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ABSTRACT 

The studies reported in this thesis describe the use o f  Perloza type MT 

beaded cellulose res in as an insoluble support for solid phase pept ide 

s ynthe s i s  ( SPP S ) . The overall  a im of the pro ject was to develop a 

viable methodology for the synthesis of peptide-ligands directly onto 

Perloza for use as mat rices for affinity chromatographic processes . 

A numbe r o f  b a s ic studies were c a rried out t o  de f ine the s o lvent 

compatibility of Perloza . Perloza appeared to be swollen by a va riety 

o f  solvents currently used for SPPS ,  in particular by dimethylformamide 

( DMF ) and dioxane . It was found that Perloza could not be dried and 

t hen re-swol len to its original volume us ing water ,  DMF , dioxane , or 

several other s olvents .  Therefore,  it was necessary that Perloza was 

ma inta ined in  a solvent-swollen st ate for  all  of the other studies 

reported in this thesis . 

Seve ra l  met hods for generat ion o f  amine -funct iona l i sed Perloza were 

i n ve s t i g a t e d . The c h o s e n  me t h od w a s  r e a c t ion  o f  P e r l o z a  with  

a c rylonit r i l e  in  a 1 : 1  s o lut i on o f  dioxane : 2 % w/v  NaOH to  yield 

cyanoethyl P e r l o z a . The level o f  cyanoethylat ion o f  the resin was 

controllable between the range of 0 -3 . 7  mmole CN per gram of dry resin . 

The cyanoethyl Perloza was reduced with an exces s  o f  diborane in THF 

s o l u t i o n ,  e i t h e r  at  r o om t empe rature o r  unde r re f lux , to  y ield 

aminopropyl Perloza . Reduction yields varied from 52-1 0 0 % . 

The peptide LAGV was synthesised onto aminopropyl Perloza using modified 

Boc SPPS methodology . It was f ound that protic Boc cleavage reagents 

g a ve c l e a va ge o f  aminop ropyl g roups f rom funct ional ised Perloza . 

Therefore , a novel Boc c leavage reagent , boron trif luoride etherate in 

d ioxane , wa s deve loped for  Boc cleavage in all  s ubsequent pept ide 

syntheses us ing Perloza and the Boc methodology . 

C-terminal Boc-amino acids were anchored to a-bromoacetamido Perloza by 

nuc leoph i l ic displacement of b romine via the Boc-amino acid ces ium 

salts . The procedure resulted in anchoring of the Boc -amino acids via 

an acid-stable but base-labile glycolamide linkage . Two test peptides , 

LAGV, and Leu-enkephalin ( sequence : YGGFL) , were synthesised on Perloza 



iii 

u s i ng a semimanual LKB Biolynx 4175 continuous flow peptide synthesiser . 

The pept ides were cleaved us ing dilute NaOH solut ion . The tyros ine 

hydroxyl of Leu-enkephalin was protected as its benzyl ether, which was 

c l e a ve d  by catalytic hydrogenat ion p rior to HP LC purificat ion . The 

pep ti des were obtained in sat isfactory yield after purification by HPLC . 

Sever a l  unsuccessful attempt s  were made to synthesise the Acyl Carrier 

P ro t e in 6 5 - 7 4 sequence (VQAAIDYING ) using Perloza , the glycolamide 

linkage ,  and Boc chemistry . 

The glycolamide linker was a lso investigated for use with Perloza and 

Fmoc chemist ry . Leu-enkephalin was synthesised using Fmoc chemistry . 

The tBu ether protect ing the s ide chain hydroxyl of the tyrosine was 

c l e a ve d  u s ing  9 5 %  TFA wh i l e  t he pept ide was left anchored to the 

P e r l oza . The peptide was then cleaved using the lithium salt of PME in 

T H F . The c le a vage yie ld of the pept ide was low, about 3 2 % . In  

add i t ion , it was found that the Perloza was  difficult to filter after 

the t reatment with TFA, that is , its flow properties had been impaired . 

Leu -enkephalin with the side chain hydroxyl of the tyrosine protected as 

a t Bu ether was obta ined by cleavage of the peptide with LiPME in THF . 

Thi s  provided preliminary evidence that s ide-chain protected peptides 

( f o r  f u rther use in fragment syntheses ) could be obtained us ing the 

glycolamide l inker with Perloza . 

The Fmoc SPP S methodology was also investigated for use with Perloza . 

Fmoc - amino acids were anchored to aminopropyl Perloza via the 4-hydroxy

met hylphenoxyacetyl (HMPA) linker using the preformed Fmoc-amino acyl-

4 -oxymethylphenoxyacetic acid 2 , 4-dichlorophenyl esters . All 2 0  Fmoc

amin o  acids were anchored to Perloza at substitution levels suitable for 

SPP S  ( up to  0 . 7 6  mmole amino acid per g of dry resin) . The amide linker 

compound p- [ (R, S ) -a- ( 9H-fluoren-9-yl) -methoxyfo rmamido-2 , 4-dimethoxy

b e n z y l ] -phenoxyacetic acid was coupled t o  aminopropyl Pe r loza  for  

syntheses o f  peptide amide s . Both a semimanual continuous f low (LKB 

B i o l ynx 4 1 7 5 )  and automated batchwise pept ide synthesiser (ABI 430A)  

wer e  used to carry out peptide syntheses . Litt le difference was seen in 

the qual ity of crude peptides derived from the two synthesisers . TFA 

s o l ut ions c ontaining scavengers were used to cleave all peptides . It 

w a s  f ound i n  a l l  cases  that  t reatment o f  peptide -Perloza with TFA 

s e r i OUSly degraded the properties of the resin, in some cases the res in 
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dis solved into the TFA . The peptides were purified by HPLC . Several 

pept ides  ( LHRH, ACTH 4 -1 1 ,  Angiotensins I and I I )  were synthesised on 

Perloza and compared with authentic samples obtained from a commercial 

source . In addit ion, a number of non-standard peptides , up to 2 1  amino 

a c i ds in  lengt h ,  were success fully s ynthesised us ing the Fmoc SPPS 

met hodology with Perloza . 

Two peptide-ligands were synthesised direct ly onto aminopropyl Perloza 

f o r  testing of the peptide-Perloza conjugates as affinity matrices for 

b i o mo l e c u l e  p u r i f i c a t i o n s . VdLPFFVdL-ami dop r op y l  P e r l o z a  w a s  

synthes i sed using Boc chemistry . The peptide-Perloza was tested for 

b inding of chymosin .  I t  was found that chymosin would not bind to the 

peptide-Perloza conjugate without succinylation of the N-terminal amine 

g r o up . The pept ide-Pe r l o z a  was used for the a f f inity isolat ion of 

recombinant chymosin from a solution containing a number of contaminant 

fungal proteins . 

The s ide chain protected peptide luteinis ing hormone- releasing hormone 

( protected LHRH , sequence pGlu-His ( Trt ) -Trp-Ser (tBu) -Tyr (tBu) -Gly-Leu

Arg (Mt r ) -Pro-Gly-NH2 ) was synthesised directly onto aminopropyl Perloza . 

The s ide chain protecting groups (Trt , 2X tBu, Mtr )  were cleaved quanti

t a t ively using an acidic reagent ( 8 0 %  DCM, 1 6 %  TFA, 1 %  TMSBR, 1% thio

a n i s o le ,  1 %  EDT , 1 %  m-c resol ) ,  with in s ign i f ic ant cleavage of the 

peptide-ligand f rom the support , and no apparent impairment of the flow 

properties of the Perloza . The peptide-resin was then employed for the 

a f f inity isolation of antibodies to LHRH derived f rom a sheep immunised 

with LHRH conjugated to BSA . 

A search of the literature revealed that , in many cases , the C-terminal 

glycine-amide of LHRH was required fo r binding antibodies to LHRH . A 

novel means for directed immobilisation o f  peptide-ligands to Q-bromo

acetamido Perloza was conceived and investigated in order to direct the 

C-terminal glycine amide into the aqueous phase . A cysteine-containing 

a n a l o g u e  o f  LHRH ( Ac - Cy s - S e r - T y r - G ly-Le u - A r g - P ro -Gl y -N H 2 ) w a s  

synthes ised using amide linker Perloza  and Fmoc chemist ry . The LHRH 

a n a logue was purif ied by HPLC . Reaction of a 1 . 3- 1 . SX excess  of the 

LHRH analogue with a-bromoacetamido Perloza in O . lM NaHC03 solut ion 

re s u l t ed in ancho r ing o f  t he pept ide to t he suppo r t  via  a st able 
I 
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t h i oether bond . The couplinq reaction went in qreater than 95%  yield in 

1 - 2  hours . The pept ide-Perloza con juqate was used for the successful 

i s olation of antibodies to LHRH . 
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CHAPTER 1 

INTRODUCTION 



CHAPTER 1 DNTROD�CTXON 

Solid phase pept ide synthesis ( SPPS ) was conceived by R . B .  Merrifield in 

1 9 5 9  ( see Henahan, 197 1 ) . A preliminary report on SPPS was published in 

1 9 6 2 , f o l l owed by a f u l l  paper  in 1 9 6 3 (Me r r i field 1 9 6 2 , 1 9 6 3 ) . 

Let s i nge r and Ko rnet ( 1 9 6 3 )  a l s o  reported SPP S ,  but they used a 

diff e rent chemical  pathway to that developed by Merrifie ld . Present 

S P P S p r o cedu re s  are almo s t  always based on Me rrifield' s original 

st rategy . Merrifield was awarded the Nobel Prize for chemistry in 1 9 8 4  

i n  r e c og n i t i o n  o f  t he importance o f  h i s  c ont r ibut ion  t o  pept ide 

synthesis  ( see Merrifield, 1 9 8 5 ) . 

1 . 1  STRATEGY OF SOLID PHASE PEPTIDE SYNTHESIS 

The bas ic idea of SPPS was to react an Na-protected amino acid with a 

suitably funct ionalised insoluble polymeric support to anchor the Na

protected amino acid via an ester bond . The Na-protection was then 

c leaved to expose the amine group (deprotection of the support -bound 

amino acid) . A second Na-protected amino acid was activated via it s 

carboxyl group, and coupled to the support-bound amino acid . An excess  

o f  t h e a c t i v a t e d  N a - p r o t e c t e d  amino a c i d  w a s  u s e d  to  e n s u r e  

quantitat ive reaction . These steps constituted one cycle of solid phase 

pept ide s ynthesis . Washing steps were included after the deprotect ion 

and coupling steps . 

Repetit ion of the cycle gave stepwise elongation of the support-bound 

pept i de chain . At c omp l e t i o n  o f  t he s ynthe s i s ,  t he pept ide w a s  

l iberated into solution by cleavage from the support . A diagram of the 

solid phase peptide synthesis process is given as Figure 1 . 1 .  

In the SPPS method the solid support is confined to one reaction vessel , 

wh i c h  i s  f it t e d  with  a g l a s s  f r it o r  other f i l t e r . Al l o f  t h e  

deprotection, coupling, and associated washing steps are carried out in 

the same vessel . At the end of each step the solutions are separated 

f rom the solid support by filtration . Confinement of the solid support 

to a s ingle vessel eliminates mechanical  losses . One of the features of 

a repeated stepwise proce s s ,  such as SPPS , is that it can be readily 

aut omated, thus a'-' lowing high productivity levels to be atta ined . 
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Figure 1.1 Solid Phase Peptide Synthesis (from Stewart and Young, 1984) 
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The outline given above is"a simplified description of a very complex 

p r o c e s s . Excel lent reviews of SPPS  inc lude those of E rickson and 

Me r r i f ield ( 1 9 7 6 ) , Barany and Me rrifield ( 1 979 ) , Barany et al ( 1 987 ) , 

and F ields and Noble ( 1 9 9 0 ) . In addition, two useful texts concerned 

w i t h  the pract ical aspects of SPPS are avai lable ( Stewart and Young, 

1 98 4 ;  Atherton and Sheppard, 1989 ) . 

1 . 2  THE SOLID SUPPORT 

To be useful for SPPS a solid support must satisfy the general require

men t s  set out by Erickson and Merrifield ( 1 97 6 ) : 

It must con t ain react i ve sites a t  wh ich the pept ide chain can be 

a t t a ch e d  a n d  l a t e r  remo ved, a n d  yet i t  must be s t able t o  the 

phys i ca l  and chemi cal condi t i on s  of the synthesi s .  The support 

m u s t  a l l o w  rapid unh inde red c on t a c t  be t ween the growing peptide 

c h a i n  and t h e  reagen t s . It m u s t  be rea dily sepa rable from the 

l i qu i d  pha se a t  every s t age of the syn thesis and be physically 

s t able during these opera t i on s. In addi t i on ,  the s upport must 

p r o vide e n o u gh poi n t s  o f  a t t a chmen t to gi ve a useful yi e l d  of 

p eptide per un it vol ume and must minimize the int eract i ons between 

bound pep t i de cha i n s ,  a l though the l imi t s  of these requi remen ts 

a re not yet clear . 

B o t h  d i s c on t inuous batchwise  and cont inuous f low reactors may be 

employed for SPPS ,  depending on the physical properties of the support . 

C ro s s  l i n k e d  polyme rs  s u c h  as polystyrene (Me r r i f ie l d ,  1 9 6 3 )  o r  

polyamide resin (Atherton e t  aI, 1 97 5 )  are usually used in a batchwise 

p e p t i de s yn t he s ise r . The  s o l i d  s upport used in  cont inuous f l ow 

s yn t hesisers is usually polyamide polymerised within the pores a rigid 

rnacroporous support such as kieselguhr (Atherton et a I ,  1 9 8 1b) . Several 

o t h e r  suppor t s  have been eva luated f o r  use in SPP S . These include 

cont ro lled pore glass (Albericio et aI ,  1 9 8 9 ) , cotton fabric (Lebl and 

E i c h ler, 1 9 8 9 )  cellulose paper (Frank and Doring, 1988a ) , polypropylene 

memb rane (Daniels et aI ,  1 9 8 9 ) , polyethylene film (Berg et aI,  1 9 91 ) , 

b o vi n e  se rum a lbumin ( Hansen e t  a I ,  1 9 9 1 ) , beaded po lydext ran ge l 

(Vla s ov and B i l ibin , 1 9 6 9 ) , and s i lica gel ( Zapevalova et a I ,  1 9 7 9 ) . 

The list given above is only a select ion of the many types of supports 

whi c h  have been evaluated . 
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One o f  the o b j e c t ive s o f  the wo rk described in this  t hes is  was to 

evaluate P e r l o za beaded cellulose (see Chapter 2 for a description of 

Perloza )  as a support for solid phase peptide synthes is . The ult imate 

goal was to develop a methodology to enable synthesis of peptide-ligands 

di r e ct ly onto Pe rloza,  so that the pept ide -res in conj ugate could be 

appl ied to aff inity chromatographic separations . Previous work on the 

use of carbohydrate matrices as supports for SPPS is summarised in the 

int r oduct ions  t o  Chapters 3 and 5 .  Although few invest igat ions of 

beaded carbohydrat e s  a s  suppo r t s  f o r  SPPS  have been carried out , 

Erickson and Merrifield ( 1 976 )  stated that 

Th e op en s t r u c t u r e a n d  hyd r oph i l i c  n a t ure of t h e  n a t u r a l l y 

o c c u r ri n g  c a rb ohydra t e s  make them a t t ra c t i ve s upport s for the 

s ol i d-pha s e  syn thesis of l a rger peptides and proteins . Work wi th 

t h ese s upports is n ot suffi cien tly advan ced t o  allow a predi ction 

of their e ven t ual val ue .  

I t  was ant i c i pated t hat this s tudy would g o  s ome way in providing 

i n f o rmat ion about the value of carbohydrate supports for  solid phase 

peptide synthesis . 

1 . 3 THE ANCHORING BOND 

The t ype o f  bond anchoring the peptide to t he support is of critical 

imp ortance . Usually t he bond is  a benzyl e ster  between the carboxyl 

group o f  the pept ide and a subst ituted benzyl alcohol anchored to the 

support . The type of substitution in the benzene ring can be modified 

to give different degrees of ester linkage stability to various cleavage 

reagent s ( Ba r any et ai, 1 9 8 7 ) . The bond l inking the peptide to the 

support must be stable to the reagents used to remove the Na-amino 

protection , yet be cleavable in high yield at the end of the synthesis. 

It must be pos s ible to anchor the init ial Na-protected amino acid to 

t he suppo rt witt0ut racemisation,  in high yield, and without s ide 

reactions . Any _'emaining funct ional groups on the support must then 

either be chemically stable to the conditions used during the synthesis, 

or they must be rendered inert by chemical modificat ion . 
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Mos t  c hemical methods o f  pept ide synthes i s  involve as sembly of the 

p e p t i de f rom t h e  C- to the N - t e rminus , which i s  oppo s ite to the 

direct ion o f  assembly in vivo . The reason for pept ide synthesis from 

the C-terminus is that the methodology allows use of urethane based NQ

amin o  protect ing groups , which protect the activated amino acid from 

racemisation (Geiger and Konig, 1 9 8 1 ) . On the other hand, assembly of a 

pept i de f r om the N- to C-terminus us ing reagent s and methodologies 

c u r rently available result s in serious racemi sation of the product s 

( St ewart , 1 9 8 0 ) . 

Seve ral urethane based groups have been employed to provide temporary 

Na-amino p rot ect ion during SPPS (Geiger and Konig, 1 9 8 1 ) . Howeve r,  

only two Na-amino protecting groups are commonly used : the acid labile 

t e r t i ary butyloxycarbonyl ( Boc ) group (Carpino,  1 9 57 a , b ;  McKay and 

Albertson ,  1 957 ; Anderson and MacGregor ,  1 957 ; Merrifield, 1 9 64a, b) ; and 

t he base labile 9-Fluorenylmethoxycarbonyl ( Fmoc )  group ( Carpino and 

Han , 1 9 7 0 ,  1 97 2 ;  Chang and Meienhofer, 1 97 8 ;  Atherton et al , 1 97 8a, b) . 

The Boc and Fmoc Na-amino protecting groups , and their associated SPPS 

chemistrie s ,  are discussed in Chapters 3 and 5 respectively . 

Some of the amino acids have side chain functional groups which could 

lead t o  branching during peptide synthesis , for example the NE-amino 

g r o up o f  l y s ine . Therefore , s i de chain funct ional gr oups must be 

protected during a synthesis to prevent unwanted reactions . S ide chain 

prote cting groups must be stable to the reagents used for the removal of 

t he t emporary NQ-protection , yet be cleaved in quantitat ive yield at 

comp let ion of the synthesis . Protecting groups used to block reactive 

s ide chains depend on the chemistry employed for the synthesis (usually 

Boc o r  Fmoc) . The s ide chain protect ing groups used in Boc and Fmoc 

SPPS  chemistry are discussed in Chapters 3 and 5 respectively . 

1 . 5  FORMATION 01' THE AMmE BOND 

Many methods are available for format ion of the amide bond (Gross and 

Meienhofe r,  1 97 9 ) . Coupling agents used in SPPS must satisfy a numbe r 

o f  condit ions . The coupling agent o r  combination of agents used must 
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not lead to s ide react ions resulting in racemisation of the amino acids . 

Although racemisation is possible at any and all stages of a synthesis,  

t h e  c oupl ing o f  two amino acids i s  the step which i s  most prone to 

racemisation . 

The y i e ld o f  t he coupl ing react ion must be quant itat ive ,  that is , 

g r e at e r  than 9 9 . 9 % unde r  ideal condit ions . In SPPS , an excess  o f  

c o u p l ing reagent and Na-protected amino acid i s  used to drive the 

coup ling reaction to completion . Also, double or even triple coupling 

i s  o ften employed in the attempt to achieve 1 0 0 %  coupling yields . In 

rea l ity,  coupl ings do not always go to completion, regardless of the 

coupling agent used, the t ime of react ion, or the number of times the 

coupling is carried out . 

The coupling agent must not give rise to side reactions which lead to a 

contaminated pept ide product . As an example , the amide s ide chain of 

Na-p ro t e c t e d  asparagine o r  glutamine may be dehydrat ed to form a 

nit rile during activation by dicyclohexylcarbodiimide (DCC) . The side 

chai n  nit rile dertvat ive is also incorporated into the growing peptide 

cha i n , result ing in a pept ide contaminated by the nit rile derivative . 

P ept i de cleavage results in two peptides which are similar except for 

the n it rile s ide chain of one of them . During purification the nit rile 

containing pept ide must be ident i f ied and separated f rom the target 

pept i de . S eparat ion o f  the two pept ides can somet imes be difficult 

be c a u s e  o f  t he i r  chemi cal  s imilarit y . N i t r i le f o rmation can be 

e l iminated by us ing the act ive ester  met hod to couple Na-protected 

asparagine and glutamine (Bodans zky,  1 97 9 ) . Many of the side reactions 

which occur during coupling have been ident ified, and ways of reducing 

or e liminating them discovered . 

Many methods have been employed for formation of the amide bond in SPPS 

(Gro s s  and Meienhofer ,  197 9 ) , but until recently only three methods were 

commonly encountered : 

i )  carbodiimide mediated coupling (Merrifield, 1 9 63 ) . 

ii )  formation of a symmetrical anhydride of  the Na-protected amino 

acid for reaction with the support -bound peptide (Wieland et aI,  

1 97 1 ;  Hagenmaier and Frank, 1972 ) . 
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i i i )  format ion of the HOBt active ester of the Na-protected amino acid 

f o r  reaction with the support-bound peptide (Konig and Geiger, 

1 9 7 0a , b, c )  . 

Carbodiimides ( dicyclohexylcarbodiimide (DCC) or diisopropylcarbodiimide 

( D I C »  a re usually used as activating agents f o r  a l l  of these reactions . 

T h e s e  t h r e e  me t h ods o f  a c t i v a t ing Na-protected amino ac ids are 

i l l u s t rated in  Figure 1 . 2 .  A number of coupling reagents have more 

recently started to achieve some popularity, these include BOP (Rivaille 

et a l ,  1 9 8 0 ) , HBTU (Schnolzer et al,  1991 ) , and TBTU (Reid and Simpson , 

1 9 9 2 )  . 

Figure 1 . 2 DCC Mediated Coupling Reactions ( from Stewart and Young, 

1 9 8 4 )  
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I t - i s  de s irable to be able t o  assess the extent of complet ion of a 

coupling reaction . Several tests have been developed to determine the 

extent of completion of coupling . Two of the tests require removal of a 

small  amount o f  the supported peptide from the reaction vessel, namely 

t he ninhydrin assay ( Kaiser et aI,  1 97 0 ;  Sarin et a I ,  1 98 1 )  and the 

t r initrobenzenesulphonic acid ( TNBS)  test ( Hancock and Battersby, 1 9 7 6 ) . 

The p i c r i c  ac id test ( G i s i n ,  1 97 2 ; Hanco c k  et a1 , 1 9 7 5 ;  Hodges and 

Merrifie 1d, 1 97 5 ;  Arad and Houghten, 1 9 9 0 )  is carried out on the whole 

o f  t he support -bound pept ide . All of the methods referred to above 

invol ve interrupt ion of the react ion sequence for analysis . The Fmoc 

cont inuous f low method of pept ide synthesis offers the possibility of 

monitoring deprotection and coupling spectrophotometrically ( see Chapter 

5 ) , but the method i s  not sens itive enough to determine the degree of 

comp letion of the coupling reaction . 

1 . 7  CLEAVAGE OF THE PEPTDDE FROM THE SUPPORT 

The method used to  c leave the peptide from the support depends on the 

chemistry and anchor group employed . Ideal ly, the cleavage conditions 

woul d  not result in damage t o  the pept ide chain, formation of side 

products ,  or racemisation of any of the amino acids . The most commonly 

used c leavage conditions are acido1ytic . Other conditions , dependent on 

the anchor group ,  have been proposed ( see Barany et aI , 1 9 8 7 ) . The 

amino acid s ide chain protecting groups are often chosen so that they 

a re removed by the same reagent used to c leave the pept ide f rom the 

suppo rt , result ing in a combined cleavage and side chain deprotect ion 

step to l iberate the peptide from the support . 

1 . 8  PURXFXCATION AND ANALYSIS OF SYNTHETXC PEPTXDES 

I n  a ddi t i o n  t o  t he target pept ide , a crude pept ide obtained afte r 

cleavage may contain scavengers (such as anisole) ,  salt s of the cleavage 

r e a g e n t , o rgan i c  c ompounds de r i v e d  f r om the c le aved s ide chain 

protect ing groups , and deletion and termination peptides . 
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The f irst s tep in puri fication is to separate the peptide from organic 

contaminants such as scavengers,  by-products from s ide chain protecting 

g r o u p  c leavage , and res idual c leavage reagent . This can often be 

acc ompl ished by precipitat ion of the crude peptide with ether . Unless 

the pept i de is very hydrophobic it will  be insoluble in the ether ,  

whe reas the o rganic contaminants will be s oluble . The ether-soluble 

organic contaminant s can be removed by filtration of the peptide f rom 

the ether . The peptide is then dissolved in 5-1 0 %  aqueous acetic acid, 

alth ough in some cases -higher concentrations of acetic acid are required 

to  d i s solve the pept i de . The pept ide solut ion i s  filtered f rom the 

res in ,  and lyophilised . As an alternative to ether precipitation, the 

cru de peptide may be dissolved in water or acetic acid solution, and the 

aqu eous solut ion ext racted several times with ether in order to remove 

s cavengers  and by-products f rom side chain protecting group cleavage . 

Fo l l owing ethe r extraction the aqueous solution is lyophilised . The 

cru de peptide may then be subjected to further purification steps . 

Gel filtration was commonly used for purification of synthetic peptides 

pr i o r  to t he development of high per formance liquid chromatography . 

Cu r rently,  ge l f i ltrat ion is usually used for  desalt ing of pept ides 

afte r  synthesis , and as a first step for removal of low molecular weight 

peptide impurities generated during synthesis and/or cleavage . 

I o n  e x c h a n g e  c •• r o m a t o g raphy i s  n o t  c o mmo n l y  u s e d  f o r  pept ide 

pur i fication, but may be useful in certain cases . For example , tuftsin 

was pu r i f ie d  by ion exchange c hromatography (No zaki et a I ,  1 9 7 7 ) . 

Det a ils of the ion exchange chromatographic process are given by Scopes 

( 1 9 8 7 )  . 

For pur i ficat ion of hydrophobic pept ides t he technique of hydrophobic 

i n t e ract i o n  c h romat ography ( H I e )  may be u s e f u l . Details  of the 

hydrophobic chromatographic process are given by Scopes ( 1 987 ) . 

The p reparat ion of s ynthet ic pept ides of h igh purity in a relatively 

sho rt t ime would not be possible without the use of modern separation 

techniques , parti �ularly high performance liquid chromatography (HPLC)  

( Ha ncock , 1 9 8 4 ,  1 9 9 0 ) . The c rude pept ide is dissolved in a bu ffer 

sol ut i on ,  typ ically 0 . 1 % TFA/wate r .  In some cases acetic or formic 
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acid, o r  o rganic solvent such as acetonitrile or isopropanol , may have 

to  be added to  solubilise the peptide . The peptide solution is filtered 

and loaded onto t he HPLC column . Peptides are separated by running a 

solvent gradient f rom the initial polar aqueous solvent to a less  polar 

o rganic solvent (typically 0 . 1% TFA in acetonitrile) . HPLC provides a 

means of both purifying and analys ing synthetic peptides . 

A n e w  analyt ical technique which can be applied to t he analysi s  of 

peptides is capillary electrophoresis (CE )  (Karger, 1 9 8 9 ) . Peptides are 

separated on the basis' of their mobility in an electric f ield at a given 

pH . One of the advantages of capillary elect rophores is is that very 

small  volumes of sample are required, typically 1-5 nl . 

An important check on the purity of a synthetic peptide is amino acid 

analysis . A sample of the peptide is hydrolysed in acid under vacuum, 

the hydrolysate is dried and the residue is dissolved in an appropriate 

b u f fe r . The hydrolysate s o lut ion i s  then sub j ected t o  amino ac id 

analysis  ( Stewart and Young, 1 9 8 4 ) . A synthetic pept ide may also be 

sequenced f rom the N-terminus by Edman degradation as a further check on 

its  composition ( Shively, 1 9 8 6 ) . 

Other techniques of pept ide characterization include Mass Spectroscopy 

( MS ) and HP LC-MS (McNeal , 1 9 8 8 ; Hunt at al ,  1 9 9 0 ) , Nuc lear Magnetic 

Re s o nance (Markley, 1 9 8 7 ) , Circular Dichromism and Opt ical Rotatory 

D is persion ( F ranks , 1 9 8 8 ) , and X-Ray crystallography (Kent et al, 1 9 9 1 ) . 

1 . 9  OTHER METHODS or PEPTLDE SYNTHESIS 

Apart f rom SPP S ,  a number of other methods for chemically synthes ising 

pept ides are employed . In class ical solution phase peptide synthesis 

( Ka t soyannis and Schwartz ,  1 97 7 )  an Na-amino protected amino acid is 

act ivated via i t s  carboxyl group and coup�ed to a carboxyl protected 

Na-amino acid The protected dipeptide is separated f rom the reaction 

mixture and purified .  If only a dipeptide is required both the carboxyl 

and Na-amino protecting group are cleaved and the product purified . If 

a � onger pept ide is requi red t he Na-amino group of the dipeptide is 

dep r ot ected, the product purified,  and the third Nu-amino protected 

amino acid is coupled . The product is then purified . Repetition of the 
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cycle results in stepwise elaboration of the peptide chain . Much time 

i s  involved in the repeated purifications and reactions required by this 

met hod, and losses of product occur at every purification step . 

A variation of the solution phase method is the liquid phase method for 

peptide synthesis (Mutter and Bayer,  1 97 9) . A soluble polymer chain is 

used to provide carboxyl protection and al so to solubilise the growing 

pept i de chain . A commonly used solubilising polyme r  is polyethylene 

glycol ( PEG) . In a typical synthe s i s ,  an Na-protected amino acid is 

coupled to the hydroxyl group of the PEG . The Na-amino protecting 

group is cleaved, and the amino acyl-PEG is separated from the reaction 

l iquo r  e ithe r  by quant itative precipitation with ether,  or by ultra

f i lt rat ion . The amino acyl-PEG is washed free of excess reagents and 

redi s solved in the usual solvent . The second Na-protected amino acid 

i s  c oupled to the amino acyl-PEG . Repetition of the cycle results in 

s t ep w i s e  e labo r a t i o n  o f  t he pept ide chain . At c omplet ion o f  the 

synthesis the peptide is cleaved from the PEG and purified . As well as 

P E G , s o luble p o l y s t yrene has a l s o  been used f o r  s o lub le polyme r 

s upported pept ide synthesis (Green & Garson, 1 9 6 9 ) . The liquid phase 

met hod is s imilar to the solid phase method in that the cleaved peptide 

will  contain deletion peptide impurities i f  the coupling reactions are 

not quantitative . 

The f ragment synthesis technique is used to assemble long peptides from 

sma l ler peptide f ragments .  The fragments are made either by solution or 

s o l i d-phase methods , but the f ragment coupling reactions are generally 

carr ied out in solution . All of the reactive groups of two fragments to 

be c oupled are protected, except for the amino terminal of one and the 

carboxyl terminal of the other . The coupling is preferably done with 

either  a glycine or proline residue as the C-terminal amino acid, to 

minimize racemisation (Stewart , 1 9 8 0 ) . The assembled, protected peptide 

is t hen either purified, fully deprotected, and repurified, or purified 

and select ively amino or carboxyl deprotected for attachment to another 

f ragment . In this way a long pept ide can be built up from a number of 

sma ller subunits .  One of the main problems encountered, when using this 

strategy, is poor solubility of the growing protected peptide chain in 

the solvents employed for the synthesis . 
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Peptides may also be produced using recombinant DNA methods (Wetzell and 

Goe de l l , 1 98 3 ) . This is sometimes the most efficient way of producing 

large quant it ies of a desired pept ide . However,  for providing useful 

qua n t i t ies  of many diffe rent biologically act ive pept ides in short 

t ime s ,  a chemical means of peptide synthesis is usually employed . 

1 . 1 0 ADVANTAGES OF CHEMICAL METHODS FOR PEPTrDE SYNTHESIS OVER 

BIOLOGICAL METHODS 

A n umber of useful alterat ions can be made to  chemically synthesised 

pept ides which cannot be attained in peptides from biological sources . 

F o r  e xample,  D-amino acids can be incorporated into peptides which do 

not natu rally contain them . Inco rpo rat ion of D-amino acids into a 

biologically active pept ide can significantly increase the half life of 

the pept ide by reducing the rate of degradation of the peptide by L

ami n o  acid specific enzymes (Davies ,  1 97 7 ) . Non-protein or unnatural 

amino acids can be incorporated into a peptide chain for conformational 

o r  act ivity studies,  for example , see Rajashekhar and Kaiser ( 1 9 8 6 ) , 

and Jacobs on et al ( 1 9 8 9 ) . Synthetic peptides labelled at specific 

s i t e s ,  for e xample with deuterium ( Upson and Hruby, 1 97 6 ) , t rit ium, 

carbon1 4 , or with chromophores  ( Scully and Kakkar, 197 9 ) , can be made 

usi ng standard chemical peptide synthesis methodology . 

One final advantage of chemical means of peptide synthesis is the time 

requ i red for a synthesis . Relat ively large quantities of peptide can 

often be chemically synthesised and purified in a shorter time than is 

requ i red either for establishment of a recombinant DNA source , or for 

i s olat ion of the peptide from a natural source . 

1 . 1 1 ADVANTAGES OF SOLID PHASE PEPTrDE SYNTBESJ:S OVER OTHER CHEMICAL 

MEANS OF SYNTRESIS rNG PEPTrDES 

S o l id phase pept ide synthesis offe rs a number of advantages over the 

o t h e r  chemical methods of pept ide synthesis . SPPS can be automated, 

t h u s  f r e e i n g  pe rs onne l f o r  o t h e r  dut ies  invo lved w i t h  S P P S ,  i n  

par t icular f o r  peptide purification . Losses of peptide are minimised 

because the pepti ie is attached to the insoluble support throughout the 

synthesis  unti l  c leavage . Automated procedures have been standardised 
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t o  such an extent that personnel not specifically t rained in peptide 

chemistry can routinely synthes ise peptides of acceptable purity . Amino 

acid coupling cycles typically take two to three hours , which are much 

faste r  than for the other methods . Faster coupling cycle s ,  coupled with 

automated peptide synthesisers ,  allow synthesis of peptides in a shorter 

t ime compared to the other chemical methods of peptide synthesis . 

T h e  ma j o r d i s advantage o f  S P P S  ove r solut ion methods is that the 

pept ide s  are not puri fied after each coupl ing cycle , as they are in 

s o lution methods . Because purification of intermediates is not possible 

in SPP S , the solvents and reagent s used must be of the highest purity 

obtainable, in order to minimise product contamination from this source . 

I f  coupling react ions in SPPS are not quant itat ive , o r  if unexpected 

s ide reactions occur during a synthesis,  the final peptide product will 

be contaminated . Separat ion o f  s imilar pept ide impurities f rom the 

pept ide of interest can be time consuming and somet imes impos sible . 

However ,  despite this disadvantage , solid phase peptide synthesis is the 

method of choice for most peptide synthese s ,  on account of its speed, 

s impli c ity, and the lack of need for highly t rained personnel to carry 

it out . 

1 . 12 PEPTmES AS L:IGANDS :IN AIT:IN:I'l'Y CHROMATOGRAPHY 

One o f  the many uses of synthetic peptides is for immobilisation onto 

hydrophilic solid supports for use as ligands for aff inity chromato

graphic purifications . The affinity chromatographic method makes use of 

the unique specificity of the protein-ligand interaction as a means of 

p u r i fy ing p ro t e ins . The p rinc iple o f  a f f inity chr omatography is 

r e lat i vely s i mpl� . A ligand (which may range in s i ze from a simple 

o rgani c  molecule to a complex biological macromolecule ) is covalently 

immobilised to a hydrophilic insoluble support , often via a spacer arm . 

A s olut ion containing the target protein, and usually other contamin

ating proteins , is introduced to the ligand-support . Both column flow 

and batchwise processes may be employed (Angal and Dean, 1 9 8 9 ) . If  the 

e xpe r imental c ondit ions ( pH ,  ionic s t rength,  polarity,  temperature , 

lengt h  of spacer arm, orientation or conformation of the ligand, etc . )  

favour binding, the target protein will bind to the immobilised ligand . 

Contaminat ing proteins can be removed by thorough washing . The bound 
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t arget protein can then be recovered by altering the solut ion parameters 

( p H , ionic  s t rength, pol a rity,  addit ion of chaot rope s ,  addit ion of 

denaturant s ,  etc . )  to favour dissociation of the protein-ligand complex . 

The outline o f  affinity chromatography given above is a s imple descrip

t i o n  o f  a c omplex proce s s , and a large number of variables must be 

c o n s idered in order t o  develop a succes s ful affinity chromatographic 

pur i fication method . Lowe and Dean (1974) , Turkova ( 1 978) , Lowe (1979) , 

D e a n  et a l  ( 1 9 8 5 ) , Mohr and Pommerening ( 1 985) , and Angal and Dean 

( 1 9 89) , give comprehensive discus sions o f  the affinity chromatographic 

technique . 

T h e  methods mos t  common ly used t o  immobil ise pept ide s to  a f f inity 

chromatographic supports result in anchoring of the peptide via its (or 

one o f  its ,  i f  the peptide contains lysine residues ) amine group . While 

anchoring via an amine group is general ly satisfactory, a number of 

p o t e n t i a l  problems o r  l imita t i ons o f  t he methodo logy exist . I f  a 

pept ide amino terminus must be presented for recognition and binding of 

t he t arget prote in, Lmmobilisation of the peptide-ligand via the Na

amino group is obviously inappropriate . In some cases it is possible to 

protect the Na-arnlno group of the peptide, immobilise the peptide via a 

s i de chain l ys ine NE-amine group , and t hen cleave the Na-protect ing 

g r o up t o  e xpose the f ree Na-amino group ( see Robinson et a I ,  1976 ; 

Kuya s  et a I ,  1 9 9 0 ; both discussed in Chapte r  6 ) . Although such a 

s trategy may be usable in some cases , it may not always be applicable . 

An a lt e rnat ive means of achieving directed orientation of a pept ide

l i ga nd Na-amino terminus into the aqueous phase i s  to protect the Na

ami n o  group a s  discus sed above , immob i l i s e  the pept i de via its C

terminal carboxyl group, and then cleave the Na-amino protecting group 

t o  e xpose the Na-amino group ( see Chai ken, 1 979) . One limitat ion of 

this  method is that it may not be useful if the pept ide-ligand contains 

more than one carboxyl group ( for example, if it contains Asp or Glu) . 

In  this case anchoring of the peptide may occur at one of  several sites . 

Anchoring o f  the pept ide-ligand via a s ide chain carboxyl rather than 

t h e  C - t e rminal c a rboxyl may a lter t he conf o rma t ion o f  the l igand, 

leading to  non-binding by the target protein . 
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Ano t h e r  met hod of achieving directed orientation of an immobilised 

peptide-ligand N-terminus into the aqueous phase would be to synthesise 

the pept ide directly onto the chromatographic support using current SPPS 

methodology . It was envisaged that such a strategy would offer a number 

o f  potential advantages over the alternative strategies (outlined above) 

wh i c h  have been used to  give directed orientat ion o f  a pept ide N

terminus into the aqueous phase . The advantages include : 

i )  the N-terminus o f  the peptide would have the required orientat ion . 

i i )  high peptide-ligand substitutions could be achieved , i f  required . 

i i i )  the attachment point of the peptide-ligand would be unambiguous 

( see discussion above ) . 

However ,  some disadvantages were also envisaged . Current procedures of 

pept ide-ligand immobilisation allow the use of purified, characterised, 

peptides ; that is,  the integrity of the peptide-l igand can be verified 

bef o re immobi lisat ion . I f  a pept ide was synthesised directly onto a 

support  via a non-cleavable cova lent linkage, only indi rect methods 

( amino acid analys is , t it ration) would be available for assessment of 

the integrity of the ligand ( see Chapter 6 for a more comprehens ive 

dis c u s s ion)  . In addition, i f  the pept ide-ligand synthesised onto the 

support possessed side chain protected amino acids , cleavage of the side 

cha i n  protect ing groups would be necessary to generate the pept ide

ligand . In this case, the support would have to be stable to the side 

chai n  deprotection conditions employed . 

A small  number of studies have been published (Smith et al, 1 977 ; Geysen 

et a l ,  1 9 8 4 ;  Frank et a l ,  1 9 9 1 ; all  discussed in Chapter 6) in which 

pept i de - ligands were synthes ised directly onto insoluble supports for 

use a s  ligands for binding biological macromolecules . However,  in none 

o f  t he s t udies  c ited we re the pept ide - s upports used for  a f f inity 

chromatographic purification of the biomolecules . 

The studies reported in this thesis were directed towards development of 

a met hodology which would allow synthesis of a protein-specific peptide

l igand direct ly onto a hydrophilic matrix . Perloza beaded cellulose 

res in ( see Chapter 2 )  was chosen for this study because it fulfilled 

many o f  the condit ions , given above , required for a support to be useful 
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for s olid phase peptide synthesis . In addition, Perloza also fulfilled 

t he c ondit i o n s  requ i red f o r  a s upport t o  be use f u l  for a f f inity 

chromatography ( see Chapter 6) . Therefore,  an  investigation was carried 

out t o  determine whether peptide-ligands could be synthesised directly 

o n t o  P e rl o z a . The uti lity o f  the pept ide -Perlo za as a support for 

a f finity isolation of target proteins was assessed . 

To be  useful f o r  SPPS , Perloza would have to  be compat ible with the 

s o l ve nt s commonly used . The s olvent comp a t ibi lity o f  Perloza was 

t he r e f o re i n ve s t igated . In addit ion ,  the resin would have to be 

provided with amine functional groups,  preferably separated from the 

ce l l u l ose w i t h  a spa c e r  a rm, wh ich would i t s e l f  be linked to the 

cel lulose via a chemically stable bond . various means of functional

is ing Perloza were investigated . The results of these and a number of 

other basic studies are reported in Chapter 2 .  

A n umbe r  o f  s t udie s we re requ i red t o  de f ine SPPS  methodo logies 

compatible with Perloza . Both Boc (Chapter 3)  and Fmoc (Chapters 4 and 

5 )  m et hodo l o g i e s  we re inve s t igated for  use  with Pe rloza . It was 

ant i c ipated t hat both the st andard Boc and Fmoc solid pha se pept ide 

s yn t h e s i s  s t r a t e g i e s  w o u l d  h a v e  t o  be modi f i e d  t o  g i ve S P P S  

met hodo logies suitable for use with Perloza .  A numbe r of "standard" 

pept ides were assembled using the new methodologies to validate Perloza 

as a support for  SPPS . 

F in a l l y ,  once Perloza- compat ible Boc and Fmoc solid  pha se pept ide 

synthe s is methodologies were established, t hey were used to synthesise 

pep tide-ligands direct ly onto amine substit uted Perloza . The peptide

re s i n s  we re t hen t e s t e d  f o r  t he i r  ut i l i t y  as ads o rben t s  f o r  the 

i s o l a t i o n  o f  p roteins with spec i f i c  a f f i n i t y  for the immobilised 

pept ide s . T o  a large extent , these aims were met in this study . In 

addit i on,  a nove l- means o f  ach ieving oriented immob i l i sation o f  a 

pept ide - l igand onto Perloza was invest igat ed . The results o f  these 

studies are reported in Chapter 6 .  
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Perloza beaded cellulose (Chemopetrol, 1 9 8 8 )  was chosen for this study 

f rom a numbe r of c ommercially available hydrophilic matrices,  such as 

Sephadex LH2 0 ,  polyvinyl alcohol beads ( Riedel-de Haen ) , hydrophilic 

a z l a c t o ne b e a d s  ( 3M ) , a n d  v i s c o s e  p a r t i c u l a t e  ce l l u l o s e  ( L i f e  

Technologies ( NZ )  Ltd . ) . Perloza i s  a beaded, non covalent ly cross

linked regenerated cellulose . Perloza type MT, selected for this study, 

i s  s u pp l ied swo l len in wa t e r ,  and i s  ava ilable in three particle 

diamete r  ranges : F ine ( 8 0-100  �) , Medium ( 1 0 0-250 �) , and Coarse (250-

500 �) . Three porosities,  corresponding to molecular weight exclusions 

of 1 0 0 ,  2 0 0 ,  and 5 0 0  kDa , are available in each diameter range . 

Perloza is manufactured by the Thermal-Sol-Gel-Transition (TSGT) process 

( S t a mb e r g ,  1 9 8 8 ;  Geme ine r et a l ,  1 9 8 9 ) , in which a suspens ion of 

cellulose xanthate solution in an immiscible inert solvent is heated to 

s o l idify the cel lu lose . By us ing appropriate c onditions spherical 

beads result . Following solidification the xanthate is decomposed and 

the cellulose regenerated by alkaline t reatment . The spherical beads 

con s i s t  o f  int e� l inked amorphous and c rysta l l ine regions with pores 

containing the aqueous phase . The structure is stabilised ent irely by 

hydrogen bonds , no covalent cross linking of the cellulose chains is 

employed . 

Seve ra l  types o f  Perloza a re manufactured, for example Perloza MF, MT, 

SF , S T  and KryoPerloza . Perloza type MT was the sole type of Perloza 

beaded cellulose used in this study . Perloza MT is 

. . .  i n t en d e d  a s  ma t e ri a l  f o r  s epa r a t i o n ge l ch r oma t o g r aph i c  

t e chniques, a s  a vehicle for the immobi lisa t i on of enzymes and as 

t h e  i n i t i a l  ma t erial for the prepara t i on of a n umber of modified 

spherical deri va t i ves of cel l u l ose . (Chemopetrol,  1 9 8 8 )  

Perloza  has re la'l.. ively high mechanical st rength for a " soft" mat rix, 

which result s in good res istance to deformation . The high mechanical 

s t rength give s  P e r loza  good co lumn f low cha ract e r i s t ic s ,  that is , 
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increasing the pressure on a column of Perloza results in an increase of 

t h e  f low rate rather than pressure induced collapse of the mat rix . 

Perloza gel columns do not collapse at flow rates which collapse other 

sph erical beaded carbohydrate mat rices such as dextran gels . The good 

column f low properties of Perloza are an important consideration if the 

r es in i s  to  be used in a continuous f low pept ide synthe s i se r . In 

a dd i t i o n ,  the ma t e r i a l  is not b r i t t le , wh ich makes  it s t able to 

a t t r i t ion by agitation . Perloza ha s been tested for its mechanical 

stability by stirring an aqueous suspension with hard foreign ob jects,  

s u c h  a s  glass beads , without deleterious effects (Chemopetrol , 1 9 8 8 ) . 

T h i s i s  import ant i f  the re s in i s  t o  be shaken during batchwise 

pr
·
ocesses ,  such as in an ABI 4 30A peptide synthesiser . A resin which 

suf fers attrition during shaking would generate fines which would clog 

the f ilter of the ABI 430A reaction vessel . 

Perloza is stable to osmotic shocks , so that it withstands variat ion of 

ion i c  strength or pH . This is important if the material is to be used 

for chromatographic separations , where a drastic change of pH or ionic 

s t re ngth may be required to effect a separation or to clean the resin . 

P e r l o z a  beaded cellulose has a large numbe r of chemically react ive 

hydroxyl groups,  allowing subsequent chemical modification to be readily 

accomplished . 

A p r ima ry amine was des ired a s  a start ing point for further chemical 

f u n c t i o na l i s at ion of P e r l o z a  re s in . I de a l ly the amine would be 

sepa rated f rom the cellulose backbone by a spacer arm, and the spacer 

a rm  would be linked to the cellulose by a stable bond such as an ether . 

T h e  c hemi s t ry chosen should  a l l o w  cont rol  o f  the leve l o f  ami ne 

s ub s t i t u t ion . I t  was  a l so cons ide re d  de s i rable that the chosen 

met hodology should be able to  achieve high levels of  amine substitution 

if required, for example up to 2 rnmole of amine per g of dry resin . 

F o l l o w i ng int roduct i on o f  an  amine f unct ional group , it would be 

pos s ible to further modify the resin by react ion with the anhydrides or 

act i ve esters of a wide range of carboxylic acid-containing ligands . 

A n umber o f  methods for  s ubsti tut ing c a rbohydr ate mat r ices with a 

p rimary amine group were conside red for use with Perloza ( see below) . 
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Several of these methods were investigated in this study . Other methods 

were considered but eliminated for the reasons discussed below . 

2 . 1 . 1  Cyanogen bromide activation of cellulose 

polysaccharides  react with cyanogen bromide in aqueous alkaline media to 

give a reactive imidoca rbonate moiety (Reactifs rBF, 1 9 8 3 ) . Following 

format ion o f  the reactive imidocarbonate , an amine containing ligand is 

int r oduced . For this study either a diamine or mono-N-protected diamine 

woul d  be requi red for r,eact ion with the act ivated matrix to yield a 

mat r ix-bound amine group . 

Advantages of the method are : 

i )  s imple . 

i i )  degree of act ivation reproducible and controllable . 

Disadvantages a re :  

i )  cross-linking could occur i f  a diamine was used for coupling, 

a lthough this could probably be minimised by use of a large excess 

of the diamine , or eliminated by use of a mono-N-protected diamine . 

i i )  the isourea formed can bear a positive charge (Reactifs  rBF, 1 9 8 3 ) . 

iii ) cyanogen bromide is a toxic reagent . 

iv) in acidic and basic media (pH<5 or > 1 0 )  partial hydrolysis between 

the ligand and the support can occur . 

One o f  the ma j o r  object ives of the studies reported in this thesis was 

s yn th e s i s  of pept ides directly onto Perloza  for  a f f in ity chromato-

graphic applications . The possibil ity of the matrix bearing a positive 

c h a r ge ma y have provided another potent i a l  point f o r  non-specific  

b i n d i ng du r ing a f f in i t y  c h roma t ography , which was  not cons ide red 

des irable . Also ,  it was anticipated that some affinity chromatographic 

s e p a rat ions , f o r  examp le ant ibody is olat ion,  would requ i re use of 

e lution buf fers with a pH below pH 5 .  Cyanogen bromide activation would 

not p rovide a s table l ink between the pept i de l igand and the mat rix 

below this pH . Cyanogen bromide activation was not considered suitable 

for  use with Perloza, in this study, for these reasons . 
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2 . 1 . 2  s-Triazine activation of cellulose 

P o l y s a ccha r ides react with cyanuric chloride at pH 9-11  to yield a 

dic h l o ro-s -t riaz inyl complex , which can then react with nucleophiles 

such as primary amines ( Reactifs 1BF , 1 9 8 3 ) . For this study either a 

diamine o r  mono-N-protected diamine would be required for reaction with 

the act ivated mat rix to yield a matrix-bound amine group . 

The a dvantage o f  the method is that it is s imple . However,  as for 

act i vat ion with cyanogen bromide , if a diamine was used for reaction, 

c ro s s-linking of the mat rix may occur . Also, the nitrogen link between 

the t riaz ine and the spacer arm would bear a positive charge (Reactifs 

1BF , 1 9 8 3 )  Finally,  this approach has been tried by Eichler at a l  

( 1 9 9 0 )  f o r  peptide synthesis using cotton fabric a s  the support . They 

reacted cotton with cyanuric chloride, then coupled 4-amino-nitrobenzene 

t o  t h e  dichloro s -triazine . The nitro group was then reduced to an 

amine u sing zinc in ethanolic ammonia, giving a support with an amine 

substitut ion of 0 . 05 mmole/g . However, they found that storage of the 

product led to an inexplicable decrease of the amino group substitution 

t o  0 . 0 0 3 - 0 . 0 0 4  mmo l e / g . The cyanu r i c  chlo r ide approach wa s not 

cons i dered suitable for use with Perloza for these reasons . 

2 . 1 . 3  React ion o f  cellulose with ethylenimine 

Raw c otton fibres react with ethylenimine vapour at 1 0 0 - l l 0oC to yield 

ami n o e t hyl cellulose with a nitrogen s ubst itution of 0 . 2 4  mmole/g . 

React ion at higher temperatures , l 4 0- l 7 0oC,  gives nitrogen substitutions 

in t he range of 2 . 9-17 . 1  mmole/g ( Soffer and Carpenter, 1 9 5 4 ) . At the 

higher nitrogen substitutions it was possible that polymerisation of the 

e t h y l e n imine was  occur ring . This  approach was not t r ied with the 

Perloza because the conditions required were not attainable without the 

use o f  specialised apparatus . 

2 . 1 . 4  Reaction of carboxymethylcellulose with a diamine in the presence 

of a condensing agent 

Carboxymethylcellulose reacts with diamines in the pLesence of coupling 

a ge n t s such a s  1 -ethyl - 3 - ( dimethylaminopropyl) -c arbodi imide hydro -
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chloride ( EDC) or N-ethoxycarbonyl-2 -ethoxy-1 , 2 ,  dihydroquinoline (EEDQ) 

to  yield an amine substituted resin (Reactifs IBF, 1 9 8 3 ) . This approach 

was initially tried with Perloza but was abandoned because : 

i )  reaction yields were only about 5 0 % ,  leaving a significant 

remaining carboxyl subst itution . 

i i )  other approaches were showing better promise o f  success a t  the 

t ime , so this approach was not pursued . However,  further work may 

prove that the approach is viable . 

2 . 1 . 5  Epichlorohydrin activation of cellulose followed by reaction with 

ammonia 

I n  h ot c oncent rated a l k a l ine so lut ion epichl orohydrin rea cts with 

cellulose to  form epoxy act ivated matrices (Reactifs IBF, 1 9 8 3 ) . The 

epoxide may then be reacted with ammonia to yie ld a mat rix with a 

primary amine group . 

Disadvantages of the method are : 

i )  cross linking can occur during epoxidation and also during reaction 

with ammonia . 

i i )  the reactive epoxide is slowly lost by alkaline hydrolysis a s  the 

coupling reaction proceeds . 

Addit ionally,  Elgar and Ayers ( 1 9 9 1 )  report only limited success with 

the e p ichlo rohydrin met hod . The procedu re may be worth pur su ing , 

howe ver,  especially if a method of introducing a primary amine cheaply 

and s imply is desired, for example in a large scale-up situation . 

2 . 1 . 6  E sterification of a cellulose support with an Na-protected amino 

acid, followed bv cleavage of the Na-protectinq group to expose 

the amine 

Na-protected amino acids may be esterified directly to a polysaccharide 

u s i n g  t he ca rbonyldi imida zole ( CD I ) ,  mixed anhydr ide , ac id chlo ride 

(Vlasov et al, 1 9 6 9 ) , or dimethylaminopyridine (DMAP ) catalysed DCC/ HOBt 

methods (Eichler et al,  1 9 9 0 ,  1 9 9 1 ) . The Na-protecting group may then 

be c leaved and a pept ide s ynthes ised direct ly from the anchored amino 



22 

a c i d . Alternat ively, the amine group may be further modified with a 

linker molecule prior to peptide synthesis . These two approaches have 

b e e n  u sed f o r  SPPS  by Vla sov et a l  ( 1 9 6 9 )  on Sephadex LH2 0 ,  and by 

Eichler et al on paper ( 1 9 8 8 ) and cotton fabric ( 1 9 9 0 ) . 

I f  a peptide- support was intended t o  be used for large scale affinity 

pu r i f ic a t i on s ,  sodium hydroxide would probably be used for column 

wa s h i ng because  it i s  the cheapest  c leaning and steri l is ing agent 

ava i lable for column regeneration (Hancock, 1 9 9 0 ) . One disadvantage of 

a t t a chment of a pept ide-ligand to a carbohydrate support via an ester 

bond is that the ester is labile to aqueous alkaline solutions . Indeed, 

a l k a l ine hydr o l y s i s  is the method usually used to c leave pept ides 

s ynthesi sed directly onto a carbohydrate mat rix (Vlasov et a I ,  1 9 7 3 ;  

O rlowska e t  a l ,  1 97 5 ; E ichler et a l ,  1 9 8 8 ) . One of the aims of this 

study was to develop a practical, robust means of synthesising peptide 

l ig an d s  ont o a c a rbohydrate supp o rt f o r  a f f inity chromatographic 

processes . Attachment o f  a peptide-ligand to Perloza by esterification 

was not invest igated because of the lability of the peptide-resin link 

to c onditions which could possibly be required for column regeneration . 

2 . 1 . 7  Carbonyldi imidazole (COl) act ivation of cellulose followed by 

reaction of the carbonylimida zole cellulose with a diamine 

Carbonyldiimidazole (COl ) reacts with cellulose in anhydrous dioxane to 

y i e l d  ca rbonyl imidazole subst ituted cel lulose, which will react with 

exces s  diamine to yield amino-cellulose with the amino-spacer arm bound 

t o  t he c e l l u l o s e  v i a  a urethane bond ( Be t he l l  e t  a I ,  1 9 7 9 ) . A 

disadvantage of the method is that c ross-linking may occur, although it 

should be pos s ible to minimise cross linking by using a large excess of 

diamine . Thi s  procedure has the advantage of being simple , and it was 

therefore applied to Perloza in this study . 

2 . 1 . 8  React ion of cellulose with 2-aminoethylsulphuric acid 

2 -Aminoethyl s u lphuric a c id ( 2AES )  in concent rated a lkaline solut ion 

reacts  with cellulose at l200C to yield aminoethyl cellulose (Guthrie , 

1 9 4 7 ; Reeves and Guthrie, 1 953 ) . Although the reaction conditions used 

we re probably too harsh, with the risk of drying out the resin ,  the 

approach was modified for t rial with Perloza . 



2 . 1 . 9  Reduction of cyanoethyl cellulose by diborane 

23 

Cellulose reacts with acrylonitrile in the presence of sodium hydroxide 

solut ion t o  yield cyanoethyl cellulose (Compton , 1 9 6 3 ;  Bikales,  197 1 ) . 

The c yanoethyl moiety is linked to the cellulose via a stable ether 

bon d . Cyanoethyl c e l lu lo s e  may be reduced by dibo rane t o  yield 

amin op ropyl c e l lulose (Daly and Mun i r ,  1 9 8 4 ) . This was the method 

chosen for production of amine substituted Perloza . 

Advantages of this approach are : 

i )  cyanoethyl substitution controllable (Compton, 1 9 63 ) , high nit rogen 

content should be possible . 

i i )  c ross linking not possible . 

i i i ) a stable ether linkage of the amino-spacer to the support is 

generated . 

One d i s advantage of the method is that the reduct ion may not go to 

complet ion . 

It w a s  cons ide red that the dibo rane reduct ion of cyanoethyl Perloza 

o f f e re d  pot ent i a l  a dvant age s ove r t he o t he r  me thods con s i de red . 

Exp e r imen t a l  t rials showed t h i s  to  be the case , and the method was 

u l t i ma t e l y  c h osen for generat ion of amine subst ituted Perlo z a  for  

further experiments .  

In summary, methods 2 . 1 . 7  (COl activation) , 2 . 1 . 8 (2-aminoethylsulphuric 

a c i d  react ion ) , and 2 . 1 . 9  (diborane reduction of cyanoethyl cellulose) 

wer e  investigated in this study . 
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2 . 2 MATERiALS AND METHODS 

2 . 2 . 1  Chemicals and Equipment 

P e r l o z a  MT r e s ins  we re purcha sed f rom Tessek Ltd .  P rague , C zecho-

slovakia . Reagent grade boron t rif luoride etherate , diglyme , ethanol-

amine , phenol ,  s odium hydroxide , and sulphuric acid were purchased from 

BDH ( NZ )  Ltd . Analyt ica l  reagent grade hydrochloric acid, dimethyl

formarnide (DMF ) , and methanol , and HPLC grade tetrahydrofuran (THF) were 

also  purchased f rom BDH (NZ ) Ltd . DMF was distilled under vacuum from 

c a l cium hydr i de . BDH " Convol"  sodium hydroxide and hydrochloric acid 

solut ions were used for titrations . Analytical reagent grade dioxane 

and diethyl ethe r ,  and reagent grade pyridine , were purchased from Ajax 

Chemicals Ltd . , Sydney . Drum grade dichloromethane (DCM) was dried over 

magnesium sulphate and distilled prior to use . Drum grade 95% ethanol 

was used as supplied . Reagent grade acrylonit rile, 1 , 6-diaminohexane, 

diisopropylethylamine (DIEA) , sodium borohydride, and triethylamine were 

f rom Riede l - de Haen . C a l c ium hyd r i de was purchased f rom Aldrich . 

Reagent grade 1 , 1 ' -carbonyldiimidazole (CD I )  was from Merck . Ninhydrin 

was f rom Koch-Light Laboratories . Water ,  unless  otherwise noted, was 

f ro m  a M i l l ip o r e  Mi l l i Q  sys tem f e d  f rom a reve r s e  osmo s i s  unit . 

Ana lytical reagent grade picric acid was from Merck . 

A R a diome t e r T T T  8 0  autot i t ra t o r  was  u se d  f o r  a l l  NaOH and HCI 

t it ra t ions . E lemental analyses were performed by the Microanalytical 

Unit , Chemi s t ry Dept . ,  University of Otago , Dunedin, NZ . Infrared 

s pe c t r a  we re r e c o rded on a Bio  Rad  F T S - 7 R  spect romete r .  UV-vis 

abso rbances were read using a Phillips Pye Unicarn PU 8 61 0  spectrophoto

meter .  

2 . 2 . 2  Determinat ion of the ratio of dry to wet weight of resin 

A s intered glass  funnel was dried at 1 1 00C for 6 0  minutes,  allowed to 

cool  t o  room temperature in a dess icator,  then weighed to 4 decimal 

place s . A sample of wet resin was weighed into the funnel . The resin 

was washed with ethano l ,  then diethyl ethe r, a nd exce s s  solvent was 

removed by vacuum filt rat ion . The funnel and contents were dried at 

1 1 0 0 C f o r  3 0  mi nute s ,  a l lowed t o  c o o l  t o  r o om tempe r a t u re in a 
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de s s i c at o r ,  a nd reweighe d . The wei ght o f  dry re s i n  was  found by 

d i f f e rence and t he rat io of the dry to wet weight of the resin was 

calculated and expressed as a percentage . 

2 . 2 . 3  Swelling of Perloza 100  Medium in different solvents 

Perloza resin is supplied preswollen in water . A study of the swelling 

properties of the resin in other solvents was made . 

A s ample o f  wate r wet Perloza 1 0 0  Medium was  aolvent excbanged to 

dioxane by success ively washing with 2 5 %  dioxane /water ,  50%  dioxane / 

wat e r ,  7 5 %  dioxane/water, then finally with 1 0 0 %  dioxane . From dioxane 

i t  w a s  exchanged to a variety of other so lvents including dimethyl 

f ormamide (DMF ) , dichloromethane (DCM) , ethanol,  methanol, and diethyl 

ethe r . The res in was transferred to a 10 ml measuring cylinder,  covered 

with 5 ml o f  the test solvent , and allowed to stand for 2 4  hours . The 

s w o l len vo lume o f  the res in was noted . The resin was quant itat ively 

t ra n s f erred to a dried prewe ighed s intered glass funnel and the dry 

weight determined . The ratio of the volume the resin occupied in its 

swoll en state to its dry weight was calculated . 

2 . 2 . 4  Reswelling of lyophilised Perloza 100  Medium 

This experiment was to assess whether Perloza res in could be dried and 

then reswollen to its original volume . 

One h undred and t en grams o f  water wet P e r l o z a  Medium r e s in were 

lyophilised . Samples of the dried res in, 1 . 0 0  g, were suspended in 10  

ml o f  test s olvents such as DMF , DCM, dioxane , ethanol ,  methanol and 

wate r .  The samples were equilibrated with the solvent s for 72 hours . 

The volume of the swollen resin was measured . The ratio of the swollen 

volume ( in ml ) to the resin dry weight was calculated . 

2 . 2 . 5  Methods for analysis of amine-subst ituted Perloza resin 

A numbe r o f  standa rd analytical methods we re used to anal yse amine-

s ub s t ituted Perloza . In s ome cases the methods were modi fied to make 

them compat ible with Perloza . 
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2 . 2 . 5 . 1  Trinitrobenzenesulphonic acid (TNBS) test for free amine groups 

The TNBS test (Hancock and Battersby, 197 6 ;  Stewart and Young, 1 98 4 )  was 

u s e d  a s  a qua l it a t ive a s s a y  to determine whether amine groups were 

p r e se n t  on funct i onal ised Perloza . Development o f  a b�ight orange 

colour on the res in beads indicated the presence of amine groups . 

2 . 2 . 5 . 2 Ninhydrin method for determination of amine substitution of 

functionalised Perloza resin 

The ABI modificat ion (Applied Biosystems Inc . ,  1 9 8 8 )  of the ninhydrin 

a s s a y  o f  Sarin et al ( 1 9 8 1 ) , developed for use with amino-polystyrene 

res i n s , was  a s s e s sed f o r  use with amine - s ubsti tuted Perlo za . All 

reagents were p repared according to the procedures described by ABI . 

Res in samples were washed with ethanol, then ether,  and dried at 1100C 

for 5 - 1 0  minutes .  The solutions used for the assay were : Reagent 1 :  80%  

phe n o l -ethanol ,  Reagent 2 :  0 . 0 0 02M KCN in  pyridine , Reagent 3 :  0 . 2 8M 

n inhydrin in ethanol . A sample o f  dried res in ,  1-10  mg, was weighed 

into a test tube ( 4  decimal places ) .  Reagent 1 ( 7 5  �l) , Reagent 2 ( 1 0 0  

�l ) , a n d  Reagent 3 ( 7 5  �l ) were added to the t ube . The s ample was 

incubated at 1 0 00C for 7 minutes . Sixty percent ethanol/water,  4 . 8  ml,  

was a dded to  t he s ample , which was  vortexed, then a llowed to cool to  

room t emperature . A blank devoid of  resin was also run . The absorbance 

o f  t he s olution at  5 7 0  nm was determined within 1 0  minutes . If the 

absorbance was greater than 1 AU the sample was diluted ten fold and the 

abso rbance read again . The absorpt ion coe f f icient o f  the ninhydrin 

complex, used for calculation of the amount of amine present , was 15000 . 

The n inhydrin assay was also used as a qualitative test for the presence 

o f  amine  group s . Gene rat ion o f  a deep b lue c o lour indic ated the 

pre sence of amine groups . 

2 . 2 . 5 . 3 HCl t it ration of resin-bound amine groups 

Amin e - s ubstituted Perloza res in was washed with 0 . 5M sodium hydroxide 

solution , followed by water unt il the effluent was neut ral to pH paper . 

A s a mple of t he resin wa s placed in a polypropylene beake r ,  and the 

amine groups were titrated using 0 . 100M Hel to an end point pH of 4 . 0 0 .  
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The resin was t ransferred quant itatively to a dried, preweighed sintered 

glas s  funnel ,  washed thoroughly with distilled water ,  and the dry weight 

det ermined . The amine . substitution (mmole/g dry res in) was calculated . 

2 . 2 . 5 . 4  Picrate tit ration of resin-bound amine groups 

Initi a l  experiments to titrate lyophilised amino-Perloza using the Gisin 

( 1 97 2 ) method were unsuccess ful . A modified procedure using 50%  aqueous 

e t h a n o l  a s  s o l vent f o r  a l l  s t e p s  w a s  s u c c e s s fu l  f o r  t i t r a t ing 

lyop h i lised amino-Perloza . This  method was  subsequent ly adopted as 

standa rd for picrate titration of amine-substituted Perloza . 

Amin e - substituted Perloza re s in was placed into a dried, preweighed 

s int e re d  g l a s s  funne l . A saturated so lut ion o f  picric acid in 5 0 %  

aqueous ethanol was added to  the resin . After standing for 5 minutes ,  

exces s  picric acid was washed away with 5 0 %  aqueous ethanol . The bound 

pic r a te was quant itat ively e luted into a 50  ml volumet ric f lask with 

e i t h e r  a s o l ut ion o f  5 %  O lEA o r  1 0 %  t r iethyl amine in 5 0 %  aqueous 

ethanol . The volume was made up to 50  ml .  The eluate was diluted with 

5 0 %  aqueous ethanol as appropriate so that the final absorbance of the 

solution was less than 1 . 0  AU . The absorbance of the solution was read 

a t  3 5 8  nm . The amount o f  picrate p resent was ca lculated us ing an 

ext i nc t ion coefficient of 1 4 5 0 0 . The dry weight of the resin was 

det e rmined by the standard procedu re . The amine subst itut ion of the 

res i n ,  in unit s of mmoles of amine per g of dry res in (mmole /g)  was 

calculated . 

2 . 2 . 5 . 5  Prepa rat ion of res in samples for elementa l  analysis 

Res in s amples to be subjected to elemental  analysis  were washed with 

e t h an o l ,  t hen ethe r ,  and dried at 1 1 00C for at least 1 0  minute s .  

Alte rnat ively, the samples were lyophilised or dried under high vacuum 

before being sent for analysis . 

2 . 2 . 6  Comparison of different methods for the determination of the 

amine substitution of amino-Perloza resins 

Aminohexyi -Pe rloza made us ing the carbonyldi imida zole / 1 , 6-diamino

hexane (CDl /DAH )  reaction ( see Section 2 . 2 . 8 ) was analysed by three 
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methods : HCI t it ration of the water -wet res in, picrate titrat ion of a 

reswollen lyophilised sample , and elemental analysis of a dried sample . 

In a second comparison aminopropyl Perloza,  made by diborane reduction 

o f  cyanoethyl Perloza ( see Section 2 . 2 . 10 ) , was titrated using both HCI 

and picrate methods . 

2 . 2 . 7  Reaction of Perloza 1 0 0  Medium with 2-aminoethylsulphuric acid 

2 -Aminoethylsulphuric acid (2AES ) was synthesised us ing the procedure of 

Rol lins and Calderwood ( 1 9 3 8 ) . Initial experiments with Perloza which 

d u p l i c a t e d  t he r e a c t ion  c o ndit i o n s  used by Gut h r ie ( 1 9 4 7 )  we re 

unsuccess ful . 

The following procedure was most success ful . Water swollen Perloza 100  

Med i um, 1 1 . 5 9 g ,  was p laced in  a s t a inle s s  steel bomb react o r . A 

solut ion of 2AES ( 2 0 %  w/v) : NaOH (25%  w/v) , 20 ml , was added . The bomb 

was sealed, placed in a boiling water bath, and heated for 3 0  hours . A 

TNBS test o f  the res in was pos itive , as was a qual itat ive n inhydrin 

test . 

2 . 2 . 8  Carbonyldiimidazole (COl) act ivation of Perloza 1 0 0  Medium 

The results of preliminary experiments showed that no benefit was gained 

by u sing a quantity of COl greater than 4 mmoles per gram of dry Perloza 

1 0 0  res in . The procedu re adopted for CO l activat ion of Pe rloza is 

illustrated in the following experiment . Note : care must be taken to 

exclude water  from the reaction, as COl i s  very readi ly decomposed by 

wate r . 

Wate r  wet Perloza 1 0 0  Medium res in 4 4 . 3  g ( 4 . 4  g dry) was placed in a 

s intered glass funnel and solvent exchanged to dioxane . The resin was 

then washed twice more with dioxane , and excess dioxane was removed by 

filtrat ion . The res in was t ransferred to a 60  ml screw capped reaction 

ves sel . Dioxane, 40 ml , was added, followed by 2 . 90 g ( 17 . 9  mmole ) COl . 

The resin was mixed for two hours on the Rototorque . The resin was then 

washed thoroughly with dioxane , and samples were taken to dete rmine the 

carbonylimidazole substitution level . 
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Perloza after reaction with COl 
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Samp l e s  o f  dioxane-wet carbonylimida zole-Perloza resin were placed in 

polypropylene beakers . Ten ml o f  O . l O OM sodium hydroxide was added and 

the s amples  were hydrolysed overnight at 40C to cleave the imidazole . 

The pH was adjusted to 3 using lM hydrochloric acid, and nitrogen was 

bubbled into the solution for ten minutes to expel carbon dioxide . The 

s olut i on was t itrated to a pH 5 . 00 end point us ing O . lOOM NaOH . This 

was  t he s t a rt point for the titrat ion of the imidazole hydrochloride 

which resulted from the initial addition of the HCl . The solution was 

t i t rated with O . l O OM NaOH to an end point pH of 8 . 50 . The volume of 

O . l O OM NaOH consumed was noted . The resin was transferred quantitat-

ively to  a dried, pre-weighed s intered glass funnel,  washed with water, 

and t he dry weight determined a s  described above . The carbonylimidazole 

subst itution level (mmoles/g of dry resin ) was calculated . 

2 . 2 . 8 . 2 Reaction of carbonylimidazole-Perloza 1 0 0  Medium with 

1, 6 -diaminohexane 

A s o lut ion  o f  8 . 5  g ( 7 0 . 7  mmoles ) 1 , 6 -diaminohexane (DAH ) in 50 ml 

d i o x a ne w a s  a dded t o  t he c o r  a c t i vated Perloza  f rom the previous 

expe r ime nt . The res in was mixed for 6 6  hours,  then washed thoroughly 

w i t h  d i o x a ne f o l lowed by ethano l ,  unt i l  no 1 , 6 -diaminohexane was 

detected in the effluent using the TNBS test . Because a TNBS test of 

the res in gave a positive res ult , s amples of the res in were titrated 

with O . l O OM HCl to determine the amine substitution level . 

2 . 2 . 9  Cyanoethylation of Perloza 1 0 0  Medium 

A n umbe r o f  pre l iminary exper iment s we re carried out to establish a 

gener a l  procedure for making cyanoethyl Perloza . 

2 . 2 . 9 . 1 P reliminary cyanoethylation experiments on Perloza 1 0 0  Medium 

The p ro cedu re repo rted by Compton ( 1 9 6 3 )  was modif ied for use with 

Per l o za . Init ial experiments carried out by mixing acrylonitrile with 

Pe r l o z a  suspended in O . SM sodium hydroxide s olut ion resulted in low 
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resin nitrogen substitution levels . It was noted that the acrylonit rile 

was Lmmiscible in the O . SM NaOH solutions used . Therefore the effect of 

u s i n g  w a t e r mi s c i b l e  c o - s o l v e n t s ,  wh i c h  wou l d  a l s o  d i s s o lve 

acrylonit rile,  was investigated . 

Water-wet Perloza 1 0 0  Medium was washed twice with O . SM sodium hydroxide 

solution . Excess solution was removed by vacuum filtration to leave the 

re s i n  mo i s t  w i t h  the s od ium hydroxide s o lut i on . The r e s i n  was 

t rans f e r re d  to  a conical flask,  and co-solvent and acrylonitrile were 

added . After stirring for 30  minutes to 2 hours the res in was collected 

by f i lt rat ion, and washed with wate r unt il the pH of the effluent was 

neutral  to pH pape r .  Samples were taken for elemental analysis . 

2 . 2 . 9 . 2 General procedure for cyanoethylat ion of Perloza 

The f o l l owing  procedure , ba s ed on the results of the preliminary 

experiments ,  was adopted . 

Perloza resin was weighed into a s intered glass funnel ,  and washed twice 

with  O . SM NaOH s o lution . After st anding for S minutes excess  NaOH 

s o l u t i o n  w a s  removed by vacuum f i lt rat ion . T he mo ist  resin  was 

t ransferred to a conical flask,  and a volume of dioxane in ml equal to 

the initial weight of the water-wet resin in grams was added . Acrylo

nitr i le was added and the resin was stirred for one hour . The reaction 

was mildly exothermic . The res in was collected by filtration and washed 

thor oughly with water unt i l  the pH of the effluent was neut ral to pH 

pape r . A s ample of the resin was dried for elemental analysis . 

2 . 2 . 1 0 Reduction of cyanoethyl Perloza using diborane 

A s e r i e s  of preliminary experiment s we re ca rried out t o  e s t ablish 

r e a c t i o n  c ondit ions  for reduct i on of cyanoethyl Perloza to yield 

aminopropyl Perloza . Init ia l ly,  reductions we re carried out at room 

temp e r a t u r e  with s t i r r ing o f  the re sin . Although succe s s f u l ,  the 

product s from batch to batch were of variable quality . Sometimes the 

aminopropyl Perloza contained fine s ,  which blocked filters and gave low 

flow r a te s ,  while at other t imes a slimy, viscous mass  formed . The 

lat e r  reduct ions at room temperature gave high reduction yields with 



31 

products which gave good flow rates ( see Section 2 . 3 . 8 ) . A modification 

o f  a l it e rature p rocedu re , which requi red ref lux o f  the cyanoethyl 

Perloza  with a diborane solution, was finally adopted for the ma jority 

o f  t he reductions of cyanoethyl Perloza . 

2 . 2 . 1 0 . 1  Reduct ion of cyanoethyl Perloza at room temperature 

Reduct ion of cyanoethyl Perloza at room temperature is illustrated by 

the f o llowing experiment . 

Wate r -wet cyanoethyl Perloza ( 5 0  g wet , nit rogen subst itution 2 . 2 5 

mmol e / g )  was washed thoroughly with THF , followed by washing with THF 

dis t i l led f rom sodium wire . The resin was t ransfe rred to a 3-necked 

round-bottomed flask with 50 ml distilled THF . A solution of sodium 

b o r ohydride , 4 . 2 5  g ( 1 1 2  mmo les ) in 5 0  ml diglyme was added to the 

res i n ,  followed by 23 ml ( 187 mmole) of boron trifluoride etherate . Gas 

was evolved on addition of the boron trifluoride etherate . The mixture 

was s t i r red, using a magnetic stirrer and follower,  at room temperature 

under oxygen-free-nitrogen for 6 9  hours . The resin was poured into 500 

ml wate r ,  whe reupon a gas was usual ly evolved . The pH of the super-

nata nt was about 1 .  After standing 20 minutes , the resin was collected 

by f il t ration, washed with 0 . 1M NaOH solution, then with water until the 

pH o f  t he e f fluent was neutral  to pH paper . 

picrate titration and elementa l  analysis . 

Samples were taken for 

2 . 2 . 1 0 . 2 Reduct ion of cyanoethyl Perloza under reflux 

A 3-necked round-bottomed flask was fitted with a nit rogen inlet and a 

paraffin bubbler . THF distilled from sodium wire was added, followed by 

sodium borohydride . The mixture was stirred, cooled to oOe, and oxygen-

f re e - n i t rogen was pas sed through the f l ask . The volume o f  boron 

t r i f l uoride etherate required to give 1 0 0 %  reaction to form diborane was 

added s lowly to the stirred mixture . The mixture was stirred at oOe for 

ten minutes . A white precipitate of NaBF4 formed . The solution was 

s t i r re d  at room temperature for a further 1 5- 3 0  minutes ,  then vacuum 

f i lt e red through a s intered glass funne l to  another 3-necked round-

bott omed f l a s k . The nitrogen inlet was connected to the flask which 

conta ined the diborane solution, and a flow of nit rogen wa s maintained 

a s  t he diborane s olution was cooled to oOe .  
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Cyanoethyl Perloza was weighed into a s intered glass funnel and solvent 

exchanged to  THF . It was then washed three times with THF, followed by 

t h re e  washes  with THF dis t i lled f rom sodium wire . 

removed by vacuum filtration . 

Exces s  THF was 

T h e  c y a n o e t h y l  P e r l o z a  was a dded s l owly to t he s t i rred dibor ane 

s olut ion , at OOC, while the flow of nitrogen was maintained . Evolution 

of gas occurred as the resin was added to the diborane solution . If  the 

rate of resin addition was too fast resin was somet imes expelled from 

the t op of the flask . A ref lux condenser was fitted to the flask after 

a l l  of the res in had been added . Nitrogen was exhausted to the paraffin 

bubbler from the top of the condenser . The suspension was ref luxed for 

t hree hours under a constant s low f low of nitrogen . The reaction was 

t h e n  a l l owed to cool to room temperature . Ethanol ( 9 5 % )  was added 

caut iously to decompose excess diborane , gas was evolved . The resin was 

collected by filtration on a s intered glass funnel and washed twice with 

IM H C l . After  s tanding for  5 - 1 0  minute s  exces s  HCl was removed by 

vacuum filtration and the resin was washed with water until the pH of 

the e f fluent was neutral to pH paper . The resin was washed twice with 

0 . 5M NaOH s o lut ion . Afte r  s t anding f o r  5 - 1 0  minutes excess  NaOH 

s olution was removed by vacuum filtrat ion and the resin was washed with 

wat e r  unt i l  t he pH o f  the e f fluent was neut ral to pH pape r . Resin 

s amples  we re t aken for picrate t it ration and elemental analysis . The 

re s ul t s  o f  the picrate t it ra t ion a nd t he elementa l  ana lys i s  of the 

o r i g i n a l cyanoethyl re s in we re u se d  t o  ca l c u l a t e  the pe rcentage 

reduct ion of the starting cyanoethyl resin . 
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2 . 3 RESULTS AND DXSCUSSXOH 

The experiments described in this chapter were undertaken : 

i )  t o  determine whether Perloza was compatible with solvents commonly 

used for peptide synthesis . 

i i )  to  establish a method for introducing a spacer arm bearing an amine 

group, in controllable yields , onto Perloza . 

Success ful outcomes of both studies were necessary before investigations 

c ould be undertaken into the feasibility of us ing Perloza as a support • 

f o r  s olid phase peptide synthesis employing the established Boc and Fmoc 

chemistries . 

2 . 3 . 1  Swelling o f  Perloza 1 0 0  Medium in different solvents 

The results o f  an investigation into the swelling properties of Perloza 

in various solvents are given in Table 2 . 1 .  Perloza was found to have a 

l imited range o f  swollen volumes in solvents ranging f rom water ( 11 . 5  

ml/ g )  to diethyl ether ( 8 . 3  ml/g) . The solvents likely to  be used for 

SPPS were DCM ( 9 . 3  ml/g) , dioxane ( 9 . 4 ) ml/g, and DMF ( 1 0 . 4  ml/g) . From 

these results the res in shrinkage in changing from DMF to DCM would be 

1 0 % ,  which would be acceptable in a continuous f low o r  batch system 

s hould a change o f  solvents be required during a pept ide synthesis . 

Table 2 . 1  Swelling properties of Perloza in various organic solvents 

Solve nt 

DMF 

Diethyl ether 

Ethanol 

D ioxane 

DCM 

Wate r  

THF 

Methanol 

Vol solvent swollen resin/wt dry res in 

1 0 . 3  

8 . 3 

9 . 9  

9 . 4  

9 . 3  

11 . 5  

9 . 4  

1 0 . 6  

(ml/g) 
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2 . 3 . 2  Reswellinq of lyophilised Perloza 1 0 0  Medium 

The results of experiments to determine the extent to which lyophilised 

P e r l o z a  reswe l led in various solvent s a re given in Table 2 . 2 .  The 

results  indicated that Perloza could not be dried and then reswollen to 

its  o riginal volume in any of the solvents tested under the conditions 

use d . Therefore,  the importance of maintaining the resin in a solvent 

swo l len state at all  times is stressed . 

Table 2 . 2 Reswellinq of Perloza after lyophilisation 

Solvent 

D� 

Met hanol 

Wate r  

Ethanol 

Dioxane 

DCM 

Vol solvent swollen resin/wt dry resin 

2 . 0  

2 . 0  

3 . 7  

1 . 4  

1 . 45 

1 . 3  

2 . 3 . 3  Methods for analysis of amine-substituted Perloza resin 

(ml/g)  

2 . 3 . 3 . 1  Ninhydrin assay for determination of the amine substitution 

level of functionalised Perloza resin 

I t  w a s  f ound during the ninhydrin a ssay that heating the dried res in 

s amp le s  resulted in  reswe l l ing o f  the re sin . The degree of re s in 

reswe l l ing was not investiga�ed . 

The results  o f  analyses of amine-subst ituted Perloza by the ninhydrin 

a s s a y  and by picrate titration were compared by graphical means (Figure 

2 . 1 ) . Compari son o f  results ( see Figu re 2 . 1 ) of analyses o f  amine

s ub s t ituted Perloza by the two methods i ndicated that the ninhydrin 

a s s a y  s ometimes gave nitrogen subst itution leve ls cons ide rably lowe r 

t h a n  t h o s e  obtained by the picrate t i t rat ion . The result s o f  the 

picrate t it rat ion were shown to  agree closely with t he result s of two 

other methods (Hel  titration and elemental analys is,  see Sect ion 2 . 3 . 4 ) 

f o r  det e rmining t he amine subst itution o f  funct iona lised Perloza . 
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Because the ninhydrin method did not always give the same result as the 

picrate  t it ration,  it was mainly used as a semi-quant itative assay of 

amine subst itution, and the results were treated with some reservation . 

In s ome cases , for example i f  resin s amples were dried, the ninhydrin 

assay was the only practical means of determining the amine substitution 

level of the sample . The advantages of the ninhydrin assay were that it 

was considerably faster than the picrate t itration method, it could be 

used with dried resin sample s ,  and only sma ll quantities of res in ( less 

t he n  5 mg ) were requ i red . At low amine subst itut ion l e v e l s  the 

n i n h yd r i n  a s s a y appe a r e d  t o  be mo re s en s i t ive t han t he p i c rate 

t i t r a t ion . I t  was  dec ided not to  inve st igate means o f  obta ining 

c o n s i s t ent ag reement between the ninhydrin a s s ay and the picrate 

t it rat ion because the picrate t itrat ion was found to  be adequate for 

mos t  of the analyses performed . 

2 . 3 . 3 . 3 HCl titration of resin-bound amine groups 

D e t e rminat ion o f  t he amine s ubst itut ion o f  aminohexyl P e r l o z a  wa s 

stra ightforward using the HCl t itration, but it was time consuming . One 

pos s ib le improvement to  the HCl tit rat ion method used in this study 

woul d  have been to wash the resin with dilute NaOH solution to convert 

the resin bound amine-hydrochloride back to the free amine prior to dry 

weight determinat ion . The presence of t he hydrochloride s a lt made a 

s igni ficant difference to the f inal calculated amine substitution level, 

a n d  h a d  to be  a l l owed f o r  b y  ca l c � l at ion . Al s o , care had to be 

exercised when transferring the resin to the sintered glass funnel for 

t he dry weight determination . Less  than quantitative t ransfer would 

result in an anomalously high amine substitution level . 

2 . 3 . 3 . 4  P icrate tit rat ion of resin-bound amine groups 

Init i a l  experiments us ing the original procedure of Gisin ( 1 97 2 )  with 

lyophilised aminohexyl Perloza were unsuccessful because the dichloro

me t ha ne s o lvent used did not re s we l l  the P e r l o z a  to any  e xtent . 

However ,  picrate tit ration of lyophilised aminohexyl Perloza us ing 50%  

aqueous ethanol as  solvent did give a res ult almost ident ical to that 

previously found by t itrat ion of the water-swollen resin with HCI . If  

the res in had initially been solvent swollen the Gis in method may have 
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worked . However,  it was found to be more convenient to use 50 % aqueous 

ethanol a s  the solvent when dealing with Perloza , so the Gisin procedure 

was modi fied as described in the experimental section . 

The e xt inct ion coef ficient of OlEA picrate in 5 0 %  aqueous ethanol was 

f ound t o  be 1 4 6 0 0  ± 3 %  at a lambda max . of 3 6 0  nm, compared to the 

literature value of 14500  at 358 nm in 95%  ethanol (Gisin, 1972 ) . The 

l iterature ext inction coefficient of 1 4 5 0 0  was used in this study . No 

diffe rence was found between the absorbance of solutions of OlEA picrate 

and NEt 3 picrate at 358  vs 3 60 nm . Therefore all measurements were made 

at the literature wavelength of 3 5 8  nm . 

The modif ied Gis in method used to determine the amine substitution of 

amino-Perloza  was original ly developed us ing 5% OlEA in 5 0 %  aqueous 

ethanol  for picrate e lut ion . However ,  a tempo rary short age of OlEA 

neces s it ated use of triethylamine solut ion for elution of picrate . The 

t r iethylamine solution was made to 10%  v/v with 50%  aqueous ethanol . No 

difference was f ound between the extinction coefficient of OlEA picrate 

and NEt 3 picrate in 5 0 %  aqueous ethanol . Accordingly, a 1 0 %  solution of 

t ri e t hy l amine in  5 0 %  aqueous et hano l was used for the ma j o rity o f  

picrate t itration results reported in this study . 

One p roblem encountered was ent rapment of picric acid in the sinter of 

the funnel . Thorough washing of the s inter was required to ensure all 

of t he unbound picric  acid was removed . Fa ilure to ensure trapped 

p i c r i c  a c i d w a s  w a s he d  a w a y  r e s u l t e d  in anomal ous l y  h igh amine 

s ubstitut ion levels . When due care was taken the picrate tit ration was 

more c onvenient and less t ime consuming than the HCl t it ration . In 

addition,  all of the manipulations were carried out in the same sintered 

gla s s  f unnel,  thus eliminating resin transfer errors . 

2 . 3 . 4  Comparison of different methods for the determination of the 

amine substitution of amine functionalised Perloza resins 

A c omparison of three methods of determining the amine subst itution of 

amin o h e xyl P e r l o z a  was made . The amine subst itut ion of aminohexyl 

P e r l o z a  was det e rmined by pic rate and HCl t it rat ions . In addition 

e lemental  ana lysis of the res in gave a figure for the total nit rogen 

subst it ut ion . The three results are given in Table 2 . 3 .  
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Table 2 . 3  Comparison o� picric acid, BCl and elamental analysis results 

for date�ation of amine substitution of aminohexyl Perloza 

Ana lysis method 

HCl t it ration 

Picrate titrat ion 

Elementa l  analysis 

Amine substitution 

1 . 0 1 mmole/g 

0 . 98 mmole/g 

0 . 93 mmole/g 

The t he o r e t i c a l  amine s ubst itut ion was de rived f rom the element al  

analys i s  result by dividing the total nitrogen substitution by 2 .  This 

result would be expected to be the same as the titration result if there 

was  no c ross  l inking between res in-bound carbonylimida zole groups by 

1 , 6 -diaminohexane ( see Section 2 . 2 . 8 ) . Any cross linking would reduce 

the number of amine groups available for t itration . Therefore,  if cross 

l inking had occurred, the titration result would be expected to be lower 

than the theoretical substitution calculated from the elemental analysis 

result . 

A compa rison o f  the results given in Table 2 . 3 showed good agreement 

between the HCl result of 1 . 01 mmole/g vs the picric acid result of 0 . 98 

mmo l e / g .  B o t h  r e s u l t s  we r e  h ighe r t han the t he o r e t i c a l  amine 

s u b s t itut ion of 0 . 9 3 mmole / g  de r ived f rom the element a l  analysis . 

Although t he e lement a l  analysi s  result wa s lowe r ,  the result of the 

c omp a r i s on w a s  encouraging because it indicated ve ry l i t t le cross 

l in king had occurred during react ion o f  1 , 6 -diaminohexane with the 

carbonylimidazole act ivated Perloza resin . 

In a second experiment , aminopropyl Perloza was t itrated using the HCl 

and pic rate methods . The Hel titration result of 1 . 95 mmole/g was again 

3 %  g r e a t e r t han t he picrate t it r a t i on re sult of 1 . 8 9  mmole / g .  A 

p o s s ible  e xp lanation for the di f f e rence in the re sults  o f  t he two 

t i t ra t ion methods wa s that t he end point pH of 4 . 0 0 used in the HCl 

t itration may have been slightly lower than the true end point pH . 

The  p i c r a t e  t it l "at i on was ult ima t e l y  chosen f o r  rout ine use  f o r  

determination of ,mine substitution o f  functionalised Perloza because : 



i )  i t  was the more convenient o f  the two tit ration methods . 

i i )  res in t ransfer errors were eliminated . 
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2 . 3 . 5  Reaction of Perloza 100 Medium with 2-aminoethylsulphuric acid 

Aminoethyl cotton fabric has been made with amine substitution levels up 

t o  0 . 8 1 mmo le / g  using the 2 -aminoethylsulphu r ic acid procedure o f  

Guth r ie ( 1 9 4 7 ) and Reeves and Guthrie ( 1 953) . In their procedure cotton 

fabr ic was heated at 120oC, while moist with a concentrated solution of 

NaOH and 2 -aminoethylsulphuric acid, to introduce aminoethyl groups . 

The s e  condit i on s  we re t ried with P e r l o z a ,  but the res in dried out . 

Since it was previous ly shown that it was imposs ible to reswell dried 

Perloza  resin to its original volume ( Sect ion 2 . 3 . 2 ) , the procedure was 

mod i f ied to avoid drying of the res in . After  reaction in a bomb at 

1 0 0 0C f o r  3 1  hours , the result ing aminoethyl Perloza  had an amine 

sub s t itut ion level o f  0 . 0 5 2  mmo le / g  as dete rmined by the ninhydrin 

a s s ay . I t  did not s eem l ikely that amine subst itut ion levels much 

higher than 0 . 05 2  mmole/g could be obtained using this method . As it 
• 

was considered desirable to be able to obtain amine substitution levels 

of up to  2 mmole/g, if required, this method was abandoned .  

2 . 3 . 6  Carbonyldiimidazole / 1, 6-diaminohexane (CDI/DAR) 

functionalisation of Perloza 

Carbonylimidazole Perloza was made using a procedure based on that of 

Bethel l  et al ( 1 9 7 9 ) . Preliminary experiments showed no advantage in 

us i ng more than 4 mmole CDI per gram o f  dry resin . The intermediate 

ca rbonylimidazole substituted Perloza ,  carbonylimidazole substitution 

2 . 2 1  mmole / g ,  was reacted with 1 , 6-diaminohexane to yield aminohexyl 

Per l oz a . Titrat ion o f  the aminohexyl Perloza with 0 . 1 0 0M HCl to a pH 

4 . 0 0 end po int gave an  amine s ubst itution o f  0 . 9 8 mmole /g,  wh ich 

represented a coupling yield of 4 9 % ,  assuming that cross linking had not 

taken place . Cross l inking was to be avoided if poss ible because it 

a l t e r s  the pore size distribut ion of the matrix, which is undesirable 

for separation chromatographic applications . 

The 0 . 9 8 mmo le / g  amine substitut ion level achieved us ing the CDI /DAR 

reaction was useful, however this method was not pursued once successful 
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reduct ion o f  cyanoethyl Perloza had been demonstrated . One pos sible 

d r a wb a c k  o f  t he aminohexyl ureth ane P e r l o z a  is the que s t i onable 

stability of the urethane link at extremes of  pH . No investigations were 

unde rtaken to determine the pH-dependent stability o f  the urethane

Perloza linkage . 

Although the CDl/DAR method was not pursued in this study it did provide 

a very s imple means of introducing a primary amine onto Perloza . 

2 . 3 . 7  Cyanoethylation of Perloza 

The results  of pre l iminary cyanoethylation expe riment s a re given in 

Table 2 . 4 .  The standard cyanoethylat ion procedure was developed from 

t he f inal experiment reported in Table 2 . 4 .  

Tab1e 2 . 4  Initia1 Per10za cyanoethy1ation ezperiments 

Weight wet 

res in 

3 1  g 

1 0  g 

3 0  g 

3 0  g 

5 0  g 

Volume of 

co-solvent 

1 5  rnl ethanol 

2 0  ml dioxane 

6 0  rnl dioxane 

6 0  rnl dioxane 

5 0  rnl dioxane 

Volume of 

acrylonitrile 

2 5  rnl 

8 rnl 

25  rnl 

2 5  rnl 

25  rnl 

n . d .  
* 

not determined, the resin formed a gel 

Reaction time 

60  min 

60  rnin 

120 rnin 

60  rnin 

60 rnin 

Nitrogen 

substitution 

(mrnole /g)  

1 . 10 

4 . 2 1  

n . d .
* 

4 . 8 5 

3 . 6 6 

The result s o f  a numbe r of st anda rd cyanoethylat ions of Perloza are 

given in Tables 2 . 5  and 2 . 6 . The st anda rd reaction scheme ( Section 

2 . 2 . 9 . 2 )  gave cyanoethyl Perloza with controllable nitrogen subst itution 

level s  of up to 3 . 6 6 mmole/g .  
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Tab1e 2 . 5  Cyanoethy1ation of Per10za 100 Medium 

N substitution (mmole/g) 
* 

Kacr 

3 . 6 6 0 . 200  

2 . 94 0 . 156  

2 . 2 5  0 . 107  

1 . 35 0 . 0 7 4  

1 . 2 8 0 . 0 91 

1 . 12 0 . 072 

1 .  0 9  0 . 0 65 

0 . 8 8 0 . 0 59  

0 . 8 3 0 . 0 65 

0 . 8 0 0 . 05 9  

0 . 6 6 0 . 0 59  

0 . 4 8 0 . 073  

0 . 42 0 . 034  

0 . 3 8  0 . 032 

vol acrylonit rile (mll 

vol acrylonitrile (ml ) + vol dioxane (ml ) + wt water-wet resin (g) 

Table 2 . 6  Cyanoethylation of grades of Perloza other than 100 Medium 

N subst itution (mmole/g)  

( grade of Perloz a )  

0 . 82 ( 1 0 0  Fine ) 

3 . 1 9 ( 2 0 0  Fine ) 

1 .  4 0  ( 2 0 0  Fine ) 

3 . 43 ( 2 0 0  Medium) 

2 . 58 ( 2 0 0  Medium) 

0 . 4 3 ( 2 0 0  Medium) 

0 . 42 ( 2 0 0  Medium) 

2 . 9 6  ( 50 0  Fine ) 

2 . 9 1 ( 5 0 0  Fine ) 

0 . 9 4 ( 5 0 0  Fine ) 

0 . 7 6  ( 50 0  Medium) 

0 . 0 7 4  

0 . 1 4 6  

0 . 0 83  

0 . 1 8 0  

0 . 0 83  

0 . 0 34  

0 . 0 34  

0 . 259  

0 . 1 67 

0 . 0 69 

0 . 1 07 
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Higher substitut ion levels us.ing the standard scheme were not attempted, 

however during the initial experiments a nitrogen substitut ion level of 

4 . 8 5 rnrnole/g was achieved without destruction of resin integrity . The 

re s in a t  4 . 8 5 rnrno l e / g  nit rogen subst itut ion was found to be highly 

swollen in NaOH solution and consequently difficult to filter .  Neutral

i s at i on o f  the NaOH by acetic acid made the re s in easy to f ilte r . 

At temp t s  t o  achieve highe r n it rogen subst itut ion levels resulted in 

format ion o f  a sticky mass  and loss of the resin ' s free flowing, beaded 

character . 

Al l o f  t he re sult s f rom the st anda rd cyanoe thyl ation procedure were 

graphed by p lott ing the nitrogen substitution vs Kacr (Figure 2 . 2 ) . 

Most o f  the points for Perloza 100  Medium fell on a st raight line . The 

ma in u s e  o f  this graph was for estimating the volume of acrylonit rile 

requ i red to achieve a des i red cyanoethylat ion subst itution , given a 

predete rmined amount of wet res in to  be cyanoethylated . Points were 

a dded a s  data became ava i lable , but only three or four init ial data 

point s were required for a useful calibration graph to be obtained . 

Figure 2 . 2 Graph of nitrogen substitution level of cyanoethyl Perloza 

resins vs ltacr 

0.3�------------------------------------------------------------------' 

• 

El Perloza lOO Medium 
0.2 El 

• Perloza 200 Fine 

• Perloza 200 Medium 

• Perloza 500 Medium 

0.1 • Perloza lOO Fine 

c Pcrloza 500 Medium 

0.0 <r---...-----r----r---.--.....---,.--......... ---j 
o 2 3 4 

eN S u bst i t u t ion ( m m o lr/R) 
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The nitrogen substitution results of cyanoethylation of other grades of 

Perloza were also plotted vs Kacr in Figure 2 . 2 .  The points for other 

grades  of Perloza often fell close to the line plotted for Perloza 1 0 0  

Medium . The graph was therefore o f  some use for predicting the volume 

o f  a c ry l o n i t r i l e  requ i red f o r  c yanoethylat ion o f  other grades  o f  

Perloza . However ,  it would be likely that separate calibration graphs 

would be required for the different grades of Perloza . 

The r e sults  o f  t he cyanoethylat ion expe riment s showed that it was 

po s s ible to  achieve cont rol lable , low to high levels  of cyanoethyl 

s ub s t ituted Perloza . The next s tep was to investigate reduct ion of 

cyanoethyl Perloza with diborane . 

2 . 3 . 8  Reduction of cyanoethyl Perloza with diborane 

D ib o r a n e  i s  a p o we r f u l  reduc ing agent ( B rown and Ko rytnyk , 1 9 6 0 )  

gene rated by react ion o f  sodium borohydride with boron t rifluoride in 

diglyme solvent ( Brown and T ierney ,  1 9 5 8 ) . THF may also be used as 

solvent . Although sodium borohydride is only spa ringly soluble in THF 

it dis solves a s  the react ion proceeds . The order of addition can be 

important . Diborane is generated more smoothly if a diglyme solution of 

s od i um borohyd r i de is added to a THF or diglyme s o lut ion of boron 

t r i f l u o r ide . A s l ight e xc e s s  o f  bo ron t r ifluoride i s  des i rable . 

D ib orane solut ions in THF may be exposed to air without spontaneous 

i gn i t i o n ,  however it is best to keep a ir exposure to a min imum as 

diborane i s  readi ly hydrolysed by atmospheric moisture (Brown et al,  

1 97 0 )  . 

A n i t r i le rea c t s  with dibo r a ne t o  f o rm an N , N , N-t r i a lkylborazole 

( Eme l e u s  a nd Wade , 1 9 6 0 ) . Subs equent hydro lys i s  o f  t he N , N , N , -

trialkylborazole yields a primary amine . Nitriles a re reduced in high 

yields at room temperature by diborane solutions . Two nitrile groups 

a re reduced for each diborane molecule (Brown and Subba Rao ,  1 9 6 0 ) . 

Only one reference to reduction of cyanoethyl cellulose was found . Daly 

and Mun i r  ( 1 9 8 4 )  claimed t o  have achieved quant itative reduction of 

c y a n o e t hyl ated b leached wood pu lp us ing ref luxing bo rane-dimethyl 
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s u1 p hide ( BH3 . DMS ) or borane-THF (BH3 . THF) . In their procedure , they 

took 2 . 0  g o f  cyanoethy1 cellulose ( nitrogen substitut ion 5 . 5  mm01e/g, 

11 mmo1e nitrogen) , suspended it in 30  ml THF, added 5 ml 2M borane-DMS 

o r  1 0  m1 1M borane-THF ( 10 mmoles borane) and refluxed for three to five 

hour s . After  work up of the reaction they found no nitrile band in the 

infr ared spectrum . 

On a stoichiomet ric basis alone the yield would have been expected to be 

9 1 % , because one borane molecule reduces one nitrile group, and the 

rat i o  of nitrile to borane was 11 : 10 .  In addition, diborane reacts with 

a 1 cohols  in t he order prima ry>secondary>tertiary (Brown et a I ,  1 97 0 ) , 

and t he hydroxyls of the cyanoethyl cellulose would have been expected 

t o  react with the diborane , resulting in dest ruct ion of diborane . As 

n o t e d  i n  t he S e c t i on 2 . 2 . 1 0 . 2  o f  t h i s  s t udy , evo lut i o n  o f  gas 

a c c o mpanied a ddit ion of cyanoethy l Pe rlo z a  t o  dibo rane s olutions . 

Because the cyanoethyl Perloza was in very dry THF , the only explanation 

f o r  t he evolution of gas was decomposition of diborane by resin-bound 

hydroxyl groups . Daly and Munir  a lso noted that the f inal nit rogen 

s u b s t i t u t i o n  was the s ame a s  that found be fore reduction, however,  

examinat ion o f  their elemental  analys is data revealed that the f inal 

n i t r og e n  s u b s t j tut i o n  wa s 5 . 1  mmo l e / g ,  compa red to the i n i t i a l  

s ub s t i t ut i o n  o f  5 . 5  mmo le / g .  Alt hough they c 1a imed quant it ative 

reduct ion, Daly and Munir noted that 

The observed i on-exchange capaci t i es are approxima t ely 5 0 i  of the 

t h e o r e t i c a l  va l u e s  e s t i m a t e d from t h e  i n i t i a l  cya n o e t h yl 

s ubst i t u t i on ,  alth ough n o  l oss of functionality was e vident in the 

e l emen t a l  ana lysis dat a . 

Daly and Muni r  explained the lower than expected ion-exchange capacities 

by stating that 

The deri va t i ve must exi st in the free amine form, but the charge 

d e ve l opmen t on h i gh DS deri va t i ves m u s t  l i mi t t h e  ext en t o f  

prot on a t i on i n  aqueous aci d .  (DS - Degree of Substitution) 

The most likely explanation now would appea r  to be that they achieved 

l e s s  than quant itat ive reduct ion o f  the cyanoethyl cellulose . From 
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t h e i r s t a tement s it app e a r s  t h e  r e a l  value w a s  about 5 0 % . One 

o b s e rvat ion which ma y have led Daly and Mun i r  to a s s ume they had 

achieved quantitative reduction was the absence of a nitrile stretching 

band at about 2250  cm-1 in the infrared spectrum. In this study it was 

s omet ime s found that a nit rile band wa s absent a fter a reduction of 

c yanoethyl P e r l o z a  even t hough the picrate tit rat ion and elementa l  

a n a l y s i s  d a t a  suggested unreacted n i t r i le was still  present . F o r  

example , cyanoethyl Perloza (initial nitrogen substitution 1 . 5 0  mmole/g) 

a ft e r  reduct ion had a nit rogen subst itut ion of 1 . 5 3 mmole / g ,  and an 

amine substitut ion of 1 . 2 6 mmole /g by picrate tit ration ( 8 4%  reduction 

yield) . However ,  examinat ion of the infrared spectrum did not reveal 

the expected nit rile band between 2 2 0 0  and 2300  cm-1 . The absence of 

the expected nitrile band could not be explained, unless it was too weak 

to  be seen under the conditions used . 

The results of investigations into the reduction of cyanoethyl Perloza 

using diborane at room temperature are given in Table 2 . 7 .  

Tabl.e 2 . 7 Reduction of cyanoethyl. Perl.oza 100 Medi.um at room 

temperature 

Init ial eN Excess of diborane Final NH2 % Reduct ion 

substitution and reaction time substitution 

(mmole/g)  (mmole/g) 

3 . 6 6 11X, 65 hr 2 . 77  7 5  

2 . 9 4 9X, 2 4  hr 1 .  90 65 

2 . 9 4 10X, 102  hr 1 . 8 0 6 1  

2 . 9 4 10X, 67 hr 2 . 55 75 

2 . 2 5  13X, 6 9  hr 1 . 8 2 8 1  

1 . 35 22X, 67 hr 1 . 07 7 9  

1 . 2 8  23X, 17 hr 1 . 0 9  85  

1 . 50 1 9X, 22 hr 1 . 2 6  8 4  

Daly and Munir ( 1 9 8 4 )  were unable to reduce cyanoethyl cellulose at room 

temperature using diborane . However, it was found in this study that it 

was  pos s ible to reduce cyanoethyl Perloza at room temperature in high 

yield using diborane . A large excess o f  diborane , typically 9-23X, was 
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used . Reduction t imes varied f rom 17-102  hours . The highest yields 

were obta ined in the last four experiments ,  7 9-84%  (Table 2 . 7 ) . 

C on s ide rable  care was t aken in t he last  four experiments to ensure 

s olvents were dry . The yields of the last four experiments compared 

favourably with those obtained by reduction under reflux ( see Tables 2 . 8  

and 2 . 9 ) . The f l ow prope rties o f  aminopropyl Perloza made by room 

temperature reduction of cyanoethyl Perloza varied due to generation of 

f in e s . Dur ing the room t empe rature reduct ions the suspens i on was 

magnetica lly stirred, and it was likely that the grinding action of the 

magnet i c  f lea was responsible for most o f  the f ines generated . The 

res in s  reduced for  17 -22 hours exhibited good flow properties because 

they contained l ittle or no f ines . A better method of mixing the room 

temperature reductions,  for example by swirling, might have resulted in 

fewer fines . 

The results of investigations into the reduction of cyanoethyl Perloza 

using diborane under reflux (temperature 67oC) a re given in Tables 2 . 8  

and 2 . 9 .  

Tab1e 2 . 8  Reduction of cyanoethy1 Per10za 100 (Medium. un1eaa noted) 

Init ial  CN Excess of diborane Final NH2 % Reduction 

substitution and reaction time substitution 

(mmo le/g )  (mmole/g) 

1 . 12 17 . 1X 0 . 7 6  6 8  

1 .  0 9  1 7 . 5X 0 . 87  80  

0 . 97 1 9 . 8X 0 . 85  88  

0 . 8 8 21 . 8X 0 . 8 1 9 4  

0 . 8 3 23 . 0X 0 . 8 3 100  

0 . 8 0  23 . 8X 0 . 6 9  8 6  

0 . 6 6 2 8 . 9X 0 . 6 4  9 7  

0 . 4 8 6 6 . 0X 0 . 4 4 9 2  

0 . 42 1 9 . 4X 0 . 2 8  6 7  

0 . 3 8  2 1 . 8X 0 . 37 97  

0 . 82 ( P 1 0 0  Fine ) 3 9 . 9X 0 . 7 0  8 5  



Tab�e 2 . 9  Reduction of cyanoethyl Perloza 200 and 500 

Initial  eN 

sub s titution 

(mmo le/g)  

P 2 0 0 CN Medium 

0 . 42 

0 . 4 3 

P 5 0 0 CN Fine 

2 . 9 1 

1 .  0 3  

0 . 65 

0 . 9 4 

P 5 0 0 CN Medium 

0 . 7 6  

0 . 6 9 

0 . 3 8  

Excess o f  diborane Final NH2 

and reaction time 

3 1 . 7X 

2 8 . 6X 

1 4 . 4X 

1 6 . 3X 

34 . 0X 

2 0 . 6X 

2 6 . 3X 

15 . 3X 

2 1 . 1X 

substitution 

(mmole/g) 

0 . 30 

0 . 43 

2 . 63 

0 . 85 

0 . 34 

0 . 6 9 

0 . 65 

0 . 5 6  

0 . 3 1 
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% Reduction 

71  

1 0 0  

90  

83  

52  

73  

86  

8 1  

8 2  

Reduc t ion of cyanoethyl Perloza b y  a n  excess o f  diborane in refluxing 

THF s olution resulted in products containing no fines . Reduct ion yields 

va r i e d  f r om 5 2 - 1 0 0 % . No c ommon f a ct o r  was  found t o  exp l a in the 

v a r i a t i o n  in reduction y i e l ds . An explanat ion for the less  than 

quantitat ive reduction yields could be that the diborane was consumed by 

reac t i on with the cellulose  hydroxyls , except t hat g a s  was always 

gen e r a t ed on  adding e t h a n o l  in the work up , which indicated that 

dibor ane was s t i l l  present at the end of  the reaction . Possibly the 

t ime a l lowed, three hours , was insuf ficient to give 1 0 0 %  reduct ion , 

however  in  some cases 100%  reduction was achieved in three hours . 

The post-reduction nit rogen subst itution was somet�es seen to be less 

than t he initial substitut ion . LosS of nit rogen could be explained by 

hydro lysis of the nitrile to carboxylic acid, or loss of acrylonit rile 

f rom t he revers ible reaction given in Scheme 2 . 1 . However,  many of the 

reduct ions showed a post reduct ion nit rogen substitution level similar 

o r  i dentical to the initial level . Obviously a number of  factors were 

respo n sible for the variation in the reduct ion yields obtained in this 

study . 
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Cellulose-OH + CH2=CH-CN 

Rega rdl e s s  of some unanswered questions regarding reduct ion yie lds , 

ami n o p ropyl P e r l o z a made by r e f lux reduct ion exhibited good flow 

properties and did not contain fines . The readily controllable range of 

n it r i le and hence amine subst itut ions , and the availability of low to 

high amine substitutions as required, made the procedure attractive for 

this study . The resin-bound amine groups were found to be reactive and 

readi ly access ible for furthe r reaction . In addition, the ether bond 

linking the aminopropyl group to the resin was l ikely to have greater 

chemical stabil ity than the urethane of the aminohexyl urethane-Perloza 

made by the COl /OAH procedure . 

The cyanoethyl reduction method also gives a spacer arm which is shorter 

than the hexyl spacer of the COI /OAH resin . This would possibly result 

in l e s s  hydrophobic interact ion of the spa cer a rm wit h s olutes in  

aqueous media ( O ' Carra , 197 8 )  should the aminopropyl derivative be used 

for chromatographic purposes .  

The results of these studies provided a basis for further investigations 

into t he use of Perloza as a support for solid phase pept ide synthesis 

u s i n g  e x i s t i n g  Boc and Fmoc p rotoc o l s . P e r l o z a  was s hown to be 

c omp a t ible with s olvent s ,  such as OMF , wh ich a re commonly used for 

pept i de synthes i s  by both Boc and Fmoc methodology . It was expected 

that polar solvents such as OMF would result in favourable solvation of 

the c arbohydrate matrix of Perloza . 

The l owe r t h an qua n t i t a t ive reduct ion yie lds would result in the 

pre s ence of res in-bound cyanoethyl groups . The presence of cyanoethyl 

groups result ing f rom incomplete reduction was not envisaged as being 

de t r ime n t a l  i f  t he re s i n was t o  be used a s  a suppo rt f o r  pept ide 

s ynthes i s  or a f f inity chromatography, as they would be expected to be 

relat ively inert . It should be borne in mind, however, that at extremes 

o f  p H  i n  aque o u s  s o l vent s ,  s ome hydrolys i s  o f  nit r i le g roups t o  

carboxylic acid may be expected t o  occur . 



2 . 4  CONCLOSXONS 

4 8  

1 )  P erloza appeared to be suitable for  use with a variety of  solvents . 

Alt h ough t he exte rna l volume o f  t he ge l in  different so lvents was 

s imi l a r ,  the e ffect of the different solvents on the internal structure 

o f  P erloza was not known . 

2 )  P e rloza should be kept damp with solvent , it should not be allowed to 

dry out . 

3 )  CDI /DAR activation may be used to generate aminohexyl Perloza with a 

useful primary amine substitution level and minimal cross linking . 

4 )  C y a n o e t h y l a t i o n  o f  P e r l o z a  c a n  g i ve c o n t r o l l a b l e  n i t r i l e 

s ub s t itut ions ove r the range o f  0 - 4 . 5  mmole/g . Subsequent diborane 

reduct ion of cyanoethyl Perloza is an efficient method for synthesising 

aminopropyl substituted Perloza . 

5 )  T he ninhydrin assay was not used extens ively in this study . More 

work would be required before the assay would be useful for routine use 

with Perloza . Modifications of the currently used ninhydrin assay would 

probably be requ ired to adapt the procedure for use with Perloza . In 

this  study, a s imilar s ituation was experienced with the Gisin picrate 

tit rat ion . 
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The t e rt i ary butyloxyca rbonyl ( Bo c )  group was developed as an acid 

labi l e  amine p rotecting group (Carpino 1 9 5 7 a ,  1 9 57b) and applied to 

s o lut ion pept ide synthes is by McKay and Albertson ( 1 957 ) and Anderson 

and MacGregor ( 1 9 5 7 ) . The Boc group was first  used for solid phase 

pept ide synthesis  by Merrifield ( 1 9 64a, b) , and has come to be the most 

commo n l y  used a c id labi le Na-ami no p rotect ing group ( E r ic kson and 

Merri field, 1 9 7 6 ) . The Boc group is cleaved by 25%  TFA in DCM, 4M HCL 

in d ioxane ( St ewa rt and Young, 1 9 8 4 ) , 1 0 %  s u lphuric acid in dioxane 

( Houghten et a l ,  1 9 8 6 ) , and boron t r i f luoride in acetic acid (Hiskey 

et a l ,  1 97 1 ;  Schnabel et al ,  1 97 1 ) . A diagram of the �oc method of SPPS 

is g iven as Figure 3 . 1 .  

T h e  s o l id supp o rt u s ua l ly used f o r  S P P S  by t he Boc met hod i s  1 %  

divinylbenzene c ross linked polystyrene (Erickson and Merrifield, 197 6 ) , 

a l t hough many other s upports have been inve st igated ( Ba rany et a l ,  

1 9 8 7 ) . The polystyrene support was f irst functionalised for SPPS by 

chloromethylation of pendant benzene rings by chloromethyl methyl ether 

in  t he presence of  a Lewi s  acid cat a lyst such as SnC1 4 (Merrifield 

1 9 6 3 ) . The chlo ride was then displaced by a Boc-amino acid, as its 

t riethylammonium salt , to anchor the Boc amino acid to the support via a 

ben zy l  ester . Huwever ,  the benzyl e ster linkage was not found to be 

comp le t e ly st able to the acid s olutions used for  Boc cleavage . For 

example,  Gutte and Merrifield ( 1 97 1 )  noted an average 1 . 4 % cleavage of 

the anchoring benzyl ester bond during each cycle in a synthesis of the 

1 2 4  amino acid residue polypept ide Ribonuclease A .  

5 0 %  TFA/DCM was used f o r  Boc cleavage . 

In that synthesis 

The phenylacetamidomethyl ( PAM) linker was developed in response to the 

rep o rted cleavage of peptide f rom the t raditional benzyl ester during 

acidic Boc cleavage (Mitchell et al,  1 97 6b) . The amino acyl-PAM ester 

linkage was found to be 1 0 0  times more stable to refluxing TFA than the 

benzyl  ester p reviously used, and is now one of the most commonly used 

linkers for solid phase peptide synthesis by the Boc methodology . A PAM 

l inked Boc-amino acid may be int roduced to aminomethyl polystyrene 
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(Mit che l l  et a I ,  1 97 6a )  by DCC mediated coupling of Boc-amino acyl-4-

oxymethyl phenylacet ic  acid ( Mit che ll  et a I ,  1 9 7 6b ,  1 97 8 ) . Alter

nat ively, 4 -bromomethyl phenylacetic acid may be coupled to aminomethyl 

po lyst yrene and a Boc-amino a c id subsequent ly coupled either a s  its 

t r iethylammonium salt (Mitchel l  et aI, 1 9 7 6b) , or it may be coupled in 

the presence of potassium fluoride ( Toth and Penke , 1 9 9 1 ) . 

Figure 3 . 1  Boe SPPS methodology illustrated by the synthesis of a 

dipeptide 
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Reactive side chains of NQ-BoC amino acids must be protected during the 

course of peptide synthesis . For example , the s ide chain hydroxyls of 

serine and threonine are protected as their benzyl ethers, and the side 

cha in ca rboxyls o f  a spart ic and glutamic acids are protected as their 

benz y l  esters . The �-amino of lys ine is protected by the p-chloro

ca rbobenzyloxy (N£-pCl-CBZ ) group, the NG of Arg is protected by the 

tosyl (To s )  group, and the Nim of His is protected by the tosyl group 

( i f  HOBt is not to be used for coupling of any later Boc-amino acids ) or 

by the 2 , 4-dinitrophenyl (Dnp) group i f  HOBt is to be used for following 

coupl i ngs . The s ide ' chain thiol o f  cyste ine i s  protected by the p-

me t h o xyben z yl ( S -pMeO-B z I )  group ,  and f in a l l y  the Nin o f  Trp i s  

p r o t ected with  the formyl (Nin-CHO) group . All  o f  the s ide chain 

protecting groups given are cleaved by strong acid, for example liquid 

HF, e xcept the 2 , 4 -dinitrophenyl group on the Nim of His and the formyl 

group on the Nin of Trp . The His Nim-Dnp group is generally removed, 

prior to peptide cleavage, by thiolysis of the peptide-resin, while the 

Trp N in- f o rmyl group is cleaved, after pept ide cleavage , by aqueous 

piperidine . 

A c u r rent ly popular method for coupling most Boc amino ac ids is via 

the i r  symmetrical anhydrides , preformed in solution us ing DCC (Wieland 

et a I ,  1 9 7 1 ;  Hagenmaier and Frank,  1972 ) . Boc-Asn and Boc-Gln cannot be 

c o u p l e d  a s  t h e i r  s ymmet r i c a l  anhydr ide s be c a u s e  o f  s ide c h a i n  

dehydration t o  form the nitrile . They are instead coupled as their HOBt 

esters  ( Konig and Geiger,  1 9 7 0a , b, c ) . Boc-Arg (NG-TOs)  is also coupled 

a s  i t s  HOBt ester  instead of the anhydride to prevent int ramolecular 

l a c t am f o rmat i on . Other methods o f  act ivat ing Boc -amino acids for 

coupling include TBTU (Reid and Simpson , 1 9 92 ) , HBTU ( Schnolzer et aI,  

1 9 9 1 ) , a nd BOP ( Co s te et a l ,  1 9 8 9 ) . The  p ro g re s s  o r  ext ent o f  

c omp l e t i on o f  c o upl ing i s  u s u a l l y  mon ito red b y  t h e  quant i t a t ive 

ninhydrin assay (Sarin et a I ,  1 9 8 1 ) . 

Cleavage of the peptide from the resin support is usually accomplished 

by s t rong anhydrous acid. For example , l iquid hydrogen fluoride, at 

a Oc ,  c onta ining anisole a s  s cavenge r ,  is commonly u sed for peptide 

cleavage (Sakaiba ra et a l ,  1 96 7 ,  1 9 7 1 ) . The scavenger is included to 

t rap carbocations formed from cleavage of side chain protecting groups . 

Pept i de c leavage using l iquid HF must be c arried out in a special HF 
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res i stant all-teflon apparatus . Trifluoromethanesulphonic acid (TFMSA) 

( Be r got e t  a I ,  1 9 8 6 ) , with scavengers , may also be used for pept ide 

cleavage . One of the advantages of using TFMSA rather than liquid HF is 

that the cleavage can be carried out in glass apparatus . This is not 

poss ible with HF because HF reacts with glass . 

C arbohydrate supports that have been used for SPPS by Boc methodology 

include Sephadex LH2 0 (Vlasov and Bilibin , 1 9 6 9 ;  Orlowska et a I ,  1975 ;  

Erickson and Merrifield, 1 9 7 6 ) , cellulose paper (Eichler et aI,  1 9 8 9 ) , 

and cellulose cotton (Eichler et aI ,  1 9 9 1 ) . 

Mer rifield initially investigated Sephadex LH2 0 as a support for solid 

phase peptide synthesis in 1 9 5 9 ,  but really satisfactory conditions were 

not , found . The work was resumed in 1 9 65,  and the tetrapeptide LAGV was 

s y n t h e s i s e d . �he  me t h o d  w a s  s t i l l  n o t  f o u n d  t o  be e n t i rely 

s at i s factory, as inexplicable s ide chain termination was observed during 

s eve r a l  s epa rate  s yntheses  of the tetrapept ide LAGV ( Er ickson and 

Merrifield, 1 9 7 6 ) . 

Vlasov and B i l ibin ( 1 9 6 9 )  coupled Boc-glycine direct ly onto Sephadex 

L H 2 0 u s i n g  CO l ,  a mixed anhydride ,  o r  Boc-glyc ine chlo ride . Boc 

cle avage with TFA, followed by coupling of Boc-amino acids as their 

active ester s ,  and cleavage by hydrolysis , furnished a pentapept ide . 

The nonapept ide bradykinin was synthes ised on a s imilar support us ing 

Dec for coupling and 1M p-toluenesulphonic acid in acetic acid for Boc 

c leavage (Vlasov et al ,  1 9 7 3 ) . 

Orlowska et a l  ( 1 975 )  synthesised a pentapept ide fragment of Substance P 

on LH2 0 using Boc methodology . Boc-glycine was anchored to the support 

hydroxyl groups in the presence of eDI to give an initial amino acid 

substitut ion of 0 . 2 5  mmole/g . Boc cleavage was by 1M p-toluenesulphonic 

a c i d  in a ce t ic acid . Difficult ies were encountered in cleaving the 

pept ide f rom the support . Methanolic NaOH , O . 1M, was found to be the 

most e ffective cleavage reagent . 

E i c h l e r  e t  a l  ( 1 9 8 9 )  anchored Fmoc-alanine to  Whatman 5 4 0  cellulose 

paper by reaction of the paper with Fmoc-alanine chloride, to anchor the 

amino acid to  the paper via an ester bond . The Fmoc group was cleaved 
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with piperidine in DMF , and three hexapeptides (YVPKXA, YEETXA, YKQlXA; 

X= 6 -aminohexanoi c  acid) were then synthesised by a combination of Boc 

and Fmoc methodology .  Fmoc-amino acids used were Fmoc-Lys (Boc) , Fmoc-

Pro  and Fmoc-Val .  The benzyl side chain protect ing groups of Thr and 

Glu were c leaved us ing boron tris  trifluoroacetate in TFA (Pless and 

Baue r ,  1 9 7 3 ) . The pept ides were then cleaved from the cellulose by 

a lkal ine hydrolysi s . 

Eichler et al ( 1 9 9 1 )  used cellulose cotton as a support for the SPPS of 

a hexapept i de and e i ght hept apept ides by the Boc / B z l  and Fmoc/ tBu 

met hods . The C-terminal amino acids we re anchored direct ly to the 

c o t t o n by N -me t hy l im i da z o l e  ( NMI ) c a t a l y s e d  c a r bodi imide / HOBt 

activat ion . Comparison by HPLC of the products produced by the Boc and 

Fmoc methods showed that the peptides made using the Boc/Bzl methodology 

we re cons iderably more heterogeneous than t hose made us ing the Fmoc 

me t h o d o l ogy . T h i s  w a s e xp l a i ned by E i c h l e r  e t  a l  in te rms of 

inferiority of  the method used to cleave the peptides made using the Boc 

met h odology . Incomplete c leavage of  pept ide s ide chain protecting 

groups by boron tris  t rifluoroacetate in TFA, as well as subsequent s ide 

reactions dur ing a lkal ine cleavage ( for example aspart imide formation 

dur ing alkaline t reatment of Asp ( OBzI ) conta ining pept ides) , were seen 

as ma j o r  problems with the methodology employed in their study . 

The published results showed that solid phase peptide synthesis could be 

c a r r ied out on known c arbohydrate supports using the Boc methodology . 

Howeve r ,  a s  discussed above , these supports each presented their own 

problems when used for SPPS with the Boc methodology . Therefore, it was 

dec ided to invest igate t he fea s ibility of us ing the less well  known 

P e r l o z a  be a de d  cellu lose  f o r  SPPS  by Boc methodology . An init ial  

a t t e mpt was made to  s ynthe s i s e  the tet rapept ide LAGV directly onto 

aminopropyl Perlo z a . As the synthesis proved successful the work was 

extended by anchoring a C-terminal Boc-amino acid to the support via a 

cleavable linker ,  followed by syntheses of short test peptides . The 

bas e - labile glycol amide linker ( Baleux et aI,  1 9 8 4 )  was chosen as the 

anchoring group because of its low cost , st raightforward chemistry, and 

ava ilability . The approach taken to anchor Boc-amino acids to Perloza 

was to react e ither a-chloroacetic or a-bromoacetic acid anhydride with 

ami n op ropyl P e r lo z a ,  and to then displace the hal ide with the cesiurn 
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s a lt o f  a Boc-amino acid . This  furn i s hed a glycolamide ester link 

bet we e n  t he Boc-amino acid and the Pe rloza . Peptide synthesis was 

c a rr ie d  out by coupling Boc-amino a c ids as their  HOBt esters . The 

pept i de s  were c leaved by alkaline hydrolysis . 

3 . 2  MATERXALS AND METHODS 

3 . 2 . 1  Chemicals and Equipment 

Aminopropyl Perloza beaded cellulose was made as described in Chapter 2 .  

Na-Boc-L-amino acids ( Ala, Gly, Leu,  Phe , Tyr ( Bzl ) , Val)  were supplied 

by B a chem, T o r rance, Ca lifornia . 

purchased from Vega . 

Authent ic leucine-enkephalin was 

E le c t ronic grade acetic acid was f rom Rhone-Poulenc , NZ . Analyt ical 

reagent grade acet ic anhydride was obtained from Ajax Chemicals,  Sydney . 

T r i fluoroacetic acid was from Halocarbon, N . J . , and was distilled before 

u s e . Reagent grade a-bromoacetic acid and N-methylmorphol ine (NMM) 
wer e  p urchased f rom BDH,  NZ . N-methylmorpholine (NMM) was distilled 

f rom b a rium oxide . The a-chloroacet ic acid was from J . T .  Baker Ltd . 

D imet h ylaminopyridine (DMAP ) was from Riedel-de Haen . Reagent grade 

dicyclohexylcarbodiimide (DCC) , diisopropylcarbodiimide (DIC) , and 1-N

hydroxybenzotriazole monohydrate ( HOBt . H20)  were purchased from Aldrich . 

Meth anesulphonic acid (MSA) was from May and Baker . Dimethylacetamide 

(DMA) was from BDH , NZ . All other reagents were from sources listed in 

the p revious Chapter . 

Pept i de s yntheses were carried out manually using a Rototorque wheel 

(Co l e  P a rmer, Chicago) for end over end mixing, or semimanually using an 

LKB Biochrom Ltd .  Biolynx 4 1 7 5  cont inuous flow peptide synthesiser . A 

screw capped reaction vessel, f itted with a glass frit and teflon valve, 

was made for use with the Rototorque ( Figure 3 . 2 ) . 

Ami n o  a c id ana lyses were per formed u s i ng a Pha rmacia LKB Alpha Plus 

app aratus equipped with a Spect ra Phys ics Chromjet integrator . Peptide

res ins  and amino acyl-res ins were washed with ether and dried at 1 10°C 

p r io r  t o  hydrolys is . Hydrolyses of peptides and peptide - resins were 

per f o rmed in 6M HCl plus 0 . 1 % phenol ,  0 . 3-0 . 5  ml, under nit rogen, at 
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1 1 00C for 1 8 -2 4  hours . The hydrolysates were dried in vacuo and made up 

in pH 2 . 2  0 . 2 M c i t rate buffer t o  give a f in a l  equiva lent peptide 

concent rat ion of 2 . 5  x l O-4M .  The substitution levels reported in this 

the s i s  ( in units of mmole /g) were based on the number of mmoles of amino 

acid o r  peptide per gram of dry amino-acyl-resin or peptide-resin . 

HPLC analyses and purificat ions were carried out us ing a Waters system 

comprised of 2 model 510  pumps , a Waters model 4 1 0  absorbance detector, 

WI S P  s amp le i n j e c t p r  ( ana lyt i c a l  HPLC only) , and Pha rmacia cha rt 

recorder . Acetonit rile (HiPerSolv grade )  was purchased from BDH . The 

mobile phase s o lvent sys tems for HPLC cons isted of  buffe r A (Mil liQ 

wat e r  containing 2 %  acetonitrile, 0 . 1 % TFA) and buffer  B ( 0 . 1 % TFA in 

acetonitrile) . Analytical HPLC was carried out using a Vydac 4 . 6  x 250 

mm C 4 column , with a linear gradient run from 0 %  B to 6 0 %  B over 60  

mi n u t e s . A 1 0  x 2 5 0  mm S yn c h r op rep C 1 8  c o l umn wa s u sed for the 

prepa rat ive HPLC purificat ion runs . Gene rally 5 0  to  9 0  mg of crude 

peptide were purified in each prep HPLC run . 

Figure 3 . 2  Reaction vesse1 used �or SPPS o� LAGV onto aminopropy1 

Per10za (made by Mr .  G .  P1att , g1assb1ower, Massey 

University) 

SCA L E  • • •  1 :  2 

S 1 n l c r ed g l a s s  f r i t  

Te f l o n v a l v e  
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3 . 2 . 2  Synthesis of  Leu-Ala-Gly-Val directly onto aminopropyl Perloza 

An attempt was made to synthesise the Merrifield test peptide Leu-Ala

Gly-Va l (Merrifield, 1 9 63)  direct ly onto aminopropyl Perloza using 1 0 %  

sulphuric acid i n  dioxane (Houghten et aI ,  1 9 8 6 )  for cleavage o f  the Boc 

g roup . 

DMF-wet aminopropyl Perloza ( amine substitution 1 . 8 9 mmole/g, 1 . 3  mmole 

amine ) was t ransferred to a screw capped reaction vessel (Figure 3 . 2 ) . 

Boc- amino acids were activated by dissolving 2 mmole Boc-amino acid, 2 

mmo l e  HOBt . H20 ,  and 2 mrno le DCC in 3 ml DCM plus 1 ml DMF . After 

stirring for 3 0  minutes a precipitate of dicyclohexylurea (DCU) formed . 

The D CU precipitate was removed by filtration , and washed with 2 0  ml 

DMF . The filtrates were pooled and added to the resin . The resin and 

Boc-amino acyl-OBt ester were mixed overnight ( Rototorque , 1 6-18  hours ) . 

The s o lut ion was f iltered from the resin,  which was then washed with 

DMF, and f resh Boc-amino acyl-OBt ester was recoupled, usually with 0 . 05 

g DMAP , for three hours . 

The aminopropyl �esin was double coupled with 2 mmoles Boc-valine-OBt 

este r . The res idual amine substitution was 0 . 1 0 mmole/g as determined 

by the n inhydrin assay . The expected Boc-valine substitution was 1 . 30 

mmol e / g  ( 1 . 2 8  mmole/g found by amino acid analy s is ) . The resin was 

w a s h e d  3X dioxane and the Boc g roup c leaved by t reatment with 1 0 %  

sulphuric acid in dioxane ( Houghten et aI,  1 9 8 6 ) . Samples were taken at 

i n t e r va l s  f o r  p i c ra t e  t i t rat ion t o  det e rmine the progress  of Boc 

cleavage by the sulphuric acid solution . The results of the titrations 

suggested that cleavage of valine from the Perloza was occurring . After 

60 minutes treatment with 1 0 %  sulphuric /dioxane the amino acyl Perloza 

was washed 2X dioxane , 2X 2 0 %  t riethylamine/dioxane , 3X dioxane, and 3X 

DMF . The next amino acid,  Boc-glycine , was coupled t o  the valine-

P e r l o z a  u s ing t he double coup l ing protocol  des c r ibed above . The 

synthe s i s  was then paused wh ile an investigat ion was carried out to 

det e rmine whether 1 0 %  sulphuric acid/dioxane would cleave aminopropyl 

g roups f rom aminopropyl Perloza . 
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3 . 2 . 2 . 1  Treatment of aminopropyl Perloza with 10%  sulphuric acid in 

dioxane 

Aminopropyl P e r l o z a ,  init i a l  amine subst itut ion 1 . 8 9 mmo l e / g ,  was 

solvent exchanged from water to dioxane . A solution of  sulphuric acid 

in dioxane, 1 0 % ,  was added and the resin mixed . Samples of resin were 

withdrawn at intervals 'for picrate titration . The results of this study 

i n d i c a t e d  t ha t  c leavage o f  r e s in-bound aminopropyl groups by 1 0 %  

sulphuric acid in dioxane had occurred . 

3 . 2 . 2 . 2 Treatment of aminopropyl Perloza with a number of candidate Boc 

cleavage reagents 

Aminopropyl Perloza was t reated with a number of Boc cleavage reagents 

t o  determine which gave the least cleavage of amine g roups f rom the 

support . The reagent s t e s ted were 1M Hel in dioxane , 1 . SM bo ron 

t r i f luoride etherate in dioxane ( BF3 /dioxane ) , 1M boron trifluo ride 

etherate in THF, and 2 . SM methane sulphonic acid (MSA) in dioxane . The 

amine substitution was determined by picrate titration after exposure to 

the reagent . 

The results of this study suggested that boron trifluoride etherate in 

dioxane would possibly be suitable as a Boc cleavage reagent . Boron 

t rifluoride in benzyl alcohol had already been shown to be suitable for 

Boc c leavage ( Epton et a I ,  1 9 8 0 ) . A 1M solution ( 12 . 3 % v/v) of boron 

t r i f l u o r i de e t herate in  dioxane ( BF 3 / dioxane ) wa s tested for  its 

efficiency in cleaving the Boc group . Picrate titration of Boc-Gly-Val

P e r l o z a  a f t e r  a 2 hour t reatment with the 1M BF3 /dioxane s o lut ion 

confi rmed that the Boc group had been cleaved . 

The s ynthesis of Leu-Ala-Gly-Val directly onto aminopropyl Perloza was 

cont inued, but with 1M BF3/dioxane being used to cleave the Boc group . 

The c oupl ing p rotocol used for addit ion o f  each amino a c id wa s as 

follows : 



i )  DeBoc : 1M BF3 /dioxane, 2 hours 

i i )  Wash 2X dioxane 

i i i )  Wash 2 X  2 0 %  t riethylamine/dioxane 

iv) Wash 2X dioxane 

v)  Wash 3X DMF 

vi)  Couple 2 rranole Boc-aa-OBt 1 6-18  hours 

vii )  Wash 3X DMF 

viii )  Recouple 2 rranole Boc-aa-OBt 3 hours (plus 0 . 4  rranole DMAP ) 

ix) Wash 3X DMF 

x )  Wash 3 X  dioxane 
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At complet ion of the synthesis a sample of the peptide-resin was taken 

f o r  amino a c i d  analys i s . The result of  the synthes i s  of  LAGV on 

amin op r opyl P e r lo za us ing Boc chemist ry was  encour aging enough to  

warrant further investigation . 

3 . 2 . 3  P repa rat ion of Perloza with a cleavable glycolarnide linkage 

between the pept ide and the resin 

3 . 2 . 3 . 1  Coupling a-chloro or a-bromo acetic anhydride to arninopropyl 

Perloza 

The results of  initial experiments indicated that the most efficient 

met ho d  o f  coupling a-haloacet ic acid t o  aminopropyl Perloza was to 

react two equivalents of the syrranetrical anhydride with the res in for 1-

2 hours . The react ion did not require a basic catalyst such as DMAP . 

I f  DMAP was added, elemental analys is for halogen indicated that the 

haloacetyl group was also bound to the carbohydrate backbone . 

The mo s t  e f f ic i e n t  method,  f ound in t h i s  s tudy, for  coupling the 

anhydride of a-bromoacetic acid to aminopropyl Perloza is given below : 

Wate r-wet aminopropyl Perloza 5 0 0  Medium ( 0 . 5 6  mmole/ g ,  1 mmole amine) 

was washed 2X dioxane and 3X DMF . The anhydride of a-bromoacetic acid 

( 2  mmo le , 2 eq) was made by reacting 4 rnrnole a-bromoacet ic acid with 

2 . 1 rranoles o f  DIC in 6 ml DCM . After 1 0  minutes 10 ml DMF was added . 

The anhydride so lution was added to the aminopropyl Perlo za . After 1 

hour the resin was filtered and washed 3X DMF , 4X 95%  ethanol, and 2X 
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d i o x an e . S ampl e s  o f  the a-b romo a c e t amido Perloza were dried for 

e l emental analysis and ninhydrin assay . The amine substitution after 

one hour reaction was 1 . 3 �ole/g, indicat ing 9 9 . 8 % reaction . Elemental 

analysis indicated that the a-bromoacetic anhydride had reacted solely 

with the res in-bound amine groups . 

3 . 2 . 3 . 2 Prepa ration of Boc-amino acid ces ium salts 

C e s i um s a l t s  of B o c - ami n o  a c i d s  were p repa red by di s s o l ving o r  

suspending a weighed amount o f  the amino acid in 50%  aqueous ethanol, 

and adding a volume of 2 . 140M cesium bicarbonate calculated to give 100%  

neut ralisat ion . On adding the ces ium bicarbonate any remaining solid 

dis s o lved and effervescence was noted . The solution was diluted with 

water  and lyophilised . Often the Boc-amino acid cesium salt was an oil . 

In s ome cases the oil was used directly, in others it was treated twice 

by a dding benzene , and then removing the benzene in vacuo to remove any 

remaining water  azeotropically . The resulting white solid was dried in 

vacuo . 

3 . 2 . 3 . 3 Coupling Boc-amino acid cesium salt to a-chloroacetamido 

Perloza 

One eq of dioxane-wet a-chloroacetamido Pe rloza was washed thoroughly 

with DMF . The Boc-amino acid cesium salt,  2 eq, was dissolved in DMF, 

and a dded to the resin . After reaction for 21-22 . 5  hours at 550C, the 

res in was washed thoroughly with DMF and then with dioxane . Samples 

were taken for elemental analys is . Another sample was t reated with 1M 

boron t r i fluo ride etherate in dioxane for one hour to cleave the Boc 

group, washed with dioxane, 2 0 % triethylamine in dioxane, then dioxane, 

and s ubjected to picrate tit ration . 

3 . 2 . 3 . 4  Coupling Boc-amino acid cesium salt to a-bromoacetamido 

Perloza 

One equivalent of DMF-wet a-bromoacetamido Perloza was washed with DMF 

o r  DMA . The cesium salt of the Boc-amino acid, 2 eq, was dissolved in 

DMF o r  DMA and added to the a-bromoacetamido resin . The res in was 

mixed at room temperature (Rototorque ) f o r  up to 4 8  hours , drained, 
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washed with DMF, 50%  DMF/water, then 3X DMF . Samples of the Boc-amino 

acyl-glycolamido-Perloza resin were taken for elemental and amino acid 

analyses . Samples were also taken for picrate titration . The Boc group 

was c le aved with lM BF3/dioxane , 1 hour, before picrate t itrat ion (see 

Sect ion 3 . 2 . 3 . 3 ) . 

3 . 2 . 4  T reatment of Boc-leucine-glycolamido-Perloza with two potential 

Boc cleavage reagents 

S amples  of Boc - leucine-glycolamido-Perloza ( 0 . 6 6 mmole/g by amino acid 

a n a l y s i s ,  calculated for  Boc removed )  were t reated with 1M Hel in 

dioxane , or 1M BF3 /dioxane . The amine substitution was determined by 

picrate tit rat ion after 6 0  minutes exposure to the reagent . 

The two Boc cleavage reagents were further investigated by t reating Boc

l e u c i ne - g l yc o l amido - P e r l o z a  with  each and wit hdraw ing s amples at 

intervals for picrate tit ration . 

3 . 2 . 5  Studies of  BF3/dioxane as a cleavage reagent using the 

glycolaroide linker 

The c oncent rat ion  and t ime requi red for  complete Boc removal using 

SF3 / di oxane were invest igated . Boc-va line-glycolamido-Perloza resin 

s amples  (Boc-val ine subst itution 0 . 67 mmole/g, 0 . 72 mmole/g after Soc 

remo va l ,  see equat ion 3 . 1  be low) we re t reated with 1M and 2M SF3 in 

d i o x a ne . S a mp le s  o f  r e s in we re removed a f t e r  1 5  and 6 0  minute 

inter va l s ,  washed immediately with dioxane, and the amine substitution 

level was determined by picrate tit ration . In addition to the batchwise 

t reat ment , a resin sample was also exposed to a flow of lM BF3/dioxane 

at 3ml /min for 1 0  minutes , followed by washing and picrate t itrat ion . 

This experiment served as a comparison of the batch and flow methods of 

Soc removal us ing BF3/dioxane . 
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Equation 3 . 1  ·Calculation of amine substitution of amino acyl-Perloza 

after Boc cleavage 

Boc-val ine- CO - .O-CH2 -CO-�H -Perloza valine substitution by amino acid 

analysis : 0 . 67 mmole/g 

� i )  1M BF3 /dioxane, i i )  2 0 %  NEt3 /dioxane 

H2N-valine- CO- O-CH2 - CO-tJH -Perloza 

If the initial weight of Boc-val ine-glycolamido-Perloza is 1 . 0 0 0g,  there 

will be 0 . 67 mmole of valine present . If the Boc group is cleaved, the 

f inal  weight of the valine-glycolamido-Perloza will be : 

1 . 0 0 0  - ( 0 . 67 x 10-3 x 1 0 0  [MW of Boc + 1 x H) ) g 

1 . 0 0 0  - 0 . 0 67 g 

0 . 93 3  g 

Howe ve r ,  there is still 0 . 67 mmole of  val ine present . Therefore, the 

va l in e  subst itution as determined by pic rate t it rat ion of the resin 

a ft e r  Boc cleavage will be : 

0 . 67 mmole 

0 . 93 3  g 

0 . 7 2  rnrnole/g 

3 . 2 . 6  Reaction of act ivated BOc-glycine with unmodified Perloza 

3 . 2 . 6 . 1  Reaction of Perloza 100  Medium with Boc-Gly-OBt 

Perloza  1 0 0  Medium ( 5 . 0  g water wet , 0 . 50  g dry) was solvent exchanged 

via dioxane to DMF and transferred to a Biolynx react ion column . Boc

g l yc i n e  ( 1  rnrno le ) was act ivated f o r  5 0  minute s in 4 ml DMF us ing 

HOBt . H20 ( 1  rnmole ) and DIC ( 1  mrnole ) . The Boc-Gly-OBt solution was 

recirculated through the resin for one hour at 5 ml/min . Samples were 

t a k e n  for  amino acid analys is ,  and recirculat ion was cont inued for a 

tot a l  of  1 7  hours . The resin was washed (all washes at 3 ml /min ) with 

DMF ( 5  min )  , dioxane ( 5  min )  , 1M BF3 /dioxane ( 1 0  min) , dioxane (5 min ) , 
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5 %  NMM/DMF ( 5  min ) , DMF ( 5  min) . The amine substitution of the resin, 

after Boc removal ,  was determined using the ninhydrin assay . 

3 . 2 . 6 . 2  Reaction of Perloza 1 0 0  Medium with Boc-Gly anhydride 

Perloza 1 0 0  Medium ( 4 . 0  9 water wet ,  0 . 4 0 9 dry)  was solvent exchanged 

via dioxane to DMF, and t ransferred to a Biolynx reaction column . Boc

glyc i n e  s ymmet r i cal anhydride , 0 . 5  mmo l e ,  wa s pre f o rmed in DMF by 

reac tion, for 45 minutes , of 1 . 0  mmole Boc-amino acid with 0 . 5 mmole of 

D I C . T h e  B o c - g l ycine anhydr ide s o l ut i o n ,  plus  1 0 0  �l NMM , was  

rec i rculated through the Perloza for  one hour at  3 ml /min . The resin 

was then washed with DMF and the Boc group was cleaved using the cycle 

given i n  section 3 . 2 . 6 . 1 .  The amine substitution of the resin was 

determined using the ninhydrin assay . 

3 . 2 . 7  Semimanual peptide synthesis : Boc chemist ry 

3 . 2 . 7 . 1  Boc-amino acid activation 

HOBt act ive esters preformed in DMF using DIe were used to couple all 

Boc-amino acids . A three t imes excess of activated Boc-amino acid over 

resin-bound amino acid was used . Boc-amino acid ( 1  mmole) was dissolved 

in  4 ml O . SM HOBt /DMF . DIC ( 1  mmole ) was added and the solution was 

st i r red for forty minutes prior to  coupling . 

3 . 2 . 7 . 2  Peptide synthesis cycle using the LKB Biolynx 4175  continuous 

flow peptide synthesiser 

The f o llowing single coupling cycle ( 0 . 3 3 mmole scale) was used for the 

Boc methodology with the LKB Biolynx 4175  peptide synthesise r :  
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Biolynx continuous flow peptide synthesis cycle : Boc methodology 

Function Time F low rate 

Wash dioxane 5 min 3 ml/min 

DeBoc , 1M BF3 / dioxane 15 min 3 ml/min 

Wash dioxane 5 min 3 ml/min 

Was h  DMF 5 min 3 ml/min 

Load act ivated Boc-amino acid
* 2 ml/min 

Recycle 3 ml/min 

Clean loader 

Recycle stop 1 hour 

Wash DMF 5 min 3 ml/min 

* 1 0 0  �l NMM was also loaded to neutralise BF3 -amine complex remaining 

a fter  Boc cleavage . 

3 . 2 . 8  Leu-Ala-Gly-Va1 

Boc - v a l ine-glycolamido-Perloza  re s in ( 0 . 3 1 mrnole valine , Boc-valine 

subst itut ion 0 . 67 mrnole/g)  was t ransferred to a Biolynx reaction column . 

The pept ide was assembled using one hour coupling t imes for the Boc-

amino acids . After addition of Boc-leucine the Boc group was cleaved, 

the resin was washed with dioxane , 2 0 %  NMM/dioxane , dioxane , and water . 

The pept ide was cleaved f rom the support using 2 eq of NaOH in 12 ml 

wate r for three hours . After cleavage the res in was filtered off and 

w a s h e d  w i t h  2 0  ml 5 %  acet ic a c i d . The f i l t rates  we re pooled and 

lyoph i li sed . The crude peptide was purified by HPLC . A ninhydrin assay 

of t he c leaved resin indicated a peptide cleavage yield of 9 6 % . 

3 . 2 . 9  Leucine-enkephalin 

Tyr-Gly-Gly-Phe-Leu 

Leuc ine -enkeph a l in wa s synthe s i sed us ing the same gene ra l procedure 

give n  f or Leu-Ala -Gly-Va l . The pept ide wa s c leaved from the support 

using 3 eq of NaOH in 11 ml water for three hours . Ninhydrin analysis 

of t he c leaved resin indicated a peptide cleavage yield of 95% . The 
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tyrosine of the crude Leu-enkephalin was protected by the benzyl ether . 

The c rude side chain protected Leu-enkephalin was purified by HPLC . The 

ben z y l  ether protect ing group of the pept ide tyros ine hydroxyl was 

c le aved by catalyt ic hydrogenat ion ( Anwer and Spatola , 1 9 8 0 ) , and the 

fully deprotected peptide was purified by HPLC . 

3 . 2 . 1 0 Attempts to synthesise ACP 65-7 4 

Val-Gln-Ala-Ala-I le-Asp-Tyr-Ile-Asn-Gly 

Seve ra l  attempts were made to synthesise the acyl carrier protein 65-74 

sequence ( Hancock et a I ,  1 97 3 )  using the glycolamide l inker,  however 

none of these syntheses were successful . 
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3 . 3  RESULTS AND DISCUSSION 

3 . 3 . 1  T reatment of  aminopropyl Perloza with Boc cleavage reagents 

Sulphuric acid in dioxane was initially used as a Boc cleavage reagent 

for the synthesis of Leu-Ala-Gly-Val directly onto aminopropyl Perloza . 

Boc-valine-Perlo za was t reated with 1 0 %  sulphuric acid in dioxane , and 

s amples were taken at intervals for picrate titration to determine the 

progress of the cleavage . The picrate tit ration results ,  given in Table 

3 . 1 ,  indicated a time dependent decrease of the amine substitution of 

the amino acyl-perloza . The results therefore suggested that use of 1 0 %  

s ulphu r i c  a c i d  in dioxane for  B o c  cleavage from Boc-valyl-Perloza  

resulted in  loss  of  valine from the support . 

Tab1e 3 . 1  Cleavage o� Boc �rom Boc-valine-Perloza with 10% sulphuric 

acid/dioxane 

T ime 1 5  min 30  min 60  min 

Amine substitut ion 1 . 1 6 mmole/g 1 . 1 1 mmole /g 0 . 9 6 mmole/g 

The expected amine substitution after quantitat ive Boc remova l was 1 . 47 

mmol e / g  ( initial Boc-va line substitution : 1 . 2 8  mmole/g by amino acid 

ana lys i s ,  see Equat ion 3 . 1 ) . 

Aminopropyl Perloza  was t reated with 1 0 %  sulphuric acid in dioxane to 

investigate the chemical stability of this proposed SPPS support to this 

reagent . S amples of the resin were ta ken a t  intervals for picrate 

t it rat ion to dete rmine the amine subst itut ion . The results of this 

study a re given in Table 3 . 2 .  

Tab1e 3 . 2  Treatment o� aminopropyl Perloza with l O t  su1phuric acid in 

dioxane 

Time of exposure / hr 

% dec rease in amine substitution 

o 

o 

3 

6 1  

17 . 5  

7 5  

2 3  

7 8  

73 

85 

The result s given in Table 3 . 2  showed that t reatment of aminopropyl 

Perloza with 1 0 %  sulphuric acid/dioxane resulted in significant loss of 
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amine groups f rom the support . The lowering of the subst itution level 

w i t h  t ime can be explained if aminopropyl Perloza consists of ordered 

c r y s t a l l i n e  r e g i ons l i n k e d  by p o o r l y  o rdered amo rphous regions 

� Ch emopet r o l ,  1 9 8 8 ;  S t ambe rg , 1 9 8 8 ;  Geme iner  et a I ,  1 9 8 9 ) . The 

amorphous regions would be expected to contain most of the aminopropyl 

g roups because they would have been more accessible to the reagents used 

in t heir  generat ion . The amorphous regions of cellulose, which are most 

suscept ible to acid hydrolysis  (Bertoniere and Zeronian, 1 98 7 ) , would be 

preferentially cleaved by the 10%  sulphuric ac id/dioxane solution . As 

t h e s e  regions would also  be expected to contain the ma j ority of  the 

aminopropyl groups,  the amine subst itut ion would be expected to decrease 

as t he amorphous regions were hydrolysed . Although 1 0 %  sulphuric acid 

i n  d ioxane gave s ignif icant cleavage of amine groups from aminopropyl 

Perloza,  it did not appear to degrade the flow properties of the matrix . 

A s e a rch for an alternat ive Boc cleavage reagent was undertaken . The 

c riterion used to determine which reagent was chosen for further studies 

was t hat it would give the least cleavage of amine groups from amino

propyl Perloza . A number of reagents were tested . The results of this 

invest igation a re given in Table 3 . 3 .  

Tab�e 3 . 3 .  Treatment o� aminopropy� P.r�oza with candidate Boc cleavage 

reagents 

Rea gent 

1M HCl/dioxane 

1 . SM BF3/dioxane 

1M BF3/THF 

2 . SM MSA/dioxane 

Time of exposure 

2 4  h r  

6 9  h r  

1 6  h r  

2 1  h r  

% decrease in amine 

subst itution 

19%  

7%  

Gel formed 

1 8 %  

The results of this experiment showed that , o f  the reagents tested, 1 . SM 

BF3 / dioxane gave the lowest decrease in amine substitut ion over t ime .  

B o r o n  t r i f lu o r ide in ben z y l  a l cohol  had a l ready been shown to be 

s u i t ab le f o r  Boc cleavage ( Ept on et a I ,  1 9 8 0 ) . A 1M BF 3 /di oxane 

s o l u t ion was tested and found to be suitable for cleavage of the Boc 

group . Picrate t it ration ( results not shown) indicated that after a two 



67 

hour t reatment of Boc-Gly-Val-Perloza with 1M BF3/ dioxane, quantitative 

c leavage of  the Boc group had been achieved . The reagent was used for 

s u b s e qu e n t  B o c  c le a vage in t he s ynthe s i s  o f  LAGV directly  onto 

aminopropyl Perloza . 

3 . 3 . 2  Synthesis of LAGV direct ly onto aminopropyl Perloza 

BF3 / dioxane ( lM)  was used as the Boc cleavage reagent to complete the 

synthesi s  of LAGV directly onto aminopropyl Perloza ( see Section 3 . 3 . 1 ) . 

At completion of the synthesis amino acid analysis of the peptide-resin 

gave the expected amino acid ratios : Leu 1 . 0 5 [ 1 ) , Ala 1 . 0 1 [ 1 ) , Gly 

1 . 0 9  [ 1 ) , Val 1 . 0 0 [ 1 ) . The amino acid analysis results suggested that 

it was possible to use Perloz a  as a support for solid phase peptide 

synt he s i s  us ing the Boc methodology . The encouraging result of this 

s tudy p rompted invest igation of SPPS  on Perlo z a  u s ing a cle avable 

glycolamide linker to anchor the peptide to the support . 

3 . 3 . 3  Coupling of Boc-amino acid cesium salts to Q-haloacetamido 

Perloza 

The glycolamide l inker was int roduced by Baleux et al  ( 1 9 8 4 )  for use 

with  a polya c ry l i c  s upport . I n  the i r  study 3 eq of  a-bromoacet ic 

anhydride were re acted with s upport -bound amine groups to give an 

Q-bromoacetamido resin . Displacement of the bromine by Boc-amino acid 

cesium salts in DMF ( 5  eq, 4 8  hours ) afforded Boc-amino acyl-glycolamido 

resin  in quant itative yield . The amino acyl-glycolamide linkage was 

stable t o  c leavage by anhydrous acids such as l iquid HF , t rif luoro

met hanesulphonic acid, and hot TFA, but was cleaved quantitatively by 

bas i c  reagent s such a s  dilute NaOH , ammonia , and alkoxides (Baleux et 

a I ,  1 9 8 6 ) . The lithium salt o f  2 -mercaptoethanol in THF was also shown 

to c leave the pept ide-glycolamide linkage ( Shekhani et aI,  1 9 9 0 ) . 

Both a-chloroacet ic and a-bromoacet ic anhydride were coupled in high 

yield t o  aminopropyl Perloza . Only 2 eq of the anhydride were required 

to achieve > 9 8 %  coupling . DMAP was not required as catalyst . Addition 

of DMAP resulted in coupling of the anhydride to the resin hydroxyls as 

det ermined by elemental analys is . It was also found that Q-chloro-

a c e t i c  anhydride appea re d  t o  be more rea ctive than a-b rornoacetic 
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anhydride ,  as it would sometimes couple to the resin hydroxyls even in 

the absence of DMAP (up to 10%  of the total chlorine present ) . 

The results o f  the coupling reactions of Boc-amino acid cesium salts 

with a-chloroacetamido and a-bromoacetamido Perloza are given in Tables 

3 . 4  and 3 . 5  respe�tively . 

Tab1e 3 . 4  Coup1ing of Boc-amino acid cesium sa1ts to a-ch10roacetamido 

Per10za 

Amin o  acid Time at 550C Initial Cl Final Cl Amino acid 

subst itution* 

Val 

Leu 

( hours) 

22 . 5  

2 1  

* 
P i crate titration result 

(mmole/g) 

1 .  0 1  

1 . 32 

(mmole/g) 

0 . 12 

0 . 42 

(mmole/g) 

0 . 63 

0 . 7 2  

Tab1e 3 . 5  Coup1ing of Boc-amino acid cesium sa1ta to a-bromoacetamido 

Per10za 

Amin o  acid 

( So lvent ) 

Val ( DMA) 

Leu ( DMA) 

Gly ( DMF )  

Gly ( DMF )  

Rxn t ime 

( hours ) 

2 6  

2 4  

4 2  

4 8  

Residual Br 

(mmole/g) 

0 . 0 6 

0 . 0 5 

Nil 

Nil 

*
Picrate titration result 

tAmin o  acid analysis  result 

Amine Amino acid 

substitution* substitution' 

(mmole/g) 

0 . 75 

0 . 68 

0 . 72 

0 . 28 

(mmole/g) 

0 . 72 

0 . 6 6 

n . d . 

n . d .  

Yield**  

87%  

80%  

81%  

80%  

* *
Yield based on quantitative substitution of halide by Boc-amino acid, 

see E quation 3 . 2 below 



Equation 3 . 2 Reaction of Boc-Gly cesium salt with a-bromoacetamido 

Perloza 

B r-CH2 -CO-NH-Perloza + - + BOC-NH-CH2-COO Cs 

BOC-NH-CH2-CO-O-CH2-CO-NH-perloza + CsBr 

For 1 . 0 0 0  g a-bromoacetamido Perloza, initial bromine substitution 

6 9  

1 . 0 0 mmo l e / g ,  t h e  e x pe c t e d s ub s t i t u t i o n  o f  g l y c ine ( a s s uming 

quantitat ive reaction) is : 

1 . 0 0  mmole 

1 . 0 0 0  + ( 1  x 10-3 x [ 17 6  - 7 9 . 9 ] )  g 

0 . 91 mmole/g 

I f ,  f o r  example,  t he f ina l Boc-Gly s ubs titut ion found by amino acid 

analysis was 0 . 8 0 mmole/g, then the yield would be calculated as : 

__ �0�.�8�0 __ x 100%  

0 . 91 

8 8 %  

Most  o f  the Boc-amino acid cesium salt coupling experiments were carried 

out  u s ing a-bromoacetamido Perloza . It was found ( Table 3 . 4 ) that 

c o u p l i ng B o c - amino a c id ces ium s a l t s  to a- chloroacet amido Perloza 

requ ired elevated temperature ( 550C) , and the react ion had not gone to 

c omp l e t i o n  a f t e r  2 2 . 5  h o u r s . E l ement a l  analys i s  reve a led that  

s i gn i f i c an t  a moun t s  o f  chlo r i ne rema ined on t he res in . I t  was 

con s i de r ed de s i rable that a support to be used for SPPS not contain 

residual reactive halides . 

It was  thought that bromine would be more readily displaced by Boc-amino 

a c i d  ce s ium s a lts than chlorine , and this proved to be the cas e ,  as 
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c omp a r i s on o f  t he result s given in Tables 3 . 4  and 3 . 5  shows . The 

r e a c t ion of Boc-amino acid ces ium salts with a-bromoacetamido Perloza 

proceeded in high yield at room temperature after 24 hours ,  compared to 

t he e levated t emperature required for reaction with a-chloroacetamido 

P e r l o z a . Both DMA and DMF were used as solvent s for the reaction of 

Boc-amino acids with a-bromoacetamido Perloza . Although some bromine 

remai ned a fter 2 4  hours , as determined by elemental analys is,  extension 

o f  t h e  reaction t ime to 4 8  hours resulted in los s of all bromine . . In 

t he l a st two results given in Table 3 . 5  loss of bromine with less than 

qua n t i t at ive c oupling of amino acid was noted . This indicated that 

hydr olysis of bromine had occurred, probably due to water present in the 

Boc - amino acid cesium salt s . Alt hough Baleux et a l  ( 1 9 8 4 )  obtained 

qua n t i t at ive yie lds in coupl ing Boc -amino a c ids to a-bromoactamido 

resi n ,  other workers have encountered dif ficulties using the cesium salt 

met h o d  with bromine subst ituted s upports . For example, Nicolas et al 

( 1 9 9 1 )  encountered problems in coupling Fmoc-amino acid cesium salts to 

a- ( 4 -b romomethyl- 3-nit robenz amido ) benzyl polystyrene res in . They 

c o u l d  not obta in reproduc ible result s ,  and yields were only 65-8 5 % . 

They postulated that water f rom the hygroscopic Fmoc-amino acid cesium 

s a lt s ,  and impurities in the DMF , such as formic acid and dimethylamine , 

could also couple with the reactive bromomethyl group . In this study it 

was possible that , even after lyophilisation, water was st ill present in 

t he o i ly Boc-amino acid ces ium s a lt s ,  which resulted in hydrolysis of 

bromine . 

Although the coupling yields using the a-bromoacetamido Perloza were 

not quantitative , useful amino acid subst itution levels were obtained . 

I n  a dd i t ion , l i t t le o r  no bromine rema ined on the res in ,  which was 

des i r able . It should be noted that in Table 3 . 5  the results of the 

p i c r a t e  tit rat ions and amino acid analyses ( where carried out ) agreed 

qu i t e  c l o s e l y ,  s howing t ha t  the u s ua l ly a c id- s t ab l e  amino acyl

g l yc o l amido- P e r l o z a  linkage was  cleaved under the a c i d  hydro lys i s  

condit ions used to prepare the resin samples f o r  amino acid analysis . 

3 . 3 . 4 Use of BF3/dioxane as Boc cleavage reagent with the 

glycolamide linker 

The n e xt step in this study was t o  determine whether BF3 /dioxane was 

suitable for use as a Boc cleavage reagent with the glycol amide linke r .  
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A second cleavage reagent , 1M HCl/dioxane, was also examined in case the 

b o ron t ri f luo r ide so lut ion was  unsuitable . Boc-Ieucine-glycolamido 

P e r l o z a  ( Le u  s ub s t i t u t i on 0 . 6 6 mmo l e / g  by amino a c i d  ana l ys i s , 

c a l cu lated f o r  Boc removed) was t reated with a 1M solut ion o f  each 

c le avage reagent for one hou r . Compari son of the picrate t it ration 

r e s u lt s given in Table 3 . 6  indicated t hat the 1M solut ion of boron 

t r i f luoride etherate in dioxane had fully cleaved the Boc group after 

one hou r . 

Table 3 . 6  Treatment of Boc-laucine-glycolamido-Perloza for one hour 

with lM BF3/dioxana or lM Bel/dioxane 

Reagent Leucine subst itution (by picrate titration) 

1M HCl/dioxane 

1M BF3 /dioxane 

0 . 61 mmole/g 

0 . 6 6 mmole/g 

Initial leucine substitution by amino acid analysis : 0 . 6 6 mmole/g 

The performance of the two Boc cleavage reagents was further compared by 

t re a t ing Boc - Ieuc ine-glycolamido Perloza  with each and withdrawing 

s amples at intervals for picrate titration . The results ,  given in Table 

3 . 7 ,  indicated that t reatment with 1M HCI/dioxane sta rted to result in 

loss  of amino acid after one hour . There were probably two competing 

react i on s  tak ing place . Up t o  between 3 0  minutes  a nd one hour ,  Boc 

c le avage predominated, but after one hour cleavage of the amino acid 

f rom t h e  s uppo rt was o ccurring . The result s a l s o  s howed t hat 1M 

HCl /dioxane was going to  take between 3 0  minutes and one hour to give 

near quantitat ive Boc cleav�ge . On the other hand, 1M BF3/dioxane gave 

qu a n t i t a t ive Boc c le a vage a ft e r  1 5  minutes . It did appe a r  that 

t re a tment with 1M BF3 /dioxane resulted in loss of a small amount of 

amino acid after 24 hours,  however this result was only j ust outs ide the 

estimated experimental error of the picrate titration (± 0 . 0 1 mmole/g) . 

T h e s e  r e s u l t s  indi c a t e d  that  1M BF 3 / di oxane was suit able f o r  Boc 

c leavage with the glycolamide linkage and Perloza resin . 



Tab1e 3 . 7  Treatment o� Boe-1eueine-g1yeolamido-Per1oza with Boe 

c1eavage reagents 

Time Amine substitution 
* 

1M HCl /dioxane 5 min 0 . 31 rmnole/g 

1 5  min 0 . 5 1  rmnole/g 

30  min 0 . 61 rmnole/g 

6 0  min 0 . 61 rmnole/g 

2 hr 0 . 45 rmnole/g 

5 hr 0 . 4 9 rmnole/g 

1M BF3 / dioxane 1 5  min 0 . 68 rmnole/g 

3 0  min 0 . 68 rmnole/g 

6 0  min 0 . 6 6 rmnole/g 

2 hr 0 . 67 rmnole/g 

2 4  hr 0 . 65 rmnole/g 

Init ial leucine substitution by amino acid analysis : 0 . 6 6 rmnole/g 
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A f i n a l  s t u dy w a s  unde rt a ke n  to  compa re t he e f fe c t  o f  d i f f e rent 

concent rations of boron trifluoride on the Boc cleavage rate . Different 

s ys t ems f o r  e f f e c t ing Boc c le a vage , ba tchwise vs f low,  were also 

inve st igated . The results ,  given in Table 3 . 8 , showed that after 1 5  

minutes 2 M  BF3 /dioxane was slightly more effective than 1M BF3/dioxane , 

but a fter 6 0  minutes there was no difference between the results of the 

two concent rations of the reagent . 

C ompa r i s o n  o f  the  ba t chwise result s w i t h  the f l o w  sys t em result 

suggested that the 1 0  minute f low treatment with 1M BF3/dioxane was as 

e f f i c i e n t  a s  a o n e  h o u r  b a t c h  t r e a tment w i t h  e i t h e r  1 M  o r  2M 

The r e s u l t s  g i ven in  T able  3 . 8 i n d i c at ed that 1M 

BF3 / dioxane was su itable for Boc removal in a ba tch system us ing 60  

minutes  exposure , or in a continuous flow system at 3 ml /min for 1 0  

minutes . 



Tab1e 3 . 8  Results of treatment of Boc-valine-glycolamido-Perloza 

with BF3/diozane 

BF3 c oncentration 

and deBoc method 

1 M ( Batch) 

2 M ( Batch) 

1 M ( F low, 3 ml /min) 

Reaction t ime 

(minutes )  

1 5  

6 0  

1 5  

60 

10 

*
P i c rate titrat ion result 

Amine substitution* 

(mmole/g) 

0 . 67 

0 . 7 1 

0 . 71  

0 . 72 

0 . 74  

Res in valine substitution by amino acid analysis : 0 . 72 mmole /g 

3 . 3 . 5  Picrate titration of Boc-amino acyl-glycolamido Perloza 
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BF3 / dioxane ( lM, 1 hour ) , was used to cleave the Boc group f rom all Boc

amino acyl res ins prior to picrate t it ration . Amino acid analysis of 

res in s  after  p i c rate t i t ration indicated that the 1 0 %  t r iethylamine 

solu t i on used t o  elute the picrate in the titrations also cleaved the 

amin o  acid f rom t he base-labile glycolamide linker . The di fference 

be t w e e n  t he f o u n d  a nd t r u e  re s u lt depe nded on t h e  ami no a c i d  

sub s t i t ut ion leve l ,  and the formula weight o f  the amino acid involved . 

For  e xample , va line-glycolamido-Perloza , amino acid substitution 0 . 72 

mmo l e / g  by amino acid analys i s ,  would have an unco rrected amino acid 

sub s t i t ut ion by picrate t itration o f  0 . 7 8 mmole/g (see Equation 3 . 3 ) . 

Because the dif ference fell  outs ide the estimated error of the picrate 

tit r a t ion (± 0 . 0 1 mmole/ g ) , a s impl e  ca lculat ion wa s applied to the 

re s u l t s o f  a l l  picrate t it rations o f  amino acyl-glycolamido Perloza 

res ins t o  determine the true amino acid substitution . 
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Equation 3 . 3  CAlculation of expected result of picrate titration of 

amino acyl-glycolamido Perloza from an �no acid analysis 

result 

. - + 1 ·  1 P�crate H3N -va �ne-CO-O-CH2 -CO-NH-Per oza 

� 1 0 %  NEt3 / 5 0 %  aqueous ethanol 

picrate-NEt3
+ + valine + HO-CH2 -CO-NH-Perloza 

For 1 . 0 0 0  9 of valyl-glycolamido- Perloza resin, if the initial valine 

substitution was 0 . 72 mmole/g by amino acid analysis , the apparent amine 

substitution by picrate t it ration would be : 

init ial amount of valine (mmole) 

f inal weight of resin a fter t reatment with NEt3 solution (g) 

0 . 7 2  mmole 

1 . 0 0 0  - ( 0 . 72 x 1 0 -3 x [ 11 7  - 17 ] ) 9 

0 . 72 

0 . 92 8  

0 . 7 8  mmole/g 

This calculat ion was reversed t o  get the true amino acid substitution 

result f rom a picrate titration result . 

3 . 3 . 6  Coupling of activated Boc-amino acids to Perloza 

When u s ing carbohydrate mat rices as supports for SPPS the possibility 

a lwa y s  exists  that  act i vated Na-prot ected amino ac ids w i l l  couple 

d i rect ly to the suppo rt hydroxyls and serve as init iat ion points for 

s ynthesis of delet ion peptides . If deletion peptides were fonned on the 

c a rbohydrate hydroxyls , they would be cleaved us ing the same reagent s 

u s e d  f o r  pept i de c l eavage f rom the glycolamide linke r . That is , 

s upp o rt -bound deletion  pept ide s  would also  be c leaved by alk a l ine 

hydro lys is . The presence of significant amounts of delet ion peptides , 
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s im i l a r  in  sequence to the t a rget pept ide , would complicate peptide 

p u r i f i c a t ion . The l onge r de l e t i o n  pept ides would be s imi lar in 

s t r u c t u re to t he t a rget pept ide , and may there fore be di f ficult to 

sep arate f rom the target peptide . 

Be f o re p roceeding to the synt he sis  of  a pept ide on funct iona li sed 

Perlo z a ,  a study was carried out to evaluate the extent of reaction of 

a ct i vated Boc-glyc ine with unmo�ified Perloza . Perloza 1 0 0  was reacted 

with Boc-glycine symmetrical anhydride and Boc-glycine-OBt active ester 

to det e rmine t he amount of amino acid that would couple to the matrix 

dur i ng a typica l  SPPS coupling cycle . Boc-glycine was used because it 

i s  t he l e a s t  s t e r ic a l ly hinde red o f  the Boc -amino ac ids , and may 

ther e f o re be expected to couple to the mat rix in the highest yield of 

a l l  the  Boc-amino acids . After coupling for one hour ,  the Boc-amino 

acyl -Perloza was t reated with BF3/dioxane to cleave the Boc group . The 

a mi n o - a c y l - P e r l o z a w a s  a n a l y s e d  t o  de t e rmine t h e  a m i n o  a c i d 

s ub s titution . Reaction of Perloza with Boc-glycine-OBt active ester for 

one h o u r  gave an amino acid substitution of 1 4  �ole/g by amino acid 

analysi s . After 1 7  hours reaction time the amino acid substitution was 

5 0  �ol e / g  by t he ninhydrin assay . Reaction of Perloza for one hour 

with Boc-glycine anhydride gave an amino acid substitution of 9 �ole/g 

by t he ninhydrin assay .  

The c a rbohydra t e-bound amino a c id substitution leve ls found in" this 

study were relatively low . Also,  it would be expected that many of the 

reac tive hydroxyls of functionalised Perloza would have been s ubstituted 

dur i ng t he initial reaction with with acrylonit rile . Therefore ,  it was 

proposed that pept ide quality would not be s ignificantly compromised by 

forma tion of peptides coupled direct ly to the carbohydrate backbone when 

using Perloza a s  a support for SPPS . 

3 . 3 . 7  Peptides synthesised on Perloza us ing Boc chemistry 

Pept ides assembled on Boc-amino acid-glycolamido-Perloza resin were Leu

Ala -G l y-Va l ,  and Leu-enkephal in .  The amino a c ids were coupled in a 

thre e  fold excess  as the preformed HOBt active esters . Coupling t imes 

were for 1 hour using a semi-manual f low apparatus . The peptides were 

cleaved with NaOH (2-3 equivalents )  for 3 hours . The excess of NaOH was 
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kept low to min imise the possibility o f  peptide amide bond hydrolysis . 

Ninhydrin as says o f  the cleaved res ins indicated approximately 95%  of 

the s uppo rt-bound pept ides  had been cleaved . The crude peptides were 

purified by HPLC . 

3 . 3 . 7 . 1  Leu-Ala-Gly-Val 

The purified Merrifield test peptide, Leu-Ala-Gly-Val (Merrifield, 1 9 6 3 )  

was obtained i n  6 6 %  yield based on the initial amino acid subst itution . 

The purif ied pept ide gave a s ingle pea k  on analys is by HPLC (Figure 

3 . 3 ) , and gave the expected ratios on amino acid analys is : Gly 1 . 0 0 [ 1 ] , 

Ala 1 . 0 2 [ 1 ] , Val 1 . 02 [ 1 ] , Leu 1 . 0 0 [ 1 ] . 

Figure 3 . 3  HPLC trace of purified Leu-A1a-Gly-Val 
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3 . 3 . 7 . 2 Leuc ine-enkepha lin 

Tyr-Gly-Gly-Phe-Leu 

S ide c h a in protected Leu-enkephalin was cleaved from the glycolamide 

l in k e r .  The t y r o s ine benzyl ether protecting group was cleaved by 

c a t a l y t i c  hydrogenat ion . The Leu-enkephalin was puri fied by HPLC to 

g i v e a 4 9 %  y i e l d of p e p t i de b a s e d  on t h e  i n i t i a l  amino a c i d  

subs t i t ut ion . The synthet ic Leu-enkephalin gave a single peak on HPLC 

( Figure 3 . 4 ) ,  coeluted on HPLC with authentic Leu-enkepha lin, and gave 

the e xpected rat ios on amino acid analysis : Gly 2 . 0 0 [ 2 ] , Leu 0 . 97 [ 1 ] , 

Tyr 0 . 9 9 [ 1 ] , Phe 1 .  00 [ 1 ] . 

Figure 3 . 4  HPLC traces of a )  crude , b) purified, Leu-enkephalin 
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The cleavage of  side chain protected Leu-enkephalin provided preliminary 

evidence t hat the glycolamide linker/Perloza combination could be used 

t o  provide p rotected pept ide s ,  for example for fragment syntheses . 

Neither of the peptides synthesised in this study contained Asp or Glu 

with benzyl ester carboxyl side chain protection . Asp s ide chain benzyl 

e s t e rs ' w o u l d  be sub j ect t o  a s part imide format ion under the bas ic 

condit ions  employed f o r  pept ide cleavage in this study (Tarn et al,  

1 9 8 8 ) . Howeve r ,  Shekhani et a l  ( 1 9 9 0 )  successfully u sed lithium �

mercaptoethanol (Li�ME ) in THF to cleave Boc-Arg (Mtr ) -Lys ( Z ) -Asp (OBzl ) 

Va l -T y r ( B z l )  a t t a ched t o  a polystyrene s uppo rt via a glycolamide 

linkage . The s ide chain protect ing groups were cleaved by catalytic 

hydrogenat ion,  and the pur i fied pept ide was characte rised by direct 

comparison with an authentic sample . Shekhani et al did not report any 

s ide reaction s  involving the Asp (OB z l )  when us ing Li�ME for pept ide 

cleavage . The refore , Li�ME may be a useful reagent for cleavage of 

p r o t e c t e d  pep t ide f r agme n t s f r om pept i de -g l yc o l amido - P e r l o za . 

Experiments involving the use of Li�ME/THF for cleavage of peptides from 

peptide-glycolamido-Perloza are described in Chapter 4 .  

Seve r a l  a t t empt s  t o  s ynthes ise the decapept ide ACP 65-7 4 us ing Boc 

chemis t ry and the glycolamide l inker were unsuccessful . This pept ide 

has been reported t o  be diff icult t o  a ssemble using Boc chemistry on 

polystyrene resin (Hancock et al,  1973 ) , and from the limited results of 

this  study t o  date it also appea red to be difficult to synthesise on 

Perloza  us ing Boc chemistry and the glycolamide linke r . An approach 

di f fe rent t o  that used in this  study may be needed to success fully 

synthesise ACP 65-7 4 on Perloza using the Boc methodology . For example , 

one p o s s ible s t rategy would be to use the PAM linker to anchor the 

pept ide t o  t he Perloz a ,  and t o  c leave t he pept ide using a st rong acid 

such as liquid HF . 
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3 . 4  CONCLOSXONS 

1 )  The tet rapept i de LAGV wa s synthes ised directly  onto aminopropyl 

Pe rloza , which demonst rated the potential of Perloza as a support for 

SPP S . 

2 )  P ro t i c  Boc cleavage reagent s s ignif icant ly degraded aminopropyl 

funct i onalised Perloza . However ,  a dioxane solution of the aprot ic 

Lewis  a c id boron t rifluoride gave minima l degradat ion of aminopropyl 

Perloza . BF3 /dioxane was found to be suitable for Boc cleavage during 

the synthesis of LAGV directly onto aminopropyl Perloza . 

3 )  Boc-amino acids could be coupled to a-bromoacetamido Perloza in high 

yield t o  give a glycol amide l inkage between the Boc-amino acid and the 

support . 

4 )  BF 3 / dioxane was suitable for  Boc cleavage u s i ng the glycolamide 

linker .  

5 )  Two peptides , LAGV and Leu-enkephalin, were successfully synthesised 

on glycolamido-Perloza , cleaved, and purified . Perloza was found to be 

suitable as a support for synthesis of these small peptides us ing Boc 

methodology . These peptides did not contain Asp or Glu with the side 

cha i n  c a rboxyl g roups p rotected a s  t he i r  ben zyl e s te rs ,  which a re 

subject to s ide reactions under basic conditions . At this stage peptide 

synthesis  on glycolamido-Perloza is probably limited to short peptides 

which do not contain benzyl e sters , unless  Li�ME is found to be usable 

for cleavage of peptides containing Asp or Glu with carboxyl side chains 

protected as their benzyl esters . 
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CHAPTER 4 SOLID PHASZ PEPTIDZ SYHTHZS:tS ON PERLOZA : I'MOC CHEM:tSTRY Wl:TH 

THE GLYCOLAMXDE L:tNKER 

4 . 1  rNTRODOCT:tON 

The r e s u l t s  o f  t he invest igations repo rted in the previous chapter 

showed that Perloza could be used as a support for solid phase pept ide 

synthes i s  u s ing Boc chemi s t ry . In o rde r to extend that study ,  an 

attempt was made to synthesise Leu-enkephalin using Fmoc chemistry with 

the glycolamide linker (Baleux et a l ,  1 9 8 4 ) . Fmoc SPPS chemistry is 

discussed in the introduction to Chapter 5 .  

S ome doubt existed as to the stability of the base-labile glycolamide 

l inker to the piperidine solut ions used for Fmoc cleavage . However, 

B a le u x  et  a l  ( 1 9 8 6 )  succes s fully  used the glyco l amide linke r in a 

synthesis  o f  TP5 ,  the 32-36 sequence of thymopoietin ( RKDVY) , using Fmoc 

chemistry and a polyacrylic resin support . The N-terminal arginine was 

coupled with the Na-amine protected by the Boc group, and the guanidino 

s ide chain protected by protonation . Baleux et al ( 1 9 8 6 )  found that it 

was poss ible to take advantage of the acid stability of the glycolamide 

l inker in o rder t o  acido lyt ically cleave side chain protecting groups 

bef o re aqueous alkaline pept ide c leavage . The ability to cleave side 

chain protect ion while leaving the peptide bound to the resin led Baleux 

et a l  ( 1 9 8 6 )  to propose that 

. . .  t h e  u s e  of a FMOC/ t B u  s t ra t e gy w i t h a gl ycol ami de e s t e r  

a n ch ora ge and a w a ter compa t ibl e polyacryl ic carrier a ffords a 

good method for obt aining speci fi cally immobi lised peptides . The 

h i gh ly l oa ded pept i de resin a dduct may be used t o  interact with 

b i o l o gi c a l  m a c r om o l e c u l e s  ( e n zym o l ogy w i t h an i mmobi l i s e d  

s ubs t ra t e ,  p urifica tion by affinity chroma tography, immun ochemi s

t ry, et c . )  in aqueous media up to pH 9 .  

Howe ve r ,  B a leux e t  a l  do not a ppea r t o  have reported any s t udies 

demonstrating the successful application of this idea . In theory such 

an a pproach could also be applied to pept ides synthes ised us ing the 

glyco lamide linker with Perloza . In addition, peptide-ligands could be 

s ynthes ised direct ly onto aminopropyl Perloza for use as matrices for 
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a f finity puri f ication . How·ever ,  it would be necessary to be able to 

cleave amino acid s ide chain protect ing groups without deg rading the 

Perloza . 

The study reported in this · Chapter addressed the following questions : 

i )  could a peptide be made on Perloza using the glycolamide linker and 

Fmoc chemistry? 

ii) could amino acid side chain protecting groups be cleaved from 

peptide-glycolamido-Perloza without degrading the matrix? 

4 . 2  MATERIALS AND METHODS 

4 . 2 . 1  Chemicals and Equipment 

Boc - Ie u c i ne - g l yc o l amido - P e r l o z a  w a s  synthes i s ed a s  de s c ribed in 

C h a p t e r  3 .  N a - Fmo c - L - amino a c ids ( Ph e ,  G l y ,  and T y r ( t Bu » were 

pur chased from Bachem, Torrance, California . Reagent g rade piperidine 

was pur chased f rom BDH ( N Z ) , and was distil led from calcium hydride 

before use . Purum grade 2 -mercaptoethanol (PME) was from Fluka AG, and 

n-butyl lithium in THF was obtained from Aldrich . All other reagents 

were f rom the sources given in previous chapters . 

Pept ide synthes i s  was performed using an ABI 430A automated batchwise 

pept ide synthe s i se r . Slightly modif ied ABI Fmoc coupling cycles were 

emp lo ye d . Fmo c -amino a c ids were act ivated u s ing t he s t anda rd AB I 

DIC / HOBt activat ion protocols (Applied Biosystems Inc . ,  1 9 8 8 ) . 

4 . 2 . 2  Leucine-enkephalin synthesised using acid resistant/base labile 

glycolamide linker with Fmoc chemistry 

Boc-leucine-glycolamido-Perloza ( leucine substitution 0 . 72 mmole/g) was 

t reated with 1 . 3SM BF3 /dioxane for two hours to cleave the Boc group . 

The resin was washed with dioxane , 2 0 %  triethylamine in dioxane, then 3X 

d i o x a n e . The pept ide w a s  s ynthe s i sed u s ing an AB I 4 3 0 A pept ide 

syn t he s iser . The scale o f  the synt hesis was 0 . 32 mmole . A s ingle 

coupl ing of a 3x e xcess o f  Fmoc-amino acid-OBt ester was employed for 

amino a c id addition . 
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At t he end of  the synthesis , the Fmoc protecting group was cleaved using 

2 0 %  p ipe r idine / DMF for  1 0  minutes  and then 3 0  minutes ,  followed by 

was hing 5X DMF . The ratio of dry to wet weight of the DMF-wet peptide

res in was determined using the procedure given in Chapter 2 .  The final 

pept i de subst itut ion calculated from the start ing amino acid substi 

tuti on w a s  0 . 53 mmole/g . 

4 . 2 . 3  Cleavage of Leu-enkephalin from glycolamido-Perloza 

4 . 2 . 3 . 1  Treatment of pept ide-resin with 9 5 %  TFA followed by Li6ME 

peptide cleavage 

A s ample of the DMF-wet peptide-resin ( 0 . 132g dry, peptide substitution 

0 . 53 mmole/g) was solvent exchanged to water and washed thoroughly . The 

weight of  water-wet peptide-resin was 0 . 58 0  g, giving a weight of water 

of 0 . 4 4 8  g .  TFA was added to bring its concentration up to 95% ,  and the 

pept i de - resin  was stirred in this solut ion for one and a half hours . 

Duri ng the TFA t reatment the pept ide - resin became highly swollen, and 

aggregated into  lumps . The lumps o f  aggregated peptide-resin were 

b r o k e n  u p  a n d  wa s hed with di oxane , 2 0 %  t riet hylamine in dioxane , 

di oxane , and then 3X THF . Even a ft e r  this  wa shing sequence , the 

peptide - resin did not filter as quickly as it did before it was treated 

with TFA . The THF-moist pept ide-resin was t reated with 18 eq of the 

lithium salt of 2 -mercaptoethanol (Li�ME ) ( Shekhani et al,  1 9 9 0 )  in 5 ml 

THF f o r  t hree hour s . A n inhydrin a s say of the dried cleaved resin 

showed a cleavage yield of approximately 32% . The c rude peptide was 

analysed, and then purified, by HPLC . 

4 . 2 . 3 . 2 T reatment of the peptide-resin with 22 . 5% TFA / 2 . 5% water in 

dioxane followed by Li6ME peptide cleavage 

Dioxane-wet peptide-resin ( 0 . 15 9  g dry)  was treated with a solution of 

22 . 5% TFA / 2 . 5% water in dioxane for one hour . The res in was filtered, 

washed 2 X  dioxane , 2X 2 0 %  t riethylamine /dioxane , 3X dioxane , then 3X 

THF . It was noted that in this experiment the res in flow properties did 

not appea r  t o  be impa i red a f t e r  t reatment with  the TFA / di oxane 

solution . The peptide-resin was t reated with 25 eq of Li�ME in 6 ml THF 

for 3 hours . The THF was removed in vacuo , and the pept ide was precipi-
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tated by addition of 20 ml of ether . The precipitate was washed 2X 1 0  

m l  e t he r ,  then the peptide was dissolved in 5%  acetic acid and separated 

f rom t h e  res in by f i lt r a t i on . The s o lut ion of c rude peptide was 

lyophi lised . A ninhydrin assay of the dried cleaved resin indicated a 

c leavage yield of approximately 83% . The lyophilised c rude peptide was 

analysed, and t hen purified, by HPLC . 

4 . 2 . 3 . 3  Cleavage of side-chain protected Leu-enkephalin 

An a t t empt was  made to c leave Leu-enkephalin f rom t he resin whilst 

leaving the tyrosine hydroxyl protected as its t-butyl ether . A sample 

o f  DMF-wet peptide-resin ( 0 . 1 5 7  g dry) was t ransferred to a sintered 

gla s s  funnel,  and washed with THF , t hen with ether . Excess ether was 

removed by vacuum using a water a spirator . The peptide - resin wa s 

t ransfer red to a round-bottomed flask and treated with 38  eq of LiPME in 

7 ml THF . Afte r  three hours stirring the THF was removed in vacuo . The 

pept i de was precipitated with 2 0  ml ether . The pept ide and cleaved 

re s i n  we re c o l lected by filt rat ion and washed 2X 1 0  ml ether . The 

pept ide was dis solved in 5 0 %  acet ic acid and filtered f rom t he resin . 

The r e s in was washed with 5%  a cetic acid and the combined acetic acid 

solut ions were diluted to a f inal acetic acid concent ration of 1 0 %  and 

lyop h i li sed . A ninhydr in assay o f  t he dried c leaved resin showed a 

c le avage yield of approximately 8 1% . The crude peptide was analysed by 

HPLC . 

The l yophilised peptide , with the tyrosine hydroxyl group protected as 

its t -butyl ether,  was treated with 95%  TFA / 5% water for one hour to 

cleave t he t -butyl ethe r .  The TFA was removed in vacuo , and the peptide 

was purified by HPLC . 
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4 . 3 RESULTS AND DISCUSSION 

On c omp letion  o f  the synthes is , the pept ide-re s in was subjected to 

pic r a t e  t i t ra t i on to determine the pept ide subst itution level . The 

pept i de subs t itut ion wa s 0 . 4 5 mmole/g,  which may be c ompa red to the 

re s u l t expe c t e d  f rom the init i a l  amino acid substitut ion of 0 . 5 3 

mmo le / g . The d i f ference may be explained as either an  error in the 

picrate t it ration,  or that some cleavage of the glycolamide linker by 

piper idine took place during the synthes is . Cleavage of the glycolamide 

l inker by piperidine was not investigated . 

4 . 3 . 1  Treatment of peptide-resin with 9 5 %  TFA followed by Li6ME 

pept ide c leavage 

The pept ide-resin was treated with 95%  TFA for one and a half hours to 

cleave the t-butyl ether of the tyrosine . The peptide was cleaved from 

the r e s in us ing L i�ME ( Shekhani et a l ,  1 9 9 0 ) . 

anal ysed by HPLC (Figure 4 . 1 ) . 

The crude peptide was 

Figure 4 . 1  HPLC t race of Leu-enkephalin after treatment of peptide

resin with 95' TFA, followed by Li� peptide cleavage 
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HPLC analysis of the c rude peptide ( see Figure 4 . 1 ) showed a ma jor peak 

at 3 3 . 2  minutes ( Leu-enkephalin) with only a minor peak at 43 . 9  minutes 

( Le u-enkephalin with the tyrosine hydroxyl protected as its tBu ether)  . 

A n i nhydrin a s say of the c leaved res in indicated a pept ide cleavage 

y i e l d  o f  approximately 3 2 % . The c rude Leu-enkephalin was purified by 

HPLC . Leu-enkephalin was obtained in 2 1 %  yield, based on the initial 

amin o  acid s ubst itut ion . The purified pept ide coeluted on HPLC with 

authent ic Leu-enkephal in and had the correct amino acid analysis : Gly 

2 . 0 0  [ 2 ) , Leu 0 . 98 [ 1 ) , Tyr 1 . 0 6 [ 1 ] , Phe 1 . 0 4  [ 1 ] . 

The results o f  this experiment showed that it was possible to side chain 

deprotect a pept ide ( in this case c leave a tyros ine t Bu ether)  while 

l e a v i n g  t he ma j o r i t y  o f  t h e  pept i de a n c h o r ed t o  the  s uppo rt . 

Subsequent ly,  it was poss ible t o  c leave the peptide from the support , 

albeit in low yield of 32% . In the other experiments described in this 

Chapte r  ( see Sect ions 4 . 2 . 3 . 2  and 
'
4 . 2 . 3 . 3 ) peptide cleavage yields of 

gre a t e r  than 8 0 %  were obta ined us ing s imil a r  cleavage conditions to 

those employed here . The reason for the low yield in this experiment 

ma y  h ave been t hat the TFA t reatment degraded the resin propert ies in 

such a way that made it difficult or impossible for the c leavage reagent 

( L i �ME ) t o  g a i n  acce s s  t o  s ome o f  t he pept ide - re s i n  glycolamide 

l inkages . I t  was noted that t reatment of the peptide-resin with 95%  TFA 

r e s u l t e d  i n  c o ns ide r a b l e  s we l l i n g  o f  the  re s i n ,  a ccompa n i ed by 

aggregat ion o f  the individual  beads into lumps . In t his state , the 

res in was difficult to filter . Even after the lumps had been broken up, 

it t ook longer t o  filter the resin than before TFA treatment . 

The s igni f ic ance of t he low cleavage yiel d ,  and the di f f icu lty in 

f i l t e r ing the resin a fter TFA t reatment , relates to use of a peptide

res i n  a s  an a f f inity mat rix . Cons idering t hat TFA t reatment may have 

made it difficult for the relatively sterically unhindered Li�ME to gain 

a c c e s s  to t he res in-bound pept ide ,  it may be e xpected that lar ge r  

molecules ( fo r  example enzymes ) ,  would be even less able to gain access 

t o  r e s i n -bound pept i de - l igands a f t e r  T F A  t re a tment . U s i n g  Fmoc 

chemis t ry, 9 5 %  TFA would usually be used for cleavage of the s ide chain 

p r o t e c t ing g roups of support -bound pept ide s . I t  was shown in this 

experiment that t �eatment of peptide-Perloza with 95%  TFA also resulted 

in impairment o f  the f low prope rties of Perloza after one and a half 
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hour s  exposure . One possible alternative method of cleaving s ide chain 

protect ing groups without degrading t he f low properties of the matrix 

might be to use l ower t imes of exposu re of the peptide-resin to TFA, 

except that some s ide chain protecting groups used in Fmoc chemistry, 

notably Arg NG (Mt r ) , require cleavage t imes of 4-6  hours (Atherton et 

a l ,  1 9 8 3b ;  see also Chapter 5 ) . 

4 . 3 . 2  T reatment of the peptide-resin with 22 . 5% TFA / 2 . 5% water in 

dioxane followed by LiBME peptide cleavage 

It  was f ound in the previous experiment that concentrated TFA degraded 

t he f low properties of Perloza after one and a half hours exposure ( see 

a l s o  Chapter 5 ) . If  Fmoc chemistry was t o  be used for synthesis o f  

P e r l o z a -bound pept ide s  for  a f f inity chromatography , a milder ,  les s 

mat r ix-de st ruct ive s ide chain deprotection reagent would be required . 

The re f o re a solution of 22 . 5% TFA in dioxane was tested for its ability 

t o  c leave the t-butyl ether of tyrosine while leaving the peptide bound 

t o  t he support . Water ( 2 . 5% )  was also added to this solution to act as 

a s cavenger of t -butyl cations . The TFA / dioxane solution was tested 

f o r  i t s  ability t o  c leave the tyrosine t -butyl ether of support-bound 

Leu-enkephalin whilst leaving the peptide bound to the res in . After a 

one hour exposure t o  the cleavage reagent the peptide-resin was washed, 

and the  peptide was c leaved using LipME . It  was noted that the flow 

p r o p e r t ie s  o f  the  re s in were not impai red by this t reatment . HPLC 

analysi s  of the product (Figure 4 . 2 )  gave a ma jor peak with a retention 

t ime of 4 1  minutes , which was close to that expected for Leu-enkephalin 

cont a in ing a t yros ine protected by the t -butyl ether ( 4 3 . 9  minutes , 

Sect ion 4 . 3 . 3 ) . It  was concluded that 22 . 5% TFA / 2 . 5% water  in dioxane 

was ineffective for cleavage of the tyrosine tBu ether after one .hour . 

T h e  Fmo c S P P S  me t h o d  o f f e r s  t he g re a t e s t  p o t ent i a l  f o r  use in  

s ynth e s i s ing pep� ide-resin affin ity mat rice s ,  because the conditions 

used to cleave the amino ac id side chain protect ing groups employed are 

much mi lder t han those required for the Boc method . However ,  in the 

c a s e  o f  Perlo z a ,  t he results o f  the preliminary exper iment s reported 

above s uggested that concentrated TFA was too destructive to the matrix 

f o r  u s e  a s  a reagent f o r  s ide chain deprot ection,  a lt hough it wa s 

e ffec t ive in c leaving t he tyrosine t-butyl ether of support-bound Leu-
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e n k e p h a l in . The dioxane s o lut ion of TFA did not degrade the f low 

properties of the mat rix, but ne ither was it effective in cleaving the 

t yros ine t -butyl ether after one hours t reatment . Further work on side 

chain deprotection reagents was required to make synthesis of pept ide

l igands directly onto Perloza a practical proposition . 

Figure 4 . 2 HPLC t race of Leu-enkephalin after treatment of the peptide

resin with 22 . 5% TFA / 2 . 5% water in dioxane , followed by 

Li� peptide cleavage 

L O-r--------. 

o -t---------t 
10 

Time / min 



8 8  

4 . 3 . 3  Cleavage of side-chain protected Leu-enkephalin 

Leu-enkeph a l in ,  with the tyros ine hydroxyl protected as its t -butyl 

ethe r ,  was cleaved from the res in using Li�ME . A ninhydrin assay of the 

c leaved res in indicated a pept ide cleavage yield of approximately 81% . 

Analyt ical HPLC of the crude pept ide showed a ma jor peak elut ing at 43 . 0  

m i n u t e s ,  comp a r e d  t o  the 3 3 . 2  minute e l u t i o n  t ime o f  the fully 

deprotected pept ide (Figure 4 . 3 ) . 

Figure 4 . 3 Side chain protected Leu-enkephalin after Li� peptide 

cleavage 
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The c rude s ide chain protected Leu-enkephalin was t reated with TFA to 

cleave t he tyrosine t-butyl ether . The Leu-enkephalin was then purified 

by HPLC . Leu-enkephalin was obtained in 5 9% yield, based on the initial 

amino a c id substitution . The purified pept ide coeluted on HPLC with 

authent i c  Leu-enkephalin and had the correct amino acid analysis : Gly 

2 . 0 0 [ 2 ) , Leu 1 . 0 1 [ 1 ) , Tyr 1 . 0 1 [ 1 ) , Phe 1 . 0 3  [ 1 ) . 

T h i s  e xpe r imen t  s howed that  i t  wa s po s s ible t o  c leave s ide chain 

protected Leu-enkephalin without damage to the peptide . Further studies 

mus t  be carried out t o  determine whether LiPME can be used to cleave 

pept i de s  containing t -butyl e sters o f  Asp or Glu side chains without 

incurring s ide reactions . For example , peptides containing Asp or Glu 

t -butyl esters are known to undergo int ramolecular cyclisation in the 

presence of nucleophiles (Roeske , 1 9 8 1 ) . 
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1)  Fmoc chemistry and the glyco1amide linker may be used with Perloza 

for synthesising s hort peptides . 

2 )  I t  was possible t o  cleave the t -butyl ether side chain protection 

f rom the tyrosine of support-bound Leu-enkephalin, using 9 5 %  TFA, while 

leaving t he pept i de bound to the resin . Leu-enkephalin could then be 

c le aved f rom the support , a lt hough the peptide c leavage yield was 

relatively low . However,  the treatment with TFA also impaired the flow 

properties of the res in . It may be possible to increase the stability 

of Perloza to TFA by introducing c ross linking . 

3 )  Concent rated T FA, while effective in cleaving the t -butyl ether of 

t y ro s ine ,  a l s o  a ppea red to serious ly degrade t he f low propert ies of 

pept ide-subst itute d  Perloza . A solution of 22 . 5 % TFA / 2 . 5 % water in 

dioxane was  ine f f ect ive in c leaving the tyro s i ne t -buty l  ether of 

support-bound Leu -enkephalin, but neither did it appea r  to degrade the 

flow propert ies o f  the support . 

4 )  S ide chain p rotected Leu-enkephalin was cleaved from glycolamido-

Perloza u sing LipME . One of the applicat ions of side chain protected 

pept ides  is in fragment condensations to form longer peptides . Another 

applicat ion of side chain protected peptides could be for immobilisation 

t o  chromatographic supports for affinity purifications ( see Chapter 6 ) . 

Further investigat ions must be carried out to determine if cleavage of 

s ide chain protected peptides f rom the glycolamide linker using LiPME is 

generally applicable for synthesis of protected peptide f ragments .  



CHAPTER 5 

SOLID PHASE PEPTIDE SYNTHESIS ON PERLOZA: 

FMOC METHODOLOGY 
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CBAP'l'ER 5 SOLm PRASE PEPTIDE SYN'l'BES:rS ON PERLOZA : I'MOC METHODOLOGY 

5 . 1  rNTRODUCT:rON 

The 9 -fluorenylmethoxycarbonyl ( Fmoc )  amine protecting group, introduced 

by Ca rp i n o  and Han ( 1 9 7 0 ,  1 9 7 2 ) , i s  c leaved ( F igure 5 . 1 )  by base 

p romoted p-elimination . Piperidine in DMF is most frequently used for 

c leavage of the Fmoc group (Fields and Noble , 1 990 ) . 

Use o f  the Fmoc group for temporary Na-amino protect ion in solid phase 

pept ide s ynthes i s  al lowed an o rt hogona l  synthes is methodology to be 

established . An orthogonal system has been defined as 

. . .  a set of comple t ely independent cl asses o f  protecting groups, 

s uch that ea ch class of groups can be removed in any order and in 

the presence of all other classes (Kneib-Cordonier et aI ,  1 9 9 0 ) . 

T h e  o r t h o go n a l  n a t u re o f  t h e  Fmo c methodo logy de r ives f rom the 

d i f f e re n c e  b e t ween the c l e a v age me chan i sm of the Fmoc Na-amino 

protection ( base catalysed P el iminat ion ) ,  and the acidolyt ic cleavage 

o f  the side chain protecting groups and peptide-resin link . With use of 

the Fmoc group for Na-amino protect ion, it was pos sible to use side 

cha in protect ing groups and peptide-resin linkages more acid-labile than 

those required for the Boc methodology . :rt was found, for example , that 

TFA- I abile pept ide-resin  l inkages of the p-alkoxyben zyl ester type 

( Wa ng ,  1 97 3 )  could be used in con junct ion with t e rtia ry butyl ( tBu ) 

b a s ed s ide cha in protect ion for  SPPS  when us ing Fmoc for  Na-amino 

p r o t e c t ion . A diagram o f  t h e  Fmoc SPPS  me thodo logy i s  given as 

Figure 5 . 2  

The Fmoc/tBu s t rategy, a s  it is s ometimes known, allowed synthesis of 

pept ides us ing much milder conditions than those used for the Boc/Bzl 

s t rategy . Whereas the Boc methodology requi red repetitive acidolytic 

cleavage o f  the Boc group using TFA, followed by peptide cleavage with 

st rong acid ( fo r  example liquid HF) , the Fmoc method used a much gentler 

p i p e r i d i n e  t re a tment f o r  c lea vage o f  the Fmoc t emporary Na-amino 

p r o t e c t ion , f o l lowed by a s ing le TFA t rea tment for c leavage' of the 

pept ide from the support . 
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Figure 5 . 1  Mechanism of cleavage of the Fmoc Na-amino protecting group 

Fmoc-aminoacyl-Support 

� 11 I 11 �� 0 R 0 

CH-CHrO-C-NH-CH-C-O-CH2-Support 

� ,  
� 

.....: - 11 I 1 1  �� 0 R 0 

C-CH2-0-C-NH-CH-C-O-CHrSuppon 

� \  
� 

Dibenzofulvene-piperidine 
adduct 

+ 

+ 

Piperidine 

+ 
+ 
HrO 

o R 0 
- 11 1 11 O-C-NH-CH-C-O-S upport 

R 0 
1 11 

H2N-CH-C-O-CH2-SuPport 

H-O 



Figure 5 . 2 Fmoc SPPS methodology illustrated by the synthesis of a 

dipeptide 
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The f i r s t  s o l id phase pept ide syntheses us ing the Fmoc group for Na-

amino protect ion were reported in 1 9 7 8 . Chang and Meienhofer fl97 8 )  

used 1 %  divinylbenzene cross linked polystyrene a s  a support for SPPS of 

the 1 4  amino a c id residue peptide dihydrosomatostatin . Atherton et al 

( 1 9 7 8 a , b ) s ynthes i sed the decapeptide 65-74 sequence of acyl carrie r 

protein ( ACP 6 5 -7 4 ) , followed by the 3 1 -residue pept ide p-endorphin, 

u s ing a beade d  po lyamide support . F rom these beginnings,  the Fmoc 

method has been developed and refined to the point where it is widely 

used for SPP S . Excellent sources of  information on the Fmoc SPPS method 

include Atherton and Sheppard ( 1 9 8 9 ) , and Fields and Noble ( 1 990 ) . 

As wel l  as the polystyrene and polyamide matrices previously mentioned, 

other s upport s which have been demonstrated a s  adequate for the Fmoc 

method include c ontrol led pore glass (Albericio et a I ,  1 9 8 7 ,  1 9 8 9 ) , 

polyaroide-kieselguhr composite (Atherton et a I ,  1 9 8 1b) , cellulose paper 

( F rank and Doring 1 98 8a , b; Eichler et a l ,  1 9 8 9 ) , cellulose cotton (Lebl 

a n d  E i c h le r ,  1 9 8 9 ;  E i c h l e r  e t  a I ,  1 9 9 0 ,  1 9 9 1 ) , and  P o lyh ipe™ 

poly ( styrene-co-divinylbenzene ) ( Small and Sherrington, 1 9 8 9 ) . 

Both  d i s cont inuous bat chwi se and cont inuous f low automated pept ide 

s ynthes isers may be used for syntheses by the Fmoc method . The type of 

s ynthes iser used depends on the solid support . For example, a batchwise 

s ynthes iser such as the AB! 430A is used for beaded polyamide and beaded 

1 %  divinyl-benzene cross linked polystyrene supports ,  because if they are 

used i n  flow s ystems the mat r ix packs down and excess ively high back 

pressures  are generated (Atherton et al, 1 9 8 1b) . A polyamide-kieselguhr 

compos ite was developed for use in continuous f low synthesisers such as 

t he LKB Biolynx 4 17 5 .  The inorganic kieselguhr serves to support the 

polyamide in t he column , without generat ion of  high back pressures . 

Howeve r ,  the polyamide-kieselguhr support cannot be used in a shaken 

bat chwise synthe s iser because the f ragile kieselguhr suffers attrition 

and generates f ines which clog the filters of the reaction vessel . 

A cont inuous f low system for SPPS was seen as desirable ( Sheppard, 1983 )  

because it  offe red s ignificant advantages over a batchwise system.  

Th e remov a l  o f  excess re a c t a n t s  b y  a c on t i n u o u s  s o l vent fl ow 

through a col umn bed is inherently more effici en t ,  economical, and 



95 

r ap i d  t h a n  ba t ch wi se wa sh in g .  Th i s  i s  pa rt i c u l a rly t rue for 

gel a t in o u s  s o l i ds wi th a very h i gh l i quid re t ention . ( Sheppard, 

1 9 8 3 )  . 

Polyamide-kieselguhr and beaded polyamide support s ,  used in a flow and 

batch system respectively, were used for comparative syntheses of an 

octadecapeptide (Atherton et aI ,  1 9 83a ) . Little difference, if any, was 

f ound in the efficiency of synthesis on the two polyamide supports using 

t he t wo different synthesisers . 

One a dvantage o f  the continuous f low system was that it of fered the 

p o s s ib i l i t y  o f  r e a l - t ime mon i t o r ing o f  deprot ect ion and coupling 

react ions by inserting a UV f low cell into the recirculation circuit , 

a nd r e c o rding the  s o lution  abs o rbance with  t ime ( Sheppard, 1 9 8 8 ;  

Atherton and Sheppard, 1 9 8 9 )  

The s o l id support is usua l l y  functionali sed w i t h  amine or hydroxyl 

group s . The p-alkoxy benzyl ester TFA cleavable linkage between the 

s upport and the C-terminal Fmoc -amino acid may be int roduced in one of 

three general ways . 

1 )  T h e  hydroxy�� thyl linker mo lecule may be c oupled t o  an amine 

funct ionalised s�pport directly, or t he linker may already be present 

f rom a different route (Wang, 1 97 3 ) . The C-terminal Fmoc-amino acid may 

t he n  be e s t e r i f ie d  t o  the hydroxyl g roup . For example , Chang and 

Meienhofer  ( 1 9 7 8 )  used DCC in the presence of DMAP to esterify Fmoc

Cys ( S -tBu )  to a p-benzyloxybenzyl alcohol resin . P reformed symmetrical 

a nh yd r i de s  of Fmoc - amino ac ids have a ls o  been used for  loading t o  

hydroxyl support s using DMAP catalyst . However,  i t  was reported that 

s ig n i f i c a n t  r a cemi s a t ion r e s u l t ed when DMAP was used a s  catalyst 

( Athe r t on et a I ,  1 98 1a ) . P rocedures t o  minimise racemisat ion during 

loading of the Fmoc-amino acid to hydroxyl supports involving use of 

HOBt (a racemisation suppressant ) have been described (van Nipsen et aI,  

1 9 8 5 ) . Another problem with DMAP catalysed esterificat ion of Fmoc-amino 

acids t o  hydroxyl funct ionalised support s is premature Fmoc removal by 

DMAP , resulting in dipept ide format ion (Pedroso et a I ,  1983 ) . Dipeptide 

forma tion may also be reduced by adding HOBt during the loading reaction 

( Van Nipsen et al ,  1 98 5 ) . A full discussion of the problems encountered 
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in loading Fmoc-amino acids to hydroxyl functionalised supports is given 

by Fields and Noble ( 1 9 9 0 ) . 

2 )  The Fmoc-amino acid may be coupled t o  the linker molecule prior to 

attachment of the linker to the resin . The preformed Fmoc-amino acyl

linker compound is then coupled to an amine-funct ionalised support . For 

example , Bernatowic z et al ( 1 9 8 9a )  synthes ised Fmoc-aminoacyl-4 -oxy

met h ylphenoxyacet i c  a c id 2 , 4 -dichlorophenyl esters  for coupling to 

amine-funct ionalised support s . The 2 , 4-dichlorophenyl ester served to 

act ivate the l inker carboxyl for coupling to the amine groups of the 

support . pyridine was used t o  catalyse the reaction . Daniels et al 

( 1 9 9 1 )  u s ed a s im i l a r  p r oc e dure e xcept a comb inat ion of N-methyl 

morpholine and HOBt were used to catalyse the coupling reaction . 

3 )  A halomethyl derivative of the linker molecule may be coupled to an 

amine- functionalised support , followed by displacement of the halogen by 

t he ces ium salt  o f  the Fmoc-amino acid . For example ,  Colombo et al 

( 1 9 8 3 )  c o u p l e d  4 - c h l o r omet hylphenoxya c e t i c  a c i d  to aminome thyl 

poly s tyrene o r  norleucyl-poly ( dimethylacrylamide) res in to yield a 4-

chloromethylphenoxyacetyl functionalised support . The chlorine was then 

disp l a ce d  by t he c e s i um s a lt o f  the Fmo c - amino a c id t o  result in 

forma tion of an ester bond between the Fmoc-amino acid and the linker . 

One ma j o r  advantage of this  method i s  that it results in negligible 

racemisat ion of the amino acids (Mergler et a I ,  1 9 8 9 ) . 

A numbe r of linkers , usually of the acid labile p-alkoxybenzyl alcohol 

t ype ( Wang, 1 97 3 ) , have been used for Fmoc syntheses . The 4 -hydroxy

methyl phenoxyacetyl ( HMPA) linker (Atherton et aI ,  1 97 8a )  is commonly 

used for  synthesis of peptide acids . Peptide amides may be synthesised 

using l inkers which furnish the amide on cleavage with TFA, a number of 

these a re discussed by Bernatowicz et al ( 1 9 8 9b) . The p- [ (R, S ) -a- ( 9H

f lu o ren - 9 -yl ) -methoxyformamido } -2 , 4 -dimet hoxyben zyl ] -phenoxyacetyl 

linker (Figure 5 . 3 ) , purchased from Novabiochem, was used in this study 

for the synthesis of peptide amides . 
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Figure 5 . 3  The p- [ (R, s ) -a- ( 9H-fluoren-9-yl) -methozyformamido -

2 , 4-dimethozybenzyl] -phenozyacetyl linker for synthesis of 

peptide amides 

NH-Fmoc 

The  Fmo c me t h od a l l owed use o f  TFA- lab i le amino acid s ide chain 

protect ing groups . The protect ing groups commonly used are : tBu ethers 

for the hydroxyls of serine , threonine and tyrosine ; tBu esters for the 

ca rboxyl s ide cha ins of aspa rt ic and glut amic acids , Boc for the NE 

group of lysine ; t riphenylmethyl (Trt )  for the Nim of hist idine ; Trt for 

the sulfhydryl of cysteine ; and NG- 4 -methoxy-2 , 3 , 6 -t r imethyl-benzene

sulphonyl (Mt r )  or NG-2 , 2 , 5 , 7 , 8-pentamethylchroman- 6-sulphonyl (Pmc ) for 

the NG o f  a rginine . In addition , the amide s ide chains of asparagine 

and glutamine may be protected, for example by the Trt group . 

Fmo c - amino a c ids may be act ivated f o r  coupl ing in  SPP S by methods 

including HOBt /DIe (Fields et aI,  1 9 8 9 ) , symmetrical anhydride (Atherton 

et a I ,  1 9 7 8 a ) , pent afluorophenyl act ive e ster ( K i s fa ludy and Schon , 

1 9 8 3 ) , 2 - ( lH-benzotriazol-1-yl) - 1 , 1 , 3 , 3 , -tet ramethyluronium hexafluoro-

pho sphate ( HBTU)  ( Fie lds et a I ,  1 9 9 1 ) , 2 - ( l H -ben zot r i a zo l - l -yl) -

1 ,  1 ,  3 ,  3 , -tet ramethyluronium tetrafluoroborate (TBTU) (Beck-Sickinger et 

a I ,  1 9 9 1 )  and ben zot ria zo - 1 -yl-oxy-t r i s - ( dimethylamino ) phosphonium 

hexafluo rophosphate (BOP ) ( Hudson, 1 9 8 8 ) . 

The e xtent o f  complet ion of coupling may be monitored by withdrawing 

s amp l e s f o r  the qu a litat ive TNBS ( Hancock and Batte rsby, 1 9 7 6 )  or 

quant itative ninhydrin tests  ( Sarin et aI,  1 9 8 1 ) . Both of these methods 

requ i r e remo v a l o f  re s i n  s amp le s .  Real  t ime mon i t o r i ng ma y be 

a c c omp l i s hed b y  a dding a sma l l  amount of bromophenol  blue to the 

solut i on o f  activated Fmoc-amino acid . The blue colour fades as the 

re s in bound amine g roups a re acylated ( K rchnak et a I ,  1 9 8 8 )  The 
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continuous flow Fmoc met hod also allowed monitoring of the deprotection 

and coupling s teps by insert ion of a UV flow cell into the c ircuit . 

H owe ve r ,  the  met hod i s  not s e n s i t i ve enough t o  dete rmine whethe r 

quant itative coupling of the Fmoc-amino acid has taken place . 

Pept ides made by the Fmoc method a re usually cleaved from the support 

w i t h  TFA . S c a venge r s  a re included t o  t rap react ive c a rbocat ions 

generated during side chain cleavage . The scavengers used depend on the 

t ype o f  s ide chain protect ion employed and t he amino ac ids in the 

pept ide (Applied Biosystems , Inc . ,  1 9 9 0 a ) . Typical cleavage mixtures 

are g iven in Sect ion 5 . 2 . 8 .  of this Chapter (see also Van Wandelen et 

a I ,  1 9 8 9 ) . 

Two groups have reported the use of carbohydrate supports for SPPS using 

t he Fmoc met hodo logy . F rank and Do ring ( 1 9 8 8 a )  used Whatman 3MM 

cellulose paper,  in a continuous flow synthesise r ,  a s  a s upport for 

peptide synthesis using the Fmoc methodology . The paper was functional

ised by e s terification with 4-met hoxyt rityl- 6 [ 4 ' ( oxymethy l )  phenoxy ] 

hexanoic acid, followed by acetylat ion of remaining reactive hydroxyl 

g roups and c leavage of t he 4 -methoxytrityl group to expose the benzyl 

hydroxyl group . The first Fmoc-amino acid of the peptide sequence to be 

s ynthe s i sed was c oupled to the benzyl hydroxyl via its symmet rica l 

anhydride in the presence of DMAP . The support was acetylated again to 

block any remaining reactive hydroxyls . Frank and Doring achieved 1 0 0 %  

react ion with the benzyl hydroxyls ,  but Fmoc-amino acid a l s o  reacted 

with hydroxyl groups of the carbohydrate support to become anchored via 

e st e r  bonds . The paper-bound Fmoc-amino acids were not cleaved by TFA, 

but were susceptible t o  hydrolys is by aqueous triethylamine . Because 

TFA was  used for pept ide c leavage , Frank and Doring po stulated that 

pept ides bound directly to t he carbohydrate were unlikely to lead to 

c o n t a mi n a t i o n  o f  t he p r oduct . A numbe r o f  heptapept i de s  we re 

s ynthes ised using paper as the SPPS support . 

E ichler et al ( 1 9 8 9 )  used Whatman 5 4 0  cellulose paper as a support for 

S P P S  by the Fmoc met hod . Whatman 5 4 0  paper was reacted with Fmoc

g lyc ine chloride to esterify t he amino acid to the support . The Fmoc 

g roup was c leaved and a preformed Fmoc-amino acyl-4-oxymethyl phenoxy

p ropa noic acid 2 , 4 , 5 -trichlorophenyl ester was coupled to the f ree amine 
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group ( Albe r i c i o  and Ba rany, 1 9 8 5 ) . F ive 1 1 - re s idue pept ides were 

synthesised on t he paper using Fmoc chemistry and a manual batchwise 

synthesis protocol . Peptides were cleaved with 7 5 %  TFA, 2 %  anisole in 

DCM . 

Lebl and E ic h l e r  ( 1 9 8 9 )  invest igated the use of cotton fabric as a 

support for SPPS . An approach similar to that described in the previous 

p a r a g raph w a s  u s ed t o  synthes i s e  the  t e t rapept i de DeS -Gly2 _Met -

enkeph a l i n  a nd the pentapept ide Met -enkephalin on cel lulose cotton 

fabri c . The synthesis protocol used by Lebl and Eichler was chosen to 

demonst rate the practicality of using cotton as a support for continuous 

pept ide synthes is . The pept ides were cleaved with 5 0 %  TFA, 5%  DMS in 

DCM . I n  an  a l t e rnat ive synthe s i s  st rategy, Met -enkephalin-Gly was 

synthesised directly onto Fmoc-glycine modified cotton fabric . The side 

chai n  protecting groups were cleaved by acidolysis,  and the peptide was 

cleaved f rom the carbohydrate support using O . lM NaOH . It  was found 

t h a t  t he yield o f  Met -enkepha lin -Gly synthes ised directly onto the 

carbohydrate backbone of cotton was much lower than the yields of the 

othe r two peptides synthesised using the acid labile handle . 

Eichl e r  et a l  ( 1 9 9 0 ,  1 9 9 1 )  also described a procedu re where glycine

cotton was reacted with the 2 , 4 , S-t richlorophenyl ester of 4-hydroxy-

methyl propanoic acid. C-terminal Fmoc-amino acids were esterified to 

the benzyl hydroxyls by a DCC/HOBt/DMAP procedure . It was found that up 

t o  2 0 % of the total  protected. amino acid had coupled directly to the 

support . Eichle r et al did not consider this dangerous as acid cleavage 

would only liberate peptide bound t o  the linker,  peptides bound directly 

t o  t he ca rbohydrate support would only be cleaved by a l ka line hydro

lys i s . Pept ides up to 8 amino acids in length were made in this study . 

E i c h l e r  et a l  ( 1 9 9 0 )  desc ribed an attempt t o  use t r i a z ine chemist ry 

(discussed in Sect ion 2 . 1 . 2 of Chapter 2 )  with cotton for anchoring a 

link e r  molecule t o  cotton . However ,  they did not pursue the tria zine 

met h od be c a u s e  t hey f ound an inexp l i c able de c re a s e  i n  the amine 

subst it ution level with time . 

I t  was  demonstrated in the studies cited above that it was feasible to 

s ynth e s ise pept ides on cellulose s upports using the Fmoc methodology . 

The u l t imate  goa l o f  this  pro ject wa s t o  develop a met hodology for 



100 

s yn t hesis  of peptide-ligands directly onto Perloza for use as affinity 

c hromatograph ic matrices . The Fmoc / tBu strategy of SPPS appeared to 

o f f e r  more potent ial in this respect than the Boc /Bzl strategy, because 

t he amino acid s ide chain protecting groups used in the Fmoc method are 

c le a vable us ing TFA . Although it was shown in Chapter 4 that treatment 

o f  a peptide-Perloza conjugate with concent rated TFA impaired the flow 

p roperties of the matrix, the Fmoc methodology still offered the greater 

potential as a route for the synthesis of support-bound peptide-ligands 

where s ide cha in protected amino acids were present . An investigation 

w a s  t he re fo re carried out to evaluate Perloza a s  a support for SPPS 

using Fmoc methodology . One of the main goals o f  the studies reported 

in this  Chapter was to determine whether peptides of high quality could 

be s ynthe s i sed on Perloza us ing the Fmoc met hodo logy . One of the 

requi rements of a peptide-ligand synthesised directly onto Perloza would 

be that  the synthes is go in high yield to generate mostly the desired 

pept i de on the support . I f  Perloza was shown in this study to be a 

viable support for SPPS by the Fmoc methodology the protocols developed 

woul d  then be applied to the synthesis of peptide-ligands directly onto 

aminopropyl Perloza . 

The f irst step was to establish a reliable protocol for anchoring Fmoc-

ami n o  acids to aminopropyl Perloza . In this study, Fmoc-amino acids 

were anchored to aminopropyl Perloza via their preformed HMPA linker-

2 , 4 - dichlorophenyl esters . An alternative method of ancho ring Fmoc 

amino acids to Perloza would have been to couple the hydroxyl-linker ( in 

t h i s  c a se 4 -hydroxymethyl phenoxyacetic acid,  HMPA) t o  aminopropyl 

Perlo z a ,  and to then use the DCC/HOBt /DMAP procedure to anchor the Fmoc

amino acids . Two advantages were seen in using the preformed Fmoc-amino 

acyl - HMPA l inke r -2 , 4-dichlo rophenyl ester metho d . Synthe s i s  of the 

p re f o rmed Fmoc-amino acyl-HMPA linker-2 , 4-dichlo rophenyl ester would 

l arge ly avoid racemisat ion of the C-terminal amino acid, because the 

Fmoc-amino acid would be coupled to the linker by nucleophilic displace

ment o f  a bromine atom (Mergler et a I ,  1 9 8 9 ;  Bernatowicz,  1 9 8 9a ) . A 

second advantage was that esterification of amino acid to the support , 

a s  f ound by Frank and Doring ( 1 9 8 8 a )  and Eichler et al ( 1 9 9 0 )  in their 

s t u d i e s ,  would be avoided . Although support -bound amino acids or 

pept i des were unlikely to interfere in the synthesis of a peptide, they 

c ou l d  c o n s ume re agent s t h a t  wou l d  othe rwise react  with  the a c id 
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cleavable HMPA-lin ked amino acid or peptide . Once a means of anchoring 

Fmo c - amino ac ids to Perloza  had been found, peptide s ynthesis  was 

inves tigated using both ABl 430A (batchwise) and LKB Biolynx (continuous 

flow) peptide s ynthesisers . 

5 . 2 MATE�ALS AND METHODS 

5 . 2 . 1  Chemical s  and equipment 

Na-Fmoc-L-amino a cids (Ala , Arg (Mt r ) , Asn, Asp ( OtBu ) , Cys ( tBu ) , GIn , 

Glu ( OtBu ) , Gly, H i s (Trt ) , l Ie ,  Leu ,  Lys (Boc) , Met , Phe, P ro ,  Ser (tBu) , 

Trp, Tyr (tBu) , Val )  were supplied by Bachem, Torrance, California . The 

pept ide s  luteinis ing hormone-releas ing hormone ( LHRH ) , angiotensins I 

and 1 1 ,  and a drenocorticot ropin sequence 4 - 1 1  (ACTH 4 - 1 1 )  were also 

purchased from Bachem .  The peptides were t o  be used as " standards" for 

HPLC c omp a r i s on with the s ame pept ide s  synthes ised us ing Perloza . 

L-P yroglutamic a c id was supplied by Sigma . The pept ide amide linker 

p- [ ( R, S ) -a- ( 9H - f luoren-9-yl) -methoxyformamido } -2 , 4-dimethoxy-benzyl] 

phenoxyacetic acid was purchased from Novabiochem Ltd . , (UK ) . Reagent 

grade benzene , mercuric acetate,  and piperidine were purchased from BDH 

(NZ ) Ltd .  P iperidine was distilled from calcium hydride . Analytical 

reagent grade ethyl acetate was also f rom BDH (NZ ) . Reagent grade 1 , 2 -

ethanedithiol, and thioanisole, were f rom Aldrich (USA) . Reagent grade 

p - c r e s o l  was f rom May and Baker ( UK ) . Reagent grade diisoprbpyl

ethyl amine ( O l EA )  and 2 , 4 -dichlo rophenol we re f rom Riede l-de Haen . 

Reagent grade bromine was f rom Hopkin and Williams (UK) . Celite filter 

a id ( t ype 5 4 5 )  was f rom Serva . D rum grade dichloromethane was dried 

over magnes ium sulphate and then distilled . Trifluoroacetic acid was 

from Halocarbon , New Jersey, and was distilled prior to use . All other 

reagents were f rom the sources listed in previous chapters . 

S il i c a  gel thin layer chromat ography plates (Kieselgel 6 0  F254 ) were 

supp lied by Merc k . 

Peptide syntheses were performed semi-manually using an LKB Biolynx 4175  

continuous flow peptide synthesiser . Automated peptide syntheses were 

performed using an ABl 43 0A batchwise synthesiser . 
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Fmo c -amino acids were anchored to aminopropyl Perloza via the 4-hydroxy-

met h y l  phenoxyacetyl ( HMPA )  l in ke r .  Fmo c -amino acyl - 4 -oxymethyl-

p henoxyacet ic acid 2 , 4 -dichlorophenyl esters were synthesised . These 

c ompounds we re reacted with aminopropyl Perloza  in the presence of 

e ither pyridine or NMM/HOBt as catalysts .  

5 . 2 . 2 . 1  Synthesis of Na-Fmoc-amino acyl-4-oxymethylphenoxyacetic acid 

2, 4 -dichlorophenyl esters 

5 . 2 . 2 . 1 . 1 Synthesis of 4-methylphenoxyacetic acid 

p-Cres o l ,  3 0  g ( 0 . 2 78 mole ) , was added to 2 0 0  ml of 4 . 87M NaOH solution . 

a-Chl oroacetic acid, 3 9 . 4  g ( 0 . 4 1 7  mole ) was added and the solution 

refluxed for one hour . A white precipitate of sodium 4-methylphenoxy

a ceta te formed on cooling to room t�perature . The solid was collected 

by f i lt ration, dis solved in 5 0 0  ml hot distilled water, and 2 0 0  ml 2M 

HCl s o lution was added to precipitate the free acid . The solution was 

a llowed to cool to room temperature . A white precipitate formed . The 

p re c ipitate was collected by f iltration, washed with water, and dried 

under vacuum, yielding 2 7 . 9 6 g ( 61 % )  of product . The melt ing point was 

1 42 - 1 42 . 50C ( lit . 1360C ;  CRC, 1 9 7 1 ) . Elementa l  ana lysis : expected for 

C 9H1 003 : C, 65 . 1% ;  H, 6 . 0% .  Found : C,  6 4 . 8% ;  H, 6 . 0 % .  

5 . 2 . 2 . 1 . 2 Synthesis of 4-bromomethylphenoxyacetic acid 

4 -Methylphenoxyacet ic acid, 15 . 0  g ( 0 . 090  mole) , was dissolved in 2 0 0  ml 

benz e ne in a round-bottomed f lask . The solut ion was ref luxed, and a 

s o lution of 4 . 8  ml bromine ( 0 . 0 95 mole) in 30 ml benzene was added over 

2 0  minutes while the flask was irradiated with a 2 0 0  watt tungsten lamp . 

The s olution was refluxed for a further 3 0  minutes , then t ransferred to 

a conical f lask and allowed to cool to room temperature . On cooling, a 

whi t e  precipitate formed . The precipitate was collected by filtrat ion 

on a s intered glass funnel ,  washed twice with benzene , and dried under 

vacuum . A second crop was obtained on concentration of the f ilt rate in 

vacu o ,  this  solid was a l s o  collected, washed with benzene and dried 
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under vacuum . The two crops were combined ( 13 . 03 g) and recrystallised 

f rom benzene . The product was collected, washed with benzene and dried 

under vacuum ( 10 . 17 g, 4 6 % ) . Elemental analysis : expected for C9H9Br03 : 

C ,  4 4 . 1 % ;  H,  3 . 7 % ;  B r ,  32 . 6% .  Found : C ,  4 4 . 6 % ;  H,  3 . 9 % ;  Br,  32 . 5 % .  

Melt ing point : 1 3 0 - 1 3 6oC ( uncor r . )  ( lit 12 1-1230C ;  Bernatowicz et al, 

1 9 8 9 a )  . 

5 . 2 . 2 . 1 . 3 Synthesis of  2, 4-dichlorophenyl 4-bromomethylphenoxyacetate 

4 -Bromomethylphenoxyacet ic acid, 2 . 45 g ( 1 0  mmole ) , and 2 , 4 -dichloro

phenol,  1 . 7 9 g ( 1 1 mmole) , were dissolved in 30  ml ethyl acetate . The 

s olut ion was cooled t o  O OC,  sti rred, and DCC , 2 . 2 7 g ( 1 1 mmole) , was 

added . A precipitate of DCU formed . The solut ion was stirred at OOC 

f o r  one hou r ,  and at room tempe rature for a further hour . After two 

hours t lc (ethyl acetate : acetic acid, 9 : 1 ) indicated that react ion was 

complete .  The DCU was filtered off,  washed twice with ethyl acetate, 

and the washings combined with the initial filtrate . The ethyl acetate 

was removed in vacuo, leaving an oil which solidified on cooling . The 

residue was dissolved in 30  ml ethyl acetate and triturated with 100  ml 

o f  n-hexane . After one minute needles started t o  precipitate . The 

s o l u t i o n  w a s  c oo led t o  - 2 0 o C f o r  one hou r . The prec ipit ate was 

collected by filt�ation, washed with a little n-hexane , and dried under 

vacuum . The weight of  product was 2 . 7 3 g ( 7 3 % ) . Melting point : 115-

1 1 80C ( uncorr . )  ( lit . 1 1 4 - 1 1 6oCi  Bernatowicz et al ,  1 989a ) . 

5 . 2 . 2 . 1 . 4  Reaction of the DIEA salt of Fmoc-phenylalanine with 

2, 4 -dichlorophenyl 4 -bromomethylphenoxyacetate 

The gene ra l p rocedure , used in this  study , for  these react ions is 

illustrated below : 

Fmoc -phenylalanine , 2 . 1 31  g ( 5 . 5  mmole ) , was dissolved in 1 0  ml DMF . 

DIEA, 0 . 7 11  g ( 0 . 9 6 ml , 5 . 5  mmole) , was added . The solution was stirred 

and 1 . 9 5 0  g ( 5  mmole ) 2 , 4-dichlorophenyl 4-bromomethylphenoxyacetate was 

adde d .  The solut ion was stirred for 2 5  hours . Tlc (ethyl acetate : n

hexane , 1 : 1 )  indicated the reaction had gone to completion . Dioxane , 60 

ml , was  added and the solut ion was lyophilised to yield an oil which 

conta ined a semicrystalline solid . Ether,  2 0  ml , was added,  and the 
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precipitate o f  diisopropylethylamine hydrobromide was filtered off and 

washed with 1 0  ml ether . The ether filtrates were pooled, and the ether 

wa s removed in vacuo to leave an oil . After 2 - 3  hours the oil had 

solidified . The solid was recrystallised from ethyl acetate ( 20  ml ) : n

hexane ( 4 0 ml ) , with cooling t o  4 0C .  The product was collected by 

filt ration ,  washed with a little ethyl acetate : n-hexane 1 : 3 , then dried 

in vacuo . After standing for 17 hours at room temperature a second crop 

formed,  which was also collected, washed and dried . The two crops were 

combined, weight 1 . 2 4  g ( 7 1 % ) . Tlc (ethyl acetate : n-hexane, 1 : 1 )  showed 

a s ingle spot , Rf 0 . 7 4 . Elemental analysis : expected for C39H31C12N07 : 

C ,  6 7 . 2 % ;  H ,  4 . 5 % ;  N, 2 . 0 % ;  Cl , 1 0 . 2 % .  Found : C, 67 . 1 % ;  H, 4 . 7 % ; N, 

2 . 2 % ;  Cl , 10 . 1 %  • 

In s ome cases a precipitate of the product did not readi ly form, even 

a f t e r  several  attempt s to induce crystallisation . In those cases the 

o i l y  NQ-Fmoc amino acyl - 4 -oxymethylphenoxyacet ic acid 2 , 4-dichloro

phenyl ester was used for reaction with aminopropyl Perloza . 

5 . 2 . 2 . 1 . 5  Reaction of aminopropyl Perloza with NQ-Fmoc-amino acyl 

- 4-oxymethylphenoxyacetic acid 2, 4 -dichlorophenyl ester 

A typical reaction that employed pyridine as the catalyst, and a three 

f o l d  e x ce s s  o f  NQ- Fmo c - amino acyl - 4 - oxymet hylphenoxyacet ic acid 

2 , 4 -dichlorophenyl ester, is described below : 

Wat e r- wet aminopropyl P e r l o za 1 0 0  medium ( amine subst itut ion 1 . 1 4 

mmole /g,  0 . 63 mmole amine ) was solvent exchanged to dioxane and then to 

DMF, followed by a thorough wash with DMF . Excess DMF was drained and 

the resin was t ransferred to a screw capped reaction vessel (Figure 3 . 2 ,  

Chapte r  3 ) . Fmoc- leucyl-4 -oxymethyl phenoxyacetic acid 2 , 4-dichloro-

phenyl ester ( 2 . 0  mmole, an oil) was dissolved in 5 ml of DMF and added 

to  the res in, followed by 0 . 1 6 ml (2 . 0  mmole ) of pyridine to catalyse 

the react ion . After mixing (Rototorque) for 1 9 . 5  hours,  the resin was 

washed with DMF . Unreacted amine groups were acetylated for 2 hours 

using 0 . 2 5  ml acetic anhydride and 0 . 0 6 g DMAP in 3 ml DMF . The resin 

was washed with DMF , and the res idual amine substitut ion was determined 

by t h e  ninhydrin a s say . 

store d  at 40C .  

The resin was then washed with dioxane, and 
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A s ample of the Fmoc-leucyl-HMPA-Perloza was t reated with 2 0 %  piperidine 

in DMF for 15 minutes to cleave the Fmoc group . Following Fmoc cleavage 

the resin was washed with DMF, then with dioxane . The res in was divided 

into two equal portions . One sample was dried and sub jected to amino 

acid analysis , while the other was used for determination of the amine 

subst itution by picrate titration . 

When u s ing a c ombinat ion o f  NMM and HOBt as catalys t s ,  a s imi la r  

procedu re was u s e d ,  except that three equivalent s each of NMM and 

HOBt . H20 were added to the reaction mixture instead of pyridine . 

5 . 2 . 3  Determinat ion of the extinction coefficient of fulvene-piperidine 

adduct 

Fmo c - g l y c i ne , 2 9 7 . 6  mg ( 1 . 0 0 mrno les ) was t reated with 1 0 0  ml 2 0 %  

piperidine in DMF , which gave a cloudy solution . The cloudiness was due 

to  formation of a precipitate of glycine . After 15 minutes 0 . 2 0  ml of 

the s olution was made up to 25 ml in a volumetric flask using DMF . The 

absorbance of the diluted solution was 0 . 456 at 3 0 1  nm, which gave an 

ext inction coefficient of 5 7 0 0  for the fulvene-piperidine adduct . The 

experiment was repeated, but the c loudy solution was filtered prior to 

dilut ion . The extinct ion coefficient was again found to be 5700 . 

5 . 2 . 3 . 1  Spectrophotometric determination of Fmoc-amino acid 

substitution levels of Fmoc-amino acyl-HMPA-Perloza 

A s ample of DMF-wet Fmoc-amino acyl-HMPA-Perloza was t ransferred to a 

s intered glass funnel . The resin was treated with 2 5  ml 2 0 %  piperidine 

in DMF ( approx . 3 X 8 ml ) . The e f f luent was col lected in a 100  ml 

volumetric flas k . The solut ion was made up to 100  ml us ing DMF, then 

diluted to give a final absorbance of between 0 . 1-0 . 8  at 301  nm .  The 

res in was sub j ected t o  picrate t it rat ion , and dried a s  de scribed in 

Chapter 2 .  The amount of fulvene-piperidine adduct was calculated using 

the A3 0 1  absorbance with an ext inction coefficient of 5 7 0 0 . The Fmoc 

substitution (and therefore amino acid substitution) was calculated once 

t he dry we ight o f  t he re s i n h a d  been obt ained . T he amino a c id 

subst itut ion calculated this way could be compared to that found us ing 

t he p i c rate t it ra t ion . The one expe r iment there fore comb ined two 
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independent ways of determining the amino acid substitution of an Fmoc

amin o  acyl-HMPA-Perloza resin .  

5 . 2 . 4  Coupling p- [(R, S) -a- (9H-fluoren-9-yl) -methoxyformamido-

2, 4 -dimethoxybenzyl] -phenoxyacetic acid to  aminopropyl Perloza 

for the synthesis of pept ide amides 

T h e  a m i de - l in k e r  comp ound p - [ ( R , S ) - a- ( 9 H - f l uoren- 9 - y l ) -methoxy

f o rmamido- 2 , 4 - dimethoxyben zyl ] -phenoxyacetic a c id ( F igure 5 . 3 )  wa s 

purchased from Novabiochem Ltd . Arninopropyl Perloza (amine substitution 

0 . 4 4 rnrnole/g,  0 . 5  rnrnole amine ) was washed with dioxane and then with 

DMF . To the DMF - moi s t  res i n  was added 0 . 7 5 rnrno le o f  the linker 

compound ( 1 . 5  eq . ) ,  plus 1 mmole HOBt . H20 (2  eq) . DMF (5  ml ) was added 

and the slurry was mixed thoroughly to dissolve the reagents . DIC, 0 . 8 3 

rnmol e  ( 1 . 6 6 eq) , was added and mixing was cont inued for 9 hours . The 

r e s i dua l amine s ubst itution wa s 0 . 0 3 5  rnrno le / g ,  which indicated 92 % 

reaction . unreacted amine groups were acetylated for one hour using 0 . 5  

ml acetic anhydride, 0 . 5  rnl pyridine in 5 rnl DMF . The resin was washed 

thoroughly with DMF . A s ample of the resin was taken, and the Fmoc group 

was removed a s  described in Section 5 . 2 . 2 . 1 . 5 .  

was determined by picrate titrat ion . 

The amine substitution 

To p repare the resin for peptide synthesis ,  the Fmoc group was cleaved, 

the resin was washed with DMF, and the C-terminal Fmoc-amino acid of the 

peptide to be s ynthesised was coupled via the DIC/HOBt method described 

in Section 5 . 2 . 5 .  

5 . 2 . 5  Reaction of Perloza 100  Medium with Fmoc-G1y-OBt 

Perloza  1 0 0  Medium, 3 . 4 6 g, was washed with ethanol, and then with DMF . 

The resin was t ransferred to a Biolynx react ion column, which was fitted 

to t he Biolynx peptide synthesiser .  Fmoc-Gly, 0 . 2 97 g ( 1 . 0 0 mmole) , and 

HOBt . H20,  0 . 1 6 8  g ( 1 . 1 0 mrnoles ) ,  were dissolved in 3 ml DMF . DIC, 1 64 

�l ( 1 . 0 5 mrnole ) , was added to the DMF solut ion , and the solution was 

st i r re d  for 1 0  minutes . After 1 0  minutes Fmoc-Gly-OBt solut ion was 

recycled through the Perloza us ing the Biolynx . After 1 hours recycle 

at 3 ml/min the Perloza was washed with DMF ( 3  ml/min, 10 minutes ) ,  2 0 %  

p i p e r i di ne i n  D M F  ( 3  m l / m i n ,  1 0  m i n u t e s ) , a nd D M F  ( 3  ml /mi n ,  

1 0  minutes ) .  A sample of the resin was taken for ninhydrin assay . 
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A s ample of aminopropyl Pe rloza 1 0 0  Medium, amine subst itution 1 . 8 9 

mmole / g ,  was s olvent exchanged to dioxane and then washed with DMF . 

After  washing with DMF, 1 . 5 9  g of the damp resin was placed in a vial 

and 10 ml of 2 0 %  piperidine in DMF was added . The resin was mixed using 

the Rototorque . Samples were taken after 15 and 69 hours for determin-

at ion of the amine substitution by picrate titration . After 15  hours 

e xposure the amine substitution was almost unchanged at 1 . 87 mmole/g, 

but after 6 9  hours it had decreased to 1 . 7 7  mmole/g, or a loss of 5 . 3% . 

A 1 5  hour exposure to the reagent would be equivalent to 90X 10  minute 

t re atment s u s ing  the s t anda rd B i o lynx SPPS protoc o l . The result 

indicated a loss of 0 . 01 %  of the initial amine per cycle, which was not 

envisaged as leading to any problems during SPPS on Perloza . 

5 . 2 . 7  Peptides synthesised by the Fmoc methodology using Perloza as the 

solid support 

5 . 2 . 7 . 1  Biolynx peptide synthes iser protocols 

N a - Fmo c - amino a c y l - 4 -oxymethylphenoxya cetamido P e r l o z a  resin was 

t ransferred to a Biolynx reaction column . The weight of resin used was 

c alculated to provide the amount of C-terminal amino acid required for 

the predetermined scale of the synthesis . The resin was washed for 1 0  

minutes with DMF a t  3 ml/min, followed by 20%  piperidine/DMF for 10  min 

at 3 ml/min , followed by DMF at 3 ml/min for 10 min . 

Fmoc-amino acyl-OBt active esters , p reformed using the method given in 

section 5 . 2 . 5 ,  were used to couple all Fmoc-amino acids except Frnoc-Asn 

and Fmoc-Gln, which were coupled as their 4-nit rophenyl or pentafluoro

phenyl active esters in the presence of HOBt . Single-coupling cycles 

were employed for addition of all  amino acids , including Fmoc-Arg (Mtr) 

( see Section 5 . 2 . 7 . 2 ) . 

The standard LKB Giolynx 4175  peptide synthesis cycle was employed ( LKB, 

1 9 8 7 ) . The s ynthesis cycle used t o  couple each amino acid is given 

below . On completion of the synthesis ,  the Fmoc group was c leaved from 

the N-terminal amino acid . The peptide-resin was washed sequentially 

with DMF , DCM, and ether, and dried in vacuo . 



Biolynx continuous flow peptide synthesis cycle : Fmoc methodology 

Function 

Load activated Fmoc-amino acid 

Recycle 

Clean loader 

Time 

Recycle stop After 1 -2 hours 

Flow rate 

2 ml/min 

3 or 5 ml /min 

Wash DMF 1 0  min 3 ml/min 

Take s ample for ninhydrin ( optional) 

2 0 %  p iperidine/DMF 1 0  min 3 ml/min 

Wash DMF 5 min 3 ml/min 

Load 5 ml DMF 

Wash DMF 5 min 

5 . 2 . 7 . 2 Automated syntheses, Fmoc chemistry 

2 ml/min 

3 ml/min 
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Three pept ide s  were synthe s ised us ing the ABI 4 3 0A automated peptide 

s ynt hes iser . Two were made using ABI Fmoc protocols ,  and one using the 

ABI Fastmoc protocol . 

Angiotensin I (DRVYIHPFHL) and WJP - l  (NIRRLMDGEEPL) were made using a 

modif ied ABI Fmoc synthes i s  protocol (Applied Biosystems Inc . ,  1 98 8 ) . 

The chief modification of the �tandard ABI protocol was to  extend the 

coupling t ime from one · hour to two hours . The standard ABI DIe/HOBt 

activation protocol was used to form Fmoc-amino acyl-OBt esters for all 

c oupl ings . All amino acids were s ingle-coupled except Fmoc-Arg (Mtr) , 

w h i c h  w a s  dqub l e -coupled us ing t he s t anda rd ABI doub le c oupling 

protocol . 

The pept ide KMP S ( YTRDLVYKNAPARPDIQKTCTF-NH2 ) was synthes ised using a 

modi f ie d  ABI Fastmoc (Appl ied Biosystems Inc . ,  1 9 90b)  protocol , with 

HBTU activation of the Fmoc-amino acids . Two ma jor changes were made to 

the standard Fastmoc cycles . DMF was used exclusive ly as the solvent 

f o r  a l l  washes a nd react i ons , instead of DMF and NMP . Some of the 

solvent delivery t imes were altered to compensate for the difference in 

solvent viscosity between DMF and NMP . The second change was that the 

resin was washed t en t imes after completion of Fmoc removal instead of 
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f ive t imes . It was found that after five washes the smell of piperidine 

could still be detected in the resin . Seven or eight washes apparently 

removed a l l  of t he piperidine , but ten washes were u sed to provide a 

greater s afety margin . The number o f  washes used to remove unreacted 

act ivated Fmoc-amino acid at complet ion of coupling was increased from 

seven to  ten , again to provide a greater safety margin and to ensure 

quantitative removal of unreacted activated Fmoc-amino acid . Fmoc-amino 

ac ids were act ivated us ing the st anda rd ABI Fastmoc HBTU activat ion 

cyc l e s  (App lied Biosystems Inc . ,  1 9 9 0b) . Al l Fmoc-amino acids were 

s ingle coupled except Fmoc-Arg (Mtr) , which was double coupled . 

A s tandard set -up procedure was used for all automated peptide syntheses 

per f o rmed us ing the ABI 430A synthesiser, regardless of the synthesis 

protocol employed . The Fmoc-amino acyl-Perloza resin was weighed to 

provide 0 . 2 0  - 0 . 2 5  mmole of start ing amino acid . The synthesiser was 

prepared for the synthesis according to the manufacturer' s instructions 

( Appl ied Biosystems 1988 , 1 9 9 0b) . Cart ridges containing 1 mmole of the 

Fmo c -amino acids were loaded into the machine , and the synthesis was 

s t a rt e d . At the end of the synthesis the N-terminal Fmoc group wa s 

removed and the peptide-resin was dried under vacuum. The weight of dry 

pept ide-resin was noted . 

5 . 2 . 8  Cleavage of peptides f rom Perloza 

C l ea va ge o f  pept i des f rom the res in was achieved us ing one of the 

following cleavage reagents :  

Reagent A 

Reagent B 

Reagent C 

9 . 5  ml TFA, 0 . 5  ml water . 

1 0  ml TFA, 0 . 75 g phenol,  0 . 5  ml water, 0 . 5  ml thio

anisole, 0 . 25 ml 1 , 2-ethanedithiol . 

1 0  ml TFA, 0 . 5  ml wate r ,  0 . 5  ml 1 , 2 -ethanedithiol . 

The reagent requi red for a pept ide c leavage depended on the peptide 

sequence and the amino acid s ide chain protecting groups employed . In 

this s tudy the appropriate reagent t o  use for each peptide synthesised 

wa s dete rmined us ing the flow cha rt given as Figure 5 . 4 below ( from 

" Int roduct ion to Cleavage Techniques" , Applied Biosystems Inc . ,  1 990a ) . 
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Figure 5 . 4  C1eavage reagent f10w chart ( from App1ied Biosystems Xnc . ,  

1 9 90a)  

Remove N-terminal Fmoc 

Use Cleavage Mixture B 

Does the peptide contain 
Arg or Met ? 

No 

Does the peptide contain Trp 
or the Trt protecting group? 

y No ( Use Cleavage M;xtu", C 1 

Does the peptide contain 
an N-terminal Fmoc group? 

No 

, 
Does the peptide contain the 
amino acids Arg, Met, Trp 
or the Trt protecting group? 

[ Use Cleavage Mixture A 
J 

I n  genera l ,  1 0  ml of c 1eavage reagent was used for up t o  0 . 3  g of the 

dry peptide-Perloza res in . The peptide-resin was weighed into a vial, 

t he c leavage reagent was added, and the suspension was stirred for up to 

2 4  hours , depending on the side chain protecting groups present . In all  

cases  the dried resin became highly swollen on treatment with TFA . In 

some cases the resin c ompletely dissolved in the cleavage reagent . In 

these cases standard filt rat ion of the resin from the peptide solut ion 
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could not be emp loyed . Therefore a number of workup procedures were 

inve s t igated . The procedure used for any given synthesis depended on 

the f inal state of the resin , although procedure 1 was generally found 

to be the most convenient , as it could be used regardless of the final 

state of the resin . 

5 . 2 . 8 . 1  Peptide cleavage workup procedure 1 

The pept ide-resin / TFA suspension was added, with stirring, to 50  ml of 

wat e r . In some case s ,  some of the TFA was removed in vacuo at 4 00C 

prior t o  addition of the slurry to the water . The resin precipitated as 

a dough - like mas s ,  which was collected by filt rat ion and washed with 

wate r . I f  thiols were used a s  scavengers during the cleavage (Reagents 

B o r  C ) , the aqueous solution conta ining the peptide was extracted 3X 

5 0  ml ether,  then lyophilised . 

5 . 2 . 8 . 2 Peptide cleavage workup procedure 2 

TFA was  removed f rom the peptide-resin suspension in vacuo at 4 00C, and 

5 0  ml e t h e r  was added to t he resulting oily mass .  The mixture was 

cooled to 4oC .  After one hour the solid was collected by filtration and 

washed 2 X  1 5  ml ether . The peptide was extracted f rom the solid using 

5 %  acetic acid solution . The remaining resin was washed with 5%  acetic 

acid s olution, ar.d the f iltrates were pooled . I f  thiols were present 

the c ombined aqueous acetic acid s olut ions were ext racted 3X 50 ml 

ether ,  then lyophilised . 

5 . 2 . 8 . 3 Peptide c leavage workup procedure 3 

The resin was separated from the TFA solution by filtration using glass 

wool . The resin was washed 1 X  5 ml TFA, followed by 2X 1 0  ml DCM . The 

TFA and DCM were removed in vacuo at 4 0oC,  and 5 0  ml water was added to 

the o ily res idue . 

then lyophilised . 

The aqueous solut ion was extracted 3X 50  ml ether, 

Following cleavage, the remaining resin was dried in vacuo and weighed . 

A s ample o f  the cleaved resin was sub jected to amino acid analysis in 

orde r  t o  determine the amount of peptide remaining on the resin . The 

results were used to calculate the peptide cleavage yield . 
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Whe re c leavage o f  the t -butyl protect ing group from Cys ( S -tBu) was 

nece s s a ry ,  the p rocedure of Van Wandelen et a l  ( 1 9 8 9 )  was used . The 

aqueo u s  s olut ion  of crude pept ide f rom the c leavage w a s  ext racted 

extensively with ether to remove all thiols , then lyophilised . Mercuric 

a cetate , 1 0 0  mg in 1 0  ml water, was added to 1 0  ml of a solution of the 

crude peptide ( 1 0  mg/ml ) in 1 %  acetic acid . The reaction was left at 

room temperature for 90 minute s ,  then 0 . 5 ml o f  PME was added and the 

reaction heated at 45-500C for 1-2 hours . A precipitate formed as the 

reaction proceeded . The suspension was filtered through a bed of celite 

f i lter aid on a s intered glass funne l . The filtrate was extracted 3X 50  

ml ether,  then lyophilised . 
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5 . 3  RESULTS AND DISCUSSION 

5 . 3 . 1  Synthesis of Fmoc-amino acyl-4-oxymethylphenoxyacetamido Perloza 

In a s e r ie s  o f  p reliminary expe riment s preformed Fmoc-amino acyl-4-

oxymethylphenoxyacetic acid 2 , 4-dichlorophenyl esters were reacted with 

amin op ropyl Perloza  in the presence of pyridine catalyst ( see Table 

5 . 1 ) . The results showed that us�ful levels o f  Fmoc-amino acids could 

be l oaded onto aminopropyl Perloza using pyridine as catalyst . 

Table 5 . 1  Synthesis of Fmoc-amino acyl-4-ozy.methylphenozyacetamido-

propyl Perloza : pyridine catalyst 

Amino acid Initial resin Reaction Amino acid % Yield* 

amine subs tit- time substitution 

ution (mmole/g) (hours ) (rnmole/g) 

a b 

Gly 1 . 14 3 4  0 . 41 0 . 54 59  

Gly 0 . 44 31  0 . 2 5  0 . 2 6 66  

Leu 1 . 14 2 0  0 . 47 0 . 44 51  

Leu 0 . 44 7 1  0 . 31 0 . 32 82 

Lys 1 . 14 4 5  0 . 54 0 . 57 72 

Lys 0 . 70 7 3  0 . 43 0 . 46 8 4  

Phe 1 . 14 2 4  0 . 51 0 . 55 65 

Val 0 . 44 43  0 . 2 7  0 . 31 79  

a :  amino acid analysis result , b :  picrate titration result 
* % yield based on picrate tit ration result , see Equation 5 . 1 .  

The rea ct ion y ie lds g iven in Table 5 . 1  were based on t he amino acid 

s u b s t i t ut i on c a l cu l a t e d  t o  r e s u lt f rom quant i t a t iv e  rea c t ion o f  

aminopropyl P erloza with Fmoc-amino acyl-HMPA-2 , 4-dichlorophenyl esters . 

The quantitative Leaction yields , using Fmoc-Gly-HMPA-2 , 4-dichlorophenyl 

ester a s  an example, were calculated using Equation 5 . 1  given below : 
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Equation 5 . 1  Calculation of � Yield for reaction of aminopropyl Perloza 

with Fmoc-Gly-HNPA-2 , 4-dichlorophenyl ester 

� 2 0 %  piperidine/DMF 

I f  the initial weight of aminopropyl Perloza is 1 . 00 0  g,  and the initial 

amine subst itution is 1 . 1 4 mmole /g,  then the expected final weight of 

the res in (after quant itative reaction with Fmoc-Gly-HMPA-2 , 4-dichloro

p he n y l  e s t e r  f o l lowed by p ipe r idine t reatment to c leave the Fmoc 

protect ing group) will be : 

1 . 0 00  + ( 1 . 1 4 x 1 0- 3  x 2 2 1 )  g 

- 1 . 252 9 

However, there will be 1 . 1 4 mmole of glycine on the resin , therefore the 

expected glycine �ubstitution level (after Fmoc cleavage ) will be : 

1 . 1 4 mmole 

1 . 252 g 

= 0 . 91 mmole/g 

I f  t he actual substitution level (as determined by pic rate titration,  

see T able 5 . 1 ) is 0 . 54 mmole/g,  then the yield will be : 

0 . 54 mmole/g 
0 . 91 mmole /g 

� 5 9 %  

x 1 0 0 %  
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I n  a nothe r set o f  prelimina ry experiment s ,  NMM and HOSt were used as 

c a t a lysts  instead of pyridine . The results  of these experiments are 

given in Table 5 . 2 .  It appeared from a comparison of these results with 

t h o s e  given in Table 5 . 1  that a combination of NMM and HOBt was more 

e f f e c t i ve at  c a t a l y s ing the coup l i ng react ion than was pyridine . 

Therefore , most couplings were carried out using NMM/HOBt as catalysts . 

Table 5 . 2  Synthesis of Fmoc-amino acyl-4-ozymethylphenozyacetamido

propyl Perloza : NMM/BOBt catalyst s  

Amino acid Initial resin 

amine substit-

ution (mrnole/g) 

Lys 0 . 7 0  

Phe 1 . 14 

P ro 0 . 4 4 

a :  amino acid analysis result 

b :  p i c rate t it ration result 

Reaction 

t �e 

(hours ) 

8 

1 6  

4 3  

Amino acid 

substitution 

(mrnole/g) 

a 

0 . 4 6 

0 . 7 6  

0 . 2 7  

b 

0 . 4 4 

0 . 7 6  

0 . 37 

% Yield* 

8 1  

9 0 

94  

* 
% yield based on picrate titration result , see Equation 5 . 1  for 

c a lculation . 

I n  a f inal series of experiments a standard coupling time of 5 hours,  a 

three-fold excess of Fmoc-amino acyl-HMPA-2 , 4-dichlorophenyl ester, and 

NMM/ HOBt cata lyst s ,  were used to anchor a l l  2 0  Fmoc-amino acids to 

aminopropyl Perloza ( Table 5 . 3 ) . Unreacted amine groups were acetylated 

using acetic anhydride and pyridine in DMF . 

None of the react ions reported in Tables 5 . 1  - 5 . 3  were quant itative, 

rega rdless  o f  the catalyst used or the time allowed for reaction . A 

poss ible explanation for the less than quantitative yields was that some 

o f  t he resin-bound amine groups were not accessible to the bulky Fmoc

amin o  acyl-HMPA-2 , 4 -dichlorophenyl esters . Although the coupling yields 

were not quantitat ive ,  the Fmoc-amino acid substitution levels obtained 

for a l l  2 0  amino acids were at a useful level for peptide synthesis . 
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Tabl.e 5 . 3  Synthesis of Fmoc-aMino acyl-4-ozymathyl.phenozyacetamido-

propyl. Parl.oza using standardised conditions : NMM and BOBt 

catal.ysts 

Amino acid Initial resin 

amine substit-

ution (mmole/g) 

Ala 0 . 7 9  

Arg 0 . 87 

Asn 0 . 87 

Asp 0 . 8� 

Cys 0 . 77 

Gln 0 . 7 6  

Glu 0 . 8 1 

Gly 0 . 6 9  

His 0 . 87 

I le 0 . 64 

Leu 0 . 64 

Lys 0 . 8 7 

Met 0 . 8 3 

Phe 0 . 7 6  

P ro 0 . 8 1 

Ser 0 . 73 

Thr 0 . 7 6 

T rp 0 . 6 8 

Tyr 0 . 6 9 

Val 0 . 8 3 

a :  amino acid analysis result 

b :  picrate t it rat ion result 

a 

0 . 47 

0 . 34 

0 . 41 

0 . 39 

dec .  

0 . 44 

0 . 3 6 

0 . 43 

0 . 33 

0 . 36 

0 . 35 

0 . 42 

0 . 23 

0 . 50 

0 . 52 

0 . 32 

0 . 44 

n . d .  

0 . 32 

0 . 41 

Amino acid % Yield
* 

substitution 

(mmole/g) 

b 

0 . 52 7 8  

0 . 37 63 

0 . 4 5 63 

0 . 4 9 75  

0 . 5 4  8 6  

0 . 4 9 7 9  

0 . 53 8 4  

0 . 52 8 7  

n . d .  5 6  

0 . 42 7 8  

0 . 4 0 7 4  

0 . 52 8 0  

0 . 47 7 0  

0 . 47 8 1  

0 . 65 97 

0 . 47 7 0  

0 . 52 85  

0 . 4 6 8 4  

0 . 43 7 8  

0 . 53 7 8  

* 
% Yield based on picrate titration result (except His ) , see Equation 

5 . 1  for calculation . 

The amino acid substitution levels were determined, a fter cleavage of 

the Fmoc group, both by picrate titrat ion and by amino acid analys is of 

an a cid hydrolysate . Many of the amino acid substitution levels results 

as determined by the two analyt ical methods dif fered by a relatively 
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sma l l  amount , up to 0 . 0 6  mmole /g . However,  some of the amino acid 

subst itut ion results  showed considerable differences between the two 

anal yt ical methods . The differences between the results derived from 

the t wo analyt ical methods may have been due to a number of factors . 

For example , amino acid may have been occluded in the resin during acid 

hydrolysis of the amino acyl-perloza for amino acid analysis ,  resulting 

i n  a n  amino a c id ana lys i s  re s u l t  lowe r than t hat  o f  t he picrate 

t it ration . Some amino acids could have been destroyed during the acid 

hyd r o lys i s . For  example, it i s  known that s e rine ,  threonine, and 

tyros ine a re partially dest royed during acid hydrolys is ( Stewart and 

Young, 1 9 8 4 ) . Some of the hydrolyses may not have been quant itative, 

although this was considered unlikely considering the acid-labile HMPA 

l inker had been employed . Finally, mechanical losses of amino acid may 

have occurred during the hydrolysis and drying procedure . 

An a lternat ive rea son for the dif ferences in the results of the two 

analyt ical methods may have been that a positively charged species was 

generated on the resin, during the coupling reaction, by an unknown side 

react ion . I f  t he postulated charged species bound picrate ,  which was 

a lso eluted on t reatment with t riethylamine solution , then it would be 

expected that the pic rate t it ration result would be higher than the 

amino a c id analys i s  result . To test this hypothes i s ,  two Fmoc-amino 

acyl-HMPA Perloza resins we re subjected to  picrate titrat ion . Picrate 

t i t rat ion of Fmoc-Val and Fmoc-Glu resins (Table 5 . 3 )  did not indicate 

that a charged species was present . 

The greatest differences between the picrate tit ration and amino acid 

analys i s  re sult s were for glycine ( Table 5 . 1 ) , prol ine ( Table 5 . 2 ) , 

glut ami c acid,  a s p a rt ic acid,  lys ine , methionine,  p rol ine , serine , 

tyros ine , and valine ( Table 5 . 3 ) . Serine and tyrosine a re known to be 

pa rt i a l ly dest royed during acid hydrolys is ( Stewart and Young, 1 9 8 4 ) , 

and this  possibly accounted for the dis agreement between the results of 

the t wo analytical methods for these two amino ac ids . Proline was low 

for t wo result s ( Tables 5 . 2  and 5 . 3 ) , and this suggested a poor recovery 

of proline in the amino acid analysis method . The disc repancy between 

the r e s u lt s f o r  t he Glu and Val resins wa s investigated further by 

determining the Fmoc substitution using the absorbance at 3 0 1  nm of the 

fulvene-piperidine adduct derived after piperidine t reatment (Section 
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5 . 2 . 3 ) . The Fmoc substitution of the Val resin was 0 . 52 mmole/g using 

thi s  method, which may be compared to the picrate t it ration result of 

0 . 5 3 mmole/g . Similarly,  the Fmoc substitution of the Glu res in as 

det ermined by the A301 method was 0 . 48 mmole/g, compared to the picrate 

titration of 0 . 53  mmole/g . The picrate t itration showed good agreement 

w i t h  t he f u l vene -pipe r idine A3 0 1  method . The result s ,  t a ke n  in  

c omb i n a t i o n , s ugge s t e d  that  i n  s ome cases  t he re s in amino a c id 

s ub s t itut ion a s  determined by amino acid ana lysis was not the t rue 

result . The picrate titration results were used for calculation of the 

amount o f  Fmoc-amino acyl Perloza to be used in peptide syntheses . If 

anything, use of the picrate tit ration result would mean that less amino 

acid would be present during a synthesis if the resin-bound amino acid 

sub s t itut ion as determined by amino acid analysis was in f act the t rue 

res u l t . This was not envisaged a s  leading to problems , as it would only 

mea n  that a greater excess of activated Fmoc-amino acid over resin-bound 

amin o  acid would be being used during the synthesis . 

5 . 3 . 2  Reaction of Fmoc-Gly-OBt with underivatised Perloza 

In t h i s  study most of the Fmoc-amino acids were act ivated by forming 

the i r  HOBt esters in DMF using DIe . The extent of reaction of activated 

Fmo c -glycine with the c arbohydrate suppo rt wa s invest igated . Fmoc-

glycine was chosen because this is the least sterically hindered of the 

Fmoc-amino acids , and therefore may be expected to be the most reactive . 

Fmoc -G ly-OBt was f ormed in DMF us ing the standard activation protocol 

used during peptide synthesis . The Fmoc-glycine-OBt ester was recycled 

through unfunctionalised Perloza resin for one hour . The resin was then 

washed with DMF and the Fmoc group was cleaved . A ninhydrin assay of 

the resin showed an amine substitution of 0 . 0 05 mrnole/ g .  This was very 

l o w ,  a n d  indicated that negligible react ion of Fmoc -amino ac id-OBt 

esters with Perloza would be expected . Any peptides formed directly on 

the c arbohydrate matrix would not be cleaved under the acidic conditions 

used, and would therefore not be expected to compromise pept ide quality . 

Howe ve r ,  s igni f i cant amount s o f  mat rix-bound pept ide would consume 

a c t i v a t e d  Fmo c - amino a c ids , p o s s i b l y  leading to  l ow e r  synthes i s  

e f f i c iencies . The result o f  this  experiment s ugge sted that it was 

l i k e l y  t hat only very low levels  of pept ides would be formed on the 



Table 5 . 4  Synthesis conditions for peptides made using Perloza and Fmoc 

chemistry, Biolynx cont inuous flow pept ide synthesiser 

P e p t i de S equence S y n t he s i s  E xce s s  of Coup l ing t ime 

s c a le ( mmo l e )  act ivated aa per Fmoc - a a  

1 ACP 6 5 - 7 4 VQAA1DY1NG 0 . 2 0  5X 1 h r  

2 Ang i o  1 1  DRVY1HPF 0 . 2 5  4 X  1 h r  

3 JP P l  HPHPHLSFMA 0 . 1 1 4 X  2 h r  

1 P P K  

4 Ang i o  I DRVY 1 HPFHL 0 . 2 5 4 X  2 - 3  h r  

5 ACTH 4 - 1 1  MEHFRWGK 0 . 2 5  4 X  2 - 3 h r  

6 JP P 4  H LSFMA 1 P P K  0 . 1 0 4 X  2 h r  

7 LHRH pGluHWSYGL 0 . 2 5  4 X  2 h r  

RPG-NH2 

8 K S P 2  C YEPFWQDE E K  0 . 2 5  4 X  1 h r  

9 KMP 4 ( Cys t B u )  YTRDLVYKNP 0 . 2 0  5 X  1 h r  

ARPKIQKT 

C ( t B u ) T F -NH2 

1 0  KMP 5 ( Cys t Bu )  YTRDLVYKNP 0 . 2 0  5 X  1 h r  

ARPDIQKT 

C ( t B u ) T F -NH2 

1 1  KMP 4 �{TRDLVYKNP 0 . 2 0  5 X  1 h r  

ARPD1QKTCT F -

NH2 
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carbohydrate backbone of Perloza during a synthesis under the Fmoc-amino 

acid activation conditions used . Also,  as discussed in section 3 . 3 . 6  of 

Chapte r  3 ,  it would be expected that many of the reactive hydroxyls o f  

P e r l o z a  would h ave r e a c t ed w i t h  a c rylonit r i le during the initial 

funct ionalisation o f  the resin . Therefore,  it would be expected that 

l e s s  t h a n  0 . 0 0 5  mmo le / g  o f  Fmo c - amino a c id would c ouple t o  the 

funct ionalised support per synthesis cycle, because many of the reactive 

hydro xyls  would have a l ready reacted with a crylonit rile during the 

init ial  functionalisation of the resin . 

5 . 3 . 3  Synthes is o f  pept ides on Perloza using Fmoc methodology: Biolynx 

semimanual continuous flow peptide synthesiser 

A number of peptides were synthesised using the LKB Biolynx 4175  semi-

manu a l  pept ide synthe s i s e r . 

Tables 5 . 4  and 5 . 5 .  

Det a i l s  o f  the syntheses a re given in 

Tabl.e 5 . 5  Cl.eavage conditions and yields for peptides made using 

Perloza and Fmoc chemistry, Biolynx continuous fl.ow peptide 

synthesiser 

Pept ide Purif ied yield Cleavage time Workup method Cleavage 

( hours)  ( Section 5 . 2 . 8 ) yield 

I ACP 65-74  30%  4 1 8 6 %  

2 Angio I I  45% 23 1 98%  

3 JPP 1  30%  3 3 n . d .  

4 Angio I 37% 1 8  3 8 9 %  

5 ACT H  4 - 1 1  4 7 %  8 3 90%  

6 JPP 4  14%  10  1 6 6 %  

7 LHRH 2 8 %  2 1  1 94%  

8 KSP 2  39%  2 1 8 8 %  

9 KMP 4  (Cys tBu ) 9% 6 1 9 1 %  

1 0  KMP 5  (Cys tBu) 25%  6 1 1 0 0 %  

1 1  KMP 4  4% 7 2 92 % 

All pept ides were cleaved with reagent B except 1 (ACP 6 5-7 4 ,  Reagent 

A) , a nd 8 ( KSP2 , Reagent C ) . 
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5 . 3 . 3 . 1  ACP 65-7 4 

Val-Gln-Ala-Ala-Ile-Asp-Tyr-Ile-Asn-Gly 

No p roblems were encountered during the synthesis of this peptide . HPLC' 

t races o f  the c rude and purified peptide a re given in Figure 5 . 5 .  Amino 

acid a nalys is o f  the purified peptide gave the expected ratios : Asp 2 . 03 

( 2 ) , Glu 0 . 95 ( 1 ) , Gly 1 . 0 0 ( 1 ) , Ala 2 . 0 7  (2 ) ,  Val 0 . 9 1 ( 1 ) , Ile 1 . 87 

[ 2 ) , Tyr O . 9 1 ( 1 ) . 

Figure 5 . 5  HPLC traces of a) crude , b) purified, ACP 65- 7 4  

a b 
2 . 0-,---------, 2 . 0-r--------, 

• • 
· . .. .. 
w :: · 

; 1 .0 ; 1 . 0 -
� J 
• : · 
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.J!4-..-" - - . 

o -r------� - '----
o 60 o 60 

T ime / min Time / min 
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5 . 3 . 3 . 2 Angiotensin I I  

Asp-Arg-Val-Tyr-Ile-His-P ro-Phe 

No problems were encountered during the synthesis of this peptide,  but 

c leavage for 3 hours resulted in two peaks on HPLC . In this case it was 

conc luded that the later eluting peak was Angiotens in II  with the Mtr 

group s t i l l  attached t o  the NG of a rginine ,  because longe r cleavage 

t imes gave a s ingle ma jor peak . HPLC t races of the crude and purified 

peptide a re given in Figure 5 . 6 .  The purified peptide coeluted on HPLC 

with an authentic s ample . Amino acid analysis of the purified peptide 

gave the expected ratios : Asp 1 . 02 [ 1 ] , Pro 0 . 9 6 [ 1 ] , Val 1 . 0 0 [ 1 ] , Ile 

0 . 8 5 [ 1 ] , Tyr 0 . 93 [ 1 ] , Phe 0 . 9 9 [ 1 ] , His 0 . 85  [ 1 ] , Arg 0 . 97 [ 1 ) . 

Figure 5 . 6  HPLC traces of . )  crude , b) purified, Angiotensin I I  

a b 
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5 . 3 . 3 . 3  JPP 1  

His-P ro-Hi s -P ro-His-Leu-Ser-Phe-Met-Ala-lle-Pro-Pro-Lys 

No p robl ems we re encountered during the synthes is  of this pept ide ,· 

a lt h ough p revious attempt s t o  synthe s ise it u s i ng standard AB! Boc 

protocols were not successful (Gibson, 1 9 9 1 ) . HPLC traces of the crude 

and p u r i f ied peptide are given in Figure 5 . 7 .  Amino acid analys is of 

the p u r i f ied peptide gave the expected rat ios : Ser 0 . 9 3 [ 1 ] , Pro 3 . 8 6 

[ 4 ] , Ala  1 . 0 0 [ 1 ] , Met 0 . 7 5  [ 1 ] , l Ie 0 . 94 [ 1 ] , Leu 1 . 02 [ 1 ] , Phe 0 . 95 

[ 1 ] , Lys 1 . 0 0 [ 1 ] , His 2 . 7 4 [ 3 ] . 

Figure 5 . 7  HPLC traces of a) crude, b) purified, JPPl 
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5 . 3 . 3 . 4  Angiotensin I 

Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu 

No p roblems were encountered during the synthesis of this peptide . HPLC 

traces o f  the c rude and purified peptide are given in Figure 5 . 8 .  The 

pur if ied peptide coeluted on HPLC with an authentic sample . Amino acid 

ana lysis o f  the purified peptide gave the expected ratios : Asp 0 . 9 8 [ 1 ] , 

Pro 0 . 9 5 [ 1 ] , Val 1 . 00  [ 1 ] , Ile 0 . 8 6 [ 1 ] , Leu 0 . 9 9 [ 1 ] , Tyr 0 . 9 4 [ 1 ] , 

Phe 0 . 95 [ 1 ] , His 1 . 84 [ 2 ] , Arg 0 . 94 [ 1 ] . 

Figure 5 . 8  BPLC traces of a) crude, b) purified, Angiotensin I 

a b 
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5 . 3 . 3 . 5  ACTH 4 - 1 1  

Met-Glu-His-Phe-Arg-Trp-Gly-Lys 

No problems were encountered during the synthesis of this peptide . HPLC 

t races of the c rude and purified peptide are given in F igure 5 . 9 .  The 

puri fied peptide coeluted on HPLC with an authentic sample . Amino acid 

analysis gave the expected ratio s ,  except for Trp ,  which was destroyed 

during acid hydrolysis : Glu 1 . 0 9 [ 1 ] , Gly 1 . 0 0  [ 1 ] , Met 0 . 92 [ 1 ] , Phe 

0 . 9 6  [ 1 ] , Lys 1 . 0 4 [ 1 ] , His 0 . 98 [ 1 ] , Arg 0 . 9 5  [ 1 ] , Trp n . d .  [ 1 ] . 

It  was particularly s ignificant that the purified peptide coeluted with 

an a uthent ic s ample, because the sequence includes tryptophan ,  which 

could not be determined by amino acid analysis using acid hydrolysis . 

T ryptophan i s  readily a l kylated by Mt r f rom a rginine if the correct 

scavengers a re not present (Sieber,  1 9 8 7 ) . I f  alkylation of t ryptophan 

had  occurred the synthetic ACTH 4 - 1 1  s o  f ormed would not have been 

expected to coelute with the authentic s ample . These results indicated 

that an a cceptable solid phase synthe s i s  o f  a potentially problematic 

pept ide ,  us ing P e rloza as support and Reagent B for peptide cleavage, 

had been achieved . 

Figure 5 . 9  HPLC traces of a) crude, b) purified, ACTH 4-11 
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5 . 3 . 3 . 6  � 

His-Leu-Ser-Phe-Met-Ala-lle-Pro-Pro-Lys 

No problems were encountered during the synthesis of this peptide . The 

cleavage yield o f  this peptide was lower than all of the others (see 

T a b l e  5 . 5 ) ,  and t hi s  was  a l s o  re f lected i n  t he yield o f  pur i f ied 

pept i de . The mos t  likely cause o f  the low cleavage yield was that 

. during t h i s  cleavage a modif ied work up procedure was used, involving 

removal o f  TFA in vacuo prior t o  addition of water to the resin . This 

could pos s ibly have resulted in occlus ion of peptide in the cellulose 

precipitate . The peptide was probably not extracted f rom the cellulose 

precipitate by the washing method employed . Greater attent ion was paid 

to washing of the cellulose precipitate during subsequent cleavages of 

other peptides after this low yield was discovered . No attempt was made 

to repeat this synthesis . HPLC t races of the crude and purified peptide 

a re g iven in Figure 5 . 1 0 .  Amino acid analysis of the purified peptide 

gave the expected ratios : Ser 0 . 8 6 [ 1 ) , Pro 1 . 9 6 [ 2 ) , Ala 1 . 00 [ 1 ) , Met 

0 . 8 4 [ 1 ) , l le 1 . 10 [ 1 ) , Leu 1 . 0 9 [ 1 ) , Phe 1 . 0 4 [ 1 ) , Lys l o l l [ 1 ) , His 

1 . 03 [ 1 ) . 

Figure 5 . 10 BPLC traces of .) crude ,  b) purified, JPP4 
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5 . 3 . 3 . 7  LHRH 

pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 
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No problems were encountered during the synthesis of this peptide amide 

u s i n g  t he Novabiochem amide-linker . HP LC t races o f  t he c rude and 

pu r i f ie d  pept ide a re g iven in F igure 5 . 1 1  The s ynthet ic pept ide 

coeluted on HPLC with an authentic sample . This peptide also contained 

t ryptophan, as well  as arginine which was protected by the Mtr group . A 

sat i sfactory synthes is was achieved, which further validated the use of 

Reagent B and Perloza for synthesis of t ryptophan-containing peptides . 

In addition, the successful use of Perloza as a support for synthes is of 

a peptide amide was demonst rated . Amino acid analysi s  of the purified 

pept ide gave the expected ratios ,  except for Trp, which was destroyed by 

acid hydrolysis : Ser 0 . 93 [ 1 ] , Glu 1 . 0 8 [ 1 ] , Pro 1 . 0 8 [ 1 ] , G1y 2 . 0 0  [ 2 ] , 

Leu 1 . 0 3  [ 1 ] , Tyr 1 . 0 3 [ 1 ] , His 1 . 00  [ 1 ] , Arg 0 . 9 9 [ 1 ] , Trp n . d .  [ 1 ] . 

Figure 5 . 11 HPLC traces o� a) crude, b) purified, LHRH 
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5 . 3 . 3 . 8  KSP2 

Cys- T yr-Glu-Pro-Phe-Trp-Gln-Asp-Glu-Glu-Lys 
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No p rob l ems we re encounte red du ring the synthe s i s  of this peptide � 

However ,  some problems were encountered in the cleavage of the Cys S-tBu 

prote c t ing group . The Cys-deprotected peptide was eventually obtained 

in r e asonable yield . HPLC t races of the crude and purified peptide are 

given in Figure 5 . 12 .  Amino acid analysis of the purified peptide gave 

the e xpected ratios except for Trp and Cys , which were destroyed by acid 

hydrolys i s ,  and Pro, which gave high results for two separate analyses : 

Asp 1 . 1 0  [ 1 ] , Glu 4 . 08  [ 4 ] , Pro 1 . 4 6 [ 1 ] , Cys 0 . 2 7 [ 1 ] , Tyr 1 . 0 0 [ 1 ] , 

Phe 1 . 0 0  [ 1 ] , Lys 1 . 1 4 [ 1 ] , Trp n . d .  [ 1 ] . No reason could be found for 

t h e  u n e xpectedly high p r o l ine res ult , unle ss  the pept ide was not 

homo geneous . However, the purified peptide appeared to be homogeneous 

on HPLC . 

Figure 5 . 12 HPLC traces of a )  crude ,  b) purified, KSP2 
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5 . 3 . 3 . 9  KMP 4  (Cys-tBu) 

Tyr-Thr-Arg-Asp-Leu-Val-Tyr-Lys-Asn-Pro-Ala-Arg-Pro-Lys-lle-Gln-Lys-Thr

Cys ( S -tBu) -Thr-Phe-NH2 

This peptide was originally required with the cysteine protected by the 

t-butyl group . One problem was encountered during the synthesis of this 

pept ide . HPLC t races o f  the c rude and purified peptide a re given in 

Figure 5 . 1 3 HPLC analysis of the crude pept ide showed two s ignificant 

peaks . Both peaks were isolated by preparative HPLC . The later eluting 

peak was shown by amino acid analysis to contain one less arginine than 

expected . Sequencing of the deletion peptide from the N-terrninus showed 

that the third amino acid from the N-terrninus was [Arg3 ] .  This result 

indicated that the coupling of [Arg12 ] had not gone to completion . The 

yield of purif ied pept ide was low at  9 %  . Amino acid analysis of the 

purified pept ide gave the expected rat ios : Asp 1 .  94 [ 2 ]  , Thr 2 . 5 5 [ 3 ] , 

Glu 0 . 9 8 [ 1 ] , ' P ro 1 . 8 5 [ 2 ]  , Ala 1 .  0 0  [ 1 ]  , Cys 0 . 80  [ 1 ]  , Val 1 . 17 [ 1 ]  , 

l Ie 1 . 1 8  [ 1 ]  , Leu 1 . 09  [ 1 ] , Tyr 1 .  7 4  [ 2 ]  , Phe 1 .  05 [ 1 ]  , Lys 2 . 8 8  [ 3 ] , 

Arg 1 .  7 6  [ 2 ]  . 

Figure 5 . 13 &PLC traces of a) crude ,  b) purified, XMP4 (Cys -tBu) 
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5 . 3 . 3 . 1 0 KMP5 (Cys-tBu) 

Tyr-Thr-Arg-Asp-Leu-Val-Tyr-Lys-Asn-Pro-Ala-Arg-Pro-Asp-Ile-Gln-Lys-Thr

Cys ( S -tBu) -Thr-Phe-NH2 

This peptide was also o riginally required with the cysteine protected by 

the t -butyl group . The only difference between KMP5 and KMP 4 was that 

KMP 5 contained [ASp1 4 ) instead of the [ Lys 1 4 ) of KMP4 .  HPLC analys is of 

the c rude pept ide (Figure 5 . 1 4 )  again revealed two significant peaks . 

Because of the sequence simila rity of the t wo pept ides it was likely 

that the later eluting peak was again an a rginine deletion pept ide . The 

compos ition of the minor peak was not determined . HPLC traces of the 

c rude and puri f i ed pept ide a re given in  F igure 5 . 1 4 .  Amino acid 

analys is of the purified pept ide gave the expected ratios : Asp 3 . 0 1  [ 3 ] , 

Thr 2 . 7 1  [ 3 ] , Glu 0 . 95 [ 1 ) , Pro 1 . 9 4 [ 2 ) , Ala 1 . 0 0  [ 1 ] , Cys 0 . 8 6  [ 1 ] , 

Val 0 . 7 8 [ 1 ] , I le 0 . 90 [ 1 ) , Leu 0 . 98 [ 1 ) , Tyr 1 . 8 2 [ 2 ] ,  Phe 1 . 0 1  [ 1 ] , 

Lys 2 . 0 0 [ 2 ] ,  Arg 1 . 90 [ 2 ) . The yield of this peptide was satisfactory, 

2 5 % , e specially when compared to the poorer yield of 9% obtained for the 

almo s t  identical peptide KMP 4 (Cys tBu) ( sect ion 5 . 3 . 3 . 9 ) . 

Figure 5 . 14 HPLC trace. of .) crude, b) purified, KMPS (Cys-tBu) 
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5 . 3 . 3 . 1 1 KMP4 

Tyr-Thr-Arg-Asp-Leu-Val-Tyr-Lys-Asn-Pro-Ala-Arg-Pro-Lys-Ile-Gln-Lys-Thr

Cys -Thr-Phe-NH2 

The t -butyl protection was cleaved f rom the cysteine s ide chain thiol of 

c ru de KMP 4 ( Cys -tBu) to give KMP 4 . The yield o f  the Cys deprotected 

peptide was low, only 4 % . However, considering the number of manipul

ation s  required to  remove the t -butyl protection from the cysteine, and 

a l s o  t hat the procedure was not opt imised, it was not unexpected . It 

woul d  probably be better to synthe s ise the pept ide using acid labile 

Fmo c-Cys ( S-Trt ) i f  the pept ide with the free thiol were requ ired in 

futu re . HPLC t races o f  the c rude and purified pept ide are g iven in 

F igu re 5 . 1 5 .  Amino acid ana lysis
* 

of the purified pept ide gave the 

expected ratios : Asp 1 . 93 [ 2 ) , Thr 2 . 8 0 [ 3 ] , Glu 1 . 07 [ I ) , Pro 1 . 90 [ 2 ) , 
** 

Ala 1 . 00 [ 1 ) , Cys 1 . 13 [ I ) , Val 0 . 99 [ I ) , Ile 1 . 00 [ 1 ) , Leu 0 . 98 [ 1 ) , 

Tyr 1 . 8 1 [ 2 ) , Phe 1 . 18 [ I ) , Lys 3 . 0 1 ( 3 ) , Arg 1 . 68 [ 2 ) . 
* 

analysed by Dr . Paul Davis , Malaghan Institute , Wel lington, NZ 
* *  

dete rmined as cysteic acid . 

rigure 5 . 15 BPLC trac •• o� a) crude, b) puri�ied, DCP" 
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5 . 3 . 4  Synthesis of peptides on Perloza using Frnoc methodology: ABI 430A 

automated batchwise peptide synthesiser 

T hree pept ides were synthesised us ing the ABI 4 3 0 A  automated peptide 

synthe s i ser . Deta i ls of the syntheses a re given below in Tables 5 . 6  and 

5 . 7 .  

Table 5 .  6 Synthesis conditions for peptides made using Perloza and I'moc 

chemistry, ABI 430A automated batchwise peptide synthesi.er 

Peptide Sequence Synthesis Excess of Coupling time 

scale (rranole) activated aa per Fmoc-aa 

1 Angio I DRVYIHPFHL 0 . 2 5  4 X  2 hr 

2 WJP l NIRRLMDGEE 0 . 2 5  4 X  2 hr 

P L  

3 KMP5 YTRDLVYKNA 0 . 2 0  5 X  3 0  min 

PARPDIQKTC 

TF-NH2 

Table 5 . 7  Cleavage conditions and yields for peptide. made using 

Perloza and Fmoc chemistry, ABI 430A automated batchwise 

peptide synthesiser 

Pept ide 

1 Angio I 

2 WJPl 

3 KMP 5  

Pur�fied yield 

3 0 %  

2 6% 

1 6% 

Cleavage time 

(hours ) 

2 1  hr 

2 0  hr 

8 hr 

All pept ides were cleaved with Reagent B .  

Workup method 

( Section 5 . 2 . 8 ) 

1 

1 

2 

Cleavage 

yield 

9 4 %  

83%  

8 4 %  
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5 . 3 . 4 . 1  Angiotensin I 

Asp-Arg-Va l-Tyr-Ile-His-Pro-Phe-His-Leu 

No p roblems were encountered during the synthesis of this peptide . HPLC 

t races o f  the c rude and purified peptide are given in Figure 5 . 1 6 .  The 

pept ide coeluted on HPLC with an authentic sample . A t race of the crude 

pept ide resulting f rom the synthesis using the Biolynx continuous f low 

pept ide synthesiser ( Section 5 . 3 . 3 . 4 ) is  also given in Figure 5 . 1 6 ,  for 

c ompa r i son . The HPLC t races o f  the c rude pept ides made us ing the 

diff e rent synthes isers were s imilar, and indicated, in this case, that 

the pept ide quality did not depend much on the synthesiser used . The 

pur i f ied pept ide was obtained in 3 0 %  yield, which compares favourably 

with t he 3 7 %  yield obta ined for the cont inuous f low s ynthesis . The 

d i f f e r e n c e  in y i e lds was  p robably due mo re to va r i a t ion in the 

individual preparat ive HPLC runs than to differences in the quality of 

the c rude peptide . Amino acid analys is of the purified peptide gave the 

expected ratios : Asp 1 . 13 [ 1 ] , Pro 1 . 05 [ 1 ] , Val 1 . 0 0 [ 1 ] , lle 0 . 81  [ 1 ] , 

Leu 1 . 1 3 [ 1 ] , Tyr 0 . 98 [ 1 ] , Phe 1 . 0 9  [ 1 ] , His 1 . 9 4 [ 2 ] , Arg 1 . 0 7  [ 1 ] . 

Figure 5 . 1 6  &PLC traces of a )  crude (ABl ) , b )  purified (ABl ) , c )  crude 

(Biolynz) , Angiotensin I 

• .. 
N 

u .. 
; J 
j 

a b 
J ._,----------, I •• 

. .. 
1 . 0 - ; 1 . 0 -

� : � 

l \.- -

� -
0 -+--------1 o -t::c::=::=:_--I 

10 o 60 

Time / min Time / min 

c 
1._,.--------, 

· .. 
u 
· 

· I 1 . 0 -
! J 

IJuU--
o .. 

T ime I min 



133 

5 . 3 . 4 . 2 � 

Asn - I le-Arg-Arg-Leu-Met-Asp-Gly-Glu-Glu 

No problems were encountered during the synthesis of this peptide . HPLC 

t races o f  the crude and purified peptide are given in Figure 5 . 1 7 .  The 

purified pept ide t race shows a minor side peak which eluted a little 

later than the ma in peak . It  was di fficult to separate the two peaks 

us ing p reparat ive HPLC . Amino acid ana lys is of the purified peptide 

gave t he expected ratios : Asp 2 . 0 0 [ 2 ] , Glu 2 . 10 [ 2 ] , Pro 1 . 0 6  [ 1 ] , Gly 

2 . 0 0  [ 2 ] , Met 1 .  0 5  [ 1 ] , I le O .  85  [ 1 ] , Leu 2 . 01  [ 2 ] , Arg 1 .  6 6  [ 2 ] . 

Figure 5 . 17 HPLC traces of a) crude ,  b) purified, WJPl 
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Figure 5 . 1 8 HPLC traces of a )  crude (ABI ) , b )  purified (ABI ) , c) crude 

( Bio1ynx) , KMP 5 
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5 . 3 . 4 . 3  � 

Tyr-Thr-Arg-Asp-Leu-Val-Tyr�Lys-Asn-Pro-Ala-Arg-Pro-Asp-Ile-Gln-Lys-Thr

Cys-Thr-Phe-NH2 

HPLC t races of the crude and purified peptide are given in Figure 5 . 18 .  

The c rude pept ide showed two s igni ficant peaks . A t race of the same 

c rude peptide resulting from the synthesis using the Biolynx continuous 

f l ow pept i de s ynthes iser (Section 5 . 3 . 3 . 1 0 )  i s  also given in Figure 

5 . 1 8 ,  for  comparison . The pept ide made using the Biolynx also showed 

two s ignificant peaks on HPLC . The crude peptide made using the Biolynx 

appea red to be of simi lar quality to that made using the ABI 430A.  The 

S - t Bu g r oup wa s c l eaved from the cyste ine us ing the procedure given 

above . Amino acid ana lysis of the puri f ied peptide gave the expected 

rat io s : Asp 3 . 0 4  [ 3 ] , Thr 2 . 4 6  [ 3 ] , Glu 1 . 0 8  [ 1 ] , Pro 1 . 87 [ 2 ] , Ala 1 . 0 0 

[ 1 ] , Cys 0 . 54 [ 1 ] , Val 1 . 1 3 [ 1 ] , I le 1 . 23 [ 1 ] , Leu l o l l [ 1 ] , Tyr 2 . 0 6  

[ 2 ] , P h e  1 . 3 0 [ 1 ] , Lys 2 . 2 8  [ 2 ] ,  Arg 2 . 0 7 [ 2 ] . The yield of the 

pur i f ied pept ide was 1 6% ,  which was cons idered reasonable taking into 

account a ll of the manipulat ions and losses which accompanied cleavage 

of the t -butyl protection from the cysteine thiol side chain . The yield 

may be compared to that of KMP4,  which was 4 % . The two peptides differ 

only by one amino acid (KMP4 [Lys 1 4 ] ,  .KMPS [ASp14 ] )  and it was expected 

that  e a c h  would be obtained in s imila r yie ld . 

syntheses showed that this not the case . 

The results  of the 
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5 . 3 . 5  Peptide synthesis on Perloza using Fmoc methodology: a summa ry 

No ma j o r  problems were encountered during any of the pept ide syntheses 

us ing the Fmoc methodology with Perloza . However,  a number of workup 

p r o ce du res  had to be developed f o r  use with Perloza . The standard 

met hods given in the l iterature (Van Wande len et a I ,  1 9 8 9 ;  Applied 

Biosystems Inc . ,  1 9 90 a )  assume that the cleaved peptide can be separated 

f rom the s uppo rt by filtrat ion . This was not usually poss ible with 

Perloza because the resin formed a highly swollen gel in TFA, which was 

very s low to filter . The most effective workup procedure in this study 

appe a red to  be t o  s l owly pou r  the cleavage mixtu re into 5 0  ml o f  

vigorously s t i r red wate r . Us ing this  procedure, the aqueous solution 

was t hen e a s i ly and quickly f i lte red f rom the support . The aqueous 

s olution conta ining the crude peptide was extracted with ether to remove 

t h i o l  and phenol scavenger s ,  t hen lyophilised . If  short hydrophobic 

peptide cleavages are worked up using this procedure, care must be taken 

t o  ensure that the peptide is present in the aqueous layer rather than 

in t he ether laye r .  

One other dif ficulty which arose was in cleaving the t -butyl protecting 

group f rom the thiol s ide chain o f  cysteine . The number of manipul

at ions required during Cys ( S-t-butyl ) cleavage resulted in relatively 

low yields for  those pept ides ( KSP2 , KMP 4 ,  KMP5 ) .  Higher yields of 

purif ied cysteine-containing peptides would probably be obtained if the 

cysteine thiols were to be protected by the acid labile Trt group . Use 

o f  the Fmoc-Cys (S-Trt )  derivative would mean the mercuric acetate S-t

buty l  removal wOuld not have to be undertaken , with its  accompanying 

losses o f  material . 

The crude HPLC t races of most of the arginine containing peptides showed 

the p resence o f  later eluting contaminant peaks . In one case (KMP4 (Cys 

S-t Bu ) , ( Sect ion 5 . 3 . 3 . 9 ) , the later elut ing peak was identified as an 

Arg deletion pept ide . S ome of the other a rginine-containing peptides 

a l s o  s howed a main product pea k  with minor later elut ing peaks ( for 

examp l e  see F igure 5 . 1 1 ( LHRH » , which may have also been arginine 

delet ion peptides . The results ,  although mainly circumstantial,  suggest 

that work  must be carried out to improve Fmoc-Arg (Mtr) coupling yields 

when u s ing Perloza for SPPS . The poor coupling of a rginine is not a 
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problem that is confined solely to Perloza , as this amino acid is known 

to g ive poor coupling yields with other supports (Atherton et aI, 1983b; 

see a l s o  Harrison et aI ,  1 9 8 8 ) . 

The c o n d i t i o n s  r equ ired f o r  pept i de c leavage a l ways r e s u lted in 

de s t ruct ion or serious degradat ion o f  the non c ro s s - linked Perloza 

re s in . T h i s  w a s  not unexpe cted,  n o r  o f  conce rn , in t h i s  study . 

Howeve r ,  i t  would be of conce rn i f  pept ides synthe s ised directly on 

aminopropyl Perloza for use a s  aff inity matrices had amino acids with 

protected s ide chains . It would not be possible to deprotect the side 

cha ins , us ing the standa rd deprotect ion reagent s used in this study, 

without a l s o  compromising or dest roying the useful properties of the 

matrix . Although it may be possible to increase the acid stability of 

Perloza  by cross-linking with epichlorohydrin, this was not investigated 

in this  study . The results of an investigat ion into the synthesis of 

peptide-ligands direct ly onto aminopropyl Perloza,  for use in affinity 

chromatographic processes , a re reported in Chapter 6 .  It was found in 

t h a t  s t udy t h a t  i t  was p o s s ible  t o  c leave amino a c i d  s ide chain 

protecting g roups f rom peptides bound to Perloza, without degrading the 

properties o f  the support . Therefore, cross-linked Perloza was not seen 

as being essential for the affinity chromatographic applications studied 

in Chapter 6 .  
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5 . 4  CONCLUS�ONS 

1 HMPA-linked Fmoc-amino acids could be coupled to aminopropyl Perloza , 

via  t he i r  Fmoc-amino acyl-4-oxymethylphenoxyacet ic acid 2 , 4-dichloro

phenyl esters , to  give useful amino acid substitution levels for all 2 0  

amino a cids . 

2 Perloza can be used as a support for synthes ising peptides,  up to at 

least 2 1  amino acid residues in length, in acceptable purity and yield 

using Fmoc chemistry .  Standard cleavage reagents could be employed for 

pept ide cleavage , but standard workup procedures to separate the resin 

f rom t he pept ide had to  be modified to  a llow for the �ighly swollen 

Perloza resin . 

3 Both batchwise and continuous flow column peptide synthes isers may be 

used for  SPP S with Perloza as a support us ing Fmoc chemistry .  Little 

difference was seen in the quality of two peptides made using the two 

dif fe rent synthesisers . 
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USE OF PEPTIDE-PERLOZA FOR AFFINITY 

CHROMATOGRAPHIC PROCESSES 



CHAPTER 6 USE OF PEPTmE-PERLOZA FOR. .AFFINITY CHROMATOGRAPHIC 

PROCESSES 

6 . 1  INTRODUCTION 

138 

It w a s  demonst rated in Chapters 3-5 that Perloza was a viable support 

for solid phase peptide synthesis . The results o f  the studies reported 

in C h a p t e r s  3 - 5  were used as a bas i s  for  an investigation into the 

s ynth e s i s  of pept ide-ligands direct ly onto aminopropyl Perloza . The 

ove r a l l  a im of this study was to invest igate the synthesis and use of 

pept ide - ligand Perloza resins for affinity chromatographic processes . 

Af f in i t y  chromatography is a powe rful method for puri fying proteins . 

The t e chnique makes use o f  the unique biological spec ificity of the 

p r o t e in - l i gand interact ion . The l igand i s  covalent ly bound to an 

inso l uble support , which is packed into a chromatographic column . The 

solut i on conta ining the p rotein to be purified is passed through the 

c o l umn . I n  p r i n c iple o n ly the protein t o  be pu r i f ied will  have 

appreci able affinity for the ligand and will therefore bind to it . All 

othe r p roteins will pass through the column . The specifica lly bound 

p ro t e i n  may t hen be e luted by a ltering the s o lut ion composit ion to 

favo u r  dissociation of the protein-ligand complex ( Lowe and Dean, 1 9 7 4 ) . 

The l igand bound to the support may be a simpl.e organic mol.ecule ( for 

example , 4 -phenylbutylamine (to interact with chymotrypsin-like enzymes , 

Stevenson and Laudman, 197 1 » , o r  a more complex biological macromole

cule , f o r  example , anti-human IgG antibodies (Phillips et aI, 198 4 ) . 

Some applications of affinity chromatography ( f rom Lowe and Dean , 1 9 7 4 )  

incl.ude : 

1 )  P rotein purification Enzymes 

Ant ibodies 

Binding proteins 

Complementary proteins 

Repressor proteins 
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2 )  Separative procedures Cells and - viruses 

Denatured and chemically modified proteins 

f rom native proteins 

Nucleic acids and nucleotides 

3 )  Concentration of dilute protein solutions 

4 )  Storage of otherwise unstable proteins in immobilised form 

5 )  Investigation of kinetic sequences and mechanisms 

The affinity chromatographic method offe rs rapid, essent ially one step 

purification o f  protein f rom other contaminants .  yields a re often high, 

pos s ibly because o f  protect ion o f  p roteins  f rom den aturation during 

i s o l at ion by s t aoilisati on of the tertiary structure . Although the 

technique appears straightforward, 

. . . s uccessful appl ica t i on of the method depends l a rgely on h o w  

c l o s e l y  t h e  experimen t a l  condi t i on s  chosen p e rmi t t h e  l i ga n d  

i n t e ra c t i on cha ra c teri s t i c  of the componen t s  in free sol u t i on . 

( Lowe and Dean, 1 9 7 4 ) . 

A l arge number of var iables must be taken into account when choosing an 

a f f inity method . These include,  but a re not limited t o ,  the properties 

of the support , the ligand chosen, the length and type of spacer arm, 

the nature of the ligand-macromo lecule interaction, the affinity of the 

macromolecule for the ligand, the method of ligand immobilisat ion to the 

s uppo r t , l igand concent r a t i o n , and method o f  e lu t ion . Det a iled 

discuss ions o f  the affinity chromatographic technique a re given by Lowe 

and Dean ( 19 7 4 ) , Turkova ( 1 9 7 8 ) , Lowe ( 1 97 9 ) , Dean et al  ( 19 8 5 ) , Mohr 

a n d  P omme rening ( 1 9 8 5 ) , and C a r l s s on et al  ( 1 9 8 9 ) . Othe r useful 

references include Ruoslahti ( 19 7 6 ) , Epton ( 1 97 8 ) , Sundaram and Eckstein 

( 1 9 7 8 ) , and Lidisch et al ( 1 9 9 0 ) . 

Perloza beaded cellulose possesses many of the propertie s  required of an 

a f f inity support in that it : 

- - 1 )  forms a loose porous network which permits unimpai red movement of 

large macromolecules .  
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2 )  has  uniform,  spherical rigid beads with good flow properties . 

3 )  does not interact with proteins in general so there i s  minimal non

specific  adsorption . 

4 )  h a s  an abundant supply of chemical groups which can be functionalised 

t o  a llow covalent attachment of a variety of ligands . 

5 )  i s  mechanically and chemically stable to  conditions o f  coupling, 

adsorption and elution . 

6 )  c an be crosslinked for increased stabilty for large scale processing . 

P e r l o z a  beaded cellulose has been used successfully a s  a support for 

b io m o l e c u l e  sepa rat ions  by a f f in i t y  c h r omat ogr aph i c  t echn iques . 

Examples o f  t he use of Perloza for affinity chromatographic separations 

a re given by Stamberg, ( 1 9 8 8 ) ; Chemopet rol , ( 1 9 8 8 ) ; 

( 1 98 9 ) ; and Haggarty et al ( 19 9 0 ) . 

Gemeiner et al, 

One of the many uses of synthetic  peptides is as l igands for affinity 

c h r o ma t o g r a p h i c  pu rpo s e s . P ept ide s ma y be b o u n d  t o  a c t ivated 

c a rbo hydrate supports using any o f  the standard methods for coupling 

ami n e - c o n t a i n ing l igands . Commo n ly u s e d  met ho ds f o r  act ivating 

c a rb ohydrate supports for coupling peptides or p roteins include : N

hydroxysuccinimide esters of carboxyl-containing supports (Cuatrecasas 

and P arikh ,  1 9 7 2 ) , cyanogen bromide activation (Mains and Eipper, 197 6 ) , 

hydroxybenzotriazole ( HOBt ) esters of carboxyl-containing supports (Pohl 

et a l ,  1 9 8 4 ) , and carbonyldiimidazole ( CO l )  activation ( Kuyas et al, 

1 9 9 0 ) . One of the potential problems with this approach can o.ccur if 

the peptide cont a ins one or more lys ine residues . I n  this case the 

lys i ne NE amine as well a s  the N-terminal amine can react with the 

act i vated support . This would introduce a distribut ion of the peptide 

bound to  the support at two diffe rent points in the sequence . If the � 
amine o f  the lysine were essential for binding to the t arget molecule, 

only that population of peptide bound at the N terminal amine would be 

effe ct ive a s  a n  affinity ligand. This problem may be cont rollable by 

mainta ining care ful control of pH during the coupling reaction, if the 

pept i de t o  be immobilised contains only one lysine . I t  would be more 
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difficult to direct the attachment point of the peptide if it contained 

more than one lysine . In some cases it may be possible to selectively 

protect amine groups of the peptide to be coupled to the support ( see 

belo w : Robin s on et a l ,  1 97 6 ;  Kuyas et a l ,  1 9 9 0 ) . Another potent ial 

problem with peptides containing more than one amine group i s  that cross 

linking of the matrix through the two amine groups could occur . 

The commonly encountered methods for coupling peptides to supports rely 

on reaction of pept ide amine groups with the act ivated support . Very 

few met hods for  c oupl ing peptide-l igands to  supports ,  such that the 

pept i de amino-terminus is directed into the aqueous phase , appear to 

have been reported . 

Rob i n s on et al  ( 1 9 7 6 )  synthes ised [ 8 - Lysine ] vas opre s s in ( sequence : 

Cys- Tyr-Phe-Gln-Asn-Cys-Pro-Lys-Gly-NH2 ) with the N-terminal amino group 

blocked by acetone to form a 2 , 2 , dimethyl- 4-imidazolidinone compound . 

They coupled the Na-amino protected pept ide , via the lys ine NE-amine 

group, to cyanogen bromide activated Sepharose 4B . Yama shiro et al  

( 1 9 6 7 )  s ynthe s is e d  the same peptide derivat ive , and found that , to 

regenerate [ Lysin � - 8 ]  vasopressin,  heating at 900C in 0 . 25%  acetic acid 

for 3 0  minutes was required . Robinson et al ( 1 9 7 6 )  could not deprotect 

the support-bound [ Lysine-8 ]  vasopressin, using the conditions reported 

by Y ama sh i ro et a I ,  without r i s k  of damaging t he aga r o se suppo rt . 

Therefore ,  they washed the peptide extensively with dilute acid ( 3  days , 

O . SM acetic acid) to liberate the N-terminal amino group . 

al  noted that 

Robinson et 

. . .  the capa city of the agarose-LVP deriva t i ve increased somewhat at 

fi rs t ,  s u gges t i ng t h a t  comp l e t e  removal of a ce t one h a d  n ot been 

a ch i e ved in the ini t i al washing step . 

which indicated that care had to be taken to ensure complete removal of 

t he Na- amino p rotect ion when u s ing t h is approach . The [ Lysine-8 ] 

v a s op re s s i n - S eph a ro s e  4 B  w a s  u s ed f o r  a f f in ity pu r i f i c a t ion o f  

neurophysins . 
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Kuy a s  e t  a l  ( 1 9 9 0 )  s ynthe s ised Boc-Gly-P ro-Arg - P r o - Lys -OMe us ing 

cla s s ical solution peptide synthesis techniques . The peptide was then 

coupled t o  a CO l activated res in support ( F ractogel TSK AF-CDI 650 , 

Mer c k )  via the Nf-amino group of the lysine . The Boc group was cleaved 

for one hour with neat TFA, resulting in direction of the peptide amino-

te�inus into the aqueous phase . The peptide-mat rix was used for the 

a f fi nity purification of human f ibrinogen and its derivatives . As well  

as achieving directed orientation of the peptide amino-terminus into the 

aqueo u s  phase , t he method used by Kuyas et a l  to couple a protected 

pept ide to a support was a means of overcoming the problem of coupling 

pept i de s  with more than one amine group , a s  discussed above . This 

proce du re for immobilising pept ides in order to direct the N-terminal 

amin o  group into t he aqueous phase is pract ical if the matrix is not 

degraded by neat TFA . However, not all matrices can withstand neat TFA . 

It was  demonstrated in Chapter 4 ,  for example , that the flow properties 

of P erloza a re ser ious ly degraded a fter a one and a half hour exposure 

to  9 5 %  TFA . In addition, Kuyas et a l  used classical solution techniques 

to s ynthesise the protected peptide . Such a synthesis of a selectively 

protected peptide may be difficult using the more commonly employed SPPS 

methodology . 

Fass ina et al ( 1 9 9 2 )  developed a synthetic procedure for immobilisation 

on p re a ct ivated a f finity supports of pept ide-ligands requiring free 

a-amino groups to recognise their targets properly . The peptide-ligand 

was a ssembled by SPPS on an octa -branched heptalys ine core through a 

polyg l yc ine space r .  The peptide was coupled to a preactivated support . 

Follo wing immobil isat ion, only a l imited number of peptide chains were 

coval ently linked to the solid phase, leaving the rema inder facing the 

aqueous  phase . The procedure was applied to the design , synthesis , and 

oriented immobilisation of a multime ric peptide-ligand (Met-Tyr-Phe ) for 

a ff i nity purification of bovine neurophysin . 

The e s t ablished methods of coupling peptide-ligands to affinity matrices 

in o rder to direct the pept ide carboxyl-terminus into the aqueous phase 

a re b y  and large sat isfactory . However,  only relative ly few studies 

have been reported (see above) in which synthetic peptides were coupled 

to supports in such a way that the amino-terminus was oriented into the 

aqueous phase . One means of directing the amino-terminus of a peptide-
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l ig a n d  int o t he aque ous pha s e  would be to synthes ise the pept ide 

dire c t ly onto an amine-functionalised a ffinity chromatographic support 

u s i n g  e s t ab l i s he d  SPPS met hodology . In addition to achieving the 

des i red orientation into the aqueous phase of the amino-te�inus of the 

p ep t i de - l igand,  a numbe r o f  other  a dvantages we re envisaged if a 

pept i de-l igand were to be synthesised directly onto a chromatographic 

s upport : 

i )  the peptide would be attached at a known point . 

i i )  high peptide-ligand substitutions would be possible, i f  required . 

i i i )  c ross linking would not be possible . 

However ,  a number of disadvantages  to the st rategy of synthesising a 

pept ide-ligand directly onto an affinity matrix may be envisaged . One 

o f  t he features of currently used methods for immobilising peptides is 

that t he peptide can be purified to homogeneity and characterised before 

i t  i s  coupled t o  the mat rix . Howeve r ,  if a pept ide is synthesised 

di rec t ly onto a suppo rt via a non-cleavable cova lent linkage , it is 

impo s s ible to di rect ly estimate the amount of t arget peptide-ligand 

p r e s e n t . T h i s  i s  because it wou ld be expected that de let ion and 

t e rmi n a t i on pept ides would also  be p resent , as well  a s  the target 

pept i de-l igand . An indi rect method o f  assessing the integrity of a 

supp o rt -bound pept ide i s  amino acid  analys is , where the amino acid 

r a t i o s  can be c ompared with the t he o re t ical rat ios fo r the ta rget 

s eque nce . Howeve r ,  some amino ac ids a re partially ( for example Cys , 

Ser,  Thr, Tyr ) o r  completely (Trp) destroyed during acid hydrolysis . It 

would not always be possible to tell whether a low amino acid analys is 

result  was due to  destruction of an amino acid during hydrolysi s ,  or due 

t o  a poo r amino acid coup l ing react i on during the synthes i s  . of the 

pept i de onto the $upport . Consequently, some uncertainty could exist as 

to t h e  i n t eg r i t y  of a mat rix-bound pept ide when us ing amino acid 

analysis  for t he assessment . An invest igation of the applicability to 

Perloza  of dif ferent methods of hydrolysis for amino acid analysis,  for 

example basic hydrolysis to preserve t ryptophan , was not made . 

An a l t e rnat ive method o f  estimat ing t he integrity of a mat rix-bound 

pept i de would be to s imultaneously synthesise the peptide on the same 

mat r i x  but with the C-termina l amino a c id anchored via a cleavabl e  
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linker . I f  it were valid to assume that the amino acid coupling yields 

would be s imilar for both mat rice s ,  then cleavage and cha racterisation 

of the cleavable peptide would give an indication of the relative amount 

of target peptide-ligand synthesised on the non-cleavable mat rix . This 

approach was used to assess the integrity of one of the peptide-ligand

supports synthes ised in this study . 

Pos s ibly the bes t  method for verifying pept ide integrity would be to 

synthesise the peptide on a matrix bea ring a cleavable linker between it 

and the first amino acid . This st rategy would require that the peptide

linkage not be cleaved during removal of side chain protect ing groups . 

A small sample o f  the peptide-matrix could be cleaved and the product 

cha r a c t e r i s e d  t o  det e rmine the amount o f  t a rget pept ide present . 

De s i rable cha racteristics  of a potential pept ide-linke r for such an 

applicat ion a re that it : 

i )  be chemically stable to any o f  the buffers used in the affinity 

purifications . 

ii )  give minimal non-specific binding of proteins .  

iii )  not require a cleavage method that would give rise to contaminating 

s ide products ,  that is , products that would give a false impression 

of peptide integrity . 

A linker which could possibly fulfil these requirements might be one of 

the photolabile  l inkers (Barany et a l ,  1 9 8 7 � Howeve� this was not 

investigated during this study . 

One of the reasons for wanting to ensure that peptide-ligand integrity 

is mainta ined is that deletion and termination peptides would be formed 

during a pept ide synthesis on the matrix . The formation of incomplete 

sequences would mean there would be less of the target peptide-ligand on 

the s upport ; that  is ,  the yield of ta rget pept ide would be lower than 

expected . Whether the presence of incomplete peptides would affect an 

affinity separation is another quest ion . Incomplete peptides could bind 

non-ta rget prote ins , or they could bind the t a rget protein,  or they 

could be t o t a l l y  ine rt . I f  non-ta rget prote ins were bound by the 

incomp lete pept ides,  could not be removed by a washing step, and were 

e luted a long with the target protein, then the presence of incomplete 

peptides could not be tolerated . 
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Some cont rol of the integrity of a pept ide-ligand synthes ised onto a 

support would be possible during the synthesis . The amount of deletion 

pe p t i de c o u l d  b e  kept l o w  i f  c o up l ing rea c t i ons we r e  c l ose t o  

qua n t itat ive . Poor  coupling react ions could be identified u sing the 

n inhydrin a s s a y ,  and the amino acid i n  quest ion could be recoupled 

bef o re proceeding on to the next amino acid in the peptide sequence . 

Solid phase peptide synthesis is almost always undertaken from the C to 

the N terminus o f  the peptide . Although it is possible to  synthesise 

peptide s  from the N to the C terminus,  two problems were inherent in the 

met hodology a s  o riginally applied : racemisation, and excessive loss of 

pept i de chains because of s ide react ions ( E r ickson and Merrifield, 

1 97 6 ) . More recently, Patel et al ( 1 9 9 0 )  have used an N to  C terminal 

pept i de s ynthe s i s  st rategy t o  s ynt h e s i se a number of t ripept ides 

direc t ly onto an  agarose gel bearing a spacer with a carboxyl terminus . 

The C-terminal amino acid in their study was arginal,  and the N to C 

terminal peptide synthesis was necessary in order to result in direction 

of t he aldehyde moeity into the aqueous phase . The peptide-agarose gel 

mat r ic e s  were used to invest igate the affinity purification of tissue 

plasminogen activator (tPA) . Synthesis of peptides onto the mat rix from 

the N t o  C te rminus result s in the pept ide carboxyl terminus being 

p re s e nted to the aqueous phase , wherea s  the usual solid phase peptide 

synthesis  methodology, as envisaged for use in this study, would result 

in p re s entation o f  the peptide amino terminus to the aqueous phase . 

In addition to t he work of Patel et al ( 1990 ) discussed above , the use 

o f  p e p t i de s  synt h e s i s ed directly  onto  s upport s for a f f i n ity type 

appli c a t ions has been reported by a number of other groups . In these 

e xampl e s  t he pept ides were synthe s i s ed onto the supports us ing the 

s tandard C to N terminal synthesis strategy, in contrast to  the N to C 

t e rmi n a l  synthesis  strategy used by Patel et al . 

Smith  et al  ( 1 97 7 )  synthesised Trp-Ala-Lys-Val-Glu-Ala-Asp-Val -Ala-Gly

Gly,  a known antigenic determinant of sperm whale myoglObin, directly 

o n t o  a ben zhydrylamine f unct ion a l i s ed h igh po r o s i t y  polystyrene-

divinylben zene p olymer . The Boc methodology was used, and s ide chain 

p rote c t ing groups were cleaved using 2M HBr in glacia l acetic acid, at 

room temperature , for one hour . The polystyrene mat rix was stable to 
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the s ide chain cleavage reagent . The peptide-matrix conjugate was shown 

by r a dioimmunoassay ( RIA)  to be able to adsorb antibodies specific to 

the peptide . 

E isele et al ( 1 9 8 4 )  synthesised the ligand testosterone 17�-hemisuccinyl 

-tet r a-glycine di rect ly onto aminoethyl cellulose . The tetra-glycine 

spacer arm was synthesised by repet itively coupling Boc-glycine , using 

1M HCl in glacial acetic acid for Boc cleavage . Testosterone 17�-hemi

succinate was then coupled to the Na-amino group of the support-bound 

N-te rminal glycine . The affinity resin was tested and found to be able 

to bind androgen receptors . In this case the tetra-glycine functioned 

a s  a spacer a rm rather than as a ligand, but the example st ill serves to 

demonstrate the feasib i l ity of synthesising a peptide directly onto a 

suppo rt for affinity chromatographic applicat ions . 

Gey s e n  et a l  ( 1 9 8 4 )  s ynthe s i sed a s e ries o f  hexapept ide s ,  plus a 

dipept ide spacer,  onto polyethylene pins using Boc methodology . Side 

cha in protecting groups were cleaved using boron t ris trifluoroacetate 

in TFA . The pep� ides were overlapping sequences from an immunogenic 

region of the coat protein of foot and mouth disease virus (type 0 1 ) .  

The peptide-pins were s uccessfully used as the solid phase in an enzyme 

linked immunosorbent assay (ELISA) to determine the immunogenic epitope . 

H oweve r ,  t he pins woul d  not be ve ry suitable f o r  preparat ive scale 

a f finity purifications . 

F ra n k  et al  ( 1 9 9 1 )  used cellulose paper as a support to synthesise a 

series  of decapept ides to  map the epitope of an immunogenic region of 

t he human cyt omegalovi rus ( CMV) . Pept ides we re s ynthesised onto a 

diglycine spacer linked direct ly to the support via an acid stable ester 

bond . The Fmoc chemist ry was used for these syntheses .  Amino acid side 

chai n  protecting groups were cleaved using 2 0 %  TFA, 1%  triisobutylsilane 

in D CM for 2 0  minutes . The support-linked peptides were successfully 

u s e d  a s  t he s o lid pha s e  for  an ELISA to determine the immunogenic 

epit ope . This methodology does not appear to  have been applied for 

a f finity purification processes . 

I t  w a s  shown in a l l  o f  t he s e  examples  that  it  w a s  pos s ible  f o r  

b i o l ogical mac romolecules t o  bind to pept ides which were synthesised 
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directly onto a support . However,  most of these examples were used for 

sma l l  scale assay-type applications , as opposed to larger scale affinity 

pur i fication processes . The work described by Eisele et al appeared to 

be t he e xcept i o n ,  in  that t hey intended to  u s e  the i r  ma t rix for  

i s ol a t ion o f  androgen receptors . Howeve r ,  in their case the peptide 

t he y  synthesised onto the support ( tetraglycine ) was not a ligand, but 

r a t h e r  a s pa c e r  a rm .  w i t h  t h i s  l im i t e d  numb e r  o f  e xamples a s  

prec edent s ,  i t  w a s  decided to  attempt t o  synthes i se pept ide-ligands 

di r e c t l y  onto aminopropyl Perlo z a ,  and to test the pept ide -Perloza 

con j ugates as sup�orts for affinity chromatographic processes . 

The results reported in Chapter 3 indicated that it was possible to use 

Boc chemistry for the synthesis of short peptides on Perloza if protic 

deprotect ion reagents were avoided . In that study a dioxane solution of 

t he aprot ic Lewis acid, boron t rifluoride , was used to cleave the Boc 

Na-amino p rotect ing group . Amino acid s ide chain protecting groups 

used in Boc chemis t ry a re usually cleaved with strong anhydrous acid, 

f o r  e xample liquid hydrogen fluoride . It was found during this study 

( da t a  not shown ) that liquid HF dissolves Perloza . Boc chemistry would 

t he re f o r e  be f e a s ible for  synthe s i s  o f  res in-bound pept ide-ligands 

either  if none of the amino acids was t rifunct ional,  or if s ide chain 

p r o t e c t ing grou� s could be used which were labile to mild cleavage 

conditions . For example, it should be possible to protect the � amino 

group o f  lys ine us ing the acid stable Fmoc group . Boc-Lys (� Fmoc ) 

could be coupled to  the mat rix bound pept ide , and the Fmoc s ide chain 

p r o t e c t ion c leaved,  us ing pipe ridine , at the end of the s ynthes is . 

However ,  no syntheses of this type have been reported . 

Succ e s s ful  use o f  the Fmoc method for SPPS of peptides on Perloza was 

demon s t r a t ed i n  Chapte r s  4 and 5 .  The s ide chain p rotect ion o f  

t ri f unctional amino acids used for the Fmoc method are labile t o  milder 

acid ( for example 95%  TFA) than those used for the Boc method . However,  

it w a s  shown in Chapters 4 and 5 that concentrated TFA solutions degrade 

P e r l o z a . It wOl l l d  be nece s s a ry to  deve lop a re agent mi l der than 

concent rated TFA in  order to cleave the s ide chain protect ing groups 

f rom a peptide-re H in synthesised by the Fmoc method . The reagent would 

have t o  be able �o cleave all of the different s ide chain protecting 

groups used in the Fmoc method for SPPS . Currently, the most difficult 
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to c leave side chain protecting group used for Fmoc SPPS is the arginine 

NG-Mtr group . The cleavage reagent would have to be able to cleave this 

group while preserving the f low properties of the peptide-support . In 

addit ion , t he reagent s hould not cleave the peptide-ligand f rom the 

support . It was demonstrated in Chapter 3, for example , that treatment 

o f  Boc-valine-amidopropyl Perloza with 1 0 %  sulphuric acid in dioxane 

resulted in loss of valine f rom t he support as determined by picrate 

t itration . 

In a ddit ion to direct C to N terminal synthesis of a peptide-ligand onto 

ami n op ropyl P e r l o z a ,  an unequivocal  approach to coupling a pept ide 

ligand to a solid support , via a stable thioether bond, was conceived . 

In  t h i s  st rategy , the N o r  C-terminus of a peptide could be directed 

into the aqueous phase to take part in binding of the target protein . 

The pept ide immobi lisat ion st rategy invo lved synthesis o f  a peptide 

b e a r i n g  a f ree t h io l  g roup , by inc luding cyste ine in the peptide 

sequence . The cysteine could be coupled at  the pept i de C- o r  N-

terminus , with the cysteine located at the opposite end to the portion 

of t he peptide required for binding the target protein . If  both the C 

and N t e rminus o f  the pept ide we re requi red for binding the ta rget 

protein,  then it may be possible to locate the cysteine in the middle of 

t he pept ide s eque nce . Once the pept ide had been synthe sised and 

pur i fied, it would be coupled to a-bromoacetamido Perloza (Chapter 3 ) , 

at pH 8 - 9 ,  to anchor the peptide to the support via a stable thioether 

bond . At neutral to sl ight ly alkaline pH , react ion of bromo-resin is 

primarily with thiol groups . At higher pH values,  reaction with amine 

groups is preferred (Lowe and Dean, 197 4 ) . This peptide immobilisation 

strategy was inspired by the work of Robey and Fields ( 1 9 8 9 )  and Kolodny 

and Robey ( 1 9 9 0 ) . Kolodny and Robey conjugated peptides containing a 

bromoacetyl moiety (made using the Boc methodology) , to the free thiols 

of reduced bovine serum albumin ( BSA) , in 0 . 1M NaHC03 solution, to yield 

pept i de -prote i n  con j ugates with t he peptides l inked to the ca rrier 

protein via stable thioether bonds . The envisaged use of the peptide-

protein conj ugates was for immunisation of animals in order to generate 

ant ibodies to the bound peptide . In this study,  the approach of Kolodny 

and Robey was reve rsed by locat ing a thiol group on the peptide , and 

react ing the peptide with a bromine-containing solid support in order to 

anchor the pept ide-ligand to the support via a stable thioether bond . 
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Halide substituted supports have generally been used to couple ligands 

via amine or tyrosine hydroxyl groups (Cuatrecasas,  1 97 1 ;  Lowe and Dean, 

1 9 7 4 ) , a lthough react ion of a thiol-conta ining ligand with bromoacet

amidoalkyl agarose has been noted (Lowe , 1 9 7 9 ) . 

The t hioether bond generated by the coupling reaction is very stable . 

Acid hydrolys i s  o f  pept ide s ,  coupled via reaction of a cysteine thiol 

with an a-bromoacetamido mo iet y ,  generates s t able S-ca rboxymethyl 

cysteine, which may be quant itated by amino acid analysis (Ko1odny and 

Robey ,  1 9 9 0 ) . The refore , hydrolys i s  of a pept ide - resin (where the 

pept ide i s  bound to the resin via a thioether linkage ) followed by amino 

acid analys is for S-carboxymethyl cysteine could be used as a method to 

dete rmine the subst itution of the pept ide on the support . The amino 

acid analysis results of the other peptide amino acids could, of course , 

also be used to assess the subst itution level of the peptide-ligand . 

The thioether method of attachment of a peptide to a support could have 

seve r a l  advantages . The pept ide would be purif ied and fully charac-

terised ( HPLC ,  amino acid analys is ; sequencing if required) before it 

was coupled to the support . High coupling yields were envisaged based 

on t he yields obtained by Kolodny and Robey ( 1 9 9 0 )  in coupling bromo

acet y l  peptides to the thiols o f  reduced bovine s erum albumin . The 

point of attachment of the peptide to the support would be unambiguous . 

That i s ,  at the s light ly alkaline pH used, coupling would be expected to 

be a lmost totally via the cyste ine sulphydryl . The cysteine could be 

located anywhere in the peptide , which would enable di rect ion of any 

de si red region o f  the peptide into the aqueous phase . Leakage of the 

peptide-ligand should not occur because of the chemical stability of the 

thioether bond . In principle , if a pept ide-ligand had to contain a free 

cysteine thiol for binding the ta rget protein, a different ial thiol

protection st rategy could be employed to accomplish this . For example , 

using Fmoc chemi st ry, all  thiols except the anchoring thiol could be 

protected by the S -acetamidomethyl (Acm) group , which is not cleaved 

during TFA-mediated pept ide cleavage . The pept ide could then be coupled 

t o  a - b r omo a c e t amido P e r l o z a v i a  t h e  f r ee t h i o l ,  and the  S -Acm 

protecting groups cleaved u s ing the procedure of Van Wandelen et al 

( 1 9 8 9 )  . 
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A p o s s ible di s advant age of t h i s  s t rategy may be encountered in the 

instance where a cysteine had to be located in the middle of a peptide 

in o rder t o  direct both the N and C termini of the pept ide into the 

aqueous phase . Location of a cysteine in the middle of the peptide may 

a lter the peptide conformation , with the result of lower or no binding 

a f f in ity o f  t he t arget protein for the a ltered pept ide conformat ion . 

Howeve r ,  at  present no better method o f  direct ing the orientation of 

both the C- and N-termini of a support-bound peptide-ligand appears to 

have been proposed . 

Two model prote ins , the proteolytic enzyme chymosin, and antibodies to 

luteinising hormone-releasing hormone ( LHRH) , were used to test whether 

peptide - ligand-Perloza res ins , with the peptide-ligands synthesised 

d i rect l y  onto aminopropyl P e r l o za , would be useful as mat rices for 

affinity purification of biomolecule s . 

Bovine chymo s in ( rennin) is an aspartic protease of molecular weight 

3 0 7 0 0  ( Raymond and Bricas ,  1 9 7 9 )  f rom the fourth stomach of suckling 

calves ( Foltmann, 1 98 1 ) . Chymosin preferentially cleaves K-casein at a 

s ingle P he -Met b ond with l i t t le n on-spec i f ic proteo lys i s ,  inducing 

i n s t a b i l ity in milk  micelles  and leading to clott ing . This make s 

chymos in a comme rc ia lly valuable enzyme in t he product ion of cheese 

( St r op et a l ,  1 9 9 0 ) . Chymosin is now produced from recombinant DNA 

sources as wel l  a s  being isolated from a natural source ( calf stomachs) . 

The pept ide Va l -dLeu-Pro-Phe -Phe-Val-dLeu is a speci f ic inhibitor o f  

a sp a r t a t e  prote inases  o f  t h e  peps in type , o f  which chymos in is a n  

e xamp l e  ( P oh l  et. a I ,  1 9 8 4 ;  St rop et al ,  1 9 90 ) . St rop et al ( 1 9 90 )  

coupled t h i s  pept ide to  the hydrox·ybenzot riazole-act ivated carboxyl 

group o f  6 -aminohexanoic acid functionalised Sepharose 4B, to give an 

a f f i n i t y  mat r i x  f o r  pur i f i c a t ion o f  Va 1 1 1 1 -Phe site  mutated c a l f  

chymosin expres sed i n  E .  Coli . Strop e t  al optimised the method of Pohl 

et al ( 1 98 4 )  to purify the recombinant chymosin . 

Be c a u s e  t he i n h ib i t o r  pep t i de used  by St rop e t  a l  f o r  chymo s in 

pur i f icat ion did not contain any s ide chain functional groups , it was 

dec ided to  attempt to s ynthes i s e  Val -dLeu-Pro-Phe -Phe-Val-dLeu onto 

aminopropyl Perloza using the Boc methodology . The SPPS protocols 
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rep orted in Chapte r  3 were used for the synthesis,  except that the Boc

amino  acids were activated a s  their symmet rical anhydrides rather than 

a s  their HOBt esters . 

Lut e in i s ing hormone-re leasing hormone ( LHRH)
· 

(pGlu-His-Trp-Ser-Tyr-Gly

Leu-Arg-P ro-Gly-NH2 ) is a decapept ide respons ible for stimulating the 

sec ret ion of luteinising hormone ( LH)  and follicle stimulating hormone 

( FS H )  (Matsuo et a I ,  1 9 7 1 ;  Schally et aI,  1 97 1 ) . Polyclonal antibodies 

to  LHRH a re usually generated by conjugating the peptide to a carrier 

mol ec u l e  s uch as bovine s e rum a lbumin,  and then us ing the peptide

pro t e in con jugate to immuni se animals ( for example , see Pique et aI, 

1 97 8 ) . Serum from the immunised animals , containing the antibodies, may 

then be subjected to established procedures in order to concentrate the 

a n t i bo dy . F o r  e xample , F ra s e r  e t  a l  ( 1 9 8 6 )  used s odium sulphate 

p re c i p i t a t ion t o  i s o l a t e  the gamma globu lin  f ra c t ion f rom serum 

cont a ining ant ibodies to LHRH . The antibodies contained in the gamma 

globulin  fraction were used to study the effect of immunoneutralisation 

on f o l l ic u l a r  deve lopment , the LH surge and luteal function in the 

stumptailed macaque monkey (Macaca arctoides) . Affinity purification of 

ant i b odies  to LHRH using t he pept ide a s  an affin ity l igand does not 

appea r  to have been reported . 

Two approaches to  pur ificat ion of antibodies to LHRH using a peptide

res in conjugate a� an affinity matrix were considered . The first was to 

s ynthesise LHRH directly onto aminopropyl Perloza using Fmoc chemistry, 

and t o  develop a mild reagent to cleave s ide chain protect ing groups . 

The second approach was to synthesise an analogue of LHRH (Ac-Cys-Ser

Tyr-Gly-Leu-Arg-Pro-Gly-NH2 ) us ing standard Fmoc solid phase pept ide 

synth es i s  technique s . The peptide was then coupled to a-bromoacetamido 

P e r l o z a ,  via the thiol o f  the cyste ine , to anchor the peptide to the 

s u pp o r t  v i a  a t h i oe t h e r  bond . The abil ity o f  both pept i de-resin 

con j ugates to bind ant ibodies to LHRH was investigated . 
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Rec ombinant chymo s in s o lut ion wa s a gift from Genenco r ,  S . F . ,  USA . 

C omme r c i a l  f ood grade chymo s i n  was f rom NZ Co-op Rennet Co . Ltd . , 

Eltham, NZ . Ovine ant iserum to LHRH was a gift of Dr . K . P . McNatty,  

MAF ,  Wallaceville, NZ . Lamb serum was a gift of  Life Technologies Ltd . , 

N Z . Boc-L-pro line was f rom Bachem (USA) . Tri-sodium citrate, citric 

acid,  D-leucine, and di-tert butyl pyrocarbonate were from Sigma (USA) . 

Reagent grade sodium formate, and analytical reagent grade formic acid, 

were f rom May and Baker (NZ ) . Reagent grade tri-n-butyl phosphine, and 

t rimethylsilylbromide ( TMSBR) , were from Aldrich (USA) . Reagent grade 

ammo n ium sulphate , ethylenediaminetetraacetic acid (EDTA) sodium azide , 

and analytical reagent grade sodium chloride ,  were from Ajax Chemical s ,  

Sydney,  Austra lia . Reagent grade succinic anhydride was from Riedel-de 

Haen ( Ge rmany ) . Analyt ical reagent grade sodium bicarbonate was from 

Merck ( Germany) . Reagent grade m-c resol was from BDH (NZ ) Ltd .  Fmoc

Cys ( Trt ) was f rom ABI,  USA . All other reagents were from sources given 

in p revious chapters . 

The absorbance of effluent from chromatographic runs was monitored using 

a Cec i l  Instruments CE 212 variable wavelength UV monitor .  Absorbance 

t ra c e s  were recorded us ing a Sekonic S S  2 5 0 F  Recorder . Disposable 

p o l y s t yrene c olumns , 2 ml , were f rom P ierce Chemical Co . ,  Rockford, 

I l l i no is (USA) . Dialyses we re performed u s i ng Serva 3 6/ 32 dialys is 

membrane , MW cutoff 10-15  kDa . A DuPont Instruments Sorvall  model RC-5B 

centr ifuge was used to centrifuge serum samples after ammonium sulphate 

p reci pitation . An MSE model Microcentaur micro cent rifuge was used to 

cent r i fuge samples from the pept ide cleavage expe riment s reported in 

Sect i o n  6 . 2 . 8 . 4 .  

SDS-PAGE gels were run using a Pharmacia PhastSystem . All gels were run 

u s ing t he inst ructions given in the Pharmacia PhastSystem instruction 

manu a l . �1 sampl •• were reduced using the method given in PhastSystem 

Separat ion Technique File No . 1 1 0 . Gels were run using the method given 

in P hastSystem Separation Technique File No . 1 1 1 . Pharmacia Phastgels ,  

12 . 5% o r  2 0% homogeneous ,  were used for running all o f  the SDS-PAGE gels 
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repo rted in t h i s  Chapt e r . Ge l s  we re developed using the sensit ive 

s il ve r  staining method given in PhastSystem Development Technique File 

NO . 2 1 0 . Reagent s used for the silver staining of the gels were from 

the following sources . Analytical reagent grade s ilver nitrate was from 

May and Bake r . Reagent grade glut aric dia ldehyde solution ,  2 5 %  by 

we i ght , was f rom Aldrich . Reagent grade glyce rol and 4 0 %  formalin 

solut ion were f rom Scient i f ic Supplies Ltd . , NZ . Analyt ical reagent 

grade s odium c a rbonate was from Merck . Bromophenol blue solution was 

from BDH, NZ . Molecular weight standards ( carbonic anhydrase ( 2 9  kDa) , 

egg a lbumin ( 4 5 kDa ) , bovine albumin ( 6 6 kDa ) , phosphorylase b ( 97 . 4  

kDa ) , p-galactos idase ( 1 1 6  kDa ) and myosin (2 05kDa » were from Sigma . 

Bovine albumin,  IgG free and containing low endot oxin levels , was from 

Immunochemical P roducts ( Iep ) Ltd . , NZ . 

6 . 2 . 2  Synthesis of  Boc-D-Ieucine 

D-Ieucine ( 5 . 0 7 g, 3 8 . 6  mmole) and NaOH (2 g, 50 mmole ) were dissolved 

in 1 0 0  ml water . Dioxane , 60 ml , was added, followed by 1 0 . 0  g ( 4 5 . 9  

mmol e )  di tert-butyl pyrocarbonate .  The solution was stirred for three 

hou r s , t hen another 10 g di-tert butyl pyrocarbonate was added . The 

solut i o n  was s t irred for a further 1 8  hours . TIc (CHCI3 : MeOH 9 : 1 ,  

ninhydrin visua lisation) indicated that reaction had gone to completion . 

Dioxane was removed in vacuo, and the solution was ext racted 2X 100  ml 

ethyl acetate . The solution was acidified with 1 0 %  sulphuric acid, and 

ext racted 3X 1 0 0  ml ethyl acetate . The ethyl a cetate solutions were 

combined, washed twice with 25 ml water,  and twice with 25  ml saturated 

NaCI s olution . The ethyl acetate was removed in vacuo, and the residue 

was rec rystallised from ethyl acetate : n-hexane . The yield of Boc-D

leucine was 8 . 0  g ,  8 9% . Melting point : 82 - 8 40C ( lit . 8 4oC,  Pett it , 

1 97 0 )  . 

6 . 2 . 3  Synthesis of  Val-dLeu-Pro-Phe-Phe-Val-dLeu-acetamidopropyl 

Perloza res in for binding chymosin 

W a t e r  w e t  a m i n o p r o p y l  P e r l o z a  1 0 0  Me d i u m  ( 0 . 5 4 1  g d r y ,  amine 

subst itut ion 0 . 37 mmole/g) was trans ferred to a Biolynx react ion column . 

The res in was washed with dioxane and then with DMF . The peptide Val-

dLe u - P ro -P h e - P h e - Val - dLe u was  s ynthe s i se d  on the r e s in us ing the 
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standard Boc chemistry reported in Chapter 3, except that the Boc-amino 

a c i d s  were a ct ivated as the i r  symmetrical anhydrides rather than as 

the i r  HOBt esters . The scale of the synthesis was 0 . 2 0  mmole . A 2 . 5X 

exces s  of  Boc amino acid anhydride was used for each coupling . Single 

couplings were performed for one hour, at a flow rate of 5 ml/min . 

Boc-amino acid symmetrical anhydrides were preformed in solution . Boc

amino acid, 1 mmole , was dissolved in 4 ml DCM . DCC solution,  0 . 5M in 

D�, 1 rol ,  was a dded and the solution was stirred for 3 0  minutes . A 

precipitate of  dicyclohexylurea (DCU) formed . The DCM was removed in 

vac u o ,  the res idue was dis solved in 4 ml DMF , and the DCU precipitate 

was r emoved by fi ltration . The Boc-amino acyl anhydride solution was 

loaded onto the reaction column . N-methyl morpholine (NMM) ,  100  �l , was 

added with the activated Boc-amino acid to neut ral i se the BF3 salt of 

the resin bound amine . 

A res idual amine substitution of 2 3  �ole/g was found by ninhydrin assay 

a f t e r  the first amino acid, dLeu, was coupled to the aminopropyl resin . 

The remaining amine groups were acetylated for 30 minutes at a flow rate 

of 5 ml /min using a s olut ion of acetic anhydride 0 . 5  ml , pyridine 1 . 0  

ml , DMF 3 ml . The resin was washed with DMF a fter acetylation . All 

o t h e r c ouplings £ollowed the standa rd Bio lynx protocol reported in 

C h a pt e r  3 .  S amples o f  the pept ide - r e s in were t a ken f o r  p icrate 

t it ra t ion and amino acid ana lysi s  at complet ion of  the synthesis . A 

sample was also analysed by the ninhydrin assay to determine the amine 

sub s t itution . 

I t  w a s  anti c ipated that harsh conditions for column sterilisation and 

regenerat ion, such as O . lM NaOH solution, would pos s ibly be employed . 

To  dete rmine the stability of  the pept ide-resin to O . lM NaOH, it was 

washed f o r  3 0  minutes with O . lM NaOH , then with water . A sample was 

taken f o r  amino a c id analys i s  and the result compared to that found 

prior t o  NaOH washing . In addit ion to its anticipated use for column 

was hing, the f irst NaOH wash may also have served t o  cleave any amino 

a c ids o r  pept ides esterif ied directly t o  the ca rbohydrate backbone 

(Vl a s ov et a l ,  1 97 3 ) . 
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6 . 2 . 4  P reliminary experiments to test for binding of  chymosin to Val

dLeu-Pro-Phe-Phe-Val-dLeu-acetamidopropyl Perloza resin 

Commercial food grade chymosin was dialysed against 1 0mM citrate buffer,  

pH  5 . 5  at 40C for  24  hours, and then lyophilised (Burton, 1 9 9 1 ) . 

Buf fers used for the a ffinity chromatography experiments with chymosin 

were : 

Buffer A :  3 0mM formate ,  pH 4 . 0 , with 15% dioxane 

Buffer B :  30mM formate , pH 4 . 0 ,  with 13% dioxane 

Buf fe r  C :  3 0mM formate ,  pH 6 . 5 , with 33% dioxane and 1mM EDTA . 

Buffer D :  10mM citrate , pH 4 . 4  

Buffer E :  10mM citrate,  pH 6 . 0  

The peptide-resin (Section 6 . 2 . 3 ) was transferred to a 10  X 150 mm glass 

c o lumn and washeu with Buffe r A .  Lyophilised chymosin,  4 . 4 mg, was 

dis s olved in 10 ml of buffer A and loaded onto the column at a flow rate 

of about 1 ml/min . The absorbance of the effluent was monitored at 2 8 0  

nm . The c o l umn was washed with Buffe r  B until  the absorbance had 

returned to the baseline . The column was then washed wi'th Buffer C,  

which was the buffer used by Strop et al ( 1 9 9 0 )  to elute chymosin . The 

A2 8 0  trace showed no increase in absorbance on washing with Buffer C .  

F r a c t ions we re analysed f o r  c h ymo s in us ing a mi lk c lott ing a s say 

( Section 6 . 2 . 4 . 1 ) . Chymosin activity was only found in the breakthrough 

f raction, none was found in the Buffer C elution fraction . 

6 . 2 . 4 . 1 Milk clotting assay for chymosin 

Te s t  s olut ion , 1 ml , and pasteurised mi l k ,  4 ml were incubated at 

Clotting of the milk within 3 0  minutes was taken to indicate 

the presence of chymosin .  

6 . 2 . 5  Succinylation of the peptide-resin 

It w a s  report ed in sect ion 6 . 2 . 4  that chymosin did not bind to the 

pept ide - resin . In that study the pept ide had a f ree amino terminus 
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directed into the aqueous phase, whereas the pept ide-ligand used by 

Strop et al ( 1 9 90 )  had the carboxyl end of the peptide directed into the 

aqueous phase . The peptide-resin was reacted with succinic anhydride in 

order to introduce a carboxyl group at the end of the peptide . 

The pept ide-re s i n  wa s washed with dioxane , then with DMF . Succinic 

anhydride , 0 . 2 0 0  g, 10  eq, was added and reacted with the peptide-resin 

f o r  7 0  hours . After 7 0  hours a ninhydrin as say of the peptide-resin 

gave an amine subst itution of 27 �ole/g . Therefore 1 ml of pyridine 

was a dded as catalyst and the reaction was continued for 1 8  hours . The 

re s i n  wa s wa s h e d  with DMF . The unreacted amine s ub s t itut ion as 

dete rmined by n inhydrin as say was 4 �ole /g,  wh ich indicated 9 8 . 5 % 

react ion . The pept ide-resin was transferred to a 1 0  mm X 150  mm glass 

column, and washed with dioxane , water, and Buffer A .  

6 . 2 . 6  Binding of chyrnosin to the succinylated peptide-resin 

Lyophi li sed food grade chymosin, 3 . 1  mg, was dissolved in 1 0  ml Buffer A 

and l oaded onto the column . The peptide-resin was washed with 20  ml of 

Buffer B ,  then Buffer C,  the elution buffer, was applied . Assay of the 

fract ion s  for milk clotting activity showed that activity was confined 

to t h e  e lut ion (buffer C )  f ract ion . The result o f  this pre liminary 

experiment showed that the succinylated peptide-resin could be used as 

an a f f inity mat rix for binding and elution of chymosin using the binding 

and e lution condi� ions reported by St rop et al ( 1 9 90 ) . 

6 . 2 . 7  I solation o f  chyrnosin from a solution containing contaminating 

proteins 

6 . 2 . 7 . 1  Separation of chymosin us ing Buffers A, Br and C 

A s o l ut ion o f  chymosin  de rived f rom a recombinant sou rce ( gi ft o f  

Gene n c o r  Inc . )  wa s dia lysed (but not lyophi l ised)  as de scr ibed in 

sect ion 6 . 2 . 4 , then stored at 4oC .  Ten ml of the solution was diluted 

with 1 0  ml water . Formate buffer, IM, pH 4 . 0 ,  1 ml , was added . The pH 

of t he solut ion was 4 . 0 .  The solution was loaded onto the pept ide-resin 

column at a flow rate of about 1 ml /min . The column was washed with 

Buffer B unt il the absorbance at 2 8 0  nm had returned to the baseline . 
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The chymosin was eluted with Buffer C .  The column was then washed with 

O . lM NaOH , f o l lowed by Buffer A .  The fract ions we re a s s ayed for 

c hymo s in act i v i t y  us ing t he mi l k  c lot ting assay . Samples of the 

f ractions were taken for analysis by SOS-PAGE (a Pharmacia PhastGel,  2 0 %  

homogeneous , was used for the analysis ) . 

6 . 2 . 7 . 2 Separation of chymosin using Buffers 0 and E 

The peptide-resin column was washed from Buffer A to Buffer O .  Buffer 

0 ,  1 ml ,  was added to 10 ml of the recombinant chymosin solution . The 

chymos in was loaded onto the column at a f low rate of about 1 ml/min, 

and the column was washed with Buffer 0 until the absorbance at 2 8 0  nm 

had returned to the baseline . The chymosin was eluted with Buffer E .  

The column was then washed with O . lM NaOH, followed by Buffer O .  The 

f ract ions were assayed for chymosin act ivity using the milk clott ing 

a s say . S amples of the fractions were taken for analysis by SOS-PAGE . 

6 . 2 . 8  Synthesis of pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-Perloza 500 

Medium (LHRH-Perloza 5 0 0, Resin 1) 

The method of  synthesising a pept ide- ligand directly onto aminopropyl 

P e r l o z a  was applied to the synthes i s  o f  a peptide - re s in intended to 

p ur i fy ant ibodies specific to the decapept ide luteinis ing hormone

releasing hormone ( LHRH, sequence : pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro

Gly-NH2 ) .  Sheep were immunised with LHRH conjugated to BSA to generate 

the antibodies to LHRH (McNatty, 1 9 92 ) . Serum from the immunised sheep 

was a gift of  Or . K . P . McNatty . 

Solid phase peptide synthesis of LHRH by Fmoc methodology required side 

c h a i n  p rotect ion o f  a number of  amino a cids . The Nim o f  His  wa s 

protected by the Trt group, the hydroxyls of  Ser and Tyr were protected 

a s  their tBu ethers , and the NG of Arg was protected by the Mtr group . 

Two pept ide - res ins were synthe sised . The first had the LHRH peptide 

sequence bound directly to aminopropyl Perloza . The second peptide-

res in had a cleavable amide-linker ( see Chapter 5 )  inserted between the 

pepti de and the support . Treatment of the cleavable peptide-resin with 

acidic reagents would furnish LHRH (see Chapter 5, Section 5 . 2 . 3 . 7 ) . It 

w a s  p roposed to t reat the cleavable pept ide-resin with a numbe r of 
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acidic pept ide cleavage reagents ,  and to analyse the products by HPLC . 

The reagent which was most efficient at cleaving the peptide would be 

tested a t  lower dilutions t o  determine whether it was still effective at 

cleaving LHRH . I f  it was still effective at low concentrations it would 

then be tested with the non-cleavable peptide-resin to determine : 

i )  whether it  cleaved side chain protecting groups. 

ii )  whether it gave signif icant resin degradation . 

iii)  whether it cleaved the peptide from the support . 

Once a suitable reagent had been identified it would be used to cleave 

the s ide chain protecting groups from the amino acids of the resin-bound 

LHRH . 

6 . 2 . 8 . 1  Synthesis of pGlu-His (Trt) -Trp-Ser (tBu) -Tyr (tBu) -Gly-Leu

Arg(Mtr) -Pro-Gly-Perloza 500 Medium 

Wate r-wet aminopropyl Perloza 5 0 0  medium ( 0 . 4 8 4  g dry, amine substi

tution 0 . 3 1  mmole/g)  was washed to dioxane and then to DMF . The total 

amine available was 0 . 1 5 mmole . The resin was transferred to a Biolynx 

reac t ion co lumn . A separate column was loaded with 1 . 7 3  g of DMF wet 

p- [ ( R , S ) -a- [ 1- ( 9H-Fluoren- 9yl ) -methoxyformamido] -2 , 4-dimethoxybenzyl ] 

phenoxyacetamido Perloza 2 0 0  Medium resin ( amide-linker resin, amine 

substitution 0 . 2 6 mmole/g, 0 . 05 mmole amine ava ilable ) . The Fmoc group 

was removed from t he amide- linker res in using 2 0 %  piperidine in DMF . 

The Biolynx reaction column containing the aminopropyl Perloza 500 resin 

was connected to  the Biolynx peptide synthesiser .  The reaction columns 

were in series . 

Fmo c - amino a c id s  were a c t ivated f o r  coupl ing us ing the method o f  

Beyermann e t  al ( 1 9 9 1 ) . Fmoc-amino acid, 1 mmole, was dissolved in 3 ml 

DeM . HOBt . H20 ,  1 . 1  mmole , was added . Not all  o f  the HOBt dissolved . 

The suspension was stirred, and 1 . 05 mmole DIC was added . Most of the 

HOBt dis solved, bllt within 30 seconds a voluminous precipitate of Fmoc

amino a cyl-OBt ester formed . After ten minutes 1-2 ml DMF was added to 

dissolve the precipitate . D IEA, I mmole, and the Fmoc-amino acyl-OSt 

ester s olution were added to the resin, and recycled for one hour at 3 

ml /min . A standa rd Biolynx Fmoc pept ide synthesis protocol was used 
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( see Chapte r  5 ) . After the f irst Fmoc-amino acid ( Fmoc-glycine) was 

c oup le d ,  s amples  o f  the Fmoc -Gly-amidopropyl resin we re taken for 

ninhydrin assay and amino acid analysis . The ninhydrin assay showed a 

residual amine substitution of 1 9  �ole/ g .  Unreacted . amine groups were 

acetylated for 3 0  minutes using a solut ion of 1 ml acetic anhydride, 

0 . 0 5 g DMAP , and 3 ml DMF . Fol lowing acetylation, the resin was washed 

with DMF and the synthesis was continued . After the third amino acid, 

a rginine , was coupled, samples of the aminopropyl resin were taken for 

amino a c id analysis , picrate tit ration, and an experiment to investigate 

c leavage o f  the Arg NG-Mtr protecting group from the Arg (Mtr) -Pro-Gly-

Perloza . The synthesis was then continued to completion . pyroglutamic 

acid,  t he terminal residue , required 3 ml DMF to completely dissolve the 

activated derivative , but otherwise coupled adequately . Samples of both 

c leavable a nd non-cleavable pept ide - resin were taken for amino acid 

analys i s . 

6 . 2 . 8 . 2  Reaction of Perloza 1 0 0  Medium with Fmoc-Gly-OBt 

The met h od u sed in Section 6 . 2 . 8 . 1  to  form Fmoc-amino acyl-OBt active 

esters results in a very reactive species (Beyermann et aI, 1 99 1 ) . This 

method o f  act ivating Fmoc-amino acids had not been used in the other 

studies reported in this thesis .  An investigat ion was carried out to 

det e rmine whether significant amounts of Fmoc-amino acyl-OBt e ster,  

f o rm ed u s i n g  t he me t h od of  Beye rm a n n  e t  a l ,  would react  with 

underivatised Perloza . 

Wate r -wet Perloza 1 0 0  Medium, 3 . 3 7 g ( 0 . 3 37 g dry) , was washed with 

e t ha n o l  f o l lowed by DMF . T he re s in was t ra n s f e r red to  a Biolynx 

rea c t i on column , which was t hen f it ted to the Biolynx synthes iser . 

Fmo c - g l y c ine-OBt act ive e s t e r  was  pre-fo rmed u s ing t he met hod of 

Beyermann et al ( 1 991 ) given in Sect ion 6 . 2 . 8 . 1 .  The Fmoc-glycine-OBt 

s olut i on was circulated through the Perloza at 3 ml/min for one hour . 

The Fmoc group was cleaved using 2 0 %  piperidine in DMF and the glycine 

substitut ion was determined using the methods given below . 

The amine substitution of the glycyl-Perloza was determined by picrate 

t it rat ion . Dried samples were also hydrolysed in 0 . 3  ml of 0 . 5M NaOH 

solu t i o n  for  5 5  minutes , cooled, and dried under vacuum. The dried 
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samples were suspended in 5 rol 0 . 2M pH 2 . 2 citrate buffer to  extract the 

glycine into solution for amino acid analysis . In addition, a sample of 

the glycyl-Perloza was hydrolysed for amino acid analysis  using standard 

acid hydrolysis  procedures ( see Chapte r  3 ,  Section 3 . 2 )  to  serve as a 

comparis on o f  t he two hydrolys is methods . 

also dried and sent for elemental analysis . 

A sample o f  the resin was 

6 . 2 . 8 . 3 Cleavage of Mtr from Arg(Mt r) -Pro-Gly-Perloza 

A s ample of Arg (Mt r ) -Pro-Gly-Perloza res in ( see Sect ion 6 . 2 . 8 . 1 ) was 

washed with DCM . Excess DCM was removed by filtration and the peptide

resin was t ransferred to a vial . DCM, 2 rol ,  was added . The resin was 

s t i r red , and 1 0 0  �l thioanisole , 2 0 0  �l TFA, and 1 0 0  �l TMSBR were 

added . The resin was stirred for 1 5  minutes , then filtered and washed 

sequentially with DCM, ethanol ,  water ,  0 . 5M NaOH, and distilled water 

unti l  the effluent was neutral to pH paper . The amine substitution was 

determined by picrate t itration . Following determinat ion of the amine 

substitution the dried resin was sub jected to amino acid analysis . 

6 . 2 . 8 . 4  Reagents for cleavage of side chain protecting groups from 

pGlu-His (Trt) -Trp-Ser(tBu) -Tyr (tBu) -Gly-Leu-Arg(Mtr) -Pro-Gly

Perloza 5 0 0  Medium 

The approach t o  t his p roblem was t o  ana lyse , by HPLC , the product 

result ing f rom c leavage of small samples of cleavable LHRH-amide linker

resin . The retention times of the HPLC peaks were compared to that of 

LHRH p reviously synthesised (Chapter 5, Section 5 . 3 . 3 . 7 ) . The reagents 

tested were : 

Reagent 1 :  TMSBR ( 1  rol ,  1 0 % ) , thioanisole ( 1  rol ,  1 0% ) , EDT ( 0 . 25 rol ,  

2 . 5% ) , TFA (1  rol,  1 0 % ) , DCM ( 6 . 75 rol ,  67 . 5% ) . 

Reagent 2 :  TFA ( 9  rol ,  90 % ) , TMSBR ( 0 . 5  rol, 5 % ) , thioanisole ( 0 . 5  rol ,  

5 % ) , EDT ( 0 . 3  rol ,  3 % ) , anisole ( 0 . 2  rol ,  2 % ) . 

Reagent 3 :  TFA ( 8  rol ,  8 0 % ) , TMSBR ( 0 . 5  ml , 5 % ) , thioanisole ( 0 . 5  rol ,  

5 % ) , EDT ( 0 . 5  rol,  5 % ) , m-cresol ( 0 . 5  rol ,  5 % ) . 
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Sma l l  samples of DCM-wet LHRH-amide linker-resin were t reated with the 

cleavage reagents ,  and 1 ml samples were withdrawn at intervals . The 

1 ml samples were added to 3 ml ether ( a  precipitate formed) , 1 ml water 

was added, the samples were shaken, and the aqueous layer was extracted . 

The aqueous layer was t ransferred to  an Eppendorf tube and centrifuged 

at 1 3 0 0 0  rpm for 5 minutes using an MSE centrifuge . The clear aqueous 

layer was then sub jected to HPLC analysis . The absorbance at 2 S 0  nm was 

used for the following calculations . The ratio of the height of the 

pea k  appe a r ing a t  4 5  minutes ( p re sume d  t o  be LHRH with  Mt r s t i l l  

attached to the Arg) to the height of the peak appearing a t  3 1  minutes 

( LHRH) was calculated. Comparing the peak height ratios for different 

reagen t s  gave an  indicat i on of the e ffect iveness  of the reagent in 

cleaving the Mt r group from Arg (Mtr) . Of the reagents tested, Reagent 3 

was found to give the fastest cleavage of the Arg (Mtr) group . Reagent 3 

was diluted and the experiment was repeated with the lower dilutions of 

the reagent . The cleavage t ime wa s inc reased to  compensate for the 

lowe r  concent ration of active species . 

The concentrations tested were : 

Reagent 4 :  DCM ( 8  ml , S O % ) , TFA ( 1 . 6  ml ,  1 6% ) , TMSBR ( 0 . 1  ml ,  1 % ) , 

thioanisole ( 0 . 1  ml,  1 % ) , EDT ( 0 . 1  ml , 1 % ) , m-cresol ( 0 . 1  ml , 

1 % )  

Reagent 5 :  DCM ( 9  rol ,  9 0 % ) , TFA ( O . S  ml ,  8 % ) , TMSBR ( 0 . 05 ml ,  0 . 5% ) , 

thioanisole ( 0 . 05 ml ,  0 . 5 % ) , EDT ( 0 . 05 rol ,  0 . 5% ) , m-cresol 

( 0 . 0 5 ml , 0 . 5% ) . 

Treatment of LHRH-amide linker-resin with Reagent 4 for three hours gave 

almost quantitati're cleavage of amino acid side chain protecting groups 

to generate LHRH, as determined by HPLC analysis o f  the peptide cleavage 

product . The next question to be answe red was whether the reagent would 

be suitable for cleaving the amino acid side chain protecting groups of 

support -bound LHRH . The most s ignif icant considerations were whether 

the low concent ration of TFA and TMSBR would s ignificant ly degrade the 

flow p roperties o f  LHRH-amidopropyl Perloza , and whether the reagent 

would give cleavage of peptide from the support . 
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6 . 2 . 8 . 5 Cleavage o f  side chain protection from pGlu-His (Trt) -Trp

Ser (tBu) -Tyr (tBu) -Gly-Leu-Arg(Mtr) -Pro-Gly-Perloza 5 0 0  Medium 

using Reagent 4 :  Experiment 1 

It was noted in Section 3 . 3 . 1  of Chapter 3 that t reatment of Boc-valine

amidopropyl Perloza with the acidic Boc cleavage reagent 1 0 %  sulphuric 

acid in dioxane gave loss o f  valine f rom the support as determined by 

pic rate t it ration . It was assumed that if the acidic Reagent 4 gave 

c le a vage o f  the pept ide f r om the support , it would be pos s ible to 

determine the extent of cleavage of peptide by picrate titration of the 

support -bound Arg NG and His Nim groups . 

The final peptide substitution of the peptide-resin, from the amino acid 

ana lys i s  re sult , was 0 . 2 0  mmole /g ( see Sect ion 6 . 2 . 8 . 1 ) . Complete 

removal of side chain protecting groups would result in a final peptide 

subst itution of 0 . 2 3  mrnole/g because of loss of the two tBu, one Mtr, 

and one Trt  s ide chain protect ing groups of Ser , Tyr, Arg, and His 

respe c t ive l y . The reas on f o r  the appa rent increase o f  the peptide 

substitut ion is illustrated in Equation 6 . 1 .  

Equation 6 . 1  calculation of the expected peptide substitution of LHRB

Perloza 500 afte� cleavage of side chain protecting groups 

I f  the amino acid s ide chain protecting groups of s ide chain protected 

LHRH-amidopropyl Perloza are cleaved (initial weight of protected LHRH

Perloza : 1 . 0 0 0  g, peptide substitution : 0 . 2 0  rnmole/g ) , then the loss in 

weight on cleavage of the side chain protecting groups would be : 

0 . 2 0  x 1 0-3  x ( 5 6 + 5 6  ( 2x tBu - 2H)  + 242  (Trt - 1H)  + 2 1 2  (Mtr -1H) I 
- 0 . 1 13 g .  

There would still be 0 . 2 0  mmole of peptide on the resin,  5 0  the pept ide 

substitution would be ( after base wash) : 

0 . 20 mmole/g 

1 - 0 . 1 13 

- 0 . 2 3  mmole/g 
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DCM-wet pGlu-His ( T rt )  -Trp-S'er  ( tBu ) -Tyr (tBu)  -Gly-Leu-Arg (Mt r )  -Pro-Gly-

P e r l o z a  5 0 0  medium, 0 . 7 0  g ,  was t rans ferred to a vial . Reagent 4 ,  

1 0  rol ,  was added, and the LHRH-Perloza was mixed using the Rototorque . 

Samples  o f  LHRH-Perloza were removed for picrate tit rat ion and amino 

acid analysis after 2 and 3 hours reaction . 

6 . 2 . 8 . 6  Cleavage of side chain protection from pGlu-His (Trt) -Trp

Ser (tBu) -Tyr (tBu) -Gly-Leu-Arg(Mtr) -Pro-Gly-Perloza 5 0 0  Medium 

using Reagent 4 :  Experiment 2 

DCM-wet pGlu-His ( T rt ) -Trp-Ser (tBu ) -Tyr ( tBu) -Gly-Leu-Arg (Mt r ) -Pro-Gly

P e r l o z a  5 0 0  medium, 2 . 1 7 g, was t reated for 3 hours with 3 0  ml of 

Reagent 4 .  The resin was washed 5X dioxane, water, 1 0 %  triethylamine in 

5 0 %  aqueous ethanol ,  and f inally with water . Samples were taken for 

picrate t it ration and amino acid analysis . 

The results of the experiments reported in Sections 6 . 2 . 8 . 5  and 6 . 2 . 8 . 6  

sugge sted t hat , within exper iment a l  e r ro r ,  quant itat ive s ide cha in 

deprotect ion had been accomplished without significant cleavage of the 

pept ide - ligand f rom the support . In addition, the peptide-resin was 

easy to  filter and the flow properties did not appea.r to be impaired . 

The deprotected peptide-resin f rom Section 6 . 2 . 8 . 6  will be referred to 

as  Resin 1 .  

The p i c r a t e  t it r a t ion and amino a c id analys is result s  o f  Resin 1 

sugge sted that t he requi red l igand was present . In addit ion , HPLC 

analysis of the peptide cleaved from the LHRH-amide linker-resin showed 

a ma j o r  peak which had the same retention time as authentic LHRH . This 

suggested that the peptide bound to the resin was of s imilar quality, 

as suming that the amino acid coupling yields were the same for both 

pept i de syntheses . The next step was t o  determine whether the LHRH-

Perloza  could bind antibodies to  LHRH . 
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6 . 2 . 9  Binding of Antibodies to LHRH to Resin 1 and their later elution 

6 . 2 . 9 . 1  Ammonium sulphate precipitation of �unoglobulins from ovine 

serum 

Ammonium sulphate precipitation was used for preliminary separation of 

immunoglobulins f rom ovine serum ( Livingston, 1 97 4 ;  Harris and Angal, 

1 9 8 9 )  . 

Ammonium sulphate , 2 . 5 6 1  g,  was added over 1 0  minutes to 13 ml stirred 

ovine se rum a t  O OC .  The we ight o f  ammonium sulphate used was the 

quant ity calculated to  give 5 0 %  saturat ion at OOC .  The solution was 

s t i r red at OOC for one hour,  then centrifuged at 3 0 0 0X gravity for 30 

min at 4 oC .  The supe rnatant wa s decanted off  and the precipit ate 

redi s s o lved in 1 0  ml 1 0mM T r i s  buf f e r ,  pH 7 . 5 .  The so lut ion was 

dialysed against 1 0mM pH 7 . 5 Tris buffer for 2 4  hours at 4 oC .  The final 

volume of the dialysed solution was 23 ml .  

6 . 2 . 9 . 2 Aff inity isolation of antibodies using Resin 1 

Buffers used in this study were : 

Buf fe r  1 1 0mM Tris , pH 7 . 5  

Buf fe r  2 1 0mM Tris,  pH 7 . 5 , S O OmM NaCl 

Buffer  3 1 0mM citrate, pH 3 . 0  

Buf fe r  4 SM guanidine hydrochloride,  pH 1 . 5  

Dialysed solut ion containing antibodies to LHRH ( Section 6 . 2 . 9 . 1 ) 2 ml, 

was diluted with 2 0  ml buffer 1 ,  and filtered through a 0 . 22 � filter . 

The s o lut ion  w a s  loaded o n t o  t he a f f inity column , which had been 

equil ibrated with buffer 1 .  The breakthrough fraction was eluted using 

buffer  1 .  The column was then washed with buffer 2 to elute material 

bound via ionic interactions . The column was washed again with buffer 

1 .  The column was then washed with buffer 3 ,  fol lowed by washing with 

buf f e r  4 t o  elute the ant ibodie s .  The column was then washed with 

buffer  1 ,  followed by a wash with O . lM NaOH solution, and a final wash 

w i t h  b uf fe r  1 .  The elution  f ra c t ions  f rom b u f f e r s  3 and 4 were 

immediately neutral ised with 1 0 0mM Tris buffer, pH 8 . 0 . The fractions 
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f rom the column washes with buf fers 2 and 4 were dialysed vs buffer 1 at 

40C ( 2 X  3 0  minutes ,  2X 1 hour,  IX 1 6  hours ) . The f ractions were reduced 

bef o re analysis by SDS-PAGE ( a  Pharmacia PhastGeI ,  1 2 . 5% homogeneous, 

w a s  u s e d  f o r  the analys i s ) . S amples were also sub jected to RIA to 

det ermine the presence of antibodies to LHRH . 

6 . 2 . 9 . 3  RIA to determine the presence of antibodies to LHRH 

The a s say des cribed in this Sect ion was carried out by Mr . Stan Lun, 

MAP, Wal laceville ,  NZ . The following is a t ranscript o f  the methodology 

employed 

The t racer used to detect binding was synthet i c  ' na t i ve '  LHRH made 

by Peninsular Labora tories Inc, Belmont CA USA . It was iodinated 

wi t h  1 2 5 I u s i n g  a La c t operoxi dase/Gl u c ose Ox i da se me thod and 

p u ri fi e d  on a OAE Seph adex A25 c o l umn . Samp l e s  were di l u t ed 

a ccordingly wi th Assay buffer (20mM Phosphate buffered saline, pH 

7 . 4 con t a in ing 0 . 5 % Bovine serum albumin, 1mM Bacit racin and 0 . 01 %  

Tri t on X- l O O .  1 0 0 �l of the di luted samples were incubated with 

approx 1 5 0 0 0  counts/min of the t racer in a total vol ume of 3 0 0  �l 

fo r 2 0  h ou rs a t  room t empe ra t ure . On e ml of 1 5 %  Polyethylene 

glycol 8 0 0 0  was then added a l ong with 25 �l fil ler serum and the 

t ubes mixed wel l .  The t ubes were then centri fuged at 3 0 0 0g for 25 

min and the superna tan t  removed by aspi ration . 'Bound coun t s '  in 

t h e  pell e t  were determined with a Packard gamma counter . 

( Lun,  1 9 92 ) . 

6 . 2 . 9 . 4 Binding of serum components to Res in 1 

Lamb se rum, 2 ml , was diluted with 2 0  ml of buffer 1 .  The serum was 

f iltered through a 0 . 22 � filter,  and loaded onto the affinity column . 

The c o l umn was sub jected to t he same set of washes given in Section 

6 . 2 . 9 . 2 .  F ractions were collected for analysis by SDS-PAGE . 

6 . 2 . 1 0 Synthesis o f  perloza-S- (Ac) -Cys -Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 

(Resin 2) 

I t  appe ared f rom previous studies into the nature o f  the LHRH Ag-Ab 

interact ion that �he C-terminal glycine amide o f  LHRH had to be present 
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in o rder for the antibodie5 "to bind to LHRH (Singh, 1985,  1 9 8 6 ) . The C

terminal glycine of Resin 1 was bound to the support , and therefore not 

available for binding to  the antibodies . A novel method for coupling a 

f ragment o f  LHRH ( containing the 7 C-terrninal amino acids ) to Perloza 

via a thioether bond was investigated . The aim o f  the study was to 

synthes ise an ana logue of LHRH containing cysteine at the N-terrninus, 

and t o  invest igate condit ions f o r  react ion of the analogue with a

bromoacetarnido Perloza to anchor the peptide via a thioether bond . The 

cys t e ine was placed at  the N-t e rminus in o rder t o  di rect the LHRH 

C-terrninal glycine amide into the aqueous phase for binding antibodies .  

6 . 2 . 1 0 . 1  Synthesis of a-bromoacetamido Perloza 500 Medium 

Arninopropyl Perloza 500 Medium, amine substitution 0 . 5 6  mrnole/g ( 1 . 7 9  g 

dry , 1 rnrno l e  amine ) , was washed with dioxane and t hen with DMF . 

a-Bromoacet ic anhydride was prepared by dissolving a-bromoacetic acid 

( 0 . 5 8 g ,  4 mmole) in 6 rnl DCM, then adding 2 . 1  mrnole DIC (328 �l ) and 

stir ring for 1 0  n lnutes . A white precipitate formed after 30  seconds , 

this was probably the a-bromoacetic anhydride . " After 1 0  minutes 10  ml 

o f  DMF was  a dded ,  the precipit at e  di s s olved . T he a-bromoacetic 

anhydride solut ion was added to the arninopropyl Perloza and reaction was 

continued for  one hour . After 3 5  minutes ninhydrin analysis showed a 

residual amine substitution of 1 . 3  �ole/g . The res in was washed with 

DMF, ethanol and dioxane . A sample was taken for elemental  analysis . 

6 . 2 . 1 0 . 2 Blocking of unreacted a-bromoacetamido groups 

I f  a cysteine-containing pept i de did not react in  1 0 0 %  yield with 

a-bromoactamido Perloza  then it would be necessary to block remaining 

a-bromoacetarnido groups to avo id unwanted coupling of t hio l-containing 

prote ins during chromatography . A study was carried out to invest igate 

various methods for blocking resin-bound a-bromoacetamido groups . 

6 . 2 . 1 0 . 2 . 1 React ion of a-bromoacetamido Perloza 500 Medium with 

2 -mercaptoethanol 

a-Bromoacetamido Perloza ( 0 . 1 0 4  g dry, 0 . 052 mrnole Br )  was washed with 

water and then with O . lM NaHC03 solution . To the resin was added 1 rnl 
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O . lM NaHC03 solut ion and 7 . 3  �l ( 0 . 1 0 4  mmole, 2 eq) 2 -mercaptoethanol .  

S amp l e s  we re t aken for  e lementa l  analys is 15  and 6 0  minutes  after 

addit ion of the pMe . 

6 . 2 . 1 0 . 2 . 2  Reaction of a-bromoacetamido Perloza 500  Medium with 

ethanolamine 

a-Bromoacetamido Perloza ( 0 . 317 g dry, 0 . 1 65 mmole Br) , was washed with 

water and then with O . lM NaHC03 solution . To the resin was added 3 ml 

O . lM NaHC03 and 2 0  �l ( 0 . 33 0  mmole, 2 eq) ethanolamine . The resin was 

rea cted f o r  one hour, then the amine substitut ion was determined by 

picrate tit ration . A sample o f  unreacted a-bromoacetamido Perloza was 

also t it rated to serve as a control . 

6 . 2 . 1 0 . 2 . 3 Reaction of a-bromoacetamido Perloza 5 0 0  Medium with O . lM 

NaOH solution 

a-Bromoacetamido Perloza,  1 . 12 g wet with dioxane , was washed with 

wate r . NaOH solu� ion, O . lM, 2 0  ml ,  was added to the resin . Samples of 

res i n  were t aken at intervals,  washed with water, and then washed and 

dried for e lemental  analysis . 

6 . 2 . 1 0 . 2 . 4  Reaction of a-bromoacetamido Perloza 5 0 0  Medium with O . lM 

Na2£Q3 solution 

a-Bromo a ce t amido Perloza ,  1 . 1 8 9 wet with dioxane , was washed with 

wate r . Na2C03 s olution, O . lM, 2 0  ml,  was added to the resin . Samples 

we re t a ke n  at interval s ,  washed with water,  and then washed and dried 

for e lemental analysis . 

6 . 2 . 1 0 . 3  Solid phase synthesis o f  Ac-Cys -Ser-Tyr-Gly-Leu-Arq-Pro-Gly

NH2' an analogue of LHRH 

The s eque nce o f  the LHRH analogue to be synthesi sed for coupling to 

a-br omoacetamido Perloza was Ac -Cys -Ser -Tyr-Gly-Leu-Arg Pro-Gly-NH2 . 

The pept i de was synthes ised on Perloza 2 0 0  Medium amide-linker resin,  

a mi n e  s ub s t i t u t ion  0 . 2 6  mmo l e / g ,  u s ing the LKB B io lynx pept ide 

synthes iser . The coupling cycles used were reported in Chapter 5 .  The 
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scale of the synthesis was 0 . 1 62 mmole . Fmoc-amino acids were activated 

for coupling using the method of Beyermann et al ( 1 9 9 1 )  given in Section 

6 . 2 . 8 . 1 .  A 6 . 2  X excess of activated Fmoc-amino acid was coupled . The 

thiol of t he Cys was protected with the TFA-labile Trt group . The N

termina l  amino acid ( Cys ) was acetylated for 30  minutes , a fter Fmoc 

c leavage , with acetic anhydride 1 ml ( 1 0 . 6  mmole ) , D lEA 1 . 92 ml ( 1 1  

mmole ) , DMF 2 ml . 

and dried in vacuo . 

The peptide-resin was washed with DMF , DCM, ether, 

6 . 2 . 1 0 . 3 . 1  Pept ide cleavage t 1 

D ry peptide-resin, 224  mg, was treated with 12 ml Reagent B (Chapter 5 ,  

Sect ion 5 . 2 . 6 ) for  14 . 5  hours . The cleavage mixture was worked up using 

w o rkup procedu re 2 ,  reported in Sect ion 5 . 2 . 8 . 2  of Chapter 5 .  The 

pept ide was purified by HPLC to yield 1 5  mg of peptide . A sample of the 

puri fied pept ide was taken for amino acid analysis . The remainder of 

the purified peptide was used in a t rial experiment to test whether the 

pept ide thiol would react with a-bromoacetamido Perloza . 

6 . 2 . 10 . 3 . 2  Peptide cleavage t 2 

The remainder o f  the peptide-resin , 7 0 7  mg, was t reated with 22 ml of 

Reagent B for 1 6 . 5  hours , then worked up as described for cleavage t 1 .  

The peptide was purified by HPLC to give 5 1 . 8  mg of purified peptide . A 

s amp le o f  the pur i f ie d  pept ide , 2 . 0  mg , was  t a ken f o r  amino acid 

analysis . 

6 . 2 . 10 . 4  React ion of Ac-Cys-Ser-Tvr-Gly-Leu-Arg-Pro-Gly-NH2 with 

a-bromoacetamido Perloza 

6 . 2 . 10 . 4 . 1  Reaction of Ac-Cys-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 with 

a-bromoacetamido Perloza : Experiment 1 

Dioxane-wet a-Bromoacetamido Perloza ( 0 . 0 1 1 4  g dry, 0 . 0 1 1 8  mmole Br) 

was washed with water . The resin was t ransferred to a vial containing 

1 4 . 1  mg ( 0 . 0158  mmole ) of the peptide (Ac-Cys-Ser-Tyr-Gly-Leu-Arg-Pro

Gly-NH2 ) .  NaHC03 solut ion , 1 ml , wa s added . The reaction was mixed 

( Rototorque ) for one hour, then filtered . The peptide-re s in was washed 
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w i t h wat e r . The  pept ide s ub s t itut ion wa s det e rmined by p i c rate 

t it ration o f  the a rginine guanidine group , and also by amino acid 

a n a l y s i s  o f  t he d r i e d  pept ide - re s i n re s u lt ing f rom t he p i c rate 

t i t r a t i on . A s ample of  t h e  dried pept ide-resin f rom the pic rate 

t i t ration was a l s o  subjected to element a l  ana lys i s  for sulphur and 

bromine . 

6 . 2 . 1 0 . 4 . 2 Reaction of Ac-Cys -Ser-Tvr-Gly-Leu-Arg-Pro-Gly-NH2 with 

a-bromoacetamido Perloza : Experiment 2 

a-Bromoacetamido Perloza 5 0 0  medium ( 0 . 0572 g dry, 0 . 02 8 6  mmole Br) was 

washed f rom dioxane to distilled water . The peptide (Ac-Cys-Ser-Tyr-

Gly-Leu-Arg-P ro-Gly-NH2 ) '  4 9 . 1  mg ( 0 . 0 5 5  mmole s ) , wa s added to the 

res in . NaHC03 solution, 0 . 1M, 1 ml ,  was added, followed by 54 �l 0 . 22 

mmo le t ri -n-butyl phosphine in 1 4 6  �l 2 -propanol . The react ion was 

mixed (Rototorque ) for 2 hours . After 2 hours pMe, 4 �l , 0 . 0572 mmoles , 

was added to block unreacted a-bromoacetamido groups,  and the reaction 

was mixed f o r  a further hour . The pept i de -res in was c o l lected by 

filtration, and washed sequent ially with 5 0 %  aqueous ethanol,  dioxane, 

e t h a no l ,  and i s op ropanol unt i l  t he o dours of  pMe and t r i-n-butyl 

phosphine were no longer present . The pept ide-res in was then washed 

with water . Samples of dried peptide-resin were taken for elemental and 

amino acid analyses . This pept ide-resin ( referred to as Resin 2 )  was 

tested for binding and elution of antibodies to LHRH . 

6 . 2 . 1 1 Affinity isolat ion of antibodies to LHRH using Resin 2 

An identical procedure to that given in Section 6 . 2 . 9 . 2  was used . All 

buffers used were the same as those given in section 6 . 2 . 9 . 2 . Dialysed 

s o l u t i on conta ining ant ibodies t o  LHRH ( Sect ion 6 . 2 . 9 . 1 ) 2 ml , was 

diluted with 2 0  ml buffer 1 ,  and filtered through a 0 . 2 2  � filter . The 

solut ion was loaded onto the affinity column, which had been equili

brated with buffer 1 .  The breakthrough fraction was eluted using buffer 

1 .  The c olumn was then washed with buffer 2 to elute material bound via 

ionic interact ions . The column was washed again with buffer 1 .  The 

column was t hen washed with buffer 3 ,  followed by washing with buffer 4 

t o  e lute the antibodies . The column was then washed with buffer 1 ,  

followed by a wash with O . 1M NaOH solution, and a final wash with buffer 
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1 .  The e lut ion  f ract ions f rom bu f f e r s  3 and 4 we re immediately 

neut r a l i sed with 1 0 0mM Tris buffe r ,  pH 8 . 0 .  The fractions from the 

c o l umn washes  with buf fers 2 and 4 were dialysed vs buffer 1 at 4 0C 

( 2 X  3 0  minutes , 2 X  1 hour,  1X 1 6  hours ) . The fractions were reduced 

b e fore analysis by SDS-PAGE ( a  Pharmacia PhastGel,  12 . 5% homogeneous , 

w a s  used  f o r  the ana lys i s ) . Samples were also subjected to  RIA to 

determine the presence of antibodies to LHRH . 

6 . 2 . 1 1 . 1  Binding of serum components to Resin 2 

Lamb se rum, 2 ml , was diluted with 2 0  ml of buffer 1 .  The serum was 

f iltered through a 0 . 22 � filter, and loaded onto the affinity column . 

The column was sub jected to  the same set of washes given in Section 

6 . 2 . 9 . 2 .  Fractions were collected for analysis by SDS-PAGE . 
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6 . 3 . 1  Chymosin purification using Val-dLeu-Pro-Phe-Phe-Val-dLeu

Perloza 
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Va l -dLe u - P r o - P he -Phe-Va l -dLe u ,  a spec i f i c  inhibi t o r  of a spa rtic  

prote inases ,  was s ynthes ised directly onto aminopropyl Perloza . The 

pept ide-perloza was  tested for use as an affinity mat rix for chymosin 

purification . 

Because the peptide contained no side chain protected amino acids ,  the 

pept ide - re s in was  synt hesised using the Boc methodology reported in 

Chapte r  3 ,  except that the Boc -amino acids we re act ivated as their 

s ymme t r i c a l  a nhydride s . At complet ion o f  the synthe s is the amine 

subs t itut ion det e rmined by picrate t it rat ion was 0 . 2 6  mmole/g . The 

theoretical amine substitution, based on an init ial amine substitution 

of 0 . 37 mmole . g, was 0 . 2 8  mmole/g . The picrate t itration result showed 

reas onable agreement with the theoret ical result , thus providing an 

initial indicat ion that the synthesis had proceeded satisfactorily . 

Amin o  a c id ana lys i s  o f  the pept ide - resin gave the expected ratios : 

P ro 0 . 9  ( 1 ) , Val 1 . 8  ( 2 ) , Leu 2 . 0  ( 2 ) , Phe 1 . 9  ( 2 ) , based on Leu c 2 . 0 0 .  

After a 3 0  minute wash with O . lM NaOH the ratios were : P ro 1 . 0 ( 1 ) , Val 

1 . 7 ( 2 ) , Leu 2 . 0  ( 2 ) , Phe 2 . 0  ( 2 ) . The rat ios were s imilar to those 

found before the wash with NaOH, and suggested the peptide was stable to 

this reagent . The peptide-ligand substitution calculated from the amino 

acid analysis result was 0 . 2 5  mmole/g, which showed good agreement with 

the pic rate t it ration result of 0 . 2 6  mmole/g and the theoret ical result 

of 0 . 2 8 mmole / g . In both cases , pre and post wash,  the valine ratio was 

s l ight l y  l o w ,  which  may indi c a t e  that v a l ine had not  coupled as 

efficiently as the other amino acids . Considering that s ingle couplings 

of only a 2 . SX e xcess of act ivated Boc-amino a cid were employed, the 

amino a c i d  ana l y s i s  results were e ncouraging . The c lose agreement 

between the t h e o ret ical  and expe rimenta l l y  f ound amino acid ratios 

suggested that a s ignific ant amount o f  the pept ide bound to the resin 

was the desired l igand . 
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One consequence of washing the peptide-resin with NaOH is that any amino 

a c i ds o r  incomplete pept ides bound direct ly to  t he s upport may be 

cleaved by alkaline hydrolysis (Vlasov et a I ,  1973 ) . 

An initial  attempt to bind and e lute chymosin us ing the peptide-resin 

with t he buf fers  and washing sequence reported by St rop et al  ( 1 990 )  

was  u n s u c ce s s f u l . T he ma in d i f f e rence between t he pept ide-res in 

synthes ised in this study and that used by Strop et al was that they 

coupled the peptide to the support via its amino terminus , thus leaving 

the C-terminal carboxyl group directed into the chymosin solut ion . It 

was postulated that the free amino terminus of the peptide-resin used in 

this study may have prevented binding of the chymosin t o  the peptide

l igand . The resin was therefore succinylated to introduce a carboxyl 

group at the end of the peptide . 

The pept ide - re s in was able to  bind chymosin following introduction of 

the carboxyl group by succinylation . The chymosin could then be eluted 

us ing the conditions given be St rop et a l  ( 1 9 9 0 ) . Thi s  experiment , 

using commercial food grade chymosin,  served to demonstrate that it was 

pos s ible t o  synthesise a peptide-ligand directly onto Perloza,  and to 

u s e  t he p e p t i de - re s i n t o  b in d  a nd l a t e r  r e l e a s e  a b i o logi c a l  

mac romolecule . The next step wa s to test whether the pept ide-resin 

affinity matrix could be used to isolate chymosin from a crude solution 

conta ining a number of contaminant proteins . 

A dialysed solut ion containing chymosin from a recombinant source (gift 

of Genencor, SF,  USA) was used in this study . As well as chymosin, the 

solut ion contained a number of contaminant fungal proteins . Two purifi

cat ion runs were undertaken . 

In run A the buffers reported by Strop et al ( 1 9 9 0 )  were used . In run B 

the buffers were changed to eliminate dioxane (a known carcinogen) . The 

eluti on profiles �f purification runs A and B are given as Figures 6 . 1  

and 6 . 2 respectively . A milk clotting assay of the fractions derived 

f rom the purification runs revealed that chymosin act ivity was confined 

to t he f ractions derived from the elution buffers . 

Samp l e s  o f  the f ract i ons f rom t he pur i fications runs were taken and 

concentrated l O X in vacuo . The solutions were prepared for SDS-PAGE . 
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The final concent ration of the solutions analysed by SDS-PAGE was 5X the 

init i a l  concent ration . P roteins were visualised using t he sensit ive 

silve r  stain . A photograph of the gel is given as Figure 6 . 3 .  Lanes 

5 - 8  o f  F igure 6 . 3 correspond respect ively to s amples  t a ken from the 

peak s  numbered AS -AB in Figure 6 . 1  ( run A) . Lane 4 of Figure 6 . 3  was 

the c rude chymosin solution applied to the affinity column at the start 

o f  each purificat ion run . Lanes 3 and 2 of Figure 6 . 3  correspond to 

s amples taken f rom peaks B3 and B2 of Figure 6 . 2  ( run B) . Lane 1 was a 

dilution of pea k  B2 (Figure 6 . 2 ,  run B) . 

The mil k  clott ing assay showed that chymosin activity was confined to 

peak A6 of run A ( Figure 6 . 1 ) and peak B2 of run B (Figure 6 . 2 ) . No 

chymo s in milk  clotting activity was found in the breakthrough fractions 

o f  runs  A a nd B ( peak AB of f igu re 6 . 1  and peak B3 o f  f igure 6 . 2  

respect ively ) . Neither was milk  c l otting act ivity found in the first 

peak to e lute f rom run A (peak A7 , Figure 6 . 1 ) after application o f  

buffer  C ,  the c hymosin elution buf fer . The SDS-PAGE gel ( Figure 6 . 3 ) 

s h owed a s ingle band ' in lane 6 ( peak  A6 , run A,  buf f e r  C chymosin 

e lution f raction ) , and one dark and one very faint band in lane 2 (peak 

B2 , run B, buf fe r  E chymosin e lut ion f raction ) . Lanes 6 and 2 ( the 

chymosin e lution f ractions of runs A and B respectively )  of Figure 6 . 3  

m a y  b e  comp a r e d  t o  t he c rude c hymo s i n s o lut i on r u n  i n  lane 4 .  

Comparison of lanes 6 and 2 with lane 4 shows considerable purification 

o f  chymosin from the original solution, as evidenced by the almost total 

lack of contaminants in elution buffer fractions run in lanes 6 and 2 of 

F igure 6 . 3 .  

It  was found in  this study that chymosin did not bind to the peptide-

l igand when i t  contained a f ree N-terminal amine group . Howeve r ,  

succinylat ion o f  the peptide-ligand gave a pept ide-support which was 

succes s fully used for the isolation of chymosin . In this instance the 

s ynthesis  of the ligand directly onto aminopropyl Perloza us ing standard 

C to N terminal SPPS methodology was probably not the method of choice 

f o r  immobi l i s a t i on o f  the l igan d . H oweve r ,  t he re s ul t s o f  t h i s  

pre l iminary study still served to p rove that a n  affinity mat rix made by 

s ynthes i s ing a pept ide-ligand direct ly onto Perloza could be used to 

isolate and pur i fy the target enzyme . 
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B u f f e r  A :  30mM forma t e , p H  4 . 0 , 1 5  % d ioxane ( loading buf fer ) 

B u f f e r  B :  30mM f ormate , pH 4 . 0 , 1 3  % d ioxane 

B u f f e r  C :  30mM f ormat e ,  pH 6 . 5 , 3 3 %  dioxane , ImM EDTA 



Figure 6 . 2  Chymosin purification using buffers 0 and E 
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Figure 6 . 3  SDS-PAGE of fractions from chymos in purification runs 

- I  

I 
'I 

1 2 3 4 5 6 7 8 

Lane 1 : D i lution o f  peak B2 , F igure 6 . 2 (buffer E chymosin e lution 

f ra c t ion ) 

Lane 2 : P e a k  B2 , F igure 6 . 2  (buffer E chymo s i n  e lu t i o n  fract ion ) 

Lane 3 :  P e a k  B3 , F igure 6 . 2 (buffer D breakt h rough f raction) 

Lane 4 : C rude chymo s in so lution prior t o  a f finity puri fication 

Lane 5 :  P e a k  A5 , F i gure 6 . 1  (NaOH wa s h  fraction) 

Lane 6 : P e a k  A6, F i gure 6 . 1  (buffer C chymo s in e lu t i o n  f ract ion ) 

Lane 7 : P e a k  A7 , F igure 6 . 1  (buffer C, first peak t o  e lute ) 

Lane B :  P e a k  AB , F igure 6 . 1  (buffers A and B breakth rough f raction ) 
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Unfunct ionalised Perloza was reacted with Fmoc-glycine-OBt ester . The 

glycine substitution was 0 . 2 4  mmole/g by picrate tit ration,  0 . 2 0  mmole/g 

by e lemental analysis for nitrogen, 0 . 2 4  mmole/g by amino acid analysis 

of an alkaline hydrolysate, and 0 . 2 5  mmole /g by amino acid analysis of 

an a c id hydro lysate . The results of the different analytical methods 

showed good agreement except for the elemental analysis for nitrogen, 

whi c h  w a s  s light ly lower than the others . The glyc ine substitution 

level o f  0 . 2 4 mmole/g indicated that a significant amount of the Fmoc

Gly-OBt ester had reacted with the unmodified Perloza . This result may 

be c ompa red with that found in Section 5 . 3 . 2  of Chapter 5 .  In Chapter 5 

Fmoc-Gly-OBt was formed by reaction in DMF, whereas in this study it was 

formed by react ion in DCM . The glycine substitution from the result 

reported in Chapte r  5 was 0 . 0 0 5  mmole/g, whereas in this study it was 

0 . 2 4  mmole/g . From a comparison of these two results it appeared that 

Fmo c-Gly-OBt formed in DCM was s igni ficantly more reactive than Fmoc

Gly-OBt formed in DMF . All Fmoc-amino acid couplings reported in this 

Chapter were via Fmoc-amino acyl-OBt esters formed in DCM . However, it 

was  not  known whether s ign i f i cant c oupl ing o f  Fmoc-amino ac ids to 

functionalised Perloza would occur, a s  it was expected that many of the 

react ive cellulose hydroxyl groups would have reacted with acrylonitrile 

du r i n g  t he i n i t i a l  f u n c t i o n a l i s a t i on of the re s in ,  ma k ing them 

unavailable for reaction with Fmoc-amino acyl-OBt esters . The results 

of this study suggested that s ignificant amounts of incomplete peptides 

may be able t o  f o rm on the ca rbohydrate backbone . However ,  it was 

p r o p o s e d  t h a t  w a s hing t h e  pept ide - re s i n  with NaOH solut ion would 

probably cleave any peptide bound to the carbohydrate backbone (Vlasov 

et a I ,  1 97 3 ;  Orlowska et a l ,  1975 ) . 

6 . 3 . 3  Synthesis o f  pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arq-Pro-Gly

Perloza 5 0 0  Medium (LHRH-Perloza 50 0, Resin 1) 

6 . 3 . 3 . 1 Treatment of Arq(Mt r) -Pro-Gly-Perloza 500 with TMSBR/ 

thioanisole/TFA in DCM 

Res i n  1 ,  pGIu-His- Trp-Ser-Tyr-GIy-Leu-Arg-Pro-Gly-Perloza 5 0 0  Medium, 

was  made by synthesis ing t he pept ide ( LHRH) directly onto aminopropyl 



178 

P e r l o z a  ( initial  amine subst itution 0 . 3 1 mmo le /g) . A sample of the 

p e p t i de - re s in w a s  t a ke n  a f t e r  addit ion  o f  t he t hi r d  amino acid 

( a rginine ) and c leavage of the Fmoc group . Picrate t it ration gave an 

amine substitut ion of 0 . 2 8  mmole/g (theory : 0 . 27  mmole/g) . A portion of 

the resin was hydrolysed for amino acid analysis . The amino acid ratios 

were as expected : Pro 1 . 0  [ 1 1 , Gly 1 . 0  [ 1 1 ,  Arg 1 . 0  [ 1 1 . The peptide 

s ubst itut ion calculated f rom the amino acid analysis result was 0 . 27 

mmol e / g  ( t heory : 0 . 27 mmole/g ) . The peptide-resin was analysed after 

coupling of a rginine to ensure that the coupling had gone in high yield . 

Fmoc-Arg (Mt r )  couplings can be slower than couplings of other Fmoc-amino 

acids ( Athe rton et aI ,  1983b) and do not always go to completion (Eberle 

et a I ,  1 9 8 6 ;  Harrison et aI,  1 9 8 8 ) . The amino acid analys is result 

showed that  the a rginine coupling had been nea rly quant itative . A 

sample o f  the Arg (Mtr) -Pro-Gly-resin was t reated with a solution of 8 . 3% 

TFA, 4 . 2 % TMSBR, 4 . 2% thioanisole, in DCM for 15  minutes .  The aim of 

this  e xper iment was to determine whether the reagent would cleave the 

Mtr group f rom the NG of a rginine, but leave the flow properties of the 

resin unimpaired . If the Mtr group had been quantitatively cleaved the 

expected amine substitution based on the picrate titration result would 

be 0 . 6 0 mmole /g . The found result was 0 . 3 8  mmole / g . This suggested 

that e ither not all of the NG-Mtr had been cleaved, or that some of the 

pept i de had been c leaved f rom the resin . Amino acid analysis of the 

t reated resin gav,� the amino acid ratios : Pro 0 . 9  [ 1 1 , Gly 1 . 0  [ 1 1 , Arg 

0 . 6  [ 1 ] . The peptide subst itution based on this amino acid analysis was 

0 . 2 2  mmole/g, which may be compared to the pre-treatment substitution of 

0 . 2 7  mmole / g . These results suggested that the reagent had cleaved some 

o f  the a rginine at the Arg-Pro bond, and also that some of the peptide 

had been c leaved from the resin . The expected amine substitution based 

o n  t he ami no a c id a n a lys is  result was , to a f ir s t  approximat ion , 

0 . 3 6  mmole/g ( [ 0 . 22 + 0 . 6  X 0 . 2 2 ]  mmole/g) ,  assuming that all of the NG_ 

Mtr had been cleaved f rom the a rginine . This result may be compared to 

the f ound result of 0 . 38 mmole/g, and suggested that the Mtr group had 

indeed been cleaved by a combination of TFA, TMSBR, and thioanisole . 

The results of tl . is experiment suggested that a solut ion of 8 . 3% TFA, 

4 . 2 % TMSBR, 4 . 2 %  thioanisole , in DCM, was able to rapidly cleave the 

a rg i n i n e  NG-Mt r protect ing g roup in a sho rt ( 1 5 minute s )  t ime . In 

addition,  the flow properties of the resin did not appear to have been 
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s ignificant ly impaired after the t reatment . The cleavage reagent also 

appea red to give cleavage of peptide from the resin, as well as cleavage 

o f  t he Arg-Pro bond . Howeve r ,  despite the drawbacks found in this 

preliminary experiment , a combination of TFA/TMSBR/thioanisole appeared 

t o  have s ome potential as a reagent for  cleavage of amino a c id side 

chain protect ing groups from a peptide-ligand synthesised onto Perloza 

u s ing the Fmoc methodo logy . Therefore,  further development o f  the 

reagent was undertaken in a later study ( see Section 6 . 3 . 3 . 3 ) . 

6 . 3 . 3 . 2 Analysis of side chain protected LHRH-Perloza resins 

The peptide synthesis was completed and samples of both the cleavable

l inked and non-cleavable pept ide-resins were taken for hydrolysis and 

amino acid analysis . The amino acid analys is results are given in Table 

6 . 1 .  Compa rison o f  the two sets of results shows very similar amino 

a c i d  rat i o s  f o r  t he two resins except f o r  arginine , where the non-

cleavable result was s ignificantly lower . The low result for arginine 

found for the non-cleavable res in was not a cause for concern because 

t h e  r a t i o  f ound d i re c t ly a f t e r  coup l ing of the a rginine ( Sect ion 

6 . 3 . 3 . 1 ) had indicated nea rly quantitative coupling of this amino acid . 

The difference between the a rginine results for the two peptide-resins 

may have been due to random experimental variation in the Arg analysis 

result for the non-cleavable peptide-resin . 

Tabl.. 6 . 1.  Amino acid analy... o� LKRB-peptide-reain. 

Amino acid Expected Found 

Cleavable Non-cleavable 

Ser 1 0 . 7 9 0 . 78 

Glu 1 1 .  03  0 . 98 

P ro 1 1 .  07  1 . 0 9 

Gly 2 2 . 0 0 2 . 00 

Leu 1 0 . 8 4 0 . 81 

Tyr 1 0 . 78 0 . 74 

His 1 0 . 8 4 0 . 80 

Arg 1 1 . 0 1 0 . 83 

T rp 1 n . d . n . d . 



180 

The s imilarity between the amino acid analysis results for the cleavable 

and non-cleavable peptide-resins ( Table 6 . 1 ) suggested that the amino 

a c id coupling yields were s imilar for both syntheses . I f  it is assumed 

that the coupling yields were identical for the two peptide-resins , then 

HPLC analysis of the c rude cleaved peptide would give an indicat ion of 

the integrity of resin-bound peptide ligand . Figure 6 . 4  is a HPLC trace 

of c rude cleaved peptide derived from the cleavable peptide-resin . The 

t race shows a ma jor peak at 3 1  minutes with a minor contaminant peak at 

3 3  minut e s . The HPLC retent i on t ime of the ma j o r  pept ide peak was 

identical to that o f  authentic LHRH . A combination o f  the amino acid 

a n a l y s i s  r e s u l t s  and HP LC a n a ly s i s  o f  the c rude c le a ved pept ide 

suggested that a substantial proport ion of the resin-bound peptide was 

the requ i red ligand . 

Figure 6 . 4  BPLC trace of crude cleaved LHRH from amide-linker resin 
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The resin-bound peptide substitution levels based on amino acid analysis 

results were 0 . 1 8  mmole /g for the cleavable peptide-resin (theory 0 . 18 

mmol e / g )  and 0 . 2 0  mmole /g for the non-cleavable peptide-resin (theory 

0 . 2 0  mmole/g . The peptide substitution levels , as determined by amino 

acid analyses , suggested that little or no peptide had formed directly 

onto the carbohydrate matrix, even though highly active Fmoc-amino acyl

OBt esters were used for the couplings ( Section 6 . 3 . 2 ) . This in turn 

sugg es ted that many o f  the react ive carbohydrate hydroxyls  had been 

occupied during the init ial derivat isation of the resin with acrylo

nit r i le . 

6 . 3 . 3 . 3  Cleavage of side chain protecting groups from pGlu-His (Trt) 

Trp-Ser (tBu) -Tyr (tBu) -Gly-Leu-Arg(Mtr) -Pro-Gly-Perloza 500  

Medium 

The next study wa s an invest igation of the c leavage of s ide chain 

prot e c t ing g roups f rom the pept ide bound to the resin . A study of 

cleava ge reagents containing TFA/TMSBR/thioanisole with combinations of 

other scavengers was undertaken . TMSBR/TFA/thioanisole in combinat ion 

with other scavengers was used because it had previously been shown to 

be a n  e f fect ive r eagent f o r  c leavage o f  the Mt r group f rom NG of 

a rginine ( Ya j ima et aI, 1 9 8 8 ;  Fischer et a l ,  1 9 92 ) . 

Port ions o f  the cleavable peptide-amide l inker-resin were t reated with 

d i f f erent cleavage reagents .  Samples o f  the solutions were t aken at 

inter va l s ,  added t o  ethe r ,  and wate r  was added . The water layer was 

separated and centr ifuged prior to HPLC analysis . Mulholland and Hague 

( 1 9 9 2 )  deve loped a cap i l l a ry zone e lect rophore s i s  (CZE )  method for 

monito r ing deprotection of Arg (Mt r )  containing peptides as an a lter-

nat i ve to  HPLC monitoring because it wa s thought that mult iple ether 

ext ract ions were necessary to prepare samples for HPLC . However, it was 

found in this study that a single ether ext ract ion followed by centri

fugati on was all that was required to prepare the samples for analysis 

by HPLC . 

Two ma j o r  peaks were usually seen on HPLC , one with a retention t ime of 

31  minutes ( same retention time as authent ic LHRH ) , with another at 45  

minutes . The 4 5  minute peak was found to  decrease in height with time 
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rel a tive to the 3 1  minute peak . This suggested that the 45  minute peak 

was LHRH with the Mtr protecting group still on the NG of the arginine . 

In o rder to evaluate the relative effectiveness of the reagents tested, 

the ratio of the height o f  the 45 minute peak to the height of the 31 

minute peak was compared. The reagent which gave the lowest peak height 

rat i o  was then taken as being the most effective at cleaving the Mtr 

group . The results of this study of Reagents 1 - 3 are given in Table 

6 . 2 .  

Table 6 . 2 Treatment of LHRR-amide linker-reain with cleavage reagents 

* 
Reagent Time (min) 

1 5 

2 

3 

4 

5 

1 0  

6 0  

45  

5 

3 0  

6 0  

120  

1 8 0  

6 0  

120  

1 8 0  

Ratio : 4 5  min peak height / 3 1  min peak height 

5 . 0 0 

4 . 0 0 

0 . 50 

0 . 6 6 

0 . 32 

0 . 40 

0 . 18 

0 . 05 

0 . 01 

0 . 68 

0 . 3 9  

0 . 2 1 

* Ref e r  to  Sect ion 6 . 2 . 8 . 4  for reagent composition 

The results given in Table 6 . 2  indicated that Reagent 3 was the most 

effect ive of the three reagent s tested . Reagent 3 contained 8 0 %  TFA, 

whi c h ,  based on the results reported in Chapters 4 and 5, was likely to 

degrade the Perloza resin . Reagent 3 was therefore diluted to  final TFA 

concentrations of 1 6% and 8% . The dilutions were named Reagents 4 and 5 

respect ively . The exposure t ime of the peptide-amide linker-res in to 
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Rea gents 4 and 5 was increased in comparison to that used for Reagents 

1-3  in orde r  to compens ate for the lower concentration of the cleavage 

r e agent s .  S amples  of the c leavable pept ide -resin was t reated with 

Rea gents 4 and 5 for three hours . HPLC analysis of the solutions showed 

that a fter three hours Reagent 4 had cleaved a lmost all of the Mtr from 

the NG of a rginine (see Table 6 . 2 ) . Reagent 5 was not as effective as 

Rea gent 4 at cleaving the NG-Mtr group after 3 hours (Table 6 . 2 ) . 

All  o f  the reagents tested gave a product which on HPLC had the same 

ret e nt ion t ime a s  aut hentic LHRH . This was s ignif icant because the 

t ryptophan of LHRH can be readily alkylated by Mtr from a rginine unless 

appropriate s cavengers are used ( S ieber ,  1 9 87 ) . If the t ryptophan had 

been alkylated the retention t ime on HPLC would have been expected to 

diff er f rom that of authentic LHRH . 

LHRH w a s  a u s e f u l  mode l pept ide to  u s e  i n  t h i s  s t udy because it 

conta ined the a l kylati on-sensitive t ryptopha n  residue in company with 

the difficult to cleave Arg NG-Mt r group . I n  addit ion, the sometimes 

di f f ic u l t  t o  c le ave t Bu ether o f  se rine ( Ramage et a l ,  1 9 9 1 )  was 

present . It would be expected that if a cleavage reagent was found to 

be s u it able for removing the s ide chain protecting groups employed in 

t h i s  study o f  LHRH , t hen it should be usable at least for most short 

« 15 res idues)  peptide-ligands . 

Rea gent 4 was selected for cleavage of amino acid side chain protect ing 

groups f rom the non-cleavable LHRH-resin . The reagent perfo rmance was 

evaluated in two ways . Two of the amino acids of LHRH bound to Perloza, 

His and Arg, had s ide chains which could be t it rated with picric acid . 

S in c e  the pept ide subst itution was known f rom the amino acid analysis 

res u l t s  ( 0 . 20 mmole/g, Sect ion 6 . 3 . 3 . 2 ) , the amine substitution expected 

on quant itative s ide chain cleavage could be calculated . Allowance had 

to be made in the calculation for loss of weight due to removal of s ide 

cha i n  protect ing groups . The final peptide subst itution expected on 

quan t itative s ide chain cleavage (as suming no cleavage o f  peptide f rom 

the r e s i n )  would be 0 . 2 3 mmole/g ( for calculat ion see Equat ion 6 . 1 ,  

S ec t ion  6 . 2 . 8 . 5 ) . The expected tit rat ion result would be twice the 

expected peptide substitution level ,  that is,  0 . 4 6 mmole/g (one His , one 

Arg, no N-terminal amine ) . 
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In a preliminary exper iment , s ide chain protected Resin 1 was t reated 

with Reagent 4 for three hours . Samples of the LHRH-resin were taken 

after 2 and 3 hours for picrate tit ration and amino acid analysis ( see 

Table 6 . 3 ) . After both 2 and 3 hours the amine substitution by picrate 

t i t r a t ion  was 0 . 4 6 mmole/g,  which indicated quantitative s ide chain 

deprotection with insignificant cleavage of peptide from the support . 

The pept ide subst i tution,  a ft e r  t reatment of the pept ide-resin with 

Reagent 4 ,  as determined by amino acid analysis,  was slight ly higher 

than expected ( 0 . 2 8 mmole/g by t it rat ion compared to 0 . 2 3  mmole/g by 

calculation )  . However,  the picrate t it ration result was as expected 

f rom c alculation . Considering the good agreement between the picrate 

titration result and the calculated amine substitution, the higher than 

expected amino acid analysis result may have been due to an error in the 

calib rat ion of the amino acid analyser for that day . 

�abl. 6 . 3  Amino acid analy ••• o� LBRB-P.rloza a�t.r treatment with 

Reagent .. 

Amino acid Expected Initial 2hr reaction 

Ser 1 0 . 7 8 0 . 80 

Gl.u 1 0 . 98 0 . 93 

Pro 1 1 . 0 9 0 . 93 

Gly 2 2 . 00 2 . 00 

Leu 1 0 . 8 1 0 . 95 

Tyr 1 0 . 74 0 . 7 4  

His 1 0 . 80 0 . 84 

Arg 1 0 . 83 0 . 82 

Trp 1 n . d .  n . d .  

peptide substitution based on Gly resul.t : 

2 hr 

3 h r  

0 . 27  mmole/g 

0 . 2 8  mmole/g 

Expected by calculation : 0 . 23  mmole/g 

3hr reaction 

0 . 8 0 

0 . 92 

0 . 90 

2 . 0 0 

0 . 91 

0 . 73 

0 . 8 1 

0 . 8 4 

n . d .  
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Fol lowing the success of the preliminary experiment , the bulk of the 

non- cleavable LHRH-Perloza was t reated with Reagent 4 for 3 hours to 

c l e a ve t h e  amino a c i d  s ide c h a i n  p r o t e c t ing g ro up s . The amine 

subst itution as determined by picrate tit ration was 0 . 4 4 mmole/g (theory 

0 . 4 6 mmol e / g ) , and indicated subst ant ial  removal of amino acid side 

cha i n  protect ing groups . The LHRH-Perloza 5 0 0  pept ide-resin (Resin 1 )  

was t hen used t o  study binding and elut ion o f  antibodies to  LHRH (see 

Sect ion 6 . 2 . 1 , gift of Dr . K . P .  McNatty, MAF ,  Wallaceville, NZ ) . 

6 . 3 . 4  Use o f  Resin 1 for isolation of antibodies to LHRH 

Buf fe rs used in this study were : 

Buf f e r  1 1 0mM Tris,  pH 7 . 5  

Buffer  2 1 0mM Tris,  pH 7 . 5 ,  5 0 0mM NaCl 

Buff e r  3 1 0mM citrate , pH 3 . 0  

Buff e r  4 5M guanidine hydrochloride ,  pH 1 . 5  

A copy of the A2 8 0  tra ce o f  the antibody affinity purification i s  given 

a s  F ig u re 6 . 5 .  S amples f rom this  run were analysed by SDS-PAGE, a 

photograph of the gel is given as Figure 6 . 6 .  Antibodies consist of two 

types o f  polypeptide chains (the heavy chain, molecular weight approxi

matel y  5 5 0 0 0 ,  and the light chain, molecular weight approximately 25000 )  

held t ogether by disulphide bonds . Because the samples applied to  the 

SOS -P AGE gels were reduced using �, both the heavy and light chains 

were expected to be seen on the gel .  Lanes 5 and 6 of Figure 6 . 6  are of 

the buffer 2 and buffer 3 washes respectively . Both of these fractions 

show t he pre sence of immunoglobulin heavy chain,  a lthough the light 

cha i n  does not appear to have been stained, even though RIA indicated 

that antibodies to LHRH were present in the samples run in these lanes . 

Lane 7 was the f raction from the elut ion buffer,  that is , buffer 4 ,  and 

lane 8 was the f raction from a wash of the column with O . lM NaOH . These 

f racti ons also c ontained heavy chain immunoglobulin, but again the light 

chain does not appear to have sta ined . Fract ions represented by lanes 

5-8 a l l  contained a band, heavier than the immunoglobulin heavy chain, 

that was o f  the same weight as a lbumin ( run in lane 2 )  RIA of the 

fra c t i ons  run in  lanes 5 - 7  indi cated t hat ant ibodies to LHRH we re 

present in all o f  the fractions . However ,  the fractions represented by 
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lane s 6 and 7 in Figure 6 . 5  ( lane 6 : - buffer 3 { l OmM citrate , pH 3 . 0 0 } : 

lane 7 : - buf fer 4 ( 5M guanidine . Hel , pH l . 5 } )  appeared to contain mainly 

immunoglobulin heavy chain, ,with some heavier contaminant protein, which 

had  a s imil a r  we ight to a lbumin . The results of this preliminary 

experiment ( not opt imised) showed that it was possible to construct a 

pept ide - l igand onto Perloza for the a f finity isolat ion o f  ant ibodies 

specific to the peptide-ligand . 

RIA ( performed by M r .  S .  Lun, MAF, Wallaceville ,  NZ ) of the f ractions 

f rom the purificat ion run (Figure 6 . 5 ) showed that antibodies to LHRH 

we re p r e s ent i n  eve ry f r a c t ion , i n c l uding the breakthrough peak . 

Because the ant ibodies we re from a polyclonal source , the presence of 

ant i bodies to LHRH in every f raction may have been due to diffe rent 

popu lat ions o f  ant ibody , each with dif ferent a f f inity for the LHRH 

ligand, being present in the serum .  Alternatively, the column capacity 

may have been exceeded, or the flow rate of the serum through the column 

may h ave been t oo fast t o  a l low t ime f o r  full inte ract ion of the 

ant ibodies with the immobilised peptide-ligand . 

Figure 6 . 5  A2 8 0  trace of purification of antibodies to LRRR using 
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Figure 6 . 6  SDS-PAGE gel of fractions from affinity purification of 

antibodies to LHRH using Resin 1 
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Lane 1 : Mole c ular we i ght st andards 

L ane 2 : r c p  bovine a lbumi n  

La ne 3 :  I g G  serum fract ion loaded onto c o lumn 
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La ne 4 :  Buf f e r  1 ( l OmM Tr i s ,  pH 7 . 5 )  breakthrou gh fract ion 

Lane 5 :  Buf f e r  2 ( l OmM T ri s , pH 7 . 5 ,  500mM NaC l ) eluate 

L a ne 6 :  Buf f e r  3 ( l OmM c it r a t e , pH 3 . 0 )  elua t e  

Lane 7 : Buf f e r  4 ( 5M guanidine hydrochloride , pH 1 . 5 )  e l u a t e  

Lane 8 :  O . l M NaOH e luat e 
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6 . 3 . 4 . 1  Binding o f  serum components to Resin 1 

The purpose of this experiment was to  determine whether any components 

of serum would bind to the peptide-res in . The lamb serum used in this 

study was not sub jected to ammonium sulphate precipitat ion in order to 

give a "worst case" indication of non-specific binding . Lamb serum was 

diluted and run through Resin 1 us ing the same set of washes employed 

for the ant ibody isolation run . A copy of the A2 8 0  t race is given as 

F i g u re 6 . 7 .  S amples of the f ract i ons we re analysed by SOS-PAGE , a 

photograph of the gel is given as Figure 6 . 8 .  Lanes 6 and 7 of Figure 

6 . 8  represent the elution buffer (buffer 4 ,  5M guanidine hydrochloride, 

pH 1 . 5 ) and O . 1M NaOH washes of the peptide-resin . The gel shows that 

s i gn i f icant amounts of protein had bound to the peptide-resin,  which 

were only eluted using relatively harsh conditions ( lane 6 ;  buffer 4 { 5M 

guanidine . Hel,  pH 1 . 5 } : lane 7 :  O . 1M NaOH) . The ma jor protein present 

appea red to have the same weight as a lbumin ( run in lane 1 ) . From the 

results given in the previous Section ( see Figure 6 . 6 , lanes 6 and 7 ) , 

i t  a ppe a red t h a t  a l bumi n  w a s  a l s o  e l uted when the c o l umn , with 

antibodies to LHRH bound ( as shown by RIA) , was washed with buffer 4 and 

O . 1M NaOH . F rom the re sults  given in these two Sect ions ( 6 . 3 . 4 , 

6 . 3 . 4 . 1 ) ,  it a ppea red that there wa s some non- specific b inding of a 

se rum c omponent (possibly a lbumin ) to  the pept ide-resin,  as well as 

binding by the ant ibodies to LHRH . 



Fi.gure 6 . 7  A2 8 0  trace of experiment to dete:cn.ine binding of serum 

components to Resin 1 
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Figure 6 . 8  SDS-PAGE gel of serum components bound to Resin 1 
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Lane 1 : rGP bovine a lbumin 

Lane 2 :  Mo luc ular we i ght s t andards 

Lane 3 :  Lamb serum l oaded onto c o lumn 
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66 kDa 
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2 9  kDa 

Lane 4 :  Buffer 2 ( l OmM T ri s ,  pH 7 . 5 ,  SOOmM NaGl ) eluate 

L ane 5 :  Buffer 3 ( l OmM c i t r at e , pH 3 . 0 ) eluate 

Lane 6 : Bu ffer 4 ( 5M guanidine hydrochloride , pH 1 .  5 )  e lu a t e  

Lane 7 :  O . lM NaOH e l u a t e  

L ane 8 :  Mo lecular we ight s t andards 
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6 . 3 . 5  Synthesis of perloza-S- (Ac) -Cys-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2_ 

(Resin 2) 

6 . 3 . 5 . 1  React ions of a-bromoacetamido Perloza 

The s e  e xp e r iment s were c a rr ied out t o  determine the viability of 

a n c h o ring a cyste ine-conta ining pept ide-l igand t o  a-bromoacet amido 

funct ionalised Perloza via a stable thioether bond . One of the concerns 

in t h i s  s t udy was whether a cysteine -containing peptide would react 

qu a n t i t a t ive l y  w i t h  a - b r omo a c e t amido Perl o z a . The presence of 

unre a ct e d  bromine was of c oncern in that it might be available for 

react ion with cysteine-containing proteins derived from solutions to be 

affinity puri fied . If  other proteins coupled to the resin they could 

pote n t i a l ly add another binding component to t he a f f inity ma t rix . 

Therefore a study was carried out to test reagents that could be used to 

block unreacted a-bromoacetamido groups . 

a-Bromoacetamido Perloza 5 0 0  Medium res in was made us ing the procedure 

reported in Section 6 . 2 . 10 . 1 .  The bromine substitution was 0 . 50  mmole/g 

by e lemental analysis ( 0 . 52 mmole/g theory) . A ninhydrin assay of the 

a-bromoacetamido resin indicated that the react ion of a-b romoacetic 

anhydride with aminopropyl Perloza had gone in 9 9 . 8 % yield . 2 -Mercapto

ethanol ,  ethanolamine, NaOH ( O . IM) , and Na2Co3 ( O . IM) , solutions were 

tested for reaction with a-bromoacetamido Perloza . The results of the 

react ions of a-b�omoacetamido Perloza with PME , NaOH, and Na2C03 are 

g i ve n i n  Tables  6 . 4 ,  6 . 5 , and 6 . 6  re spect ive l y . 

ethanolamine is discussed below . 

The react ion of 

Tab1e 6 . 4  Reaction of a-bromoacetamido Per10za 500 Medium with � 

Time (min) 

Br s ubstitut ion (mmole/g) 

Sulphur substitution (mmole/g)
* 

Initial 

0 . 50 

o 

* Theory for quantitative react ion : 0 . 52 mmole/g 

15  

0 . 0 8 

0 . 51 

6 0  

0 . 0 6 

0 . 4 5 
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Table 6 . S Reaction of tt-bromoacetamido Perloza 500 Medium with 0 . 1M  

NaOH solution 

T Lme ( min)  Initial 5 15  3 0 60  

Br substitut ion 0 . 50 0 . 45 0 . 43 0 . 45 0 . 38 

(mmole/g)  

Table 6 . 6  Reaction of tt-bromoacetamido Perloza 5 0 0  Medium with O . 1M  

Na2C03 solution 

Time Initial 5 1 5  3 0  6 0  

Br s ubstitution 0 . 50 0 . 51 0 . 53 0 . 52 0 . 57 

(mmole/g)  

The results given in Tables 6 . 4-6 . 6  showed that only �ME and 0 . 1M NaOH 

reac t ed t o  a signi f icant extent with tt-bromoacetamido Perloza over 60 

minutes .  From the result of the analysis for bromine, �ME (Table 6 . 4 ) 

appea red to  have given about 8 4 %  react ion a fter 1 5  minutes ,  and 8 8 %  

reaction a fter one hour . The 0 . 1M NaOH solution (Table 6 . 5 )  gave slow 

cleavage o f  the bromine from the resin . The O . lM Na2C03 solution (Table 

6 . 6 ) appea re d  t o  give an increase o f  bromine subst itution , but the 

appa rent increase with time was probably due to experimental variation 

in t he e lemental  analys is result . Ethanolamine reacted with tt-bromo-

acetamido Perloza t o  form a resin-bound secondary amine ( Scheme 6 . 1 ) , 

which could be tit rated with picric acid . 

Scheme 6 . 1  Reaction of tt-bromoacetamido Perloza with ethanolamine 

Tit ration of the �esin a fter one hour gave an amine substitut ion of 0 . 0 6 

mmol e / g . Picrate t it ration o f  the initial tt-bromoacetamido Perlo za 

gave an  amine subst itut ion o f  0 . 0 1  mmo le/g . As the init ial  bromine 

substitution was 0 . 52 mmole/g, the result indicated that only 1 0 %  of the 

bromine groups had reacted with ethanolamine after one hour . This 

r e s u l t  may be compa red to  t he reaction with �ME ( Table 6 . 4 ) , which 
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showed approximately 8 8 %  reaction after one hour . A peptide intended to 

be anchored to a-bromoacetamido Perloza would probably contain at least 

an N-te �inal amino group ,  a s  well as the thiol intended for reaction 

with the a-bromoacetamido resin . The significance of the results of 

the ethanolamine and PME reactions is that they showed that reaction of 

t he a-bromoacet amido group with a peptide -thiol would p robably be 

favoured over reaction with a pept ide -amine , at the pH used in this 

study . 

Only 2 equiva lent s of PME were used in the PME coupling experiment 

( Table 6 . 4 ) . The result of the elemental analyses for bromine suggested 

that not all of the a-bromoacetarnido groups had reacted with PME after 

one h o u r . Pos s ibly a larger exces s  o f  PME would give quant itative 

blocking of the a-bromoacetamido groups . The results found for the PME 

expe riment suggested that s ome of the a-bromoacetarnido groups may not 

be available for reaction with thiol-containing ligands , even those of 

low molecular weight such as PME . I f  the a-bromoacetamido groups were 

not a v a i lable f o r  react ion with low molecul a r  weight thiols due to 

steric reasons , they would not be expected to be available for reaction 

with high molecular weight proteins . 

6 . 3 . 5 . 2  Synthesis of AC-Cys-Ser-Tyr-Gly-Leu-Arq-pro-Gly-NH2 

The peptide Ac-Cys-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 was synthesised on an 

amide-linker Perloza resin using the Fmoc solid phase peptide synthesis 

protocols reported in Chapter 5, but with Fmoc-arnino acid activation via 

HOBt e s t e r s  formed in DCM ( Sect i on 6 . 2 . 8 . 1 ) . Two cleavages of the 

pept i de we re carried out . The first resulted in a cleavage yield of 

5 8 % ,  with a 2 5% yield of purified pept ide , based on the initial amino 

a c id subst itut ion of the resin . Amino acid analys is of the purified 

pept ide gave the expected ratios : Ser 0 . 82 [ 1 ) , Pro 1 . 00  [ 1 ) , Gly 2 . 0 0 

( 2 ) ,  Cys 0 . 7 7  [ 1 ) , Leu 0 . 9 8 [ 1 ) , Tyr 1 . 0 0  [ 1 ) , Arg 0 . 9 8 [ 1 ) . The 

purified peptide was used for reaction with a-bromoacetamido Perloza in 

a pre liminary experiment to determine whether the peptide would couple 

to the res in . The excess of  pept ide over Q-bromoacetamido groups was 

1 . 33X . The coupl ing reaction was carried out in O . lM NaHC03 solution 

f o r  one hour . P ic rate tit ration o f  the a rginine NG gave an amine 

subst itut ion of 0 . 3 6  mrnole/ g  ( theory for quant itat ive react ion : 0 . 3 7 



Figure 6 . 9  HPLC traces of a )  crude , b) purified, Ac-Cys-Ser-Tyr-Gly

Leu-Arg-Pro-Gly-NB2 
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mm01e/g) . The dried resin remaining from the picrate t itration was used 

f o r  e 1emental  and amino acid analyses . Elementa1 analysis showed the 

r e s i n  h ad a b romi ne subs t it ut i on o f  0 . 0 7 mmo le / g . The s u lphur 

s ub s titution was 0 . 35 mmole/g (theory 0 . 37 mmole/g) . The titration and 

su1phur elementa1 analysis results suggested that the coupling reaction 

had g one in greate r than 9 4 %  yie1d , however the presence o f  bromine 

s ugg ested otherwi s e . The amino acid analysis result showed a peptide 

subst itut ion o f  0 . 37 mmole/g (theory 0 . 37 mmole /g)  based on glycine . 

The r e s u l t s  o f  t h ree ana lyses to determine the pept ide subst itut ion 

1eve 1 ( picrate t it ration, e lemental analysis for sulphur ,  amino acid 

a na 1 ys i s )  indi c a t e d  that  the coupl ing react ion had  gone in near 

quan t itative yield . The presence of bromine was therefore not expected . 

A mor e  r igorous i nvestigation into the reasons for  non-quantitat ive 

di s p 1 acement o f  bromine by thiol-containing l igands will have to be 

carried out . 

Regar dless  of some doubt concerning the coupling yield, this experiment 

showed that a cysteine-containing pept ide could be coupled to a-bromo

acetamido Perloza in very high yield using only a slight excess of the 

pept i de over resin bound a-bromoacetamido groups . 

A sec ond cleavage o f  Ac-Cys-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 peptide was 

carried out . The c leavage yield was 6 6 % ,  the yield of purified peptide 

wa s 3 0 %  based on the init i a l  amino acid substitut ion o f  the resin . 

Amin o  acid analysi s  of the purified pept ide gave the expected ratios : 

Ser 0 . 6 9 [ 1 ] , P ro 0 . 93 [ 1 ] , Gly 2 . 00 [ 2 ] , Leu 0 . 9 4 [ 1 ] , Tyr 0 . 8 8  [ 1 ] , 

Arg 0 . 9 2 [ 1 ] , Cys 0 . 7 8 [ 1 ] . HPLC t races of the c rude and purified 

pept i de a re given in Figure 6 . 9 .  The purified pept ide ( 1 . 5  eq) was 

coup1ed to a-bromoacetamido Perloza for two hours in the presence of 

t ri-n-butyl phosphine . Tri-n-butyl phosphine was added to maintain the 

pept i de thiol  mo iety in a reduced s t a t e  dur ing t he cour se o f  the 

coup1 ing reaction (Ruegg and Rudinger, 1 9 77 ; Kolodny and Robey, 1 990) . 

After 2 hours PME was added to block unreacted a-bromoacetamido groups , 

and react ion was c ontinued for another hour . E1emental ana1ysis of the 

pept i de-resin gave a bromine substitution of 0 . 05 mmole/g .  

s ub s t i t ut ion w a s  0 . 4 1 mmole / g  ( theory 0 . 3 7 mmo le /g) . 

The sulphur 

The pept ide 

s ub s t itut ion a s  dete rmined by amino acid ana lys i s  was 0 . 3 6  mmole/g 

(theo ry 0 . 37  mmo1e/g) . The su1phur elemental analysis result , and amino 
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acid analysis result , suggested that the peptide coupling reaction had 

gone in h igh yield . 

I n  t h i s  pept i de coupl ing react ion steps were t a ken to maximise the 

coup l ing yield by addit ion of t r i -n -butyl phos phine , and to  block 

unreacted a-bromoacetamido groups with PME . Even though PME was added 

a f t e r  2 hours t o  b lock unreacted a-bromoacetamido groups , bromine was 

still  f ound by elemental analysis ( 0 . 0 5 mmole/g) . For steric reasons , 

it w a s  conside red unlikely that any residual a-bromoacetamido groups 

would be available for reaction with thiol-containing proteins . 

6 . 3 . 6  Use of Resin 2 for binding antibodies to LHRH 

Serum containing antibodies to LHRH was subjected to  ammonium sulphate 

precipitat ion a s  a first step t o  iso late immunoglobulins f rom other 

serum components .  The precipitate containing the serum bnmunoglobulins 

was dissolved in pH 7 . 5 10mM T ris buffer,  and then dialysed against the 

s ame b u f f e r . The dialysed s o lut ion was then s ub jected t o  affinity 

chromatography us ing Res in 2 as the a f f inity mat rix ( Section 6 . 2 . 1 1 ) . 

A copy o f  the A2 8 0  t race of the antibody affinity purification is given 

a s  F igu re 6 . 1 0 .  S amples f rom this run were analysed by SOS -PAGE , a 

photograph of the gel is given as Figure 6 . 1 1 . Lanes 5 and 6 of Figure 

6 . 1 1 a re o f  the buffer 1 and buf fer  2 washes respectively . Both of 

the s e  f ra ct ions show the p resence o f  heavy and l ight immunoglobulin 

c h a i n s . Lane 7 was t he f r action from buffer  3 ,  and lane 8 was the 

f raction from a wash of the column with buffer 4 ,  the elution buffer . 

Fract ions represented by lanes  7 and 8 contained a band, heavier than 

the immunoglobulin heavy chain , that was of the s ame weight as albumin 

( run in lane 2 ) . RIA of the fractions run in lanes 5-8 indicated that 

ant ibodies to LHRH were present in all of the fractions . However, the 

f ract ion  represented by l ane 8 in Figure 6 . 1 1 ( lane 8 :  buf fer 4 { SM 

gua n i dine . He l ,  pH 1 . S } )  appea red to cont a in ma inly light and heavy 

immunoglobulin chains, with some heavier contaminant protein, which had 

a s imi l a r  weight to albumin . The results of this preliminary experiment 

( not opt imised) showed that it was possible to use thioether chemistry 

to immobilise a peptide-ligand onto Perloza for the affinity isolation 

of ant ibodies specific to the ligand . 



Figure 6 . 10 A2 8 0  trace o f  purification of antibodies to LHRR using 

Resin 2 
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Figure 6 . 11 SDS-PAGE gel of fractions from affinity purification of 

antibodies to LHRH using Resin 2 
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The purpose o f  this experiment was to determine whether serum components 

would bind non-specifically to the peptide-resin . The lamb serum used 

in t h is study was not subj ected t o  ammonium sulphate precipitation in 

o rder to give a "worst case" indication of non-specific binding . Lamb 

serum was diluted and run through Resin 2 using the same set of washes 

employed for the antibody isolation run . A copy of the A280  t race is 

give n  as Figure 6 . 12 .  Samples of the fractions were analysed by SDS-

PAGE , a . photograph of the gel is given as Figure 6 . 13 .  Lanes 5 ,  6 and 7 

o f  F igure 6 . 1 3 represent the buffer  3 ,  elut ion buf fe r  ( buffer 4 )  and 

O . lM NaOH wa s h e s  of the pept i de - re s in . F igure 6 . 1 3  shows that 

s ignif icant amounts of non-specifically bound protein were only eluted 

u s i n g  relat ive ly harsh condit ions ( lane 7 :  O . lM NaOH ) . The ma j o r 

prote in present appeared to have the same weight as albumin ( run in lane 

1 ) . Very little protein appeared to  be eluted by the wash with buffer 4 

( the e lution buffer,  SM guanidine . HCI , pH 1 . 5 ) . From the results given 

in t h e  previous Section ( see Figure 6 . 1 0 ,  lane 8 ) , it appeared that 

a lbumin was also eluted when the column, with antibodies to LHRH bound 

(as  s hown by RIA) , was washed with buffer 4 .  From the results given in 

the s e  two Sect ions ( 6 . 3 . 6 , 6 . 3 . 6 . 1 ) , it appeared that there was some 

non- spec i f ic binding o f  a serum c omponent (pos s ibly a lbumin )  to the 

peptide-res in, as  well as binding by the antibodies t o  LHRH . However, 

it appeared that only low level s  of the non-specifically bound protein 

were e luted on washing the column with the ant ibody e lution buf fer 

(buffer  4 :  SM guanidine hydrochloride , pH 1 . 5 ) . In addition, lane 8 of 

Figure 6 . 1 1 ( the LHRH antibody purification using Res in 2 )  showed that 

heavy and l ight chai n s  of immunoglobulin appeared to be the ma j o r 

component eluted from the column on washing with buffer 4 .  
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F igure 6 . 12 A2 8 0  t race o f  experiment to dete�e binding o f  serum 

components to Resin 2 
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Figure 6 . 13 SOS-PAGE qe1 of serum components bound to Resin 2 
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Both Res in 1 and Resin 2 were able to bind antibodies ,  even though the 

two peptide ligands presented to the solution were the opposite ends of 

the LHRH molecule . It is interesting to speculate a s  to whether the 

ant ibodies bound by the two resins represented two populat ions , each 

spec i f ic t o  a different port ion o f  the LHRH molecule . For example , 

Copel and et a l  ( 1 979 )  tested binding of a number of different antisera 

to a s eries of LHRH analogues and found wide variation in the binding 

spe c i f i c it y  o f  t he different ant isera . It may be expected that a 

variety o f  polyclonal ant ibodies  would be generated in a sheep, with 

e a c h  p o pu l a t ion  able t o  recogn i se d i f ferent po rt ions of t he LHRH 

molecule . It was not the aim of this study to study the LHRH-Ab � Ag 

interact ion a s  such, but rather to demonstrate binding and elution of 

ant ibodies with retention of biological activit y .  The results o f  this 

study s uggested that this objective had been accomplished . 
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6 . 4  CONCLUSXONS 

1 .  A pept ide-l igand could be synthesi sed direct ly onto aminopropy1 

Perloza for  affinity chromatographic purposes using Boc methodology if 

no s ide chain protected amino acids were present . Further study will be 

needed, especially on deprotect ion of trifunctional amino acids , before 

this method becomes as generally applicable as that found in the Fmoc 

study . 

2 .  A pept ide-l igand could be synthes ised direct ly onto aminopropyl 

Perlo z a  f o r  a f f inity chromatographic purposes us ing Fmoc methodology . 

Side chains could be deprotected using Reagent 4 (DCM, 8 0 % ;  TFA, 1 6 % ;  

TMSBR, 1 % ;  thioanisole , 1 % ;  EDT, 1 % ;  m-cresol, 1 % )  without significant 

c le avage o f  pept ide f rom t he res i n ,  and without degradation of the 

res in . The pept ide-resin could then be used for affinity chromato-

graphic purposes . 

3 .  A cysteine containing peptide could be coupled to a-bromoacetamido 

P e r l o z a  i n  h igh y ield . T he pept ide - resin c ould then be used for  

affinity chromatographic purposes . 

4 .  P e r l o z a  w a s  again shown t o  be a suitable mat rix f o r  affinity 

chromatographic applications . 



CHAPTER 7 
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CHAPTER 7 PERLOZA BEADED CBLLULOSE AS A SUPPORT FOR SPPS : A SUMMARY 

AND ASSESSMENT 01' POSSXBLZ I'O'l'OR.E DXRECTXOHS 

The res u l t s  o f  the studies reported in this tqesis  demonst rated the 

utility of Perloza beaded cellulose as a solid support for a number of 

a pp l i c a t i o n s . The key  s t e p  i n  t he s e  s t u d i e s  w a s  s y n t he s i s  o f  

aminopropyl Perlcza  b y  reduct ion of cyanoethyl Perloza with diborane . 

It was possible to obtain cyanoethyl Perloza with controllable nitrogen 

subst itut ion for s ubsequent reduct ion to  aminopropyl Perloza . This 

s tudy appeared to be one of only two ( see Daly and Munir, 1 9 8 4 )  dealing 

with diborane reduction of cyanoethyl cellulose . 

Peptide s  were synthesised using Boc SPPS methodology with Perloza as the 

s uppor t , and a novel cleavage reagent , BF3/dioxane , for Boc cleavage . 

Pept ide s  were also synthes ised on Perloza using es sent ia lly standard 

Fmoc S P P S  methodo logy , but with pept i de cleavage wo rkup protocols 

modified to cater for the dif ferences between Perloza and the standard 

s upports used for Fmoc SPPS . 

I t  was f ound tha� Perloza was usable for  SPPS in both a low pressure 

pumped continuous flow peptide synthesiser (LKS Biolynx 4 1 7 5 ) , and in a 

d i s c on t i nuous bat chwise pept ide synthes iser ( ABI  4 3 0A ) . This  may 

poss ibly be a unique feature of Perloza as an SPPS support , because the 

supports commonly used for SPPS can usually only be used in one of the 

two types of peptide synthesiser, but not both . 

Pept ide-ligands were synthesised onto aminopropyl Perloza for subsequent 

u s e  i n  a f f i n i t y  p u r i f i c a t ion o f  b i o l og i c a l  mac romolecules . Both 

chymos in and a nt ibodies to  LHRH were i solated us ing pept ide-ligands 

s ynthes ised directly onto Perloza . A mild procedure was developed for 

c le avage of amino acid s ide chain protecting groups of Perloza-bound 

pept ides synthesi. ,ed using the Fmoc SPPS methodology . 

In addit ion , a means for achieving directed orientation o f  support-bound 

pept ide - ligands was conceived and deve loped . A cyste ine-conta ining 

a n a l o g u e  o f  LHRH w a s  r e a c t e d  w i t h  a-bromo a c e t amido P e r l o z a  t o  

immobi lise the peptide to the support via a stable thioethe r bond. The 

pept i de - P e rlo z a  con j ugate w a s  used f o r  the a f f inity i s olation o f  

antibodies to LHRH . 
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Hqwever ,  a number of aspects o f  the work reported in  this thesis may 

bea r  further investigation . These are discussed below . 

It was f ound in this study that cyanoethyl Perloza could be reduced both 

at room t emperature over 2 0  hour s ,  or  under ref lux for 3 hours . The 

ref lux reduction was eventually chosen for routine use because of the 

superior f low properties of aminopropyl Perloza made using this method . 

Howeve r ,  it  may be poss ible t o  achieve s imi l a r  quality product s by 

reduction  at  r oom tempe rature by using swi rling instead of magnetic 

sti rring as the means of agitating the resin . One aspect of the reflux 

reduction which could be worth considering is the var iability in the 

reduct ion yields . In some case quant itat ive reduction was achieved, 

while in others the yield was as low as 52% . It may be that all that is 

required is greater time spent refluxing the cyanoethyl Perloza . 

As an a lternat ive to reduction of cyanoethyl Perloza ,  s impler, cheaper 

methods o f  functionalising Perloza to give an amine group linked to the 

s up p o r t v i a  a s p a c e r a rm a n d  s t a b l e  e t h e r  b o nd may be w o r t h  

invest igat ing . One possible means would be to functionalise the resin 

with epichlo rohydrin , f o llowed by t reatment with anhydrous ammonia 

solution to open the epoxide ring and generate a primary amine group at 

the end o f  t he spacer arm .  A second means o f  providing Perloza with 

amin e  groups may be to reinve s t igate ca rboxymethylat ion of Perloza 

followed by react i on with a diamine in the presence o f  a condens ing 

agent such as EDC or DIC . This method was initially invest igated (see 

Chapter 2 ) , but was shelved because reaction yields were only about 50% ,  

and mo re succe s s  was being achieved in the studies o f  reduction of 

cyanoethyl Perloza . 

The n i n hydrin a s s ay s omet imes gave res in-bound amine s ubst itut ion 

res ults  s igni f icantly lowe r  than those obta ined by pic rate titrat ion . 

The ninhydrin a ssay is more convenient and faster to carry out than the 

picrate t it ration . Therefo re,  it may be worthwhile to investigate the 

reas ons for the disagreement between the results of the two methods , and 

to develop a ninhydrin assay suitable for use with Perloza . 

Two peptide s ,  LAGV and Leu-enkephalin, were synthesised on Perloza using 

Boc SPPS methodology and the base-labile glycolamide linker . However, 
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four attempts to  synthesise the decapeptide ACP 65-7 4 (VQAAIDYING) using 

t he s ame methodology met with failure . Howeve r ,  it was possible to 

synthesise this peptide on Perloza using Fmoc SPPS methodology . A more 

r igorous investigation of SPPS on Perloza using the Boc SPPS methodology 

may be worth undertaking . One approach which could be tried is to use 

the PAM linker to anchor Boc-amino acids to Perloza for subsequent SPPS . 

Cleavage o f  peptides would have t o  be us ing either liquid HF (which 

dissolves Perloz a )  or a strong acid such as TFMSA in TFA . 

A potent ial  means  of synthesis ing short protected pept ides using Boc 

chemistry,  BF3 / dioxane for Boc cleavage , and the acid labile HMPA linker 

( see Chapter 5 )  a rose from the observat ion that va line -HMPA-Perloza 

( initial  amine substitution : 0 . 53 mmole/g)  t reated with 1M BF3/dioxane 

for o ne hour showed minimal loss o f  val ine a s  determined by picrate 

t it rat ion ( final amine substitution : 0 . 51 mmole/g, a loss of 4 %  over one 

hour ) . One hour ' s exposure to 1M BF3 /dioxane i s  equivalent to 6X 10  

minute Boc cleavage cycles . Therefore, it may be possible to synthesise 

short peptides on Boc-amino acyl-HMPA-Perloza using BF3 /dioxane for Boc 

c l e a va ge , and t o  cleave t he pept ide s us ing TFA . The s ide chain 

protecting groups used for the Boc SPPS methodology are stable to TFA, 

and t h e re f o re t he peptide that resulted f rom such a synt hesis  and 

cleavage would be s ide chain protected . A side chain protected peptide 

could then be used for fragment couplings in solution . 

T o  t e s t  the f e a s ibility o f  u s ing a c ombination of Boc chemist ry, 

BF3 / di oxane f o r  Boc c leavage , and the acid labile HMPA l inker, the 

t ripeptide Val-Val-Arg was synthesised using Fmoc-Arg (Mtr) -HMPA-Perloza 

as t he s t a rt ing r e s in (Arg subst itut ion a fter  Fmoc cleavage : 0 . 3 5 

mmo l e / g )  . The  Fmoc g roup w a s  c l e a ve d  u s i ng s t anda rd p iperidine 

t re atment . Boc-Va l was then coupled, and the Boc group wa s cleaved 

us i ng 1M BF 3 / dioxane . Boc-Va l was t hen coupled to the f ree amino 

t e rminu s , and the Boc group again cleaved using 1M BF3 /dioxane . The 

amine subst itution of the peptide-resin at the end of the synthesis was 

found to be 0 . 3 3 mmole /g ( theory : 0 . 33 mmole/g) , which indicated that 

sign i f icant c leavage of the peptide-HMPA linkage by 1M BF3 /dioxane had 

not occurred . The peptide was cleaved from the support using Reagent B 

( Chapter  5 ) , a nd was purif ied by HPLC . 

peptide gave the expected amino acids . 

Sequencing of t he puri fied 
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U s e  of t he Fmoc SP P S  me thodo l ogy with P e r l o z a  gave pept ide s  o f  

acceptable quality in reasonable yields . One of the procedures used in 

the Fmoc study was anchoring of Fmoc-amino acids to Perloza by reaction 

o f  p re f o rme d Fmoc - am i n o  a c y l - 4 - o x y -me t h y l p h e n o x y a ce t i c  a c i d  

2 , 4 -dichlorophenyl esters with aminopropyl Perloza . In some cases the 

coupling yields obtained using this procedure , while adequate for SPPS , 

were lower than desirable . An investigation to optimise this reaction 

may be worthwhile . Another aspect of the use of Fmoc SPPS methodology 

with Perloza would be to invest igate SPPS o f  peptides longer than the 

maximum o f  2 1  amino acid res idues repo rted in this thesis . Another 

invest igation which may be worth pursuing i s  optimisation of ABI 4 3 0A 

S P P S  protocols for use with Perloza . The modified protocols used in 

t h i s  study were satisfactory, but we re wasteful of s olvent . It was 

t h o ught  t h a t  t he y  c o u ld be f u rt h e r  opt imi sed t o  reduce s o l vent 

c o n s umpt i on . Final l y ,  it  w a s  noted in t h i s  t he s i s  that , in the 

s ynthesis  of KMP 4 (Cys-tBu )  ( Chapter 5, Section 5 . 3 . 3 . 9 ) ,  there was a 

low coupling yield for one of the two arginine residues . Low yields in 

coupling Fmoc -Arg (Mt r )  a re not confined to Perloza, as they have been 

reported with other s upports (Harrison et al ,  1 9 8 8 ) . 

Fmo c -Arg (Mtr)  couplings would be beneficial . 

Optimisat ion of 

Bec a u s e  it is pos sible to s ynthesise aminopropyl Perloza with amine 

substitution leve ls of at least 3 mmole/g, Perloza may f ind some use as 

a s upport for high load peptide synthesis . Perloza may also be useful 

as a support for synthesis of hydrophobic pept ides . Lebl et al ( 1 99 1 )  

u s e d  c e l l u l o s e  cotton a s  t he support f o r  the s ynth e s i s  o f  a very 

hydrophobic decaalanine sequence . They noted that 

. . .  p o s s ibl e hydrogen bonding of the growing pept i de chain may 

prevent sel f-associ a t i on effects whi ch compl i cate the synthesis on 

t h e  c l a s s i c a l  carri ers in s e veral case s . Th i s  wa s shown for 

example in the synthesis of decaalanine sequence, where after the 

fi fth or s i xth s t ep the syn th es i s  performed �n a polystyrene or 

polyami de resin usually collapsed . We were abl e t o  proceed with 

t h i s  syn thesis up t o  the tenth step wi thout observable sl owing of 

t h e  c o upl i n g  rate . Th e on ly t rouble wa s t h e  c l e a vage of the 

syn thesi sed peptide Ala
1 0

-Val -Gly from the carrier.  
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Because Perloza is also a cellulose support , it would be expected that 

it would be pos s ible to achieve similar results in the synthesis of a 

hydrophobic pept ide such as t hat made by Lebl et al . Indeed, Wade 

( 1 9 92 )  has recently reported some success in a synthesis of decaalanine 

using aminopropyl Perloza supplied by the author . 

The results  o f  this study indicated that synthesis of peptide-ligands 

d i re c t ly onto aminopropyl Perloza  was a viable means of generat ing 

pept i de-ligand affinity supports .  Both Boc and Fmoc SPPS chemistry were 

used in this study, however Boc chemistry was not used for synthesis of 

a pept ide-ligand with p rotected side chains because of the strong acid 

condit ions requ i red for their c leavage ( l iqu id HF or TFMSA in TFA) . 

Howeve r ,  it  may be pos s ible to  use Reagent 4 ( 8 0 %  DCM, 1 6 %  TFA, 1 %  

TMSBR, 1 %  thioanisole, 1 %  EDT, 1 %  m-cresol ; Chapter 6 ,  Section 6 . 2 . 8 . 4 ) 

t o  c le ave s i de chain p rotect ing groups f rom Perloza -bound pept ides 

synth e s i sed us ing the Boc SPPS chemistry . For example , Nomizu et a l  

( 1 9 9 1 )  used 1 M  TMSBR / 1 M  thioanisole in TFA ( plus 1 %  EDT ,  1% m-cresol ) 

t o  c le a ve s ide c h a in p rotect ing groups f rom the pept ide Boc -Cys 

( p -� e O B z l ) - S e r ( B z l ) -Cys ( p - Me O B z l ) - S e r ( B z l ) - S e r ( B z l ) -Leu-Met ( O ) 

ASp ( OB z l ) -Lys ( Cl Z ) -Glu ( OBzl ) -Cys (p-MeOBzl ) -His (Tos ) -Le u-Asp (OBzl ) -Ile

I le - T rp ( CHO ) -Val-Asn-Th r (Bz l ) -Pro-Glu (OBzl ) -His (Tos ) -Val -Val-Pro-Tyr

( B r Z ) -Gly-Leu-Gly-Ser (Bz l ) -Pro-Arg (Mts) -Ser ( Bzl ) -PAM-resin over one hour 

The deprotected peptide was then cleaved from the polystyrene 

supp o rt using HF / 1% m-cresol / 0 . 5%  EDT at 40C for one hour . The side 

chain p rotection reagent used by Nomizu et al  had s imilar component s to  

Reagent 4 ( see above) . Therefore , i f  it were desired that Boc chemistry 

a l s o  be used  f o r  SPPS of pept ide - ligands onto aminopropyl Perloza , 

Reagent 4 may be a useful start ing point for development of a viable 

mea n s  of c leaving side chain protecting groups of peptides synthesised 

on P e r loza us ing the Boc SPPS methodology . 

D i re c t  verificat ion ( fo r  example by HPLC ) of the amount of a des ired 

pep t i de - l igand s ynthe s i sed onto Perloza was not pos s ible us ing the 

met hodology employed in the study reported in Chapter 6 .  One means of  

c l e av ing the pept ide - l igand f o r  HPLC det ermination o f  the relative 

amounts of peptide present on the resin would be to insert a cleavable 

l inker between the peptide and the support . In  the study of Nomizu et 

a l  ( se e  previous paragraph ) the P AM linker was used to  ancho r the 
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pept i de . The pept i de synthe s i s e d  i n  that s t u dy was  s ide cha in 

deprotected while the peptide was left bound to the resin via the PAM 

linka ge . Because the deprotection reagent used by Noz imu et al was 

s imi l a r  to Reagent 4 employed in Chapter 6 ,  it may be pos s ible to 

s yn t h e s i s e  a p e p t i de - l i g a n d  o n t o  P e r l o z a  u s i ng t he Fmoc S P P S  

methodology, and cleave the s ide chain protecting groups using reagent 4 

whi le leaving the pept ide bound via the PAM linker .  It may then be 

pos s ible to cleave a small port ion of the peptide using liquid HF , and 

to analyse the product by HPLC to verify the peptide compos ition . One 

of t he potential problems with this approach is that the PAM linker may 

int roduce another binding component to the resin . However,  it may be 

pos s ible to determine whether the PAM linker binds non-target proteins 

in any  p roposed a f f inity purif icat ion by synthesi sing a PAM linker

Perloza resin, and investigating whether any proteins bind to PAM as a 

ligand . 

The ma j o r  problem encountered with the thioether approach to  pept ide 

immobi l i sation was the presence of bromine at the end o f  the reaction 

period . The bromine was not react ive towards small thiol-containing 

ligands such as �ME , and was therefore not expected to be available for 

rea c t ion  with thio l-cont aining proteins for steric reasons . A full 

inves t igat ion into means for blocking unreacted Perloza-bound a-bromo

acet amido groups s hould be c a r r ied out i f  this approach to  pept ide 

immobi l isation is to become generally used . 

One p o s s ible applicat ion o f  pept ide immobilisation via thioether bond 

formation , as developed in this thesis,  relates to antibody generation . 

It may be pos sible to react the NE-amine groups o f  a carrier protein , 

such a s  BSA, with a-bromoacetic anhydride to give a bromine function

alised protein ( see Hansen et al, 1 9 9 1 ,  for a discussion of the use of 

BSA a s  a solid support for SPP S) . The protein-bound a-bromoacetamido 

groups could then be react ed with thiol -cont ain ing pept ide s ,  in the 

abs ence of tri-n-butyl phosphine , to result in immobilisat ion of the 

pept i des  to the protein for antibody generation . One of the potential 

advantages  of this approach over that of Kolodny and Robey ( 1 9 9 0 )  ( see 

Chapter  6 )  is that the length of the peptides to be immobilised would 

not be limited by synthetic difficult ies encountered in the synthesis of 

bromine-containing pept ides by the Boc SPPS methodology (Robey et al , 

1 9 92 )  . 
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During t he investigat ion of  pept ide-re sins which bind ant ibodies to 

LHRH , it  was f ound that pept ide-ligands with either the C or the N 

terminus directed into the aqueous phase bound antibodies to LHRH . It 

is known that antibodies to LHRH may recognise different portions of the 

molec u le ( Pique et a I ,  1 9 7 8 ;  Cope land et a I ,  1 9 7 9 ) , and it would be 

interesting to determine the binding specificity of the antibodies bound 

by t he 2 peptide-resins employed in the study reported in Chapter 6 .  

Anoth e r  invest igat ion would involve immobilisat ion of LHRH (pGlu-His

T rp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 ) to a-bromoacetamido via the middle 

o f  t he pept ide , thus leaving both the C and N-termini of the peptide 

directed into the aqueous phase . One possible means o f  achieving this 

would be to synthes ise an analogue containing [Cys 6 ] in place of [Gly6] ,  

and t o  immobilise the analogue to Perloza using the thioether strategy . 

The p ep t i de -P e r lo z a  could then be t ested for  its  abil ity to bind 

antibodies to LHRH . The reason for such a study is that one possible 

popu l a t ion o f  ant ibodies t o  LHRH recognises the fu ll  3 -dimens ional 

structure of the LHRH molecule (Ellinwood et aI, 1 98 5 ) , and it would be 

interesting to determine whether a peptide-ligand could be immobilised 

with the correct orientation to bind these antibodies .  

The investigationd outlined in the last two paragraphs could be used to 

det ermine whether the peptide immobilisat ion strategies developed in 

Chapt e r  6 c o u l d  r e s u l t  i n  pept ide - l igand-P e r l o z a  re s in s  able to  

specifica11y bind three different types of antibodies t o  LHRH : 

i )  antibodies that recognise the C-terminus o f  LHRH . 

ii )  antibodies that recognise the N-terminus of LHRH . 

iii )  ant ibodies that recognise the enti re three dimens ional structure 

of LHRH . 

Another application of the methodology reported in this thesis would be 

to  u s e  othe r c arbohydrate support s ,  for  example cellulose paper,  for 

affinity purificat ions . One of the reasons for using a planar support 

such a s  paper i s  that some biological entities ( fo r  example whole cells ) 

would be unable to enter the pores of Perloza to interact with Perloza

bound pept ide-ligands . Howeve r ,  cell surface peptide-receptors may be 

able t o  interact with peptide-ligands bound to a planar surface . It may 
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the refore be possible to apply the methodology developed in this thesis 

to s upports for specifically binding populations of cells which possess 

recept o r s  f o r  a specific  pept ide - li gand . A first step would be to 

f un c t iona l i s e  pape r  u s ing the cyanoethylation / diborane reduction 

met h odology . In an ea rly segment of this investigat ion,  cyanoethyl 

paper (Whatman 5 4 0 )  was synthesised (eN substitution : 0 . 72 mmole/g) , and 

then reduced for 3 . 5  hours with diborane in THF under reflux . The amine 

substitution of the aminopropyl paper was 0 . 55 mmole/g, which indicated 

a 7 6 %  reduction yield . 

In s ummary, Perloza was found to be a viable support for SPPS by both 

the Boc and Fmoc SPP S methodo logies . However,  to date the greatest 

success  has been with the Fmoc methodology . Peptide-ligands could be 

synthesi sed directly onto aminopropyl Perloza using either Boc or Fmoc 

methodology, although the Fmoc methodology was the only viable means for 

synthesis  of pept ide-Perloza resins where the peptide-ligand contained 

p r o t e cted s ide chains . The SPPS  met hodology employed re s u lted in  

direct ion o f  t he N-te rminus o f  t he pept ide into the aqueous phase . 

P e p t i de - re s in c o n j ugates synthe s i s e d  us ing t h i s  met hodo l ogy were 

successfully used for affinity purifications of an enzyme (chymosin) and 

ant i bodie s t o  a s hort pept ide ( LHRH ) . A methodology for achieving 

directed immobilis ation of a pept ide-ligand, via thioether chemistry, 

was deve loped and successfully employed for affinity purificat ion o f  

ant ibodies t o  LHRH . Finally, the methodology developed i n  this thesis 

may be applic able to a number of other hydroxyl-contain ing supports . 

Both natural ( fo r  example, carbohydrate ) and synthet ic ( for example , 

po lyvinyl alcoho � )  hydrophilic s olid phases may prove useful in the 

union o f  solid phase peptide synthesis and affinity chromatography . 



REFERENCES 



211 

REFERENCES 

Albericio,  F . ,  and Barany, G .  ( 1 985 )  Int . J .  Peptide Protein Res . 2 6  pp 

92 - 97 

Albericio,  F . , Porta,  A . , Pedroso, E . ,  and Giralt , E .  ( 1 987 )  in Peptides 

1 9 8 6  ( D . Theodo ropou los , Ed . )  pp 1 6 7 - 1 7 0  Pub . Wa Iter de G ruyte r & 

Company, Berlin 

Albe r i c i o ,  F . ,  Pon s ,  M . , Pedroso , E . ,  and Gira l t ,  E .  ( 1 9 8 9 )  J .  Org . 

Chem . 54 pp 3 60 - 3 6 6  

Ander son, G . w . , and McGregor A . C .  ( 1 957 )  JACS 7 9  pp 6 1 8 0-6183  

Anq al ,  S . ,  and Dean,  P . D . G .  ( 1 9 8 9 )  in Protein Purifi ca tion Methods : A 

Pra c t ical Approach (E . L .V .  Harris and S Anqal ,  Eds . )  pp 245-2 62 Pub : IRL 

P re s s  at Oxford University Press 

Anwer ,  M . K . , and Spatola,  A . F .  ( 1 9 8 0 )  Synthesis pp 929-930 

App l ied Biosystems Inc . ( 1 98 8 )  

Man u a l  Pub : ABI 

Model 4 3 0A Pepti de Synthesiser User ' s  

App lied Biosystems Inc . ( 1 990a )  In t roducti on t o  Cl eavage Techniques Pub : 

ABI 

App l ied Biosystems Inc . ( 1 9 9 0b )  Fa s tmoc Chemi s t ry :  HBTU act i va t i on in 

Pept i de Syn thesis on the Model 430A ABI Use r  Bulletin Number 32 Pub : ABI 

Arad,  0 . , Houqhten, R . A .  ( 1 9 90 ) Pep . Res . 3 pp 42-50 

Atherton, E . ,  Clive, D . L . J . , and Sheppard, R . C .  ( 1 97 5 )  JACS 97 pp 6584-

6 5 8 5  

Athe rton , E . ,  Fox, H . ,  Harkis s ,  D . ,  Logan , C . J . , Sheppard, R . C . ,  and 

Wil l i ams , B . J .  ( 1 9 7 8 a )  JCS Chem . Comms . pp 537-538 

Atherton ,  E . ,  Fox, H . ,  Harkiss,  D . ,  and Sheppard, R . C .  ( 1 978b) JCS Chern . 

Comms . pp 5 3 8 - 5 3 9  



2 12 

Atherton , E . ,  Benoiton, N . L . ,  Brown, E . ,  Sheppard, R . C . , and Williams , 

B . J .  ( 1 9 8 1 a )  JCS Chern . Co� . pp 33 6-337 

Atherton , E . ,  Brown, E . ,  and Sheppard, R . C .  ( 1 9 8 1b) JCS Chem . Comrn. pp 

1 1 5 1 - 1 1 5 2  

Atherton,  E . ,  Cammish, L . E . ,  and Sheppard, R . C .  ( 1 983a)  in Peptides 1 9 82 

( K .  Blaha and P .  Malon, Eds . )  pp 2 4 1-2 4 6  Pub : Walter de Gruyter 

Ath erton , E . ,  Sheppard, R . C . ,  and Wade, J . D . ( 1 9 83b) JCS Chern . Comrns . 

pp 1 0 6 0 -1 0 62 

Atherton, A . , and Sheppard, R . C .  ( 1 9 8 9 )  Solid Phase Pept ide Syn thesi s :  a 

Pra ct i c a l  Approach Pub : IRL Press at Oxford University Press 

Baleux , F . ,  Daunis , J . , and Jaquier , R.  ( 1 9 8 4 )  Tet . Letts . 2 5  pp 5 8 93-

5 8 9 6  

Baleux, F . ,  Calas , B . ,  and Mery, J .  ( 19 8 6 )  Int . J .  Peptide P rotein Res . 

2 8  pp 2 2 - 2 8  

B a r a ny , G . ,  a nd Merrifield,  R . B .  ( 1 9 7 9 )  i n  Th e Pept i des : Ana lysi s, 

Syn t hesis, Bi ol ogy Vol 2 ( E . Gross and J. Meienhofe�, Eds . )  pp 1-2 8 4  

Barany, G . , Kne ib-Cordonier ,  N . , and Mullen, D . G .  ( 1 987 )  Int . J .  Peptide 

P rotein Res . 3 0  pp 70 5-739 

Beck -S ickinger,  A . G . ,  Durr, H . ,  and Jung, G .  ( 1 9 9 1 )  Pep . Res . pp 88-94 

Be r g ,  R . H . ,  Alrnda l ,  K . , Pede r s e n ,  W . B . ,  Holm,  A . , Tarn, J . P . ,  and 

Merrifield,  R . B .  ( 1 9 91 )  in Peptides 1 990 (E . Giralt and D . Andreu, Eds . )  

pp 1 4 9-150  Pub . Escorn Science Publishers 

Bergot , B . J . , Noble , R . L . ,  Geiser, T .  ( 1 9 8 6 )  Ut i l i ty of Trifl uoromethane 

Sul fon i c  Acid as a Cl eavage Reagent in Sol id-Phase Peptide Syn thesis ABI 

User Bulletin Number 16  Pub : ABI 

Bernatowicz,  M . S . ,  Kearney, T . ,  Neves,  R. S . ,  and Koster, H .  ( 1 989a)  Tet . 

Letts .  30 pp 4 3 4 1 - 4 3 4 4  



213 

Bernatowicz ,  M . S . ,  Daniels , S . B . , and Koster,  H .  ( 1 9 8 9b) Tet . Letts . 30 

pp 4 6 45 - 4 6 4 8  

B e r t o n i e r e , N . R . , and Z e r o n i a n ,  S . H .  ( 1 9 8 7 )  in The S t r u c t u res of 

Cel l ul ose (R . H .  Atalla,  Ed . )  p 257 Pub : American Chemical Society 

Bethel l ,  G . S . ,  Ayers , J . S . ,  Hancock, W . S . ,  and Hearn, M . T . W .  ( 1 9 7 9 )  J .  

BioI . Chem . 254 pp 2 57 2 -2574  

Beyermann , M . , Henklein, P . ,  Klose, A . ,  Sohr, R . ,  and Biernet , M .  Int . 

J .  Peptide P rotein Res . 37 pp 2 52-2 5 6  

Bika l es ,  N . M .  ( 1 97 1 )  i n  Cel l u l ose and Cellulose Deri vatives, Part V. 

( N . M .  Bikales and L . Segal,  Eds . )  Vol V Chap XVII pp 8 1 1-833 Pub : Wiley 

Interscience . 

Bodans zky, M .  ( 1 9 7 9 )  in The Pept ides : Analysis, Syn thesis, Biol ogy Vol 1 

( J . Meienhofer and E .  Gross ,  Eds . )  pp 1 0 5- 1 9 6  Pub : Academic Press 

Brown, H . C . , and Tierney, P . A .  ( 1 958 ) JACS 8 0  pp 1 552-1558  

Brown, H . C . ,  and Subba Rao,  B . C .  ( 1 9 60 )  JACS 8 2  pp 6 8 1 - 6 8 6  

Brown, H . C . , and Korytnyk, W .  ( 1 9 6 0 )  JACS 8 2  pp 38 66-38 6 9  

Brown, H . C . ,  Heim, P . ,  and Yoon, N . M .  ( 1 97 0 )  JACS 9 2  pp 1 637-164 6 

Bu rt on ,  S . C .  ( 1 9 9 1 )  Separat ion Science Unit , Mas sey University, NZ . 

Personal communication 

C a r l s s on ,  J . ,  Ja n s o n ,  J . ,  a n d  S p a r rma n ,  M .  ( 1 9 8 9 ) i n  P r o t e i n  

P u ri fi c a t i on : P ri n c ipl e s ,  Hi gh R e s ol u t i on Me th ods, a n d  Appli ca t i ons 

( J .  Janson and L .  Ryden, Eds . )  pp 275-329 Pub : VCH Publishers Inc . 

Carpino , L . A .  ( 1 957a ) JACS 7 9  P 9 8 - 1 0 1  

Carpino, L . A .  ( 1 957b) JACS 7 9  pp 4427-44 3 1  



214 

Carpino, L . A . , and Han, G . Y .  ( 1 97 0 )  JACS 92 pp 5748-57 4 9  

Carpino, L . A . , and Han, G . Y .  ( 1 97 2 )  J Org . Chem . 3 7  pp 3404-3409  

Chaiken, I .  ( 1 9 7 9 )  Anal . Biochem. 97 pp 302-308 

Chang, C . ,  and Meienhofer, J.  ( 1 97 8 )  Int . J .  Peptide Protein Res . 11 

pp 2 4 6 -2 4 9  

Chemopet rol , Research Dept . ( 1 9 8 8 )  Perl o za Pub : TOMOS, Prague ; for the 

Chemopetrol Concern , Lovosice, Czechoslovakia 

Colombo,  R . , Atherton, E . ,  Sheppard, R . C . , and Woolley, V. ( 1 98 3 )  Int , 

J .  Pept ide Protein Res . pp 1 1 8 - 1 2 6  

C ompt on , J .  ( 1 9 6 3 )  i n  Me t h o ds i n  Ca rbohydra t e  Chemi s t ry III (R . L .  

Whistler Ed . )  pp 3 17-3 2 1  Pub : Academic P ress 

Copel and, K . C . ,  Aubert , M . L . , Rivier,  J . ,  and Sizonenko , P . C .  ( 1 97 9 )  

Endocrinology 1 0 4  pp 1 5 0 4-1512  

C o s t e ,  J . ,  D u f ou r ,  M-N . , Le -Nguyen ,  D . ,  and Cast ro , B .  ( 1 9 8 9 )  in  

P ep t i de s : Ch emi s t ry, S t r u c t u re a n d  Bi o l o gy (J . E .  Rivier and G . R .  

Marsha l l ,  Eds . )  pp 88 5-8 8 6  Pub : ESCOM Science Publishers B . V .  

CRC ( 1 97 1 )  Handbook of Chemi stry and Physics (R . C .  Weast , Ed . )  Pub : CRC 

P re s s  

Cuat recasa s ,  P .  ( 1 97 1 )  i n  Bi ochemi cal Aspec t s  o f  Rea c t i ons on Solid 

Supports (G . R .  Stark, Ed . )  pp 7 9- 1 0 9  Pub : Academic Press 

Cuatrecasas , P . ,  and Parikh, I .  ( 1 972 ) Biochemistry 11 pp 2 2 9 1-2299  

Daly, W . H . , and Munir, A .  ( 1 9 8 4 )  J .  Polymer Science : Polymer Chem. Edn . 

2 2  pp 9 7 5 - 9 8 4  

Danie l s ,  S . B . , Bernatowic z ,  M . S . ,  Coull,  J . M . , and Koster,  H .  ( 1 9 89 )  

Tet . Letts . 3 0  pp 4345-4 3 4 8  



215 

Dani e l s ,  S . B . , Heden , J . F . ,  and Wang, D .  ( 1 9 9 1 )  Fa ci l i t a t ed Peptide 

Syn t he s i s  Usi n g  Con t in uo u s -Fl ow Condi t i on s  and a P ol ymeri c Membrane 

S ol i d  S upp o r t  Poster  1 3 3 5 ,  presented at the 1 2 th American Peptide 

Symposium, Boston 

D a v i e s ,  J . S .  ( 1 9 7 7 )  in Chemi s t ry a n d  Biochemi s t ry o f  Ami n o  Ac ids ,  

Pep t i des, a n d  Protein s ( B .  Weinstein, Ed . )  Pub : Marcel Dekker Inc . 

Dea n ,  P . D . G . , Johnson , W . S . ,  and Middle , F . A .  (Eds . )  ( 1 985 )  

Chroma t ography : A Pract ical Approach Pub : IRL Press Ltd . 

Affinity 

Eberle,  A . N . , Atherton, E . ,  Dryland, A . , and Sheppard, R . C .  ( 1 9 8 6 )  JCS 

Perkin . Trans . I pp 3 6 1-367  

Eichler,  J . ,  Beyermann, M . , and Biernet , M .  ( 1 9 8 9 )  Col I . Czech . Chern 

Comms . 5 4  pp 1 7 4 6-1752 

E i c h l e r ,  J . ,  Bie rnet , M . , Sepetov,  N . F . ,  Stolba , P . ,  Krchnak ,  V . , 

Sme k a l ,  0 . ,  Gut , V . , and Lebl, M .  ( 19 9 0 )  in Innova t i on s  and Perspectives 

in S o l i d  Phase Peptide Synthesis ( R .  Epton, Ed . )  pp 337-343  

Eichler,  J . ,  Biernet , M . ,  Stierandova, A . , and Lebl, M .  ( 1 991 )  Pep . Res . 

4 pp 2 9 6-307  

Eisele , K . , Costa ,  F . D . ,  Pascual, C . ,  and Ofenloch-Hahnle, B .  ( 1 984 )  z .  

Natu rforsch 3 9c pp 104 8-1051  

EIga r ,  D . ,  and Ayers , J . S .  ( 1 9 9 1 )  Chemistry Dept . ,  Mas sey University, 

NZ . Personal communication 

Ellinwood, W . E . ,  Ronnekleiv, O . K . , Kelly, M . J . ,  and Res ko , J . A .  ( 1 985 )  

in Peptides Vol . 6 ,  pp 45-52 

Eme leus , H . J . , and Wade , K .  ( 1 9 60 )  J .  Chem. Soc . pp 2 6 1 4 -2 617  

Ept o n ,  R .  ( Ed . ) ( 1 9 7 8 )  Ch roma t ography of Syn t h e t i c  a n d  B i o l ogi c a l  

Polymers Vol ume 2 .  Hydrophobi c, Ion Exchange and Affini ty Me th ods Pub : 

Elli s  Horwood Ltd . 



216 

Epton,  R . , Goddard, P . ,  and Ivin, K . J .  ( 1 98 0 )  Polymer 21 pp 1 3 67-1371  

Erickson,  B . W . , and Merrifield, R . B .  ( 1 97 6 )  in The Pept i des Third Edn . 

Vol I I .  ( H . Neurath and R . L .  Hill,  Eds . )  pp 255-527 Pub : Academic Press 

Fas s ina , G .  ( 1 992 )  J. Chrom. 5 9 1  pp 9 9 - 1 0 6  

Fields , C . G . , Fields , G . B . ,  Noble, R . L . , and Cross ,  T . A .  ( 1 9 8 9 )  Int . J .  

Pept ide P rotein Res . 33 pp 2 98 -303  

F ie lds , G . B . ,  and Noble, R . L .  ( 1 99 0 )  Int . J .  Peptide P rotein Res . 35 pp 

1 6 1 - 2 1 3  

F ie lds , C . G . , Lloyd, D . H . ,  MacDonald, R . L . , Otteson , K . M . , and Noble, 

R . L .  ( 1 9 9 1 )  Pep . Res . 4 pp 9 5 - 1 0 1  

F i s ch er ,  P . M . , Ret son , K . V . , Tyle r ,  M . I . ,  Howden , M . E . H .  ( 1 9 92 )  in 

P r o c e e di n gs of t h e  Se ven t ee n t h  Ann u a l  Lorne Confe ren ce on P r o t e i n  

S t r u c t u re a n d  F u n c t i on Lorne , Aus t r a l ia  P ub : Mon a s h  Un ive r s it y ,  

Victoria , Australia 

Foltmann, B .  ( 1 9 8 1 )  Essays Biochem . 17 pp 52-84 . 

Frank,  R . , and Doring, R .  ( 1 98 8 a )  Tetrahedron 44 pp 6 0 3 1 - 6 0 4 0  

Frank,  R . , and Doring, R .  ( 1 9 8 8b )  Tet . Letts . 2 9  pp 5 8 7 1 - 5 8 7 4  

Frank,  R . , Guler ,  S . ,  Krause,  S . ,  and Lindenmaier,  W .  ( 1 9 91 )  i n  Peptides 

1 9 9 0  ( E . G i r a lt and D .  Andreu Eds . )  pp 1 5 1 - 1 5 2  P ub : ESCOM Sc ience 

Pub l ishe rs B . V .  

Franks , F .  (Ed . )  ( 1 98 8 )  Cha racterisa t i on o f  Proteins Pub : Humana P ress 

F r a s e r ,  H . M . , McNeilly,  A . S . , Abbott , M . ,  and Ste iner ,  R . A .  ( 1 9 8 6 )  

J .  Reprod . Fert . 7 6  pp 2 9 9-309  

Geiger ,  R . , and Konig, W .  ( 1 9 8 1 ) in  The pept ides : Analys i s ,  Synthesis, 

Bi o l ogy Vol 3 ( E .  Gross and J .  Meienhofer, Eds . )  pp 1 - 9 9  Pub : Academic 

P re s s  



217 

Geme ine r ,  P . ,  Bene s ,  M . J . , and S t ambe rg ,  J .  ( 1 9 8 9 )  Chem . P apers 43 

pp 8 05 - 8 4 8  

Geysen, H . M . , Meloe n ,  R . H . ,  and Barteling, S . J .  ( 19 8 4 )  Proc . Natl . Acad . 

Sci . USA 81  pp 3 9 9 8 - 4 0 02 

Gib s on ,  J . J .  ( 1 9 9 1 )  Separat ion S cience Unit , Mas sey University, NZ . 

Personal communication 

Gisin,  B . F .  ( 1 97 2 )  Anal . Chim . Acta . 58 pp 2 4 8 -2 4 9  

Green,  B . ,  and Garson, L . R .  ( 1 9 6 9 )  J .  Chem . Soc . pp 401-405  

Gro s s ,  E . , and Me ienhofer,  J .  (Eds . )  ( 1 97 9 )  The Pept ides : Ana lysis, 

Syn th esi s ,  Biol ogy Vol 1 Pub : Academic P ress,  New York 

Guthrie,  J . D .  ( 1 9 4 7 )  Textile Res . J .  pp 625-629 

Gutte,  B . ,  and Merrifield, R . B .  ( 1 971 )  J .  BioI . Chem . 246 pp 1 92 2 - 1 9 4 1  

Hagenmaier,  H . ,  a nd Frank, H .  ( 1 972 ) Hoppe-Seyler' s Z .  Physiol . Chem . 

353 p 1 97 3 -1 9 7 6  

Haggarty, N . W . H . , Burton, S . C . ,  Hock , B . O . ,  and Harding, D . R . K .  ( 1 990 )  

in Fe rmen t a t i on Te chnol ogi e s  ( P . Yu , Ed . )  pp  4 0 7 - 4 12 Pub : Elseiver 

Appl ied Science, London and New York 

Hancock, W . S . ,  P re scott , D . J . , Vagelos , P . R . , and Marshall,  G . R .  ( 1 973 )  

J .  O rg .  Chem . 3 8  pp 774-7 8 1  

H an c o c k ,  w . s . ,  B a t t e r sby , J . E . , a nd Ha rding, D . R . K .  ( 1 9 7 5 )  Anal . 

Biochem . 6 9  pp 4 97-503  

Hancock, W . S . ,  and Battersby, J . E .  ( 1 9 7 6 )  Anal . Biochem . 71 pp 2 60-2 6 4  

Hancock,  W . S .  ( Ed . ) ( 1 9 8 4 )  CRC Handbook o f  HPLC for the Sepa ra t i on of 

Amin o  Acids, P eptides, and Proteins Pub : CRC Press 



218 

Hancoc k ,  W . S .  (Ed . ) ( 1 9 9 0 )  Hi gh Performan ce Liquid Chroma t ography In 

Bi o t echn ol ogy Pub : John Wiley and Sons 

Hansen,  P . R . , Ho�, A . , and Houen, G .  ( 1 9 9 2 )  in Pept ides : Chemi s t ry and 

Bi o l o gy (J . A .  Smith and J . E .  Rivier, Eds . )  pp 637-638  

Har ri s o n ,  J . L . , McCurdy, S . N . ,  Noble , R . L . ,  and Culwell,  A . R .  ( 1 9 8 8 )  

Cl e a va ge a n d  Deprot e ct i on o f  Arginine Con t aining Peptides Synthesised 

Us i n g  t h e  Fmoc Approa ch Poster presented at the 3rd Symposium of the 

P rotein Society, August 13-17 , 1 9 8 8 ,  San Diego,  CA, USA . 

Henahan, J . F .  ( 1 971 )  Chern. Eng . News pp 22-26  Reprinted in Sol id Phase 

Syn th es i s  (E . C .  Blossey and D . C .  Neckers,  Eds . )  Pub : Dowden, Hutchinson 

& Ros s ,  Inc . 

Hiskey, R . G . ,  Beacham, L . M . , Matl ,  V . G . , Smith, J . N . , Williams , E . B . , 

Thomas ,  A . M . , and Wolters , E . T .  ( 1 9 7 1 )  J .  O rg . Chem. 36 pp 4 8 8 - 4 90 

Hodges ,  R . S . ,  Merrifield, R . B .  ( 1975 )  Anal . Biochem. 65 pp 241-272 

Houghten, R . A . , Beckman, A . , and Ostreshi,  J .M .  ( 1 9 8 6 )  Int . J.  Peptide 

P rotein Res . 27 pp 653-658  

Hudson,  D .  ( 1 9 8 8 )  J .  Org . Chern . pp 617-624  

Hunt , D . F . ,  Shabanowitz ,  J . , Griffin, P . ,  Yates , J . , and Nian, Z .  ( 1 9 90 )  

in  P r o ce e di n gs o f  t h e  Fi fteen t h  Ann u a l  L o rn e  Confe rence on Protein 

S t r u c t u re a n d  Fun c t i on a n d  Fun c t i on L o r ne , Australia Pub : Monash 

Uni ve rsity, Victoria,  Australia 

Jacobsen, A . R . , Gintzler, A . R . , and Sayre, L . M .  ( 1 9 8 9 )  J .  Med . Chem . 32 

pp 1 7 0 8 - 1 7 17 

Kai s e r ,  E . ,  Colescott , R . L . , Bos singer ,  C . D . ,  Cook, P . I . ( 1 9 7 0 )  Anal . 

Biochem .  3 4  pp 5 95-598  

Karger ,  B . L .  ( 1 98 9 )  Nature 3 3 9  pp 641-642 



219 

Kats oyannis,  P . G . ,  and Schwarz,  G . P .  ( 1 977 )  in Methods i n  Enzymology Vol 

XLVI I ( C . H . W .  H i rs and S . N .  Timasheff,  Eds . )  pp 501-578  Pub : Academic 

Press  

K e n t , S . B . H . ,  S chne ide r ,  J . , C l awson , L . , Selk,  L . , Alewood, D . , 

Alewood, P . ,  Andrews , J . L . , Baca,  M . ,  and Jones ,  A .  ( 1 9 9 1 )  in Peptides 

1 9 9 0  ( E .  G i r a l t  and D .  Andreu ,  Eds . )  pp 1 6 9 - 1 7 1  Pub : ESCOM Science 

Publishers B . V .  

Kisfaludy,  L . ,  and Schon, I .  ( 19 8 3 )  Synthesis pp 325-32 7 

Kne ib -Co rdon ie r ,  N . ,  Albe r i c i o ,  F . ,  and Barany,  G .  ( 1 9 9 0 )  Int . J .  

Pept ide P rotein Res . 35 pp 527-538 

Kolodny,  N . , and Robey, F . A .  ( 1 9 9 0 )  Anal . Biochem. 177 pp 1 3 6-140 

Konig,  W . ,  and Geiger, R .  ( 1 970a )  Chem. Ber .  1 0 3  p 7 8 8 - 7 9 8  

Konig,  W . , and Geiger, ,R .  ( 1 9 7 0b)  Chem. Ber .  103 p 2 024-2033  

Konig, W . , and Geiger, R .  ( 1 970c )  Chem. Ber .  1 0 3  p 2 0 41-2 0 5 1  

Krchnak ,  V . , Vagner,  J . ,  and Lebl,  M .  ( 1 9 8 8 )  I nt . J .  Pept ide Protein 

Res . 32 pp 4 1 5 - 4 1 6  

Kuyas ,  C . ,  Haeberli , A . , Walder,  P . ,  and Straub, P . W .  ( 1 9 9 0 )  Thrombosis 

and Haemostasis 63 pp 439-444  

Lebl ,  M . ,  and Eichler, J .  ( 1 9 8 9 ) Pep . Res . 2 pp 2 97-300 

Leb l ,  M . , S t ie randova , A . ,  Eichler ,  J . ,  and Biernet , M .  ( 1 9 9 1 )  in 

P ep t i de s  1 9 9 0  ( E .  Gi ra l t  a nd D .  Andreu, Eds . )  Pub : E SCOM Science 

Publishers B . V .  

Let s inger ,  R . L . ,  and Kornet , M . J .  ( 1 9 63 )  JACS 85 pp 3045- 3 0 4 6  

Lidis c h ,  M . R . , Willson, R . C . , Pa inton , C . C . ,  and Builde r ,  S . E .  (Eds . )  

( 1 9 9 0 )  Protein Puri fica tion . From Molecular Mechanisms t o  Large Scale 

Processes Pub : American Chemical Society 



220 

Livingston, D . H . ( 1974 )  in Methods i n  En zymol ogy Vol 34 (W . B .  Jakoby and 

H Wil chek, Eds . )  p 725  Pub : Academic Press 

LKB ( 1 9 8 7 )  LKB Bi olynx 41 75 Pep t i de Synthesiser Users Man ual Pub : LKB 

Biochrom Ltd . 

Lowe , C . R . , a nd Dean , P . D . G .  ( 1 9 7 4 )  Affinity Chroma t ography Pub : John 

Wiley and Sons 

Lowe , C . R . ( 1 9 7 9 )  An Int roduct i on to Affinity Chroma t ography Pub : North 

Holl and Publishing Company . 

Lun , S .  ( 1 9 92 )  MAF ,  Wal1aceville, NZ . Personal communication 

McKay,  F . C . ,  and Albertson, N . F .  ( 1 957 ) JACS 79 pp 4 68 6- 4 6 9 0  

McNatty, K . P . ,  MAF ,  Wa11aceville , NZ . ( 1 992 )  Personal communication 

McNe a l ,  C . J .  (Ed . ) ( 1 9 9 0 )  The Analysi s  of Pept i des and Proteins by Mass 

Spec t roscopy P ub : John Wi1ey and Sons 

Main s , R . E . , and Eipper, B . A .  ( 1 9 7 6 )  J .  BioI . Chern . 251 pp 4115-4120 

Markley,  J . L .  ( 1 9 8 7 )  in Prot ein Engineering (D . L .  Oxender and C . F .  Fox 

Eds . )  pp 15-33 Pub : Alan R. Liss Inc . 

Mat s u o , H . ,  Baba , Y . ,  Na ir,  R . M . G . , Arimura , A . V . , and Scha 1 ly, A . V .  

( 1 9 7 1 )  Biochem . Biophys . Res .  Comm . 4 3  pp 1334-1339  

Mergler,  M . , Nyfeler,  R . ,  Gosteli,  J . , and Tanner, R .  ( 1 9 8 9 )  Tet . Letts . 

30 pp 6 7 45-67 4 8  

Mer r i fie ld, R . B .  ( 1 9 6 2 )  Federation Proceedings 2 1  p 412 

Mer r ifield, R . B .  ( 1 963 )  JACS 85 pp 2 1 4 9-2154 

Mer r if ie ld, R . B .  ( 1 9 64a)  JACS 8 6  pp3 0 4 -3 0 5  



221 

Merrifield, R . B .  ( 1 9 64b) Biochemistry 3 pp 1385-1390 

Merrifie ld,  R . B .  ( 1 98 5 )  Bioscience Reports 5 pp 353-37 6 

Mitche l l ,  A . R . , Kent , S . B . H . , E rickson , B . W . ,  and Me rrifield, R . B .  

( 1 9 7 6 a )  Tet . Letts . 42 pp 3 7 95-37 98 

Mit c he l l , A . R . ,  E r ickson,  B . W . , Ryab t s e v ,  M . N . , Hodges , R . S . ,  and 

Merrifield, R . B .  ( 1 9 7 6b)  JACS 98 pp 7357-7 3 62 

Mitchell , A . R . , Kent , S . B . H . , Engelhard, M . , and Merrifield, R . B .  ( 1 97 8 )  

J .  Org . Chem . 4 3  pp 28 45-2 8 52 

Mohr,  P . ,  and Pomme rening, K .  ( 1 985 )  Affinity Croma tography . Practical 

a n d  Theore t i cal Aspects Pub : Marcel Dekker 

Mulholland, F . ,  and Hague, G . R .  ( 1 992 ) J .  Chrom. 589 pp 380-384  

Mutter , M . ,  and Bayer,  E .  ( 1 9 7 9 )  in  The Pept ides : Analysi s ,  Synthesis, 

Bi o l o gy Vol 2 ( E . Gross  a nd J .  Me ienhof e r , Eds . )  pp 2 8 5 - 3 3 2  Pub : 

Academic P ress 

Nicol a s ,  E . ,  Perello,  M . , Albe ricio , F . ,  Pedroso, E . ,  and Giralt , E .  

( 1 9 9 1 )  S o l i d - Ph a s e Syn t h e s i s  o f  P ep t i de Al kyl Am i de s  a n d  Est ers 

Poster 1 3 7 1 ,  presented at the 12th American Peptide Symposium, Boston 

Nomi z u ,  M . , I nagak i ,  Y . , Iwamatsu,  A . , Ka shiwabar a , T . ,  Oht a ,  H . ,  

Mor it a ,  A . , Nishikori, K . , Otaka,  A . , Fuj i i ,  N . ,  and Roller,  P .  ( 1 991 )  

Int . J .  Peptide Protein Res . 38 pp 58 0-587
· 

Noz ak i , 5 . ,  Hi sat une , K . , and Muramatsu,  I .  ( 1 9 7 7 )  Bul l . Chem . Soc . 

Japan 50 pp 422-424  

O ' C a r r a , P .  ( 1 9 7 8 )  in  Ch roma t o graphy o f  Syn t h e t i c  a n d  B i ol ogical 

P o l ym e r s  Vo l ume 2 .  Hydrophobi c, Ion Exch ange and Affi n i t y  Methods 

( R .  Epton, Ed . )  pp 131-158 Pub : Ellis Horwood Ltd .  



222 

Orlowska,  A . , Bankowski,  K . , · and Drabarek ,  S .  ( 1 975 )  Roczniki Chemii . 50 

pp 1 7 0 1 - 1 7 0 7  

P at e l ,  A . , O ' H a ra , M . , Cal laway, J . E . , G reene , D . ,  Martin, J . , and 

Nishikawa , A . H .  ( 1 9 9 0 )  J .  Chrom. 510 pp 83-93  

Pedroso,  E . ,  Grandas,  A . , Erit j a ,  R . , and Giralt, E .  ( 1 9 8 3 )  in Peptides 

1 9 82 ( K . Blaha and P .  Malon, Eds . )  pp 237-2 4 0  Pub : Walter de Gruyter & 

Company, Berlin 

Pet t i t ,  G . R .  ( 1 97 0 )  Syn t h e t i c  Peptides Vol . 1 p 51 Pub : Van Nostrand 

Reinhold Co . 

Phil l ips , T . M . , More , N . S . ,  Queen , W .D . ,  Holohan, T . V . , Kramer, N . C . ,  

and Thompson, A . M .  ( 1 9 8 4 )  J .  Chrom.  317 pp 1 73-17 9 

P ique , L . ,  Ces se l in ,  F . ,  Strauch, G . , Valcke , J . C . ,  and Bricare ,  H .  

( 1 9 7 8 )  Immunochemistry 15 pp 55-60  

Pless ,  J . , and Bauer, W .  ( 1 973 )  Angew . Chem. Int . Ed . 1 2  pp 147-148  

Poh l ,  J . , Zaora l ,  M . ,  Jindra, A . , and Kostka , V .  ( 1 984 ) Anal . Biochem . 

1 3 9  pp 2 65-2 7 1  

Ra j as hekar ,  B . , a n d  Kaiser , E . T .  ( 1 9 8 6 )  J .  Biol . Chem . 2 61 pp 13617-

1 3 6 2 3  

Rama ge ,  R . , Green, J . , and Blake , A . J .  ( 1 9 9 1 )  Tetrahedron 4 7  pp 6353-

6 3 7 0  

Raymond, M . N . , and Bricas ,  E .  ( 19 7 9 )  J .  Dairy Sci . 62 pp 17 1 9-1725 

Reactifs  IBF ( 1 9 8 3 )  Ul t roge l ,  Magnogel a n d  Tri sacryl : Pra ct i cal Guide 

for use in Affini ty Chroma tography and Rel a ted Techniques Pub :  Reactifs 

IBF , F rance 

Reeves ,  W . A . , and Guthrie, J . D .  ( 1 953 ) Textile Res . J. pp 5 22-532 



223 

Reid,  G . E . ,  and Simpson, R . J .  ( 1 992 )  Anal . Biochem. 200 pp 301-309  

R i v a i l l e ,  P . ,  Gaut r o n ,  J . P . ,  Cast r o , B . , and Milhaud,  G .  ( 1 9 8 0 )  

Tetrahedron 3 6  pp 3413-3 4 1 9  

Robey,  F . A . , and Fields , R . L .  ( 1 9 8 9 )  Anal . Biochem.  177 pp 373-377 

Robey, F . A . , Harris , T . A . , Heegaard, N . H . H . , Nguyen, A . K . ,  and Batinic , 

D .  ( 1 9 9 2 )  Chimicaoggi pp 27-31  

Robinson, I . C . A . F . ,  Edgar,  D . H . , and Walker, J . M .  ( 1 97 6 )  Neuroscience 1 

pp 3 5-39  

Roe s ke ,  R . W .  1 9 8 1  i n  Th e P ep t i de s : An a l ys i s ,  Syn t h e s i s ,  B i o l ogy 

( E .  G r o s s  and J .  Me ienhofer ,  Eds . )  pp 1 0 6 - 1 1 0  Pub :  Academic Pres s ,  

London 

Rol lins , D . B . , and Calderwood, H . N .  ( 1 93 8 )  JACS 60 pp 2312-2314  

R ue gg , U . T . ,  and Rudinge r ,  J .  ( 1 9 7 7 ) in  Me t h o ds i n  En z ym o l ogy 

( C . H . W .  Hirs and S . N .  Timasheff Eds . )  Vol 4 7  pp 1 1 1-12 6 Pub : Academic 

P re s s  

Ruo s laht i ,  E .  ( Ed . ) ( 1 9 7 6 )  Immun oadsorben t s  i n  Pro t e i n  Puri fi ca t i on 

Scandinavian Journal o f  Immunology, Supplement No . 3 

Sakakibara, S . ,  Shimonishi , Y . ,  Kishida ,  Y . ,  Okada , M . ,  and Sugihara , H .  

( 1 9 67 )  Bull . Chern. Soc . Japan 40 pp 2 1 6 4 - 2 1 6 7  

S a k a kiba ra ,  S .  ( 1 97 1 )  in Chemi s t ry and B i o ch emi s t ry of Amin o Acids ,  

Pep t i des, a n d  Prot eins (B.  Weinstein, Ed . ) ,  pp 51-85 . Pub : Marcel Dekker 

S a r in ,  V . K . , Kent , S . B . H . , Tarn, J . P . ,  and Merrifield, R . B .  ( 1 9 8 1 )  Anal . 

Biochem . 117 pp 147-157  

Schally,  A . V . , Arimura , A . , Kastin, A . J . , Matsuo, H . ,  Baba , Y . , Redding , 

T . W . , Nai r ,  R . M . G . , Debeljuk ,  L . ,  and White , W . F .  ( 1 9 7 1 )  Science 17 3 

pp 1 0 3 6- 1 0 3 8  



224 

Schnabel ,  E . ,  Klostermeyer,  H . ,  and Berndt H .  ( 1 97 1 )  Liebigs Ann . Chem . 

7 4 9  pp 9 0 - 1 0 8  

S c h no l ze r ,  M . , Alewood,  P . F . , and Kent , S . B . H .  ( 1 9 9 1 )  " In Si t u "  

Neu t ra l i s a t i on in Boc Chemi s t ry SPPS : High yield Assembly of "Diffi cult " 

Sequ en c e s  P o st e r  p resented at  the 12th  Ame rican Pept ide Symposium, 

Boston ( see also Peptides : Chemi s t ry and Biol ogy ( 1 9 9 2 )  (J . A .  Smith and 

J . E .  Rivier ,  Eds . )  pp 623-624  Pub : ESCOM Science Publishers B . V . ) 

Scope s ,  R . K .  ( 1 987 ) Protein Puri fi ca t ion : Prin cipl ies and Practice Pub : 

Springer-Ve rlag 

S c u l l y ,  M . F . ,  and Kakka r ,  V . V .  ( Eds . )  ( 1 9 7 9 )  Chromogen i c  Pep t i de 

Subs t ra t e s : Chemi stry and Clinical Usage Pub : Churchill Livingstone 

Sheppard, R . C .  ( 1 98 3 )  Chemistry in Britain pp 402 - 4 1 4  

Sheppard, R . C .  ( 1 9 8 8 )  Chemistry i n  Britain pp 557-562  

Shekhani ,  M . S . ,  Grubler, G . , Echner ,  H . ,  and Voelter,  W .  ( 1 9 9 0 )  Tet . 

Lett s . 3 1  pp 33 9-340  

Shive ly, J . E .  ( Ed . ) ( 1 9 8 6 )  Methods o f  Protein Mi crochara cterisation Pub : 

Humana Press 

Sieber ,  P .  ( 1 98 7 )  Tet . Letts . 2 8  pp 1 637-1640  

Singh, V .  ( 1 98 5 )  Indian J .  Exp . Biol . 2 3  pp 673-675 

Singh , V.  ( 1 98 6 ) Indian J.  Exp . Biol . 2 4  pp 15-18  

Small , P . W . ,  and Sherrington, D . C .  ( 19 8 9 )  JCS Chem. COmmB . pp 1 5 8 9-1591  

Smith , J . A . , Hurrell ,  J . G . , and Leach , S . J .  ( 1 977 )  Immunochemistry 14 

pp 5 6 5- 5 6 8  

Soffer ,  L . M . , and Carpenter, E .  ( 1 95 4 )  Textile Res . J .  p p  847-852 

Stamberg, J .  ( 1 9 8 8 )  Separation and Purification Methods 17 pp 155-183  



225 

Steve nson , K . J . , and Laudman', A. ( 1 97 1 )  Can . J. Biochem. 49 pp 1 1 9-12 6 

Stewart , J . M .  ( 1 9 8 0 )  in Polymer Supported Reactions in Organi c Synthesis 

(P . Hodge and D . C .  Sherrington, Eds . )  pp 343-405  Pub : John Wiley and Sons 

Stewart , J . M . , and Young, J . D .  ( 1 98 4 )  Soli d  Phase Pept i de Syn thesi s Pub : 

P ierce Chemical Co . ,  Rockford, I llinois 

S t r o p , P . ,  S e d l a c e k ,  J . , S t y s , J . ,  Kade rabkova , Z . ,  B l aha , I . ,  

Pavlickova , L . , Pohl , J . , Fabry, M . , Kostka , V . , Newrnan, M . ,  Frazao, C . ,  

Shea r er ,  A . , T ickle , I . J . , and B lundell ,  T . L .  ( 1 9 9 0 )  Biochemistry 2 9  

pp 9 8 6 3 - 9 8 7 1  

Sunda ram, P . V . , and Eckstein , F .  ( Eds . )  ( 1 97 8 )  Theory and Practice in 

Affi n i ty Techni ques Pub : Academic Press 

Tarn, J . P . ,  Riemen, M . W . , and Merrifield, R . B .  ( 1 9 8 8 )  Pep . Res . 1 pp 6-18 

Toth , G . K . , and Penke , B .  ( 1 9 91 )  in Peptides 1 9 90 ( E . Gira lt and D .  

Andre u ,  Eds . )  pp 12 5-12 6 Pub : ESCOM Science Publishers B . V .  

Tu rkova , J .  ( 1 97 8 )  Affi n i ty Ch roma t ography Pub : Else iver Sc ient ific 

Publi sh ing Company 

Upson,  D . A . , and Hruby, V. J .  ( 1 97 6 )  J .  Org . Chem. 41 pp 1353-1 358 

van Nipsen , J . W . , polderdi jk,  J . P . ,  and Greven, H .M .  ( 1 98 5 )  Recl . Trav . 

Chim . P ays-Bas pp 9 9-100  

Va n W a n de le n ,  C . , Z e i ku s ,  R . , a nd T s ou , D .  ( 1 9 8 9 )  in  Cl e a va g e ,  

Dep r o t e c t i on ,  a n d  Isol a t i on of P ept i des Aft er Fmo c  Syn t h e s i s  Pub : 

Millipore Corporation, Bedford, MA .  

Vlasov,  G . P . ,  and Bilibin, A . Y .  ( 1 9 6 9 )  I zv .  Akad . Nauk SSSR, Ser .  Khim . 

6 p 1 4 0 0  

Vlasov,  G . P . ,  Bilibin, A . , Kuznet zova , N . ,  Ditkovskaja ,  I . ,  and Lashkov, 

V .  ( 1 9 7 3 )  Chem . Zeitung . 97 pp 2 3 6-238 



226 

W a de , J . D .  ( 1 9 9 2 ) Howard Florey I n s t . ,  Un ive r s i t y  of Me lbou rne , 

Aus t ra lia . Personal communication 

Wang, S .  ( 1 973 )  JACS 95 pp 1328-1333 

Wie land, T . , Birr,  C . , and Flor,  F .  ( 1 97 1 )  Angew . Chem . Int . Ed . 1 0  

P 3 3 6  

Wet z e l l ,  R . , a n d  Goede l l ,  D . V .  ( 1 9 8 3 ) i n  The p ept i des : An alys i s ,  

Syn t h e s i s ,  Bi o l o gy ( E . Gross  and J .  Meienho fer,  Eds . )  pp 1 - 6 4  Pub : 

Academic P ress , New York 

Ya j ima , H . ,  Fu j i i ,  N . , Funakoshi,  S . ,  Watanabe , T . , Murayama, E . ,  and 

Ota ke ,  A .  ( 1 9 8 8 )  Tetrahedron 44 pp 8 0 5- 8 1 9  

Yamashiro ,  D . , Havran, R . T . , Aanning, H . L . , and du Vigneaud, V .  ( 1 9 67 )  

P roc . Nat . Acad . Sci . USA 57 pp 1 0 5 8 - 1 0 67 

Zapevalova , N . P . ,  Maximov, E . E . , and Mitin, Y . V .  ( 1 97 9 )  in Peptides 1 9 78 

pp 2 31 - 2 3 4  Pub : Wroclaw University P ress,  Poland 


	20002
	20003
	20004
	20005
	20006
	20007
	20008
	20009
	20010
	20011
	20012
	20013
	20014
	20015
	20016
	20017
	20018
	20019
	20020
	20021
	20022
	20023
	20024
	20025
	20026
	20027
	20028
	20029
	20030
	20031
	20032
	20033
	20034
	20035
	20036
	20037
	20038
	20039
	20040
	20041
	20042
	20043
	20044
	20045
	20046
	20047
	20048
	20049
	20050
	20051
	20052
	20053
	20054
	20055
	20056
	20057
	20058
	20059
	20060
	20061
	20062
	20063
	20064
	20065
	20066
	20067
	20068
	20069
	20070
	20071
	20072
	20073
	20074
	20075
	20076
	20077
	20078
	20079
	20080
	20081
	20082
	20083
	20084
	20085
	20086
	20087
	20088
	20089
	20090
	20091
	20092
	20093
	20094
	20095
	20096
	20097
	20098
	20099
	20100
	20101
	20102
	20103
	20104
	20105
	20106
	20107
	20108
	20109
	20110
	20111
	20112
	20113
	20114
	20115
	20116
	20117
	20118
	20119
	20120
	20121
	20122
	20123
	20124
	20125
	20126
	20127
	20128
	20129
	20130
	20131
	20132
	20133
	20134
	20135
	20136
	20137
	20138
	20139
	20140
	20141
	20142
	20143
	20144
	20145
	20146
	20147
	20148
	20149
	20150
	20151
	20152
	20153
	20154
	20155
	20156
	20157
	20158
	20159
	20160
	20161
	20162
	20163
	20164
	20165
	20166
	20167
	20168
	20169
	20170
	20171
	20172
	20173
	20174
	20175
	20176
	20177
	20178
	20179
	20180
	20181
	20182
	20183
	20184
	20185
	20186
	20187
	20188
	20189
	20190
	20191
	20192
	20193
	20194
	20195
	20196
	20197
	20198
	20199
	20200
	20201
	20202
	20203
	20204
	20205
	20206
	20207
	20208
	20209
	20210
	20211
	20212
	20213
	20214
	20215
	20216
	20217
	20218
	20219
	20220
	20221
	20222
	20223
	20224
	20225
	20226
	20227
	20228
	20229
	20230
	20231
	20232
	20233
	20234
	20235
	20236
	20237
	20238
	20239
	20240
	20241
	20242
	20243
	20244
	20245
	20246
	20247
	20248
	20249
	20250
	20251
	20252
	20253
	20254
	20255
	20256
	20257
	20258
	20259
	20260
	20261
	Untitled



