydrolysis of a polysaccharide increased as the reaction proceeds 

(Szetjli 19650. 

TABLE 5  

Rate of hydrolysis of some disaccharides in 0.5 M sulphuric acid at 80° 

Disaccharide 	 k x'105  sec-1  

Glucosyl 	a(1---->4) glucose 	9.1 

Glucosyl. 	13(1 	4) glucose 	4.0 

Glucosyl 	11(1--->6) glucose 	2. 

Mannosyl a(1-4-4)mannose 	6.8 

Galactosyl p(1---> 4) glucose 	7.8 

Galactosyl P(1--> 6) glucose 	8.8 

Data from Timell (1964). 



TABLE 6 

Rate of hydrolysis of some polysaccharides in 1.23 N HC1 at 100.8°  

Polysaccharide 	Sugar and linkate 	k x 103 aeo-1  

Starch 	glucose u( 1 =-- 4) 	2.4 

Dextran 	glucose u(1---> 6) 	0.8 

Laminarin 	glucose 13(1--* 3) 	1.8 
ii. 

Alginic acid 	uronic acid fi(1--->4) 	0.4 

mainly mannuronic acid, some guluronio acid also. 

Data from Szejtli (1965a,b,c,d). 

(f) The release of sugars fromjslycoproteins by acid' 

The release of a sugar from a glycoprotein by acid will depend 

on the type of sugar and the number and nature of its substituents. 

Of the various types of sugar sialic acid is the most readily released 

from its glycosidic linkage. As it seems to be almost invariably in 

the non-reducing terminal portion in glycoproteins it can usually be 

specifically released by very mild acid e.g. for fetuin 0.025 N H2SO4, 

800  for 1 hour (Spiro 1960) for blood-group Lea substance pH 2, 37°  for 

24 h (Pusztai and Morgan 1961a) and for a1-acid glycoprotein 0.04 N 

H2S010 at 80° for 1 h (Eylar and Jeanloz 1962a). 

LiFucose, 6-deoxy-L-galactose, is more easily released from its 

glycosides than galactose and since it occurs in terminal position in 

glyeoproteins its complete hydrolytic release requires fairly mild con-

ditions e.g. for blood-group Lea  substance N acetic acid at 1000  for 24 

hr(Annison and Morgan 1952c  and for a1-acid'glycoprotein N Ha at 100° 
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for 15 min (Winzler 1958). For fibrocystic intestinal mucoid 0.1 N 

H004 at 80°  releases about 30% in 1.5 hor(Johansen 1963):.  In blood group B 

substance 	75% of the fucose is split off by N acetic acid at 1000  

despite prolonged treatment (Gibbons and Morgan 1954). In the triohioro-

acetic acid-precipitated fraction of serum the optimum conditions for the 

release of fucose was 0.6 N H2804 at 100° for 1 h (GyOrky and Houck 1965). 

The neutral sugars D-galactose and D-nannose require strongeraon-

ditions of hydrolysis as their glycosides are less readily hydrolysed than 

those of fucose and as they are often substituted by other sugars thus 

needing 2 glycosidic linkages to be broken for their release. Also the 

glycosidic linkages within a chain are hydrolysed less rapidly than those 

of sugar residues in non-reducing terminal positiOn. In graded acid hydro-

lyses of serum proteins galactoseappears before mannose, as its substituents, 

fucose and sialic acid are easily split off and since galactosides are 

cleaved a little more readily than Mammosides (Winzler 1958, Graham 1961, 

Spiro 1962, gylar and Jeanloz 1962a), Where the hexoses have N-acetyl-

hexosaminyl substituents, apy hydrolysis of acetanido groups which occurs 

prior to hydrolysis of the N-acetyihexosaminides, will result in acid-stable 

saccharides containing hexosaminidic linkages (Moggridge and Neuberger 1938, 

Kent and Whitehouse 1955, Gottschalk and Ada 1956 and Foster et al 1957). 

A similar situation is also likely to occur when an amino group is 

adjacent to a glycosidically-substituted hydroxyl group. Such a structure 

may be formed during the acid hydrolysis of glycoproteins containing 3-0-

glycopyranosyl-N-acetyl-hexosamine. Disaccharides of this type have been 

isolated from, for example, blood group substances (see Morgan 1963). The 
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amount of hexose not determined due to these causes will depend on the 

number of hexose residues with liacetylhexosaminyl substituents and on 

the relatiVe rates of cleavage of 	amide and glycoside. The latter 

is a consequence Of the conditions employed for the hydrolysis. High 

'temperatures and concentrated acid were considered to faVour glycoside 

rather than amide bydrolYsis:(Johansen et-al 1960) but the hexosea are 

'deltroyed at a greater rate under more severe eonditions4- In practice, 

the conditions employed for the release of hexoses'froma. glycoprotein, 

are determined eiperimentally on the basis of tiaximtut yield. Typical 

Acid concentration and times of hydrolysis isat 100° giving optimum values 

'for hixoSes are, al-acid glyCopratein l'N %sok for 6 h (kaar and Jeanloz 

1962, Michon and Bourrillon 1961)i fetuin 1 NH2804, 8 h (Spiro 1960), egg 

albumin 2 N HCL, 1 h (Francois et al- 1962), thyroglobulin 2 N H2SO4, 6 h 

(Spiroand Spiro 1965), for blood -group. substances 0.5 NliC1, 18 h (Annison 

and Morgan 1952a, b), and for several glypoproteins'0.25 NH2SO4 18 h 

(Gottschalk and Ada 1956).' 

The quantitative release of bexosamine frpm glycoproteins by acid 

hydrolysis is likely to be prejudiced by the resistance of hexosaminides 

to cleavage by acid even more acutely than in the case of the bexoses. 

For example, the hexosamine residues, which are glycosidically linked to 

the protein through the amide N of asparagine, are probably released at 

a lower rate than those glycosidically attached to other sugars. For 

egg albumin glyeopeptide,- the N-glycosylamide bond in 14 go. at 100° is 

eleaVed at a rate of 8.2 x 10-3  min-1  (Marks et al 1963) in comparison 

to a rate of 63 x 10-3  min-1  for' methyl N-acetyl-a-D-glucosaminide 

(Johansen et al 1960). Also in some glycoproteins, at least, there occur 
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two N-acetylhexosandne residues linked together e.g. y-globulin (Rothfus 

and Smith 1963). 

The hydrolysis of methyl N-acetyl-a-p-glucoSaminide was studied by 

Moggridge and Neuberger (1938) and shown to proceed by the two pathways 

in fig. 4. To achieve quantitative recovery of glucosamine hydrochloride 

PATHWAY I 
N-acetylglucotamine 

Methyl 	 Glucosamine. 
N-acetylgluoosaminlde 	 hydrochloride 

Methyl 77  
glucosaminide 
hydrochloride 
PATHWAY II 

Fig.,. 4 Alternate pathways for the acid hydrolysis of methyl N-
acetylglucosaminide (Moggridge and Neuberger 1938). 

the hydrolysis must proceed via pathway I as the acid conditions required-

for cleavage of the glucosaminide in pathway II will degrade the product 

to a considerable extent. Predominance of glycoside to amide hydrolysis 

occurs with increase of both temperature and acid concentration as the 

activation energy of hydrolysis of a-methyl7N-acetylglucosaminide (36,000 

k cal/mole) is greater for hydrolysis of the amide (19,000 k cal/mole) and 

increase in acid concentration causes a greater increase in the rate of 

glycoside hydrolysis than of amide hydrolysis (Moggridge and Neuberger 

1938, Johansen et al 1960). 

The recovery of glucosamine from a series of N-acylglucosaminldes 

after hydrolysis in 1.16 N HCl at 100° varied from about 70% to 100% 

depending on the particular glycoside tested (Foster et al 1957, Frangois 
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et al 1962). In the analysis for hexosamine inegg.aibumin (Johansen 

et al'1960), ovomucoid (Marshall and Neuberger 1960) and fetuin (Spiro 

1962) it has been shown that the optimum acid concentration for hexos-

amine analysis is 4,N HC1 for) to 6 h at 100°, loWer values being 

obtained with.2 N HC1. In a hexesamine-contatiling Polysacalaride Smith 

and Zwartouw (1956) showed increased yields of hexosaMine with increased 

acid concentration. 

(g) The destruction of sugars by acid  

Different types of sugars are destroyed by acids at different rates. 

In glicoproteins, sialic acid:-Jis the least stable sugar and the hexos-

amines are the most stable. The stability to acid of the 6-deoxyheoxoses 

and hexosel lie between the two extremes. N-Acetylneuraminic acid, when 

heated for 1 h in 0.1 N HC1, loses 17% of its colour elt8149  and about half 

at 100°  when assayed by the thiobarbituric acid method (Aminoff 

Karkas and Chargaff 1964).  In 2 N HC1 at 100° 25% of mannose is destroyed 

in 5 hours (Francois et al 1962). In 4 N HC1 at 100° 6.6%.of glucosamine 

is degraded in 15 hours (Boas 1955). It is generally considered that 

sugars, bound in glycosidic linkage, are not destroyed by acid (or alkali) 

without first rupture of the glycosidic bond. HoWever the carbonium ion, 

formed as an intermediate in the acid-catalysed hydrolysis of glycosides, 

may well be more reactive than free sugars in solution (Neuberger and 

Marshall 1966). Some evidence for this is that acid reversion occurs more 

readily with glycosides than with free sugars (Overerxl et al 1962). The 

reactivity of the carbonium ion may also account for the observation that 

free sialic acid degraded in N or 2 N HC1 giVes up 22-25% of its N as NH5  

whereas under the same conditions the sialic acid bound in glycoproteins 
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yields about'50% of its N as NH5 (see Graham et al 196.5),  Consequently 

one would expect less side reactions - if hydrolyses are Carried out in 

dilute solutions. 

The effect of the presence of amino acids on the destruotion of 

sugars in hot acid is still.largely unknown. The loss of mannose in 2 N 

HOl'at 100° for 5 h amounts to about 23% as measured by recovery of the 

phenylhYdrazone, but if in addition cysteine is present at a concentration 

of 1 M the loss of mannoseds greatly increased to 42% '(Francois et al 

1962) The increased acid destruction of some atino:acidS in the presence 

of carbohydrate is well known (Martin and Synge 105) and'if this is 

brought about by direct reaction with the carbohYdrate the latter is also 

likely to be partly destroyed. Tryptophan, Cysteine anitethione suffer 

considerable,  losses when hydrolysed in large amounts of-carbohydrate, even 

in dilute solutions (Schram et al 1953). Under Similar conditions the 

other amino acids are not similarly affected (Dustin et al 1953). Hydro-

lytic Conditions employed for carbohydrate estimation are much milder than 

those necessary for amino acid analysis so the released sugars will be in 

the presence of mar peptides. If the amino acids react with sugars 

differently in. peptide linkage, corrections for loss of sugar by this.  

process will be difficult to obtain. 

Oxygen causes increased destruction of sugars during acid hydrolysis. 

Glucosamine and galactosatine when heated in 2 N HC1 at 1000  for 10 h in 

sealed tubes showed a loss of 5%. There was no losS if the tubes were 

flushed with nitrogen prior to selaing (Walborg and Ward 1963). If the 

acid hydrolysis of proteins is carried out in evacuated sealed tubes clear 

solutions are obtained (Smith and Stockell 1954)... However, tryptophan, 

which normally contributes to humin formation, is still dettroyed. 
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EXPERIMENTAL 

II 	THE ESTIMATION OF GALACTOSE t  MANNOSE AND FUCOSE IN GLYCOPROTEINS  

BY ISOTOPE DILUTION  

1. Introduction  

The method of estimation by radio isotope dilution involves 

addition to the assay mixture of a compound which contains one or more 

radioactive atoms in its structure and which is identical with the subs-

tance to be estimated. The dilution of radioactivity found in the 

compound after isolation gives a measure of the amount of that compound 

present. The conditions which must be met are that complete mixing 

occurs and that there is no isotope effect either during isolation or 

in any side reactions, such as degradation, that may occur. 

The isotope dilution method is not usually any more sensitive than 

direct methods of assay because, although by addition of the radioactive 

compound, he amount available for assay is increased some of the compound 

is required for radio assay. The isotope dilution method is often less 

accurate, as further possible errors are introduced in the measurements of 

radioactivity. The method has found many applications(E4. Brads, 1960). 

The amounts of glucose and fructose, present in mixtures of sugars 

obtained during studies on the Lobry de Bruyn and Aiberda van Ekenstein 

rearrangement, was determined by an isotope dilution method (Sowden and 

Schaffer 1952). Two components in "hydrol", glucose and gentiobiose were 

determined by the dilution of the 14C-labelled'sugars added to the mixture 

(Sowden and Spriggs 1954). The method,which was developed for the estim-

ation of, mannose in egg albumin (Fran9ois et al 1962), involved addition 

of radioactive mannose to egg albumin before acid hydrolysis so that as 
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mannose was released from the glycoprotein it mixed with the radioactive 

mannose. After acid hydrolysis, mannose was isolated as the insoluble 

mannose phenylhydrazone, which was recrystallized and counted at infinite 

thickness. From the difference in specific activity of mannose phenyl- 

hydrazone before and after hydrolysis the mannose content of egg albumin 

was calculated to be 2.0 + 0.06% which is equivalent to 5 moles of mannose 

per mole of egg albumin (45,000 g). This result was considered to be 

close to the true mannose content of the glycoprotein for the following 

reasons. 

1. Careful application of 2 modifications of the orcinol-sulphuric acid 

method, that of Johansen et al (1960) and Hewttt (1937), to egg albumin 

showed a mannose content of 1.83 to 2.02% (Johansen et al 1960). The 

Absorption spectrum of the colour produced by egg albumin was identical 

to that produced from mannose. 

2. Other colorimetric methods of assay such as the phenol-sulphuric acid 

method (Montgomery 1961) gave similar results. 

3. Glycopeptide prepared from egg albumin was found to contain 5 moles 

of mannose per mole of aspartio acid present (Johansen et al 1961). 

4. The molecular weight of egg albumin glycopeptide is only compatible 

with 5 moles of mannose per mole (Kaverzneva and Bogdanov 1962, Lee et 

al 1964, Fletcher et al 1963). 

5. The greatest yield of mannose isolated as the phenyihydrazone from 

egg albumin was 1.77% which must represent a minimum value (Fran9ois et 

al 1962). 

6. A consideration of the relative rates of the reactions involved 

suggested that the amounts of radioactive mannose, preferentially 
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destroyed before dilution with most of the mannose released from egg 

albumin, was unlikely to be significant (Francois et al 1962). From 

the increase in reducing power of egg albumin glycopeptide in 1.5 N Hol 

at 100°  (Neuberger 1938, Nuenke and Cunningham 1961) it Was calculated 

that the half-life of mannose bound in egg albumin in the presence of 

2 N HC1 at 100° was about 10 min. The rate of destruction of mannose 

was assessed from the decreasing amounts of mannose phenylhydrazone 

isolated from hydrolysates of egg albumin after' the maxim.= liberation 

'of mannose .had taken place in 2'to 3 h. A value for the half-life of 

'mannose was about 120 min in 2'N HCI at 100°. The'ratio•of rate of 

liberation to rate' of destruction therefore was about 12. Any prefer-

ential destruction ct radioactive mannose will give too high an estimate. 

The same method was used for the estimation of the mannose 

remaining after periodate oxidation of egg albumin glycopeptide (Fletcher 

et al 1963L. Colorimetric . procedures such as the orcinol-sulphuric and 

anthrone-H20k cannot be used for the estimation of remaining hexose in 

periodate-oxidized carbohydrate as the products of oxidation give a 

colour comparable with that of the original material (Uhr and Jeanloz 

1962b). The amount of egg albumin used in each experiment was about 

2 g. and the minimum weight of mannose phenyihydrazone'required for 

counting of radioactivity was about 25 mg. The aim of the present work 

was to extend this type of procedure to the estimation of other neutral 

sugars, such as D—galactose and L-fucose, in glycoproteins and to 

reduce considerably the amount of gIyooprotein required for analysis. 
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2. Colorimetric Methods for the Estimation.of Reducing Supra  

Of the many methods described for the assay of reducing sugars, 

one procedure seems to have certain advantages.. 

(a) The o-aminodiphenyl method (Timell et .al 1956) 

This method, which,consists of heating a sugarwith,o-aminodiphenyl 

inglacial acetic acid requ1res or4V io4ereagent, 	fairly,  ,sensitive, 

gives a stable colour, hap a linear colour response from,20,to 500 pg/ml 

api,aycids the use of. concentrated sulphuric acid.. All the hexoses 

tested gave a green colour with the same molar extinction.  coefficient 

(46.635) at 380 nu,.41° OPorkoance maximum. The,6deoxyhexose,,,I.-rhamnose 

geve:elightly lower molar extinction 4,535, ,Ketp.sugarssudh as fructose 

gave very little.colour. Disapcharides,tripaccharidesand also methylated 

sugars gave colours which dif'f'ered . in. intensity and time of, maximum 

development for each substance. A suggested, mechanism of colour conform-

atiron is a condensation between, free sugar and amine to give an equili-

brium mixture of a,glycosylamine and the corresponding Schiff base 

(Timell et al 1956). The, method, was found to be useful for estimating 

sugars eluted from paper chromatograms. In the. method. 	here the 

volumes of all solutions, were usually reduced,to one half. The time of 

heating was extended from 45 to 50 minutes to ensure complete reaction 

(see Fig. 5). The procedure ia as follows. 

b-Aminodiphenyl was obtained from L. Light & Co. Although the 

material was recrystallized twice from aqueous ethanol using aotivated 

charcoal (BDH) the product was still coloured. White crystalline 

material was obtained if the oraminodiphenyl was recrystallized as the 

hydrochloride from aqueous ethanol and then reconverted to the free 

base by the addition of sodium hydroxidqmp 49.5 - 56 . 
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Acetic acid glacial. Laboratory reagent glacial acetic acid was dis-

tilled from 2% chromium trioxide, the fraction boiling between 118° and 

119°C (uncorrected) was collected (Orton and Bradfield 192k). 

Procedure: To the test solution (0.5 mi containing 10-200 jig  of sugar) 

in ground glass stoppered test tubes was added freshly prepared solution 

of 0.4% o-aminodiphenyl in glacial acetic acid (2.5 ml). The tubes 

were stoppered and immersed in a boiling water bath for 50 minutes. The 

tubes were cooled and the absorbance at 380 mg of the solutions was 

measured in 1 cm cells in a Unlearn SP 500 spectrophotometer. 

A distilled water blank in the assay gave an absorbance value of 

about 0.007 when measured against water. The response of galactose and 

tucose is shown in fig. 6. 

(b) The ferricyanide assay of reducing sugars  

As some glycoproteins contain less than 1% of a particular sugar 

component, the amount of material required for assay could be considerably 

reduced by a more sensitive method for estimating sugar. The most sensi-

tive method available appeared to be that which involves the reduction 

of ferricyanide. Park and Johnson (1949) described 'a wocedure which 

estimates sugars in the range of 1 - 10 gg/ml. The main disadvantage is 

that it is not specific and considerable care has to be taken to ensure 

reproducibility. Their procedure was used here with minor changes. 

Consistent results were obtained with this assay only if certain 

precautions were taken. Assay tubes were cleaned with sodium dichromate 

in concentrated sulphuric acid after use. It was found necessary to 

increase the concentration of sulphuric acid from 0.05 N to 0.1 N in the 

ferric ammonium sulphate reagent to prevent the solutions from becoming 
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Fig. 5. Development of colour with time in the o-aminodiphenyl 
method. A solution (1 ml.) containing galactose (55.8 
ug.) was heated at 100°  with 0.4% 0-aminodiphenyl in 
acetic acid (5 ml.). 
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Fig. 6. Standard curves for L-fucose (F) and D-galactose (G) in 
the 0-amipodiphenyl method (Timell 1956). 
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turbid. The volumes of all solutions were usually reduced by a half. 

Samples were assayed in triplicate since occasionally a tube gave an 

anomalous hith value due presumably to contaminant reducing substances. 

Solutions 1. Potassium ferricyanide (Analar, Hopkins and Williams), 

0.5 g., was dissolved in water and made to one litre. 

2. Sodium carbonate (anhydrous, A.R., British Drug Houses), 

5.3 g., and potassium cyanide (A.R. British Drug Houses) 0.65 g., were 

diasolved in water and made to one litre.- 

5. Ferric ammonium sulphate (A.R., British Drug Houses), 

g., and sodium dodecyl sulphate (L.R., British Drug Houses), 1 g., 

were dissolved in 1.1. of 0.1 N sulphuric acid. 

To a solution (0.5 ml) containing from 1 to 5 pg sugar, was added 

solution 2 (0.5 ml) followed by solution 1 (0.5 ml). The tubes were 

stoppered with ground-glass stoppers and heated in boiling water for 15 

minutes. The tubes were cooled and solution 3 (2.5 ml) was added. After 

30 minutes the absorbance of the solutions were measured at 690 mg in a 

Unicam SP500 spectrophotometer. The reading given by water alone was 
Cetik (qeetater) 

about 0.055. Control tubes taken from thecolumn gave readings usually 

about 0.005 higher. Standard curves for glucose, galactose, mannose and 

fueose are in fig. 7. 

Estimate of Variation : The variation in the average value obtained 

from replicate measurements has been expressed as the standard error of 
"a 

the mean value, i.e. 	
J 	

where n is the 

number of values, xi is any value and x is the mean of the values. The 

significance of this parameter is that such mean values will lie between 

the limits of 2 standard errors with a probability of 95%. 
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Conditions of Acid Hydrolysis of Glycoproteins for the Release  

of Hexoses  

Various times and acid concentrations have been used in the 

hydrolysis of glycoproteins for the release of hexoses but the tempera- 

ture of 100° is almost always used. For pleuromucoid Bourillon and 

Michon (1959) found N HCI for 6 h to be optimum. For the similar al- 

acid glycoprotein of serum, maximum values were obtained for galactose 

with 2 N HC1 for 2 h and for mannose 2 N HC1 for 3 h.(MOntreuil and 

Scheppler 1959). The hydrolysid of thyroglobulin in 1 N.H2304 for 6 h 

or 8 h,:iar in 2 N H2SO4 for 6 h or 8 h is common (Eylar,and Jeanloz 1962, 

Chatterjee and Montgomery 1962, Spiro 1960, Walborg and Ward 1963). 

For egg albumin Fransois et al (1962) considered that half the 

mannose would be released in about 10 min. in 2 N HCl at 100°, or 98% 

in the first hour. Their.results from isotope dilution experiments over 

a time period remained constant for periods of hydrolysis of 2, 3, 4 and 

6 hours. The choice of 2 N HC1 was a compromise between effective hydro- 

lysis and destruction of the sugar, particularly at the start of the 

reaction before release of mannose from the glycoprotein had occurred. 

To minimise conditions whereby the acetamido groups might be preferentially 

cleaved, the radioactive sugar and glycoprotein solution were heated to 100°  

before addition of acid (Fran9ois et al 1962). 

Effect of heating galactose in HC1 at 100°  

Solutions (0.5 ml) of N or 2 N. HC1 containing galactose (1.12 mg) 

were heated in sealed tube in a boiling water bath for various times. 

The tube contents were made to 25 ml'and aliquots were assayed in dupli- 

cate by the o-aminodiphenyl method. 
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Time 	N HC1 2 N HCl 

0 hour 	0.200 0.207 

1 	" 	 0.198 0.206 

2 	" 	 0.197 0.198 

3 	9 	 0.202 0.195 

Average standard error + .004 ±- .002 

It appears that galadtese is fairly stable in 2 N'HC1 at .100°  

for up to'3 114  althoUgh the acid' degradation produCts of galactose may 

also react with 0-aminodiPhenyl. This criticism is prObably even more 

valid when-applied to the estimation by the anthrone-sulphuric acid 

method. of galadtose destrUctiOn in 4 N'HC1 (Haab and'Abastassiadis 1961), 

which showed a loss of "3% in 1 h and 14% in 2 h. The former value is 

compatible with that found here. HOwever these conditions were not too 

destructive of galactose to be used with an isotope dilution method. 

4. The Removal of Acid from Hydrolysates  

The methods most commonly used for the removal "of HCI from hydro-

lysates employ anion exchange resins. Weak anion-exchange resins have 

been used in various forms such as the hydroxyl form (Franfois et al 

1962, Chatterjee and Montgomery 1962) carbonate form (Pusztai and 

Morgan 1961a) and acetate form (Roberts and Gibbons 1966) and strong 

anion exchange resins have been used in such forms as the carbonate 

form (Eylar and Jeanloz 1962a) and the formate form (Spiro 1962). 

Reducing sugars are not quantitatively recovered from strong anion 

exchange resins in the hydroxyl form (e.g. Roseman et al. 1952). 

In the first part of this work the hydrolysate was neutralised 
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with Amberlite 	-0H form :and passed through a Dowex 50  lit form 

column to remove positively=charged material, such as amino acids, 

peptides amino sugars inorganic cations and:any soluble basic 

Substances released from the anion eXchange resin. The effluent was 

concentrated to dryness in a rotating:flask under reduced pressure in 

a water bath of about 40°C,

The recovery of sugars from ion-exchange resins  

Since low , recoveries of radioactive sugars were observed the 

recovery of neutral sugars from ion-exehange resins . was'investigated. 

Each resin was regenerated 'by washing it into a'aolumn and passing 

through it in succession several column volumes of 2 N Ia0H, water and 

2 N HC1. ' The column was then washed with a 2 N solution of the compound, 

used,  for Conversion of the'resin to the 'form desired, until the effluent 

was,  free of the ion being removed. After exhaUstive washing the resin 

was ready for use. 

(a) Recovery of galactose 'from Amberlite IR-413 hydroxyl form  

A solution (0.5 ml) of 2 N H01 containing galactose (1.12 mg) was 

applied to a column of Amberlite IR-4B hydroxyl form (1 cm x 19 cm). 

Water was passed through the column and fractions Of 25.0 ml were 

collected. Samples (0.5 ml) of each fraction were assayed by heating 

with 2.5 ml of 0-aminodiphenyl for 50 min and reading the absorbance at 

380 mg. 

A solution (0.5 ml) of galactose (1.12 mg) was applied to a Dowex 

50 - e form column (1 x 4 cm) and washed with water. Fractions of 25 

ml were collected and assayed in duplicate as above. 
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Galactose original solution 

Water 

Amberlite iR-4B fraction 1. 
Pt 

2. 
ft 	3.  

Dowex 50 	fraction 1. 

I 2. 

Absorbance 	80 mµ Recovery 

0.214 

0.010 

0.180 

0.041 

0.043 

0.214 

0.008 

85 

15 

16 

100 

0 

As a large volume was required to wash the sugars from the 

Amberlite 1R•4B resin and as other material was washed from the column, 

alternative anion-exchan€e resins were tried. 

(b) Recovery of_mannose from Dowex 2 - acetate  

A solution (5 ml) of 2 N HC1 containing mannose (1.79 mg) was 

applied to a column of Dowex 2 (x8, 200-400 mesh)-acetate form. Water 

was passed through the column and fractions of 25 ml were collected and 

assayed by 0-aminodiphenyl method. Mannose (71.4 ggjml) in 0.4 N acetic 

acid was the control. 

Absorbance at 380 tna 	Recovery %  

Water 	0.008 + .001 

Fraction 1. 	0.367 + .002 	101 

Fraction 2. 	0.016 .003 	2 

Control 	0.365 

(c) Recovery of mannose from amino acidwby passage through ion exchange  

resins 

A solution, containing mannose (1.14 mg) (6.3 µmole) and a standard 

mixture of amino acids (0.4 µmole of each as used in amino acid analysis) 
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in '2 N HC1, was neutralized with Dowex 1-bicarbonate form and passed 

through small coupled columns of Dowex 1-bicarbonate and Dowex-50-

hydrogen form. The columns were washed with water and the combined 

effluents were concentrated to dryness on a rotary evaporator at a 

temperature of less than.40°. The dried residue was made to 250 ml 

and compared with the original mannose solution by the ferricyanide 

assay, method. The mean and standard errors of triplicate absorbances 

measured at 690 mg are giyen. 

Water 0.011 -4- 0.001 

Assay 0.628 0.005 

Standard 0.650 0.006 

As the recovery of mannose was about 97% this procedure was used for 

removing ions from hydrolysates. 

5. The Counting of Radioactive Samples  

Isotopes which emit P-particles, such as 14C, can be directly 

counted with a Geiger counter by spreading the samples on planohets. 

The two main difficulties encountered in such a method for quantitative 

purposes, are the need for the symmetrical placing and even distribution 

of the samples on planchets and the problem of the absorption and 

scattering of the emitted particles by the sample itself (Calvin et al 

1949, p.27). The first difficulty is overcome by reproducible pro-

cedures in placing the samples and, if in solution, in cleaning the 

planchets and in evaporation of the solvent. The effect of self-

absorption may be overcome in several ways. If the sample is sufficiently 

thinly-spread on the planchet self-absorption is negligibloeinfinitely 

thin sample). For 14C-containing compounds, *thin" samples of 0.1 or 0.2 
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mg per cm2 have been suggested (Calvin et al 1949). This method was 

applied to the counting of 14C-labelled glucose and fructose in 

amounts of 0.2 mg per cm2  dried on metal dishes (Sowden and Schaffer 

1952). The response was linear for dilutions of the radioactivity by 

up to a factor of 5. For the assay of 14C-labelled sterols up to 0.06 

mg per cm2  was used (Donna et al 1957). 

For samples of known thickness self-absorption corrections can 

be applied. Glucose-1 -14C was counted in uniform films of known amounts 

of sodium 0-(carboxymethyl) cellulose and corrected for self-absorption 

(Isbell et al 1960). 

The third method involves the use of samples which are so thick 

that the number of particles emitted from the surface is independent of 

the thickness, "infinitely thick" samples. This method was used in the 

assay of 14C-labelled mannose isolated as the phenylhydrazone (Francois 

et al 1962) and requires large amounts of material. A modification of 

this method, whereby the radioactive sugar was counted in a solution of 

the non-volatile solvents, ethylene glycol and formamide, had a 

counting efficiency of about 1% )(Pchwebel et al 1954). 

The first method was used here as the need was to count small 

amounts of pure sugars. 

14C-Containing Monosaccharides  

(1-14C) L-Fucose was obtained from Calbiochem, Los Angeles,U.S.A., 
(1_14c* ) D-mannose and (U-14C) D-mannose, (LT-14C) D-glucose and (1-14C) 

D-galactose were obtained from The Radiochemical Centre, Amersham. 

Radioactive sugar (25 &C) was diluted with cold sugar (250 mg) in 

aqueous solution which after standing at 4° overnight was concentrated 
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to a syrup. Methanol and iso-propanol were added and crystallization 

occurred at 4°  over several days. The sugars were dried at 78°, in 

vacuo over P205  for 1 to 2 h. 

Counting of radioactive samples at infinite thinness  

Aliquots (0.5 ml) in triplicate or quadruplicate of an aqueous 

solution of the sample were placed in the centre of metal plandhets 

which were either flat or which had concentric raised rings. The latter 

simplified symmetrical placing of the liquid. The area covered was about 

2 cm2. Planchets were washed with ethancl:acetOne (1:1, by vol.) and 

wiped dry. The samples were dried under reduced presssure either at 70P, 

or at room temperature in the presence of N2804 and solid NOR. The 

planchets were counted in a Nuclear-Chicago D47 gas flow Geiger counter 

with a Micromil window operating in the plateau region and fitted to an 

automatic sample-changing device. The gas used. was 1.5% butane in 

helium. The efficiency of the counting was about 25%. Counting of 

samples was continued on each sample for usually much more than 104  

counts which represents a relative standard error of 1%. 

Counting of radioactive samples at infinite thinness implies no 

self-absorption by the sample and so a linear relation should exist 

between the quantity of sample applied and the number of counts recorded. 

Three aliquots (0.5 ml) each of dilutions of [1-14C) galactose in water 

were dried on flat aluminium planchets at 70° in vacuo. The mean and 

standard deviations are given. 
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(1-14c] Galactose Activity" 
qpm S.E. 

Specific Activity 

28.1. 1,320 4- 23 47.0 

46.8 2,180 4. 57 46.6 

93.6 4,370 4 25 46.7 

140.4 6,340 + 24 45.2 

mean of triplicate corrected for background of 20 + 1 cpm 

A.solution of [u-14C}  mannose:(45 pg/M1 was:diluted with an 

equal volume of water, and: an,equal volume of aeolution of non-radio- 

active,mannose of the same concentration, ,Duplicate samples (0.5 ml) 

of the three solutions were, dried. in yacuo at 70c. counted and corrected 

for background. 

[U-14C] Mannose Activity 
c2F1  

Specific Activity 
c.PnViSi 

22.5 1,223, 1218 53.3 

11.25 618, 	611 54.4 

11.25 + 11 pig mannose 611, 	609 54.0 

A solution of [1-14C] glucose was diluted with water or with 

,solutions of non-radioactive galactose and aliquots (o.5 ml) were 

placed on aluminium planchets having raised concentric rings and 

dried in a desiccator at room temperature and cgtgeaVellith flat 

aluminium planchets the linearity between the counts obtained and 

the amount of sugar applied was usually wore reproducible than that 

obtained with ringed planchets. The flat planchets were usually used. 
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(1.14c] Galactose 
Lig 

Galactose a  Activity*  
cpm 

Specific Activity 
crania 

22.25 0 1306, 1301 58.7, 58.5 

22.25 22.9 1236, 1258 55.6, 56.5 

11.13 0 664, 	680  59.7, 61.1 

11.13 11.45 670, 677 60.2, 60.8 

11.13 22.9 657, 	669 59.0, 60.1 

5.56 0 335, 	341 60.3, 61.3 

5.56 5.73 338, 	343 60.8, 61.7 

5.56 11.45 3,0, 	346 55,8, 62.2 

* ,corrected for backgrouxd 22 cpm. 

Each of 12 planchets, giving measured counts of between 1,000 and 

2,000 epm was counted 6 times for 20,000 counts each time. The 

theoretical standard error for the total count of each planchet is 

120,000 = 346 or 0.29%. The average percentage standard error, 

calculated from the counts obtained from the 12 planchets was 0.34%. 

The amount of radioactive sugar added to the glycoprotein before 

hydrolysis was about the same amount as that expected in the glyco-

protein. The addition of radioactive sugar in amounts greater than 

that present produces much greater errors in the final results, cal-

culated from percentage errors in,the specific activities determined. 

However it is desirable not to have too small amounts of radioactive 

sugar in the presence of acid and glycoprotein at the beginning of the 

hydrolysis as the preferential destruction of the added sugar is 

likely to be greater on a percentage basis. 
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6. The Chromatography of Sugars on Celite Columns  

Celite columns developed with organic solvents have been used 

to separate sugars and their deriVatives (see review by LemieuY 1962). 

In comparisOn to cellulese Celite is, readilvpacked:ln dolumns, it 

gives better resolution, and faster flow rates It doea not release 

reducing substances which can happen with starch or cellulose - columns. 

Celite can be padked into columns either as a alurry:in the 

Organic phase used for later development (Neish 1950) OrAn, portions 

as a'daMpened powder,-each . portion being tamped down with a plunger 

(Hall 1962a„ 1962b). The latter method was used  for the work described 

here as it was fairly rapid, convenient and gave good resolutidn. Hall 

(1962b) has shown that good separation of rhamtose fucese, manmose and 

glucose can be obtained on a column of Celite-5k5 (50 g.) 

'Preparation of Celite • 

Celite-545 was a product of Johns-Manville, New York, and was 

purified - largely according to Hall (1962a). Celite was slurried in 6 N 

HC1, poured into a large column and:washed with 6 N HC1 until the 

effluent was colourless. The acid was washed from the column with a 

large quantity of distilled water. The celite column was then washed 

with absolute alcohol followed by purified ethyl acetate. The Celite 

was dried in an oven at 110°. 

The two-phase solvent system used by Hall (1962b) was used: 

ethyl acetate, n-propanol, water (4:1:2, by vol.). Ethyl acetate was 

purified as described by Vogel (1954). It was washed with an equal 

volume of 5% sodium carbonate, then with saturated calciUm chloride 

solution. It was dried over anhydrous potassium carbonate and dis- 

tilled through a Dufton colUmn. 
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tilled through a Dutton column. 

Preparation of Celite columns  

Celite 545 (10 g) was thoroughly mixed with the lower phase 

(4.4 ml) of a well-equilibrated mixture of ethylacetate-wropanol-

water (4:1:2, by vol). The damp mixture was firmly tamped in small 

portions into a precision bore glass column (1 cm wide) using a close-

fitting machined Teflon plunger (2 cm long) located at the end of a 

long stainless steel rod. The column had a water jacket maintained at 

a constant temperature which was close to that of the laboratory. The 

material to be chromatcgraphed was dissolved in lower phase. (usually 

0.1 ml),mixed with dry Celite (200 mg for 0.1 ml of lower phase, or in 

the same ratio) and the mixture was tamped onto the top of the column. 

Upper phase was run onto the top of the column from the resevoir which 

was situated to give about 6 feet head of liquid. Thin teflon tubing 

was used to carry the solvent as it was not attacked by the ethyl acetate 

in contrast to other plastic tubing tried. Fractions of 10 ml were 

collected by an organic solvent siphon, by drop counting (400 drops) or 

by timing. Aliquots of the fractions were dried on planchets and counted 

in a gas flow counter. 

Chromatography of galactose) mannose and fucose  

Columns were freshly packed for each experiment since resolution 

was considerably decreased on a column used for the second time. 

Resolution of the sugars was also poor if the chromatography was carried 

out at 4°. For example a mixture of 14-fucose 	D-galactose (3.41 

mg) and D-mannose (3.39 mg) in 0.32 g. moist Celite were chromatograPhed 

on a column of Celite (6.25 g) at 4°. The fucose and mannose peaks 

overlapped although the galactose peak was separate. 
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In. order to gauge the applicability of the method to sugars 

isolated from a glycoprotein hydrolysate, a mixture of lelucose (2.43 

mg) (1-1110) D-mannose  (097 mg), 11-14C] Drgalactose (143 mg), and 

egg albumin (51 mg) in 2 N HC1 was,hated at 1000  for 2,11, de-ionised 

and dried. The residue in moist celite(0«4 g dry), was. 	to 

chromatography on a column of Celite (10 g). jacketed at .25°C. Aliquots 

of 1 ml from each fraction were dried at 609,under reducied pressure and 

assayed using the 0-aminodiphenyl methoi, The results. are shown in fig. 

8. Paper chromatograPhy of dried 1 ml aliquots of:each second tube in 

the same solvent showed the:presence of fucose onlTin ntubes 20, 22, 

mannose only in .tubes 	32,54 and galactose only 1.n.tubes k8 to 54 

(aniline hydrogen phthalate spray). 

In order to deterhine if the Celite columns could be used for 

several chromatographic runs le-fucose (1.35 mg), D-mannose_i_14c  (106 

mg) and D-galactose-17140 (1.31 mg) was applied in the same way to the 

same Celite column used for the above experiment. Tubes 14 16 and 18 

showed, by paper chromatography, the presence of mannose and tubes 22 

and 24 the presence of galactose. Tubes Ito 25 were dried in vacuo 

at 600  and 2.5 ml of water was added to each. :Aliquots (0.5 ml) were 

taken from each tube, one for 0-aminodiOhenyl assay, aid another for 

counting. The results are shown in fig. 9. 

The recovery of Wucose and Drmannose was about 95%. (Much 

of the D,galactose was lost due to a fault in the fraction collector). 

The more rapid elution with consequent decrease in resolving 

power of the column indicated that columns should be freshly-packed for 

each experiment. Probably the flow of solvent slowly removes water 
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from the aqueous stationary, phase, particularly as the ethylacetate 

could evaporate from the looselycovered resevoir.giving a less hydro-

phobid developing solvent. 

Chromatography'of radioactive sugara. 

[1-14C1 Di-Galactose (1.24 mg) and [U-01.Drmannose.(1.5:5 mg) 

in Celite,(0,2 g) were chromatographed on a celite.column (81g).; The 

fractions .(about 11 ml) dried in vacuo.at 70°,',Were,dissolved in 2.5 

ml,offwater and aliquota,(0.2 ml) from each second tube were dried on 

planchets and counted. The result is ahown in fig 10. :The,contents 

of ,:anpropriate tubes were pooled.. aril: the specific activities compared 

with those of the sugars before chromatography, see Table 7. 

:The above experiment was. repeated in a similar fashion except 

for'the addition of L-fucose (206 pg). The results are shown in Table 2'. 

The change in specific acti vity of the mannose and galactose 

was small and reproducible. 

7. 	The Estimation of. Galactose and I1annose in Rabbit y-Globulin by  

Radioisotope Dilution  

The hexose content of , rabbit y-globulin, Prepared by salt 

precipitation or DERE-cellulose chromatography, was reported as 0.6% 

in the anthrone.H2SO4method using glucose as standard (Porter 1958). 

A value of 0.67% of galactose.and mannose„ in a molar ratio of 1:2, 

and 0.05% fucose was obtained with the orcinol-H2SO4 method after 

correcting for the relative amounts of the different: sugars (Nolan 

and Smith 1962). A hexose content of 1.23% was estimated by the 

orpinel-11004 method using mannose as standard and measuring the 

absorbance at 505 mg instead of 540 mix (Fleischmann et al 1963). 
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Change in Specific Activity of 14C-1abe11ea Sugars on Chromatography  

AbsOrbance x 10' 
Sample 	at 380 mg' 

SUgar 
Pg 

Activity 
cpm 

'Specific 
activity 
cpm/ g 

Change in 
Specific 
Activity 

A.2,  

Experiment 1 

Sugars before, 
chromatography 

gannoae 395  38.86' 2,111 	'14 	' • 54.3 

Galactose '511+ .) 31.35 1,615 + 51.5 

From column 

Tubes 8 - 14 4 + 

Tilbes.25 	32 (man) 364 + 5 35.60 1,883 	 :8 52.9 - 2.6 

Tubes 46 - 50 (gal) 248 + 1 '24.60 1,284 + 8 52.2 + 1.4 

Tubes 70 - 73 
4..+ 2 

Experiment 2 

' Sugars 'before 
chromatography 

Mannose 1,358,+3 154.3 7,47154 48.5 
Galactose 

j'rom column 

1,068+ 23 124.6 5,817 +.74 46.5 

Tubes2 	8, 35 + 0 

Tubes 19. -28 (man) 1,283 + 6,  141.6 6,689.+ 52  47.1 2.9  

Tubes 31 - 46 (gal) 994 +6 111.7  5,289 + 121 47.2 + 1.5 

Tubes 53 - 65 ,38, + 1 

average of triplicate and corrected for water blank 4'0.008 

average of triplicate axed correctedfor background of.  20 cpm 
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For most of this work the rabbit r-globulin was kindly provided 

by Miss E.M. Press, Department of Immunology, St. Mary's Hospital 

Medical School, London W.2. It had been prepared by precipitation with 

sodium sulphate according to Kekwiok (1940) and contained about 15% 

NaCl. On starch gel electrophoresis at pH 8.6 (Smithies 1959) followed 

by staining with Amido Schwarz reagent or Eriochrome Black T, the 

preparation gave a single broad anodic band near the origin. The amount 

of protein present was determined by measurement of the absorption at 

278 mg (the wavelength of maximum absorption) of a solution of r-globulin 

in 0.01 NHC1. To convert the absorbance to the weight of r-globulin the 

value of 13.5 for a 1% solution of the protein (Crumpton and Wilkinson 

1963) was used. 

Rabbit r-globulin (52.08 mg) was dissolved in 0.01 N HO1 and made 

up to 10 ml. Dilutions of 0.504 ml to 5.0 ml and 10.0 ml gave readings 

of 0.543 and 0.273 respectively,corresponding to 76.6% and 77.1%, 

average 76.9%. 

A hexose value for this preparation of rabbit r-globulinwas 

estimated by the orcinol-H004 method described by Svennerholm (1956) 

with mannose as standard. The test solution (1 ml) was cooled in ice 

and a pre-cooled solution (2 ml) of 0.2% orcinol in concentrated H2804 

was added slowly. After standing in an ice-salt mixture for about 15 

min. the tubes were shaken and heated at 800  for 20 min. After cooling, 

absorbance of the solutions was measured at 505 mg. 	(See Fig. 11). 
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Sample 	Absorbance at 505 mu  

Water 	0.060 + .001 

Mannose (35.7 Ng) 	0.638 + .007 

(59.5 gg) 	1.007 + .006 

(89.3 gg) 	1.45 + .012 

fir-globulin (2.02 mg) 	0.515 + .003 

Therefore the "mannose" value of y-globulin by this method is 

28A pg/2.02 mg or 1.39%. 

Method of hydrolysis  

A solution containing a weighed amount of glycoprotein (up 

to' 100 mg) and known amounts of radioactivemonosaccharides was 

heated with shaking in a ground-glass stoppered tube in a boiling 

water bath until the temperature of the solution was at least 950. 

A sufficient amount of redistilled hydrochloric acid (6.65 N) was 

added to make the final concentration 2 N (or 1 N in some experiments) 

in a volume of 5 ml. The tube was flushed with nitrogen, stoppered and 

heating was continued for 2 hours. The solution was cooled, filtered 

if necessary, and passed through a column of Amberlite 1R-4B -0Ir form 

coupled to a Dowex 50 le form column. The columns were washed with 

water and the effluent was concentrated to dryness or near-dryness in 

a rotating flask under reduced pressure with a water bath temperature 

of less than 450. The residue was washed from the flask with a small 

amount of water which was then taken to dryness in a small vessel in 

vacuo over B004 and NaOH. 

The dried residue was submitted to chromatography on a column 

of Celite (8 g. or 10 g.). Fractions (about 10 ml) were collected and 
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Fig. 11. The absorption spectra of Mannose (Man.) and rabbit 
y-globulin (i-G) in the orcinol method (Svennerholm 1956). 
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taken to dryness at 7CP in vacuo. Water (2.5 ml) was added to each 

tube and ,;aliquots (0.5 ml) taken for assay and counting. Fractions 

comprising most of each peak were pooled and assayed colorimetrically 

by the 0-aminodiphenyl method and by counting at infinite thinness. 

The readings taken in a typical experiment (number 4 below) 

are given in detail in the table. The elution curve is given in fig. 

12. The results of 4 experiments are summarized in table. 

Sample 	Absorbance! x 103  
at 380 nu 

Sugar 	. 
Pg 

Activity 
cpm 

Specific 
activity 

Galactose (28,.07.µg) 254 + .1516,4- 8 54.0 

Tubes 48 - 54 130,+ 2 14.37 442 + 4 30.8 

Mahnose (22.53 gg) 206,+ 2 .  1194 + 12 53.0 

Tubes 28 - 33 373 + 2 40.8 1058+ 10 25.9 

* mean of triplicate corrected for waterbiank of 0.006. 

The mean and standard errors for the estimation of the galactose 

and mannose contents of this preparation of rabbit r:•',.globulinwere 

2.2 + 0.2 and 4.3 0.2 mole per 105  g. respectively. The maximum 

Variation from the mean was 0.66 for galactose and 0.43 for mannose 

respectively. The values obtained in the'experiments 2 and 3 where 1 N 

HC1 was used for hydrolysis, appear to be higher than those found using 

2 N HC1 but the variation is too great for any real significance to be 

established. If it were so it may mean that the rate of destruction of 

sugar in comparison with that of glycoside hydrolysis is favoured for 

the mote dilute acid. 
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Fig. 12. Celite chromatography of the neutral sugars of rabbit r-globulin after addition of 14C-labelled 
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TABLE 8 

ESTIMATIONS OF MANNOSE AND GALACTOSE IN RABBIT vOLOBULIN  

Specific Activity Sugar found 
Initial _ Final 
cpmfpg 	cpm(ug 

pg mole 105g 

53.2 30.2 161 3.98 

54.2 27.1 451 '4.33 
51.3 27.3 ' 247 2.37 

53.0 26.5 451 :4.96 
54.0 30.3 220 2.42 

54.7 37.2 477 4.02 
49.7 34.7 212 1.79 

Experiment 	Protein. 	Sugar added 
Number 	taken (mg) 	pg 

	

22.5 ' 	man. 211,5 . 

	

57.9 	Man.. 451 
gal. 281 

	

50.5 	man. 451 
gal. 281 

	

65.9 	tue. 82 
man.. 1,015 
gal. 491 

Hydrolysis was carried out far 2 hr. at 100° with 2 N HC1 (experiments 1 and.4) or 

with 1 N HC1 (experiments 2 and 3) in a volume of 5 ml., except far experiment 4 where 

the. volume was 25 ml. 
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8. The Estimation of Mannose in Egg Albumin by Isotope Dilution  

The radioisotope dilution method was applied to the estimation 

of mannose in egg albumin. Egg albumin, five times crystallized from 

ammonium sulphate, was provided by Dr. R.D. Marshall of this department. 

He estimated the mannose content to be 1.96% by the orcinol-H2804 method. 

Egg albumin (90.6 mg) was hydrolysed in 2 N HC1 (25 ml) at 1000  
(1.53 mg) 

_14-% for 2 hr. in. the presence of 0-14C) D-mannose and (1  v; D-galactose 

(1.24 mg). The hydrolysate was cooled, filtered and de-ionized on 

columns of Dowex 1-acetate and Dowex 50 - He form. The effluent was 

taken to dryness and submitted to chromatography on Celite (8g). The 

results. Are shown. 

 

Sample 

 

Mannose 	Activity , 	:Specific activity 
Ug/0.5m1 	epm/0.5 ml 	cmiug  

  

Tubes 24 - 54 (man) 85.9 2.153 25.06 

Mannose. 71.85 5,943 54.88 

From the above values the mannose found was 1.832 mg or 2.01% of the 

glycoprotein. 

9. The Estimation of the Sugar Content of Rabbit y-globulin after  

Performic Acid Oxidation  

Since both tryptophan and cysteine have been implicated in the 

destruction of sugars under strongly acidic conditions it was thought 

that the oxidation of these residues by performic acid might consider-

ably reduce or eliminate this source of sugar loss. Performic acid 

oxidation of protein results in rapid oxidation of the tryptophan to 

a number of products, one of which is kynurenine, and less rapid oxid-

ation of the cyst(e)ine to cysteic acid (Toennies and Homiller 1942). 

Methionine is converted to the sulphone. As cysteic acid and methionine 
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sulphohe can be satisfactorily determined in the presence of carbohydrate, 

-(Sehram et al 1954, Moore 1963) it does not seem likely that they react 

with sugars. 

Prior performic.  acid. oxidation :of egg albumin, fibrinogen and 

fibrin has been used to 'prevent interference by tryptophan in the 

anthrone-H004 reaction for the estimation Ofilexose (H8rmann and 0011-

wItzer-1962, 1963): Hexose values found after oxidation agreed with 

thoie obtained from'reading the anthrone colour.as a wavelength when 

tryptophan did not interfere. Thus it appears that the oxidation 

products of tryptophan do not interfere in the colorimetric reaction and 

are probably less detrimental to any sugars present It was reported that 

performic acid oxidation of fetuin at 0°C does not result in any loss of 

the carbohydrate components (Spiro 1963'). To confirm this finding two 

glycosides were treated with performic acid at 00  and assayed for sugar 

by the orcinol procedure. 

Performic acid was prepared according to Moore (1963). Hydrogen 

peroxide (30% v/v, 0.25 ml) and formic acid (99%, 4.5 ml) was allowed to 

stand for 1 hour at room temperature. A few drops of methanol was added 

and the solution cooled to -2°. The mixture (0.2 ml) was added to each 

of methyl-a-D-glucopyranoside (2.28 ng) and a,e-trehalose (1.63 mg) and 

left at 0° for 4.5 h4 

The acid was removed with Dowex 1 (bicarbonate form) and the 

effluent was taken to dryness in a flaSk in vacuo. The residues were 

each dissolved in 5 ml of water and aliquots (0.5 ml) were taken for 

assay by the orcinol method (Johansen et al 1960). The readings at 

505 mg corrected for a water blank of 0.05 were 
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Treated 	Untreated. 

methyl a-D-glucopyranoside 
	

1.10 	1.09. 

a, a -trehalose 
	0.759 	0.755 

Under the conditions used the two glycosides investigated do 

not appear to be hydrolysed, because it is likely that any free sugar 

formed would be oxidized byuhe performic acid and become unavailable 

for colour formation. 

The loss of trypt2phan and cyst(e)ine from glycoproteins by performic  

acid oxidation  

Rabbit y-globulin after oxidation at 209  for 1.5 hr was not 

completely soluble in 0.01 N HC1. The soluble material gave no colour 

in the tryptophan assay (Ofyienska-Blauth 1963) and the absorption 

spectrum lacked the tryptophan "shoulder" at 289 mp. Carbohydrate was 

shown to be present in both the soluble and insoluble material by the 

Molisch test. 

The change in absorbance of p-chloromercuribenzoate at 255 mg 

(Boyer 1954) was used to determine the sulphydryl groups in egg albumin 

after performic acid oxidation followed by borohydride reduction (Moore 

et al 1958). 

Since glycoproteins are not completely soluble after performic 

acid treatment, the egg albumin was treated with pepsin before oxidation. 

p-Chloromercuribenzoate (13.64 mgt purified according to Boyer (1954)) 

was dissolved in 0.01 M acetate buffer at pH 5. The absorbance at 234 

mg (0.547) gave a molar extinction coefficient of 1.67 x 101i* compared 

to the value of 1.73 x 104 found by Boyer (1954). 
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An egg albumin solution was heated at 1000  for 5 min, the pH 

of the solution was brought to pH 2.5 with formic acid and pepsin 

added. After allowing digestion to proceed for 16 h at 40P the clear 

solution was freeze-dried. The dried material was treated with 

performic acid at 2°  for 4 114 ice-cold water was added and the solution 

freeze-dried. 

The treated egg albumin (15.8 mg) was dissolved in 5% NaBH4 

solution (2.5 ml) and kept at 50° for 1 h. Hydrochloric acid (0.53 ml. 

of 1 N) was added to make the solution pH 5. In two sets each of two 

cuvettes (No. 1 and No. 2) the following solutions were added. 

Cuvette 1: 1 M acetate buffer pH 4.6 (0.9 ml), 0.1 mM p-CMB solution 

(0.45 ml) and water (1.65 ml). 

Cuvette 2: 1 M acetate buffer pH 4.6 (0.9 ml), treated egg albumin 

solution (1 ml), and water (1.1 ml). 

One set of cuvettes was placed in the reference holder of the SF700 

recording spectrophotometer and the other set in the sample holder. 

After running a base line, the contents of the sample cuvettes were 

mixed and the absorbance, measured at 250 mp, was allowed to reach its 

maximum value (in about 5 min). The difference spectrum was run. It 

showed a maximum absorbance of 0.38 at 248 mg. Boyer (1954) found 

absorbance maximum at a wavelength of 255 mg and a change in molar 

absorbance of 6.2 x 103  for cysteine. Using this value, it would mean 

that about 1.5 of the 7 potential sulphydryl groups of egg albumin 

(Neuberger and Marshall 19664 were not oxidized to cysteic acid by this 

treatment. 
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The estimation of galactose and mannose in yerformic acid-oxidized  

rabbit y-globulin  

Freeze-dried rabbit y-globulin (55.0 mg.) containing 95% 

glycoprotein by ultraviolet absorption measurements, was freed of 

sodium chloride by dissolving in water (1 ml.) and precipitating 

with acetone (3m1.).. The precipitated material was washed with 

acetone-methanol (1:1 by vol.) and dried in vaP4P..  To assess the 

loss of glycoprotein the dombined supernatants weretakento dryness 

and the residue was dissolved in 0.01 N HCl. The absorption at 276 

mµ was 0.045 corresponding to 0.17 mg. of r-globulin. 

The dried y-globulin was treated with performic acid (2 ml.) 

for 4 hr!  at 20  giving a light purple-brown solution. Ice-cold water 

(about 30 ml.) was added, the solutionwas frozen and taken to dryness 

from the frozen state! 

(1_140 Galactose (257 µg), [1-14C] mannose(382gg) and the 

dried, oxidized y-globulin were made to 25 ml. in .2 N HC1 and hydro-

lysed for 2 hr. in a boiling water bath. The hydrolysate was filtered 

through sintered-glass, de-ionised and taken to dryness as before. 

The residue was submitted to dhromatography on,a Celite 545 (10 g.) 

column and the sugar solutions obtained were assayed for radioactivity 

and for reducing power by the ferricyanide method. The results are 

Shown in the table. The galactose and mannose values, 1796 and 4.30 

mole/105  g. respectively, found in this experiment are similar to the 

average values of previous experiments, 2.2 and 4.3 moles/105  g. 

respectively. 



TABLE 9 
• 

The Estimation of Mannose and Galactose.in.Performic Acid-Oxidized Rabbit T.-Globulin 

Sample Absorbance Sugar 
pg 

content 
pg/0.5me: 

Activity 
cpm 

Specific 
activity 
oD0/4g 

Sugar 
pg 

content 
moAr 

Water 0.081 4- .003 21 + 1 

Tubes 5 - 15 0.103 + .001 35 + 2 

40 - 48 0.570 + .003 6.60 16.5 488 + 3 27.5 396 4.30 

76 - 86 0.311 + .002 3.43 8.56 286 + 0 29.3 180.4 1.96 

Mannose 0.516 + .004 6.15 19.2 1096. + 11 56.0 

Galactose 0.570 + .001 4.76 23.8 1248 + 14 51.6 

adjustedifOr dilution' 
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10. Everiments Designed to Assess the Radioisotope Dilution Method  

In these radioactive dilution experiments the rate of destruc-

tion of added free 140-labelled sugar during the course,of hydrolysis 

of a glycoprotein is not knoWnwith any accuracy and whether such des-

truction has an appreciable effect on the values obtained from radio-

isotope dilution experiments is not certain. There are two methods 

which may be used to assess this effect. (a).  One method is to determine 

during the hydrolysis of a glycoprotein both the rate of release of the 

sugar and the rate ofdestruction of the released sugar. If labelled 

sugar is added at the start of the hydrolysis and the specific activity 

and total amount of the free sugar: present is measured at different time 

intervals and plotted against time the rate of release and the rate of 

destruction of the sugar at any particular time can be obtained from the 

curves, The kinetics of similar systems has been worked out by Neimann 

(1958) and used for such purposes as the identification of intermediates 

in the oxidation of methane and the measurement of the formation and 

consumption of aldehydes in cyclopentane oxidation (Horscroft 1965). 

(b) Another method is to employ an internal standard. Hydrolysis of 

the glycoprotein is carried out in the presence of a mixture of a 140-

containing sugar, which does not occur in the glycoprotein, and a known 

glycoside of the sugar. The amount of sugar determined by isotope 

dilution can then be compared, with that originally added, in the form of 

the glycoside. A criticism of this procedure is that unless the rate of 

hydrolysis of the glycoside and the rate of destruction of its free sugar 

are comparable to the equivalent rates associated with the sugars 

occurring in the glycoprotein, the results will not be applicable to the 

estimation of the sugars in the glycoprotein. 
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(a) The rate of release'of mannose from egg albumin'in 2 N HC1 at 100°  

The application of the first method to the estimation of mannose 

in egg aibuminwas attempted. In this experiment the solutions obtained 

after different times of hydrolysis were frozen in alcohol-solid C82 CO2and 

stored at -120. It was later'foUnd that at this temperature partial 

thawing occurred resulting in significant destruction of the free mannose 

present co that the total amount could not'be estimated'.' However the 

specific activity of the mannose was obtained over various time intervals. 

Egg albumin was recrystallized  for this experiment. It was 

disSolved in water. Material, insolUble in 50% saturated ammonium sulphate 

at pH 7, was removed and orystallizationAnitiated'bk adding sulphuric acid 

to pH 4.8. The solid material was recovered by centrifugation and dissolved 

in water. The solution was dialysed three times at 4°  with stirring and 

freeze-dried. Since in hot acid solution egg albumin quickly becomes 

insoluble forming lumps in which the "beterosaccharide may not be as 

accessible to acid as in solution, the glycoprotein Was first denatured and 

treated with pepsin. Egg albumin (494 mg.) was dissolved in 20 ml. of 

water, the solution was brought to pH 7.5 with ammonia and heated at 85° 

for 8 min. (NeUberger 1938). Formate buffer pH 2.5 (5 ml. of 2.5 M) and 

pepsin (1.7 mg.) were added to the opalescent solution which was then kept 

at 370  overnight. The solution was clarified by 'further treatment with 

pepsin (3.8 mg.) for 4 hours, and was then made to 50 ml. 

Orcinol Assay (Johansen et al. 1960). Aliquots of 0.5 ml. were mixed with 

4 ml. of 0.19% oroinol in 53% sulphuric acid and the solutions were heated 

for 15 min. at 800. The egg albumin solution (0.5 ml.) gave an absorbance 

of 0.463 at 505 mg compared to 0.216 given by '41.3 pg of mannose, 
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corresponding to a mannose content of 2.01% of the egg'albumin. 

4rdro1zsis Aliquots (5, ml.) were mixed with a solution, of [U-14C) 

mannose (5 ml. containing 14.6„3 4g mannose) in stoppered test tubes. 

'The, tubes were heated in a boiling water bath to over 95° when 4 N 

HC1 (10 ml), heated similarly, was added. The tubes were flushed with 

nitrogen, the stoppers were taped on and heating continued. Tubes 

were withdrawn at. various.  times cooled in water, frozen,in solid CO2/ 

alcohol mixture and kept at -12°. The tube contents were thawed and 

made to:a volume of 25 ml. An aliquot (10 ml.) was de-ionised with 

Dowex “bicarbonate  .form) and Dowex 50 (I form), evaporated to dryness 

and submitted to chromatography on a Celite (8 g.) column as described 

previously. 

The release of mannose with time is shown in table /0  and 

figure 13. From the figure it can be calculated that the time required 

for release of 50% of the mannose from egg albumin is about 7 min. and 

for 75% release about 13.5 min. This value is , comparable to the half-

time of 10 min. for the release of reducing groups, from egg albumin 

(see Fran9ois et al 1962)-:. First-order reaction kinetics are not applic-

able to:the data as the hydrolysis would proceed through.intermediates 

such as oligosaccharides of mannose and of mannose with N-acetylglucos-

amine. 

(b) The estimation of glucose in methyl m-D-glucopyranoside  

Methyl m-a-glueopyranoside was used as a model substance by 

estimation of the glucose content by isotope dilution.. In 2 N HC1 at 

100° the half-life of hydrolysis is about 7 min. which is similar to 

that for the release of mannose from egg albumin. 



TABLE /0 

The'release of mannose from egg albumin in 2 N HC1, at 100° 

Hydrolysis Time Specific activity (cpm(ag) Mannose released 
Recovered mannose Staniard mannose 

0 78.0 80.4 

5 45.0 80.4 368 

10 52.5 81.4 682 

15 28.2 75.3 760 

20 26.2 71.6 802 

30 24.9 72.2 859 

60 21.5 67.6 977 

79 



1.0 

E 
0.8 

80 

Fig. 13. The release of mannose from egg _albumin in 2 N HC1 at 100°  

20 	 40 60 
TIME MIN. 



81 

(i) The specific activity of 51-14C] D-14.1ucose after chromatography  

on Celite 5)45  

(1- 40) D -glucose (0.621 mg.) was applied in Celite (200 mg. 

to a column of Celite (10g). Aliquots (0.2 ml.) of each second 

fraction (10 ml.) were counted and the results shown in Fig. 14. 

Fractions were pooled as in table below and taken to dryness. The 

residues were dissolved in 3 ml. of water. Aliquots (0.5 ml.) in 

triplicate were taken for counting at infinite thinness, and after 

dilution for assay by the ferricyantde method. 

Sample 
	

Absorbance*  ' Glucose 	Aativityt Specific aati- 
at 690 mg 	.gg/ml 	cpm 	vity. cpm/gg 

Glucose (51.5 gg) 	0.512 + .006 	31.5 	755 9 	24.0 + 0.3 

Tubes 30 - 42 

Tubes 60 - 63 	0.400 .001 	24.6 + .38 567 6 	23.0 0.4 

Tubes 64 - 67 	0.576 .006 	35.5 4- .49 855 10 23.8 0.4 

Tubes 68 - 72 	0.461+ .009 	28.4 .65 653 6 	22.3 4. 0.3 

* corrected for blank value of .067 

t background of 21 counts corrected. 

Glucose, obtained from the central part of the peak from the 

column, had a similar specific activity to the original material. As the 

fractions at the outside gave a lower specific activity, in subsequent 

experiments only the main fraction was taken. 
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(ii) The estimation of glucose in methyl a-D-gluconyranoside  

Methyl ci-D-glucopyranoside (m.p. 166-168°) was prepared in this 

laboratory. Methyl a-D-glucopyranoside (2.13 mg) and [1-14C1 glucose 

(1.233 mg.) was heated in 25 m1.,of 2 N HC1 at 100° for 2 h. The 

sOlUtion was debnised with Dowek 1-bicarbonate and Dowe50 - ff form, 

concentrated to dryness and the residue was subjected:to' chromatography 

on Celite (8 g.). Contents of appropriate tubes were pooled, taken to 

dryness and the residue was dissolved in 5 ml. Aliquots (0.5 ml) were 

taken for counting and. after' dilution for assay of reducing power. 

Sample 

	

Absorbance 	-Glucose 

	

at 60 mg 	gs/0.5 ml 
Activityt 

cpm 

Specific 
activity 
cpWiig 

   

   

0.130 	.005 

1.170 	.002 124.5 	2.0 1,170 4.6 9.33 

0.162 4. .001 7 

0.807 + .015 20.9 .509 + 24.35 

Water 

Tubes 39-43 

Tubes 60-90 
(blank) 

Standard 

+ 0.22 

+ 0.19 

corrected for background of 20 counts/min. 

The amount of glUcose found in 2.13 mg. of methyl-a-D-gluco- 
24.35 + .19 	1 

pyranoside is 1.235  	- 1.985 + 0.080 mg. compared 
-  

. 
9.33 .1. .22 [ 

to the calculated value of - 1.976 mg., i.e. 101%with a standard 

error of ±4.0%. 

(iii) The estimation of glucose in methyl -Dlglucoarranoside in the  

eres fis ajaDualka 

Fgg albumin (99.3 mg.), methyl a-0-glucopyranoside (1.908 mg.) 

and  [1.14-] D-glucose (0.621 mg.) were heated in 25 ml. of 2 N HC1 at 

100° for 2 hr. The hydrolysate was processed as before and the neutral 

substances were submitted to chromatography on Celite (10 g). The 

result is shown in Fig. 15. 
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Fig. 15. The chromatography on Celite (10 g.) of mannose (M) from egg 

albumin together with [1-14C] glucose (G); 	 absorbance; 
	, radioactivity. 



Sample 	Absorbance* 	Dilution . 	Sugar,, 
- 690'Mw 	: 	factor 	0.5.M1 

84 
Specific 

Activityt activity 
' cpm 

Tubes 5-20 (blank) 0.001+.001 	19.7 

Tubes 41 - 55 	0.300+.008 	19.7 	41.25+1.2 246+0.1 5.96+ .19 

Standard glucose 	0.542+.006 	3.31 	12.51 324+ 3 25.9 + .24 

'values correete&forwaterfbiank of 0.1204 .005 

t 	values corrected frr background of 22 cpm.; 
15..t2 

[ 5.96 ' The total amount of glucose present-le 
I] 

621 = 2.08 +.09 

mg cOmpared with 1.77 mg of glucose added as'the methyl` glycoside, and 

rePresenting an overestimate'ef'18%.Th  The overestimate obtained here 

-1 suggested that the added [1_14  ul glucese was destroyed to a greater extent 
• 

than the glucose released from the glycoside by an amount of about 13% 

(calculated on the specific activity of the recovered glucose). If the 

standard error of the method is about + 4% the overestimate is unlikely 

to be due to chance. The ratio of protein to added sugar in the hydro-

lysate is about 160 to 1 by weight in this experiment which is nearly 3 

times that of the usual ratio for the estimation of tannese in egg albumin. 

(iv) The estimation of glucose and mannose in a mixture of methyl  

a-D-glucopyranoside and performic acid-oxidized em albumin, 

If the observed preferential destruction of added [1-14C] glucose 

in the presence of egg albumin is in some part due to the interaction 

between free sugar and tryptophan and/or cyst(e)ine, oxidation of the 

glycoprotein with performic acid would be expected to reduce the destruc-

tion. Consequently a similar experiment was carried out in the presence 

of performic acid-oxidized egg albumin and at the same time the mannose 

content of the egg albumin was similarly determined. 
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Performic acid. was made according to Moore (1963). Hydrogen 

peroxide (30%v/V, 0.25 ml.) and formic acid (99%; 4.5 ml.) was allowed 

'to stand for 75 min. at room temperature then cooled to' 4°C Egg 

albumin (123.5 ms.)  was dissolved in formic acid (1 ml.).at 4°C con-

taining a few drops of methanol and performic acid (1 ml.) at 4°  was 

added. After standing 200 min. at 0°C, ice-cold water was added, the 

solution was shell-frozen and freeze-dried. To the protein was added 

methyl-ac7D-glucopyranoside (2433 mg.),[1-140j11-glucose (1.2)3 mg.) 

and D-mannose (2.26 mg.) and the mixture was.heated in 2 14-H01 (25 ml) 

at 100° for 2 hi. The Clear slightly yellow hydrolysate was treated 

as before and submitted to' chromatography on a Celite (10 g.) column. 

Sample Absorbance 
at 690 mg- 

Sugar content 
pg/0.5 ml 

Activityt 
cpm 

Specific 
activity 
oPM/Pg 

...m.S.10.01.11•11111a. 

Tubes 38 - 41 0.673+ 7 46.17 1,263 + 8 27.4 

Tubes 57 - 63 1.102 + 7 70.7 628 	13 8.88 

Mannoae standard 0.562 + 5 19.34 4 56.0 

Glucose standard 0.654 + 6 20.92 5804 24.86 

the standards are corrected for water blank absorbance of 0.070, and 

the column samples for a blank of 0.079. 

corrected for backgrOund of 22 cpm. 

The value obtained for glucose was 2.22 mg.-which, relative to 

the calculated value of 1.98 mg., corresponded to 112%. The mannose 

content was calculated as 2.38 mg. or 1.85% of the original egg albumin 

taken. The value obtained previously was 2.01%. Therefore the values 

obtained for glucose and mannose in this experiment are lower by 5% and 
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8% respectively than the values obtained previously from separate 

experiments using unoxidised egg albumin. The decrease in the glucose 

value may be ascribed to (a) the removal of interference by those amino 

acid residues, in the glycoprotein, which are oxidizable by performic 

acid; (b) the greater amount of reducing sugar present in comparison 

with that of the glycoprotein (i.e. a ratio of 1 to 37) which may 

decrease their relative destruction. 

c: 7 	 !r) 	 The lower mannose content, if not due to 

errors in the method may also be ascribed to the first two factors. 

There is also the possibility that some of the mannose is destroyed by 

performic acid oxidation. 

13. The Estimation of Fucose and Galactose in Human Blood-group Substances  

Introduction  

Since the isotope dilution method, as used above, for the deter-

mination of neutral sugars was not very reproducible when applied to 

gIycoproteins containing small amounts of carbohydrate, the method was 

applied to the estimation of neutral sugars in human blood-group substances. 

These substances contain up to about 85% carbohydrate which is made up of 

L-fucose, D-galactose, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine and 

N-acetylneuraminic acid (Morgan.1965). The latter component is usually 

only present in small amounts but a blood-group Lea  substance isolated 

from a human pseudomucinous ovarian cystadenoma contained 18% N-acetyl-

neuraminic acid (Pusztai and Morgan 1961a). Blood-group A, B and H 

substances have a similar carbohydrate composition. The compositions of 

some blood-group substance preparations are given in Table 11. 
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TABLE 11. Published Analyses of Some Blood-groupSubstances*  
(ValueS are expressed as g./100g. 

Constituent A(i68) B(376) tea(350) 

L-Fucose 17.0 17 ..43.4 

D-Galactose 28.8 

HeXotaminet  29.6 33 '26.6 

Sialic acid 2.2 ' 2.4 17.9 

Reduction as glucoset 52.0 59 51.3 

N. 5.0 4.8 '' 	4.8 

Aspartic acid 0.55 0.71 0.40 

Threonine 3.97 4.72 3.66 

Serine 2.20 2.61 1.69 

Glutamic acid 0.80 0.90 0.59 

Proline 1.90 2.31 1.66 

Glycine 0.57 0.61 0.55 

Alanine 1.10 1.26 1.05 

Cystine/2 0.07 0.11 

Valine 0.69 0.73 0.69 

Isoleucine 0.40 0.37 0.31 

Leucine 0.50 0.35 0.69 

Tyrosine 0.12 0.10 0.31 

Phenylalanine 0.28 0.18 0.69 

Lysine 0.35 0.39 0.14 

Histidine 0.74 0.44 0.41 

Ardnine 0.72 0.67 0.48 

* Data was taken from Pusztai and Morgan (1965), except for carbohydrate 
analysit of A (Pusztai and Morgan 1961b) and B (Pusztai and Morgan 1961a 

t After hydrolysis with 0.5 N H01 for 16 hr. at 100°. 
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The polypeptide part, which accounts for about 15% of the 

blood-group substances, is rich in threonine, serine, proline and 

alanine which account for over half of the amino: acids (Pusztai and 

Morgan 1963). Aromatic and sulphur-containing amino acids are either 

absent or present in very low amounts. This includes the amino acids 

which have been implicated in contributing to the destruction of 

reducing. sugars. in acid solution, notably.tryptophan and cyst(e)ine. 

Consecuentlytbe extent of loss.of radioactive sugar, in the presence 

of such glycoproteins during.aoid hydrolysis is likely to be small. 

Also since all the carbohydrate components, apart from sialic acid, 

are present in large amounts the weight of added sugar relative to the 

weight of glycoprotein will be suite high and any destructive 

influence of the glycoprotein on the sugar should not bp appreciable. 

Rurther, since the L-fucose is very easily released, radioactive sugar 

will be diluted with L-fucose very early in the hydrolysis. 

The other source of error, i.e. the incomplete hydrolysis of 

glycosidic bonds due to hexosaminide formation, will probably only 

.affect the release of D-galactose since L-fucose is in non-reducing 

terminal position. 

Experimental  

Radioactive sugars: The 14c  sugars were those used previously. Chrom-

atography of a large amount of each sugar on Whatman No. 241 paper in 

ethylacetate/n-propanol/water (4:1:2 by vol.) revealed a single intense 

spot for each of mannose (R0  1.5), fucose (Rd 2.5) and glucose (7 cm. 

from origin); for galactose, in addition to an intense spot (Rd 0.8), 

there was also a faint spot near the origin. Therefore, the sugars were 
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each submitted to chromatography on a large coluin of Celite 545 in 

the same solvent. 

[1-1/C(- D-Galactose(I17 mg., map. 168-169°) was dissolved 

in. the aqueous phase of the ethylacetate/n-propanoliwater14:1:2) 

solvent (0.66 ml.), the solution was mixed with Celite 545 (1.5g.) 

and the mixture applied to a column of Celite 545 (12 g.). .The 

column was developed in the usual way and aliquots (3 drops) of each 

fourth fraction (10 ml.) were:counted. The fractions 30-54 were. 

pooled and taken to dryness. The crystalline residue was redissolved 

in a minimum amount of water and recrystallized.by the addition of 

methanol and ethanol. The galactose was dtied in vacuo over P205  at 

78° in vacuo. L-Fucose was similarly subjected to chromatography on 

Celite 545 and recrystallized from ethanol. 

Blood-grow) substances  

Blood-group substances were a gift from Professor W.T.J. Morgan,FRS, 

The Lister Institute, London, who has given the methods used in their 

preparation. The three samples, designaed W, Y and Z, were each obtained 

from an individual cyst fluid. Each cyst fluid was dried from the frozen 

state and extracted with 95% phenol at room temperature' (Morgan and King 

1943, Gibbons et al 1955). The material insoluble. in phenol and soluble 

inwater'had been fractionated as below. 

Sample Blood- 	No. Solubility 	Ethanol frac- 'Number of peakst 

group 	in sat. • 	tionation 	on DEAE-cellulose 
activity 	,(N1-14)23011 	% ethanol 	• chromatography _ 

B 	376 	Sol. 	48-55% 
	3 

Y 	B 	413 	Sol. 	50-58% 

	

Lea 350* Insol. 55-57% 
	

1 

* Pusztai and Morgan 1961e 	t Pusztai and Morgan 1964 
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Hydrolysis: For analysis, a weighed sample of blood-group substance 

was dried for periods of 1 to 5 hr., to constant weight over P205  at 

a pressure of 0.2 - 0.3 mm. Hg. and 78°. The dried material was dis-

solved in water and made to a known volume. Aliquots for hydrolysis 

were transferred to acid-cleaned pyrex test tubes, radioactive sugar 

added and sufficient acid and water added to make the required acid 

concentration in a total volume of 10 ml. (unless otherwise specified). 

The tUbe was constricted, flushed with nitrogen for a few minutes and 

sealed. The tube was heated in a boiling water bath. In some experi-

ments the tube was evacuated to remove dissolved gases before flushing 

with nitrogen. 

The tube was cooled and opened. Dowex 1-biCatbonate form resin 

was added until the evolution of CO2 ceased, whereupon the slurry was 

poured onto a column, containing further Dowex 1-bicatbonate, coupled 

to a small column of Dowex 50-& form. The columns were washed with 

about 100 ml. of water and the effluent was taken to dryness in a 

rotating flask under reduced pressure (provided by a water pump) and a 

waterbath temperature of less than 50°. The flask contents were dis-

solved in a small amount of water and the solution was taken to dryness 

in vacuo over NaOH and H2SO4. 

Chromato4rathy: The dried residue was submitted to Celite column 

chromatography as described earlier. Aliquots of each second fraction 

were dried on metal planchets and counted in a gas flow Geiger counter. 

The fraction making up the central part of each peak were pooled and 

taken to dryness in a rotating flask under reduced pressure in a water-

bath of 40°. The residue was dissolved in water to make a sugar con-

centration of about 20 µg./ml. and aliquots (0.5 ml.) were taken for 
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counting. For assay by the ferricyanide method the solution was 

diluted to give a final concentration of between 4 and 8 gg./m/. 

The estimation of Ip.fucose: •A fairly specific colorimetric method 

often used for the estimation ,of :fucose was described by A4sche and 

Shettles (194p). In this method fucose is heated in -fairly concentrated 

sulphuric acid at 1000  for 10 min. After cooling cysteine hydrochloride 

solution is added and the fucose Content of the solutionis obtained by 

measurement,  of the absorbance at 400 mg and 430 mg. 

The method was modified by replacing the eysieine hydrochloride 

by thioglycolic acid (Gibbons 1955) which gave fastercolour development 

and slightly higher absorbances. The effect ()famine acids and sugars 

other than methylpentoses.on the colour given by fucose was investigated 

and only galactose was found to interfere with the determination to any 

extent by lowering the fucose value. 

The thioglycolic acid procedure was used in the colorimetric 

estimations of fucose carried out here, except that the volumes were 

reduced by half. 

Ice-cooled sulphuric acid (2.5 ml. of a mixture of 6 volumesof 

.concentrated sulphuric acid and 1 volume of water) was allowed to run 

freely from a bUrette, down the wall of ground-glass stoppered test 

tubes containing the fucose solution (0.5 ml.) cooled in ice. The 

tubes were shaken in ice water, stoppered, and heated in a boling water 

bath for 10min. After cooling a solution of thioglycolic acid (0.05 

ml. of 3.3%, by vol.) was added. The tubes were shaken and allowed to 

stand for 3 hr. in the dark. The difference in absorbances at 400 is 

and 430 mg was 'taken as a measure of the fucose content. 
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Errors For the assays of reducing power by the ferricyanide method, 

three or four replicate aliquots were taken to allow for the occasional 

extreme value produced with this unspecific method,. The mean absorbance 

readings had an average standard error of about + 1.1%, with an average 

range between extreme readings of 2.4%. Similarly three or four aliquots 

of each solution were taken for counting since counting.at infinite thin-

ness by this method is dependent on geometry, i.e. on the size of the 

area covered by the radioactive material on itsposition relative to the 

counting chamber and, on the distribution of the material over the area. 

The'average standard error of the mean of three or four planchets was 

+ 0.67% with an average range. Of 2.6%. 

The thioglycolic acid in sulphuric acid method of Gibbons was 

more reproducible and gave an average standard error of + . 0.5% for 8 

assays in triplicate. 

The estimation of 1,-fucose Since fucoseis easily split,  off.from,blood-

group substances the hydrolysis was usually carried out with mild acid 

such as 0.2 N H2SO4 at 1000  for 1 hr. After Celite chromatography 

fucose was assayed by . the method of Gibbons (1955).  The results obtained 

from, several experiments are shown in Table 12., ,The different hydrolytic 

conditions gave similar results. 

Fucose assays were. carried out in the intact. blood-groupsubstances 

by the calorimetric method (Gibbons 1955),see Table 13'. In the absence 

of thioglyeolic acid the absorbance at 430 mg of the solution was greater 

than that at 400 mg. This difference was not,corrected for, as it was, 

not known whether it was unrelated to the chromogene which react with the 

thioglycolic acid. The values for fucose by tb4.6 method are higher than 

those obtained by the isotope dilution method particularly for sample W 
which was 130 higher. 
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TABLE 3.2 

The Estimation of L-Fucose in Blood-Group Substances by 'Isotope Dilution  

Blood- 
gronp 
subs- 
tance 

Conditions 
of 

hydrolysis 

Dried 
sample 
taken 
. 117  

L-Fucose 
added .  

mg. 

Specific activity 
of .L.fucose-

cpmigg. 
Added Recovered 

L-Fucose content 

. 	% 

W 0.1N H2SO4, 
60 din. 

1.527 0.222 55.3 24.2 0.285 18.7 

3. N HC1, 
10' Min. 

1.527 0.222 55.3 24.1 0.287 18.8 

1.148 0.241 45.4 25.2 0.174 15.2 

1 N HC1, 
70 min. 

1.209 0.222 50.9 28.6 0.173 14., 

0.2N II2SO4, 
60 min. 

).59 178 42.6 20.9 0.185 5.15 

* Assays by ferricyanide method 

TABLE 13 

Assay_of L-Fucose in. Blood-Group Substances by the Colorimetric Method  

Amount taken 
mg. 

Absorbance at 400 	- absorbance 
at 430 mg 

With TOGA 	Without TGCA 

L-Fucose • 
14. 

L-Fucose 0.0416 0.636 + 0.0007 •••• 

L-Fucose 0.0831 1.266 + 0.011 -0.007 

0.293 0.654 + 0.005 -0.013 62.6 21.4 

Y 0.3'96 0.958 + 0.002 -0.020 61.6 15.5 

z 0.981 0.823 4- 0.009 -0.049 54.0 5.5 

TOGA thioglycolic acid 
* 

	

	corrected for a water bank of 0.015 which was the difference between 
the absorbance at 1100 Mg and 430 mp►. 
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The estimation of galactose Galactose was estimated in the blood- 

group substance samples by addition of [1-14C] galactose before hydro- 

lysis which was carried out at 100P in 2 N HC1 in a volume of 10 ml.for 3 hr 

After Celite chromatography the galactose was estimated by the ferri- 

cyanide method. The results are shown in Table 14. 

In one experiment (number 2 of table 14) aliquots (0.42 ml.) 

of each fourth tube were taken for counting and tubes 41 to 52 were 

pooled and taken for the galactose analysis as described previously. 

The remaining fractions were investigated for the presence of 10-fucose. 

The contents of each fourth tube was taken to dryness in vacuo at 700  

and water (8 ml.) was added to each tube. Aliquots (1 ml.) were taken 

for assay by the ferricyanide method. The results are shown in fig. 16. 

The recovery of fucose from the sample of blood-group substance W (3 mg.) 

was of the order of 0.3 mg., i.e. more than 50% of the fucose originally 

present in the sample had survived the acid conditions (2 N HC1, 100°, 

3 hr.). It was therefore considered feasible to determine both fucose 

and galactose after the same hydrolysis. 

The estimation of both fueose and galactose Two experiments were 
14c1 carried out in which both [1-14C] fucose and (1-galactose were 

added to the glycoprotein before hydrolysis which was carried out as 

before in 2 N HC1 for 3 hr. The fucose and galactose were estimated 

by the thioglycolic acid-H2SO4 method and the ferricyanide method 

respectively. The values obtained are listed in table 15. 

The fucose and galactose contents of the blood-group substance 

samples as determined in the above experiments have been summarized in 

Table 16. 



TABLE 1.4 

The Estimation of D-galactose in Blood-Group Substances  

Experiment Blood- 	Loss own Dried*  [1-14C] Galac- 	Specific activity of Galactose content 
group 	drying 	sample tose added 	[1-14C] galactose  

substance 	3g taken 	mg. 	013mAig 
mg. 	Added 	Recovered 	Mg • 	% 

11.2 	2.624 	0.942 	47.3 	27.7 0.665 25.4 

11.9 	3.054 	0.89 	53.1 	28.7 0.754 24.7 

3 Y+ 	16.0 	6.77 	1.78 	48.7 	23.8 1.86 27.5 

4 15.7 	2.296 	0.445 	47.9 	18.8 0.693 30.2 

5 z 	15.9 	3.45 	1.035 	51.0 	27.5 0.884 25.6 

6 zt 	15.9 	3.45 	1.035 	54.7 	32.75 0.694 20.1 

7 z 	16.2 	3.59 	1.035 	48.9 	25.6 0.984 26.2 

The added [1-14G] galactose had not been purified by Celite chromatography. 
* After drying over P205  at 780  in vacua. 
t Hydrolysed for 2.5 hr. in 0.28 NBC'. 
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Fig. 16. Celite chromatography of fucose (F) and galactose (G) from a blood-group substance sample 
after addition of [1-14C] galactose; 	absorbance; 	, radioactivity. 

rn 



TABLE 15 

The Estimation of both L-Fucose and. D-Galactose in Blood-Group Substances  

Blood-group 
substance 
taken mg. 

Radioactive sugar 
added 	mg. 

Specific activity 
cpmfug. 

Added 	Recovered 

Sugar content in 
sample 

mg. 	of 

L-Fucose, 	0.222 47.0 26.9 0.166 13.7 
Y, 1.209 

D-Galactose, 0.3)8 66.6 50.0 0.412 34.1 

L-Fucose, 	0.177 47.0 20.5 0.229 5.8 
Z. 3.924 

D-Galactose, 0.676 66.6 25.2 1.111 28.3 

The values obtained from determining both sugars together in blood-group substance 

Y are comparable to those obtained in single experiments previously. The value for 

the galactose content of Y substance in particular was much greater than that from 

assays on the single sugar. 



Sugar content 	% . 
dilution 

.2 sugars 	Mean 
added 	value 

Values from Prof.W.T.J.Norgan,FRS 
Colorimetric 

assay 
Radioisotope 
I sugar 
added 

lequeose 	Reduction as 
glucose 

21.4 18.7,18.8 - 18.8 17 59 

15.5 15.2,14.3 13.7 14.4 16 50 

9.5 5.15 5.8 5.5 8.4 51 

25.4,24.7 25.1 

27.5,50.2 34.1 30.6 

25.6,26.2 28.3 26.7 

Smgar estimated Sample 

D-Galactose 	w 

Y 

L-Fucose 

Y 

TABLE 16 

Summary of the Neutral Sugar Estimations in the Blood-Group Specific Substances  
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The estimation of sugars after paper chromatography  

Introduction. Since the chromatography of sugars on columns of Celite 

is a long process for the assay of several samples, paper chromatography 

was used as an alternative means of separation. Paper chromatography 

has often been used to separate monosaccharides for analysis (see 

Kowkabany 1954, Whistler and BeMiller 1962, Hough and Jones 1962). 

Sugar mixtures have been analysed by spraying paper chromatograms 

with sugar reagents and comparing visually or instrumentally the intensity 

of the coloured spots of the unknown sample with those produced by known 

amounts of the sugar standards (e.g. MCFarren et al 1951, Gottschalk and 

Ada 1956, Rosevear and Smith 1961). The coloured apots have also been 

eluted and the absorbance of the solutions measured spectrophotometric- 

(Leloir 1951, Wilson 1959, Pusztai and Morgan 1961). The other 

method used is to cut out the paper section containing the sugar and to 

elute the sugar from the paper with water (Flood et al 1947). A dis-

advantage of the method is that impurities eluted fromechromatographic 

paper give high blank values. Prior washing of the paper at least 

partly overcomes this problem (Dubois et al 1956). Acid-washed paper 

(Bourrillon et al 1959) and paper washed with the developing solvent 

and water (Spiro 1960) have been found satisfactory with the Nelson-

Somogyi method. The solvent system used for developing the chromatogram 

must be chosen so that residual solvent or solvent impurities left on 

the paper after drying, do not interfere with the method of estimation. 

Solvents used have included n-butanol, pyridine, 0.1 N HC1 (5:3:2, by 

vol., Bourrillon et al 1959), n-butanol, ethanol, water (10.I,:2, by vol., 

Spiro 1960; 4:1:5, Chatterjee aid Montgomery 1962), n-butanol, aoetic 
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acid, water (12:3:5, by vol., Clamp and Putnam 1964), ethylacetate, 

acetic acid, ethanol, benzene, water (Rosevear and Smith 1961) and 

ethylacetate, pyridine,'acetic acid, water (7.5:5:3, by vol., Pusztai 

and Morgan 1961a). 

Elution of SUgars'from the paper is usually carried out at 

room teMperature either brimmeising the paper in a known volume of 
4. 01- 

water (DUboisA1956, SPiro 1960, Chatterjee and Montgomery 1962) or by 

deVeloping the. paperwithWater at room temperature (Laidlaw and Reid 

1950) Or at 0°  OBoUrillon'etal 1959). 

After elution'from'paper with'water the sugar has been estimated 

by the phenol7H004 method (DUbois et al 1956, Chaterjee and Montgomery, 

1964) the Nelson-Somogyi procedure OBourrillon et al 1959, Spiro 1960, 

Clamp and Putman 1964), the alkaline ferricyanide method (Montreuil and 

'Scheppler 1959) or by 0-aminobiphenyl in glacial acetic acid (Timell et 

al 1956). Aniline hydrogen phthalate was used to estimate sugars eluted 

from paper by refluxing methanol (Blass et al 1950). 

Experimental. Aliquots (20 pl.) of an approximately 5% solution of 

mannose were applied in 2 inch lines to Whatman chromatography paper. 

Development of the paper was carried out overnight with the solvent ethyl 

acetate-n-propanol-water (4:1:2 by vol., upper phase). The paper was 

dried at room temperature and the position of mannose on the paper was 

found by treating guide strips with aniline hydrogen phthalate reagent 

(Partridge 1949) or 4% 0-aminodiphenyl in acetic acid (Timell et al 1956). 

The appropriate areas of the unsprayed sheets were cut out and the mannose 

was eluted with 25% (v/v) ethanol at 40  in an apparatus similar to that 

described by Aminoff and Morgan (1951). Corresponding areas on blank 
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sheets were treated similarly for controls. Aliquots (0.5 ml.) were 

taken for counting at infinite thinness and for reducing power by the 

ferricyanide method. 

The results obtained were unsatisfactory due to high blanks 

and variability of up to 10% in the specific activity of the recovered 

mannose. Various Whatman chromatographic papers were tried: No. 1 

washed with water and ethanol, No 540, No. 541 and No. 54 paper 

washed successively with 1% acetic acid, water and ethanol. Another 

solvent, n-propanol-water (4:1 by vol.), gave similar results. Washed 

paper gave lower blank values. The method of assay, although very 

sensitive, was thought to be too unspecific to be sufficiently reprod-

ucible for the estimation of small amounts of sugars eluted from paper. 

A method more specific for aldoses but less sensitive, the 0-aminodi-

phenyl method (Timell 1956), was then used as it has been found 

applicable to the assay of sugars from paper chromatograms.. 

Accordingly (1-14C] mannose (391 gg.) was submitted to chromato-

graphy as above and assayed by the 0-aminodiphenyl method. The results 

are shown in Table 17. The specific activity of the mannose recovered 

from paper showed a variation of about 1%, but it was much higher than 

the specific activity of the mannose applied to the paper. In order 
[1-14C1 

to remove any non-radioactive impuritiesAmannose (400 mg.) was sub- 

mitted to chromatography on a Celite 545 (50 g.) column (38 x 2 cm.) 

which was developed with the upper phase of ethylacetate, n-propanol, 

water (4:1:2). Fractions (20 ml.) were collected and fractions numbered 

46 to 60 were pooled, concentrated to dryness and the mannose was 

recrystallized from methanol and ethanol. 
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TABLE 17 

The Specific Activity of [1-1401 Mannose after Paper Chromatography  

Sample Absorbance Mannose 
mg/0.5m1 

Activity 
cpm/0.5m1f 

Specific activity 
cpm/ug 

Experiment 1. 

.009 

.009 

.006 

Blank 1 

Blank 2 

Blank 3 

Mannose 1 .218 19.15 1,555 81.2 

Mannose 2 .302 26.8 2,161 80.6 

Mannose standard .214 19.5 1,424 75.0 

Experiment 2. 

Blank 1 .013 

Blank 2 .009 

Mannose 1 .603 55.8 4,435 79.5 

Mannose 2 .557 51.5 k,065 78.9 

Mannose standard .207 19.5 1,494 76.6 

Average of duplicates; absorbances read at 580 mµ and corrected for 
that given by 25% ethanol (.006 and .010 for the two determinations 
respectively). 

t Average of four planchets, corrected where appropriate for either 
background or chromatographic blanks which amounted to 23 to 25 
counts per min. 
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The destruction of mannose in 2 N HC1 in the presence of various substances  

In view of the possibility of preferential'dettruction of added 

radioactive sugars in the early stages of the acid.hydrolysis of glyco-

proteins, it was of interest to investigate the effect Of various subs-

tances on the destructionof.mannose in 2 RI HC1. TrYPtePhan is known to 

be destructive of sugars but no quantitative data are available. Ribose 

was included to see. if it afforded any protection to the mannose. poly-

L.tryptePhan was also included to slow the effect of bound tryptophan but 

since it is insoluble in water it was a poormode1sUbstance. Lysozyme 

was used to imitate the peptide part of glycoproteink, 

Pyrex test tubes. (16 x 150 mm.) were rinsed with sodium dichromate 

in sulphuric acid followed by water and dried at 100°. To each of six 

tubes ,was added 0.5 ml. of mannose solution (5.36 gmols/ml. 483 gg.) and 

ml. of 6 N HC1. Further solutions were added as shorn; in the table. 

Tube Number 	Substances added before hydrolysis  

1 	None 

2 	Tryptophan (2.83 gmole, 575 ge.) 

3 	Tryptophan (2.83 gmole) and D-ribose (5.3 'mole, 797 gs 

4 	Pely-letryptophan (4.52 gmole, 840 tag.  ) 

5 	lysozyme (7 mg.) which contains tryptophan (2.94 'mole) 
and cystine (1.96 'mole) 

6 	None. Not heated 

Poly-L-tryptophan (0.84.g.) was added as the solid as it is insoluble in 

water.. The contents of each tube was made up to 3 ml. with water and then 

frozen. The necks of the tubes were constricted, the tubes were evacuated 

to about 0.2 mm Hg and the frozen contents were allowed to thaw. When all 
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gas had been removed from the solutions the tubes were sealed. Tubes 

1 to 5 were heated in a boiling water bath for 5 hr. 10 min., cooled 

and opened. (1-14C)-Mannose (478 gg, 2.68 gmole in 0.5 ml.) was added 

to each tube. The contents of each tube was de-ionized in the usual 

way with Dowex 1 (bicarbonate form) and Dowex 50 (} form) and taken to 

dryness in vacuo. Boiled distilled water (0.05 ml.) was added to each 

residue and 20 gl. aliquots were taken for chromatography as described 

above. The mannose on chromatography moved distances of 5 cm. to 5 cm. 

from the origin differ=ing with each chromatogram. About 5 ml. of 25% 

ethanol was collected for each section of paper eluted. 

The results are tabulated in Table 18. The specific activity 

of the [1-14C) mannose, before (77.5 cpm/gg) and after (78.1 cpm/gg) 

chromatography, differed by about 1% which is probably not significant. 

The specific activity, calculted from the known dilution with cold 

mannose in tube 6 which was not heated, was similar (78.2 cpm/gg). 

Since the contents of tube 6 were subject to all the processes of the 

other tubes, except heating, this specific activity wasmed to calculate 

the recovery of mannose. 

Discussion. The destruction of mannose when heated alone in 2 N HC1 

at 1000  for 3 hours in an evacuated sealed tube was about 4% which is 

less than would be expected from the figure of 23% reported by Franmois 

et al. (1962) for a 5 hr. heating period. The difference may be due to 

the absence of oxygen in the present experiment. The effect of adding 

tryptophan in equimolar amount to the mannose resulted in 15% destruction 

of mannose. In the presence of more tryptophan the destruction of 

mannose is likely to be greater since Francois et al (1962) found a 



TABLE 18 

The Hecovet7 of Mannose Heated in 2 N. HC1 in the Presence of Various Substances  

Tube No. 	Absorbance 	Mannose 	Activityt 	Specific 	Mannose 	Recovery of 

	

at 380 mg 	g./0.5m1 	cpm/0.25m1. 	activity 	recovered 	mannose 
cpm/gg 	46 	e 

0.3054-.001 29.6 586 + 1 39.6 466 96.5 

2 0.492 + .002 47.7 1,005 + 4 42.1 410 84.9 

3 0.559 + .003 54.2 1,092 + 6 40.3 450 93.1 

4 0.349 + .002 33.8 668 + 2 39.5 468 97.0 

5 0.554 + .001 53.7 1,077 f- 8 40.1 454 94.0 

6 0.466 4 .002 45.2 880 + 5 38.9 483 100 

Man. 0.496 + .003 48.1 1,858 + 4 77.3 

Man. 	0.260 + .001 25.2 984 + 7 78.1 
(chrom.) 

* Average of triplicate with standard error of the mean. Readingehave been corrected where 
appropriate for 2510 ethanol blank of 0.005 or for the paper blank of 0.007 (average of 0.008, 
.007, .007, and 0.005 for each from a blank section of paper). 
t Vanes are means and their standard error from 3 ot 4 planchets each counted for 30,000 counts. 
Corrections have been made where appropriate for a background count of 23 cpm or for a blank 
paper count of 24 cpm. 
+ The mannose recovered .-- 478 ( spec_12

ct.
8. - 1 )• 
.a 	 vi 



3.06 

destruction of 42% of mannose in the presence of a vast excess of 

cysteine. It is interesting that the addition of two molar equivalents 

of ribose reduced the destruction of mannose by tryptophan from 15 to 6%. 

Since the poly-L-tryptophan remained insoluble during the course 

of the heating period it is not surprising that it did not affect the 

destruction of mannose. The presence of lysozyme did not have much affect 

on the destruction of mannose. The tryptophan content of the lysozyme 

amounted to 2.94 gmole and the cystine content to 1.96 gmole (Canfield 

1963). It would appear that the destruction of sugar caused by the 

peptide-bound amino acids, tryptophan and cysteine, are less than that 

caused by the free sugars, as predicted by Fran9ois et al (1962). 

The estimation of L-fucose in blood-group substances by paper chromatography  

The eisotope dilution method was applied to the estimation of 

fucose in a blood group substance after separation of the sugars by paper 

chromatography. In contrast to the previous experiments with the blood 

group substance samples the dry-weight of the glycoprotein was determined 

on a separate sample. Hydrolysis was carried out in an evacuated sealed 

tube. Blood group substance Z (8.37 mg.) was dissolved in water (4.96 ml.) 

An aliquot (2 '4.) was taken to dryness in vacuo over NaOH and H2804 and 

the residue was further dried over 11205 in vacuo at 920  for periods of 

about 2 hr. until constant weight was obtained (3.097 mg., 3.092 mg.). 

The concentration of sample in solution was therefore 1.546 mg/ml. 

A mixture of sample ( 1 ml.) and (1-14C] fucose (0.118 mg. in 0.1 

ml.) was hydrolysed in 2 ml. of 0.2 M H2804 for 2 hr. in an evacuated, 

sealed tube as described previously. Chromatography of the sample and 

standard fucose was carried out as before and the fucose was eluted from 
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the chromatogram by suspending the excised paper in boiled distilled 

water (5 ml.) at 2°  overnight. After centrifuging the solutions, 

samples (0.5 ml.) were withdrawn for assay (Gibbons 1955) and counting 

at infinite thinness. 

Absorbance' 
400-430 mg 

Fucose content 
gg/0.5 ml 

- Activity 
oPP 

Specific Activity 
9PN/Pg 

:009 + .002' 

B1.1 .008 + .001 

B1.2 .009 + 0 

.298 + :001 9.00 281 + 2 .31.2 

Fucose .577 + .003 17.69 1034 + 7 58.4 

The recovery of fuoose was (1.1aa 	. 102.9 pg. or 6.66% fucose in the 
31.2 

sample. 



108 

III THE ESTIMATION OF HEXOSAMINES IN GLYCOPROTEINS BY RADIOISOTOPE' 

DILUTION  

1. Introduction 

(a) Hydrolysis  

Methods for the estimation of hexosamine in glycoproteins 

require prior hydrolysis of (1) the glycosidio linkages and,(ii) the 

acetamido groups (in that order) to give the free amino sugars.. 

Incomplete release of hexosamine due to hydrolysis of the acetamido 

groups of N-acetylhexosaminides and conditions favourable to this 

pathway have been discussed earlier. Maximum values for hexosamine 

content of several glymprOteins have been obtained by the use of 4 

N HCl at 100° for 3 to 6 hr. Hydrolysis of egg albumin in 5 N HCl for 

3 and 6 hr. (Sorensen 1938), and 5.7 N HC1 for 3 hr. (Johansen et al 

1961) gave similar values. With 5.7 N HC1 for 6 hr. a lower value was 

reported probably due to some destruction of the released amino sugar. 

The method of isotope dilution is much less influenced by destruction 

of the released sugar than by incomplete release of the sugar, so it 

should be applicable to the estimation of hexosamine in glycoproteins 

after hydrolysis under strongly acid conditions. In this work constant 

boiling HC1 was used at 1000  for 6 hr. 

(b) Methods for estimation of 2-amino hexoses  

The original method of Elson and Morgan (1953) which involves 

heating the amino sugar with acetylacetone in alkaline solution followed 
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by reaction in acid with p-dimethylaminobenzaldehyde to give a red 

colour, has had many modifications and is the most widely used method. 

The main chromogen formed is 2-methylpyrrole (Cornforth and. Firth 1958) 

which is steam volatile (Schloss 1951). The principal change, which was 

made to the method, involved distillation of this chromogen from the 

alkaline reaction mixture into Ehrlich's reagent (Cessi 1952). This 

modification is more specific for hexosamine as less interference is 

caused by amino acids in the presence of hexoses, and muramic acid and 

5-methylglucosamine do not give a colour (Johansen et al 1960, Ctssi and 

Piliego 1960). 

Other methods for hexosamine estimation include (a) deamination 

of the amino sugar by nitrous acid, and estimation of the 2,5-anhydro-

hexose formed, by reaction with irdole in ethanolic hydrochloric acid 

(Wachs and Borenfreund 1950) or with other reagents, e.g..phenol-H2SO4 

(Lee and Montgomery 1961a); (b) estimation of the ammonia released 

from 2-amino sugars in alkali (Tracey 1952); (c) estimation of N-acetyl-

hexosamine by the Morgan-Elson method after N-acetylation (Morgan and 

Elson 1934, Aminoff et al 1952, Reissig et al 1955, Roseman and Daffner 

1956, Levvy and McAllan 1959). 

(c) The estimation of hexosamines in mixtures  

As both glueosamine and galaotosamine are often present in 

glycoproteins, methods of differential estimation have been developed 

based on (i) different reactivities in colour reactions; (ii) specific 

enzymatic conversion of one hexosamine to a derivative; (iii) separation 

before estimation. 
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(i) Glucosamine and galactosamine give about the Same 

colour in the Elson-Morgan reaction but in the Morgan-Elson reaction 

.clucosatine gives four:tiMes the Colour of galactOsaMine'(see Foster 

and Horton- 1959). A colorimetrio estimation of the two amino sugars 

in a mixture was based on these findings (Roseman andDaffner 1956). 

The method was improved by adding borate to the alkaline acetylacetone 

solution of the ElsonMorgan reaction; the resulting colour intensities 

were reduced but galactosamine then gave 4 to 5 times more colour than 

glucosaMine (Tracey 1955t Good and Hessman 1960.. The Cessi modification 

of the Elson-Morgan reaction has been changed in order to determine D-

galactOsamine in the presenee:of D-glucesamine (Ceasi and Seratini-Cessi 

1963). If the coupling of the hexosamine with acetylacetone is carried 

out under anhydrous conditions in the presence of methylamine at 55° for 

16 hr. D-glucosamine forms almost quantitatively 3-acety1-2-methyl-5-

tetrahydroxybutylpyrrole which neither reacts with Ehrlich's reagent nor 

forMs volatile chromogens on heating at 1000  in water or alkaline 

solution. D-Galactosamine, however, behaves differently giving rise to 

only about 30% of the corresponding isomer of the pyrrole above, and in 

addition to material which, on heating under mild alkaline conditions, 

produces the volatile 2-methylpyrrole. The yield of 2-methylpyrrole is 

greater than in the original method. 

(ii) The principle of several differential estimations of a 

mixture of D-glucosamine and D-galactOsamine relies on specific enzyme 

systems. A hexokinase acting on a mixture of the N-acetylated amino 

sugars has been used to specifically convert li-acetylglucosamine to the 

6-phosphate (Slein 1952) which can be removed by cation-exchange 
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chromatography (Johnston 1965). Another method involves enzymatic 

conversion of D-glucosamine to N-acetyl-D-glucosamine-6-phosphate 

which is then estimated by the Morgan-Elson reaction (Luderitz et al 

1964). Galactosamine, mannosamine and muramic acid are not substrates 

for the enzyme. Other methods include removal of D-glucosamine by a 

mixture of baker's yeast (Pbgell and Koenig 1958), oxidation of D-

glucosamine to D-glucosaminic acid by Fteudomonas fluorescans (Imanaga 

1963) and estimation of D-galactosamine or N-acetyl-D galactosamine in 

mixtures with galactose oxidase (Sempere et al 1965). 

(iii) The separation of amino sugars for quantitative analysis 

has been achieved by chromatography on paper (Aminoff and Morgan 1951) 

and on cation-exchange resins (Gardell 1953). The best solvents for 

paper chromatography of the amino sugars appear to be pyridine: ethyl 

acetate: acetic acid: water (5:5:3:1 by vol, Fischer and Nebel 1955), 

n-butanol: pyridine: 0.1 NHC1 (5:3:2 by vol, Maaamune and Yosizawa 

1956, and Bourrillon and Michon 1959). Glucosamine and galactosamine 

are commonly separated with practically quantitative recovery on sul-

phonated resins eluted with 0.30 - 0.34 N HC1 (Gardell 1953, Bondle and 

Morgan 1955, Crumpton 1959) or with salt solutions (e.g. Pearson 1963). 

Derivatives of the amino sugars have also been separated. The 

N-2,k-dinitrophenyl derivatives of glucosainine and galactosamine were 

separated at 20  on columns of Hyflo-SuperCel containing borate buffer 

(pH 9.7) and eluted with organic solvents (Unison et al 1951). The 

recovery of about 80% was improved by NaBH4 reducUon of the amino sugars 

before dinitrophenylation (Leskowitz and Kabat 1954). The phenylisothio-

cyanate derivatives of the two common hexosamines have been estimated 
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after separation by electrophoresis in molybdate,buffer at pH 5 or 

tnngstate buffer at pH-7 (Scott 1962).: Gas chromatography of the 

tetra-0-trimethylsilyl-N-acetylhexesamines, with:penta-0trimethyl-

sily1-2-acetamido1.2-deoxy-D gluoitol as internal standard, has been 

Successfully applied to the determination of glucesamine.amd galactos-

amine in mixtures (Perry 1960. 

2. [1-14C) Iabelled Hexosamines  

The preparation of 11-14C3 D7galactostamine  

Since (1-14C3,D-galactosamine was not commercially available 

At was synthesized from D-lyxose by the procedure of, Kuhn and-Kirschen-

lohr (1956) outlined by Brossmer (1962), and based on the method first 

used for the synthesis of D-glucosamine (Fischer and Leucha 1905). 

[1-1/C) D-Galactosamine has been prepared by this method (Kuhn et al 

1959) and aim procedure was followed. The synthesis involves the 

formation of lyxosylamine from lyxose in ammonia-saturated methanol and 

addition of H14CN to form ,  the nitrile, which is, hydrogenated in dilute 

acid in the presence of, a. palladium catalyst to give galactosamine 

hydrochloride. D-Iyxose was, synthesized from calcium-D-galactonate by 

a Ruff degradation or purchased from Sigma London Chemical Co., London. 

D-Galactosamine hydrochloride  

Dried lyxose (1 g.) was dissolved in 1 ml. of anhydrous ammonia-

saturated methanol. After three days the crystalline material was 

freed of supernatant, washed with methanolic ammonia and :dried in vacuo. 

Pyridine (6 ml.) and anhydrous HCN (1 ml.) were added and the suspension 

was shaken overnight. The white insoluble material was centrifuged down, 

washed with methanol and dried in vacuo. Yield 430 mg., m.p. 109-1100  

Dec.(uncorr.). (of. m.p. 107-1090, Brossmer 1962). 
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The nitrile was dissolved in 0.5 NIBC1 (10 ml.) aid hydrogenated 

with M-13404 catalyst (600 mg., prepared by the method of Kuhn and Haas 

(1955) and hydrogenated prior to use, taking up 6 m1.110. The hydrogen 

uptake was about 54 ml. (see. Fig. 17). The catalyst was removed by 

:centrifuging and the solution was, taken to near dryness in a rotary 

evaporator. Piethanol.(.2 ml.) was added to the crystalline residue and 

the insoluble crystals were ,filtered:off% Addition otethanol gave 

crystalline material (about 400 mg. m.p.,.179-1819; 'Brpasmer (1962) 

gives.178°.for galactosamihe.HC4, 

On paper chromatography in the solvent system ethYlacetate-

. pyridine-acetic acid-water (5:5:1:3, by vol.) (Fischer and Nobel 1955) 

followed by spraying the chromatogram with ninhydrinthe.galactosamine 

HCL gave one spot at, 22.5 cm. (authentic galactosamine 'HCl 22.3cm, 

glucosamine HCl 24.3 cm.).. 0ne,peak only was observed in the amino acid 

analyser. 

el D-Galactosamine  

.The procedure for the preparation of. L r l  4 Cilgalactosamine HC1 

was similar except that H1kCN, generated froma smalla.mount of Na14CN 

and saturated citric acid was passed 'as a gas into:the suspension of 

lyxosylamine in pyridine and shaken for a day before addition of HCN. 

Since little incorporation of. 14C was obtained by bubbling the gas 

:into the solution, the generation of 1114CH was carried out in a closed 

system under reduced pressure in the presence of lyxosylamine suspended 

in pyridine (see Fig. 17). 

Iyxosylamine (120 mg.) was suspended in dry pyridine (0.8 ml.) 

and stirred magnetically in an evacuated tube having two side arms (see 
Fig.18) 
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containing saturated citric acid and Na14CN respectively. H111CN was 

generated by tilting the tube so that the citric acid solution flowea 

into the Na14CN. After stirring the tube for 5 days HCN (0.4 ml.) was 

added. After stirring for another day the nitrile was iiolated and 

hydrogenated as above. After taking the HC1 solution to dryneis, the 

residue was dissolved in water and applied to a DoWex 50 (200-400 mesh) 

HI' form column (1 x 17 cm.). The column was washed with water, and 

developed with 0.5 N HC1. Fractions of about 2.5 ml. were collected 

and tested by the Bison-Morgan method for hexosamine. The most intense 

colour was obtained from tUbes 10 and 11 which were accordingly Pooled 

and dried. The crystalline residue was twice recrystallized from water 

and ethanol (13 mg., m.p. 169-174°). 

[1.14-1 D-glucosamine h3rdrochiorde was obtained from New England Nuclear 

Corporation, Boston, U.S.A. It was diluted with D-glucosamine HC1, 0.05 

mC to 250 mg., recrystallized by dissolving it in a minimum volume of 

water and adding ethanol and dried in vacuo over P205. 

3. The Chromatography of Aminosugars on a Cation Exchange Resin 

The most commonly used method for the separation of glucosamine 

and galactosamine obtained from hydrolysates of glycoproteins, is 

chromatography on columns of suiphonic acid resins developed with a 

constant concentration of dilute HC1 usually about 0.3 N (Garden 1953, 

Crumpton 1959. The concentration of HC1 used gives gOod resolution with 

a reasonably rapid rate of elution. Although glueOsamine and galactos-

amine can be separated on these columns without overlap, the peaks lie 

close together and other amino sugars, i.e. mannosamine and Muramlo acid, 

are eluted between them (Crumpton 1959). Also glucosamine and allosamlne 
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are not separated from galactosamine. The order of elution of the 

2-aminohexoses, glucosamine, mannosamire and galactosamine, cannot be 

correlated with their pica  values, 7.85, 7.3 and 7.7 respectively 

(Neuberger, Marshall and Gottschalk 1966a) which is hardly surprising 

as in 0.3 N HC1 the charged forms are the only species present. The 

separation found is likely to depend on factors which govern a very 

much weaker absorption of sugar to resin than that involving the 

charged amino group, and the acid concentration chosen is that which 

gives a sufficiently slow movement of the amino sugars on the column so 

that small differences in adsorption between the sugars can be expressed 

in their elution rates. 

Chromatography of a mixture of [1-14c]  glucosamine and  

[1,14c] galactosamine on Dowex 52, 

A mixture of [1-14C] glucosamine (0.182 mg.) and (1-14C] galac-

tosamine in 0.35 N HC1 (0.2 ml.) was applied to a column (1 x 46 cm.) of 

Dowex 50 (200-400 mesh, x 4) well equilibrated in 0.33 N HC1. The column 

was eluted with 0.33 N HC1 and 24 drop fractions were collected. Aliquots 

(0.05 ml) of the fractions were dried and counted. Fractions 19 to 22 

(blank), 48 to 51 (A, glucosamine) and 54 to 57 (B, galactosamine) were 

pooled separately, taken to dryness in vacua at 450  and the residues 

were dissolved in 5 ml. of water. Aliquots (0.5 ml.) were taken in 

triplicate for assay by the Elson-Morgan method and dried for counting 

at infinite thinness. The results are listed below. 
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Sample Absorbance 
at 530 ni 

Absorbance Hexosamine HC1 Activity 
gg/0.5 ml. 	opm 

Specific 
activity 
01)040 

Water .051 + .002 .001 30 0 

Blank .029 + .000 -.001 30 0 

A .368 + .005 .328 15.6 2,427 + 25 154 

Glucose HC1 .412 + .002 .382 18.2 3,108 4. 13 169 

B .381 + .001 .351 19.4 1,946 + 3 99 

Gal N.HC1 .277 + .003 .247 13.7 1,469 + 15 105.5 

As the specific activity of the [1-14C] D-glucosamine was 10% 

lower after chromatography it was submitted to chromatography on a larger 

column of Dowex 50. 

Chromatography of [1_14c)  D-glucosamine  

[1-4.4C] D-Glucosamine (31 mg.) was submitted to chromatography on 

a'Dowex.50 (200-400 mesh,.X4, HI' form) column (2.2 x 59 cm.) and eluted 

with 0.33 N HCl. Fractions (10 ml.) were collected And aliquots (.05 ml.) 

of each fourth tube were; dried and counted. The peak consisted of fractions 

91 to 105 inclusive. Fractions (number 96 to 102) were pooled and taken to 

dryness. The yellow residue was redissolved in water and passed through a 

short column of Dowex 1-bicarbonate. The effluent was acidified with HC1, 

dried and crystallized from aqueous ethanol, m.p. 1900  (decomp.) 

The estimation of glucosamine in methyl P-N-acetylglucosaminide  

Methyl P-N-acetyl-D-glucosaminide was :rseparated by Celite 

chromatography from a mixture of the a- and P-anomers ((alp 34°, m.p. 

178-180°) kindly provided by Mr. Y.D. Bhoyroo of this laboratory and 
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prepared according to Zilliken et al (1955). The anomeric mixture 

(424 mg.) was dissolved in the lower phase (1.12 ml.) of ethyl acetate- 

n-propanolwater (4:1:2, by vol.), mixed with Celite 545 (2.54 g.) and 

packed onto a Celite 545 column (65 g.) prepared as described previously. 

The column was developed with the organic phase of the solvent and 

aliquots (0.3 ml.) of each fourth fraction (10 ml.) were taken to 

dryness. The residues were dissolved in 3 ml. of water and the absorb- 

ances at 205 mA were measured. The two main peaks, fractions 72 to 100 

and 130 to 175, werepooled separately and taken to dryness. Crystallization 

was achieved with dry n-propanol giving the a-anomer (111 mg. [a]240+ 128°  

(c = 0.83, water), m.p. 194-195°) in the first peak and the P-anomer (173 
. '2° mg., IaJD4  -k5.O°  (o - 1, water), m.p. 197-200°) in the second peak. An 

elution diagram obtained from a small column of Celite is shown in Fig. 19. 

Methyl 13-N-acetylglucosaminide (0.5 ml, containing 0.5Y3 mg.) and 
(0.453 mg.) 

[1-14C] D-glucosamine HC1 were dried in a pyrex test tube. Constant 

boiling HC1 (2 ml.) was added, the solution was frozen and the tube was 

evacuated. The contents were thawed, the tube was sealed and heated in a 

boiling waterbath for 6 hr. The tube was cooled and opened and the 

contents were taken to dryness in vacuo over solid NaOH and concentrated 

H2SO4. Water (5 ml.) was added to the dried residue. 

An aliquot (0.5 ml.) was taken to dryness and the residue was 

subjected to chromatography in n-butanol-pyridine-water (1:1:1 by vol.). 

The ninhydrin reagent revealed a single spot of large size at 26.6 cm. 

(galactosamine HC1 22.6 am., glucosamine HC1 25.0 am.). 

For assay the solution was diluted 5 times and poutions (0.5 ml.) 

taken for counting at infinite thinness and for assay by the Elson-Morgan 
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assay as modified by Kraan and Muir (1957). The results are shown in 

the table. 

Absorbance + SE Hexosamine HCl Activity + SE Specific activit 
539 mu ug/ml CAM cpm/ug 

Water 0.029 + .001 
0 

27 + 1 

Assay 0.596 + .000 36.9 + 0.7 150 + 11 41.0 + 0.8 

Standard 0.389 + .005 36.2 5147 + 24 85.7 + 0.7 

The amount of glucosamine RCl'obtained from the Methyl glycOside is 

485.7 	- 1) 453 ---- 494 + 20 gg. (calculated 497.8 pg), i.e. an estimate 
.0 + pa ts 

of 99.2 + 4.0%. 

The total recovery of glucosamine as the hydrochloride = 36.9 x 25 . 922.5 gg 

(calculated 951 pg.), i.e. 97% recovery. 

4. The Estimation of Hexosamines by Reaction with Naphthylisothlocvanate  

The disadvantages of column chromatography are that only one or 

two columns can be run concurrently and that the running of the column and 

the testing of fractions takes considerable time. A recently described 

method for the determination of glucosamine and galactosamine in mixtures 

was based on electrophoretic separation of their arylisothiocyanate 

derivatives and seemed to offer the advantages of rapid separation and 

estimation of several samples concurrently. 

The reactions between amino sugars and, phenylisothiocyanate give 

rise to derivatives which may be determined by their absorption at 240 mu. 

(Sioquist 1959). The derivatives of glucosamine and galactosamine, although 

not separable by paper chromatography with the usual solvents, may be 

separated by paper electrophoresis in molybdate buffer at pH 5 or in 
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tungstate buffer at pH 7 (Scott 1962). The substances were originally 

thought to be the Phenylthiocarbamoyl (Pro) derivatives but since 

complex formation with either molybdate or tungstate requires a cis-cis 

-1,2,3 triol system in cyclic sugars and at least four adjacent hydroxyl 

groups in acyclic sugars (Weigel 1963) the sugars were probably in the 

open chain form. As they also gave a red colour with dichloroquinone-

dichloroimide reagent (Heath and Wildy 1956) unlike the yellow colour 

given by PYC derivatives and similar to the colour produced,by thiol-

imidazoles, a 4-tetrahydroxybuty1-1-phenyl-2-thiolimidazole structure 

was suggested (Scott 1962). However ultraviolet and infrared date were 

more in accord with a Phenyl imidazolidine-thione structure, and, as 

NaBH4 reduction of the phenylthiohydantoin of PTC-glucosaminic acid 

gave the same compound, the structure was given as 4-hydroxy-3-pheny1-

5-tetrahydroxybutylimidazolidinethione (Scott 1964). See Fig. 20 

The method of determination of a mixture of glucosamine and 

galactosamine as the Phenylimidazolidinethione derivatives involved 

reaction with phenylisothiocyanate in pyridine-collidine buffer, electro-

phoresis in 0.05 H molybdate buffer pH 5, elution of the - spots with 10% 

barium acetate and measurement of the absorption at 240 mµ (Scott 1962). 

It was applied to the estimation of the amino sugars in hydro-

lysates of mucopolysaccharides. Derivatives of neutral and acidic amino 

acids were removed by anion exchange resins in the bicarbonate form and 

those of the basic amino acids migrated, in the opposite direction to the 

amino sugar compounds on electroPhoresis. Improvements in the methods 

were made by Dr. J.E•  Scott'of the Canadian Red Cross Memorial Hospital, 

Taplow and by Dr. A. Barrett, Strangeways Research Laboratory, Cambridge, 
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who kindly made available the unpublished details. The sensitivity of 

the procedure was increased by formation of the naphthylisothiocyanate 

derivatives which had a higher molar absorbance at 240 mg and an even 

greater absorbance at a peak at 222 Mp. Collidine in the buffer system 

was replaced by dimethyIdodecylamine (Dm lap) which, enabled the neutral 

and acidic amino acids to be extracted by benzene after the reaction. 

The reaction temperature was raised to 56° and the electrophoresis was 

carried out in tungstate buffer at pH 7. By heating the paper at 105°  

after electrophoresis the derivatives gave a yellow-green fluorescence 

which simplified detection. The method is as follows. 

The hexosamine'HC1 solution (0.1 ml.) and the reagent (0.2 ml.), 

consisting of 4% (w/v) naphthylisothiocyanate in 5% (v/v) dimethyldocyl-

amine (DM 12:10 in pyridine are heated at 56° for 15 to 30 min., cooled 

and extracted twice with.1.2 ml. of benzene containing 1% DM 12D. 

Aliquots of the aqueous phase are submitted to paper electrophoresis in 

0.05 M sodium tungstate-sulphuric acid buffer at r pH 7.0. The paper is 

dried and the spots are marked out under a low wavelength ultraviolet 

lamp. The areas of each spot are cut out and eluted either.  by immersion 

in 3 ml. of 1% barium acetate at room temperature with occasional 

shaking or by heating at 100P for 10 min. in a solution containing 

barium acetate (1%) and barium chloride (1%). After centrifugation 

the absorbance is measured at 240 mg or at 222 mg. 

The buffer system, used for coupling the naphthylisothiocyanatc 

reagent, had a pH of 10.3 which is probably higher than that necessary 

for the reaction as glucosamine has a pKa  value of about 7.8. In the 

Edman method for amino-terminal amino acid analysis the phenylisothio- 
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cyanate reagent combines quantitatively with the peptide at pH 9 and 

403  in 1 hr. (see Laver.  1961). However for the preparation. of.the 

phenylthiohydantoins of the.hydroxyaminc,acids:serine and threonine, 

the reaction mixture was maintained at pH 8.6 at room temperature for 

several hours (Ingram 1953) as under the usual conditions a mixture of 

products is obtained,- one of which for threonine is the dehydroderivative. 

As docecylamine (DM 12D) was not available for some time, other 

organic bases such as collidine (pIC 7.5) triallylamine (p1C13.3) and the 

liquid anion exchange resins, Amberlite LA 1 and LA 2 were tried as buffers 

and for extracting,naphthylthiocarbamyl amino acids from the aqueous phase. 

An amino acid mixture (0.1 ml.) containing ammonia and 17 amino 

acids at a concentration of 2.5 mM, was mixed with a reagent (0.2 ml.) 

consisting of 4% naphthylisothiocyanate and5% Amberlite LA '1 in pyridine, 

and the solution (pH 9.3) was heated with shaking at 56°  for 45 min. The 

. solution was extracted, with 1.2 ml. of benzene and taken to dryness. The 

residue was dissolved in water and subject to eleotrophoresis. A trail 

of material was observed up to 5.5 inches, the glucosamine derivative 

gave a spot at 3.4 in. After extraction of the solution with 5$ LA 1 in 

n.;heptane, followed by n-heptane, no spots were observed on eleotrophoresis. 

After similar extractions of a solution of the glucosamine derivative the 

recovery was about 92%. Using LA 2 similarly, nearly quantitative recovery 

was achieved. 

It was not appreciated at the time that, the, liquid anion exchangers 

Amberlite fiA 1 and LA 2 are in fact secondary amines which will presumably 

react, with the naphthyllsothiocyanate reagent. While they are useful in 

extracting excess reagent and naphthylthiocarbamyl amino acids from the 
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aqueous phase their use as buffers in the reaction will lead to loss 

of reagent. 

(a) Electrophoresis of the Napthylisothiocyanate Derivatives of  

D-Glucosamine and D-Galactosamine  

Naphthylisothiocyanate originally obtained from Hopkins and 

Williams Ltd., Chadwell Heath, Essex, was recrystallized from ethanol. 

It is now available from Kodak Ltd., Kirkby, Lanes. Pyridine was 

refluxed over KOH and distilled. Collidine was purified similarly. 

Benzene was allowed to stanifbr several days over 3 changes of concen-

trated•H2SO4. It was washed twice with water, dried over KOH and 

distilled. n-Heptane was treated as for benzene. D-Glucosamine HCl 

(1.2 mg.) and D-galactosamine HC1 (1.3 mg.) were each dissolved in 

water (0.1 ml.) in stoppered centrifuge tubes. To each tube was added 

the reagent (0.2 ml.), consisting of 4% naphthylisothlocyanate in 10% 

v/v collidine in pyridine. The tube was flushed with Ni, stoppered and 

heated at 56°  for 30 min. Benzene (1.2 ml.) was added and the tube was 

shaken and centrifuged. The benzene layer was removed by a Pasteur 

pipette and an aliquot of the residual aqueous solution was taken for 

paper electrophoresis oin 0.05 M sodium tungstate-H004 buffer at pH 

7.0. After electrophoresis at 3,000 to 2,500 volt for 1 hr. the paper 

was dried and examined under an ultraviolet lamp with maximum emission 

at 2570 a. The glucosamine derivative showed a spot at 15 cm. and the 

galactosamine a spot at 8 cm. The spots were excised and eluted with 

3 ml. of 1% barium acetate: The solutions were examined in the SP 700 

Unlearn recording spectrophotometer. Typical spectra given by the 

glucosamine and galactosamine derivatives after elution from paper are 

shown in Fig. 21 
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Fig. 21. Absorption spectra of the napthylisothiocyanate derivatives of D-
galactosamine and D-glucosamine after elution from electrophoresis 
paper. 
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(b) Preparations of the Naphthylisothiocyanate Derivatives of  

D-Glucosamine  

Recovery of DiaucoSamine from Dowex 1-bicarbonate  

As Dowex 1-bicarbonate effectively removed anions from hydro-

lysates of glycoproteins and gave quantitative recovery of the neutral 

Sugars it was of interest to assess the recovery of amino sugars from 

this resin. A mixture of D-gluccisamine HC1 solution (2 mi. containing 

562 tog) and 6.25 N HC1 ( 2 ml.). was neutralized with Doieex I-bicarbonate 

and passed through a colUmn of the same resin. The efflUent and washings 

were acidified with a drop of 0,33 NBC' and made to 25 ml. Aliquots 

(1 ml.) were'assayed in triplicate by the Elson-Morgan method. The 

readings at 530 Mg were as follows: Water blank 0.025, column effluent 

0.213 +,.003, glucosamine HCl (22.5 Pg/ml.) 0.214 0.001. Therefore 

complete recovery was obtained. Hartree (1964) obtained high yields of 

hexosamine when Dowex 1-bicarbonate was used,,for -the removal of HCl 

from hydrolysates. 

(i) D-Glucosamine HC1 (0.64 g.) was dissolved in water and 

excess Dowex 1-bicarbonate was added. The suspension was filtered and 

the filtrate was mixed with naphthylisothiocyanate (640 mg.) in 

n•propanol. Pyridine (10 ml.) and collidine(2 ml.) were added and the 

solution was left at room temperature for 16 I*. The volume was reduced 

to 3 ml. on a rotary evaporator and extracted twice with benzene (8 ml. 

followed by 4 ml.). The aqueous solution was taken to dryness in a 

rotary evaporator giving off-white crystalline material which was 

recrystallized from a mixture of ethanol, n-propanol and acetone. After 
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drying over P205  in vacua., material (0.74 g.) was obtained with 

melting point 154-157°. 

The material (10.11 mg.) was dissolved in 50% v/v ethanol 

(10 ml.) and diluted by a factor of 10 with 1g; barium acetate for 

speotrophotometry. The absorbance at 238 mg and at 282 mix was 0.471 

and 0:193 corresponding to molar absorbance of 17,100 and'6,900 

respectively. The material was sparingly soluble inmethanol, ethanol, 

water and dioxane and very soluble in pyridine. 

(ii) D-Glucosamine HC1 (0.5 g.) and naphthylisothiocyanate 

(0.9 g.) in a mixture of water (10 ml.), pyridine'(19 ml.) and DM 12D 

(1 m1.) were heated at 54-58°  for 20 min. The solution was twice 

extracted with 1% DM 12D in'benzene (180 ml. and 100 ml.) and once with 

n-heptane (100 ml.). The aqueous phase was taken to dryness and methanol 

(about 10 ml.) was added. Removal of the yellow methanol extract left 

white material which was recrystallized by dissolving in a small amount 

of pyridine and adding methanol, substance B (168 mg.). m.p. 165-170°  

(unarm...) on Kofler block, (cdp - +35.7° (C 1.16 in pyridine). After 

recrystallization from ethanol the material melted partly at 167° and 

completely at 215°. 

The methanol extract standing for 2 days at 2°  gave rise to 

coarse crystalline material which was filtered off, washed with ethanol 

and dried in vacuo, substance A (226 mg.) m.p. 215-225°, (c)1)  = 101.5° 

(C = 1.15 in pyridine). The crystalline material was unexpectedly not 

very soluble in methanol. After recrystallization from methanol the 

melting point was 248-249°, and after a further recrystallization from 

ethanol the melting point was 250-.232 (uncorr.) and [on = 105.2° 

(C = 1.2 in pyridine). 



129 

Before recrystallization sUbstances A (5.66 mg.) and B (4.49 mg.) 

were each distolved in hot methanol-  (3.D.H.,A.R.) and the volumes were 

made to 2,500 ml. with water to give a methanol concentration of 16%. 

The absorption spectrum of each solution was measured on a Unicam SP 700 

recording spectrophotometer.and found to be similar with.molar absorb-

ances at 222 mg of 75,300 and 72,500 respectively, and at 240 mg 18,900 

and 18,900 respectively. After 2 recrystallizations the absorption 

spectrum of substance A in 1.1% methanol (2.60 pea) was similarly 

obtained (see Fig. 22). The molar absorbances at 222. g, 240 mg and 

282 mg were 73,000, 17,700 and 7,400 respectively.. 

5. Counting of Radioactivity  

(a) Counting by liquid scintillation  

The scintillators used in these experiments were a mixture of 

2,5-diphenyloxazole (PPO) 1% and 1,4-bis-2-(5-phenyloxazoly1)-benzene 

(POMP) 0.05% or 2,5»bis(51)-tert.butylbenzoxazoIy1(21))-thiophene (BBOT) 

(0.4% as recommended by the makers Ciba Limited, Basle, Switzerland). 

The composition of the scintillating fluid was described by Bruno and 

Christian (1961). This mixture (XDC) will take addition of an aqueous 

sample in amounts up to 16% of the scintillating fluid with an efficiency 

for 14C of 55%. It is as follows: dioxane 429 ml., cellosolve 429 ml., 

xylene 143 ml., naphthaline 80 g. 

Scintillation counting was done in a Tritomat 6020 automatic 

liquid scintillation counter (Isotope Developments Ltd., Reading) unless 

otherwise specified. Aliquots (0.5 ml.) of the aqueous solution containing 

the sugar to be counted were mixed with the scintillator fluid (6.5 ml.) in 

the counting vials. 
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Fig. 22. The absorption spectrum of a purified product of the reaction 
between D-glucosamine and naphthylisothiocyanate. 
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FOrtions (0.5 ml.) in triplicate of a set of dilutions of 

ar -14 Ci galactose in water and in 0.5% barium acetate were counted in 

the scintillation counter. The results are shown inthe table. 

[1-1401 Galactose 	Water 	w v 	Barium acetate  
pg/0.5m1. 	Activity Specific 	Activity 	specific activity 

Activity 
	 gPs 	epe/oR 	spa 	cps/ups  

5.74 3.86 + .05 1.039 5.75 + 0.04 1.003 

7.48 7.70 .14 1.032 7.54 0.08 1.008 

11.22 11.66 4- 	.04 1.029 11.21 0.07 0.999 

19.42 19.42 + .04 1.039 18.69 4- 0.21 1.000 

* corrected for background of 2.026 + 0.032. 

The average specific activity of the [1-140] galactose in barium 

acetate solution was 1.003 cps/ tig compared to 1.056 cps/ ig in water, i.e. 

a decrease of about 3.3%. 

(b) Counting at infinite thinness  

When the liquid scintillation counter was not available counting 

was performed at infinite thinness on the gas-flow counter. Since the 

0.5%wiv barium acetate was used for elution of the naphthyllsothio-

cyanate derivatives from paper after electrophoresis the effect of the 

salt on the counting of 14C-labelled sugars was investigated. 

Dilutions of [1-14C] galactose were made in 0.5% barium acetate. 

Aliquots (0.5 ml.) were taken in quadruplicate, dried and counted for 

45,000 counts each. The results are shown in the table. 
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[1-14C] Galactose 
concentration 

40/0.5 ml 

Activity 
cpm 

Specific activity 
°P01/4g 

Deviation 
from mean 

e 
/..' 

1a.7 745 4 9 '139.8 + 0.5 0 

11.22 438 4. 2 39.0 4. 0.2 - 2 

7.48 302 + 2 40.4 + 0.3 + 1.5 

5.74 149 4.2 39.8 + 0.5 0 

The average value was 39.8 cpm/4g and the deviations from this 

value, are given in per cent., Therefore [1.14c] galactose, when in a 

:layer of about 1 mg. per cp?; of barium acetate. on a planchet, gives a 

linear relation between amount of_sugar,present and, the, ,number of counts 

registered. 

To determine to what;  extent the barium acetate reduces the level 

of counting solutions of f1-,14Cf galactose,(154g/m1) were made up in 

various concentrations of barium acetate and aliquots (0.5 ml.) were dried 

and counted for 36,000 counts each. The results are shown in the fig.23 

The efficiency of counting [1-14C] galactose in samples obtained from 0.5% 

barium acetate solution is about 84% of that in the absence of salt. 

6. The Estimation of Galactosamine and Glucosamine in Blood-Group Specific  

Substances bit Radioisotope Dilution  

Solutions of the samples of blood-group specific substances were 

prepared as described preyjously. For hydrolysis an aliquot of each 

solution was added to a test-tube containing a solution of [1-14C] 

glucosamine HC1 (143.9 Ug) and [1-14 ] galactosamine HC1 (92.7 4g.) and 

the solutions were taken to dryness in vacuo. Glycoprotein was not added 

to one tube. Twice distilled 6 N HCI (2 ml) was added to each tube and 
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Fig. 23. The effect of barl;um acetate concentration on 
the counting of I9C-labelled sugars at "infinite 
thinness". 
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the solutions were frozen. The tubes were evacuated and the solutions 

were thawed and refrozen. The tubes were sealed and heated in a boiling 

waterbath for 6 hr. After cooling the tubes were opened and the contents 

were taken to dryness in vacuo over H2SO4 and NaOH. 

The residues were dissolved in 0.2 ml. of 50% pyridine and the 

solutions were transferred to stoppered centrifuge tubes. The reagent 

(0.1 ml.) consisting of 8% naphthylisothiocyanate and 10% Amberlite LA 1 

in pyridine was added and the tubes were heated for 30 min. at 56°. After 

cooling the solutions were extracted successively with 1 ml. each of 

benzene, 5% LA 1 in n-heptane, and n-heptane. Aliquots (40 410 of the 

aqueous solution were applied as lines to Whatman No. 4 paper which was 

sprayed with 0.05 M tungstate buffer pH 7.0 and submitted to electro-

phoresis for 1 hr. at 2,400 volt falling to 1,500 volt with a current 

of 70-75 m.amp. The paper was dried in air and spots were observed 

under ultraviolet light at 8 cm. and 12.5 cm. respectively. For the 

samples containing blood-group substance spots also appeared at about 2 

cm. from the origin. The areas indicated were cut out and eluted in 2.5 

ml. of 1% barium acetate for 30 min. The tubes were centrifuged and 

aliquots (0.5 ml.) of the supernatant were mixed with 6.5 ml. of POMP 

scintillator fluid and counted in a scintillation counter. To an aliquot 

of each supernatant was added 1 ml. of water and the absorbance at 240 m4 

measured. The results, together with those from a repeated electro-

phoresis run, are shown in Tables 19, 20 and 21. 



TABLE 19 

The Estimation of Galactosamine in Blood•Group Substances  

Sample Wt Absorbance 
240 mp 

Activityt 
cpm 

Specific 
activity 
cpg(abs 

Galactosamine 
pg 	ro 

Experiment I 

Gal N 0.0771 0.631 251.1 -4- 9.0 398 

Wi  0.816 1.685 316.8 188 86.1 10.55 

Yi  0.6045 0.985 244.4 + 0.9 248 46.4 7.68 

Z1  0.4905 0.793 189.9 + 0.9 240 50.8 10.36 

Experiment II 

Gal N 0.0771 0.612 242.7 	1.4 397 

iii 0.816 1.464 273.0 + 1.5 187 86.5 10.60 

Y1 0.6045 0.840 200.0 4- 4.5 238 51.3 8.49 

Zi 0.4905 0.440 110.4 + 5.2 251 44.76 9.12 

* corrected for 3 and 2 times dilution and blanks of 0.066 and 0.051 for 

experiments I and II respectively. 

t corrected for blank counts.  of 153 cpm and 130 cpm for experiments I and 

II respectively. 
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TABLE 20  

The Estimation of Glucosamine in Blood-Group Substances  

Sample Amount 
mg. 

Absorbance 
240 mu 

Activity 
cpm 

Specific 
activity 
gm/abs 

Glucosamine 
gg. 

Experiment I 

Glu N 0.1196 0.931 1,130 + 7 1,214 

0.816 3.09 1,488 + 5 481.6 182 22.3 

Y 0.6045 1.911 314.5 + 1.0 164.6 128 21.2 

Z 0.4905 1.458 277.3 + 1.0 190.2 94.7 19.3 

Glu N 0.1196 0.931 317.3 + 5.8 340.8 

Experiment II 

W 0.816 1.192 332.7 + 5.6 279.1 161.1 19.7 

Y 0.6045 0.832 258.6 + 6.5 310.8 132.5 21.9 

Z 0.4905 0.387 150.7 + 6.6 389.4 81.58 16.6 

Glu N 0.1196 0.414 271.8 + 1.6 655 

in experiment I, the first two items Glu N and W, the counting was 

carried out on a TriCarb liquid scintillation counter at 0°. The blanks had 

an absorbance of 0.092 and a background count of 28 cpm. The last three 

items of experiment I had blanks with an absorbance of 0.075 and a back-

ground of 132 epm. 

In experiment II, the blanks had an absorbance of 0.055 and a back-

ground count of 130 cpm. 



TABLE 21 

The Hexosamine Content of Blood-Group Substances  

From Professor LT.J. 
From present data 	. 	MorsalltiF.R.S.  

Sample Galactceamine Glucosamine 	Total Hexos- 	Ratio 	Total Hexos- Ratio 
.% 	. '% 	amine % 	GluN/GalN amine % 	GluN/GalN 

W 10.5, 10.6 22.3, 19.7 31.6 2.0. 33 1.3 

Y 7.7, 	8.5 .21.2, 21.9 29.7 2.7 28 4.0 

10.4, 	9.1 19.3, 16.6 27.7 1.8. 27 

The results obtained for total hexosamine in these samples are in general agreement with the 

values supplied by Professor W.T.J. Morgan,F.R.S. The greatest difference lies: in the ratios 

of glucosamine to galactosamine. 



7. The Estimation of Gluoosamine in Rabbit r4lobulin 

(a) The Cessi Method 

Rabbit r-globulin (2.017 mg.) in 4 NBC' (1.5 ml.) was heated 

in sealed tubes at 100°  for 4, 6 and 8 hr. The solutions were trans-

ferred to stoppered test tubes and taken to dryness in vacuo over H2804 

and NaOH. For hexosamine analysis the Cessi method was reduced in scale 

to one half and the alkaline acetylacetone reagent of 'Crean and Muir 

(1957) was used. The dried residues were dissolved in water (0.5 ml.) 

and a solution (2.5 ml.) of 4% acetyl acetone in 0.5 M Na2CO3  (pH 9.7) 
was added. The tubes were heated in a boiling water bath for 20 min. 

The contents of each tube was washed into a 10,M1. flask, which was 

fitted to a condenser, and distillation was commenced. Distillate was 

collected to the 5 ml. mark in a volumetric flask containing 3.5 ml. of 

1% p-dimethylaminobenzaldehyde and 5% (v/v) concentrated HCl in 

redistilled ethanol. After about 30 min. the absorbance was read at 

547 mg in 1 cm. cells. In this method 14 gg of glucosamine gave a 

reading of '0.255 and the blanks were negligible (0.000 to 0.002). 

Time of heating 
hr. gg 

Glucosamine 
mole/105g. 

14 22.8, 21.4 	6.32, 5.91 

6 19.9, 21.5 5.51, 5.94 

8 20.8, 20.9 5.74, 5.79 

(b) The glucosamine content of rabbit 1-globulin by radioisotope dilution 

Rabbit r-globulin (200 mg.) was dissolved in water (about 5 ml.) 

and the solution was dialysed against 2 lots of 0.01 N HCl (2 1.) at 4° 
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during 3 days. The dialysed solution was frozen. An aliquot (0.1 ml.) 

was diluted with 0.01 N HC1 to 10 ml. and the ultraviolet absorption 

spectrum was run. At 279 mg the solution had an absorption of 0.410 

corresponding to a it globulin concentration of 30.4 mg/m1. in the 

original solution, 

-1 A mixture of y-globulin (0.5 ml.), [1_14v; gluposamine HC1 (180 

pg. in 0.25 ml.) and 6.25 N HC1 (18 ml.) was frozen in two pyrex tubes. 

The tubes were evacuated and the contents were allowed to thaw. The 

tubes were sealed, placed in a boiling water bath for a few minutes and 

transferred. to, an oven at 1000  for 6 hr. One of the solutions boiled 

vigorously when it was first, put in the boiling water bath, and at the 

end of the hydrolysis this solution was, a pale golden colour. The other 

solution, which presumably had not been evacuated as thoroughly, was a 

light brown colour. No insoluble material was evident. in either tube. 

The tubes were opened. and connected to a rotary evaporator. When the 

volumes had 'been reduced to about 0.5 ml. the solutions were transferred 

to small open vessels and taken to dryness in vacuo over H004 and. NaOH. 

The residues were dissolved in water (0.75 ml.,) and the solutions were 

transferred to stoppered centrifuge tubes. 

Three other tubes were set up containing 

(a) a solution (0.1 ml.) of  (1_14c] g lucosamine-HC1 (72 ag.); 

(b) a mixture of [1-14C] glucosamine HC1 (72 gg.) and glucos-

amine HCL (20.8 fag.) in water (0.35 ml.); 

(c) water (0.15.01.). 

Naphthylisothlocyanate reagent (2 vol.) was added to each tube, the 

tubes were stoppered and heated at 560  for 15 min. The solutions were 
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extracted successively with 6 volumes each of 1% DM 12 D in benzene, 

benzene and n-heptane (1:1 by vol.), and n-heptane. During the second 

extraction some white insoluble material collected at the interface. 

Addition of 0.1 ml. of ethanol rendered it solUble. Aliquots were 

applied to Whatman 1Benchoote" (Hemmens, 1965) previously washed with 

water and dried, and electrophoresis was carried out for 1 hr. at 

2,500 volt which decreased to 1,500 volt with a constant current of 75 

m amp. The paper was dried, heated to 1000  for 2 or 3 min. and examined 

by ultraviolet light. All samples showed spots at the origin. The 

glucosamine samples showed fluorescent spots at 4 in. but the y-globulin 

samples showed a fluorescent streak to 3 in. and a dark streak continuing 

on to about 5 in. The ,fluorescent areas were cut out and re-submitted 

to electrophoresis under the same conditions. For electrophoresis the 

excised pieces were placed across the paper over gaps cut out at the 

origin. Two bands were observed, one at 8 in. and one at 5 in. Areas 

of paper containing each spot were cut out and eluted each with 2.5 ml. 

of 1% barium acetate for 20 min. with shaking. Absorbanoes were 

measured at 222 Mp and counting was done at infinite thinness. The less 

mobile band gave a UV spectrum similar to that of naphthylisooyanate 

derivatives but was devoid of 14C. 

As considerable trailing was observed on the electrophoretic 

strips from the rabbit y-globulin experiment mixtures of mannose (0.54 

gmole), amino acids (0.125 µmole of 17 amino acids and ammonia) and 

glucosamine HC1 (0.51 µmole) were taken to dryness, redissolved in 

water and treated with naphthylisothlocyanate reagent as before. The 



TABLE 22 

The Estimation of  the  Glucosamine Content of Rabbit r-Globulin 
SaMple Absorbance 

222 mg 
Absorbance 
corr. 

Activity 
clx1 

Activity/ 
abs.cpn'pg 

Glucosamine 
Pg7. 

res/105g. 

Blank 0.393 0 

A 0.678 0.285 53 + 1 186 156 5-7 

Blank 0.39k 0 

B 0.922 0.528 98 + 3 186 156 5-7 

Glucosamine 0.526 0.256 97 + 1 379 

Glucosamine 
diluted 

1.095 0.825 268 + 3 325 25 

Blank 0.270 0 0 

corrected for blank telue of 21 cpm. 
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aqueous solutions obtained were applied to paper and submitted to 

electrophoresis. The electrophoresis strip is reproduced in Fig.24. 

No spots were observed with either water ormannose alone. 

Glucosamine alone gave a single spot at 4.9 in. In the presence of 

mannose and amino:acids the spot was much smaller and in addition two 

other spots were observed,one at 1.2 in. and a spot which had moved 

0.5 in. toward the cathode. These two spots were also observed in a 

similar mixture without -glucosamlne. 

:Therefore in a mixture containing neutral sugars, amino acids 

and:amino sugars the reaction with naphthylisothiocyanate produces 

substances of low electrophoretic mobility. These substances may be 

naphthylthiocarbamyl derivatives of the glycosylamines which could be 

formed in neutral and alkaline solution from nanneseand amino acids. 

This may explain the origin of some of the trailing in the i-globulin 

experiment, and the spots near the origin in the experiments in the 

blood-group substances which contain large amounts of neutral sugars. 

With y-globulin it is also possible that peptides in the hydrolysate 

produce acidic naphthylthiocarbonyl derivatives which also interfere. 

Therefore it seems desirable to remove neutral:sugars from 

hydrolysates before the reaction with naphthylisothiocyanate. This 

can be done by absorption of amino compounds onto a cation exchange 

resin followed by elution with dilute HC1 as used by Boas.(195,) and 

by Dorfman et al (1955). 
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Fig. 24. Tracing of a strip after electrophoresis in .05 M tungstate buffer (pH 7) of the 
products of reaction between various compounds and naphthylisothiocyanate. Spots 
were revealed in ultraviolet light. 
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DISCUSSION 

As all methods which are generally applicable to the estimation 

of sugars in glycosides require the sugars to be in the free state, 

acid hydrolysis is an essential preliminary operation. In the hetero-

saccharide units of glycoproteins, the four types of sugar which are 

commonly present i.e. hexose, 6-deoxyhexose, 2-amino.2-deoxyhexose and 

nonulosaminic acid, are each released by acid at a different rate due to 

(a) the different stabilities to acid of the glycosidic bonds of each 

sugar and (b) the location of the sugar residue in the carbohydrate 

chain, e.g. the mannose and N-aoetylglucosamine residues in many serum-

type  glycoproteins occupy internal positions in the heterosaccharides 

and therefore require the cleavage of at least two glycosidic linkages 

for their release. The 2-amino-2-deoxrehexoses occur in glycoproteins 

almost solely as N-acetylated residues and under the conditions of acid 

hydrolysis required for hexoside cleavage the acetamido group will also 

be split. Hydrolysis of an amide group adjacent to a glycosidic bond 

will greatly enhance the acid stability of the glycoside (Moggridge and 

Neuberger 1938), and therefore more severe conditions of hydrolysis are 

required for complete splitting of these linkages. The formation of 

acid stable hexosaminidic bonds during hydrolysis is less favoured with 

increase of acid concentration and temperature, (Johansen et al 1960). 

.For example, higher yields .0 hexosamine from glycoproteins are obtained 

after hydrolysis with 4 N HC1 at 100° for several:hours than after 

similar treatment with 2 NHC1 (e.g.johampen et al 1960, Marshall and 

Neuberger 1960, .Spiro 1962). The use of acid more concentrated than 4 

N HC1 leads to increased destruction of the released amino sugars so even 
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if more Mexosamine is released the yield is not greater. The destruction 

of the hexoses is appreciable even at 4,N HCl so that the maximum yields 

of hexose are obtained when acid concentrations of 2 Niici or lower are 

used. Under such conditions it is possible that the release of hexose 

is not complete and that the residual bound hexose is joined to hexos-

amine residues. .The amount of hexose which is not released will also 

depend on the number of glycosidic linkages involving both hexose and 

hexosamine. Therefore it seems that high acid, concentrations are 

necessary for maximum release of hexose and 2-amino-hexoses from glyco-

proteins but unless the problem of destruction of the released sugar can 

be overcome, too high an acid concentration during hydrolysis is not 

practicable for quantitative purposes. 

This problem is overcome for the hexoses in the colorimetric 

procedures in which the carbohydrate-containing substance is heated in 

concentrated sulphuric acid in the presence of a reagent such as a phenol, 

certain nitrogenous compounds, or a sulPhydryl-containing compound (see 

Ashwell 1957, Dische 1962). In this method the hexoses are released and 

degsded by the acid to products which on formation give.a colour with the 

reagent. The mechanism of the reaction is not well understood. The main 

chromogen produced from a hexose appears to be 5-hydroxymethy1-2-fur-

aldehyde(5HF) together with formaldehyde, acetaldehyde and propionaldehyde 

(Rice and Fishbein 1956). The 5-H4F can undergo further breakdown in acid 

to levulinic acid and formic acid. The mechanism for the conversion of 

hexose to 5-HMF has been recently reviewed (Anet 1964). The first and 

probably rate-limiting step involves enolization at Cl and C2 after 
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protonation of the carbonyl oxygen. Elimination of the oxygen function 

at C3  gives a 3-deoxyaldos-2-ene which has been isolated as the 3-

deoxyglycosulose. Asimilar elimination at Ckresults in ,a 3,#-dideory-

glycosulos-3-ene which by cyclisation and elimination of water gives 

5-HMF., It is possible that these. carbonyl-containing, intermediates also 

react with the,reagent,in the colorimetric procedures, since the ultra-

violet absorption spectra,of acid-treated sugars, although similar to 

that of t4P 2-furaldehydea are not quantitatively relate0. to the,colour 

yield obtained when a reagent such as.carbazole is present (Holtzman et 

,a1 1947). 

The application, of this type of methocito,theestimation of 

hexose _in glycoproteins has not always given unequivocal, results. 

Several of such methods applied to protein-bound:carbohydrate gave dif-

ferent hexose contents although consistent values were obtained for pure 

carbohydrates (e.g. Sudhof et al 1955).. Different hexoses give different 

colour yields so that the molar ratio of the.hexosesinglycoprotein must 

be first determined before :true standards can beprepared (Spik and 

Montreuil 1964 Neuberger,and Marshall 1966a). Other sugars may interfere 

such as sialic acid in the_anthrone reaction (Spiro 1960)• Amino acids 

can also interfere in the reaction. For instance, tryptophan was found 

to decrease the_oolour in two colorimetric methods applied to the estim-

ation,of mannose in glycoproteins (S$rensen 1936,,N8rmannand Gollwitzer 

1962, Marshall 1964).. The interference was eliminated either by oxidation 

with performic acid or by reading the absorbance at a wavelength where 

tryptophan did not interfere (fOrmann and Gollwitzer 1962, 1963). Use of 

a concentrated reagent showed very little tryptophan effect for mannose 
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estimation in egg albumin (Marshall 1964). However the general question 

of correction for non-specific blank values which are often high, has 

not been satisfactorily answered. Even if a mixture of the individual 

amino acids which occur in the glycoprotein in question is taken as 

control, the value obtained may not be identical with that given by 

these amino acids in peptide linkage (Marshall 1964). 

In the methods which depend on the estimation of sugars after 

release from glycoproteins, the conditions of acid hydrolysis required 

to effect complete liberation of a sugar from its glycosidic linkage 

also brings about appreciable destruction of the released sugar, par.,;, 

ticularly in the presence of some amino acids such as cysteine (Francois 

et al 1962) and tryptophan as shown by the experiments recorded above. 

The destruction of mannose after heating in 2 NEM for 3 hr. at 1000, 

as measured by isotope dilution after isolation of the sugar by paper 

chromatography, was found to be about 4%, a value less than that to be 

expected from the 23% destruction of mannose in 5 hr. reported by 

Francois et al (1962). The greater destruction observed by these 

authors may have been caused by the presence of oxygen as the solutions 

in the present experiments were heated in an evacuated sealed tube. 

Oxygen is known to cause increased destruction of hexosamines in hot 

acid (Walborg and Ward 1963). The orcino1-0.2804 colorimetric method has 

been used to assess the destruction of various swears in 1 N and 2 N HC1 

at 100° (Montreuil and Scheppler 1959), but as in the first 2 hr. of 

heating the colour yields were greater than those of the unheated sugars, 

the values obtained probably reflect not only the stability of the sugars 

but also the stability of the chromogenic acid-degradation products. The 
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values obtained by Haab and Anastassiadis (1961), who used the anthrone-

H004 method of estimation, are also unlikely to be an accurate measure 

of the destruction of the actual sugar. These authors heated the sugars 

in 4 N[HC1 and their values show increased rate of destruction with time 

of heating. If this situation occurs for the sugars it would suggest 

that the acid-degradation products cause increased destruction of the 

sugar. 

A considerable loss of mannose occurred in the presence of 

tryptophan in equimolar amounts. The loss of mannose was much less in 

the presence of an amount of lysozyme which contained a similar amount 
and 

of tryptophankalso some cystine. This finding is not unexpected because, 

as Marshall (1964) has suggested for colorimetric estimations, tryptophan 

alone is not a valid control for tryptophan occurring in a glycoprotein. 

The peptide-linked tryptophan in a glycoprotein may have a different 

reactivity so that in the free state and the presence of other amino 

acids such as cyst(e)ine and serine are known to cause destruction of 

tryptophan (see Hill 1965). Addition of two molar equivalents of ribose 

to the solution containing tryptophan reduced the destruction of mannose 

by about half presumably because it competes with the mannose in degrad-

ative reactions. 

The optimum conditions of hydrolysis for the release of a 

particular sugar from a glycoprotein will be such that a compromise is 

obtained between the extent of cleavage of the appropriate glycosidic 

bonds and the amount of destruction of the released sugar. As many 

authors have pointed out, the best conditions should be established 

experimentally for each particular glycoprotein and for each sugar being 
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determined (e.g. Montreuil et al 1965). .The usual temperature employed 

for hydrolysis is 100°  and the acids commonly used are HCl or H2SO4  in 

concentrations varying from 0.5 to 2 N and for various'times. In order 

to minimise incompleteness'of recovery due to formation of hexosaminides 

linked to neutral sugars the most concentrated:acid compatible with 

recovery would appear to be the'best choice. With. 2 N HCI, the optimum 

time for'the release of galactose, mannose and fudose from al-acid 

glycoprotein was 2 hr. (Montreuil and Scheppler 1959) but to what extent 

the released sugars were destroyed is not known. 

The'bethod of isotope dilutionmas employed'to - obviate this 

problem of destruction of released sugar. As the sugar is released from 

the glycoprotein it mixes with and causes dilution of the radioactive 

sugar until at complete release the Specific activity of the free sugar 

reacheS a constant value which is unaffected by subsequent destruction 

of the sugar. Destruction of free sugar prior to this time will result 

in a lower final specific activity and therefore a higher calculated 

sugar content of the glycoprotein. The effect of the destruction 

occurring at any time will be inversely proportional to the time of 

hydrolysis related to the release of sugar, i.e. an appreciable rate of 

destruCtion of the radioactive sugar at the beginning of the hydrolysis 

will have a much greater effect than similar destruction occurring later 

on. It is to be expected that the rate of destruction of free sugar in 

the presence of protein during hydrolysis will vary with the degree of 

fragMentation of the protein since the individual amino acids are likely 

to have different 2.:::ateactivities, both chemically and kinetically, in 

the bound and free states. 
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Neither the rate of destruction nor the variation in the rate 

is easy to assess except by the type of kinetic experimentr suggested 

earlier. Francois et al (1962) assessed the relative - rates of release 

to destruction of 12 to'l for mannose in egg albumin, froM the increase 

in reducing power on hydrolysis and from the rate Ofthe'decrease in 

recovery of mannose phenyihydraZone after complete hydrolysis of the 

glyeoprotein had occurred. Such a high ratio of the rates Was considered 

to be compatible with only a small error in the final result: 

'The conditions of hydrolysis for the radioisotope dilution 

experiments reported here were 2 N HCl for 2 hr with egg albumin and 

rabbit i,;.globulin and for 3 hr. with the blood-group'sUbatances-. Maximum 

release' Of mannose from egg albUminas determined by radioisotope 

dilution had been found to occur after 1 hr. in 2 N HC1' (Francois et al. 

1962). Hydrolysis of rabbit pglobulin with 1 N HC1 (eiperiments 2 and 

3, Table 8 ) did not give lower values. Complete hydrolysis of methyl 

alOnsludopyranoside was obtained' with 2 N HCl for 2 hr. However for 

maximum release of amino sugars from several glycoproteins investigated 

4 N HC1 was required and it may well be that similar conditions are 

necessary for complete hydrolysis of neutral sugars from sow glycoproteins. 

In this work the release of mannose from egg albumin in 2 N HC1 with 

time was determined by isotope dilution. The appearance of mannose did 

not follow first order kinetics which is to be expected for the following 

reasons. ' (a) For release Of' most of the mannose residues in the hetero-

saccharide, two glycosidic linkages need to be split.' (b) All the 

glycosidic bonds in oligosacdhaVides formed during the 'hydrolysis will 

have a rate of cleavage which differs from that of the same bonds in the 
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intact heterosaccharide. (c) All the glycosidic linkages. involving 

mannose in the heterosaocharide will not be cleaved at the same rate. 

If the carbohydrate of egg albumin is heterogeneous, as has been suggested 

(Cunningham et al. 1963, 1965, BhoYrOo and Marshall 1965), the kinetics 

of release will be even more complex.. The time required for release of 

half of the mannose was about 7 min. which is a little less than the 10 

min. calculated previously as'a'maxitmat value (Franeoiset al 1962). By 

Comparison the half time for the hydrolysis of methyl a-D-mannopyrancside 

IS 2.8 min. under the same Conditions.. 

The release of glucose from tethyla-D-glupoPYranoside in 2 N 

1101 at 100°  has a half-time of 7 min. similar to that•of'the release of 

mannose from egg albumin. The estimation of glucose in-the glucoside by 

isotope dilution gave about the theoretiCal Value, but when the hydrolysis 

was carried out in the presence of egg albumin, with a protein to free 

sugar ratio of 160 to 1, an overestimate of 18% was obtained. With 

performic acid-oXidized egg albumin at a lower protein:to sugar ratio 

(37 to.  1), the value obtained was 12% higher than that calculated. These 

results suggest that preferential destruction of radioactive sugar has 

occurred during hydrolysis. If the value for the mannose content (2.01%) 

found for egg albumin is corrected by 18%, a value of 1.7% is obtained. 

For performic acid-oxidized egg albumin the application of a 12% correc-

tion to the mannose value obtained (1.85%)  gives a mannoseccontentof. 

1.65%. These values are much lower than the 1.96% found by the orcinol-

sulphuric acid method wiliCh in general agrees with other independent 

methods for the estimation of mannose in egg albumin. 'NoweVer, the 

corrections which were applied may not be valid for the following reasons: 
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(a) the corrections were based on the estimation of glucose in single 

experiments which have a standard error of + 4%4 CO the destruction 

of glucose and mannose are unlikely to occur at the same rate; 

(e).  although the time for release of half the mannose.from egg albumin 

is similar to that for equivalent cleavage of the glycoside, it would 

be expected that the release of mannose early in the hydrolysis would be 

more rapid, as it is known that one of the mannose residues is in 

terminal position. 

The isotope dilution method applied to the_estimation of galactose 

and mannose in rabbit y-globulin gave considerableVariation between 

single values particularly for galactose. The variation is greater than 

that to be expected from cumulative errors arising from the estimations. 

From the model experiments on the destruction of mannose in 2 N HCl at 

100P reported here and previously (Fran9ois et al 1962). it appears that 

the presence of oysteine, tryptoPhan or oxygen have considerable influence 

on the destruction of mannose (and presumably other hexoses) in 2 N HC1 at 

1000. 
The tryptophan and half-cystineoontents,of rabbit y-globulin are 

relatively high, 14 and 22 moles/105 g. respectively (Crumpton and Wilkin-

son 1963)0  compared with the hexose content about 7 moles/105-g. .1nter-

action between these amino acids and reducing sugars during hydrolysis is 

likely to be less with a lower concentration of glycoprotein during 

hydrolysis, as in experiment 4 where the volume was 5 times greater than 

in previous experiments. The effect of the presence of pxygen on the 

destructive influence of the two amino acids is not knoWn. Oxygen may 

depress this influence by oxidation of the amino acids, or it may enhance 
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their effect on sugar destruction by formation of intermediates which 

react more readily,with the sugars. In these, experiments.the glyco-

protein in acid solution was flushed with nitrogen,and,heated in 

stoppered tubes., Variableamounts of oxygen may have been present 

duriPg.the course  of.hydrolYS1e,  so that variable degrees of sugar 

destruction may,have occurred. High protein to added-sugar ratios and 

high. glycoprotein concentration during hydrolysis arelikely to enhance 

interaction between sugars and amino acid residues and. consequently 

destruction of sugars, 

Performic acid oxidation of the glycoprotein prbr to hydrolysis 

should remove the destructive influence of tryptophan and cyst(e)ine. 

When the oxidation is carried out at 0° for 4 hr., it does not appear 

to affect the hexose content of glyooproteins such as fetuin (Spiro 

1962), egg albumin (H8rmann and Gollwitzer 1962) and fibrin and 

fibrinogen (Ullmann and Gollwitzer 1963), and of two glycosides tested 

(see Above). Under these conditions tryptophan is destroyed but some 

of the cyst(e)ine residues may survive. For lysozyme a higher temper-

ature (50°) was required for complete conversion of the cystine to 

cysteic acid (Edman 1960). This appears also to be the case for egg 

albuthin. The values obtained for galactose and mannose in performic 

acid-oxidized rabbit y-globulin fall within the variation obtained with 

preceding experiments. 

The best estimate for the galactose and mannose content of 

rabbit T-globulin from these experiments is 2.1 residues of galactose 

alid 4.2 residues of mannose per 105 g. The total of 6.3 residues per 
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105  g. is less than the 7.7 mole/105 g. hexose (as mannose) found with 

an orcinol-H2SO4 method on the intact glycoProtein even allowing for a 

small amount of fucose. 

The epithelial-type glycoproteins, which are predominantly 

carbohydrate and lack thoseamino acids most likely to interact with 

frieSugare in acid, probably 'have much less destructive effect on 

reducing sugars. As much larger amounts of radioactive sugar can be 

'added and the fucose will be quickly released'early in the hydrolysis, 

the relative destruction of added sugar should be low. In the estima-

tions reported here greater pTecautions were taken to exclude oxygen 

and the concentration of glycoprotein in the hydrolysis mixture was 

usually much less than 1 mg. per ml., Dilutesolutiont were recommended 

for the hydrolysis of proteins for amino acid analysis when large amounts 

of carbohydrate are present ()ustin et al 1951). A value of about 1 mg. 

per ml. was recommended by Gottschalk (1963). The values obtained for 

fucose by the colorimetric method are similar to those Obtained by the 

isotope dilution method except for sample W where the colorimetric method 

Is about 13% higher. The higher value obtained for facose in blood-group 

substance Z in the experiment using paper chromatography may have been 

due to the fact that the glyooprotein sample taken for hydrolysis was not 

heated whereas the previous samples were dried for 3 to 4 hr. at 780. 

Variation in hydrolysis coalitions did not seem to have much effect on 

the value found. The sample Z has a relatively low fucose content but 

in contrast to other blood-group substances contains a large amount, 

about 186 of sialic acid and so conforms to the reciprocal trend between 

fucose and sialic acid contents of glycoproteins Observed by Dische (1963). 
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The values obtained for galactose are probably within the 

cumulative errors of the method employed, except for the values found 

for sample Y. There does not appear to be as great a variation in the 

galactose content of blood-group substances as in the fucose and slate 

acid contents. 

The reproducibility of the radioisotope dilutbn method depends 

on the precision of the estimation of two specific activities. Any error 

in either specific activity will be magnified in the final result. In 

this work radioactive samples were counted at infinite thinness which is 

probably more subject to errors than some other methods, as the samples 

need to be dried in uniform films in a symmetrical position on the 

planchets For example, liquid scintillation counting when compared to 

counting at infinite thinness gave less variation betWeen aliquots taken 

from the one sample. 

The removal of acid from solutions of hexose by some anion-exchange 

resins was investigated. The hydroxyl form of a weak anion exchange resin 

did not give a quantitative recovery. Hexose was almost quantitatively 

recovered from an acid solution containing a mixture of amino acids, by 

removal of the acid with Dowex 1-bicarbonate, followed by passage of the 

resulting solution through Dowex 50 - le form. Montreuil et al. (1965) 

stress that hydrolysates should be kept in acid solution until amino acids 

have been removed, and they pass the solution through Dowex 50 He form 

before removing the acid with an anion-exchange resin. However to prevent 

the elution of amino compounds from thecation-exchange resin by the acid 

present, a relatively large amount of resin is required. 
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The chromatographic separation of a mixture of rhamnose, fucose, 

mannose and glucose on columns of Celite 545 packed,in the. moist state 

was described by Hall (1962), confirmed here by obtaining effective 

separation of a mixture of fucose, mannose and galactose or a mixture of 

mannose and glucose. On a slightly longer column all four sugars could 

be completely separated in this system. These columns also gave complete 

separation of the methyl a- and ft- anomers of N7acetylglucpsaminide and 

of the various methylmannosides. The method was also used for purific-

ation of monosaccharides aril. it would be useful for separating mixtures 

of sugars from glycoproteinhydrolysates for identification, as the 

mobile phase can easily be evaporated to dryness leaving uncontaminated 

sugar. 

For the estimation of hexosamine in glycoproteins by the radio-

isotope dilution method, hydrolysis of the glycoprotein was carried out 

in 6 N HC1 at 1000  for 6 hr. Under these conditions the possibility of 

forming acid-stable hhexosaminidesshould be lees than when hydrolysis 

is performed in 4 NHel which results in a maximum yield of hexosamine 

from several glycoproteins (see above). The greater destruction of 

amino sugar which occurs in 6 N HC1 should not affect the results 

obtained with the isotope dilution method. , 

For isolation and estimation of the hexosamines from hydrolysates 

the naphtbylisothiocyanate method of Scott was used. Amino acids and 2-

aminosugars in the glycoprotein hydrolysate were converted to naphthyl-

thiocarbamyl derivatives and to imidazolidinethione compounds respectively. 

The derivatives of the acidic and neutral amino acids were extracted with 

a liquid anion-exchange resin or dimethyldodecylamine in benzene. The 
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hexosamine derivatives were resolved and separated from the basic amino 
by 

4eidsj3aperelectrophoresis in tungstate buffer, eluted from the paper and 

estimated by measurement of the absorption at 240 nt or 222 mg. The 

advantages of this method are that it is more rapid. than that usually 

employed which involves. separation on cation-exchange resins, several 

samples can be estimated simulaneously and it is more sensitive. The 

molar extinction coefficients at 240 mg,and 222 mg are about 74,000 and 

18.000 respectively compared to,abclutl6,000 for, theYCessi method used here. 

The naphthylisothiooyanate derivative of glucosamine vasprepared 

and appeared to separate on the basis of solubility4n,methanol into two 

compounds which differed in melting point and optical rotation but which 

gave similar ultraviolet absorption spectra and similar molar extinction 

coefficients. It is likely that they represent isomers An which the 

hydroxyl, group at C 1 of,the original glucosamine is situated on 

opposite sides of the imidazolidine ring. (However see Addendum, p. 163) 

The conditions employed for the release of hexosamines from glyco-

proteins, 6 N HC1 at 100°  for 6 hr., is likely, to give nearly quantitative 

release of hexosamine as recovery of glucosamine from a.mixture of glucos-

amine hydrochloride and methyl P-N-acetyI-D-glueosaminide_was 97.5%. Some 

of this loss will be due to destruction. Boas (1953) found 20% loss of 

glucosamine in 15 hr. under the same conditions but he took no precautions 

teexclude oxygen. However, if any of the amino groups of the hexosamines 

in glycoproteins are free or substituted with a very aebirlabile acyl 

group, their glycosidio linkages will not be completely split under these 

conditions; e.g. some glycoproteins 41ilch as ovomucoid (Marshall and 

Neuberger 1960) and a glycoprotein from urine (Hakamori et al 1961) contain 
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forpyl groups which may be 11-sUbstituents of the amino sUgars. 

Hydrolysis'of glyooproteins was carried out.in'evaduated 

sealed tubes to avoid destruction of hexosamine by oxigen'as . was 

reported by Walborg and Ward (1963).. When the methodwat applied to 

hydrolysate of blood.i.group substances, electrophoresis gave well- 

defined spots in the areas corresponding to the gluodsamine and,  galac-

tosamine deriVatives with other spots near the origin With hydrolysates 

of 'Y-globulin long trails were obtained which had to be'resUbmitted to 

electroPheresisto obtain apots .freelrom.interfering substanoeS. .These 

substances 'may'be products of interaction between amino scids'and'neutral 

sugarEsibee model eXperiments.showed that these compoundt do give spots 

near the origin of the electrophoretic strip. Another possibility.is that 

they may arise from peptides.due to incomplete hydrolysis of the protein 

in the short time of hydrolYsis. 

The estimates of total hexosamine in the blood-group substances 

are similar to those found by Morgan using the ElsonaMorgan method. 

However the ratios of glucosamine to galactosamine differ, the reason for 

this discrepancy is not apparent. The glucosamine values in the method 

used here are probably less subject to interference than,the galactosamine 

values, as on electrophoresis the'glUcosamine derivative:, migrates more 

rapidly on the paper whereas the less mobile galactosandne derivative runs 

closer to interfering substances near the origin. If the galactosamine 

area contains other naphtbyl compounds, a high value would be expected. 

Tbe estimation of glucosamine in rabbit r-globulin by isotope 

dilution gave a value (5.7 mole/105  g.) which is a little lower than that 

obtained by the Cessi method after hydrolysis for 4 or 6 hr. in 4 N NM. 
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The values correspond to - about 8 to 8.3 moles respectively. of hexosamine 

per 140,000 g of rabbit le,...globulin. These values agree-with the 8.2 

mole reported by Fleischman et al. (1963)i 

The method of radioisotope dilution offers a sound basis for the 

estimation of neutral sugars in glycoproteins. In.comparisowwith color-

imetric methods on the intact'glycoprotein it is specific for the 

individual sUgar. It,has the advantage over estimations, which are carried 

out,on sugars after hydrolytic release from gIydoproteins.that more drastic 

conditions,of hydrolysis Can be employed, thus removing the neeito 

establish optimum conditions of hydrolysis, and - decreasing the,possibility 

of trapping sugars inilekosaminide linkages. In addition the yields of ,  

sugar from hydrolytic and separation processes do not ,have to 'be 

quantitative.' 

The problem which mayarise from significant destruction of added 

free radioactive sugars to a glycoprotein may be minimised by taking 

precaUtions: (i) the glycoprotein concentration during hydrolysis should 

below, such as 1 mg. per ml. 1Gottschalk 1963)i (ii) exclusion of oxygen 

seems to be important. An effective way is to carry out the hydrolysis in 

an evacuated sealed tube; (ill) protection of theaddelitygar may be 

partly effected by addition'of a•sugar such as a,pentese which does not 

occur in the glycoprotein; (iv) reactive amino acids Such astryPtophan-• 

and cyst(e).ne in the glycoprotein may be oxidized by. prior treatment with 

performic acid. 

A suggested method to overcome the problem of preferential destruc-

tion of added radioactive sugar is to add the labelled sugar in the form of 
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a glycoside which more closely approaches the form of the sugar in the 

glycoprotein. Tn this case the conditions,, particularly during the 

early part, of the hydrolysis will be less biased towards the destruction 

of the added radioactive sugar. It would be preferable for the added 

glycoside to have a rateofcleavage similar to that, of the sugar bound 

in the glycoprotein but even if the rates differ somewhat the situation 

should. be improved. The 4.11-20, alYconYranosides,.,which are readily 

prepared,appear to be fairlysaitahle. For example, the rate of cleavage 

of me.thyl a-0-glucopyranosiuWip. 2 N HCl at 1000  has a. similar rate of 

hydro Ysis  to that of mannose in egg aibpmin The methyl .oD-mannopyrano-

side is hydrolysed at about twice the rate. 

The radioisotope dilution method is likely t be particularly 

valuable in certain oases= 

e.g. (a) the estimation of the remaining bexose in periodate-oxidized 

glycoproteins where the aldehyde groups from :oxidized sugars interfere in 

colorimetrie methods. Fletcher et al. (190) have applied it to the 

estimation of mannose in oxidized egg albumin. 

00,the estimation of hexosamine in glycosaminoglycuronans where 

considerable destruction, of hexosamine may occur during - hydrolysis (Ogeton 

1963)• 

(c) the estimation of sialic acid in glycoproteins. 
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SUMMARY 

1. Present knowledge on the general structure of glycoproteins has 

been reviewed. The basis for a subdivision of glycoproteins into serum-

type and epithelial-type glycoproteins was proposed. The characteristic 

features of the subdivision are (a) the serum-type glycoproteins have a 

relatively high polypeptide content per carbohydrate prosthetic group, 

i.e. greater than about 4,000 whereas the same parameter for the 

epithelial-type glycoproteins is less than 1000. 

(b) The carbohydrate to protein linkage in the serum-type glyco-

proteins, which have been investigated, is the N-glycosyl-amide structure 

involving an asparagine residue whereas the linkage which appears to 

predominate in the epithelial-type glycoproteins is the 0-glycosyl bond 

involving the hydroxyl group of a serine or a threonine residue. 

(c) The only sugar so far found to be involved in the carbohydrate-

protein linkage for the serum-type glycoproteins is N-acetylglucosamine 

whereas N-acetylgalaotosamine appears to play a similar role for the 

epithelial-type glycoproteins. 

A feature which appears to distinguish further the glycoproteins 

and glycosaminoglycans is that in the latter, xylose is the sugar 

involved in the linkage of carbohydrate to protein. 

2. The Celite chromatography of neutral sugars as described by Hall 

was found to give excellent separation of galactose, mannose, and fucose 

from glycoprotein bydrolysates. The method was also found to be useful 

for the separation of anomeric glycosides. 

3. A method of estimation of small amounts of galactose, mannose and 
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fueose in glycoproteins by radioisotope dilution was worked out. 14c. 

Labelled sugars were,  added to the glycoprotein before hydrolysis in 2 N 

HCI at 1000  for 2 or 3 hr. After removal of charged substances from the 

hydrolysate the remaining sugars were separated on columns of Celite and 

assayed for specific activity. 

4. Estimation of the galactose and mannose content of rabbit y-globulin 
and 4.3 + 0.2 

by the radioisotope dilution method gave values of 2.2 0.2t\mole per 

105 g., respectively. After performic acid-oxidation of the glycoprotein 

the values obtained were 2.0 and 4.3 mole per 105 g. respectively. 

5. From model experiments, in which glucose was estimated in methyl 

a-0-glucopyranoside by radioisotope dilution in, the presence of egg 

albumin, it appeared that the radioisotope dilution Procedure may give 

high results under some circumstances, a situation, which was improved by 

prior performic acid oxidation of the glycoprotein. 

6. The half-time for the release of mannose from egg albumin in 2 N HC1 

at 1000  was found to be 7 min. 

7. The content of fucose and galactose in two samples of blood-group B 

specific substance and one sample of Lea specific substance was estimated 

by the radioisotope dilution method. 

8. The influence of various substances on the destruction of mannose in 

2 N HCl for 3 hr. in an evacuated sealed tube was determined by radio-

isotope dilution. Tryptophan, present imeguimolar amount to mannose, 

increased the destruction of mannose from 4 to 15%. If ribose was also 

added the loss of mannose was decreased by one half. The presence of 

oxygen appears to enhance mannose destruction as much greater losses of 

mannose in 2 N HC1 have been reported previously. 
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9. A radicaseitopedilUtiOn method was applied to the estimation of 

glucotamine in rabbit r-globulin and of galaotosaMine and glucosamine 

in three samples of blood-group specific substances, after isolation 

of the naphthylisothioeyanate derivatives of'the hexotamines by electro-

phoresis in'tungstate buffer. The values obtained for total hexosamine 

Were genetally in agreement with those found by other methods. 

10. The reaction between D-glucosamine' and naphthYlitocyanate resulted 

in two main products which were partly characterized. 

Addetidum  

The substances A and B which were obtained by the reaction of 

naphthylisothiocyanate with glucosemine were submitted' to electrophoresis 

in tungstate buffer at pH 7. Substance B migrated rapidly towards the 

anode but substance A did not move. Therefore sUbstance A can not 

postest the tetrahydroxybutyl group and is probably the product of an 

intramolecular cyclisation involving the coupling of Cl of the original 
tetra 

glucosamine moiety with one of the carbon atoms of thekhydroxybutyl 

group, and accompanied by the. loss of a molecule of water (J.E. Scott, 

personal communication). 
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