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HPLC SEPARATION OF GEOMETRIC 
ISOMERS OF CARBAMYL PEPTIDES 

Hubert E. May, Lynn Cotter, and Christine Lee 
Department of Biochemistry 

Oral Roberts University School of Medicine 
7777 S. Lewis Avenue 
Tulsa, Oklahoma 741 71 

ABSTRACT 

Carbamylated pept ides  t h a t  were s tud ied  showed much improved 
r e so lu t ion  on C-18 reversed phase HPLC columns compared t o  t h e  
parent peptides.  A number of d ipept ides  were carbamylated with 
e thyl - ,  n-propyl- o r  i sopropyl  isocyanates.  The t h r e e  carbamyl 
de r iva t ives  of each d ipept ide  could e a s i l y  be resolved. Carbamyl- 
a ted  d ipept ides  wi th  reversed amino ac id  sequences were a l s o  e a s i l y  
separa ted .  Methionine-enkephalin, leucine-enkephalin, Angiotensins 
I, I1 and I11 and substance P were carbamylated wi th  i socyanates  
derived from c e r t a i n  c a r c i n o s t a t i c  2-chloroethyl n i t ro soureas .  
l-(Z-Chloroethyl)-3-cyclohexyl-l-nitrosourea (CCNU) , 1- (Z-chloro- 
e thy 1) - 3- (c i s -  4-hydroxy cy clohexy 1) - 1-nit rosourea ( c i s -  4-hydroxy- 
CCNU) and 1- (Z-~hloroethyl)-3- ( t  rans-4-hydroxycyclohexy1)- 1-n i t roso  
urea (trans-4-hydroxy-CCNU) gave carbamylated d e r i v a t i v e s  of each 
peptide and each mixture of d e r i v a t i v e s  from a s i n g l e  pa ren t  
peptide could be resolved. Conditions were found i n  each case 
whereby base l ine  r e so lu t ion  of t h e  corresponding cis-4- and t rans-  
4-hydroxycyclohexylcarbamyl pept ides  w a s  a t t a ined .  Cyclohexyl- 
carbamyl pept ides  were e a s i l y  separa ted  from the  corresponding 
peptides from hydroxy-CCNUs. P o t e n t i a l  app l i ca t ions  a r e  discussed. 
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1398 MAY, COTTER, AND LEE 

IEPTRODUCT I O N  

The 2-chloroethyl n i t ro soureas  (CENUs) a r e  important an t icancer  

drugs and a r e  use fu l  i n  t r e a t i n g  malignant tumors, e s p e c i a l l y  b r a i n  

tumors and Lymphomas ( l - 3 ) o  

We a r e  i n t e r e s t e d  i n  the  r o l e  of carbamylation of p ro te in  by 

CENUs i n  the  expression of t h e i r  c a r c i n o s t a t i c  a c t i v i t y  and/or 

t o x i c i t y  t o  normal t i s s u e s .  During the  course of study we have 

found t h a t  pept ides  which have been carbamylated by c lose ly  r e l a t e d  

isocyanates can be resolved by HPLC. It i s  hoped t h a t  t he  r e s u l t s  

can be usefu l ly  appl ied  t o  more genera l  problems involving 

peptide separations.  

MATERIALS AND METHODS 

Mater ia l s  

Leucine-enkephalin (Leu-Enk) , methionine-enkephalin (Met-Enk) , 
Angiotensins I, 11, I11 (Ang), substance P and a l l  d ipept ides  were 

from Sigma, S t .  Louis MO. Ethyl-, n-propyl- and i sopropyl  iso- 

cyanates were from Aldrich,  Milwaukee, W I .  CCNU was from D r .  

Robert Engle, National Cancer I n s t i t u t e .  

trans-4-hydroxy-CCNU were synthesized according t o  our previous 

method (4). HPLC so lven t s  were from Fisher ,  Dallas TX. Tr ie thyl -  

amine and formic ac id  were from P ie rce ,  Rockford IL.  

Cis-4-hydroxy-CCNU and 

Preparation of Carbamylated Peptides from Isocyanates. 

The peptide was t r e a t e d  with a s l i g h t  molar excess (1.1) of 

the isocyanate i n  0 , O l  M T r i s - H C 1 ,  pH 7.7 f o r  3 h r s .  

could be in j ec t ed  d i r e c t l y  onto t h e  HPLC column. 

Samples 
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ISOMERS OF CARBAMYL PEPTIDES 1399 

Prepara t ion  of Carbamylated P e p t i d e s  from Ni t rosoureas .  

One m l  of p e p t i d e  (0.5 mM i n  0.1 M Tr is -HC1,  pH 7.7) was 

t r e a t e d  with 0.05 m l  of t h e  2-ch loroe thyl  n i t r o s o u r e a  (35 mM i n  

ace tone)  t o  g ive  a peptide/CENU molar r a t i o  of 3.5. The sample 

w a s  incubated  a t  room temperature  f o r  20 h r s  and could b e  i n j e c t e d  

d i r e c t l y  onto  t h e  HPLC column. 

HPLC Separa t ions .  

Dipept ides  and carbamyl d e r i v a t i v e s  were s e p a r a t e d  on a 

UBondapak C-18 reversed  phase column (Waters Assoc ia tes )  us ing  

a c e t o n i t r i l e  i n  pump B and 0 - 0 4  M t r i e t h y l a m i n e  formate (TEAF), 

pH 3.15 i n  pump A at a f lowra te  of  1.5 ml/min. 

monitored at 205 nm using a H e w l e t t  Packard 1084B l i q u i d  chromato- 

graph (5) .  

t a b l e s .  Pept ides  carbamylated by CCNU, cis-4-hydroxy-CCNU and 

trans-4-hydroxy-CCNU were chromatographed u s i n g  t h e  same column 

and condi t ions  but  0 ,04 M t r i e t h y l a m i n e  phosphate (TEAP), pH 2.2 

( 6 )  w a s  used i n  pump A i n s t e a d  of TEAF. 

E f f l u e n t  was 

Solvent  p e r c e n t s  are given i n  t h e  text o r  f i g u r e s  and 

HPLC of Ethyl-, n-Propyl- and Isopropylcarbamyl  Dipept ides .  

Three carbamyl d e r i v a t i v e s  each of Ala-Ser and Ser-Ala were 

prepared by i n c u b a t i n g  t h e  d i p e p t i d e  w i t h  e thyl - ,  n-propyl- and 

i s o p r o p y l  i socyanates ,  r e s p e c t i v e l y .  Derivatives were chromato- 

graphed on a reversed  phase 0 1 8  column and e l u t e d  w i t h  2% aceto-  

n i t r i l e  i n  TEAF (0.04 M,  pH 3.1). Figure 1 shows t h a t  a l l  s i x  

carbamylated d i p e p t i d e s  are reso lved  and t h e  u n d e r i v a t i z e d  Ala-Ser 
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Figure 1 Effect of variation of carbamyl group on HPLC behavior 
of Ser-Ala and Ala-Ser. Pump A contained 0.04 M TEAF, 
pH 3.1 and pump B contained acetonitrile. 2% B was used. 
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ISOMERS OF CARBAMYL PEPTIDES 

TABLE 1 

1401 

Comparison of R e t e n t i o n  Times o f  Carbamyl D i p e p t i d e s  and  Carbamyl 
G l u t a t h i o n e .  

Carb m y  1 Derivative Organic M o d i f i e r  a Retention Time 

Et-Ser-Ala 
Et-Ala-Ser 
Pr-Ser-Ala 
Pr-Ala-Ser 

iPr-Ser-Ala 
i P r -  Ala-Ser 

Et-Ala-Th r 
Pr- Ala-Th r 

i Pr- Ala-Th r 
E t - G l u t a t h i o n e  
P r -Glu ta th ione  

i P r - G l u t a t h i o n e  
iPr-Met-Lys 
iPr-Ty r-Gly 
iPr-Gly-Tyr 
iPr-Tyr-Glu 

Et-Val-Tyr 
Et-Tyr-Val 
Pr-Tyr-Val 
Pr-Val-Tyr 

iPr-Val-Tyr 
iPr-Tyr-Val 

2 %  A c e t o n i t r i l e  3.8 
2.9 
9.9 
6.8 
9.1 
6.2 
4.8 

12.8 
11.6 
10.2 
26.8 
22.9 

15% Acet o n i t  r i l e  3,4 
4,O 
4.6 
4.9 

10% A c e t o n i t r i l e  8,9 
11.6 
26.5 
20.4 
18.7 
25.1 

- --_- 
a S o l v e n t  c o n t a i n s  t h e  i n d i c a t e d  a c e t o n i t r i l e  i n  0.04 M t r i e t h y l  

m i n e  fo rma te  b u f f e r ,  pH 3.1. 

and Ser-Ala e l u t e  a t  t h e  s o l v e n t  f r o n t  u n d e r  these c o n d i t i o n s .  Fo r  

bo th  t h e  Ser-Ala and t h e  Ala-Ser series t h e  e l u t i o n  o r d e r  is  e t h y l - ,  

i s o p r o p y l -  and n -p ropy l  ca rbamyl  p e p t i d e ,  as would b e  e x p e c t e d  

b a s e d  on t h e  re la t ive h y d r o p h o b i c i t i e s  of  t h e  added g roups .  I t  is 

i n t e r e s t i n g  t h a t  b o t h  t h e  p e p t i d e  s e q u e n c e  and t h e  n a t u r e  o f  t h e  

ca rbamyl  g roup  h a s  a s u b s t a n t i a l  e f f e c t  on r e t en t ion  t i m e .  Under 
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1402 MAY, COTTER, AND LEE 

t h e  same chromatography c o n d i t i o n s  t h e  cy clohexy l c a r b  amy 1 der iv-  

a t i v e s  of Ser-Ala and Ala-Ser had r e t e n t i o n  times i n  excess  of 40 

min. Figure 2 shows t h e  l a r g e  e f f e c t  of carbamylat ion on Tyr-Val 

and Val-Tyr. These d i p e p t i d e s ,  b e i n g  more hydrophobic ,  r e q u i r e d  a 

h i g h e r  amount of a c e t o n i t r i l e  (10% v e r s u s  2%) i n  t h e  e l u t i o n  s o l v e n t  

than t h e  corresponding Ser-Ala and Ala-Ser d e r i v a t i v e s ,  

Val-Tyr d e r i v a t i v e s  e l u t e  b e f o r e  Tyr-Val d e r i v a t i v e s  and i n  t h e  

Again a l l  

o r d e r  e t h y l - ,  i sopropyl -  and n-propyl carbamyl p e p t i d e .  Table  1 

summarizes t h e  r e t e n t i o n  times of a series of carbamylated 

d i p e p t i d e s  and g l u t a t h i o n e .  The g e n e r a l  t r e n d s  are 1) r e t e n t i o n  

times f o r  a p e p t i d e  d e r i v a t i z e d  w i t h  d i f f e r e n t  i s o c y a n a t e s  i n c r e a s e  

i n  t h e  order  e t h y l -  , i sopropyl - ,  n-propylcarbamyl p e p t i d e ,  2) 

carbamyl d e r i v a t i v e s  of d i p e p t i d e s  w i t h  r e v e r s e d  sequences were 

e a s i l y  s e p a r a b l e ,  3) i n c r e a s e d  r e t e n t i o n  times i n  t h e  d i p e p t i d e  

series conta in ing  t h e  same carbamyl group were r e l a t e d  t o  i n c r e a s e d  

hydrophobici ty  of t h e  aminoacid s i d e  c h a i n s  i n  t h e  p e p t i d e ,  4) a l l  

carbamyl d e r i v a t i v e s  were g r e a t l y  s e p a r a t e d  from t h e  p a r e n t  p e p t i d e ,  

which u s u a l l y  e l u t e d  from t h e  column n e a r  t h e  s o l v e n t  f r o n t  under 

t h e  c o n d i t i o n s  used. 

HPLC of Carbamylated P e p t i d e s  Derived from CCNU, cis-4-Hydroxy-CCNU 
and trans-4-Hydroxy-CCNU. 

The CENUs used spontaneously decompose i n  b u f f e r  t o  form cyclo-  

hexyl  i socyanate  o r  a corresponding 4-hydroxycyclohexyl i socyanate .  

These CENUs carbamylate  p r o t e i n s  i n  v i v a  (7)  and t h e  r e a c t i o n  

accounts  f o r  some of t h e  a n t i t u m o r  p r o p e r t i e s  t h e s e  compounds 

possess .  It i s  p o s s i b l e  t h a t  p a r t i c u l a r  i s o c y a n a t e s ,  d e r i v e d  e i t h e r  
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Figure 2 Effect of variation of carbamyl group on HPLC behavior 
of Val-Tyr and Tyr-Val. See figure 1 f o r  chromatography 
condi t i o n s  ., 
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1404 MAY, COTTER, AND LEE 

from t h e  parent  drug o r  i t s  m e t a b o l i t e s ,  are d i r e c t e d  toward 

p a r t i c u l a r  p r o t e i n s / p e p t i d e s  i n  t h e  cel l .  In  order  t o  s t u d y  

p o t e n t i a l  s e l e c t i v i t y  of n i t rosourea-der ived  i s o c y a n a t e s  toward 

p a r t i c u l a r  p r o t e i n s ,  i t  w a s  necessary t o  determine whether t h e  

d i f f e r e n t  carbamyl d e r i v a t i v e s  of a p a r t i c u l a r  model p e p t i d e  could 

be separa ted  by HPLC. 

Leucine-enkephalin (Tyr-Gly-Gly-Phe-Leu) o r  methionine- 

enkephalin (Tyr-Gly-Gly-Phe-Met) were d e r i v a t i z e d  us ing  CCNU o r  

cis-4-hydroxy-CCNU o r  trans-4-hydroxy-CCNU as descr ibed  i n  Methods. 

Figure 3 g i v e s  t h e  r e s u l t s  of t h e  chromatographic behavior  of t h e  

under iva t ized  Leu-Enk and Met-Enk a long  with cyclohexyl- ,  cis-4- 

hydroxycyclohexyl- and trans-4-hydroxycyclohexyl carbamyl d e r i v a t i v e s .  

In  each case l o g  k '  i s  a l i n e a r  f u n c t i o n  of t h e  amount of  aceto-  

n i t r i l e  i n  TEAF' b u f f e r .  A mixture of t h e  two p a r e n t  pentapept ides  

and t h e  s i x  carbamyl d e r i v a t i v e s  can r e a d i l y  be separa ted .  The 

trans-4- isomer e l u t e s  before  t h e  cis-4- isomer i n  each case  and 

g ives  b a s e l i n e  separa t ion .  The cyclohexyl-Leu-Enk and cyclohexyl- 

Met-Enk both e l u t e  cons iderably  later than  cis-4- and trans-4- 

isomers of Leu-Enk and Met-Enk. The k' ( f i g u r e  3)  i s  t h e  number 

of void volumes a sample i s  r e t a i n e d  and i s  l i n e a r l y  r e l a t e d  t o  

r e t e n t i o n  t i m e ,  c o r r e c t e d  f o r  void t i m e .  It can be seen t h a t  f o r  

any i s o c r a t i c  condi t ion  s e l e c t e d ,  by fo l lowing  any v e r t i c a l  l i n e  

t o  t h e  i n t e r s e c t i o n s  of curves ,  t h e r e  i s  good r e s o l u t i o n  of t h e s e  

compounds. However, i t  i s  n o t  p r a c t i c a l  t o  select  a s i n g l e  i so-  

c r a t i c  condi t ion t o  s e p a r a t e  a l l  of  them because e i t h e r  t h e  p a r e n t  

pept ides  e l u t e  too e a r l y  f o r  good r e s o l u t i o n  o r  t h e  cyclohexyl- 
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Figure 3 Effect of percent organic modifier on log k' of 
carbamyl Met-Enk and Leu-Enk. 
where kR = retention time and ko = void time. 
Pump A contained 0.04 M TEAF', pH 2 .2  and pump B 
contained ace ton i tr i l e .  Solid l i n e s  - Met-Enk 
derivatives.  Dashed l i n e s  - Leu-Enk der ivat ives .  

k' = (kR - ko)/ko 

A , underivatized; 
, cis-4-hydroxycyclohexyl derivatives; X 

0 , cyclohexyl derivatives; 

trans-4-hydroxycyclohexyl derivatives 
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TABLE 2 

MAY, COTTER, AND LEE 

Comparison of HPLC of Nitrosourea-Derived Carbamyl Angiotensin I11 
with Carbamyl Met-Enk 

Retent ion  T i m e s a  

Carbamyl Group Angiotensin IIIb Met-Enkb 

None 13.9 11.7 
trans-4-hydroxycyclohexyl 39.7 44.5 
cis-4-hydroxycyclohexy l 45.9 45.9 
cyclohexyl 64.4 67.1 

a Gradient e l u t i o n  w a s  as fol lows:  Pump A conta ined  0.04 M TEAP, 
pH 2.2 and pump B contained a c e t o n i t r i l e .  15% B f o r  15 min then  
g r a d i e n t  15 t o  25% B (0.25%/min), 25% B from 55 min t o  75 min. 

b Angiotensin 111 - Arg-Val-Tyr-Ile-His-Pro-Phe 
Met-Enk - Tyr-Gly-Gly-Phe-Met 

Leu-Enk and cyclohexyl-Met-Enk are r e t a i n e d  too  long f o r  convenient 

a n a l y s i s .  The t rans-4 isomer e l u t e s  b e f o r e  t h e  cis-4 isomer i n  

each case and good r e s o l u t i o n  can be a t t a i n e d .  Table 2 g ives  an  

example comparison of r e t e n t i o n  t i m e s  of carbamylated Angiotensin 

I11 (X-Arg-Val-Tyr-Ile-His-Pro-Phe) and carbamylated Met-Enk 

(Tyr-Gly-Gly-Phe-Met). The q u e s t i o n  arises, what i s  t h e  l i m i t  of 

pept ide  s i z e  t h a t  can be carbamylated by t h e  n i t r o s o u r e a s  and s t i l l  

be reso lved  by HPLC? Carbamyl d e r i v a t i v e s  of a n g i o t e n s i n  I 

(Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-Leu), a nonapept ide shows similar 

r e s o l u t i o n  ( f i g u r e  4) .  The cyclohexyl-Ang I d e v i a t e s  from l i n e a r i t y  

i n  t h e  graph but  t h e r e  i s  s t i l l  e x c e l l e n t  s e p a r a t i o n  of cis-4- 
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1408 MAY, COTTER, AND LEE 

Figure 5 E f f e c t  of p e r c e n t  o r g a n i c  m o d i f i e r  on cyclohexyl- ,  
cis-4-hydroxycyclohexyl- and trans-4-hydroxycyclohexyl 
carbamyl s u b s t a n c e  P. See f i g u r e  3 f o r  d e f i n i t i o n  of 
k’ and f o r  chromatography c o n d i t i o n s .  A , u n t r e a t e d ;  
0 

subs tance  P; X , trans-4-hydroxycyclohexyl s u b s t a n c e  P. 
, cyclohexyl  s u b s t a n c e  P; , cis-4-hydroxycyclohexyl 
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hydroxycyclohexyl carbamyl Ang I from t h e  cor responding  t rans-4  

isomer. F igure  5 shows t h e  chromatographic  behavior  of carbamyl 

d e r i v a t i v e s  of subs tance  P (Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu- 

Met) an undecapeptide. As can be seen  t h e  d e r i v a t i v e s  are a l l  

s e p a r a b l e ,  Pre l iminary  e f f o r t s  t o  carbamylate  $-endorphin 

(31 aminoacids) us ing  n i t r o s o u r e a s  have been inconclus ive .  

DISCUSSION 

There are a t  least  two r e l a t i v e l y  g e n e r a l  a p p l i c a t i o n s  of  the 

methods presented :  1) Carbamylation of  small p e p t i d e s  d r a m a t i c a l l y  

i n c r e a s e s  r e s o l u t i o n .  A number of i s o c y a n a t e s  are commercially 

a v a i l a b l e  and may be  u s e f u l  t o  form more e a s i l y  s e p a r a b l e  mixtures .  

I n t e r e s t i n g l y ,  a t  least  f o r  d i p e p t i d e s ,  t h e  method w a s  v e r y  s e n s i t i v e  

t o  aminoacid sequence as w e l l  as amonoacid composition. There 

remains t h e  problem of q u a n t i t a t i v e  y i e l d s ,  however. We have n o t  

s t u d i e d  r e a c t i o n  y i e l d s ,  It is assumed t h a t  carbamylat ion occurs  

a t  t h e  amino-terminus. C e r t a i n  p e p t i d e s ,  p a r t i c u l a r l y  t h o s e  w i t h  

Ser ,  Thr, Cys, and Tyr may undergo carbamylat ion on t h e  aminoacid 

s i d e  chain. We had no ev idence  of such m u l t i p l e  r e a c t i o n s  i n  our  

s t u d i e s .  2 )  S i t u a t i o n s  i n  which t h e  sane p e p t i d e  i s  d e r i v a t i z e d  

a t  t h e  same s i t e  by d i f f e r e n t  a g e n t s  as may occur  i n  b i o l o g i c a l  

s t u d i e s  may apply. Our p a r t i c u l a r  i n t e r e s t  i s  i n  t h e  la t ter  

a p p l i c a t i o n .  

CCNU i s  r a p i d l y  conver ted  t o  a series of r ing-hydroxylated 

n i t r o s o u r e a s  i n  v i t r o  (8) and i n  v ivo  (9) .  The p a r e n t  CCNU and 

t h e  hydroxy-CCNUs are p r e c u r s o r s  t o  cyc lohexyl  and hydroxycyclo- 

h e x y l  i socyanates  which carbamylate  p r o t e i n s  (7 ) .  The r o l e  of 
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carbamylation i n  t h e  expression of antitumor a c t i v i t y  o r  t o x i c i t y  

t o  normal t i s s u e s  is  s t i l l  not very c l ea r .  

polymerases (10, 11) , DNA l i g a s e  (12) , g lu ta th ione  reductase (13) , 

Serine pro teases  (14, 15) and tubu l in  polymerization (16) have been 

shown t o  be inh ib i t ed  by carbamylation by n i t rosoureas  o r  isocyanates.  

A number of DNA 

The question of whether carbamylation by CENUs and t h e i r  

metabolites i s  s e l e c t i v e  t o  c e r t a i n  enzymes i s  an important one 

because n i t rosoureas  such as CCNU and Methyl-CCNU a r e  converted 

t o  antitumor-active metabol i tes  (8,  17 ,  18).  I f  i t  i s  found t h a t  

the ind iv idua l  metabol i tes  t a r g e t  d i f f e r e n t  p ro te ins ,  i t  could have 

important app l i ca t ions  i n  chemotherapy and drug design. 

In order t o  determine whether such s e l e c t i v i t y  of carbamylation 

e x i s t s ,  i t  was requi red  t h a t  a n a l y t i c a l  methodology be developed 

tha t  would permit s epa ra t ion  of pept des wi th  t h e  same sequence 

but with d i f f e r e n t  carbamyl groups. These s t u d i e s  o f f e r  hope t h a t  

i f  peptides with up t o  11 aminoacids a r e  carbamylated by CCNU o r  

the 4-hydroxy-CCNUs, one may be ab le  t o  sepa ra t e  them by HPLC. 

This l i m i t  may be extended i f  one need only sepa ra t e  cyclohexyl 

carbamyl peptides from mixtures of geometric and p o s i t i o n a l  isomers 

of hydroxycyclohexyl carbamyl peptides a s  might occur i n  the  c e l l .  
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