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ABSTRACT 

The pu rpose of thi s s tudy wa s to prepare seve r a l  

semi syn the t i c  analogues o f  the a c y l  carrier prote in o f  �· co l� , 

u s i n g  the Merr i f ie ld s o l i d - phase me thod for the prepa r a t ion 

o f  the syn the t i c  l - 6  he xapept i de i n  the prote c te d  form . I t  

w a s  hoped tha t the syn the s i s  o f  the se ana logue s ,  and the i r  

eva l ua t ion b y  the 1 �C02 a s say a n d  b y  othe r method s ,  mi ght 

cont r i bute to the s tudy o f  pro t e i n  s truc ture . and fun c t ion 

i n  gene r a l , and those of ACP in par ticul ar . 

The s tr a tegy chosen for the synthe s i s  o f  the protec ted 

1 - 6  hexapeptide was to employ a c i d - s table protec t i n g  groups 

for g lutami c , a sparti c ,  and arg i n ine re s id ue s , and to c le ave 

the completed peptide from the r e s i n  in a protected form 

u s i n g  HBr in ace tic a c i d . The E-n i troben z y l  g roup wa s 

cho s en for the protec t ion o f  ac i d ic amino a c i d  s id e - cha iris , 

a s  th i s  group has often been s tated to be s tab l e  to H B r  in 

ace t i c  acid . 

I n  the course o f  thi s work , howeve r ,  it became obvious 

that the stab i l i ty of the E-n i troben zyl group to HBr i n  

ace t i c  acid , wh i l e greater than that o f  other ben z y l  e s te r s , 

wa s n o t  suf fic i e n t  to a l low the c onven ient preparat i on o f  

pep t i d e s  pro tec ted with this b lock ing group . C le avage o f  

the protecting group occurred t o  a n  apprec i ab l e  extent ,  and 

th u s  the product was contaminated wi th a mixture o f  

depro te c ted pep t ide s . 

Other disadvantages o1 the E-nitrobe�zyl group were 

a l s o  e n c oun tered dur i n g  th i s  s tudy . I n  part i c u l a r , prob l ems 
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o f  i n s tabi l i ty wer� encountered i n  the prepa r a tion o f  

protected amino a c id intermed i a t e s  for peptide synthe s i s . The 

E_- n i  troben z y l  group vJa s  a l so found to g ive lmv coup l ing y i e l d s  

d u r i n g  synthe s i s , and poor s o l ub i l i ty d�r i n g  pur i f i c a t ion , to 

amino a c id s  and pep t i d e s  protected w i th i t . I t  i s  c l e a r  that 

the problems of i n s tab i l i ty and i n solub i l i ty a s s o c iated with 

E_- n i trobenzyl e s ter pro tect ion were aggravated by the f a c t  

th a t  man y  o f  t h e  target pep t i d e s  bore two E_-n i trobe n z y l  groups 

pe r mo l e cu l e .  

The coup l ing o f  a crude h�xape ptide to the n a t i ve 7-77 

pep t i d e  y i e l ded a produc t wh i ch gave some a c t iv i ty i n  the 

1 4C0 2 a s s ay a f ter exte n s ive pur i f i cation o f  the semi synthe t i c  

prote i n . Th i s  r e s u l t , toge ther w i th amino a c i d  ana l y s i s  o f  

the c r ude pe ptide , impl i e s  that the d e s ired protected hexa

pep t i d e  composed a s i gn i f i c ant proport ion o f  the peptid.e a f t e r  

c l e avage from t h e  re s in . The i n s o l ubi l i ty conferred by t h e  ·I 

E- n i troben z y l  prote c t i n g  group , howeve r ,  pre sumab l y  caused 

the target peptide to be s e l e c t ive ly l o s t  from the mixture 

dur ing the pur i f i cation procedur e s , in favour o f  deprotected 

pep t i de s and d e l e t ion peptide s having greater s o l ub i l i ty .  

For thi s  rea son , the ma j or produc ts wh ich were pur i f i e d  

from t h e  crude c le aved peptid e s  were pentapeptides  l ac k i ng one 

g l u tami c acid r e s idue b e a r i n g  the E- n i troben z y l  pro t e c t i n g  

group . 

The se pentapeptid e s ,  when coup l e d  to the n a t i ve 7-77 

pept i d e , gave products wh ich were i nact ive i n  the 1 4C 0 2  

as say . Th i s  resu l t  is in te re s ting , i n  tha t  i t  s ugge s t s that 

both G l u4 and Glu 5 are e s s e n t i a l  to the i n te r a c t i on between 
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the 1 - 6  and 7 - 7 7  pept i d e s  wh ich mai n ta i n s  the a c t ive 

con format i on of ACP . Howeve r ,  these d ata mus t  be treated 

a s  t e n t a t ive un t i l  an a c tive s emisyn thetic ACP s a t i sfy i ng 

ana l y t i c a l  c r i te r i a  i s  prepa red by th i s  method . The 

re s u l t s  ob tained by a s s ay in g  the pur i f i e d  semi s y n thet i c  ACP 

prepared from a crude hcxapept i de sugge s t  that a f u l l y

a c t i ve s em i s y n the tic ACP could be prepared by thi s  me thod , 

but they cannot be regarded a s  conc l u s ive i n  the ab sence o f  

suppo r t i n g  analytical  d ata . 

The approach to s emi s yn the s i s  c hosen for th i s  study 

appear s to be bas i c a l l y  sound , but new acid- s t a b l e  

pro te c t i n g  groups f o r  c a rbox y l  functions are c le arly 

req u i r e d  i f  the me thod i s  to become gener a l l y  u s e fu l . 
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INTRODUC'l'ION 

As s c i en ti s t s  s tudy the c reated world , i t  i s  the i r  

t ask not only to an alys e  e a c h  ob j e c t i n to i t s  compon e n t  

p a r ts , b u t  als o  t o  con s i der t h e  way i n  which th e s e  p a r t s  

i n te ract to c a rry out the fun c tions o f  the ob j e c t  as a who l e . 

I n  the c a s e  o f  p rote in mole c ule s ,  the p rote i n  chemi s t  s ee k s  

t o  inve s t i g a te not only the c hemi c al s t ruc ture o f  e ach mole

c ular spe c i e s , but al so the role wh ich e ac h  part o f  the 

p r6tein play s i n  the mechani sm of a c t i o n  of the en t i re mole

cule. Two type s o f  involvemen t o f  par t s  of a pro te i n  mole cule 

i n  the fun c t i on o f  th a t  molecule h a ve been di s ti n g u i s h e d .  The 

f i r s t  type i s  where a fun cti onal g roup takes a d i rect part i n  

chemical i n teractions o f  t h e  a c t i ve s i te w i th s ub s t r a te s , 

re c eptors , co facto rs , or memb rane s . The second i s  an 

in d i rect role , whe re a fun c t i on al g roup help s to ma int ain 

th e three-d ime n s ion al s t ructure of the mo le cule n e ce s s ary to 

g i v e  the optimal con f i guration o f  the a ctive s i te . 

The s tudy o f  p rotein s tructure and the s tudy o f  pro te in 

fun c t i on a re thus compleme n t ary and interdependent 

a c t i vi t i e s . Comple te knowledge o f  the amino a c i d  sequen c e  o f  

a p rote in , and even of its c ry s t al s tr u c ture , coul d  i n  the ory 

be a t t aine d w i thout any under s tandi n g  of the mech a ni sm by 

wh i ch the prot e i n  acts.  In p r a c ti ce , however ,  s t ru c tu r e  and 

fun c ti on are usually i n ve s ti gated i n  parallel , and e a c h  s tudy 

as s i s ts thG other . 

One o f  the mo s t  use ful me thods for s tudying the 

rel a t i onship b e tween th e st ructure and func t i on of a prote in 



2 . 

h a s  been the prep a r a t i on o f  modified forms of that p ro te i n . 

If a c e r t a i n  fun c�ional group i s  s u s pecte d of i n vo l vemen t i n  

t h e  me ch a n i sm of the pro te i n ,  then efforts are made t o  a l te r  

tha t  fun c t i o n a l  group . If the a c ti v i ty of the p rote in i s  

una f fecte d by the mod i f ication ,  i t  c a n  be conc lud e d  th a t  the 

group was p l aying no imme d i a te p ar t  i n  the a c t i v i ty . I f  

mod i fying th e fun c t i on a l  group doe s i n fluence the protein's 

a ct i vity , the in f e re n ce i s  d rawn tha t  the mod i f ie d  group had 

b e en d i rect ly or ind i re ctly i nvo l v e d  i n  the me ch an i sm of 

a c t i on o f  t h e  prote i n . 

The p r ep a rati on of mod i fied forms o f  a p r o t e i n  c an be 

a ch i e ved e i ther by total chemic a l  synthe si s of an a l ogue s  o f  

the mo l e cul e , or by d e r ivatisati on o f  function a l  groups i n  

the n ative p ro tein . The i nten tion i s  a lways to p re p are a 

d e rivati ve of the prote in wh e r e  a s pec i fic mod ifi c ation h a s  

been in troduced in to a known s i te ( or a sma l l  nurr�e r of s i te s )  

w i th the mo l e c u le. To th i s  e nd , the chem i s try o f  pep t i de 

syn thesis1 and speci f i c  mod i fica t i on by chem i c a l  o r  enzymatic 

me thods2 have been exten s i vely s tudi e d . 

The se te chn iques be come i n cre a s ingly d if f i c u l t  to app ly, 

·however, w i t h · l a rg e r  prote ins. Al though total chemi c a l  

syn the s e s  h ave been reported f o r  prote in s a s  l arge a s  

. r ibon uc l e a se3 and the acyl c a rr i e r  pro tein o f  E .  £Ol i 4 the 

synthe s i s  o f  a pep t i d e  conta ining more than 50 ami n o  a cid 

r e s idues i s  a very labo rious ta sk, and the yie l d and pu r i ty 

of the fin a l  product a r e  usua lly low. Spe c if i c  mod i f i c a t ion. 

of the fun c tiona l  g roups of a .large r prote i n  als o  ten d s  to be 

mo re d ifficult to ac!tieve. In a large protein, each type of 

r e s i due i s  l ik ely to occur many time s  w ithin th e s equence.  



Con s equent l y  i t  i s  d i fficu l t  to fin d a me t hod whi ch w i l l  

i n t roduce o nly one mod if i c a tion i n t o  the mo lecule. In 

a dd i t ion , the common l y--u se d reagen ts and enzyme s l ack 

3 . 

s pe c i f ic i ty , and tend to react wit h  more than one amino a c i d . 

Thu s  an a t tempt to mod i fy a protein may we l l  produce a 

m i x t ure of produc ts , which mus t then be s eparated an d 

charac·te r i s e d . 

For the se reason s  the techniqu�s o f  fra gme n t  syn th e s i s  

d · 1 · 5
h f b df 1 a n  sem1 s yn t 1e s1s ave o · ten een s ugge s te ·or t1e prepar-

a t ion of a n a l ogues of a protein . Th e s e  methods involve the 

synth es i s  of a prote i n  i n  the form of a numbe r of sma l l  pep-

tide s , e ach of whi ch can be pur i f i e d  to homogene ity , b efore 

they are joined to form the f in a l  product . I n  the c a s e  o f  

s emis yn th es i s , one o r  more o f  the s e  fragmen t s  i s  prepared 

f rom the n a t i ve protein , which h as been i so l ated f rom b i o-

l ogic al mate r i a l s  ( se e  Figure 1 . ) .  The prin c i pal a dvan t age 

of semi synthe sis i s  that i t  o f ten r equ i res a much sma l l e r  

ef fort to i s o l a te a l arge pure pep t i de from a natural  source 

th an to syn thesi se a l arge pure pe p t i de by chem i c a l  means . 

Thu s semisynthe si s  cou ld l ead to the preparation o f  a 

l arge n umbe r  of ana l ogues of a pro tein more q u i c k ly and 

easi l y  than any oth e r  ava ilab le te chn i que . In spi t e  of th e 

5 
f a c t  that th� advan tage s of s emisynth e s i s  are w e l l  known , 

and that many o f  th e ne ce s s ary tech n ique s h ave a l ready be en 

develope d , a pplic ati on s  of sem i sy n th e s i s to the prob lems of 

b i o chem i s try have been few in numb e r6 . 

The c ru c i a l  s te p  in f ragment s y n th e s i s  and semis yn the sis 

i s  the forma t i on of pept..i,de bonds betwe en the appropr i a te 

a-amino and a- carboxy l groups t o  form the comple te pe pt ide 
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chain.· In order that these reactions proceed in a spe c i f i c  

manne r ,  i t  i s  n e c e s sary , in al l b u t  the mo st s pe c ia l i s e d  

case s, that al l o th e r  amino and carboxyl groups i n  the 

c omponen t pep t i d e s  be p rote cte d by b locking groups wh ich can 

be removed at the end of the syn the s i s .  ( Se e  Figure 2 )  . 

Thu s  both nati ve and synth e t i c  pep t i des mus t  be p r e pared in 

a fu l ly or par t ly -prote cted form , d epending on the requ i re -

men t s  of the par t icular pro te in synthe s i s  wh i ch i s  t o  b e  

a ttempted. 

The s o l id-phase s yn the si s of Mer rifi e l d 7 has s ev e ra l  

advantages fo r the syn th es i s  of pep t id e s  and prote in s , i n  

that i t  i s  rap id ,  and i t  lends i ts e lf to au tomation. 

Cons equen tly much effor t  has been expended in adapting the 

te chn iques of s o l i d- phase pep t i de syn the s i s  to the prepara t i on 

of prote cted peptide s , for u se i n  fragmen t s yn the s i s  o r  semi-

s yn th e s i s . 

The Me rr i f ie ld me thod o f  pept ide syn th e s i s , whe r� the 

g rowi n g  peptide ch ain i s  attach e d  throughout th e syn the s i s  

to an in s o l ub l e  polymPr i c  s upport , is outl ined in Fi gur� 3 .  

The final s te p  i n  thi s  p rocedure ,  the c l eavage of the ben zy l  

e s te r  l inkage wh ich attache s the comp l e ted pept i de t o  the 

in s ol ub le polys tyr ene s u pport , consti tutes the mai n  ob s tac l e  

t o  the prepara t i on o f  prote c ted pep ti d e s  by the Me r r i fi e l d  

me thod. The con d i ti o n s  of the c leavage are s omewhat v i go ro u s  

( li qu i d  HF , 0 ° , 3 0  min s; or 3 3 % B H r  in ace t i c  acid , 2 0 ° , 

30 min s )  , and mo s t  of the common ly-u s e d  protecting g roups 

are r emoved by thes e  r eagen ts. 

To avo i d  this di fficu l ty ,  a va r i e ty o f  modifica t i on s  of 

8--2 2 the te chn ique have been introduced , in orde r  that the 
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fin al peptide-re s in c an be cle aved under conditi0ns mild 

enough n o t  to r emove the side-chain p rote c tin g groups . For 

example , the re s i n  h a s  been modified to p errni t the c l e avage 

of the pep tide chain f rom i ts support by photoly sis 2 1 , mild 

'd 1 9 , 1 0 ' d . 1 1 , 1 2 , 1 4 lk 1 . 13 
a cl c e avage , oxl a t1on , o r  a y a tlon . Non e 

of the s e  alte rn a tive me thod s has  found a wid e  applic a t i on . 

Mos t  o f  the publi s h e d  approache s  to solid-pha s e  fr agme n t  

synthe sis involve ch ange s i n  the standard procedu r e s  o f  

syn thesis . The se n ew procedures are n o t  on ly time .. ·con s umin g , 

b u t  als o  contain difficulties which wou l d  mak e  them uns uitable 

fo r routine u se , or limitation s which w ou ld re s trict their 

applic ability to a wide range o f  s ynthe se s . 

An a ttractive approach to the solid-ph a se synthe s i s  of 

prote c te d  peptides i s  to u s e  s tan d a r d  methods of peptide 

syn thesis with the exception th a t  the side c hain s are 

prote c ted by acid- s tabl e  g roups . A range of pro tectin g 

g roup s i s  kn own which are s table to H B r  in a c e ti c  acid ; for 

e x ample , Lys ( TFA) , Arg (N0 2 ) , Hi s ( D:H') , Cy s (1\cm) . I f  a s uitable 

a cid- s tab l e  group coul d be found for c a rboxy l prote c tion , an d 

the amino te rmin u s  was p rote c ted by trifluoroace tylat i on , 

HBr cleavage wou l d  rele ase a pep tide with on ly one f ree 

fun c tion al g roup , the c arboxyl- te rminal COOH, which c ould be 

u sed to form an active e s te r  for fragmen t c onden s ation . 

For this re a s on a varie ty of blocking g roups for 

c arboxyl protection was conside red in this s tudy for their 

s tability to a c i do lytic c l e av age . The mos t  promisin g we re the 

s ubs tituted ben z yl e s te r s , and the prepar ation and s tability 

of the 2.-ni trobenzyl and E·-chlo robenzyl side--c�1ain esters of 

aspartic and glutamic acid s we re studied in s ome depth . A 
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n ew and f acile method2 3  for the s y n the sis o f  these e s ters was 

in trod uced, and the c omme rcial applications of thi s p rocedure 

a re curren t l y  under d eve lopmen t. 

The �-chloroben z y l es te r s  of a s partic and glutamic 

acids w e re found to be in s u f fic i e n t l y  s table to HBr in 

a ce tic a c i d  to pe rmit the p reparation o f  pro t e c t e d  peptides 

u s ing thi s  blocking group . As a bene f i t  n o t  d i rectly rel ated 

to the p resen t s tudy, howeve r , the �-chl orobenzyl. e s te r group 

was found to be more s t able to trif l uoro acetic a c i d  th an the 

ben z y l  e s te r s  vJhich a re coJmnon ly u s e d  for A$p and Glu side-

chain p rotection . T rifluoroace t i c  a c i d  is the reagen t u s e d  

to e ach deprot e c t i o n  step o f  the Me r rifield p rocedure (Figure 

3 )  to remove the �-buty loxy c a rbony l blocking group wh i ch is 

employed for tempor ary prote c t ion o f  the a-amino group . 

Con sequen tly the E- chlorobcn z y l  es te rs of Asp and G l u  are 

be ing marketed as d e r ivatives whi c h  are less likely to 

d e c ompo s e  unde r the repeat e d  tr i fl u oroa cet i c  aci d  treatments 

neces sary during the synthesis o f  a large peptide. The use 

of thi s prote c t i n g  grcup appears to l im it the amount o f  pre-

ma ture side-chain d eprotec tion, and hen ce the n umb e r  o f  

br anched-chain imp u ritie s in the f in a l  product . 

The £-nitrobenzy l e s t e r s  o f  Asp and G l u  have been 

reported to·be s t able to HBr in a c e tic ac i d2 4 . Initial 

expe riment s  with the s e  derivative s  showed tha t  the y were , 

indeed, more s ta b l e  to this reage n t  than any o f  the other 

protecting groups wh ich w e r e  eva l uated . Later results, how-

ever, demon s t rated th a t  th i s  stabil i ty was insu f ficien t to 

a l low the convenicn t u se of the 2-ni troben zyl esLe1� for the 

prot e c tion o f  peptidcs during c l e avage from the resin by HB r 



in ace t i c  aci d . Ther e  we r e  a l so d i f f icul t i e s  during the 

1 0 . 

synth e s i s  of the amino aci ds der i va tives, and the pe pti d e s  

prote c t e d  by �-nitrobenz y l este r s  were found t o  have ve ry 

l im i te d  so lubi l i ty in common solven·ts . The s e  two pJ�oblems, 

o f  ins t abi l ity dur ing s yn the s i s  of a pept i d e  and c l eavage 

from the res in, and i ns o l ubi l ity o f  the protected produ c t, 

impose severe l i m i t a tions on the u s e  o f  t h i s  prote c ting g roup 

for the synthe s i s  o f-pro te cted pepti des. 

In spi te o f  these d i f f i c u l t ies, howeve r, some suc ce s s  

w a s  obta ine d using the :e_-ni trobenzy l e ste r a s  a s i de-chain 

p rote cting group for glutamic �c i d  in the sem i s ynthe s i s  o f  

several ana logues of the a cyl carrie r  p rote i n  o f  E .  coli . 

1 . . 25 ( ) Acy carr1e r prote1n ACP h as a number o f  prope r t ies 

wh i c h  make it s u i tab l e  as a mode l  s ystem for the s tudy of the 

te chniques of semi synthe s i s . It i s  a smal l p rote in , and yet 

i t  inte racts in a very spe c i f i c  manner w i t h  a t  le ast 12 

d i f f e rent enzymes o f  l i p i d  bio synthe s i s . The s tructure o f  

ACP i s  very important to its acti vity, and sma l l  mod i f ic a t ions 

in the mo l e cule produce drastic ch ange s in i t s  reaction wi th 

26 many of its enzymes The protein i s  a l s o  very stab l e  ( for 

example, it i s  not d e s t royed by boi l ing in O . lM a c i d ) , and 

hence i t  requires no spe c i a l  prec autions to r etain i t s  

a c t i v i ty whi l e  manipu l a t i on s  are c a r r i ed out . 

The f a tty a c i d  s ynthetas e  o f  b a c te r i a  d i f fe r s  from that 

of h ighe r organi sms i n  t h at it is e a s i ly d i s s oc iated into 

component enzy�es ,  each of wh ich c a ta l y s e s  a s ingl e  r e a c t i on 

of the bio synthe s i s  o f  f a tty ac i d s  ( se e  F i gu re 4 )  . One 
2 7  o f  the earliest observati ons i n  th i s  f i eld w a s  made by Lynen , 

who repor t e d  th a t  a ce toace t a te, an inte rmediate in the 
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syn the s i s  o f  fat ty aci d s , appeared to be boun d to a prote in 

in the yeas t  f at ty ac i d  syn thetase comp lex . Thi s  led to the 
. 2 8 demonstrat ion o f  a comroncnt o f  the bacter i al fatty a c i d  

syn the s is i ng sys tem whi ch was a small a c i d i c  prote i n  wh i ch 

conta ined a phosphopantetheine pros the t i c  group , to whi ch 

fat ty acids were attached throughout the i r  synthe s i s by a 

thi o e ster linkage . Thi s  prote in was sub s e quently d e s ign ated 

ACP .  

ACP can e as i ly be prepared from extracts o f  E .  co l i2 9 . 

The s teps invo l ve removal o f  n u cl e i c  aci d s  from the c e l l  

extra ct ,  and precipitati on o f  prote in by ammoni um s u l phate to 

80 % o f  saturat i on . The 80% ammon i um s u lphate s upernatan t ,  

con ta i n i ng the ACP , is acid i f i e d ; the ACP i s  recove red i n  the 

prec i pitate , wh ich i s  then chromatographed on DEAE-ce l l u l o s e , 

and f i nal ly on DEAE-Sephadex . The prote in appears t o  b e  

homogene ous o n  DEI\E-Sephadex chromatography , po lyacrylam i de 

d i sk ge l elec trophoresi s ,  and u l tracentr i fuga l analys i s . 

Mod i f i cations o f  this procedure have y i e lded homogen o u s  
. f .· f . f 1 . . 3 0  preparat1on s o ACP - rom a var1ety o- ot1er spec1e s 

ACP from �· coli e xhib its propertie s expected o f  a 

1 b l t . h . . d 3 1  . . . g o u ar pro e 1 n . T e am1no ac1 sequ en ce 1s g1ven 1 n  

Figure 5 .  The pro sthe t i c  �roup was es tabli shed tci be 

4'- pho sphop�ntethe ine 3 2  and to be attached by a pho spho d iester 

linkage to ser ine 3 6  o f  the protein s equen ce ( s ee F igure 5 )  . 

The prote i n  has 2 2  ac i d ic re s i dues and only 6 basic re s i due s 

out o f  a total o f  7 7 .  Although the p rote in has yet to be 

crysta l l ised , and c onse quen tly its three-d imens i onal s truc ture 

is unkn own , it is clear that th ere must be a prepond erance 

o f  acidic groups on the s ur face of the prote in . 
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NH 2- s er-'rhr-I le-Gl u-Gl u-Ar<J-Val-J_,ys -Ly s-I le-

20 
-I le-Gly-G l  u-Gln-Leu-Gly-·Val--Lys-Gln-Gl u-Gl u-

30 
-Val-Thr-Asp-Asn-Ala-S�r-rhe-Val-Glu-�sp-Leu-

40 
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' 
4'-phosphopantetheine 

50 
-Met-Ala-Leu-Glu-Glu-Glu-Phe-Asp-Thr-Glu�Ile-

60 
-Pro-Asp-Glu-Glu-Ala-Glu-Lys-Ile-Thr-Thr-Val-

70 
- Gln - �l a - Al a - I l e - Asp -Tyr - I l c - �sn - Gl y - Hi s - G ln -

77 
-1\l a-COOII 
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. FIGURE 5 The amino acid sequence of the acyl carrier 
protein of E .  coli (from Vanaman et al, 
Reference 31) 
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In the absence of X-ray crystallographic data, other 

techniques have b6en employed in attempts to understand the 

properties of ACP. Both total chemical synthesis4 

h . 1 d t '  .d ' f ' . 33"-37 h b c emlca an enzyma lC mo l -lcatlon ave een 

and 

carried 

out on ACP, and the modified proteins have been investigated 

for their activity with some or all of the many enzymes for 

which ACP is a substrate. 33 Carboxypeptidase A treatment 

which removed up to three residues from the C-terminus of the 
. .  

protein did not affect its activity in the 1�Co2 exchange 

29 assay. Acetylation of the four lysine residues and the 

amino terminus of ACP did not reduce the activity of the 

protein, although its stability to thermal denaturation was 

34 slightly reduced. Nitration of the single tyrosine residue 

lk 1 L • f 1 • l l ' • 35 dl' d b 1 • h h or a ry a�lOn 0 t1e Slng e metllOnlne not a 0 lS t e 

activity of ACP, although the rates of individual reactions 

of lipid synthesis were altered. The tryptic peptide 

comprising residues 19-6133 and the cyanogen bromide peptide 

comprising residues l-�425a were found to be totally inactive. 

35-37 Modification of as few as two carboxyl groups was 

sufficient to inactivate the protein, but the modification 

of 11 of the 22 carboxylates could-be carried out without 

causing extensive changes in the structure of the molecule 

d b . . l - d. . 35 as measure _ y lts optlca. rotatory lsperslon. In contrast, 

the acetylation of the N-terminus ·and all of the lysine 

£-amino groups caused a large change in the structure of 

the protein,35 but its activity in the �4C02 assay was not 

diminished34 pr�vided that a sufficient salt concentration 

vzc::s present: in the as say retixture to compensate for the loss 

. h d b t 1
. t. 37 ln c a�ge cause y ace y a lon. The two examples �iven 

ln this pa1�agraph illustrate the hm types of modification 
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whic h  c a n  be dis tingui shed : that in which the reactivity o f  

the mo l ec u l e  i s  af fected by disordering the s truc ture of the 

mo l e cu l e , and that wher e  func tion a l  g roups in the active 

site or s i te s  are de s t roye d . 

Syn thesis of the a c y l  c a r rier protein with Arg 6 present 

a s  NG-nitroarginine led to a product with ac tivity in the 

a s s ay r e a c tion .
3 8  

Simi l a r l y , modification of Arg 6 by a 

t rimer o f  butane- 2 , 3 - dione did not abo lish the a c tivity o f  

ACP .
3 7  

However , the ( no r l e ucine 6 ) de riva tive w a s  ina c t i ve .
3 8  

The role of Arg 6 i s  unc le ar , e specia l ly when i t  i s  considered 

. 3 0 £  that the acyl  carrier pro tein s ' from C lo s tr i d i um butyr 1 c um 

d . h 3 0 a  d . . . 
a n  sp1nac o not conta 1 n  arg 1 n 1 ne . 

� 

( As the amino a cid 

s equence s of the se acy l c arrier protein s have not been 

d e te rmin e d , i t  is not known what amino acid r e p l ace s Arg 6 . )  

Ace ty l a tion of a l l  four c - amino group s a n d  t he 

N - te rminu s ,  and tr�ptic c l e avage o f  the ac e t y l ated ACP a t  the 

sin g le arginin e re sidue , produce the 7 - 7 7  peptid e , wh i. c h  i s  

d evoid o f  both structure and a c tivity . No a c t i v i t y  c o u l d  

b e  p rod u6c d  b y  combin i n g  the l - 6  and 7 - 7 7  peptid c s  under a 

. f d ' . 3 4  
var 1 e ty o - con 1 t1 on s . I t  appears like l y  that part or a l l  

o f  the N-terminal hexapeptide i s  par ticipating in in ter-

a c tions which make a ma j or contribu tion to the conformation a l  

s tability of the mo lecu l e . The differentia l a c e t y l a tion 

experime n t s  of Pre s co t t  e t  al 39 and the re sis tance of ACP 

t . . d d . . 3 5  . d th t - o  arn1nope pt1 ase 1 ge s t 1on are 1nterprete to me an - a 

the amino terminus o f  ACP i s  buried within the in terior of 

the mol e c u l e , which i s  con si s te n t  with its taking part in 

maint ainin g the ove ra l l  struc ture o f  the prote in . 

Synthe sis o f  the ana logue s of ACP comprising re sidue s 
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3 8  2 - 7 4 , 3 - 7 4 , 4 - 7 4 , 5 - 7 4  and 6 - 7 4  r evea led tha t omi ssion o f  

success i ve r es i dues f rom the N- term i n us resu l ted i n  a steady 

d ec l i n e  in act ivi t y , and tha t t h e  a n a l ogue lack i ng the 1 - 5  

pen t apep t i de was essen t i a l ly i n ac t i v e  ( see F i gu r e  6 ) . The 

N- termi n a l hexape p t i d e  o f  ACP i s  h i gh l y  funct ion a l i s ed , 

con tain i n g  two hyd roxy l ,  a g u an i d i n e  , and two c a r boxy l g roup s 

i n  the s i de-ch a i ns o f  s i x  res i dues . I t  seems l i k e l y  tha t  

a l l  o f  these f unct i on a l  groups , a s  wel l as the hydr ophob ic 

I le 3  s i de-cha i n , p l ay a par t  irt ma i n tai n i ng t h e  s t ruc ture o f  

ACP . Va l u a b le in format ion on the r e l a t ionshi p between 

s tructure and act i v i t y  of this protei n ,  and on p rotei n -

protein i n teract ions i n  gener a l , cou l d  b e  ob t a i n e d  b y  the 

prep a r a t ion o f  an a logues con t a i n i ng var i a t i ons i n  the f i rs t  

s i x  a m i n o  acids . 

Acy l car r i e r  prote i n  i s  a n  i d e a l  cand i d a t e  for the 

prepa r a t ion o f  ana l ogues b y  semisyn thes i s . A p a r t  f rom the 

gen er a l  advan tages of scrnisy n thes i s  men t ion e d  e a r l i er , ACP 

has two speci f ic advan t a g e s  as a mod e l  syst co . F i r s t , a 

pept i d e  whose p r e sence i s  essen t i a l  t o  the prot e i n ' s act i v i ty 

is found a t  the N- termi n us of the pr otei n , and hence i ts 

r ep l acemen t by sem i sy n the s i s  i n vo l ves the j oi n i ng o f  on l y  

two pept i d es , ra ther than three a s  i 1 1  the gene r a l  case ( see 

F igure 

i n  the 

1 ) . I n  addi t ion , as acety l a ted ACP i s  f u l l y  act ive 
3 4  

1 4 C02 excha n ge assay , i t  is not n ecess a r y  to use 

te�po r a r y  b l ock ing g roups for the N- te rrninal and l y s i n e  

£ -am i no groups . A l l a m i no groups c a n  h e  perma n en t l y  

blocked by acety lat ion . T r y p t ic c l eavage o f  acet y l a t e d  ACP 

then relea ses the acetyla t cd 7 -7 7  pep t � d c , K� i c h  � a s  c � l y  

one f r ee a m i no group � 
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If the c oupl ing reaction between the 1 - 6  and 7 - 7 7 

pep t id e s  i s  c ar r i ed out using pre formed active e s ter s , the 

c a rboxy l-pro t e c t ing groups o f  the N- terminal  hexape p t i d e  c an 

be r emoved be fore coupl ing i s  per formed . Spec i f i c i ty o f  

r e a c t i on i s  e n s ur ed b y  the fact tha t on ly one c a rboxy l group 

h a s  been a c t iv a ted . The ab sence o f  any tempor ary block i n g  

groups on t h e  pepti d e s  involved in the f in a l  coup l i n g  s te p  

m i n imises  the problems of i n so l ub i li ty wh i c h  are o f ten found 

w i t h  fully - pr o t e c ted peptides , and obv i a te s  the nece s s i t y  

f o r  a f i n a l  depro t e c t ion react ion t o  be carr ied o u t  on t h e  

semi syn the t i c  prote i n . The semi synthe t i c  protein i s  expec ted 

to a s sume the con forma t ion of n at ive ACP read i ly � as the 

4 0  
d e n aturation o f  ACP i s  known to be a rever s i b l e  proce s s  

The s impl i f i e d  semi synthe t i c  procedu r e  whi c h  i s  pos s ib l e  i s  

shown i n  F igure 7 .  

Fol low i ng t h i s  patte rn , the semi syn the s i s  o f  acyl  

c a r r i e r  prote i n  and of  several  anal ogue s con ta i n i n g  

va r i a ti on s in t he sequence of t h e  N - terminal hexape p t i d e  wa s 

in i t i ated . The acety l a ted 7 - 7 7  pep t ide wa s ava i l a b l e  f rom 

E .  col i ACP u s i n g  the pub l i shed procedures for i s o l a ti o n , 

. f . . 2 9  1 . d . 1 3 4  pur l 1 c at1on , acety a t 1on , a n  tryp t 1 c  c eavage - . The 

ac t i ve - s ite th i o l  group wa s protec t e d  by format ion o f  the 

D d . . 4 1 TNB er1va t 1 ve . 

The pro tected form o f  the 1 - 6  h exapeptide and sever a l  

a n a l ogue s were s ynth e s i sed by the s o l id-phase me thod , u s i n g  

the E- n i troben z y l  e s ter derivatives o f  G lu and Asp , a n d  Arg 6 

d G . . 
. protecte a s  N - n 1 tr o a r q �n 1 ne . � . 

The N- t e rmi n a l  amino g r ou p s  

o f  the pept i d e s  we re bl ocked b y  a c e ty l a t ion , and the p e p t i d e s  

were c l e aved f rom t h e  r e s i n  w i th H B r  i n  ace tic a c i d . The 
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C- termin a l  carboxy l group o f  the pept ide w a s  ac t i va ted by 

formation of the pentach lorophen o l  e s ter
4 2

, and a l l  temporary 

prote c t ing groups wer e  removed by hydroge n a t i on . 

The s ynthetic 1 - 6  hexapeptide and the n a tive 7 - 7 7  

tryp t i c  peptide we re tl1en coupl ed i n  solut i on . The th i o l  

prote c t i n g  group w a s  rem6ved b y  reduc t ion w i th B -merc apto

e thanol , and the p roduc t ,  semi synthe t i c  ace ty l a te d  ACP , was 

a s s ayed by the 1 4 C 0 2  exchange a s say . 



S EC T I ON 1 

S U B S T I TU TED BEN Z Y L  E S TE ES l\S S I DE ·- C I JJ\ I N  P HOTE C T I N G  G HOU P S  

I N  S OL I D - P HASE P E P T I DE SYN�HE S I S  

P r o tec t ion of the s ide- cha i n  c a r boxy l groups o f  

a spar t i. c  and g lutam i c  acid s i n  pep t ide syn the s i s  ha s been 

2 1 .  

. 4 3  mo s t  conm1on l y  achi eved by ben zyl e s te rs . . Th i s  pro t e c t ion 

i s  ver y  s ui table, in that i t  is f a i r ly s t a b l e  to the 

c ondi tions o f  pept ide syn thes i s, and i t  c a n  be remove d at 

t he end o f  the s y n thes i s  by s tr ong l y  ac idi c or r edu cing 

d .  
. 4 4  c o n  1 t 1 o n s . 

There are imp o r tan t reason s, however, f o r  seek i n g  

a l t ern a t ive carboxy l -prote c t i ng g rou;) s , f o r  i t  has b e e n  
4 5 - 4 7  shown that b e n zyl es t e r s  a r e  n o t  comp l e t e l y  s t a b l e  to 

4 8  4 9  thG cond i t i o n s  common l y  used to remove the "!:_-Boc ' g roup 

d u r i n g  pep tide s y n t h e s i s . Th i s  l a b i l i ty g i v e s  r i s e t o  a 

c u mu l a t i ve l o s s  o f  s i d e - ch a i n  p r o te c t i on , a n d  i n c r e a s e s  the 

po s s i bi l ity o f  br a n c h i n g  o f  the peptide cha in, par tic u l ar l y  

dur ing l ong syn the s e s . 

An i mpo r tan t u s e  o f  m o r e  s tab l e  car bo x yl-pro t ec t i n g  

g r o u p s  i s  i n  the syn thes i s  o f  protec ted pept idc s ,  wh i ch can 

be used in f ragmen t syn thes i s  and sem i syn the s i s  o f  
. 5 0 - 5 4  p r o te1n s . In an attempt to deve l op a s i mp l e  method f o r  

the preparat i o n  o f  pro tec ted pept ides wh i c h  c o u l d  be used f o r  

t h e  s emi s yn thes i s  o f  ACP , i t  wa s dec ided t o  exam i n e  the 

syn the s i s o f  a f u ll y �-,ro :- --,C 'J c: :.:· .::. _· ·. · · � u s i n q  s i..: .:tncJ a n1 s o l id-

pha s e  techn i q ue s . I f  the s ide- chain s and ami n o  terminus o f  

a pept ide we re b l o c , �cc1 .)�' g r o u l < '  s L �·.b L :  t o  a c i cl o l y s i s , the 
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synthe s i s  c o u l d  be per formed on a chloromethy l ated r e s i n , 

w i th the u s u a l  :!:_-Boc group for a - ami no protect ion , and u s i n g  

H B r  in ace t i c  a c id f o r  the c l e avage o f  the pept i d e  f rom the 

r e s i n .  

Two ac i d - s tab l e  carboxy l - prote c t i n g  group s  wer e  

eval uated : t h e  E-chlo roben z y l  e s te r  a s  a group o f  mod e r ate l y  

i n c re ased s t abi l ity for use i n  l onger syn the s e s , and the 

E- n i troben z y l  e s te r  a s  a much more s table group for the 

synthe s i s  of protected pept ides w i t h  HBr c l e avage f rom the 

re s in .  A new fac i l e  method was developed fo� the prepar a t i o n  

o f  the sub s t i tu ted ben zy l  e s t e r s  o f  a s p a r t i c  and g l u tami c  

ac i d s . Th i s  procedure invo l ve s the copper- c a ta l y s e d  

hydroly s i s  o f  t h e  corre spond ing amino a c i ds d i e s t e r s  ( se e  

F i gure 8) , and i s  super i o r  to previo u s l y  pub l i shed methods 

both in s imp l i c i ty and in y i e l d  of the produc t s . A r e po r t  

o f  t h e  prepa r a t i on o f  the se e s t e r s  0a s accepted f o r  

pub l i c ation a s  a communica t ion to t h e  Journ a l  o f  Organ i c  

C l  . t 2 3 1 5 5  . . I . 1 . 
1em1 s ry a s  wa s a a t e r  paper g 1 v 1 n g  t 1e ev1c ence 

pre s e n ted in th i s  s e � t ion for  the s u i t ab i l i ty o f  t h e s e  

compound s for u s e  i n  s o l id-phase peptide synthe s i s .  

The . c r i te r i a  for a more stable s id e -chain prot e c t in g  

group are t h a t  i t  shou l d  be e a s i ly prepared , th at i t  should 

be s ign i f i ca n t l y  more s table to the con d i t ion s of peptide 

s y n th e s i s  than b en z y l  e s ter protec t i on , and that it  should 

be r e ad i l y  r emove d  a t  the end o f  the synthe s i s .  The ac i d  

stab i l i ty o f  t h e  ben z y l  e s ter group c a n  b e  conven i e n t l y  

increa sed b y  t h e  in troduct ion o f  e l e c tron-wi thdrawin g  

sub s t i tucn t s  i n to t h e  a rom� t i c  r in g . For e x amp le , 

M . f . ld 5 5  . . d h f h l  . d b 1 e r r 1  1 e  1 nve s t 1 ga te t e use o - c or1nate en z y -
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oxyc arbon y l  ( Z )  groups for the pro t e c t i on o f  l y s ine r e s idue s , 

and found that ( � - Cl - Z )  Ly s was three t ime s more s tab l e  than 

Z - Ly s  to t r i f luoroacetic  acid in d i ch l o rome thane ( 1 : 1 ) : Other 

c h l o r in a te d  d e r i v a t i ve s  were found to be even more s tab l e , 

s ome to the po i n t  o f  be ing d i f f i cu l t  t o  remove by HF 

c le avage . Simi l a r l y , 
. 5 7 58 L1 ' employed the 4 -bromobe n z y l  

e st e r  for the protect ion o f  G l u  r e s i d ue s ,  a n d  c l a imed i t  t o  

be four t ime s a s  s tab l e  a s  the ben z y l  e s ter , but d e t a i l e d  

evidence a s  to the s u i tabi l i ty o f  th i s  protecting group i n  

pept i d e  synthe s i s  w a s  n o t  pre sented . 

Fol lowing the above c r i te r i a , the 2_-chl oroben z y l  e s te r  

was s e l e c ted for i n v e s t i ga t ion . I t  c a n  be read i ly prepared 

by the coppe r - c a t a l y sed hydro l ys i s  me thod deve loped dur i n g  

t h e  course of th i s  work
2 3

, and the s tar ting mater i a l , 

2_- c h lorobe n z y l  a l coho l , i s  commerc i a l ly ava i lable . The 

s tabi l i ty o f  th i s  e s ter to tri fl uoroace t i c  a c i d  ( TFA ) 

hydro l y s i s  wa s s tu d i ed , and compared w i t h  the stab i l i ty o f  

the ben z y l  e s te r . I n  ord e r  to prov i d e  a me a surable extent 

of  hydro l y s i s  i n  a r e a sonab le t ime , the  stud i e s  were pe r -
. 0 
formed a t  4 5  C .  The samp l e s  from the s e  hydro l y s e s  were 

a n a l y s ed · by h i gh- pre s sure l iquid ch romatogr aphy ( HPLC ) on 

a P ora s i l  s i l i c a  c o l umn w i th pota s s i um phosphate bu f f e r  

( pH 4 . 0 ,  0 . 0 2  M )  a s  the e l u ent . I t  should be noted than 

an aqueous bu f fe r  s y s tem w a s  used i n  con j un c t i6n w i th a 

s i l i c a  co l umn . The aqueous s y s tem w a s  found to min imi s e  

t a i l i n g  o f  the ben z y l  e s te r s ,  a frequent prob J.em in the 

analy s i s  of po l a l- compounds on s i l i c a  c o l umn s . 

The 2_-chloroben z y l  e s ter was found to be approximate ly 

twice as s tabl e a s  the ben z y l  e s t e r  to hydro l y s i s  by 
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0 
TFA - C H2 C l 2 ( l : l ) a t  4 5  C .  From the t empe r a ture dependenc� 

o f  Hamme tt factors
5 9  

it c an be pre d i c ted that th i s  s tabi l it y  

d i f ference wi l l  be s ign i f i cantly greater a t  r oom tempe r a ture . 

The 12_- c h loroben z y l  e s te r  was a l s o  found to be comp l e t e ly 

removed by l iquid HF at 0 °C for 3 0  minute s , and c an there fore 

be recommended for the synthe s i s  of l a rge peptide s .  A l though 

the data of Me rr i f i e 1 d 4 5  
imply that ben z y l  e s ter prot e c t i on 

o f  Asp and G l u  i s  adequate for moderate - s ized peptide s ,  i t  

shou ld be emph a s i sed that such protect ion i s  inadequate for 

sma l l  acidic prote i n s  such a s  the a c y l  carr ier prote i n  (ACP ) 

from E .  co l i . Th i s  pro t e i n  cont a i n s  1 4  g l utamic and 7 

aspar t i c  acid r e s i du�s out o f  a total  o f  7 7 . Us ing the 

method of Merr i f i e l d 4 5  it c an be c a l cul ated that i n  a synth e s i s  

o f  ACP u s ing benzy l e s ter protection o f  Asp and G l u , 5 . 6 % o f  

the c h a i n s  would be prema ture ly deprote c ted a t  a g lutamic a c i d  

r e s i due and 2 . 7 % at a n  a s p a r t i c  r e s i due . The s e  s i d e  react ion s 

should be reduc ed to an acceptable l eve l by the u s e  o f  a 

more s table prote c t i ng group such 2.-ch loroben z y l . 

Al th oug h many approaches  to the synthe s i s  o f  pro tected 

peptides have been sugge sted , invo l v i n g  a l ternat ive re s i n s  

. . 8 - 2 2 . 
and c l e avage techn 1ques , none h a s  found a w1de 

appl i c a t i on . 

One d i s a_dvantage i s  that many o f  the mod i f ied r e s i n s  

. 9 1 0  1 4  15 2 1  1 nvolve lengthy synth e s e s  ' ' ' ' . More s ign i f i c a n t l y , 

the e f fe c t  o f  the s e  mod i f i c at i o n s  on the proper t i e s  o f  the 

r e s in has not been eval�a te d , so that the rout ine use o f  

such re s in s  mus t  awa i t  further evaluation o f  the i r  behaviour , 

p a r t i c u l a r l y  i n  l on g e r  synthe s e s . I t  h a s  been obse rved that 

for m i �d , s e l e c t i ve c l e avage procedure s ,  y i e l d s  can d e c r e a s e  
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. 2 2  6 0  
w i th l a rger pept1 d e s  ' , so that the s e  me thod s may not be 

s u i tab l e  for the syn the s i s  o f  l arge pro tected peptide s . 

Mos t  o f  the pub l i shed approache s  to f r agme n t  synthe s i s  

i n vo l ve changes in the s tandard procedures o f  synthe s i s . 

The s e  n ew procedures are not only t ime con s umin g ,  but a l so 

o f ten contain d i f f i c u l t i e s  wh ich wou l d  make them un sui table 

for rou t i n e  use , or l im i t a ti on s  wh i c h  wou l d  re s t r i c t  the i r  

a pp l i c ab i l ity t o  a wide range o f  synthe s e s . For examp l e , 

r e s in s  wh i ch form a l ab i l e  bond to the f i r s t  amino a c i d  

require t h e  u s e  o f  e v e n  mor e  l a b i l e  a - amino prote c t ion dur i n g  

t h  h . 1 4 ' 1 5  
h . h ' . . . f . e synt e s 1 s  , w 1 c  1 s  1nconven1ent or rout1ne u s e . 

Re s in s  where the bond to the peptide chain i s  a c t ivated i n  

t h e  pen u l t imate s tep i nvo lve treating the pep t i de w i th such 

. � h . d ' d 
1 1 - 1 3  

h '  . . reagents a s  perox 1 o e s  or me t y l  1 0  1 e . T 1 s  act1vat1on 

s te p  i s  not comp a t i b l e  w i th pept ides whi ch con t a i n  Trp , Cys 

or Met , d l . . 6 1  
an may a s o  c au s e  racom1 sat 1on 

An a ttract ive approach to the so l id-ph a s e  syn the s i s  o f  

protec ted peptid e s  i s  t o  u s e  s tand ard me thod s o f  peptide 

synthe s i s  with the except ion that the s ide cha 1rt s are 

protected by acid - s t a b l e  group s . Such stable bl ock ing groups 

a r e  known for mos t  s id e - c h a i n  function a l  group s , w i th the 

e xc eption o f  the carboxy l groups of a spart i c  and g lutam i c  

a c id s . I f  a . suitable a c id- s t able group could be found for 

c a rboxy l protection , and the amino terminus was protec ted 

by t r i f luoroacety l a tion , HBr c le avage wou l d  r e l e a s e  a pept ide 

w i th on ly one free fun c t i on a l  g roup , th� carboxyl - termin a l  

COOH , wh i ch could be u s ed t o  f o rm an a c t ive e s t e r  for fr agmen t 

condensation . 

For th i s  reason the s tabi l i ty o f  }2_-chlorobe n z y l  and 



· 12_-nitrobc n zy l  e s te r s  to I IBr c l e avage v;a s  inve s t i ga "ced . The 

12_- c h l orobe n z y l  e s te r wa s found to be only twice a s  s t ab l e  

t o  H B r  a s  the ben z y l  e s ter , and th i s  s t ab i l i ty was n o t  

s u f f i c ie n t  for the j. s o l a t i on o f  pep t i de s prote c ted w i th 

2 7 . 

thi s  group . The 12.- n i t roben zyl e s te r , howeve r ,  was 5 0  t ime s 

as s table as th e ben z y l  e s ter when the amino acid wa s n o t  

invo lved in pept i d e  bond s . On the bas i s  o f  the s e  r e s u l t s , 

the p - n i trobe n z y l  e s te r wa s chosen for the s ide-ch a i n  

pro t e c tion o f  a spar t i c a n d  g l utam i c  a c i d s  i n  t h e  synthe s i s  

o f  a protected mode l pept ide and the protec ted 1- 6 hexape p t i d e  

from ACP . I n  both c a s e s  the produ c t  w a s  c l e aved from the 

r e s i n  with HEr/a c e t i c  ac i d . 

The s tab i l i t y  o f  E- n i t roben z y l  e s ters to H B r  c le avage 

2 4 a  b i s  we l l  known ' , a l though quan t i t a t i ve d a t a  on th i s  

s t ab i l i ty do not appear to have been re por ted , and l i tt l e  

use appe a r s  t o  have been made o f  t h i s  prope rty i n  pepti d e  

2 4 c  d 
sy nthe s e s  ' S ome o f  the reasons for the apparent 

re l uctan ce o f  pep l i c1 e  chcw:i. s  c s  t.o emp l o y  th i s  prote c t  ins 

group emerged du J: ing th i s  s t ud y . Al t h o u g h  the .2_-- n i  tre be n z y l  

e s t e r s  o f  the free amino a c i d s , Asp a n d  G l u, we re very s ta b l e  

t o  HEr/ace t i c  a c i d  a s  r eported here , yet when tho s e  ami n o  

a c i d s  were pre s e n t  a s  p a r t  o f  a pept i d e  cha i n  the stabi l i t i e s  

o f  the E- n i trobe n z y l  s ide-chain e s te r s  were dra s t i c a l l y 

reduce d . Both i n  the mode l  peptide , G ly -Gl u ( OB z l  E-N0 2 ) -A l a , 

and i n  the ACP 1 - 6  hexapeptide , Ac - S e r · -Thr - I l e -G l u  ( OB z l  12_-N0 2 ) 

G l u ( OB z l  12_-N 02 ) -Arg ( N0 2 ) 0H ,  the r- n i troben z y l  g roups we r e  

found t o  b e  removed at a. much greater r a te than expect e d . 

A furthe r  com p l  i c <t t i o: 1  I·.' a S  ·L JW t r e cn.-r c1 n  gc:>r.12n L. o f  the targe t 

pepti d e  appeared to be occurring , so that a l arge numbe r  o f  
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products were formed i n s te ad o f  the d e s i re d  s i n g l e  c l eavage 

product . 

The poor s tab i l i ty o f  th i s  prote c t ing group r e s u l ted 

i n  c l e aved peptide s wh i c h  were contaminated by s u b s t an t i a l  

amoun ts o f  deprotected a n d  rear ranged produ c t s . The 

separation of the s e  pept i d e  m ixtures was fur t h e r  comp l i c ated 

by their  low solubi l i ty ,  wh ich a l so appe ared t o  be a d i re c t  

r e s u l t  o f  the u s e  o f  the !2_- n i  t roben z y l  pro t c c 'c i n g  group . 
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PART A 

Syn the s i s  o f  th e Die s te r� o f  G l u tami c  Ac id 

The sub s t i tuted ben z yl d i e sters of glutami c acid were 

6 2  6 3  
pr epared by the me thod o f  S h i e ld s , McGregor and Carpenter ' . 

Th i s  method i nvolve s  the a z eotropic d i s t i ll a t i on o f  a mixture 

of the ami no a c i d  and an exce s s  of  Ehe appropr i a t e  sub s t i tuted 

ben z yl alcohol in the pre sence o f  a s trong a c i d  c a taly s t . 

Dur i ng the d i s t i l l a tion , water i s  removed from the conden s a t e , 

i n i t i a lly by a De an & S tark apparatus , and late r , a s  the 

r e a c t i on nears  compl e t i on , by p a s s age through a bed o f  

d r y i n g  mate r i a l . E i the r ben zen e or carbon tetrach loride wa s 

found to be s a t i s f a c tory a s  the so lven t , and e i ther 

12_- toluen e s u l ph on i c  acid o r  ben z ene sulph on i c  aciu a s  the 

c a taly s t . The produc t ,  an ami n o  a c i d  d iben zyl e s t e r  salt , 

prec i p i tate d  on coo l i ng o f  the r e a c t ion m i x ture , a n d  wa s 

r e c r y s tall i sed from ethanol . 

Mate r i als and Me thod s 

12_-Ch loroben zyl alcohol and 12_-n i troben z y l  a lcohol 

( r eagent g r ade ) were sup p l ied by Fluka . All solvents wer e  

red i s t i lled be fore u s e . 

I n  a typi c al syn the s i s , g l utam i c  ac id ( 1 4 7 g ,  1 mole ) , 

p- c h l o roben z y l  alcohol ( 5 7 0 g ,  4 mole s )  and b e n z en e sulphon i c  
- I 

a c i d  ( 1 7 4 g ,  1 . 1 mo l e s ) we r e  suspended in carbon t e tra chlor i de 

( 1 .  5 1 ) . The he t e r o g e n e o u s  m i ::-: t u .::- e \·.'a s h e a t ed un d e r  re flux 

w i th r emoval o f  wa te r  Ly . a z e o tr o p i c  d i s t i l l a t i o n . A f t e r  

5 hour s , and the removal o f  4 0  cm 3 of  wate r , the react ion 
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m i x tu r e  s o l i d i f ied . The s o l id was  broken up , and d i s t i l l a t ion 

w a s  c on t i nued with c a l c ium c h lor ide beads i n  the De an & S ta r k  

apparatus . The r e a c tion w a s  terminated a f t e r  2 3  hour s . The 

produc t pre c ipi ta ted on c o ol ing . I t  was wa s hed w i t h  d i c thy l 

e th e r , and r e c ry s ta l l i sed f rom bo i l ing e thano l ( 1 . 5 1 ) ; 

y i e l d  5 2 lg ( 9 4 % ) . The reac t ipn time s , y i e l d s , and me l t in g  

po i n t  o f  the d i e s te r s  o f  g lutamic ac id are s hown i n  Tab l e  I .  

TABLE I The Synth e s i s  o f  G l utam i c  Ac i d  D i e s te r s  

E s t e r  T ime Yield M .  Pt . 

G l u ( OB z l ) 2 HT s  1 0  h r s  6 9 % * 1 1 5 - 1 1 7 ° 

G l u ( OB z l  J2.C l ) 2 HB s  2 3  h r s  9 4 %  

G l u ( OB z l  J2.NO 2 ) 2 HTs 4 1  h r s  88% 1 2 1 - 1 2 4 ° 

* The l owe r y i e l d  o f  the unsub s t i tuted ben z y l  e s te r  i s  

thought to be due t o  i t s  higher solub i l i ty i n  the 

solven ts used for c ry s t a l l i s a t ion and r c c r y s ta l l 

i s a t ion . 
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PART B 

Syn the s i s  o f  the y -Monoe s t e r s  o f  G l utam i c  Ac i d  

The s ub s t i tu ted ben z y l  e s te r s  o f  glutami c ac i d  we r e  

prepared b y  s � le c t ive hyd ro ly s i s  o f  t h e  corr � s pond i n g  d ie s te r  

i n  t h e  pre s e n ce o f  Cu ( I I )  ( see F i gure 9 ) . T h e  appropr i a te 

amino a c i d  d i e s te r  s a l t  wa s d i � solve� in aqueo u s  e thanol or 

aqueou s d ioxan in the pre sence o f  a thre e - fo l d  e x c e s s  o f  

copper s u l phate . The pH wa s then r a i sed to 8 . 0 ,  and m a i n -

t a ined the r e  f o r  t h e  requ i red t ime . The pH was then 

l owe red to 3 . 0 ,  and the copper compl e x  of the monoe s te r  could 

be i s o l a ted by f i l tr a t ion . 

The copper complex wa s then de compo sed wi th bo i l in g  

6 4  aqueous EDTA by the me thod o f  Ledger and Stewa r t  . The 

product prec ipi tated on cool i n g , and could be r e c r y s t a l l i s ed 

from boi l i ng wa ter i f  nec e s s a ry . 

Hyd rogen sulphide cou l d  a l so be used to decompo s e  the 

c omplex , g i v ing a pre c ip i t a te o f  copper sulph i de . Th i s  

procedute , howeve r ,  was found to give drast i c a l l y  lower 

y i e l d s , perhaps due to trapp i n g  of the produc t w i t h i n  the 

extreme l y  i n solub l e  c opper �u l phide prec i p i t a te . 

A ttemp t s  we r e  made to mon i tor the progre s s  o f  the 

hydrol y s i s  react ion by me a su r i n g  the base add i t ion requi red 

to mai n t a i n  the pH o f  the r e a c t ion mi x ture at 8 . 0 .  H oweve r , 

the rate o f  ba s e  uptake was found to bear l i t t l e  re l a t i on s h i p  

t o  the r a te o f  t h e  reac t ion . I t  po s s i.b ly r e f l e c t s  the form-

a t i on o f  i n solub l e  sa l t s  such a s  Cu ( OH ) 2 •  
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The rate o f  the copper hydro l y s i s  reac t ion could , 

howeve r ,  be me a s u re d  by quan t i ta t i ve TLC o f  a l iquots o f  the 

reac t ion mi xture . The r ates o f  hydro l y s i s  o f  a var i e ty o f  

e s te r s  were me a s u r e d  i n  thi s  way , i n  order t o  e l u c i da te the 

mechan i sm of the hydrol y s i s  reac t i on . 

Metho d s  

Synthe s i s  of g lu tamic a c i d  y -ben zyJ:_ e s te r  

I n  a typ i c a l  copper hydroly si s ,  g l utam i c  ac id d iben z y l  

e s te r  12_- toluen e s u l phonate ( l O g ,  2 0  rnmo l )  wa s . d i s solved i n  

e thano l ( 1 4 0  cm 3 ) and aqueous Cu S O t, . 5 H 2 0  ( 2 0 g ,  8 0  rnmo l i n  

water , 3 5 0  cm 3 ) w a s  added . The p H  wa s r a i sed t o  8 . 0  w i th 

lM NaOH , and the s o l ution was mai n t a in e d  at that pH and 3 2 ° C 

for G O  minutes . The pH was then lowered to 3 . 0  with 3M H C l  

and the pre c i p i t a t e  o f  the copper c omp l e x  o f  G l u  ·.Y (OBz l )  <1 9 

was f i l tered o f f  and washed w i th wate r , ethan o l  and e ther . 

E thy lened i aminet- e t r a a c e t i c  acid d i sod i  urn s a l t  ( 7 .  8 g , 2 1  nuno l )  

in 1 0 0  cm 3 o f  w a t e r  was added , the s o l u t ion was bo i led and 

f i l tered , and on c oo l in g , gl utam i c  a c id y-be n z y l  e s te r  

prec i p i tated out . The p roduc t wa s c o l l e c ted by f i l t r a t i on 

and �a shed w i th wate r , e thanol and e ther : y i e ld 3 . 5 g 

{ 1 4 . 8  mmol , 7 4 % ) : 0 
m . pt 1 6 9 -:- 1 7 0  ; 

a ce t i c  a c id ) ' ( l i t . m . pt 1 6 9 - l 7 0 ° ; 

22 0 ( � ) D + 1 9 . 3  ( c  5 . 4 9 ,  

( a )� + 1 9 . 2 ° 6 4 ) .  

The y ie ld s  f o r  var i ou s  e s ter s  o f  g l utam i c  and a sp a r t i c  

a c i d s  are g iven i n  Table I I  . 
. 
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TABLE I I  Y i e l d  o f  Asp and G l u  Monoe sters Prepared b y  the 
Copper-Cata l y s e d  Hydrolx s i s  o f  �orrespondTiJg 
Die ste r s  

Y i e ld o f  
Crude r e c r y s t d . 
Y i e l d *  e s ter , m . pt L i t .  

Ester mol %  mo l %  o c  

G1u ( OB z 1 )  9 5  7 4  1 6 9 - 1 7 0  1 6 9 - 1 7 0 6 5  

G1u ( OB z 1  12_- Cl ) 9 3  5 4  ( a )  1 6 9 - 1 7 0 1 7 6
6 6  

G 1 u ( OB z 1  E_-NOz ) 8 7  5 4 ( a )  1 5 8 - 1 5 9 ( b )  1 7 1 - 1 7 2 6 4  

Glu ( OMe ) 9 9  1 8 0
6 6  1 8 2 6 6 , 6 7 

G 1 u ( OE t )  9 6  1 9 2 - 1 9 4  1 9 4 6 7  

Asp ( OB z 1 )  9 8  6 7  2 2 0 - 2 2 2  2 2 1
6 8  

Asp ( OB z 1  E_- C 1 ) 9 8  8 3  2 0 8 - 2 1 0  2 0 8
6 8  

Asp ( OB z l  E_-N02 ) 9 7  8 8  1 9 3 - 1 9 5  1 8 9 - 1 9 0
6 4  

Asp ( OMe ) 9 8  1 8 8 - 1 9 0 ( c )  1 9 1 - l 9 3 ( c )
6 7 

* Me a s ured by amino acid  an a l y s i s  o f  an a 1 iquot o f  

the react ion mixture 

( a )  The reduced y i e l d  o f  the s e  e s te r s  i s  po s s ib l y  due to 

the i r  very low s o l ub i l i ty in a l l  c ommon so lven t s . 

( b )  I t  h a s  been observed that t h i s  c ompound may show more 

than one d i s t in c t  me l t ing poin t ,  pre sumab l y  because 

o f  the e�i s tence o f  s eve r a l  cry s t a l l ine forms . 

( c )  As hydrochlor ide . 
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Mea suremen t o f  the Rate o f  Hydro ly s i s  

A var i e ty o f  d i e s te r s  o f  g lutamic acid were hyd r o l y sed 

by the above procedure . · S amp l e s  of the r e a c t ion mi x ture 

were quenched wi th d i lute a c i d , treated w i th EDTA , and 

chromatogr aphed on s i l i c a  gel p l a te s , u s ing a 1 - butano l : 

a c e t i c  acid : pyr id ine : water ( 1 5 : 3 : 1 0 : 1 2 )  so lven t . The 

Y - e s te r  spot s we re vi sua l i se d  w i th n i nhydr i n , and the 

n in h y d r i n  c o l our was e luted w i th e thbnol and me a sured a t  

2 5 0  nm ( se e  F i gure 1 0 ) . The r a t e s  o f  reaction a r e  g iven i n  

Tab l e  I I I .  

TABLE I I I  Rate Con s ta n t s  for the Cu ( I I ) - C a t a l y s e d  
Hyd r o ly s i s  o f  G l u tamic Ac id D i e s t e r s  

D i e s te r  

G l u ( OB z l  !2_-N0 2 ) 2  

G l u ( OB z l ) 2  

G l u ( OB z l  !2_- C l ) 2 

Glu ( OMe ) 2 

. Gl u ( OE t ) 2 

Glu ( OE t  2 -C l ) 2 

* pH 8 ,  32 ° 

. - 1  Rate , *  nun 

0 . 5 4 

0 . 5 4 

0 . 1 4 

0 . 0 7 0  

0 . 0 6 7  

0 . 0 5 0  
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c oppe r  complexe s o f  aspa�t i c  and g lutamic a c i d s  where both 

the ami no n itrogen and one o f  the c a rboxy l oxygen s  are 

c oord in ated to the copper a tom on l y  i f  a f i ve -mernbered 

ring is formed . Th i s  propo s a l  was c on f i rmed by the ab sence 

i n  the hydroly s i s  produc t  of  any trace o f  the a-monoe s te r s  

o f  aspar t i c  and g l u t amic a c i d  or o f . the free amino a c i d s . 

Hydro l y s i s  of the S or y - e s te r  to g ive the s e  products 

would require forma t i on o f  a six or seven-membered r i n g  

r e spe c t i ve ly ( see F i gure 1 1 ) . 

The mechan i sm o f  the coppe r - c a t a l y s ed hydrol y s i s  o f  

7 0  amino a c id e s te r s  h a s  been sugge s ted t o  proceed by OH 

a ttack on the c arbon y l  g roup of the c oppe r coord i nated e s te r  

l i nkage . I f  thi s i s  the c a s e , the r a te of hydro ly s i s  shou l d  

be inc r e a sed by e le c tron-wi thdrawing sub s t i tuents on the 

e s ter group . To te s t  th i s  hypothe s i s , the rate of the copper 

hydroly s i s  reac t i on for var i ous g l utamic a c i d  d i e s t e r s  w a s  

mea sured ( see Tabl e  I I I ) . 

0 The rates a r e  con s i s te n t  w i th the mechan i sm proposed , 

i n  tha t  the ethy l e s t e r  reac ts more s lowl y , and the ben z y l  

e st e r  more rapid l y , than the me thy l � s te r . E s te r s  

s ub s t i tuted with c h l o r i n e , howeve r ,  r e a c t  more s lowl y  than 

do unsub s t i tuted e s te r s , i n  spite of the e l e c t ron-wi thdr aw i n g  

n a ture o f  the· chlorine mo i e ty . Thi s  anomaly i s  probabl y  due 

to the l arge volume occupied by the c h lor ine a tom , a s  

r e a c t ion s of amino a c i d  qoppe r complexe s app e a r  t o  be very 

0 b l  
0 1 0 d 6 9 s u scept1 e to s te r 1 c  11� ranee . 

The y i e l d s  obt a in ed i n  the hydro l y s i s  o f  the 12.- n i tro 
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ben z y l  e s ter o f  g l utami c a c i d  were very var i ab l e , and 

usua l ly l ower than those for the corre spon d i n g  ben z y l  o r  

p-chl orobe n z y l  e sters . Tha t  th i s  poor y i e l d  wa s n o t  due to 

i ncomp l e te r e a c t ion of the s ta r t i n g  mater i a l  c o u l d  be sh own 

by repe a t i n g  the hydro l y s i s  on the same samp l e . I n  a c a s e  

wher e  t h e  i n i t i a l  y i e ld wa s 4 4 %  b a s e d  o n  the s t a r t i n g  d i e s te r , 

repe a t i n g  the hydroly s i s  on the s ame sample gave on l y  a 

further 4 %  y i e l d . Thin - l ayer chromatography r eve a l ed t h a t  

the s t a r t i n g  �ate r i a l  w a s  i n  f a c t  d i sappear i ng ,  b u t  t h a t  

no n inhyd r i n- po s i tive mater i a l s  other than t h e  produ c t  were 

appear i ng .  I t  w a s  con c l uded t h a t  the s tart in g  d i e s te r  was 

decompo s i n g  to c ompounds w i th no f r e e  amino group s . I t  s e ems 

l ike l y  that the s e  were pyrogl u tami c  a c i d  or d e r ivatives o f  

pyro g l u t amic ac i d . I n  an attempt t o  min imi s e  the s id e -

react i on s o f  the p- n i troben z y l  e s te r , the hydro l y s i s  r e ac tion 

was c a r r i e d  out at  pH 6 . 0 ,  but thi s  d id not improve the 

yield of  the reaction . No a t t empt �as made to i so l ate o r  

ident i fy the unwanted byproduc t s , a s  the y i e l d  w a s  ade�uate 

for the p r e s en t s tudie s , and for f uture work it s e emed more 

promi s in g  to seek s ide-chain p r o t e c t i n g  gro ups wh i ch were 

l e s s  l abi le . S evera l der ivat i ve s  wh i ch seem l i k e l y  to have 

greater s tab i l i ty ( such as the tr i f l uoromethy lben z y l  e s te r )  

are curren � ly under s tudy . 



4 0 . 

PART C 

S y n t he s i s  o f  t-Boc D e r i v�t ive s 

For the synth e s i s  o f  the tert-butyl ox y carbony l  ( t-Boc ) 

d e r i vative s o f  the s ub s t i tu ted ben z y l  monoe s t e r s  o f  

a s pa r t i c  a c id s , the method o f  S tewa rt and Young7 1 , emp loying 

t - Boc a z ide a s  acy l a t i n g  agen t , was  used . The me thod o f  

Ragnars son e t  a1 7 2 , emp l oy i n g  !_-buty l pheny l c arbonate , was 

a l so succe s s fu l  w i th the ben zy l  e s te r s  of a sp a r t i c  and 

g lu t ami c a c id s , but w i th sub s t i tuted ben zy l  � s te r s  the y i e l d s  

we r e  l e s s  than with the t-Boc a z ide me thod . rrhe produc t s  

obt ai n e d  f rom the s ub s ti tuted ben z y l  e s te r s  wi th thi s 

me thod we re a l so l e s s  pure , to the extent that they could 

n o t  be s at i s factor i l y  pur i f ied by c r y s t a l l i s at i on or s i l i c a  

co l umn chromatography . Th i s  w a s  fe l t  to be due to 

d e c ompos i t i on of the sub s t i tuted ben z y l  e s te r  under the more 

b a s i c cond i tion s of Ragnar s s on ' s  me thod , wh i c h  u s e s  te tra-

methy lguan i d ine as  b a s e  in p J. a c e  o f  t r i e t hy l amine , the ba s e  

u s e d  i n  the t- Boc a z idG me thod . 

In the c a s e  o f  the p - n i troben z y l  e s ter , i t  could be 

s hown tha t  exposur e  to ba s ic cond i t ion s , i n c l u d i n g  an 

attempt a t  column chromatography on � l umina , g ave e x t e n s ive 

d e gradat ion of the produ c t  and concommi tant appearance of a 

ye l l ow compound . Th i s  y e l low d e r ivative d id nri t  h ave a free 

ami n o  group , �nd an amino group could not be li b e r ated by 

exposure to HC l vapour . 

Th i s  r educed s tabi l i ty to b a s i c  cond i t i on s  w a s  f e l t  to 

be a d i sadvan tage o f  the p-n i troben z y l  e s ter . For future 

s tud i e s  it i s  recommended that o ther d e r iva t i ve s be sought 
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w h i c h  c o u l d  r e p l a c e  the 12_- n i t roben z y l  g r o up for the 

pro tec t ion of the s i de - c h a i n  c a rboxy l g r o u p s  of a s pa r t i c  a nd 

g l u tam i c  r e s i d ue s . 

Ma te r i a l s  and Me tho d s 

t - B o c  a z ide w a s  s y n t he s i s e d  by t h e  method o f  Carpino 

e t  a l
7 3 , a n d  w u. s  u se d  \v i t h o u t  d i s t i l l a t i on 

7 4 .  Te trame thy l -

g u an i d i ne w a s  p u r c h a sed from E a s tman , a n d  �-b u t y l p he n y l c a r -

b o n a te f r om Koch - L i g h t  Labor a tor i e s . 

( I )  t-Boc A z i de Me thod 

G l u t am i c  ac i d  y - E- n i t r o be n z y l  e s te r  ( 2 . 8 2 g , 0 . 0 1 mo l )  

w a s  s u s pe n d e d  i n  d ime th y J  su Jph ox i d e  ( 5 0  ml ) . Tr i e thy l am i ne 

( 2 . 7  m l , 2 . 0 g ,  0 . 0 2 mo l )  wa s adde d , and the m i x t u r e  

s t i r red for thr ee d a y s  a t  room tempe r a tu r e , by wh i c h  t ime i t  

w a s  homo ge neous . The s o l u t i on wa s then d i l ut e d  w i th three 

vo l ume s o f  water and e x t r a c te d  thre e t ime s w i th h e x a n e  to 

r emove a n y  u n r e a c t e d  a z i d e . The aque o u s  s o l u t i on wa s c h i l l e d , 

a c i d i f ie d  t o  pH 3 ,  and e x t r a c ted three t im e s  w i th e th e r � Th e 

e th e r  e x t r a c t  wa s wa shed w i th w a te r , d r i e d  over a n y h d r o u s  

magne s i um s u l ph a t e , a n d  e v a p o r a t e d  unde r r e d u ce d  pre s s ure . 

The p r oduc t wa s obta i ne d  a s  a ye l low o i l  ( 3 . 6 g ,  9 4 % )  wh i c h  

c ry s t al l i se d  o n  s t a n d i ng . The produ c t  w a s  homoge n e o u s  by 

TLC on s i l i c a  ge l p l a t e s  w i t h  1 - butan o l  : p y r i d i ne : w a te r  

( 2 : 2 : 1 , Rf = 0 . 7 2 )  a n d  w a s  u s e d  w i th o u t  f u r the r p ur i f i c a t i on . 

The �- Boc E_- c h l oroben z y l  e s te r  o f  g l u t am i c  a c id w a s  

s y n the s i se d  by t h e  s ame procedur e , and was i so l a ted a s  a n  

o i l  wh i c h  c rystal l i s ed on _ s tand ing ove rn i ght to g i ve the 

p r o d u c t i n  6 3 %  y i e l d . 

e th e r -petro l eum e the r : 

The p r o d u c t  w a s  re c ry s t a l l i se d  f rom 

0 
m . pt 8 0 - 8 1  C ,  TLC ( 1 - b u t an o l  

. I 
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pyr id i n e : water , 2 : 2 : 1 ) R
f 

0 . 8 2 ;  ( e thanol : aqueous NII 3 ,  

9 • 1 ) R f 0 . 7 8 . An a 1 .  C a 1 c for C 1 ., H 2 2 C 1 N 0 6 ( 3 7 1 .  4 1  ) : C , 5 4 . 9 8 ; 

H , 5 . 9 7 ;  N , 3 . 7 7 ;  C l , 9 . 5 5 .  Found : C , 5 4 . 9 1 ;  H , 5 . 8 4 ;  

N , 4 . 1 0 ;  C l , 9 . 5 0 .  

( I I )  
7 2  t- Butylpheny l c a rbonate Method 

G lu tami c  a c i d  y -12.-n i trobe n z y l  e s ter ( l O g , 3 5 . 4  mmo l )  w a s  

s uspended in d ime thy l su l phoxide ( 5 0  ml ) . Te t r a�c thy l guan i d i n e  

( 4 . lg ,  3 5 . 4  mmol ) an d !:_-buty lphenylc arbonate ( 7 . 8 g ,  3 9 . 1  rruno l )  

were added s lowl y  ove r 1 0  minutes to the s t i r red suspen s ion . 

After 2 0  hou rs the r e a c t io n  was a lmo s t  comp l e t e  a s  e s t imated 

by TLC . Water ( 8 0  ml ) was  added , and the s o lu t i on was 

e x t r a c ted wi th hexane three t ime s . The pH o f  the aqueous 

s o lu ti on wa s th en l owe r ed to 3 . 0  with 1 0 %  s u lphur i c  ac i d , and 

the s o l u t j_on was e x t r a c te d  three times w i th ethyl acetat e . 

The e thy l acetate e x t r a c t  was w a shed w i th water three time s , 

d r ied ove r anhyd rous magn e s i um s u lphate , and evapora ted under 

p re s s u re . The product wa s ob t a i ned a s  a brown o i l  ( 7 . lg ,  

5 3 % ) . The prod u c t  co- c h romatogr aphed w i th a n  riu then t i c  

s ampl e  o f  g lutami c a c i d  y-12.- n i troben z y l  e s te r ( prepared by 

the t - Boc a z i de me t hod ) during TLC on s i l i c a  gel p l a te s  

us ing 1 -butanol : pyr i d ine : water ( 2 : 2 : 1 , R
f 

= 0 . 7 2 ) . 

Howeve r , i t  a l so conta i ned s i gn i f ic a n t  amoun t s  o f  a ye l l ow 

compound which mig r a ted a t  the so lve n t  fron t  i n  the above 

· TLC s y s tem , a1d wh i c h  could not be removed by repeated 

c r y s ta l l i s a t i on and s i l i c a  c o l umn chromat ography . 
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PART D 

S t abi l i t y  o f  Sub s t i tu t e d  Ben z y l  Monoe s te r s  o f  Glutam i c  Ac i d  

to Acido l y t i c  C l eavage 

The y -ben zy l , y -2- c h l oroben zy l , and y -2- n i troben z y l  

e s te r s  o f  g lutam i c  a c i d  were inve st i g a ted for the i r  

stabi l i t ie s  to t r i f l uoroac t i c  a c i d  ( TFA ) i n  d i c h l orome thane 

( 1 : 1 ) , to I IBr in ace t i c  a c i d  ( 3 3 %  w/w ) and to l iq u i d  HF a t  

0 ° . The rate o f  a c i do l y t i c  c l eavage was e s t imated i n  the 

c a s e  o f  TFA by ana l y t i c a l  H P LC , and 1n the case o f  HBr by 

s efui -quan ti tat ive TLC . I n  the c a s e  o f  HF , the qua l i ta t i ve 

pre sence or absence o f  c le avage wa s d e tected by TLC . 

The rate o f  c l eavage o f  the se e s te r s  by TFA a t  amb i e n t · 

tempe rature \vas e xt r eme ly s low , and con sequen t l y  the inve s t 

o 
i g a t ion was conducted a t  4 5  . 

Me thod s 

( I )  S t ab i l i ty o f  Mon o e s t e r s  t o  Tr i f l uoroac e t i c  Ac i d  

C l e avage 

The equipmen t  u s e d  for h igh-pre s s ure l iq u i d  chroma-

tography i s  descr ibed i n  S e c t i on 2 C ( I I ) . 

S amp l e s  o f  the monoe s te r  ( lmg ) were d i s s o l ved i n  

�r i fl uoroacetic  a c i d - d i c h lorome than e ( 1 : 1 ,  0 . 1 cm 3 ) and he l d  

a t  4 5
°

C i n  sealed t ube s .  A t  prede termi ned t ime interva l s  a 

tube was d r i ed wi th a s tream o f  N 2  and the r e s i due d i s so lv e d  

i n  potas s i um phospha te bu f fe r , 0 . 0 2 M ,  pH 4 . 0  ( 2 5 cm 3 ) .  The s e -

s o lu t ions were examined by HPLC on a Cora s i l  I pe l l i c u l a r  

s i l i ca col uw�1 ( 2 f t  x 0 . 1 2 5  i n . ) ,  e l ut i n g  w i th the 

pota s s ium pho spha te buf f e r  a t  4 cm 3 /min and 2 3 0 0  p s i . The 

e l ution wa s mon itored by UV ab sorpt i on at 2 1 0  nm and 
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c a l ibrated w i th s t an dard samp l e s .  The r e s u l t s  and a typ i c � l  

chroma togram a r e  shown in F i gure 1 2 . 

The r�tes o f  deprotec t i o n  with TFA-CII 2 C l 2 ( 1 : 1 ) � t  4 5 ° C 

were Gl u ( y -OBz l )  6 . 6  x 1 0 3 m i n- 1 , G l u ( y -OB z l  r-C l )  

4 . 1  x 1 0 3 mi n - 1 • Hence the 2_-ch lorobe n z y l  e s te r  i s  1 . 6 

t imes a s  s table to tr i f luoroace t i c  a c i d  nnde r  th e s e cond i t i on s 

a s  is  the ben z y l  e s ter . 

( I I )  S tabi l i ty o f  Monoe s t e r q  t.o HBr-- 1\.ce -t i c  J.\c id 

The monoe s te r  ( 5 0 0  mg ) was suspended i n  HJ3r in ace t i c  

a c i d  ( 3 3 %  w/w , 2 5  cm 3 ) a n d  a l lowed to react a t  room 

t emperature . A l i quots we re taken a t  various t ime s , d r i e d  

w i th a s t r eam o f  N 2 , a n d  d i s s o lved i n  water ( 3  c� 3 ) .  A 

por t ion o f  th i s  s o l u t ion ( 1 0 1 1 1 )  w�s spotted o n to s i l i c a  ge l 

p l a t e s  whi ch were d e v e l oped w i th 1-butan o l -pyr i d in e - ac e t i c  

ac id-water ( 1 5 : 1 0 : 3 : 1 2 )  and v i s u a l i s e d  with n i n hyd r i n . The 

s po t s  correspond i n g  to g l ut�m i c  acid and the monoe s ter were 

c u t  out and e luted w i th boi l i n g  ethano l ,  and the absorbance 

o f  the n i n hydrin co lour r e ad a t  5 6 5  nm ( G l u )  or 5 2 0  nm 
- -

(monoe s t e r ) and compared wi th s t andard s .  The r e s u l t s  are 

given in F i gure 1 3 .  The hete rogene i ty o f  the reac t i on mixture 

made r i gorous k i n e t i c  ana ly s i s  d i f f i cu l t , and the re fore the 

t ime a t  wh ich the g l utamic a c i d  reached a s t ab l e  max imum 

concen trat ion was taken a s  the comp l e t ion o f  the r e a c t i on : 

G l u ( y -OB z l )  1 . 5h ,  G l u ( y - OB z l  )2_- C l ) 3 h , G l u ( y - OB z l  2_-N0 2 ) 

4 8 h .  

( I l l )  S tabi. l i ty o f  Mono�ste r s  to H F  C l e avage 

The monoe ster ( l O O  mg ) was s u spended in l i q u i d  H F  

( 1 0  cm 3 ) for 3 0  minutes a t  0 °C i n  the HF l in e . The H F  was 
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then evapora ted o f f  under reduced pre s s ure , and the r e s i du e  

d i s s o l ved in wa ter ( l O O  c m 3 ) .  A l i quots of thi s s o l u t i on 

( S O  � 1 )  were chroma tographed on s i l i c a  TLC p l at e s  w i th 

1-butano l : p yrid in e  : water ( 2 : 2 : 1 ) . Both the ben z y l  

and E- c hloroben z y l  e s te r s  were comp l e t e l y  c le aved b y  H F  unde r  

these cond i t i on s . The E- n i troben z y l  e s ter was  s tab l e , and 

no free g l utamic ac id wa s detected by TLC , c on f i rming the 

b . f 1 '  7 5 o se rvat 1on o Marg 1n . 
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PART E 

Syn the s i s  o f  P rote cted Tripe p t i d e s 

Mod e l  t r i pept ide s incorpo r a t i n g  a gl utam i c  a c i d  r e s idue 

hav i n g  the s id e - chain carboxy l group protec te d  by ben z y l , 

E-ch loroben z y l , or E- n i trobe n z y l  e s te r s  were syn t he s i s e d  i n  

ord e r  to inve s t igate the s t ab i l i ty o f  the s e  g r oup s t o  H B r  i n  

ace t i c  a c id . 

Mate r i a l s  and Me thod s 

Syn th e s i s  of Protected Tr ipept i d e s  

Pep t ide s o f  t h e  s equence H - G l y - G l u ( OBz l - X ) -Al a - OH , where 

X i s H ,  E-Cl , o r  E_-NOz , were s y n the s i sed by s t andard s o l i d -

h h . 7 6  
p a s e  t e e  n lque s !-Boc - a l an in e  s ubstituted po l y s tyrene-

1 %  d i v in y lbe n z en e  resin ( lg ,  6 6 0  Mmo l /g ) wa s u s ed i n  e ach 

c a s e . The !-Boc group was u s e d  for a - amino pro tect ion , and 

5 0 %  t r i f l uoroac e t i c  acid in d i ch J.ororne thane was u s ed for 

depro tection . The coup l i ng r e a ge n t u s e d  vv'a s d i c y c l o h e x y l -

carbod i irnide . 

Port i on s  o f  the peptide - re s in s  ( 5 0 0  mg ) wer e  c le aved 

w i th " HBr in a c e t i c  acid ( 3 3 %  w/w , 2 0  cm 3 ) .  S amp l e s  ( 1  cm 3 ) 

were taken at v a r i ou s  t ime in terval s ,  dried w i th a s t r e am o f  

N 2 , d i s so l ved i n  water ( 0 . 5  6m 3 ) ,  a n d  ana l y s ed b y  h i gh -

voltage paper e le c trophore s i s  a t  �H 6 . 5  and 2 . 1  i n  pyr i d i n e -

acet i c  a c i d - formi c a c i d  bu f fe r s . The e lectrophor e togram s  , 

were v i su a l i se d  w i th n inhyd r i n  and the appropr i ate s po t s  

cut out and e lu te d  with boi l i n g  e than o l . The absorban c e s  

o f  the n inhyd r i n  c o l o u r s  '- · r2 .t.: c  r e ad a t  IJ 5 0  n m  ( f o r  protected 

pepti d e s )  o r  4 0 0  nm ( for deprot e c ted peptide s ) . The r e s u l t s  

are s hown in F i gure 1 4 . 
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I n  add i tion to the d e s i red peptide wh i c h  was e s t imated 

in th i s  way , a var i e ty o f  other products a l so appe a r s  i n  the 

r e a c t ion m i x ture w i th i n  a few m i n ute s of the beg in n in g  of the 

c l e avage � ( See F igure 1 5 ) . The f i r s t  add i t i o n a l  p roduc t to 

app e ar wa s pur i f ied by prepar a t ive e lec trophore s i s , and was 

s h own to have one net negat ive c harge a t  pH 6 . 5 , but to h ave 

the same amino acid compo s i t ion as the des i r e d  pept ide . I t  

w a s  there fore conc luded to a r i s e  bi l o s s  o f  s id e - c h a i n  

p ro t e c t ion o f  the g l u t am i c  ac i d  s id e - chain . Two other 

pept i d e s , i so l ated by preparat ive e l e ctrophore s i s , were shown 

to have the s ame amino a c i d  compo s i t i on as the t a r g e t  

prot e c ted peptide , a n d  a fourth d i d  n o t  con t a i n  g lutamic ac j.d  

a f t e r  h ydroly s i s .  F rom the amin o  acid compo s i t i on and e l e c t 

rophore t i c  mob i l i ty o f  the s e  c l e a vage produ c t s , i t  w a s  

postu l a ted t h a t  both i n tramo l e c u l a r  rearrangemen t  a n d  pept ide 

bond c le avage were occur r i n g  to a s i g n i f icant extent w i th 

c l e av a g e  t i me s  l o n g e r  than one hour . 

The t r i pept i de H - G l y-Glu ( OB z l  E_- N0 2 ) -Ala-Of! w a s  

prepared b y  H B r  c leavage o f  t h e  appropr i ate pept i de - r e s in 

· ( 5 0 9  mg ) w i th HBr in acetic acid (33 % w/w , 7 cm 3 ) for one 

hour a t  room t empe rature . The c l e avage produc t s  wer e  

evaporated un d e r  reduced pr� s s ure and the r e s idue c on ta in i n g  

the pept ide was d i s s o lved i n  5 0 %  
·
a c e t i c  a c i d  ( 3  cm 3 ) and 

pur i f i ed by g e l  f i l tr a t i on on a S e ph adex G l O  c o l umn ( 2 6  x 

2 7 0  mm) in the s ame s o l ven t . The pept i de wa s further 

pur i f ie d  by ion exchange chromatogra phy on a S e phadex 

SP - C 2 5 - l 2 0  c o l umn ( 1 6 x 9 5  mm ) w i th c. n  ammon ium ace tate 

buf fe r  ( pH 4 . 5 ,  0 . 0 1 M) . · Th e  peptide was e l uted from the 

ion exchange co lumn a s  a s i n g l e  s ymme t r i c a l  p e a k , and ge1ve 
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F I GURE 15 HBr/ac e t i c  acid c l e avage o f  the protec te d  tr i 
pept ide H - G l y - G l u ) OB z l  p-NO ) -A l a - OH f rom the 
ie s in .  Paper e l e c trophor e s i s  of c l e avage prod u c t s  
I =  H - G l y - G l u ( OB z l  p-N0 2 ) -Al a -OH 
I I  = H - G l y - Glu-Al a -6H 
V i sual i se d  with n i nhydr in ( a l l  spots r ed/pur p l e  
w i th t h e  exception of s p o t s  marked Y ,  wh i c h  were 
y e l l ow )  
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o n l y  one spot on high-vo l tage paper e le ctrophor e s i s  a t  

pH 6 . 5 . The poo led p e a k  w a s  d e s a l ted o n  a Sephadex G l O  

c o l umn ( 2 6  x 2 7 0  nun ) i n  S O %  ace t i c  acid , and l yoph i l i se d . 

The peptide was recry s ta l l i sed f rom ethano l - e th e r  to g i ve a 

wh i te c ry s ta l l in e  powder ( 1 2 mg , 1 3 %  based on p i c r i c  a c i d  

ana l y s i s  o f  the r e s i n  pep t i de
7 7

) ,  m . pt 1 9 0 . 5 ,.... 1 9 2
°

C .  Ami n o  

ac i d  a n a l y s i s  a f ter a c i d  hydro l y s i s  ( HC l -prop i o n i c  a c i d , 

0 
1 : 1 ,  for two hours a t  1 3 0  C )  gave G 1 y  1 . 1 ,  G l u  1 . 0 ,  A l a  1 . 1 .  

A s a t i s factory e l emen t a l  ana l y s i s  cou ld not be obtained , 

pos s ib l y  because o f  the e x t reme l y  hygro scopi c  n ature o f  the 

pept i de . Con sequen t l y  the mate r i a l  was ace ty l a ted to 

. 
h l ' l '  

7 8  
d b . d f 1 n c r e a s e  t e vo at1 1 ty a n  s u  m 1 t te or ma s s  spe c trome try . 

Al though the samp l e  gave n o  mo l e c u l ar i on , a f r agme n t  was 

ob s e rved a t  m/e 3 4 5 . 0 9 3 2 c o n s i s te n t  with the l o s s  o f  two 

water mo l e cu l e s  f rom the d e s i re d  tri pepti de , and a l l  furthe r 

fragmen t pe a k s  were con s i s t�n t  w i th the propo s e d  s tructure . 

The pept ide wa s homogeneou s on h igh-vol tage paper e le � tro-

phore s i s  at pH 2 . 1  and 6 . 5  ( Rf 0 . 7 5 and 0 . 0  r e s pe c t i ve ly , 

re l at i ve to g lutamic a = i d )  . 

D i s cu s s i on 

The ben z y l  and r- c h l o roben zy l protec ting groups wer e  

n o t  e xp ec ted to b e  stab l e  to HBr i n  acetic ac i d . Howeve r , 

' t  h b d f . 1 1 '  
2 4  

h h 1 a s  een reporte 0 ten ln t ie l terature t a t  t e r-

n i t r obe n zy l  group i s  comp l e t e ly s table to HBr . Con s e quen t l y  

t h e  above re s u l ts ( F i gure 1 3 )  wh i c h  show the comp l et e  remov a l  

o f  r-n i troben z y l  pro·te c t i on w i th i n  a f e w  hou r s  expo sure to 

HBr i n  a c e t i c  a c i d , and a l ow y i e l d  o f  protec ted pep t i a e  

eve n  \'lhe n  the HBr c l eavage wa s l imi ted i n  dur a t i o n , w e r e  s ee n  

to be a n oma l ou s . I t  wa s thought t h a t  the pre s encG o f  g l y c ine 
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a s  the next amino a c i d  i n  the peptide chain m i gh t  have 

i n c reased the rate of mol ecul ar rearran gement ,  and hence 

a c c e lerate d  the l o s s  of $ i d e - chain protect i o n . I n  peptide s  

where the amino a c i d s  a d j ace n t  to the g l utamic r e s idue s had 

bu lky s i de - chai n s , it was po s tu l a ted that E_·-n i  troben zy l e s t e r  

p r o tec t ion might b e  more s tab le t o  H B r  c l e avage . 

Al though rearran geme n t s  we re occurring dur i n g  c l e avage 

of the above protected t r i peptide from the r e s i n  w i th HBr/ 

a ce t i c  a c i d , a s i gn i f icant y i e l d  of pure tr ipeptide wa s 

i s o l a te d . The y i e l d  was e xpe cted to be even · better in t h e  

c a s� o f  t h e  ACP 1 - 6  hexape p t id e , whe re t h e  g l u tami c  a c i d  

r e s i dues are n o t  ad j ac e n t  to g ly c i n e  i n  t h e  pept ide c h a i n . 

For thi s rea son the E- n i troben z y l  group was u s e d  for the 

s y n the s i s  of seve r a l  anal ogue s of the 1 - 6  hexapeptide f rom 

the acy l c a r r i e r  pro te in o f  E .  co l i  a s  detai l ed in the n e x t  

s e c t i on . 
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SYNTHE S I S  AND P U RI F I CA T I ON OF THE F U I,LY - DE P ROTECTED A C T IVE 

E S TE R  DEI UVATIVES OF THE 7\.CJ? l - 6 HEXAPEPTIDE l\ND S EVERAL 

ANALOGUES 

The :e_- n i trob c n z y l  group wa s cho s e n  for the prote c t ion 

of the s i de - cha i n  c arboxy l g roups of a spar t i c  and g l u tami c  

a c i d  r e s idue s dur i n g  the syn the s i s  o f  the s� peptide s .  

Accord ing to pub l i shed reports
2 4  

th i s  group ·Should be 

c omp l e t e l y  s table to HBr i n  a c e t i c  a c i d , the reagent u s e d  to 

c l e ave the f i n i she d  peptide from the r e s i n . The s ta b i l i ty 

o f  these e s te r s  wa s borne out i n  the tests in Section l ( D )  

o n  the s id e -chain e s ters o f  g l ut amic a c i d . A s  the f r e e  amino 

a c i d  wa s s table i n  i t s  protected form , the a s s umpt io n  wa s 

made that th i s  wou l d  a l so be t r u e  wh e n  the g l u t am i c  a c i d  

wa s i nvo l ve d  in p e p t i d e  bon d s  wi th b o t h  a-ami no and 

a - c arboxy l group s . Con seque n t ly the r e s u l t  i n  S e c t i o11 l ( E ) , 

wh i ch showed that the s ide-cha i n  p r o te c ting gn. .. up i n  G l y 

Glu ( OB z l  :e_-N02 ) -A l a  w a s  hydro l y s ed at a n  apprec i ab l e  r a t e , 

was d i smi s se d  a s  an anomaly due to the pre s ence o f  g l y c i n e  

a s  t h e  ami no acid next t o  the g l utam ic r e s idue in the peptide . 

The f i r s t  measurements o f  the s t ab i l i ty of the protected ACP 

1- 6 hexapeptide a n a l ogue s were c ar r i ed out u s ing the UV 

ab sorption b f the c le avage r e ac t i on m ixture , and the s e  

r e s u l t s  w e r e  interpre te d  t o  show t h a t  the protec t i ng groups 

used \\7ere re l at ivc> l y  s t a·b l e  to HBr i n  acetic a c i d . C l o se r  

examination b y  h j. g h - v o l tage p a p e r  e l e c trophore s i s  an d c o l umn 

chromatography , howeve r , showed that the de s i red product 
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w a s  i n  a l l  c a s e s  b e i ng r ap i d l y  degraded to a v a r i e ty o f  

peptides w i th greate r numbers o f  free carboxy l group s . The 

pre s ence o f  s ign i f ic a n t  amoun t s  of free 2-n i trobe n z y l  

a lc ohol w a s  a l so de tecte d  during c hroma tography o f  the 

c le aved peptide s . E- N i troben z y l  a lcohol c o u l d  on l y  b e  

formed during the c l e avage reacti on b y  the a c i d o ly s i s  o f  

s id e - chain prote c t i n g  group s . I t  became obvious that the 

c le avage o f  s ide -chain protect ing groups from Asp and Gly by 

HBr in a ce t i c  acid procee d s  mu�h more r api d l y  when the s e  

amino a c i d s  are i n  a pept i d e  chain than when they a r e  pre s e n t  

a s  free amino acids  ( F i gure 1 3 ) · . 

Th i s  r e sult i s  i n  contr a s t  to the c l e avage o f  the s e  

protec t in g  g roups b y  t r i f l uoroace t i c  a c i d , whe r e  i t  h a s  been 

5 7  
s hown that the c l e avage proceed s much more r a p i d l y  for the 

f r e e  amino a c i d s  than \vhen a - amino and a.- ca rboxy l groups are 

i nvo l ve d  in pept ide bond s .  Howeve r , a s imi l a r  e f fe c t  ha s 

7 9  been d emon s trated w i th the E- chloroben zyl e s te r s  o f  Asp 

and G l u , i n  that so lvoly s i s  w i th HBr i n  ace t i c  a c i d  occurred 

more rapid ly on pe pt ide e s te r s  than on e s te r s  of the free 

ami n o  a c id s . I t  seems rea sonab l e  to specrilate that protec t i n g -

g roup c leavage i s  occurring by a d i f ferent mec h an i sm in the 

pre sence of a good nuc leoph i le such as Br than with a poor 

nuc l eoph i le s uch as CF 3 COO . 

A l though the y i e l d s  o f  protected pept id e s  i so l ated by 

the s e  me tho4 s were l ower than a n t i c i pated , e n ough ma ter i a l  

was ava i l ab l e  from the c l e avage reac tions to permit the 

pur i f i c a t ion of a s u f f i c i e n t  quan t i ty o f  seve r a l  of the 

ana logue s of the AC P l - 6  hexape p t i d c  for u s e  in the semi -

syn the t i c  coup l i n g  r e a c ti on . The great s en s i t i v i ty o f  the 
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2 9  
ACP a s say mea n t  that on ly very sma l l  amount s  o f  e ach 

hexapeptide analogue wer e  required . 

Two furth e r  d i sadvan tag e s  o f  the use o f  r- n i trobe n � y l  

e s te r s  f o r  the protection o f  a c i d i c  amino a c i d  r e s idue s became 

appar e n t  d ur ing the pur i f i c a t ion o f  ihe pept i d e s  b e a r i n g  thi s 

prot e c t i n g  group . The f i r s t  i s  t h a t  g l utam i c  and a s p a r t i c  

ac i d s  protec ted i n  the i r  s id e - ch a i n  c arboxyl groups w i th tl1 i s  

e ster , appear t o  couple i n  very p oo r  y i e ld t o  the growing 

pept i d e  chain d u r i n g  sol id-phase pept ide synthe s i s . The 

reasons  for th i s  low y i e l d  are obscure : they . po s s ib l y  r e l a t e  

to absorpt ion o f  t h e  E- n i trob e n z y l  g r oup t o  t h e  po l y s tyrene 

resin matr i x , thus preve n t i n g  the f r e e  d i ffus ion of  

reacta n t s  withi n  the res i n ; or to s ide-reac t i on s  o f  the 

activated amino acid whi ch render the c arbox y l  group un-

ava i l able for r e a c t ion . 

The s e cond d i s advantage o f  the u s G  of 12_- n i troben z y l  

e sters i s  that E- n i trobG n z y l  peptide dGrivat ives a r e  

extrem e l y  i n solub l e  i n  mo s t  s o l ven t s . The s o l ul) i l i ty p r o b l Gms 

encoun t G rGd i11 the pur i f i c a t ion of l a r g e  ful ly �pro tected 

pept ide s are we l l - kn own 8 0 , and seve r a l  solvent s y s tems have 

been dev�l oped i n  wh i ch the s e  compoun d s  have g ood s o lubi l i ty . 

The s e  a r e  typi c a l l y  aprot i c  po l a r  s o l v ents s uc h  a s  DMF , 

- 8 0  N-me thy l py r ro l i done or DMSO . The l ow vo l a t i l i t y  o f  the s e  

s o l ve n t s , however ,  h inde r s  t h e  s ub s equent i s o la t ion o f  t h e  

pur i f i e d  prdduc t s . Another g o a l  o f  peptide chemi s t s  i s  

the deve l o pment o f  s ide�ch a i n  pro t e c t ing groups wh i c h  i n c r e a s e  

the solubi l i ty o f  the protected pept i d e . Un for tun at e l y , 

i t  appe a r s  t h a t  the !2.- ni tJ� obe n z y l  g roup i s  t h e  reve r se : a 

prote c t i n g  group which decr e a s e s  the s o l ubi l i ty o f  the 
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peptide . I n  the c a s e  o f  the ACP 1 - 6  hexape p t ide an a l o gu e s 

protected by E- n itroben z y l  groups on the s ide -chain carboxy l 

groups , the i n so lubi l i ty o f  the s e  peptides severe l y  l imited 

the n umber o f  chroma togr�ph ic techn i q u e s  whi ch could b e  u sed 

for the i r  pur i f i c at i on . The prob lems caused by the i n s tab i l i ty 

a n d  in solubi l i ty a s s oc i ated with the u s e  o f  the E- n i troben z y l  

protec ting group we r e  presumab ly aggravated b y  the f a c t that 

man y  o f  the target peptide s con ta i n e d  two o f  the s e  groups 

p e r  mo lecule . I so l a t i on of the prot e c ted hexapep t i de s cou l d  

n o t  b e  achieved b y  any o f  the column chromatog raph i c  me thod s 

examined . The u s e  o f  preparative h i gh-pre s sure l iqu i d  

chromatography wa s nece s s ary for preparation o f  m i l l i gr am 

amount s  of the s e  pept i d e s  i n  a pure s tate . 

High-Pre s s ur e  Liquid Chromatography ( HPLC ) i s  s te ad i ly 

i n c r e a s ing in popu l a r i t y  a s  a rapid and sen s i t ive too l for 

the analy s i s  and pur i f i c a tion o f  a wide var i e ty of chem i c a l  

c ompound s .  The tech n i que has been made po s s ib l e  by the 

d e v e lopment o f  new c o l umn pack i n g  m a t e r i a l s  b a s ed on s i l i c a . 

The se co lumn pack i n g s  are avai l ab l e  i n  very sma l l  and 

a c curately de f i n e d  par t i c l e  s i z e s , and con sequently ma s s  

tran� fer rate s i n to and out o f  the part i c l e s  are ve r y  h i gh . 

Thi s con fe r s  on the s e  co lumn pack i n g s  a very h igh r e s o l v i n g  

powe r , b u t  a l s o  a h igh re s i s tance to s o lven t f l ow through the 

c o l umn . A s e cond advan tage of s i i i c a -based pack in g s , howeve r ,  

i s  that they are very re s i s tant to d e format ion , even under 

h igh pre s sure s . I t  has  therefore been po s s ib l e  to u s e  

pumping sys tems and samp le i n j e�tor s wh i ch are capab l e  o f  

produc i n g  and wi t h s t a n d i. n g  pr e s s u r e s  o f  u p  t o  6 , 0 0 0  p s i . 

W i th such s y s tems , l iq u i d  chromatography has advan c e d  
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d r amati c a l ly i n  speed and r e so l ving powe r .  

Peptide chemi s t s  have been s l ow to use the techn ique s 

o f  HPLC within the i r  f i e l d  o f  spe c i a l i s ation . The ear l i e s t  

pack i n g  mate r i a l s  were o f  under ivat i s e d  s i l i ca , and the s e  

gave poor r e s u l t s  w i th s u c h  po l a r  mate r i a l s  a s  pep t i d e s  and 

pept i de d e r ivative s . The i n teract ion o f  po l a r  ma te r i a l s  w i th 

s i l an o l  ( - S i -OH ) fun c t i on s  on the s i l i c a  p a r t i c l e s  l eads to 
1 

pronounced t a i l ing o f  the e l uted penk s , and con s eque n t l y  a 

8 1  v e r y  poor r e solution o f  m i xture s  of compounds . I t  wa s n o t  

un t i l  the d eve lopme n t  o f  bonde d  reve r sed-ph a s e  column s , whe r e  

a l l  s i lanol  func tions  a r e  blocked by react i on w i th an orga n ic 

s i l an e , that sma l l - par t i c l e  s i l i c a  pac k i n g s  became u s e f u l  

for the a n a ly s i s  a n d  pur i f i c a t i on o f  peptide s .  

There have been very few repor ted separa t i on s  o f  

unde r iva t i sed pept ide s b y  HPLC . The mo s t impo r t a n t  

c o n t r ibutions t o  t h e  rev e r s ed-pha s e  c h roma t o g r a ph y  o f  pept i d e s  

h b t h  f . 1
8 2  · a . . 8 3 ave een _ ose o F r e 1  e t  � , Bur g u s  an R l  v 1 e r  Chang 

et a 1 8 4 , and Hancock e t  a 1
8 5

. The preparat ive s e p a r a t i on o f  

prote c ted peptide s o n  under iva t i s ed s i l i ca c o l umn s h a s  b e e n  

repor ted b y  Meienh o f e r  e t  a 1 8 1
, but the i r  work wa s l im i ted 

by the severe prob lems o f  band ta i l i n g  men t ioned above . 

8 6  
K i k t a  and Gru shka have reported the s epar ation o f  pep t i d e s 

an d ami no a c i d s  on a c o l umn composed o f  pep t i d e s bonded to a 

s i l i c a  matr ix . The e f f i c iency o f  the i r  column s , howeve r , wa s 

very low , aqd th i s  w a s  thought to be d ue to l ow r a t e s  o f  ma s s  

t r an s fer i n to the s e  bonded pha se s .  

Con sequently the wor k  repor ted here i s  nove l ,  both i n  

t h a t  i t  i nvolves t h e  an a l y s i s  o f  p r o t e c t e d  p e p t j.d e s  by 

rever se-phase HPLC , and i n  that i t  i nvo lve s  the prepa r a t ive 
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HPLC of the s e  pept ide derivative s . U s ing the me thod s and 

columns d e s c r ibed in Sec tion 2 ( C I I ) , 5 - 1 0 mg of  a c rude 

protected pept ide cou l d  be a n a l y s e d  and separa ted w i thin a 

few hours to g ive pure products whi c h  could not be a c h i eved 

by any o f  the other techn iques wh i c h  were at tempted ( se e  

F i gu r e  2 6 ) . 

The three d i sadvantages o f  the E- n i troben z y l  prot e c t i n g  

group , i ts poor s tab i l i ty t o  H B r  i n  a c e t i c  a c i d , the 

i n s o l ub i l i ty i t  con f e r s  on the pept i d e s  pro tected by i t , and 

the l ow coup l i n g  y ie l d s  expe r ienced with the. u s e  of thi s group 

dur i n g  pept ide syn the s i s , combined to resu l t  i n  a d i f f i c u l t  

pur i f i ca tion t a sk . A numbe r  of contami n an t s  o f  the pept i d e  

are generated b o t h  b y  incomp l e te coup l ing s teps and b y  

breakdown o f  t h e  prote c ted peptide d u r i n g  c l eavage from t h e  

re s in , and the r e s u l ti n g  m i xture o f  peptides i s  o f  l im i t e d  

s o l ub i l ity . I t  i s  an impre s s ive t r ibute to the power .o f  the 

HPLC techn ique th a t  it was ab le to r e s o l ve the s e  pep t i d e  

mixtures ea s i ly , quick l y , a n d  with mi n im a l  s amp le p r e -

treatmen t .  The amount o f  pur i f i ed pept ide ob �ained f r om a 

. s i n g l e  3 0 -minute chromatograph ic procedure ( 1 - 2  mg ) i s  

su f f i c i�n t  for the prepar ation o f  1 0 - 2 0  mg o f  s emi s y n the t i c  

ACP , for wh i c h  t h e  sen s i t i v i ty o f  t h e  a s say i s  0 . 1 - 0 . 5  pg . 

Thus the capac i t y  o f  the techn ique was more than adequate 

for the solution of the s eparation probl ems c r e ated by the 

use o f  the �- n i troben z y l  prote c t i n g  group . 

A l though the s e  pept i d e  mixture s could be r e s o l ve d  i n  

th i s  way , the suc c e s s  o r  f a i lure o f  th i s  a pproach t o  semi

synthe s i s  i s  d e pe n d en t on the d e s i r ed pe p t i d e ' s  be i r1 g  a 

ma j or compone n t  o f  the m ixture . Un for tunate ly , i t  appear s 
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that from e ach peptide synthe s i s , the ma j or produ c t  i s o l ated 

was in f a c t  a pen tapeptide lacking one of  the ami no a c i d  

r e s i due s wh ich w e r e  protected b y  t h e  )2_-n i troben z y l  group . 

The reason for t h i s  phenomenon i s  thought to be two - f o l d . 

I n  the f i r s t  place , the l ow couping y i e ld o f  amino a c i d s  

b e a r i n g  the )2_- n i trobe n z y l  mo iety wou ld resu l t  i n  a s i gn i f i c a n t  

number o f  the peptide chain s' being synthe s i sed w i thout t h i s 

re s idue . Second l y , the insolub i l i ty o f  the )2_- n i troben z y l  

r e s i due would c au se peptide s bearing thi s r e s idue to b e  

s e l e c t i ve l y  los t during pur i f i cation procedu�e s .  

I t  appe a r s  l i k e l y  that the correct pept ide sequence may 

have been presen t in the c r ude peptide a fter c leavage from 

the re s i n . The amino ac id analy s i s  o f  the c rude peptide 

showed that i t  contained a s a t i s factory propor tion of 

g lutami c  a c id . When this c rude peptide was coup l e d  to the 

7 - 7 7  peptide by the method s given i n  l ater s ec t ion s , exten s iv e  

pur i f i c ation o f  the s emi synthe t i c  produ c t  y i e l ded a ma te r i a l  

wh i c h  w a s  act ive i n  the 1 � C0 2  a s say . Pur i f ic a t ion o f  the 

c rude h c x apeptide , howeve r ,  g a ve in r e asonab l e  y i e l d  o n l y  

c omponen t s  l acking o n e  protec ted g lutam i c  a c i d  r e s idue . 

Whateve r  proport ion o f  the c rude peptide mi x ture c on s i s ted 

o f  the d e s i red protec ted peptide , it  appe ars that th i s  was 

s e l ec ti v e l y  lost dur i n g  pur i f i cation i n  favour o f  d e l e t i on 

pep t i d e s  and deprotected peptides w i th great e r  s o l ub i l i ty . 

None o f  the 'component s  i s o l ated in greate s t  y i e l d  f rom the 

m ixture , whe n  pur i f i e d , · an d  coupled t o  the 7 - 7 7  peptide , 

d i s p l ayed any ac ii v i ty in the 1 � C02 a s say , even a f te r  seve r a l  

s teps o f  pur i f i c a t ion o f  the semisyn the t i c  produc t .  



PART A 

Synt h e s i s  o f  th e t - Boc Arg ( NO z ) Re s i n 

I t  was at tempted to u s e  the c a e s i um s a l t  method o f  

G i s in
8 7  

for the a t t achm�n t  o f  the f i r s t  am i n o  a c i d  t o  the 

re s i n , a s  th i s  me t hod was c l a imed to g ive both h i g h e r  

coup l i n g  y i e l d �  a n d  a l so p u r e r  s yn the t i c  produ c t s . The 

cae s i um s a l t  me thod was i ndeed found. to g i ve ve ry h i gh 

6 1. 

coup l i n g  y i e l d s , a s  me asured by ami n o  a c i d  a n a l y s i s  and 

p i c r i c  a c i d  b i n d i n g
7 7

. The r e s i n  obt a i ned by th i s  me thod , 

howeve r ,  was found to h ave un s a t i s f ac tory phys i c a l  

prope r t i e s . I n  par t i c u l a r , i t  bec ame e x tr eme l y  s t i ck y  

a ft e r  the attachme n t  o f  t h e  second ami n o  a c i d . Th i s  prope r ty 

o f  the res in re s u l ted i n  ve ry low coup l i ng y i e l d s  for the 

add i t i on of the t h i rd and s ub s�que n t  amino a c i d s , and a l s o  

made f i l tr a t i o n  o f  so lven t s  from the r e s in s u spen s i on d u r i n g  

t h e  synth e s i s  a ve r y  s l ow proce s s . 

S imi l a r  d i f f i c u l t i e s  h ave been e n coun te r ed by other 

wor ke r s  u s i ng the c ae s i um s a l t  method for the syn the s i s  o f  

. b . ( )
8 8 

d h 
. 

' d  
8 9  

res 1 n s  e a r 1 n g  !:_- B o c  Arg N 0 2  an o t  er am1no a c J_  s . 

The r e a son f o r  the s t i c k i ne s s  o f  the re s in encountered 

h e r e  i s  n o t  c l e a r . One sugge s t i on i s  that s ome c ae s i um 

become s bound to t h e  re s i n  dur ing the a t tachmen t  o f  the 

f i r s t  amino a c i d , and i t  i s  not removed by the DMF/wa t e r , 

DMF , and e thano l  w a s h e s  p r e s c r ibed i n  the me thod o f  G i s in . 

I f  s o , i t  i s  con c e ivab l �  that further washe s w i th a d i f f e re n t  

s e r i e s  o f  so lven t s  might.  r emove th i s  bound c a e s i um to prod u c e  

a re s i n  g iving be tter r e s u l t s i n  pept i de s y n the s i s . The 

ma t t e r  wa s not p u r s ued , h oweve r , and a r e s i n  was u sed wh i ch 
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h d b d b h . 1 th d f ·� . f . l d
9 0 a e e n  ma e y t e more conve n t 1on a me o o - �e r r 1  1 e  . 

Mate r i a l s  and Method s 

t -Boc Arg ( N0 2 ) and chlorome thyl r e s in were obtai ned 

from S c hwa r z - Mann . The r e s i n  wa s f l oated twi c e  i n  

d i c h lororne thane t o  r emove f in e s , and dried over P 2 0 s . 

�-Boc Arg ( N0 2 ) - r e s i n  which had been prepared by the me thod 

of Mer r i f i e l d
9 0 wa s a g i f t  from Dr W . S .  Hancoc k . DMF wa s 

d i s t i l l ed from c a l c i um h yd r i de , and s tored over mo l e c u l a r  

s i e ve s . Al l other s o l ve n t s  were red i s t i l led be fore u s e  . 

.!:_-Boc Ar g ( N0 2 ) ( 5 . 8 5 g ,  1 8 . 3· mrnol ) was d i s s o lved in e th an o l  

( 5 0  m l ) and water ( 1 0 ml ) , and the pH o f  the s o l u t i on ( as 

me a s ured by a g l a s s  e le c trode ) w a s  r a i sed to 7 . 0  wi th c a e s i um 

b i c arbonate ( 1  M ) . The s o l ution was dr ied on a rotary 

evapor a tor , and the o i l  obtained wa s dr ied over P 2 0 5  i n  a 

vacuum de s s i c ator ( 0 . 1  mm Hg ) for three days . The o i l  was 

d i s so lv<.:!d in dry DMF ( 2 0 0  ml ) a n d  chloromethyl r e s in ( l O g , 

1 5 . 3  mmo l )  wa s adde� . Th<.:! s u spen s i on was ma i n t a i n e d  a t  6 0 ° C 

for 2 1  day s . 

At th i s  t ime the r e s i n  was c o l l e c ted by f i l tr a t i on 

and' washed w i th ch loroform , DMF , DMF : H 2 0  ( 9 : 1 ) , DMF , and 

ethanol  ( three t ime s w i th each s o lvent ) . The r e s in was 

d r i e d  over P 2 0 5 , and the amoun t of amino acid s ub s t i tuted on 

the r e s in w a s  determined by p i c ri c  acid binding 7 7  
and amino 

a c id analys � s  of the HBr/ace t i c  a c i d  c le avage of an a l iquot 

of the re s i n  ( se e  Part .  B ) . The r e s u l t s  wGr e : p i c r i c  a c i d  

b i n d i n g , 5 5 0  umo le s/g ; amino a c i d  analy s i s  o f  the HBr/ 

ace t i c  acid - c lea�ed produc t ,  6 8 6  umole s/g , n o  d e t e c table 

Arg o r  Orn . 
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PART B 

Synth e s i s  o f  the P ro tected ACP 1 - 6  I Iexapeptide a n d  C l e avage 

From the Re s i n  

'l'h e  s ynthe s i s  w a s  pe r formed b y  convention a l  s o l id - pha s e  

. 7 6  
techn l que s . The .!:_-Boc group was used for the prote c t ion 

o f  a - am i n o  fun c t i on s , and depro te c t io n  wa s accomp l i shed 

u s i n g  5 0 %  ( v/v ) tr i f luoroac e t i c  ac i d in d �chloromethan e . 

Coup l i n g  react i o n s  were per fo rmed u s ing ami no a c i d  

synune t r i c a l  anhyd ride s ,  wh i c h  were formed in s i  tu . Each 

coup l i n g  was p e r formed twi c e  in e a ch o f  two d i f fe re n t  

solve n t s , d ic h l o rome thane a n d  d i ch loromethane : DMF ( 1 : 1 ) . 

A typ i c a l  coup l i n g  cyc l e  i s  shown i n  F i gure 16 . 

The a - amino group o f  the f i n a l  s e r ine r e s idue wa s 

acety l a ted w i th acetic anhydr ide i n  the pre s en c e  o f  t r i -

e thy l amin e be fore c l e avage o f  t h e  peptide from the r e s in . 

The c l e avage wa s per formed u s ing 3 3 %  HBr in ace t i c  a c i d . 

Extended c leavage t ime s were thought to be inadv i s ab l e  on 

the b a s i s  of the re sul t s  g iven in s ec tion 2 ( A ) , and there fore 

c l e avage s were l imi t ed to two 2 0 -m i nute pe r iods on any re s i n  

samp l e . A summary d i agram o f  the synthe s i s  i s  shown i n  

Figur e  1 6 . 

Mate r i a l s  and Me thods 

S o l i d-pha se peptide synth e s i s  was performed o n  a 

Schwaiz -Mann automated pep t i d e  synthe s i ser . A l l s o lvents were 

7 6  
analyt i ca l  grade , or pu r i f i e d  a s  in a previo u s  s tudy 

t-Doc ami n o  ac i d s  were ob ta ined f r om Schwa r z -Man n . A typ i c a l  

coup l i n g  cyc l e  i s  shown i n  F i gure 1 7 , and t h e  procedure for 
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� /l, rg - G ! u �-- Giu -- II e  --r h r - S e r- N H  C O C  H3 1 H ByAc O H  

2 x  2 0 min  

N 02 O N Bz! O N Bzl  O H OH 
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F I GU RE 1 6  S y n th e s i s  o f  t h e  p r o t e c t e d  form o f  

the ACP l - 6  H9 x a pe p t i d e  

6 -1 . 



S o l v en t 

Depr o t e c t 

CH 2 c l 2 

'rF A/CH 2 c 1 2 ( 1 :  1 )  
11  1 1  ( 3 : 1 ) 

CH
2 c l 2 

Et OH 

CH 2 C l 2 

Neutr al i s e  

Et 3 N/CH 2 c l 2 ( 1 0% ) 

CH 2 c 1 2 

Coupl e . 

T i m e  

1 '  

5 '  

3 0 ' 

1 '  

1 '  

1 '  

5 I 

1 '  

Boc - li.1\/C H 2 c l 2 5 • 

DCC/CE 2 c l 2 ( 0 . 5 mol e )  6 0 1 

DCC/CH 2 c l 2 ( 0 . 5  mol e )  60 ' 

Number 

3 

1 

1 

3 

3 

3 

2 

6 

N o t  dr a i n e d  

Not dr a i n ed 

dr ai n 

T h e  abo v e  thr e e  s t ep s w e r e  r ep e a �cd o n c e .  

The c o up l i ng o f  t h e  t h i r d  am i n o  ac i d  i n  th e 

pep t i d e  i s  p e r f o rm e d  i n  t h e  r ev e r s e  o rd e r ; t h e  

DCC i s  add ed b e f o r e t h e  am i no a c i d , i n  o r d e r  t o  

m i n i m i s e  d i k e to p i p e r a z i n e f o r m at i o n . 

6 5 . 

F I GU RE 1 7 • Typ i c a l  c oup_�ing cycle for ad�i tion o f  o n e
. 

amino a c i d  r e s i d ue to the re s 1 n-bound pept 1 d e  

c h a i n  



6 6 . 

a p i c r i c  acid an a ly s i s  i n  F i gure 1 8 . 

· The f in a l  p i c r ic ac i d  a n a ly s i s  g ave 2 2 5  urno l ( 8 0 %  y i e ld ) . 

The p e p t ide - r e s in wa s ace t y l ated i n  the synthe s i s  ve s s e l  

wi th a 5 0 - fo l d  exce s s  o f  e a ch o f  a c e t i c  ac i d  and t r i e thy l -

ami n e , i n  d ich lorome thane a s  s o l ven t .  The peptide - r e s in 

was s haken i n  th i s  mixture for 3 0  m inutes a t  room temper-

ature , f i l tered , and washed w i th d i c h l orometh�n e  ( 3 x ) , 

e t ha n o l  ( 3x ) , and d i chloromethane ( 3 x ) . The a c e ty l at i on 

and wa shes were then repeat e d . 

The peptide was then c l e aved w i thout remov a l  o f  the 

r e s i n  from the s yn the s i s  ve s se l . The c l e avage w a s  per formed 

w i th 3 3 %  HBr in a c e t i c  acid , and wa s repeated once . Each 

c l e avage con s i s ted of a 2 0 -minute react ion w i th HBr/ac e t i c  

ac i d , a n d  the appropr i a te washe s ,  which a r e  d e t a i l e d  i n  

F i g ure 1 9 . Each c leavage produc t was evaporated to dryn e s s  

a s  s oon a s  po s s i b l e  o n  a rot ary e v aporator , u s i n g  a water

a bath temper a ture o f  4 0  . 



S o l v e n t  

Deuro t e c t  

CH 2c l 2 

TFA/CH2 c l 2 ( l : l )  

TFJ�/CH 2 c l 2 ( 3 : 1 )  

CH 2 c l 2 

E tOH 

CH 2 c l 2 

Neutr a l i s e  

E t 3 N/CI-r 2 c l 2 ( 1 0 ?',) 

CH 2c l 2 

Co upl e 

E l u t e  

E t
3

N/CI-I
2

c J.
2

( 1 0 % )  

CH 2c 1 2 

E tOB 

T i me Number 

1 '  3 

5 '  1 

3 0 ' 1 

1 '  3 

1 '  3 

1 '  3 

5 '  2 

1 '  6 

2 

1 '  5 

5 '  4 

1 ' 3 

1 '  4 

T h e  w a s h e s  f r o m  the l as t  el even s t eps w e r e 

c o l l ec t ed , d i l u t e d  a�p r o9 r i a te l y , and t h e  

abs orban c e  a t  3 5 8  nm w as :u c as u r e d .  

' 

6 7 .  

F I GURE 1 8  P i c r i c  a c i d  ana ly s i s o f  the amoun t o f  f r e e  
amino g roups o n  a r e s in -bound am ino a c id 
or pe p t i d e  



S o l v en t  T i m e  Number -

HBr/ ac e t i c  ac i d  ( 3 3�� ) 30 1 l 

( m a n u al add i t i o n ) 

'l'FA/CH
2

c l
2

( l : l )  s •  3 

CH 2 c l 2 1 •  4 

'l' h e  abo v e  w a s h e s  w e r e  p o o l ed ,  and t h e  

s o l v e n t s  were ev ap o r a t ed under r eduq ed p r e s s u r e . 

HBr/ a c e tic ac i d  ( 3 3 /� ) 30 1 

( m a n u a l  add i t i o n ) 

TF !I./CI-r
2

c l
2 

( 1 :  l )  

CI-I 2 c l 2 

s •  

l • 

1 

3 

4 

Th e abo v e  w as h e s  w e r e  p o o l ed w i th th e 

r e s i d ue f r o m  th e f i r s t c l e av ag e , and the 

s o l v e n t s  r e 1:10 v e d  b y  e v apor a t i o n  under 1- e d u c ed 

p r o s .s ur e .  �c c t o n e  w a s  added to t h e  � ci s i d u e , 

and e v apo r a t e d  und e r  r ed u c e d  p r e s s ur e , t h r e e  

t i m e s  t o  r em o v 0  tr ac e s o f  ac a t i c  ac i d . 

6 8 . 

F I GURE 1 9  Procedure f o r  c l e av a g e  o f  a protec te d  pept i d e  
f rom t h e  r e s i n  u s ing HEr/a c e t i c  a c id 



PART C 

Pur i f i ca t ion o f  the Protected hCP 1 - 6  Hexape p t i d e  

( I )  Column Chroma tography 

6 9 . 

The l ow solub i l i ty o f  th i s  pro te c ted pept id e  severely 

re s tr i c ted the number o f  chroma tog raphi c method s ava i l ab le 

f o r  its  pur i f i c a t ion , and many metho d s  we re a ttempted 

un succe s s fu l ly . 

The i n i t i a l  t r i a l s  we re per formed on the n on ac e ty l ated 

pept ide . The f i r s t  a ttempted pur i f i c a t i on u t i l i s e d  ge l 

f i l trat ion on Sephadex G2 5 ,  w i th 5 0 %  acetic ac i d  a s  the 

e luant . Th i s  proce s s  r emove d  at lea s t  two contan i n a t i n g  

non-peptid� substan c e s , as determined b y  U . V . abso rption 

and h igh -vol tage paper e lec trophore s i s  o f  a J. i quot s o f  the 

column e f f luen t . However , the solub i l i ty of the protected 

peptide in t h i s  s o lven t was l e s s  than 0 . 1 mg/ml , whi c h  

w o u l d  have rendered the proce s s  too c umb e r some f o r  ro6 t i n e  

u s e .  The peptide a t  t h i s  po i n t  g ave a sat i. s f a c tory ami n o  

a c i d  anal y s i s a fter a c i d  hydro l y s i s , b u t  showed exten s ive 

he terogen e i ty on h i gh - vo l tage pape r e l e c tropho re s i s  a t  pH 

6 . 5 and 2 . 1  

The next step in a rou t ine pur i f i c ation would be ion 

exchange chromatography , and th i s  w a s  attempted on the 

non-ace t y l ated peptide us ing both Dowex 5 0 W- X l 2  with , 

a queous buf fers  a t  pH 4 . 5  or 2 . 1 ,  and Bio- Rad AGl - X2 a t  

p H  5 . 0  or 8 . 5 .  The s o l ub i l i ty o f  the prote c ted peptide i n  

t h e s e  s o l ve n t s wa s ve ry low , � n d  s � �- i s f � c t o r :  s c o � � 2 t 1 o n s 

could not be obta i ned . 



7 0 . 

I t  w a s  decided a t  thi s s tage tha t , s ince the p�ptide 

w i th a free amino te rminus was not parti c u l a r l y  so luble i n  

aqueous so lvents , sub s eque n t  tr i a l s  \vould u s e  t h e  N-acetyl ated 

peptide . I t  wa s hoped that acety l a t ion woul d  con f e r  greater 

solub i l i ty in organ i c  so lvents . 

S i l i c a column chromatography u s i n g  a var iety o f  solvents , 

and par t i t ion cl1romatog raphy on Sephadex G- 2 5  u s i n g  

n - butan� : a c e t i c  ac id : water ( 4 : 1 : 5 ) , both gave a part i a l  

r e s o l u t i on o f  severa l componerits i n  the synthe t i c  peptide , 

b u t  comp l e te pur i f i c a t ion o f  the product co� ld not be obta ined . 

The mo s t  succe s s fu l  form o f  column chroma tography 

a t tempted was tha t on Sephadex LH - 2 0 . Using me thanol or DMF 

a s  the mob i l e  pha s e  g ave a lmos t  no reso lution of the var ious 

impur i t i e s . The u s e  of  8 0 %  me thano l /water , c h l oroform : 

hexane : methano l ( 1 5 : 4 : 1 ) o r  ch loro form : me thano l ( 9 : 1 ) gave 

be tte r s eparation s of peptide mixture s , but the s o l ub i l i ty 

o f  the c rude pept i d e s  in these solvents was in adequate . 

M i x tures of e thyl ace ta te and me thanol were the mo � t  

s a t i s f a c tory e l ua n t s  t e s ted w i th S ephadex LH - 2 0  co lumn s . 

Ad j us tmen t  o f  the propor t i o n s  o f  these solve n t s  to g i ve the 

mo s t  use ful compromi s e  be tween re so lving power and so lub i l i t y  

r e s u l ted i n  a f in a l  e luant o f  1 8 %  me thano l i n  ethy l acetate . 

A Sephadex LH - 2 0  c o l umn w i th th i s  e l uant w a s  used rou t i n e l y  

f o r  t h e  pre l iminary separat ion o f  protec ted peptides from 

non-peptide cont aminan t s . The produc t s  obtai ned f rom th i s  

c o l u�n were solub l e  i n  a wider var i e ty o f  so lven t s , but were 

s t i l l  he te rogeneous as shown by h i gh-vo l tage paper e l e c tro

phore s i s . 
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Mate r i a l s  and Me thod s 

A l l  s olve n t s  were red i s t i l led b e fore u s e . The absorban c e  

a t  2 8 0  n m  of co l umn e f f luents wa s meas ured by a Uvi cord 

mon i to r . H igh-vo l tage paper e l e ct rophore s i s  wa s per fo rmed on 

Wha tman No . 1 paper in pyr id ine- a c e t i c  ac i d - form i c  a c i d  

buf f e r s ,  p H  6 . 5  and 2 . 1 . TLC was per formed on E a s tman 

preco a ted s i l i c a - g e l  p l a te s . Pepti d e s  we re v i s ua l i s e d  w i th 

9 1 n inhydr i n  or the pept i d e  spray 

( a )  Ge l F i l tr a t i on i n  5 0 %  Ace tic A c i d  

The c rude non-ace ty l a�ed peptide w a s  f rac t i onated 

on a 3 0 6  x 2 5  mm c o l umn o f  S ephad e x  G - 2 5  e luted w i th 5 0 %  

acetic a c i d . The po s i t ion o f  the sal t pe ak wa s mon i t -

ored b y  a conducti v i ty me te r . The chroma togram i s  

s hown i n  F i gure 2 0 . H i gh-vo l tage pape r e l ec trophore s i s  

reve a l ed that the product was loc a ted i n  fract ion I .  

Fraction I I  cont ained free l2_- n i troben z y l  a l coho l , a s  

d e termined by U . V .  s pe ctroscopy , and by h i gh-pre s s ur e  

l iquid chroma tography o n  a n  a l um i n a  co l umn u s i n g  

e thanol : ace t i c  a c i d : water ( 6 : 3 : 1 ) as . e l uan t . Amino 

acid ana l y s i s  o f  an a l i quot of  f r a ction I gave 

( Ar g  + Orn )
9 2  

1 . 1 ,  G l u  2 . 1 5 ,  I l e  1 . 0 ,  Thr 0 . 7 ,  

S e r  0 . 7 .  The l ow va lue s obt a i n e d  for s e r i n e  and 

threonine are pre sumab ly due to their destruc t i on dur i n g  

· a  h a 1 · · h f 
G · · · 9 2  a c 1  y ro y s 1 s  1n t e pre sence o N -n 1 troar g 1 n 1 n e  

( b )  I on Exchan ge Chromatogr aphy 

U s i n g  p e ak I from the previous column , ion exchange 

chroma togr a phy \·l a s  a t tempted u s i ng a 1 0 5  x 1 6  m m  co l umn 

o f  Dowex 5 0W- X l 2 , and 0 . 0 1 M pho sphate b u f f e r  pH 4 . 5  o r  



3 

A2BO 2 

3 

F I GU RE 2 0  

Gel  F i l t r a t ion 
S e p h udex G-1 0 

1 0  

Pari it  i o n  

1 0  

A2.8 0 

I 

2 0  

G 

JI 

3 0  
Fract i on n o. 

2 0  3 0  
Fracti on n o. 

7 2 . 

---

50 

6 0 

G 

2 0  

5 0  

L. O  5 0  

G e l  f i l t r a t i o n  a n d  o a r t i t ion c h roma t og � a ph y  o f  the prote c t ed form o f  t h e  ACP 1 - 6 h c x a pe p t i d c 

. I 



7 3 .  

0 . 1  M pyr id in e - a c e t i c  a c i d - formic � c i d  bu f fe r s  of pH 

3 . 5  and 2 . 1 . Succ e s s f u l  pur i f i c a t i o n s  wer e  not obtained , 

and the crude pep t i d e s  were extreme l y  i n so l ub l e  i n  

the s e  aqueous bu f fe r s . Better s o l ubi l i ty wa s obtained 

in 0 . 0 5 M �mmon i um ace tate buf fer pH 8 . 5 ,  but an a ttempt 

at i on exchange chromatography on B i o - Rad AG 1 - X 2  in th i s  

buf fe r  was not succes s fu l . 

( c )  S i l i c a  C o l umn Ch roma togr aphy 

The crude a c e ty l a ted pept i d e  was l oaded onto a 

4 2 7  x 3 0  mm column o f  s i l i �a g e l  ( BDH , 6 0 - 1 2 0  me s h )  in 

e th y l  acetate , and e l uted w i th n-butanol : pyr i d ine : 

water ( 2 : 2 : 1 ) . S ome s eparation o f  non-peptide con-

s t i tuents wa s obta ined , but the ful ly-protected and 

partly deprotected pepti d e s  were found to eo-chromate-

graph i n  th i s  s y s tem . Th i n - l ay e r  chromatography on 

s i l i c a  gel p l a .te s w i th e thanol : aqueous NH 3 ( 9 :  1 )  , 

methano l , and e thanol : t r i e thy l amine ( 9 : 1 ) reve a l e d  

t h a t  no use ful s eparations c o u l d  b e  obta i ned w i th the s e  

s o l vents . 

( d )  P ar t i t ion Chroma tography 

Part i t i on c hroma tography on a 3 0 8  x 25 mm column 

o f  S ephadex G- 2 5  was per formed by the me thod o f  

h . 
9 3 

. h . Yamas 1ro u s 1 n g  t e two-phase s y s tem n -butanol : a c e t 1 c  

a c id : wate r ( 4 : 1 : 1 ) . On l y  par t i a l  r e s o l ut ion o f  the 

c rude acety lated p�p t i d e  was obtai n ed . The r e s u l t i n g  

chromatogram i s  shown i n  F i gure 2 0 . 
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( e )  Sephadex LH- 2 0 Chromatography. 

The c rude acetylated pep t ide was f r a c tionated 

on a 3 1 0  x 25  mm column o f  Sephadex LH- 2 0  u s i n g  a 

var i e ty o f  solvents�  The re s u l t in g  chromatogram i s  

s hown for · two r epresentat ive mi xtures i n  F i gure 2 1 .  

The fol lowing s o lvents g ave good r e solution o f  the 

compone n t s  o f  the crude pep t i de m i x ture s , but poor 

solub i l i t ie s  of these pep t i d e s :  8 0 %  MeOH-wa te r ,  

chl oro form : hexane : me thano l ( 1 5 : 4 :  1 ) , chloro form 

me thanol ( 9 : 1 ) , and ethyl acetate : me thano l ( 9 : 1 ) . A 

typ i c a l  separa t ion of thi·s type , u s ing chl orofo rm 

hexane : meth an o l  ( 1 5 : 4 : 1 ) i s  shown in Figure 2 1 .  The 

fo l l ow i n g  solvents gave good s o l ub i l i ti e s  to the c rude 

pept ide m ixture s ,  but the separat ions obt a i n ed we r e  

inadequ ate : MeOH , DMF and e th y l  a cetate : methano l ( 2 : 1  

and 3 : 1 ) . A typical  separat ion o f  th i s  type , u s i n g  

ethyl acetate : me thanol ( 2 : 1 ) i s  shown i n  F i gure 2 1 .  

The mo s t  u se ful separat ion was obta ined f rom the 

LH- 2 0  co lumn u s i n g  1 8 %  me thano l i n  ethyl acetate a s  the 

e luan t .  Th i s  g ave a u s e fu l  compromi s e  be twee n  r e s o lving 

power and s o l ub i l i ty ;  a typ i c a l  separat ion is  shown in 

F i gure 2 2 .  H i gh-vol tage paper e lec trophore s i s  and 

ana l y t i ca l  HPLC ( see S e c t ion 2 ( D ) ) revea l e d  t h a t  peak 

I I  o n  t h i s  chromatograph conta ined the ma j or peptide in 

a par u i a l ly pur i f ied form . 



C H C f3 : Me O H :  Hexone 
1 5 : 1 ,: I, 

10  

Me O H  : E t OA c  
1 : 2 

1 0  

2 0  

20 

3 0  /., 0  
F r a c t i o n  n um ber 

30 /., 0  

Frac t i on n u m b e r  

7 5 . 

5 0  6 0  

50 

F I GURE 2 1  Sephadex LH - 2 0  chromatography o f  the prot ected 
form of  the  ACP 1 - 6  he xapeptide . Typ i c a l  
un s a t i s fac tory s e parations . 
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F I GU RE 22 Sephactex LH - 2 0  chromo togr aphy o f  the protected 
form of  t he ACP l - 6  he xapept i d e , and a n a ly t i c a l 

' HPLC o f  the m a j o r  pept ide �eak 



( I I )  H i g h - P r e s sure Liquid Chroma tography 

Three c o l umn s we r e  t e s ted for the puri f i cat ion o f  

t h e  above par t l y  pur i f i ed pept i de s . 

( a )  Wate r s  C l B - Poras i l  B ( Oc tadecy l - s i ly l  s i l ic a  : bonded 

reve r se d-phase par t i t ion chromatography col umn ) 

7 7 .  

Th i s  c o l umn d i d  not g ive su f f i cient r e te n t ion o f  

the se c ompoun d s  i n  water-methanol mixture s con t a i n i n g  

0 . 2 5 %  a c e t i c  a c i d  t o  give use f u� separation s . ( Ac e t i c  

acid wa s added t o  the mob i l e  phase to ensure that f r e e  

c arbox y l  g roups o n  the pep t i d e s w e r e  fu l ly protona t ed , 

and thu s that the peptides we r e  retai ned for a s  l o n g  a s  

pos s i b l e  by i n te r a c t ion w i th the non-po l ar c o l umn 

pack i n g . )  Even when the me thanol concen trat ion w a s  a s  

l ow a s  4 8 % , the peptides were e s s e n ti a l ly unre t a in ed by 

the co l umn ( s � e  F i g ure 2 3 ) . The use o f  l ower concen

tra t io n s  of  me thano l wa s not pos s ible , a s  the p a r t l y  

pur i f i ed peptide did n o t  have s u f f i c i en t  s o l ub i l i ty i n  

such s o lven t s . 

( b )  Wate rs AX-Cora s i l  ( S i l ic a  c o l umn with bonded an ion-

exchange fun c t i on s )  

Th i s  column was inve s t i g ated with a var i e ty o f  

mobi le phase s ,  h av ing me thano l con cen trations  o f  f rom 

4 8 %  to 8 0 % , and pH from 3 . 1 5 to 6 . 0 . The compound s 

e luted a s  very broad pea k s  f rom the c o l umn , a n d  n o  

u s e f u l  s epar a t i on s  cou l d  be obt a ined ( see F igure 2 3 ) . 
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( c )  Wa t e r s  v -Bondapak Fatty Acid Ana l y s i s  C o l umn 

( A lkyphen y l  s i l ica c o l umn : mic ropart i c u l ate bonded 

rever sed-phase part � t i o n  chroma tography c o l umn ) 

Th i s  c o l umn was i nve stiga ted using mob i l e  pha s e s  

containing from 4 8 %  t o  9 0 %  me thano l ,  a n d  vary i n g  

con centrations o f  phos pho r i c  o r  ace tic ac i d s . The mos t  

s a t i s factory separat ion s we re obtained a t  6 0 %  methano l 

con t a in ing 0 . 2 5 %  ace t i c  acid (e . g . Figure 2 2 ) . 

The s e  separat ion s were trans ferred to a prepar a tive 

s c a l e , u s i n g  two 9mm x 6 0 cm c o l umn s of Wat e r s  Bondapa k  

Phen y l - Po r a s i l  B .  Th i s  pack i n g  mater i a l  i s  a l arge

p a r t i c l e  form ( 3 7 - 5 0  m i c ron ) of that used i n  the Fat ty 

Acid Ana ly s i s  column . The larger part i c l e  s i z e reduc e s  

t h e  r e so lut ion ava i l ab l e  wi th t h i s  mate r i a l  compared 

w i th the 1 0  mic ron mic ropa r t i cu l a te pack i n g , but i t  

enabl e s  the use of muc h  l arge r columns , and the s e  can 

b e  packed by simp l e  manual  techn iques . Th i s  ma te r i a l  

i s  a l so ful l y  porous , a n d  thus l arger s amp l e  ma s s e s  can 

b e  a pp l i ed wi thou� degra ding the r e s o l ution o f  the 

c o l umn . 

· The column r e s o l u t i on o f  a prepa r a t i ve c o l umn c an 

b e  e f fe c tively increa s e d  by rec�c l ing the column e f f luent 

through the column a g a i n . I n  theory th i s  recyc l ing 

proce s s  can b e  repe ated almo s t  inde f i n i te iy ,  to g ive 

any r equired degree of r e s o l v i n g  powe r . The abi l i ty o f  

r e c y c l ing t o  mul t iply the co lumn resolut i on wa s 

ver i f ied by the u s e  o f  a t e s t  s ub s t a n c e  ( se e  F i gu r e  2 4 )  

but the re so l ution o f  the c o l umn set used was s u f f i c ie n t  

f o r  mo s t  o f  t h e  peptide separat ion probl ems encoun tered , 
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w i t hout the use o f  recycl i n g . 

The r e solution o f  the co lumn s e t  ( me a s u red as the 

n umber of theore t i c a l  p l a te s , N)  was found to b� 

d ramat i c a l l y  increa sed , and ta i l i ng o f  the e l u ted pea k s  

v i r tu a l l y  abo l i shed , b y  s i l an i s in g  o f  t h e  s t a t i on a r y  

pha s e  be fore pack ing o f  t h e  column . The p a c k i n g  

mate r i a l  a s  rece ived from t h e  manu facture r c o n t a i n s  a 

sma l l  n umber of r e s idual s i l anol group s , wh i c h  mu s t  be 

b l ocked by reaction w i th hexamethy l d i s i l a z an e  t o  obta i n  

the max j.mum per formanc e  frrnn the packed · c o l umn . 

The gre ate s t  s amp l e  mct s s  wh i ch can be app l ied to 

a co lumn w i thout degrad ing the r e solution obta ined 

v a r i e s  w i th the s amp l e . U s i n g  the column s e t  g iven i n  

the Mate r i a l s  and Me thod s s e c t ion , between 1 a n d  1 0  mg 

o f  any of the samp l e s  encountered i n  th i s  work could be 

p u r i fied in a s in g l e  run . 

A va r i ety o f  p e a k s  was c o l l ected f rom H P LC 

f r a c t ionat ion o f  e a ch crude peptide mi x tur e . The 

peptides were iden t i f i e d  in e ach case by r e t e n tion t ime , 

by a c i d  hydro lys i s  and amino a c id an a ly s i s , and by 

h igh-vo l t age paper e l e c trophore s i s  ·a t  pH 6 . 5 .  I n  e ach 

r e s i n -peptide HEr/ac e t i c  acid c l e avage , the ma j or 

produc t i so l a ted by LH- 2 0  chroma tography ( se e  F i gure 2 2 ) 

w a s  found to cons i s t  o f  a m i x ture o f  two c ompounds o f  

NG . I • •  
- n 1troarg1n 1ne . The s e  pre sumably ar i se from a ttachme n t  

o f  t h i s  amino a c i d  to the r e s in i n  s i te s whi c h  are too 

i n a c ce s s i b l e  to permi t the attachmen t  of a grow i n g  

peptide c h a i n  dur i n g  syn the s i s .  
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The second ma j or pepti d e  i so l ated in e ac h  c a s e  wa s 

found to be the pentapepti d e  lack i n g  one o f  the r e s i d u e s  

pro t e c te d  b y  a E_-n i troben z y l  group . The t a r g e t  peptide 

pre s umab l y  formed one o f  a very l a rge n umbe r of minor 

pep t i de produc t s  i n  e a c h  m ixture . The probab l e  r e a s on s  for 

this s i tuat ion are given in the I n t roduction to thi s 

s e c ti on ; i t s  r e s u l t  was to make the i so l atiori o f  the corre c t  

pep t i d e  f rom each c l e avage produc t impr a c t i c ab l e . The 

techn ique of preparat ive PPLC , howeve r ,  wa s comp l e t e l y  

s u f f i c ie n t  for t h e  i so l a t i o n  o f  any protected pept ide from 

the s e  c l e avage m i x tu re s t h a t  was p r e s e n t  in a l ar g e  enough 

propor t ion to make the t a s k  wor thwh i l e . The pept i d e s  

i so l a t e d  b y  t h i s  method we r e  j udged t o  b e  homogeneous when 

ana l y s ed by an a l y t i c a l  I JPLC and h i gh-vo l t age paper 

e l e c t rophore s i s . 

Mate r i a l s and Me thod s 

H i gh-pres sure l i q u i d  c hromatog raphy w a s p e r formed us ing 

a l o c a l l y- con s tr ucted chromatogr aph in corpo r a t i n g  two Wate r s  

mode l 6 0 0 0 pumps , a Wa t e r s  mode l 6 6 0  contro l l e r , a Cec i l  

mod e l  2 12 var i ab le -wave l e n g th U . V .  mon i tor and a L i n e a r  

In s tr umen t s  Co . · 2 - chan n e l  c hart recorder . P a cked c o l umn s o f  

C l 8 - Po r a s i l  B and AX-Cora s i l  ( 2  mm x 6 1  cm ) and a � -Bondapak 

F a t t y  Ac id lmu. ly s i s  c o l umn ( 4  mm x 3 0  cm) wer e  supp l ied by 

Water s  A s s 0 c i a t e s  Ltd . 

· water s Bondapak Phen y l -Pora s i l  B wa s s i l an i sed by 

tre a tmen t  wi th hexame thy l d i s i l a z an e  ( HMDS ) to remove unreacted 

s i l a n o l  g r o u p s . T�e p a c k i n g mat e r i a l  ( 7 5  ml ) w a s p l a c ed in 

a g l a s s  column and wa shed w i th 5 c o l umn vol ume s of 5 %  HMDS in 



dry t o l uene . The c o l umn was then washed with t o l uene and 

met h an o l . 

0 3 . 

The absence o f  any re s idual s i l anol groups on the 

pack i n g  ma t e r i a l  a f te r  s i l an i s a t ion was ver i f ied by p a s s i n g  

a s o l u t ion o f  Me thy l Red i n  me thanol through the g l a s s  

c o l umn . Any unblocked a c i d i c  groups wou ld h a ve g iven a 

ye l l ow colouration wi th t h i s  i n d i c a tor . The packing ma t e r i a l  

wa s r emoved from the column and d r i e d  over P 2 0 5 • Two 

p r e p a r a t ive column s ( 7  mm x 6 Q  cm ) were f i l l e d  w i th th i s  

mate r i a l  b y  the tap- f i l l  me thod 9 4 . 

Ana l y t i c a l  column s were e luted a t  1 . 5 m l /min , and 

pre p a r a t ive co lumn s at 5 . 0 ml/m i n . P l a t e  c oun t s  wer e  

d e t e rm ined on the � - Bondapak F a t ty Ac id Ana l y s i s  column 

( N  = 6 , 0 0 0  p l a tes/me te r )  and the Bondapak Pheny l -pora s i l  

B prepa r a t i ve colum� ( N  = 5 2 0  p l at e s/ 1 . 2  m )  u s in g  n i troben z e n e  

a s  t h e  te s t  subs tance , a n d  6 0 %  methan o l -wate r con t a i n i 1 1 9  

0 . 2 5 %  ace t i c  acid a s  t h e  e luan t .  

The peptide samp l e s  u s ed were par t l y  p ur i f i e d  pept i d e  

mi x t u r e s  obta ined f rom t h e  Sephadex LH- 2 0  c o l umn a s  in P a r t  

I o f  th i s  s e c tion . They we re d i s s o l ved ih the appropr i a te 

mob i l e  pha s e  at a con c en tr a t i on o f  approximat e l y  1 mg/ml . 

( a )  Wate r s  C l 8 - Por a s i l  B 

Th i s  column w a s  e l uted with var i o u s  water-me than o l  

mixipre s contai n i n g  ace t i c  acid . The be s t  separ a t i on 

obt a i ned with th i s  c o l umn was u s i n g  4 8 %  methan o l  

con t a in i n g  0 . 4 % a c e t i c  ac id . A typic a l  chromatogr2D 

i s  s h own in  F i g u r e  2) . 
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( b )  �'i'a ter s A X-<:ora s i l  

Th i s  column was e luted with var ious aqueous 

me thanol solution s , b u f fered at pH s from 3 . 1 5 to 6 . 0 .  

The be s t  separ a t ion · obta ined w i th t h i s  c o l umn was 

u s ing 7 2 %  me thanol / 1 %  ammonium acetate b u f f e r  pH 3 . 8 .  

A typi c a l  chromatogram i s  shown in Figure 2 3 .  

( c )  Wate r s  � - Bondapak Fatty Ac i d  A n a ly s i s  

Th i s  co lumn was e luted w i th various �queous 

methan o l  mixtures con t a i n i n g  from 9 9 . 9 %  to 4 8 %  methan o l  

and 0 . 0 3 %  t o  l %  phospho r i c  acid or 0 . 0 3 %  t o  6 %  ace t i c  

a c id . The best r e s u l t s  i n  both r e solution and 

s o l ub i l i ty of the crud e  pe ptide mixtur e s  were obta ined 

w i t h  an e luan t c omp o s e d  o f  6 0 %  me thanol and 0 . 1 % 

a c e t i c  acid . A typ i c a l  chromatogram i s  shown i n  

F igure 2 2 . 

( d )  Wate r s  Phenyl -Pora s i l  B Preparative Column 

Thi s column s e t  was e luted w i th aqueous methanol 

s o l u t i o n s  conta i n in g  3 0 % ,  4 0 % , or 5 0 %  methano l and 

1 %  ace t i c  a c i d . F o r  each sampl e ,  the meth anol con c e n 

tr� t i on wa s s e l ected wh i c h  g ave adequate s o l ub i l i ty o f  

t h e  s ample , comb i n e d  with a reten t ion t ime on the 

co l umn wh ich wa s n e i ther so short as to preven t the 

r e s o l ution of componen t s  o f  the s amp l e , nor s o  long a s  

t o  b'e waste f u l  o f  the mob i l e  phase . The s amp l e s  were 

d i s so lved in the mob i le phas e . For the i n i t i a l  

eva l u a t i on of a c hroma tograph ic separat ion , 5 - 1 0  �1 

of a s a mp l e  con t a i n ing approx ima t e l y  1 mg/ml wa s 

in j ec ted : for a p repara t i ve separation , up to 2 ml ( the 
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maximum volume o f  the s amp l e  in j e c to r )  was l oaded . 

The samp l e s  u s e d  we re poo l e d  fra c t i on s  from the 

S ephadex LH- 2 0  c o l umn from wh i c h  the so l v e n t  had been 

r emoved by evaporation under r educed pre s s ur e . After 

c hroma tography on th i s  preparat ive c o l umn s e t , the 

approp r i ate f r a c t i on s we re concen trated i n  the s ame way 

and an a lysed by h igh-vo l tage paper e l e c t rophore s i s , a c i d  

hydro l y s i s  and amin o  ac id ana l y s i s , and H PLC o n  the 

�-Bond apak Fatty Ac i d  Ana l y s i s  c o l umn u s ing a mob i l e  

pha s e  c on tain ing 5 0 %  me thanol and 1 %  a c e t i c  ac i d . The 

pepti d e  produc t s  wer e  j udged to be homogeneous by the s e  

c r i te r i a  ( se e  F i gure 2 5 ) . 

A c i d  hydr o l y s i s  was per formed in 6 M HC l for 1 6  

hour s . . For the m a j o r  peptide produc t , the re s u l ts 

9 2  were : ( Arg + Orn ) 1 . 4 ,  Glu 1 . 0 ,  I l e  0 . 8 8 ,  S e r  0 . 8 6 ,  

and Thr 0 .  8 8 .  I t  was apparent f rom th i s  c ompo s i t i on , 

and from the mob i l i ty o f  the peptide o n  h i gh - vo l tage 

paper e le c trophore s i s  at pH 6 . 5 ,  that th i s  pep t ide was 

in fact a pen tapept ide l a c k i n g  one of the Glu ( OB z l  

l2_-N0 2 ) re s i�u e s . Sever a l  o f  the minor pept ide 

c omponents were a l s o  e xamine d , but the ful ly protec ted 

hexapeptide could not be located . 
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PART D 

P r e p a r ation o f  Ana logue s o f  the Protected ACP 1 - 6  

H e xapeptide 

The syn the s i s  of the fol lowing ana logue s of the ACP 

1 - 6  hexape p t ide in f u l ly-protec ted form was a ttempted by 

the me thod s of Section 2 ( B ) : [G l n �;] 1\.CP 1 - 6 , [Gl n 5] ACP 1 - 6 , 

[Asp �;) ACP 1 - 6 , [ Asp 5] ACP 1 - 6 , [ Al a 1 A l a 2] ACP 1 - 6 , [ G lu 3 I l e ") 

ACP 1 - 6 , and �lu 3 G l u 4 I l e � ACP 1 - 6 .  The s e  a n a l ogue s we r e  

8 7 . 

s e l e c ted f r om the very l arge n umbe r  o f  po s s ib l e  var i at i o n s  

be 6�use they involved mod i fi c a tion s o f  fun c t i o n a l  groups 

on the peptide wh ich may p l ay a part in stab i l i s i n g  the 

a c t ive conformation of the e n t i r e  ACP mo l e c ul e . 

The s e  der ivative s were pur i f ie d  u s i ng the procedu r e s  

deve l oped for the ACP 1-6  hexapeptide : Sephadex LH- 2 0  

chr omatogr aphy in 1 8 %  me thano l i n  e thy l acetate , f o l l owed b y  
c 

p r eparative HPLC on Bond apak Phen yl - Pora s i l  B i n  5 0 %  

me thanol -wa ter conta i n i ng 1 %  a c e t i c  a c i d . The pur i ty o f  

the produc t s  was exami n e d  b y  ana l y ti c a l  HPLC , h igh-vo l tag e 

p a p e r  e l ec t rophore s i s , and a c i d  hydro l y s i s  a n d  amino a c i d  

a n a l y s i s .  

In  n o  c a s e  was the pro tected pept i de o f  the correct 

amino a c i d  compo s i t i o n  i s o l a ted a s  a ma j or prod u c t  o f  the 

H Br/ac e t i c  acid c l e avage f rom the synthe s i s  r e s i n . From 

s everal o f  the above a n a logue s , however ,  pentapepti d e s 

l a ck in g  a G l u ( OB z l  E- N0 2 ) r e s i due were i s o l at e d  and 

p ur i f i e d  to homogen e i ty ;  . T\vo of the s e  ana logue s ( from the 

� l n !; L  and � sp �; ] ACP 1 - 6  synthe s e s )  we re prepared in 

s u f f i c ien t quan ti t i e s  to enable the prepara t ion of the 



c o r r e s pond i n g  ACP a n a l o g ues . Amino a c i d  ana l y s e s  a f t e r  
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a c i d  hydro ly s i s  o f  the p r o te c ted hexapeptide a c t ive e s t e r s  

g a v e  t h e  f o l lowing r e s u l t s : from the �ln 4] s yn the s i s , 

9 2  ( Ar g  + Orn ) 1 . 0 0 ,  G l u  1 . 0 6 ,  I l e 0 . 6 6 ,  Thr 0 . 7 8 ,  

S e r  0 . 8 4 ;  f rom the [ A s p 4] synthe s i s , 9 2  ( Arg + Orn ) 1 . 0 0 ,  

G l u  0 . 9 2 ,  I le 1 . 0 8 ,  Thr 0 . 6 7 ,  Ser 0 . 6 3 .  The low va l u e s  

f o u n d  f o r  s er ine a n d  threon i ne a r e  pre s umab ly due t o  

de s t r u c t io n  o f  the s e  ami no a c i d s  dur i n g  hydr o l y s i s  i n  the 

f G . . . 9 2  p r e s en ce o - N -n1 t roa r g 1 n 1n e  
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PART E 

Preparat ion and Pu r i f i c a t i on o f  the Pen tach lorophe n y l  

A c t i ve E s t e r s  o f  t h e  Prote cted Hexapept i d e s  

The pentach loropheny l a c t i ve e s te r s  o f  the prote c ted 

pept i d e s  we r e  fo rmed by the " c rys ta l l ine comp l e x " method o f  

4 2  Kova c s  e t  a l . Th i s  me thod u s e s  a 3 : 1  comp l e x  o f  penta-

ch l o r ophen o l  ( PCP ) and d i cyclohexy l ca�bod i imide ( DCC ) , and i s  

c l a imed to g i ve the PCP e s ter s  o f  peptide e s te r s  wi thout 

c a u s i n g  r ac emi s at i on of t he C- terminal amino � c i d . 

· M a te r i a l s and Me tho d s  

The c r y s t a l l ine PCP : DCC comp lex wa s prepared by the 
. 4 2  method o f  Kovacs e t  a l  and recry s ta l l i sed f rom e the r/hexan e . 

In  a typical procedure , [ Asp 5 ] ACP l - 6  ( 5  mg , 5 � mo l )  wa s 

d i s s o lved i n  e thyl ace t a te ( 1  ml ) and the PCP- DCC comp l e x  

( 5  mg , 5 �mo l )  w a s  added . The r e a c t i o n  w a s  a l lowed to 

proceed in darkne s s  for 1 6  hour s at room tempe ra ture , �nd then 

quen ched by the a dd i t i o n  o f  a n  e xc e s s  ( 2 0  � 1 ) of acetic a c i d . 

The e th y l  acetate s o l u t i on o f  the product wa s e x t r a c ted w i th 

wate r·, 0 � 1 M HCl , wate r , s aturated sod i um b i c a rbonate , and 

f i n a l ly wate r , and d r i e d  over anhydrous magn e s i um s u lphate . 

The s o lve n t  was evapo r a ted iri a s tream o f  a i r , and the s o l i d  

product wa s e xtrac ted w i th fre sh ethy l acetate . The ethy l 

a c e tate was evapora ted under reduced pre s sure , and the 

product wa s obtained a s  an o i l  ( 6 . 1  mg , 8 9 % ) . The produc t 

w a s  homogeneous on TLC ( s i l i c a , e thyl acetate , v i s u a l i sed 

w i th I 2  vapour : Rf 0 .  6 5 )  an r1 O i1 a n a l :.; t i c a l  H P LC ( � ·-Bondapak 

F a t ty Ac i d  An aly s i s  c o lumn , 5 0 %  methanol/ 1 %  a c e t i c  ac id , 

l . Sml/mi n : t n  3 . 0 min ) . 
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PART F 

Deprotection o f  the Protected Peptide Active E s t e r s  

I n  order to e s tab l i sh t h e  optima l condi t ion s f o r  remova l 

by hydroge n a t i on o f  the NG- n i troargin ine prot e c t i n g  group 

w i thout d e s truc tion o f  the a c ti ve e s ter , the hydroge n a t i on 

o f  the mode l c ompound s  pentach l o rophenol ( PC P )  and t

buty loxycarbony l -NG- n i troar g i n i n e  pentachlorophen y l  e s te r  

( t- Boc Arg ( N 0 2 ) PCP )  w a s  inve s t i gated . 'I'he l a tt e r  compound 

wa s synthe s i sed by the me thod o f  Kovac s  et a 1 . 4 2 b The 

c ompo und could not be obtained in analy t i ca l l y  pure f orm 

even a f te r s i l ica c o l umn chroma togr aphy and repeated 

c r y s t a l l i s a ti on . Thi s  was thought to be due to the pre sence 

o f  the lac t am or other d ecompo s i tion produc t s , a s  men t i oned 

by Kovacs et a l . I n  s p i te o f  the impu r i t i e s pre s e n t  i n  thi s 

mod e l compound , hyd rogenation stud i e s  were proc eeded w i t h , 

a n d  s ome u s e ful i n f o rma t ion was obtaine d . 

Mater i a l s  and Me thods 

Hydrogenations we r e  per fo rmed i n  a Parr p r e s sure 

h y dro�en ator at 50 p s i  of hydrogen pre s sure . The c a t a ly s t , 

10 % pal l ad i um on charcoa l ,  was suppl ied by F lu k a . 

t- Boc Arg ( N0 2 ) PCP vla s  
-

prepared by the method o f  Kovac s  

e t  a l , 4 2b d , a n  pa r t i a l l y  pur i f i ed by s i l i ca c o l umn chroma-

t o g raphy u s ing d i e thy l e th e r  a s  the e luan t . Even a fter 

repe ated c r y s tal l i s a t i on from carbon te trac h l o r ide-h exane , 

the compound was found to be impure , a s  j udged by me l t ing 

p o i n t  range , TLC ( s i l i c a , chloroform : ace tone 9 : 1 ) and 

e l ementa l analy s i s . 
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The hydrogen a t i on o f  pentach lorophenol w a s  fol lowed 

s pe c t ropho tome tr i ca l ly b y removing s amp l e s  a t  varying t ime s 

and p lo t t i n g  the i r  U . V . spe c t r R  in the reg i on 2 8 0 - 3 2 0  nm . 

The s o l ven t s  used i n  the hydrogenation were : 

( 1 ) me thanol conta i n i ng 1 mo l e  HC l per mo l e  PCP , 

( 2 )  me thano l /ace t i c  a c i d  1 0 : 1 ,  

( 3 )  me than o l/ace t i c  a c i d  1 0 : 1  conta i n i n g  1 mo l e  HC l per 

mo l e  PCP , 

( 4 )  methanol/ac e t i c  a c id 1 0 : 1  con t a i n in g  5 mo l e s  H C l  p e r  

mo l e  PCP . 

I n  e a c h  case the U . V .  max imum a t  3 0 5  nm g r adua l ly moved 

to a sma l l  max imum at 2 9 5 nm , and then d i s appeared c omp le t e l y  

( se e  F i gure 2 6 ) . The t ime for th i s  r e ac ti on to be comp l e te d  

wa s approximately 2 4  hours unde r  the s e  cond i t i on s , b u t  even 

a f t e r  three hour s the reac t i on had proceeded a pprec i ab l y . 

Ma s s  s p e c t r a l  analy s i s  o f  the re a c t i on mi xture a t  t h i s  po i n t  

s h owed t h e  presence o f  tetra- and t r i c h loroph en o l s  i n  

add i t ion t o  pen tach l orophenol . I t  w a s  obv i o u s  that c h l o r i n e  

w a s  be i ng r�duced f rom the phe n o l  r i n g  a s  hydrogen c h l o r i d e . 

4 2 a  Kovac s  e t  a l  h ad a l so observed th i s  phenomenon , but 

had s t a te d  that the a d d i ti o n  o f  1 mo l e  o f  dry H C l  had 

p r e ve n t e d  it  ent i re l y . However , the i r  hydrogen a t i o n s  were 

p e r formed at �tmo spher i c  p r e s sure and for a much shorter 

t ime ( 1 5 '�inute s ) ,  as  they mere l y  w i shed to r emove the 

b e n z y loxycarbony l group . I t  i s  probab l e  t h a t  the remov a l  

o f  ch l o r i n e  w a s  s t i l l  pro c e ed i ng unde r the i r  cond i ti on s  o f  

hyd roge n a t ion , b u t  a t  the much s l o�e r r a te ob s e rved h e re . 

In orde r to ma i n ta i n  t h e  r e a c t i v i ty o f  the P C P  a c t ive 

e s te r , i t  was there f o re n e c e s s ary to l im i t  hydrogen a t i o n s  to 



Abs. 

2 9 0  3 0 0  31 0 
Wav e l engt h (nm ) 

F I GURE 2 6  The U . V .  spect r um o f  p e n t a ch l o r ophen o l  
du r i n g  c a t a l y t i c hydrogen a t i o n  

9 2 . 

3 2 0  
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h ave no advan tage over a ce t i c  ac i d  for the pro t e c t i on o f  PCP 

e s te r s , and w a s  omi t te d  from the hydrogenation r e ac t ion s  o f  

the pept i d e  active e s te r s . 

The hyd rogena t i o n  o f  crude !-Boc Arg ( N0 2 ) PC P  wa s 

mon i tored by i t s  U . V .  absorption at 2 7 5  nm . In a l l  o f  the 

above s o l ven t s y s tems c onta i n ing me thanol , a c e t i c  a c i d  and 

H C l ,  the hyd rogen a t i on was comp l e te w i th in 30  minute s , the 

sho r te s t  t ime i n terva l examined . 

9 5  The hydroxy lamine a s s a y  o f  Lipmann and Tut t l e  

revealed th�t the a c t ive e s t e r  w a s  s t i l l  i n t a c t  a t  5 6 �  

h o ur s , a l though by th i s  t ime i t  con t a i ned a s ign i f i c a n t  

amount o f  t e tra- a n d  t r ichloropheny l e s ters a s  shown b y  ma s s  

spectral an aly s i s . 

The c on d i tion s c hosen for hydrogen ation o f  the 

pro tected peptide pen t achlorophenyl e s te r s  were : me than o l /  

a c e t i c  ac i d  ( 2 0 : 1 ) , e q u a l  we ights o f  1 0 %  pal l ad i um o n  

c h a rcoal and the pro t e c ted pept ide , 5 0  p s i  hydrogen i n  a 

P a r r  hydrogenation ap��:ratus for three hour s . I n  a l l  c a se s , 

. th i s  wa s s u f f i c i e n t  comple t e l y  to reduce the absorbanc e  o f  

the s o l u t i on a t  2 7 5  n m  t o  z e ro . 

At the conc l u s i o n  of the hydrogen ation , the c a t a l y s t  

wa s washed three t ime s wi th l %  aqueous ace t i c  a c i d . The 
. 

s o l u t ion s were poo l e d , s t r i pped , and taken up in 1 %  a ce t i c  

a c i d . Th i s  s o l u t ion was then e xtracted three t ime s w i t h  

e thyl a c e t a te , a n d  the aqueou s pha s e  w a s  lyoph i l i sed a n d  

0 
s t o r e d  a t  0 C un t i l r e qu i r e d  f o r  coup l ing t o  t h e  nat ive 

7 - 7 7  peptide . The y i e l d  o f  deprote c ted pept ide ac t i ve 
-

e s ter wa s typ i ca l ly 8 0 % , based on the we i g h t  o f  pur i f i ed 

prote c t e d  pep t id e ac i d  u s e d  to form the a c t i ve e s t e r . 
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I S OLATI ON OF NATIVE 7 - 7 7  PEPTIDE , SEt1I SYNTH E T I C  COUPL I NG , 

AND AS SAY OF PRODUCTS 
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Acy l  c arrier prote i n  was prepared f rom f r o z e n  �- co l i  

s tr a in B p a s te , by the method o f  Ma j e rus , Alber t s  and 

Vage los , 2 9  with a few minor mod i f i c a t i on s . 

Approximate l y  5 kg o f  E .  c o l i  s tra in B � e l l paste 

w a s  grown i n  a " Fe rmac e l l "  fe rmen ter on a c on t inuous - f l ow 

ba s i s .  A min ima l med i um containing on l y  g l uc o s e  and s a l t s  

w e r e  u s e d , in ord e r  t o  l im i t  the c o s t s  i nvo l ve d . An E .  co l i  

auxotroph d e f i c i e n t  i n  B - a l an ine syn the s i s  wa s a l s o grown on 

a med i um s upplemen ted wi th ( 1 4 C ) - B - a l an ine . Alberts and 

9 6  Vage l o s  have shown that mo st o f  the l abe l l ed 8 - a l an ine 

und e r  the se cond i t ions is i ncorporated into the p ro s the t i c  

group o f  ACP . I n  th i s  way a sma l l  amoun t o f  1 4 C- l abe l le d  

ACP wa s obtained for t� se in mon i to r i n g  the pur i f i c a t ion o f  

l arger quan t i t ie s o f  un l ab e l l e d  ACP . 

Ace t y l at i on and t rypt i c  c l e avage o f  ACP were carr i e d  

out b y  t h e  me thod o f  Maj e ru s , 3 4 exc ept t h a t  s l ightly mor e  

v i gorous con d i t i o n s  w e r e  emp loyed f o r  the a c e t y l a t i on t o  

en sure that a l l  l y s i n e  r e s idues we re c omp l e t e ly b locked . The 

a c e ty l a ted prot e i n  wa s t r e a te d  with neutr a l  hydroxy l am i n e  t o  

r emove a c e ty l  groups from the active- s ite thio l group a s  

w e l l  a s  from the ty r o s ine and h i s t i d ine r e s idue s . The 

a c e ty l a tion vJa s  carr i e d  out u s i n g  ( 3 I I )  a c e t i c  2tnhyd r i d e , t o  

f ac i l i t a te - the l o c a tion o f  the produc t d u r i n g  l ater 



9 5 .  

chromatographic procedur e s . The a c t ive- s i te t h i o l  g roup w a s  

d h . d . . 4 1  t . t . d . converte to t e  DTNB er1vat1ve to preven 1 - s ox1 a t 1on 

d ur i ng the coup l i n g  r e a c tion . 

The n a tive ace t y l a ted 7 - 7 7  peptide and the syn th e t i c  

1 - 6 pep t i d e  act ive e s t e r  we r e  coup l e d  in a var ie t y  o f  

s o lven t s , and the products were exam i n e d  for a c t iv i ty i n  the 

} If 2 9  9 7  • 
C02 exchange a s s ay . ' The only produc t w 1 th measurable 

a c t ivity wa s obt a i n e d  b y  coup l ing a c r ude hexape p t i de m i x ture 

w i th the 7 - 7 7  pep t i de , and pur� f y i n g  th e re s u l t in g  s e m i -

s y n t he t i c  ACP b y  g e l  f i ltrat ion a n d  i on e xchange chromate-

graphy . When pur i f i ed pep t i d e s · were coupled , howeve r , no 

a c t ivity could be d e t e c ted i n  the produc ts , even a f te r  

pur i f i ca t ion o f  t h e  s em i s yn the t i c  pro t e i n s  b y  s im i l a r  

pro cedur e s . 

Amino acid an a ly s i s  o f  the various pur i f i ed s emi synth e t i c  

produc t s  revealed th a t  th e coup l ing re action w a s  mo s t  

s u c ce s s fu l  when p e r formed in m i xed organ ic/aqueous s o l v en t s . 

The u s e  o f  d im e t hy l s u l ph o x i d e  a l o n e , wh i l e g i v i n g  g ood 

s o lub i l i ty to the re � c t an t s , resu l ted i n  low c o up l i n g  y ie l d s  

( a s  determined b y  t h e  amount o f  arg i n i n e  i ncorporated into 

the semi synthe t i c  prote i n )  . I t  wa s a l so f e l t  that the 

cix i d i s i n g  prope r t i e s  of t h i s  solve n t 9 8  were a d i s advant�ge . 

S im i l a r l y  the u s e  o f  aqueo u s  sod ium b i c arbonate ( 0 . 1  M ,  

9 9  p H  8 . 1 5 )  gave a l ow y i e l d  o f  sem i s ynthe t i c  produc t . ' 

The mos t  s ucce s s fu l  coup l in g  r e ac t ion s were per fo rmed 

in a mixed solve n t  conta i n i n g  5 0 %  N-me thy lpyrrol idon e and 

2 0  mM pot a s s ium pho s phate buf fer pH 7 . 0 .  The use o f  N-

me thy lpyrrol idonc a l o ne f a i le d  to g i v e  a d e q u a te s o l u b i l i t y 

to the 7 - 7 7  pep t ide . The m i xed so lvent , however , g ave good 



9 G . 

y i e l d s  o f  coup l i n g  o f  the 7 - 7 7  peptide to e i ther o f  two 

pen tapept i d e s  pur i f i e d  f rom crude he xapeptide m i x tur e s , the 

o f  t he r e s u l ting a n a l o g ues had any me a s urab l e  a c t iv i ty i n  

the 1 4 C0 2 exchange a s s a y . 

I n  v i ew o f  the obs ervat ion that l e s s  than one mo l e  o f  

a r g i n ine was incorpo r ated per mo l e  o f  7 - 7 7  peptide coup l e d , 

i t  was fe l t  to be n e c e s sary to ver i fy th a t  unrcacted 7 - 7 7  

p e p t ide wou ld not inh i b i t  the � s s ay .  I t  was foun ct  t h a t  a 

7 5 - fo l d  e xce s s  o f  7 - 7 7  peptide over ACP did not s i g n i f i c a n t l y  

i n h i b i t  the a s say r e a c t ion . Con sequent l y  the a s s a y  was f e l t 

to be capable o f  de tec t in g  ac t i ve semi syn the t i c  produ c t s  

e ven when they wer e  pre sen t a s  l e s s  tha n 5 %  o f  t h e  amount o f  

u n r e ac ted 7 - 7 7  peptide rema ining . 

The fact that the N-termin a l  a m i no a c i d  o f  the 7 - 7 7  

peptide was v a l i n e  probably con t r i buted t o  the f a i lure o f  

the coup l in g  r e a c t i on s to g o  t o  comp l e t ion even in the mo s t  

s u c ce s s f u l  c a s e . The bu l k y  s i d e - cha i n  o f  the v a l i n e r e s i d u e  

w o u l d  be expe c ted to :., low pept ide b o n d  fonna t i on b y  s t e r i c  

h i ndranc e . 

Mater i a l s  and Me thods 

Al l med i um con s t i tuents were reagent g rade . 

a l anine was 6btained f rom I n terna t io n a l  Chemi c a l  and Nuc l e a r  

Ltd . S i i icone An t i f o am A Concentrate was obta ined from 

S i gma . " Dextros t i x " g lucose e s t imation pape r s  were s up p l i e d  

by Ame s .  Ammon i um s u l pha te ( s pec i a l l y  low in he avy met.a l s  

wa s obta ined f r om BDH . D i a l y s i s  tub i � s  � a s  ob t a i � e d  f r om 
. 

b 0 d b t 1 
l O O  Un lon Car lde , an p repared y the me thod o f  Vanaman �- � ·  

S treptomycin s u l ph a t e  wa s supp l ied by G l a xo Labo r a tor i e s , 
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P a l me r s ton North . 

Capro i c  anhyd r i d e  was prepared by the method o f  Gerard 

1 0 1  and Thrush , and c aproyl pantetheine was prepa red by the 

th d f S . d Sh . 1 0 2 . me o o lmon an cmln . Malon y l  pan te t he i n e  was 

1 0 3  p r e pared b y  the me thod o f  Trams and Brady . Ac id anhydr i d e s  

a n d  a c y l  th ioe ste r s  we r e  a s s ayed b y  convers ion t o  the 

c o r r e spond i n g  hydroxami c a c i d s . 9 5  Rad ioac t i v i ty wa s deter

mined using Bray ' s  s c i n t i l l a t ion solven t
1 0 4 

in  a Packard 

2 0 0 2  s c in t i l l ation counter . 

Sod i um ( 1 4 C )  b icarbon ate was obt a i ned f rom New En g l and 

Nuc lear , and ( 3 H )  a ce t i c  anhydride was purcha sed from the 

Rad i ochem i c a l  Centr e , Ame r s ham . Tryp s i n  ( DCC treate d )  and 

trypsin i n h i b i tor ( soybean type I I )  we re obt a ined f rom S i gma . 

1 M neutr a l  hydrox y l am i n e  was prepared by m i x i n g  equal 

vo l ume s of 4 M hydroxy l amine hydroch loride and 3 . 5  M N a OH 

immediate l y  be fore u s e , and d i luting w i th an equal vo l ume o f  

d i s ti l led water . 

S amp l e s  for amino acid analys i s  were hydrolysed i n  6 M 

H C l  for 1 6  hours a t  1 1 0 ° C i n  sea led tube s . 

Organ i sm s  

E .  c o l i  strain B wa s provided by t h e  Depa r tmen t  o f  

M icrob i o l ogy and Gen e t ic s , Mas sey Un ive r s i ty . E .  c o l i  s t r a i n  

M- 9 9 ,  a B - a lanine auxo troph , wa s the g i f t  o f  D r  W .  Nul ty ,  

Washington Un iver s it y , S t . Lou i s , Mo . 
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Med i a  

( 1 )  S t a r t e r  !'-1ed i urn 

KH 2 PO t1 0 . 1 % MgS0 4 . 7 H 2 0  0 . 0 7 %  

K 2 HP0 4 0 . 1 % N a 3 c i trate 0 . 0 5 %  

NaCl 0 . 1 % g lucose 0 . 5 % 

( NH 4 ) 2 S0 4 0 . 4 % 

( 2 )  Ma i n t a i n i n g  Med ium 

K 2 HPO t1 0 . 5 % ( NH 4 ) 2 S0 4 0 . 2 % 

NaH 2 PO t1 0 . 2 % MgS0 4 . 7 H 2 0  0 . 0 7 %  

NaC l 0 . 1 % g l ucose 0 . 5 % 

Med i a  we re autoc l aved i n  l l f l a s k s  or 5 0  1 a l um i n i um 

ve s s e l s  for one hour a t  1 5  p s i . I n  a l l  c a s e s  the g lucose 

s o l u t ion was auto c l aved s e p a r a te l y . 
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PART A 

Growth o f  E .  c o l i  S t r a i n  B and Strain M- 9 9  

One - l i tre f l a s k s  o f  the s tarter med i um were innocu l atcd 

f rom the i n i t i a l  agar c u l ture , and i ncubated w i th a g i t a t ion 

o n  a gyra tory shaker at 3 0 °C unt i l  the absorbance at 4 2 0  nm 

of the c e l l  suspen s en s i on rea ched 2 . 0 .  The s e  f la s k s  were 

then used to inno c u l a te the fermen ter c u l ture . 

The " Fermace l l "  f e rmcn te r  was operated a t  a con s tant 

v o l ume o f  20  1 and a t  2 5° C .  A 20  l batch of the starter 

med i um was autoc l aved and innocu l a te d  wi th the above 1 1 c e l l  

s u spen s ion . Agi ta t i on and aerat i on o f  the fermenter were 

c on�enced , and con t i nued for approximately 8 hours un t i l  the 

absorbance at 4 2 0  nm of the c e l l  suspens ion became c on s tan t 

a t  about 4 . 0 .  From th i s  t ime the ma i n tain i n g  med i um was 

p umped i n t o  the f e rmen ter a t  7 - 8  1/hr to ma i n ta i n  the h 4m 

o f  the c u l ture a t  i t s  maximum value . The c e l l  suspens ion w a s  

harvested at the s ame r a te b y  the u s e  o f  a l evel  probe an d 

a s soc iated contro l s ,  and a pump , to ma i n t a i n  the fermenter 

· vo l ume con s tant a t  2 0  1 .  The absorbance o f  the c e l l  c u l ture 

was mon i tored by a H i tachi spec trophotometer , and the pH by a 

Radiometer pH me t e r , both equipped w i th s imp l e  f l ow- through 

c e l l s . The r e s i d u a l g lucose in the harve s ted cul ture was 

e s t imated: by 1 1  Dex t ro s t ix 1 1  g l ucose e s t ima t ion paper s .  

The c e l l s  were h arve s ted in a Sharp l e s  c on t i n uou s - f l ow 

c e t r i fuge at 3 0 , 0 0 0  rpm and a f low rate o f  2 0  1 /hr , and the 

c e l l  pa s t e  w a s  c o l l e c ted and fro z en ·in po lythene bo t t l e s .  

The y i e l d  was found to be approxima t e l y  8 5 0  g/day . 

Where nece s s a r y , foaming o f  the 11 Fermac e l l "  c u l ture wa s 
�s rY ' �ti iV �s1n:: 

L1 R, RY 
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e l imi n ated by automa t i c  add i tion o f  s i l i cone a n t i foam , 

con t r o l led by a conduc t ion foam probe i n  the f e rmen t e r . Wi th 

the m i n imal medium wh i c h  wa s emp l oyed , howeve r ,  foam i ng was 

not found to be a s e r i ous prob l em . 

Ce l l s  o f  E .  co l i  s t r a i n  M- 9 9  we re grown i n  f la s k s  

con t a i n i ng 3 l o f  the s t a r t e r  med i um wi th 0 . 5 % g lucose a s  

carbon source . Th i s  med i um was supp lemented w i th 0 . 7 5 �M 

( 1 � C ) - B - a l a n i n e  ( 8  � C i /pmo l e ) . The f l a s lcs were i n cubated 

a t  3 0 ° w i th s hak ing in a gyrat6 ry shake r , and th e c e l l s  were 

harve s ted by centri fugation �t 8 , 0 0 0  r pm for 2 5  m inute s . 

The y i e ld wa s found to be approximate ly 1 g/1 , wh i ch i s  

appre c i ab l y  l ower than th a t  for E .  co l i  s t r a i n  B unde r 

s im i l ar cond i t ion s .  
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PART B 

I s o l a t i on and Pur i f i c a t i on o f  Acyl C a r r i e r  Pro t e i n  

Al l s teps i n  t h e  i so l a tion proce dure were per fo rmed a t  

In a typ i c a l  procedure , 2 0 0  g o f  c e l l  paste wa s t hawed 

0 a t  0 C and s u s pended i n  an equal vo l ume o f  1 0  mM t r i e thano l -

ami n e -HCl bu f fe r  p H  7 . 5  conta i n i n g  1 0  mM 13 -mercaptoe thanol 

and 1 mM EDTA u s i n g  a g l a s s  homogen i s er . The ce l l s  were 

then ruptured by two p a s s e s  through a French pre s sure c e l l  

a t  8 0 0 0  psi . Th e extract was d i lu t e d  to a volume o f  1 . 2  1 

u s i n g  the above t r i e thanolamin e - H C l  bu f fer , and sub j e cted 

t o  c e n tri fug a t i on at 1 2 , 0 0 0  g for 3 0  minutes . 

The pro t e i n  con cen tration o f  t h e  s upernatant wa s 

d e te rmined by the b i u r e t  me thod , 1 0 5  and 1 0  ml o f  a 1 0 %  

s o l u t ion o f  s treptomy c i n  su lphate w a s  added per g r am o f  

prote i n . ( Typi c a l l y  there wa s approximately 2 0  g o f  prote i n  

a t  th i s  s tage . )  The pre c i p i t a te w a s  removed by c e n t r i -

fug a t ion a t  1 2 , 0 0 0  g for 1 0  minute s . S o l i d  ammon i um s u lphate 

( 4 7 . 6  g per 1 0 0  ml ) wa s then adde d  to the supe rnatan t ,  and 

th e  $Olution was s t i r r e d  at o0 c for 15 minute s .  The 

p r e c i pi tate was removed by cen t r i f ugat ion at 1 2 , 0 0 0  g for 

10 minute s . Tr i ch loroace t i c .  a c i d  w a s  added to the supe r -

n a tan t t? a f i n a l  concen tra t i on o f  1 0 %  w/v , a n d  t h e  s o l u t ion 

• 1 
was s t1rred a t  room t emperature f o r  2 0  minute s .  

The prec i p i tate o f  ACP wa s ha rve s ted by c e n t r i f ug a t i on 

a t  1 2 , 0 0 0  g for 1 0  mi nute s , and r e su s pended i n  5 0  mM 

imida z o le - HC l bu f f e r  pH 7 . 0  con t a i n i n g  1 0  mM B -mercapto-

e thanol and 1 mM EDTA . The pH o f  the solution wa s ad j u s ted 

t o  7 . 0  w i th 3 . 5  M NaOH , and · th e  s o l ut ion was homogen i se d  
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thorough l y  in a g l a s s  homoge n i se r . The in soluble mate r i a l  

wa s r emoved b y  c e n tr i fugation a t  3 4 , 0 0 0  g for 1 0  minute s . 

Tri c h l oroacetic acid wa s . a g a i n  added to the supernatant to a 

f i n a l  concen t r a ti on o f  1 0 %  w/v , and the solut ion was s t i rred 

a t  room tempe ra ture for 20  m i nutes . The pre c i p i tate o f  ACP 

was c o l le c ted in a bench c e n t r i fuge , and tak en up in 5 0  

mM imida z o le-HC l buf fer pH 7 .  0 con t a i n i ng 1 0  nli-1 6 -mercapto-

ethan o l  and 1 mM EDTA . The pH was ad j u s ted to 6 . 2  w i th 3 . 5  

M NaOH , a n d  the conduc t i vi ty wa s ad j u s ted by d i l u t ion wi th 

d i s t i l le d  water to be l e s s  than 6 mmho at 4 ° C . A sma l l  

amoun t o f  ACP , i sotop i c a l l y  l ab� l l e d  w i th ( 1 � C ) - 6 - a l an in e  

i n  the prosthe t i c  group ( ·1 . 2 x 1 0 5 dpm )  w a s  a d d e d  a t  thi s 

poi n t  to fac i l i tate the iden t i f i c a t ion o f  ACP dur ing s ub s e -

que n t  chromatog r aph ic p rocedure s .  

The solut ion o f  ACP wa s l oaded on a 1 1 0  x 6 mm c o l umn 

of Wha tman DE 5 2  DEAE- c e l l u l o se , previously e qu i l ibrated 
.
w i th 

1 0  mM pota s s i um phosphate buf fer pH 6 . 2  conta i n in g  1 0  m..M 

6 -merc aptoethanol and 1 mM EDTA . The column w a s  then e l uted 

wi th 10 column vo l ume s of thi s buf fer in a l i near g r ad i e n t . 

o£ � i C l  ( 0 . 2 - 0 . 5  M ) . ACP was e lu ted a t  a conduc t i v i ty o f  

2 1  mmho , wh ich corre s pond s to a n  L i C l  con c en t ra t ion o f  0 . 3 6 

M i n  th i s  buf fer . The e l ua te was c o l l e c ted i n  fractions o f  

1 0 0  drops e ach , and sma l l a l iquo t s  ( l O O  � 1 )  were a s s ayed for 

r a d i oactivi ty u s i n g  Bray ' s s c i n t i l l a t ion so l ven t i n  a 1 

Packard 2 0 0 2  s c i nt i l l a t i on counte r . A typi c a l  chr omatogram 

i s  shown in F i gure 2 7 . 

The appropr i ate tube s were poo l ed , d i l u ted to a 

conduc t i v i ty o f  G mmho a t  4 ° C ,  a n d  the pH wa s ad j u s ted to 

7 .  0 w i th 1 M NaOH . The s o lution was l oad ed onto a 1 0 5  x 16 nun 
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co l umn o f  DEAE- Sephad e x  A2 5 , whi c h  had been previous ly 

equ i l ibrated w i th 1 0  mM pota s s i um pho sphate pH 7 . 0  

cont a i n i ng 1 0  mM 8 -me r c artoe thano l  and 1 mM E D'I'A . rrhe c o l umn 

wa s e luted w i th 10 c o l umn vo lume s of t h i s  bu f f e r  i n  a l in e a r  

grad i en t  o f  L i C l  ( 0 . 3 0 - 0 . 5 5 M) . ACP was e luted a t  a 

condu c t ivity o f  2 8 mmho , \-.rh i c h  corr e s pond s  to an L i C l  

con c en tration o f  0 . 4 7 M i n  thi s  bu f fe r . Al iquots we r e  

a s s ayed f o r  r a d i o ac t i v i ty a s  for the DEAE-cc l l u lose c o l umn . 

A typ i c a l  ch roma togram i s  shown i n  F i gure 2 7 . 

The approp r i ate fract ions were poo l ed a�d d i a l y s e d  

overn i ght a ga i n s t  a s in g l e  2 .  5 l ch arge o f  5 mlv1 B -me r capto-

e thano l . The d i a ly s e d  solution wa s concentrated by lyoph i l -

i s a t i on , and the ACP wa s prec i p i ta te d  by the add i ti o n  o f  

s o l i d  trichl oroa c e t i c  a c i d  t o  a f i n a l  concen tr a t i on o f  5 %  

w/v . The pre c ip i tate was washed w i th 5 %  TCA , and d i s so lved 

i n  10 ml o f  0 . 1  M Tr i s - HC l  bu f fe r  pH 6 . 2 con ta i n i n g  10 mi'-1 

8 -mercaptoe than o l  and 1 mH EDTA . The pH o f  the s o l u t i on 

w a s  ad j u s te d  to 6 . 2  w i th 1 M NaOFI , and the so l ut ion w a s  

0 s to red fro z e n  a t  - 2 0  C .  The y i e l d  o f  prote i n  from 2 0 0  g o f  

1 0 6  
· E .  co l i  pas te w a s  me a sured by the me thod o f  Lowry t o  be 

2 1  mg . 

The ACP obtained from th i s  procedure wa s found to be 

homogeneous by 80S-po l yacrylamide e lec trophore s i s . The 

amino acid c ompo s i t ion , dete rmined a f te r  hydroly s i s  i n  

6 M HCl , agreed we l l  wi th the v a l u e s  determined b y  Van aman 

e t  a l . 1 0 7  
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PART C 

Ace ty lat ion and Tryp t i c  Cle avage 

In a typi cal r e a c t ion , ACP ( 3 2 mg , 3 . 2  � mo l e s )  wa s 

d i s so lved i n  0 . 1 M Tri s - HCl buf fer pH 8 . 0  ( 1 0 m l ) . ( 3 H )  

a c e t i c  anhydr ide ( 1 5 mg , 1 5 0  � mo l e s , 8 0  � C i /mmo l )  wa s added , 

and the r e a c t i on mixture was s ti r red at room temperature 

for 25  minute s . At thi s  time a fur the r 1 0  mg ( l O O  � mo le s )  

o f  ace t i c  anhydride was added , and the reac t ion w a s  a l lowed 

to proceed for 10 minute s . The pH wa s ma intained a t  8 . 0  

throughout the rea c t i on by the a dd i t i on of l M NaOH . 

The r e a c t ion was termin a t e d  by the add i ti on o f  s o l i d  

t r i ch loroa c e t i c  a c i d  t o  a f i n a l  concen tration o f  5 %  w/v . The 

pre c ip i tate o f  acetyl ACP wa s c o l l e c ted in a bench c en t r i fuge , 

and wa shed w i th 5 %  TCA . The pre c ip i tate wa s then d i s s o l ved 

i n  l M n e u t r a l  hyd roxy l amine ( 6  m l ) and the s o l u t ion 

incubated a t  3 0 ° C for 30  minute s . The ace ty l ACP w a s  

pre c i p i t a ted w i t h  TCA , and wa shed w i th 5 %  TCA s o l u t ion . 

The a c e tylated ACP was taken up i n  0 . 1 M T r i s - H C l  buffer 

pH 8 . 0 containing 10  mM B -mercaptoe thanol , and the pH wa s 

a d j usted to 8 . 0  w i th 1 M NaOH . Tryp s in ( 0 . 6  mg , 2 %  by weight 

o f  the amoun t o f  ACP to be d ige s ted ) was added , and the 

solution wa s s t i r red a t  room tempe rature for 1 hour . Tryp s i n  

inhibi toi ( 0 . 7  mg ) wa s added t o  terminate the reac t i on , and 

the s o l u t i o n  was l oaded on to a Sephadex G2 5 c o lumn and 

e l uted w i th 2 0  mM ammon i um a c e tate pH 6 . 9 .  Frac t io n s  we re 

col l ec ted a nd a s s ayed for r ad i o a c b  v i  ty a s  shown i n  F i g u r e  2 8 . 

The appropriate fracti on s  c o n t a i n i n g  the ( 3 H ) - a cety l a te d  ACP 

7 - 7 7  pept i d e  we re poo l ed , the pH of the s o l u t i on was ad j u s t e d  
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to 6 . 2 ,  and the s o lut ion wa s loaded o n to a 1 1 0  x 1 6  mm c o l umn 

o f  Whatman DE 5 2  DEAE - c e l lulose wh i c h  had prev i ous l y  been 

equi l ibrated w i th 1 0  mM pota s s i um pho sph a te buffer pH 6 . 2  

con tain ing 1 0  mM S -mer c ap toethan o l  and 1 mM EDTA . The 

c o l umn was e l uted w i th 10 co lumns o f  the same buf f e r  w i th a 

l in e ar grad i e n t o f  L i C l  ( 0 . 2 - 0 . 5  M ) . The ( 3 H ) - a c e ty l ACP 

7 - 7 7  peptide wa s e luted at a conduc t ivi ty o f  2 1  mmh o , wh i ch 

corresponds to a n  L i C l  concen tr a t i o n  o f  0 . 3 6 M i n  t h i s  bu f fe r . 

A typic a l  chroma togram i s  shown i n  F i gure 2 8 . 

The approp r i ate fract ion s we re loc a ted by the i r  r a d i o 

a ct i v i ty , poo le d , a n d  d i a lysed for n ine hour s again s t  two 

changes of 1 0  mM B-mercaptoethan o l . The so l u t ion wa s then 

lyoph i l i sed to d ryne s s , and the product taken up i n  0 . 1  M 

pot a s s ium pho s phate pH 8 . 0 . A t e n - f o l d  exce s s  o f  d i th io

th r e itol wa s added , and the s o l u t i on a l l owed to s tand a t  r oom 

temperature for 3 0  minutes to e n s u r e  comp l e te reduc t i on · o f  

the ac tive- s i te th i o l  group . A three- f o ld e xc e s s  o f  5 , 5 ' 

d i th iobi s ( 2 -n i trobe n z o i c  ac i d ) over the total number o f  th i o l  

group s  in s o l u t ion w a s  added , a n d  the r e su l t in g  i n t e n s e l y  

y e l l ow solut ion v1a s  chromatographed immed i a t e l y  o n  a 

Sephadex G2 5 column wi th 2 0  mM ammon i um acetate pH 6 . 9  a s  the 

e l uan t .  

The produ c t  was loca ted by i t s  rad ioac t i v i t y  and by i t s  

ab sorbance at 2 8 0 and 2 5 4  nm . The appropr i ate f r a c t i on s  

were poo led and lyoph i l i sed to y i e l d  2 3  mg ( 7 0 % )  o f  DTNB-

( 3 H )  -ace t y l  ACP 7 - 7 7  a s  a f l u f fy wh i te powder . 

An a l iquo t wa s hyd r o l y s e d  i n  G M HCl  a t  1 1 0 ° C f o r  1 6  

hours and subm i t ted for amino a c id an a l y s i s . The r e s u l t s  

are shown in F i g u re 2 9 , a n d  a re i n  re asonab J.y c J. o s e  agreemen t 
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F I GURE 2 9  Amino a c i d  compo s i t i on o f  the ACP 7 - 7 7  
pep t i de . The �igur e s  i n  p a r e n th e s e s  are 
the theore t i c a l  v a l ue s , c a l c u l a te d  f r om 
the d a t a  o f  Van aman e t  a l l 0 7  

1 0 8 .  
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with the d ata o f  Vanaman e t  a 1 . 1 0 7 The h i gh v a lue obtai ned 

for pheny l a l a n i n e  is po s s i b l y  due to i n terference f rom 

un r e s o lved c ompon ents o f  the 4 1 -ph o s phopantc the i n e  pro s thet i c  

h 8 1 . d 2 h 1 . 1 0  8 group , s u e  as - a  an1ne an . -me r c ap toe t  y am1 n e . 

1 0 9 N- t e rm i n a l  a n a ly s i s  by the d an s y l  method reve a l ed that 

va l in e  was the so l e  ami n o - t e rmi n a l  r e s idue , and that a l l  

lys i n e  £ - amino groups we re acety l a ted . The pur i f i ed ACP 

7 - 7 7  peptide wa s found to h ave l e s s  than 2 %  o f  the a c t i vi ty 

o f  n a t i ve ACP i n  the 1 4 C02  exchange a s s ay a s  per formed by the 

me thod s g iven in the next s e c tion . 

The cond i t ions employed for acetylation o f  ACP wer e  

. h h f '/{ . 3 4  1 d . . more v1 gorou s  t an t o s e  o r_a J er us . T 1e s e  con 1 t 1ons were 

fe l t  to be n e c e s s ary in v i ew of the fact that Ma j e ru s  was 

obl i ged to use ion - exchange chromatography t o  remove f r om 

the de s i red 7 - 7 7  pept ide a var i e ty o f  sma l l e r  peptide s , 

pre s umab ly r e s u l ting f rom tryp t i c  c leavage a t  u n - a ce ty l a ted 

l y s i n e  res idue s . Even w i th the more v i gorou s a c e t y l a t i o n  

used here , howeve r , trace s o f  t h e s e  sma l l e r  pept i d c s  

c ompr i s ing u p  t o  l O i o f  t h e  bound ( 3 H )  a c ety l �roups , we re 

produced and removed by the DEAE-ce l lu l o s e  c o l umn s tep . 
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PART D 

Semisynthetic Coup l in g  

I n  a typi c a l  coup l i ng reaction , the DTNB der ivat ive o f  

the ( 3 H )  ac� tyl a ted ACP 7 - 7 7  pept ide ( l  mg , 0 . 1 �mol e s , 0 . 0 3 

� C i ) and the ACP 1 - 6  hexapep t ide an a l ogue PCP a c t ive e s te r  

( 0 . 3  mg , 0 . 3 �mo le s )  were s uspended i n  N-methy l py rr o l idone 

( 5 0 0  # l )  in a s c rew- c apped rea9 t i on v i a l . N i trogen g a s  was 

b ubbled through the s u spen s ion , and 2 5  mN pota s s i um pho sphate 

b u f fe r  pH 7 . 0  ( 5 0 0  � l )  was added . The reac t i on mi xture wa s 

a l lowed to stand a t  room temperature f o r  1 6  hours , by wh i ch 

t ime i t  wa s comp l e te l y  homogeneous . 

A t  that time , 0 . 1  M potas s i um pho sphate buf fer p H  8 . 0  

( 5 0 0  � l )  and l M d i th i o thre i to l  ( 1 0 � l )  we re added in o r d e r  

to r emove the DTNB prot�cting group . The r e s u l t i n g  y e l l ow 

· s o l u tion was chromatographed on a S e phadex G 2 5  c o l umn w fth 

20  mM armnon i um a c e t a te pH 6 . 9  a s  the e l uan t . The product 

was l ocated by i t s  r ad io a c t i v i ty . The appropri ate f r a c t i on s  

wer e  pooled , t h e  p H  was ad j u s ted t o  6 . 2  wi th l M phospho r i c  

a c i d , and the s o l u t i on wa s loaded o n t o  a 1 1 0 x 1 6  mm c o l umn 

o f  Wha tman DE 5 2 · DEAE-ce l l ulos e wh i c h  had previo u s l y  been 

equ i l ibrated w i th 1 0  mM pota s s i um pho sphate b u f f e r  pH 6 . 2  

cont a i ning 1 0  mM S -me rc aptoethano l  and 1 mM EDTA . The 

c o l umn wa� e luted w i th 10 column vo l umes o f  the s ame bu f fe r  

i n  a l i near grad i e n t  o f  LiCl ( 0 . 2 - 0 . 5  M) . The produ c t  wa s 

e l u te d  a t  a condu c t i v i ty o f  2 1  mmho , wh ich corre s pond s to 

an L i C l  concen t r a t i on of  Q . •  3 6  !·1 i n  th i s  b u f f e r . 

'l'he pr_oduc t wa s l oc a ted by i ts r ad i o a c t i v i ty , and the 

appropr i a te f r ac t i on s  w e r e  poo l e d  a nd d i a l y sed for n i n e  h o u r s  
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aga in s t  two change s o f  1 0  mM 8-merc aptoethan o l . The s o l u t i on 

w a s  concen trated by lyoph i l i s a t ion , and rel oaded onto the 

Sephadex G2 5 column in 25 mM ammon i um acetate pH 6 . 9 .  

The product was l oca ted by i t s  radioac t i v i ty , an d the 

appropri a te frac t ion s were poo led and l yoph i l i s ed to dryn e s s  

twi ce to g i�e the product ( 0 . 6  mg , 6 0 % )  a s  a wh ite powde r .  

A s amp le was hydrolys e d and submi tted for ami n o  a c i d  ana l y s i s ,  

a n d  the r e s u l t s  are shown
.

in F i gure 3 0 . 

U s i n g  the above method s for coup l ing and pur i f i ca t ion 

of  semi synthetic ACP analogue s ,  the u s e  o f  seve r a l  d i f fe ren t 

s o �ven t s  was inve s t i g a ted i n  the coupl ing reac t ion . The 

amount o f  aigin i n e  i n corporated into the prod u c t  wa s taken 

as a mea s ure o f  the coup l i n g  e f f i c ie n c y , a s  a c hroma tograph i c  

t echn i que could not b e  found to separate ACP and the ACP 

7 - 7 7  peptide . The r e s u l t s  of these i nve sti gations  are s hown 

in Tab l e  I V .  I t  c an b e  seen that t h e  mo st e f fe c t ive o f  the s e  

s olvent mixtur e s  i s  5 0 %  N-methylpyr rol idone/2 0 mM po tas s i um 

phosph a te pH 7 . 0 . The f a c t  that the h i g h e s t  y i e l d  ob t a i n e d  

wa s 0 . 6 0  i s  a n  ind i c a tj on that the coup l in g  co� d i t i o n s  h ave 

not yet been f u l l y  optimi sed . The N- termi n a l  r e s idue o f  

the 7 - 7 7 pept ide i s  v a l i n e , wh i c h  i s  e xpe c ted to s low the 

coup l i n g  reac t ion due to the s t e r i c  h i ndrance of i ts bulky 

s ide - c h a i n . 
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L y s  2 . 8  ( 11 ) Phe 4 . 0  ( 2 )  

H i s  0 . 5 5 ( 1 )  rr yr 0 . 5 3 ( 1 )  

Arg 0 . 6 0 ( 1 )  L eu 4 . 3 ( 5 ) 

Asp 9 . 7 ( 9 ) I l e  6 . 1  ( 7 )  

Thr 5 . 5  ( 6 ) H e t  1 . 4  { ]_ )  

S er 3 . 0  ( 3 ) Val 7 . 3  ( 7 ) 

Gl u 1 7 . 0 ( 1 8 )  1\.1 Cl 6 . 7 ( 7 ) 

P r o  1 . 7 ( l ) Gly 4 . 7 ( 4 )  

Ami n o  a c i d  compo s i t i on o f  semi syn the t i c  ACP 
The va l ue s  i n  p a r e n the se s are the theore t i c a l 
v a l ue s , f r om Van aman e t  a l l 0 7 
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TABLE IV Semi synthetic Coup l i n g  Y i e ld s  Using D i f fe re n t  

Solven ts 

S o l ve n t  Y i e l d * 

0 . 1 M NaHC0 3 pH 8 . 1 5 0 . 2 0 

DMSO + 1 mo l e  E t 3 N 0 . 3 4 

N-methy lpyrro l idone + 1 mo l e  E t 3 N 0 . 5 3 
. 

N-methy lpyrr o l idon e / 2 5  mM pot a s s i um 

pho s phate buf fer pH 7 . 0  ( 1 : 1 ) 0 . 6 0 

* Mol e s  o f  argin ine i n c o rporated into the f i n a l  product 

a s  pur i f ied by ge l f i l trat ion and ion e xthan g e  

chroma tography . Coup l ing r e ac t ions c a r r i e d  out for 

16 hour s  at room tempe ra ture . 

I n  an e a r l i e r  expe r ime n t , a c rude synthet i c  preparation 

o f  the ACP 1- 6 hexapeptide wa s coup l ed to the n a t ive 7 - 7 7  

pept i d e  i n  DMSO a s  s olven t , and the product pur i f i e d  by the 

above procedure . The amount o f  product i so l ated was 

insu f f i c i e n t  for amino a c i d  a n a ly s i s  by the ava i l ab l e  

procedure s ,  b u t  the 1 4 C02  a s say wa s per forme d  o n  thi s  samp l e  

as d e t a i l ed i n  the next s ec t i on . 
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PART E 

The 1 !j C02  Exchange A s s a y  

Samp l e s  wer e  a s s ayed for ACP a c t ivi ty b y  t h e  me thod o f  

2 9  9 7  
Albe r t s , Goldman and Vage los . ' 

l . f . 1 d . 
d 

1 0 1  
Synt 1e s 1 s  o - Capro1c An 1y r 1  e 

Capro i c  a c i d  ( 10 g ,  8 6  mmo l )  and pyridine ( 6 . 8  g ,  8 6  mmo l )  

were d i s solved i n  dry e ther ( 3 0 m l ) and coo l e d  to - 1 0
°

C .  

Th ionyl chlor i de ( 5 . 1 g ,  4 3  mmo l  i n  5 ml dry e the r ) w a s  

added dropw i s e . The s o l id pre c i p i ta te was f i l tered o f f , and 

the e ther s o l ut i on was dried over anhydrou s magn e s i um 

s u l phate . The s o lven t · wa s  evapora ted under reduced pre s s ur e , 

and the produ c t  was d i s ti l led und e r  o i l -pump vacuum ( b . pt .  

7 3 ° 
a t  0 . 0 5 mm H g )  to y i e l d  7 . 0 2 g ( 7 6 % )  o f  c apro i c  anhyd r i d e . 

Th i s  compound was 9 9 %  pure a s  dete rmined by conve r s i on to 

h h d . . d 
9 5  

t_ e y roxam 1 c  a c 1  . I R  spec t r a  showed the expe c ted 

anhyd ride bands ( 1 7 5 9 ,  1 8 1 2 cm- 1 ) and demon s t r a ted th a t  the 

product was e s senti a l ly free of c aproic a c i d  ( 1 7 0 9  cm- 1 ) .  

Syn the s i s  o f  Caproy l Pantethe i n e
1 0 2  

Pante thine ( l O O  rng , 1 8 0  umo l e s )  was reduced w i th s od i um 

borohydride ( 1 5 0  mg , 3 mmo le s )  i n  1 M Tr i s -HCl bu f fe r  pH 

0 
9 . 0 a t  0 C .  "Ni trogen g a s  was bubb led through the r e ac t i on 

mixture for 6 0  minute s .  The pH w a s  then l owered to 6 . 0 w i th 

1 M HCl . The amoun t  o f  free t h i o l  group s was a s s ay e d  w i t h  

4 1  
El lman • s  r e a gen t ( 2 3 0 �mo le s , 6 3 %  o f  theore t i c a l  y i e ld ) . 

The pH o f  the s o l u t ion w a s  r a i s ed to 8 . 0  wi th s a tura ted 

sod ium b i c ar bo� ate s o l ution , capro i c  anhydr ide ( 0 . 2 1  g ,  

1 mmo l )  was added , and the reac t i on mi xture w a s  s t i r r e d  a t  



0° overn i g h t . The pH o f  the s o lution was then l owered to 
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6 .  0 ,  and the s o l u t i on \va s  extrac ted three t ime s w i t h  e the r . 

The e ther wa s evaporated und e r  reduced pre s s ur e , and the 

r e s i due wa s taken up i n  wate r ( 1 0 m l ) . The aqueous l ay e r  

wa s extracted with hexane , a n d  s tored a t  - 1 0 ° C .  A s s ay by 

convers i on to the corre spon d i n g  hydroxamic a c i d  s howe d  that 

the concen tr a tion of caproy l pan te the ine wa s 1 2  mM . 

y i e ld wa s 1 2  0 ]Jmo l e s  ( 5 3 % )  . 

h ' f 1 1 h ' 1 0 3  
Synt e s 1 s  o Ma ony Pante t e 1 n e  

The to-t a. l  

Ma lon y l  pante the ine was syn the s i s ed f rom ma l on i c  a c i d  

monoth iophenyl e s te r ,  wh ich wa s prepared by the DCC me thod 

of Khoran a et a 1 . 1 1 0  

l-1a l on i c  acid ( 0 .  2 g ,  2 mmo l )  and thiophenol ( 0 .  2 g ,  

2 mmo l )  we re d i s s o l ve d  in DMF ( 5  m l ) and s t i rred a t  0 ° C .  

DCC ( l  g ,  5 mmol ) in DMF ( 5  m l ) was added ove r a p e r i od o f  

on e hour , a n d  the mixture w a s  s ti r re d  for a f ur ther three 

hours a t  0 ° C .  A f te r  the add i t i on of 10 ml o f  water , the 

s t i r r ing wa s con t i nued for a f u r the r 10 minute s _ The 

pre c i p i tate of d ic y c l ohexy l u r e a  was f i l tered o f f  and washed 

w i th ·wate r . The aqueous s o l u t i on s  were poo led and 

ac id i f i e d  to pH 3 . 0 ,  and extrac te d  wi th three volume s of 

e the r . The · e ther phase wa s wa shed w i th 0 . 0 1 M H C l  ( 3  x ) , and 

water ( 3 ' x ) and d r ied over anhydro�s magne s i um s u l phate . 
� 

Thi s  e ther s o l u t ion con t a ined 8 3 0 umo l e  ( 4 2 % )  o f  

ma lon i c  a c i d  monothiopheny l e s ter , a s  determined b y  the 

absorbance of the so lution a t  2 3 7  n m .  

Pantcthine ( 2 0 0  mg , 3 6 0  � mo l e s )  w a s  d i s s o l ved in 1 M 

Tr i s - H C l  bu f f e r  pH 9 . 0  a t  0 °C ,  and n i trogen g a s  was bubb l e d  
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through the mixture . Sod ium borohydride ( 2 6 0  mg , 6 rnmo 1 e s ) 

0 w a s  added , and the re act ion was a l lowed to proceed at 3 7  C 

fo r 2 0  minutes . The pH was then lowe red to 7 . 0  w i th cone . 

HC l ,  and the pre c i p i t ate o f  sod ium bor a t e  was removed by 

centri fugat ion . Ma lonic a c i d  monoth i ophenyl e ster ( 8 3 0  

llffiO le s )  was added , and the pH was r a i s e d  to 8 . 0  w i th l M 

pota s s i um c arbon a t e . Ni trogen gas was bubb l ed through the 

m ixture , and the r e a c t ion \vas a l lmved to proce ed at 0 ° C for 

s ix hours . The pH wa s then lowe red to 2 . 0  wi th Dowe x 5 0W- X 2  

r e s in . The r e s i n  wa s removed by d e c an tation , and washed f ive 

t ime s w i th wate r . The aqueous wa shes were poo led , and wa s he d  

w i th e ther . 

A s s ay by conver s ion to the corre spond ing hydroxami c  

a c i d  showed that the concentration o f  malon y l  pan te the i n e  

w a s  5 0  mM . The tota l y i e ld w a s  5 0 0  f-11110 1  ( 2 5 %  y i e ld based 

on the i n i t i a l  malon ic a c i d ) . 

P r e p ar a t i o n  o f  F r a c t ion A 

Fract ion A ,  a c rude prepara t i on f rom E .  �o l i  conta i n i n g  

t h e  e n z yme s o f  fatty a c i d  synthe s i s , w a s  prepared b y  t h e  

method o f  Ma j e rus e t  a 1 . 2 9  Al l ope r a t ion s w e r e  p e r f o rmed 

at 4 ° C .  

0 · � . col i p a s te ( s train B ,  2 5  g )  w a s  thawed a t  4 C i n  

1 0  ml'-1 tr i .e than o l ami ne-HCl bu f fe r  pii 7 .  5 conta i n i n g  1 0  mM 

B -mercaptoethano l  ( 2 5  m l ) , and then s u spended w i th the a i d  

o f  a g l a s s  homogen i se r : The ce l l s  we r e  ruptured by two 

pa s se s  through a French p r e s s ure c e l l , and the suspe n s i on 

\va s  d i luted to l O O  ml w i t h  the s ame b u f f e r . 

Th i s  �uspen s i on was c e n t r i fuged a t  3 7 , 0 0 0  g for 3 0  
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minute s , and the pre c i p i t a te was d i s carded . The s upernatant 

pro t e i n  conce n tra tion was a s s ayed by the biure t me thod and 

found to be 2 5  mg/m1 , and the s upernatan t was d i luted w i th 

the above bu f fer un t i l  the prote i n  concentrat i on wa s 1 6  mg/m l . 

S tr e p tomycin su l phate ( 2 . 5  g i n  2 5  ml wate r )  wa s added w i th 

s t i r r in g , and the pre c i p i tate formed was removed by c e n t r i 

f u c a t ion a t  3 7 , 0 0 0  g f o r  1 0  minute s .  

S o l id ammonium s u lphate ( 2 2 . 6  . g  per 1 0 0  ml ) . was added 

to the supernatant , the p H  b e i n g  ma inta i ned a t  7 . 5  w i th 1 M 

NaOH . The s o l u t ion w a s  c e n t r i fuged a t  3 7 , 0 0 0  g for 1 0  

m i n ute s .  S o l id ammon i um su l phate ( 1 8 . 2 g p e r  1 0 0  ml ) wa s 

added to the supernatant ,  and the sol ution wa s s t i rred a t  

4 ° C f o r  1 5  minutes . The pre c i p i tate w a s  c o l l e c te d  by 

c e n t r i fug a t i on a t  3 7 , 0 0 0  g for 30 minutes , and red i s s o l ved 

i n  10  mM t r i e thano l am i n e - Be l  buf fer pH 7 . 5 con t a i n i ng 10  mM 

S -mercaptoe thanol ( 1 0 0  m l ) . 

Sol i d  ammon ium s u l ph a te ( 4 3 . 6 g per 1 0 0  m l ) wa s added , 

and the so l u t ion s t i rred at 4 ° C for 1 5  minute s . The 

pre c i pitate wa s co l l ec te d  by c e n t r i fugat ion at 3 7 , 0 0 0  g f o r  

1 0  m i nute s , a n d  red i s so l ved i n  3 0  ml o f  5 0  m M  t r i e th a no l 

ami n e-Bel buf fer p H  7 . 5  conta i ning 1 0  mM S -mer c ap toe thano l .  

Thi s  solution was s tored i n  3 m l  a l {quots a t  - 8 0 ° e i n  a 

c ryogen i c  f r e e zer . Be fore a s s ay �  an a l iquot was de s a l ted on 

a 1 4  x 3 5 0  mm column o f  S e phadex G2 5 ,  wh i c h  was e luted w i th 

1 0  mM pota s s iu� pho s p h a te bu f fe r  pH 7 . 0  con ta i n in g  1 0  mM 

S - me rcapto e thanol and 1 JW1 E DTA . The prote i n  concen t r a t i on 

o f  t h i s  s o l u t i on o f  Fracti on A wa s d e termined by t he b iu r e t  

method t o  be typ i c a l l y  8 . mg/ml , a n d  6 0  � 1  ( approxima te l y  

5 0 0  )Jg ) wa s u s e d  for e ach a s s ay .  
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A s s a y  o f  ACP Solutio�s 

A s s ay m i xtares c on t a ined the fo l lowing r e agents : 

0 . 1 2 5  M imi d a z o le - HC l pH · 6 .  2 1 5 0  l-l l 1 8 . 7  �mo l e s  

1 M B -mer c aptoethan o l  1 0  � 1  1 0  v mo l e s  

1 2  mM caproy l pante the i n e  4 l-l l  4 8  nmo l e s  

5 0  mM malonyl pante the i n e  4 lJ l  2 0 0  nmo l e s  

F r a c tion A 6 0  lJ l  

0 . 2 5 M sod i um ( 1 ,, c )  b i c a rbona t.e 

( 0 .  2 lJ C i . umo l e )  3 5  l-l l  6 . 2 5 ]J mo l e s  

ACP 0 . 1- 0 . 5  11 g 

The s e  r e agent s  we r e  mi xed in a 3 0  x 6 mm Durham tube . 

I n c ubat ion_  wa s c a r r i e d  out a t  3 0 ° C f o r  4 0  minute s .  The 

r e a c tion was s topped by the add i fion of 25 l-l l  of 1 0 %  

p e r ch lor i c  a c i d , and the r e a c t i on m i x ture was trans fe rred , 

w i th two water washes o f  1 0 0  l-l l ,  to a s c in t i l l at ion v i a l . 

B r a y ' s  s o l u t ion ( 5  ml ) .was  added , and the v i a l  was covnted 

in a Packard 2 0 0 2  s c i n t i l l a t ion coun te r . 

A typ i c a l  s t an d a r d  curve obta ined wi th pur { f i e d  ACP i s  

shown i n  F i gure 3 1 .  For d e r ivatives o f  ACP , the fol lowing 

r e s u l t s  were obt a i ne d  ( re l a t i ve to ACP as l O O % ) : a c e ty l  ACP , 

9 0 % ; a c e t y l  ACP 7 - 7 7  pep t i d e , 0 %  ( fo r  quan t i t i e s  up to 

2 5  l-l.g ) ; ACP ·in the pr e se n c e  o f  2 5  lJ g  of a c e ty l ACP 7 - 7 7  

peptide , � 1 0 0 % . ( Se e  F i gure 3 2 ) . 

The semi syn the t i c  produc t obt a ined by coup l i n g  a c rude 

syn the t i c  ACP 1- 6 hexap�p t i d e  with the n a t ive a c e t y l ated 

AC P 7 - 7 7  peptid e , and puri f y i ng l h e  resul t i n g  pro t e i n  b y  the 

me thod s of  Part I V  o f  th i s  s e c t ion , g ave a po s i t ive r e s u l t  

i n  t h e  1 � C 0 2  a s s ay equiva l e n t  t o  4 1 % o f  t h e  a c t i v i ty o f  
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n a t ive ACP ( see F i gure 3 3 ) . The a s say was i n h i b i te d  by a n  

e x c e s s  o f  th i s  prote i n , however ,  a t  a much l owe r l eve l than 

i s  u sual  w i th nat ive ACP preparation s . 

The inhibit ion wa s thought to be due to the presence 

of  i n a c tive forms of  ACP wh i c h  ltad not been removed by the 

pur i f i c a ti on procedure s wh i c h  were used . The co�l inat ion 

of ion - e x change chroma tography and ge l f i l t r a t i on , wh i le 

removing impur i t i e s  d i f fe r i n g  greatly f rom ACP in s i z e  or 

cha rge , d id not remove for e xampl e  the un reac ted 7 - 7 7  pept i d e . 

Whi le the 7 - 7 7  pep t i d e  wa s shown not to inh i b i t  the a s s ay , 

i t  i s  po s s ible that o ther inactive d e r i v a t i v e s  might do s o . 

Some d amaged form� o f  the prot e i n  cou l d  conc e ivab l y  

a r i s e f rom the oxid i s i ng prope r t i e s  o f  the d imethy l 

s u l phox i d e  coup l i n g  s o lven t  wh ich w a s  used i n  t h i s  coup l i n g  

r e a ct ion . 9 8  For examp l e , t h e  DTNB g roup wa s found t o  be 

c omp l e te l y  removed f r om the active - s i te th i o l  group during 

coup l i n g  reactions  pe r formed i n  DMS O .  I t  i s  p o s s i b l e  that 

th i s  th i o l  group wa s a l so par t i a l l y  and i r r e ve r s i b l y  

o x i d i se d  dur ing t h e  coupl ing t o  g ive an i n a c t iv� d e r iva t i v e  

wh i c h  a l so inhibi ted the a s s a y  r e a c t i on . 

I n  con tr a s t  to the re s u l t s  obt a ined w i th the crude 

hexapep t ide , however ,  no a c t ivity could be obtained by 

coup l ing e i ther o f  two pur i f ied pen tapept i d e s , the 

[ d e s  G l u � ] an1 [ G ln � d e s  G l u 5 ] ACP l - 6  hexapep t id e s , to 

the n a t i v e  7 - 7 7  pept i de . P ur i f ic a t ion o f  the r e s u l t i n g  

s emi syn the t i c  prote i n s  b y  the proc edure s u s e d  f o r  t h e  produ c t  

o f  t h e  c r ude h e x a pe p t i d e  coupl ing f a i led to produce a 

s ampl e  w i th me a surab l e  ac t i v i ty in the 1 � C 0 2  a s s ay . 
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CONCLUS I ON 

The coup l in g  o f  a c rude hexape p t i de to the n a t iv e  7 - 7 7  

peptide y i e l ded a product wh ich , a f ter exten s ive pu r i f i c a t ion , 

gave some a c t i v i ty in the 1 4 C0 2  a s s ay . Thi s  imp l i e s  that 

the c rude pept i de conta ined a s i gn i f i. c ant propo r t i on of  the 

d e s ired prote c ted hexapept ide . Amino acid an a l y s i s  o f  the 

crude pep t i de a l so supports th i s  sugge s t ion . The i n s o l ub i l i ty 

con ferred by the E_- n i t robe n z y l  protecting group , howe ve r , 

presumab l y  caused the targe t peptide to be s e l e c t ive l y  l o s t  

during t h e  pur i f i c a t ion s cheme , in f avour o f  d epro t e c te d  

pept ides a n d  de l e t i on pep t i d e s  \v i t h  fewe r E_- n i  troben z y l  

g roups and hence greater s o l ub i l i ty .  

The pen tapept ides whi c h  we r e  pur i f i ed and coup l e d  to 

the n at i ve 7 - 7 7  peptide gave produc t s  whi ch were i n a c t ive 

in the 1 4 C0 2  a s s ay . Th i s  r e s u l t  is  intere s t i n g , i n  th a t  

i t  sugge s t s  t h a t  both G l u 4 a n d  G l u 5 a r e  e s se n t i a l  to the 

i n te r a c t ion be tween the 1 - 6  and 7 - 7 7  pcpt i d e s  wh i ch ma i n t a i n s  

the a c t i ve con formation o f  ACP . Howeve r ,  the s e  d a t a  m u s t  

be trea t e d  a s  tentative un t i l  an a c t i ve ACP s at i s fy i n g  

an a ly t i c a l  c r i te r i a  i s  prepared b y  t h i s  method . The 

prospe c t s  fo.r a succe s s fu l  semi synthe s i s  of ACP , u s i n g  a 

mod i f i c at i on of the me thod s employed in t h i s  s tudy , appear 

to be good .  New acid- s ta b l e  prote c ting groups for c arboxy l 

func t i on s , howev e r , are c le a r l y  requ ired i f  thi s  approach 

to semi s y n the s i s  i s  to become gene ra l ly use ful . 
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