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H IGH-PERFORMANCE LIQUID CHROMATOGRAPHY OF AMPHIBIAN PEPTIDES. 

SELECTIVITY CHANGES INDUCED BY pH. 

2 Oscar Hernandez', Karen Dermott', and Lawrence H. Lazarus 

'Laboratory of Environmental Chemistry and 

'Laboratory of Behavioral and Neurological Toxicology 

National Ins t i tu te  of Environmental Health Sciences 

P.O. Box 12233 

Research Triangle Park, N.C. 27709 

ABSTRACT 
The effect  of pH on the retention behavior under reversed- phase 

The in t r in s i c  hydrophobicity of the peptides was 

1 iquid chromatography conditions of a ser ies  of peptides was examined. 
Isocratic conditions were used w i t h  e i ther  methanol or  ace toni t r i le  as 
organic modifiers. 
al tered by changes in the pH of the eluent mixture. 
t ion a t  pH 7 re la t ive t o  pH 4 was correlated w i t h  the presence of a 
his t idine residue i n  a hydrophobic environment. An experimental para- 
meter, u was defined as the positive quotient of capacity factors 
a t  pH 4 &k pH 7 for  a given eluent. values are  interpreted 
as reflecting changes i n  peptide hydrophobici!y introduced by v a r i a -  
t ions i n  solvent and pH. Identical u values were obtained for  homo- 
logous peptides, particularly histidiRe containing peptides. 
approach to  select ivi ty  e f fec ts  yielded diagnostic conditions for the 
analysis of bombesin, a peptide touted as a potential marker for  human 
small -cell 1 ung carcinoma. 

Increased reten- 

These a 

This 

INTRODUCTION 

The combined use of reversed-phase HPLC and radioimunoassay (RIA) 

has evolved as a powerful tool for the identification and quantitation 
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894 HERNANDEZ, DERMOTT, AND LAZARUS 

o f  peptides i n  t i s s u e  ex t rac ts  [l-31. 

munoassays such as low s p e c i f i c i t y  o r  c ross - reac t i v i t y  w i t h  o ther  

s t r u c t u r a l l y  r e l a t e d  compounds present i n  samples [41, are minimized 

by the  p r i o r  separat ion o f  t h e  peptides by reversed-phase HPLC C31. 

The reso lv ing  power o f  t h i  s chromatographic method a1 1 ows d i  sc r im i  na- 

t i o n  among pept ide analogs based on minimal s t ruc tu ra l  d i f fe rences  

[4]. 

app l i ca t i on  o f  these techniques t o  t h e  ana lys is  o f  peptides from 

t i s s u e  samples the  peptides are comnonly def ined as having 

"imnuno-1 i k e  r e a c t i v i t y "  on l y  because s t r u c t u r a l  homology i s  def ined 

by an t igen ic  s i tes .  

e x p l o i t i n g  s p e c i f i c  chemical cha rac te r i s t i cs  o f  peptides and t h e i r  

i n t e r a c t i o n  w i t h  the  bonded phase dur ing  HPLC. 

Problems inherent t o  radioim- 

However, desp i te  t h e  impressive r e s u l t s  obtained by t h e  j o i n t  

Therefore, we inves t iga ted  ways o f  enhancing and 

Our approach was based on the  no t i on  t h a t  a predominant f a c t o r  i n  

t h e  separation o f  pept ides on reversed-phase HPLC i s  t h e  ex ten t  and 

magnitude o f  hydrophobic i n t e r a c t i o n s  between t h e  bonded-phase 

mater ia l  and t h e  pept ide molecule [5]. Q u a n t i t a t i v e  expressions have 

been developed t o  es tab l i sh  t h i s  c o r r e l a t i o n  [6-111. 

assumptions, i f  one could modify t h e  i n t r i n s i c  hydrophobic i ty o f  a 

pept ide i n  a pred ic tab le  fashion, t h i s  a l t e r e d  hydrophobic i ty might be 

an t i c ipa ted  on theo re t i ca l  and experimental bases t o  be r e f l e c t e d  i n  

t h e  reversed-phase HPLC behavior o f  a peptide. 

could then be compared w i t h  the  "innnuno-1 i k e  r e a c t i v i t y "  found i n  

t i s s u e  samples, p rov id ing  an experimental parameter d i r e c t l y  corre- 

l a t e d  t o  t h e  parent peptide. 

pH, wi th  emphasis on i o n i c  changes induced i n  the  imidazole r i n g  o f  

Based on these 

Th is  mod i f ied  behavior 

The var iab les  chosen f o r  t h i s  study were 
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AMPHIBIAN PEPTIDES 895 

his t idine residues, and the organic solvent components of the mobile 

phase. The peptides selected for the in i t i a l  studies belong t o  the 

bombesi n fami 1 y and sel ected tachyki ni ns ( physal aemi n-re1 ated 

peptides) C12l. This choice was based on the increased attention 

given to  the possible application of bombesin and physalaemin as a 

potenti a1 markers for human 1 ung small -cell carcinoma [13-151, and the 

presence of imnunoreactivities t o  these peptides in mammalian t issues  

C16I. 

MATERIALS AND METHODS 

The peptides physal aemin, physalaemin, kassinin, eledoisin, 

1 i t o r i  n ,  and ranatensi n were obtained from Peni sul a Laboratori es, San 

Carlos, CA; bombesin was purchased from Bachem Inc., Torrance, CA. 

Peptide solutions for HPLC were prepared i n  30% methanollwater a t  a 

concentration of 1 mg/ml. 

diluted i n  the isocrat ic  solvent and injections of 6-10 pg of peptide 

material were made. 

i nterval s. 

From these stock solutions, the peptide was 

The peptide solutions were made fresh a t  weekly 

The buffer solutions used for  HPLC elution were: a) 15 mM ammo- 

n i u m  acetate (=. l g / l i t e r )  brought t o  pH 4 w i t h  glacial acet ic  acid; 

and b) 10 mM tris-(hydroxymethy1)aminomethane (Tris-base) buffered t o  

pH 7 w i t h  concentrated phosphoric acid. Methanol (50% v / v )  and aceto- 

n i t r i l e  (30% v / v )  were used as organic modifiers. 

consisted of a premixed solution of buffer and organic solvent; i.e., 

a single pump isocrat ic  elution. 

The HPLC eluent 

The  instrumentation used consisted of a M6000A pump, 440 UV absor- 

bance detector (280 n m ) ,  U6K injector ,  720 system controller,  and a 
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896 HERNANDEZ, DERMOTT, AND LAZARUS 

730 data module, a l l  from Waters Associates. 

Whatman Part is i l -5  ODS (4.6 mn ID x 25 cm) equipped w i t h  a Brownlee 5 

micron Spherisorb RP-18 precolumn. 

eluted peaks of bombesin and physalaemin were further identified by 

RIA analyses described elsewhere [14,17] t o  ensure that  the UV absor- 

bance t race indeed correlated w i t h  the peptide i n  question. 

The column used was a 

The flow ra t e  was 1 ml/min. The 

RESULTS AND DISCUSSION 

The rationale behind this study was the premise tha t  hydrophobic 

b inding  interactions play a major role i n  the separation of peptides 

by reversed-phase HPLC C5l. 

found i n  work coming from different  laboratories C6-111. 

hydrophobic effect  has been quantitatively expressed and determined t o  

be an additive property reflecting the cumulative hydrophobicity of 

the amino acid residues present i n  the  peptide. 

found between the sum o f  hydrophobic constant values and the elution 

order of peptides which was qualified as having a predictive value for 

peptides ranging from 5-20 residues C6-111. 

Supporting evidence for t h i s  argument i s  

T h i s  

A correlation was 

Another important aspect, n o t  as ful ly  explored, i s  the accesibi- 

l i t y  and extent of the peptide surface available for hydrophobic 

binding C201. 

of the accessible or  effect ive surface on the peptide, that  we f e l t  

could be specif ical ly  exploited i n  the case of bombesin. 

a t  acid (pH 4)  and neutral (pH 7) conditions the ionic character of 

carboxyl and imidazole groups would be effected: lysine and arginine 

residues would remain unchanged a t  both pH valves; the carboxyl group 

I t  was t h i s  par t icular  feature, namely the modification 

By operating 
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AMPHIBIAN PEPTIDES 897 

would be ionized a t  pH 7 and the negatively charged residues would 

show l i t t l e  a f f in i ty  for  the HPLC column, whereas the imidatole group 

(his t idine)  would be neutralized a t  pH 7 (pKa 5.5-7) w i t h  an ant ic i -  

pated higher retention ( F i g .  1). 

In the case of bombesin, the his t idine residue a t  position 12 may 

be manipulated t o  produce a disrupted peptide surface by protonation 

(pH 4)  or  an extended hydrophobic area by neutralization (pH 7 ) .  I n  

order t o  establish that  changes i n  elution were correlated t o  the pre- 

sence of hist idine residues, a ser ies  of his t idine (H) and non- 

histidine ( N H )  containing peptides was examined (Table 1). The 

solvent strength was maintained constant so as t o  i so la te  the effect  

of pH. 

varying amounts of organic solvent i n  the mobile phase C211. 

Isocratic conditions also prevented fluctuations in pH due t o  

The f i r s t  set  of experiments using methanol as organic modifier i s  

i l lus t ra ted  in Fig. 2. 

laemin ( N H ) ,  were analyzed isocrat ical ly  (50% methanol) a t  pH 4 and pH 

7. I t  i s  evident from Fig .  2 t h a t ,  i n  accordance with the expec- 

tations,  bombesin experienced a dramatic sh i f t  i n  retention. 

for  a l l  peptides examined are shown in Table 2. The A k '  i s  the d i f -  

ference i n  k '  values a t  pH 7 and pH 4. 

laemin and eledosin showed no k '  variation while for  kassinin there  i s  

a small, b u t  s ignificant decrease i n  k' a t  pH 7. For the H-peptides a 

more consistent pattern devel oped: 1 i to r i  n and ranatensi n experienced 

substantial increases in k '  a t  pH 7,  and for bombesin t h i s  effect  was 

magnified w i t h  a dramatic sh i f t  in k '  ( A k '  = +30.7). 

Litorin and bombesin (H-peptides) and physa- 

Results 

For the NH-peptides, physa- 

In order t o  establish the role of organic solvent on t h i s  pH 

induced select ivi ty  e f fec t ,  we also examined ace toni t r i le  as a 
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HERNANDEZ, DERMOTT, AND LAZARUS 

0 0 0 
I I  

0 
I I  H L 11 -CNH-CH-CNH- \- -CNH-CH-CNH- 

I I 

1 - 
Figure  1. I o n i c  e q u i l i b r i u m  f o r  a h i s t i d i n e  residue. The unionized 

imidazole (lJ i s  an t i c ipa ted  t o  b ind  more e f f e c t i v e l y  t o  a 

RP-HPLC column. 

TABLE 1. Peptides Used I n  Th is  Study 

Peptide Sequence 

Physal aemi n pG1u-Ala-Asp-Pro-Asn-Lys-Phe-Tyr-Gly-Leu-Met-NH2 

E l  edoi s i  n pG1 u-Pro-Ser-Lys-Asp-A1 a-Phe-I1 e-Gly-Leu-Met-NH2 

Kassi n i  n Asp-Val -Pro-Lys-Ser-Asp-G1 u-Phe-Val -Gl y-Leu-Met-NH2 
L i  t o r i  n pG1 u-Gl n-Trp-A1 a-Val -Gly-Hi s-Phe-Met-NH2 

Ranatensi n pG1 u-Val -Pro-G1 n-Trp-A1 a-Val -Gly-Hi s-Phe-Met-NH2 

Bombesi n pG1 u-G1 n-Arg-Leu-G1 y-Asn-G1 n-Trp-A1 a-Val -G1 y-Hi s-Leu-Met-NH2 

mod i f ie r .  

i l l u s t r a t e d  i n  Fig. 3. 

showed a s i g n i f i c a n t  increase i n  k' as shown i n  Table 3. 

NH-peptides showed a modest dec l i ne  i n  k '  a t  pH 7. 

l i t o r i n  and ranatensin were unaffected by pH whereas bombesin showed a 

subs tan t ia l  increase i n  kl a t  pH 7. 

The r e s u l t s  obtained w i t h  a c e t o n i t r i l e  (30% v/v) a re  

From t h e  pept ides examined on ly  bombesin 

The 

The H-peptides, 
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899 AMPHIBIAN PEPTIDES 

50% MeOH / pH 4 50% MeOH/pH 7 

TIME ( m i n )  TIME (min)  

Figure 2. RP-HPLC of Physalaemin (l), Litorin (2) and Bombesin (2) 
using 50% methanol in 0.015 M anonium acetate, pH 4 ( l e f t  

panel) and in 0.01 M Tris-phosphate, pH 7 ( r i g h t  panel); 2 
and 2 are  hi stidine-contai ni ng peptides. 

Table 2. Reversed-phase HPLC capacity factors ( k ' )  for bombesin and 
related peptides. Isocratic elution w i t h  50% (v /v )  methanol. 

Peptides u J u .  Ak' a t  pH 7 re la t ive  t o  pH 4 

Non-histidine ( N H )  

Physalaemin 3.6 (0.22)a 3.4 (0.23) -0.2 

Eledoisin 0.2 (0.21) 2.4 (0.22) +0.5 

Kassi n i  n 3.6 (0.21) 2.4 (0.22) -1.2 

Histidine ( H )  

Litorin 4.6 (0.23) 6.6 (0.22) +2.0 

Ranatensin 15.1 (0.40) 21.1 (0.34) +6.0 

Bombesi n 5.1 (0.15) 35.8 (0.26) +30.7 

aMean ?r S.D. in parenthesis; n=6 except for bombesin where n=3. 
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900 HERNANDEZ, DERMOTT, AND LAZARUS 

30% CH3CN / pH7 

0 5 10 15 20 25 0 5 10 15 20 25 30 35 40 
TIME (min)  TIME (min) 

Figure 3. RP-HPLC o f  Physalaemin (L), L i t o r i n  (2) and Bombesin I 

using 30% a c e t o n i t r i l e  i n  0.015 M ammonium acetate, pH 4 

( l e f t  panel) and i n  0.01 M Tris-phosphate, pH 7 ( r i g h t  

panel); 2 and 3 are h i s t i d ine -con ta in ing  peptides. 

Table 3. Reversed-phase HPLC capac i ty  fac to rs  ( k ' )  f o r  bombesin and 
re la ted  peptides. I s o c r a t i c  e l u t i o n  w i t h  30% (v/v)  a c e t o n i t r i l e .  

Pept i des &!A JLLL Ak' a t  pH 7 r e l a t i v e  t o  pH 4 

Non-hist id ine (NH) 

Physalaemin 0.9 (O. l l )a  0.7 (0.06) -0.2 

E ledo is in  1.8 (0.04) 1.1 (0106) -0.7 

Kassi n i  n 0.6 (0.00) 0.4 (0.04) -0.2 

H i s t i d i n e  (H) 

L i  t o r i  n 2.4 (0.08) 2.4 (0.06) 

Ranatensin 5.1 (0.06) 4.9 (0.06) 

Bombesi n 3.1 (0.04) 11.0 (0.00) 

aMean * S.D. i n  parenthesis; n=3. 

0 

-0.2 

i7.9 
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AMPHIBIAN PEPTIDES 901 

The resul ts  obtained are  i n  agreement with the basic postulate 

t h a t  protonation of his t idine residues resul ts  i n  disruption of the 

hydrophobic surface of the peptide w i t h  a concomitant effect  on k' 

values. Litorin, ranatensin, and bombesin i l l u s t r a t e  t h i s  effect  

(Tab1 es 2 and 3). A complementary sol vent effect  was uncovered w i t h  

l i t o r i n  and ranatensin in which no k' variation occurred i n  the pre- 

sence of acetoni t r i le  (Table 3 ) .  The magnitude of the sh i f t  observed 

for  bombesin i s  larger than tha t  anticipated from only the hydrophobic 

residues involved. 

group i n  l i t o r i n  and bombesin are i l lus t ra ted  i n  Table 4. 

extended surface generated a t  pH 7 would have a Phe i n  l i t o r i n  versus 

a Leu i n  bombesin. Although Phe i s  more hydrophobic than Leu, t h i s  i s  

apparently not reflected i n  a proportional increase i n  k' values. 

T h i s  observation, plus the lower magnitude of the effect  of aceto- 

n i t r i l e  on bombesin re la t ive  t o  methanol, i s  suggestive tha t  other 

factors are operating i n  bombesin. A conformational effect  i s  an 

a t t rac t ive  possibi l i ty ,  hydrogen bonding between Arg and His1* may 

occur a t  pH 7 and the result ing folded conformer exhibits retention 

character is t ics  different  from those predicted by the hydrophobic 

theory. 

by HPLC has been reported C5l. 

The amino acid residues adjacent t o  the his t idine 

The 

3 

An example of stable conformers of a cyclic peptide separable 

The effect  of pH on the retention of these peptides, particularly 

H-peptides, may be more easi ly  visualized by defining a new experimen- 

t a l  parameter, u 

pH 4 for  a given mobile phase. 

The a 

as the positive quotient of k '  values a t  pH 7 and 

These values are tabulated i n  Table 5. 
PH' 

parameter i s  interpreted as reflecting changes in hydrophobi- 
PH 
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902 HERNANDEZ, DERMOTT, AND LAZARUS 

Table 4. Relative hydrophobicity of selected amino acid residues i n  the  
v ic in i ty  o f  h i s t i d i n e  residue i n  l i t o r i n  and bombesin. 

Peptide 

Litorin 

Bombesi n 

Carboxyl terminal sequence 

G'ly-Hi s-Phe-Met NH2 

Gly-Hi s-Leu-Met NH2 

Relative hydrophobicitya: T r p  > Phe > l l e  = Leu > Tyr 

aReferences C6-111 

Table 5. Select ivi ty  expressed as a function of pH (up"). 

Peptides 

Non-hi s t idine ( N H )  

Physal aemi n 

El edoi s i  n 

Kassi n i  n 

Histidine ( H )  

Li t o r i  n 

Ranatensin 

Bombesi n 

a 
'pH 

50% CH,OH 30% CHqCN 

1.06 

1.05 

1.50 

1.43 

1.40 

7.02 

1.29 

1.64 

1.50 

1 .oo 

1.04 

3.55 

aRatio of k '  values a t  the pH 4 and pH 7. 

c i ty  introduced by variations i n  solvent and pH. 

eledoisin, u values w i t h  methanol indicated low sens i t iv i ty  toward 

changes and these small se lec t iv i ty  differences were of equal magni- 

tude in both cases; t h i s  parallelism was l o s t  w i t h  ace toni t r i le  where 

For physalaemin and 

PH 
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AMPHIBIAN PEPTIDES 903 

e ledo is in  showed a more pronounced response, i.e., a l a r g e r  u 

physalaemin. 

(Table 2),  but  not by organic solvent as evidenced by the  i d e n t i c a l  

values. L i t o r i n  and ranatensin showed i d e n t i c a l  behavior under 

both solvent condi t ions;  i.e. s e l e c t i v i t y  e f f e c t s  were greater w i t h  

methanol (u = 1.40), and n e g l i g i b l e  w i t h  a c e t o n i t r i l e  (a = 1.00). 
PH PH 

It should be emphasized t h a t  t he  magnitude o f  t he  s h i f t  i s  t h e  same i n  

both cases, a s i t u a t i o n  resembling t h a t  o f  t h e  NH-peptides physalaemin 

and e ledo is in  (Table 5 ) .  

var ia t ions ,  ( l a rge  u values) and a lso  experiences a solvent e f f e c t  

evidenced by a lower u 

than 
PH’ 

Kassinin showed t h a t  s e l e c t i v i t y  was a f fec ted  by pH 

aPH 

Bombesin i s  p a r t i c u l a r l y  sens i t i ve  t o  pH 

PH 
w i t h  a c e t o n i t r i l e  (Table 5 ) .  

PH 
The two major f ac to rs  con t r i bu t i ng  t o  t h i s  s e l e c t i v i t y  e f f e c t  are: 

a) pH, which changes t h e  i o n i c  nature o f  t he  peptide; and b) organic 

solvent, which mod i f ies  both t h e  column bonded-phase and t h e  eluate. 

Considering these factors,  a possible scheme emerges which may he lp  

exp la in  the  d i f fe rences  observed: f o r  physal aemin and e ledo is in  the  

i on i zab le  groups are i d e n t i c a l  (Asp, Lys) bu t  whose p o s i t i o n  i n  t h e  pep- 

t i d e  chain d i f f e r  r e l a t i v e  t o  each o ther  (Table l), whereas l i t o r i n  and 

ranatensin on l y  conta in  a s ing le  h i s t i d i n e  residue a t  t h e  same p o s i t i o n  

i n  t h e  carboxyl terminal  region. 

changes introduced are i den t i ca l :  

change i s  i n  a homologous sequence ( l i t o r i n  and ranatensin) an i d e n t i c a l  

I n  each o f  these pairs,  t h e  i o n i c  

when t h e  residue undergoing t h i s  

value i s  observed. On t h e  other hand, i f  these ion i zab le  groups 
OPH 

d i f f e r  i n  t h e i r  r e l a t i v e  sequence (physalaemin and eledosin), t h i s  l ack  

o f  s t ruc tu ra l  c o n t i n u i t y  i s  detected by a solvent e f fec t .  

For the  peptides examined, increased r e t e n t i o n  i n  reversed-phase 

HPLC a t  pH 7 r e l a t i v e  t o  pH 4 co r re la tes  wel l  w i t h  t h e  presence o f  a 
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histidine residue i n  a hydrophobic environment. By using a solvent 

effect ,  t h i s  predictive sh i f t  becomes diagnostic for  bombesin which 

sa t i s f i e s  the original objective o f  t h i s  study. As t o  why other H- 

peptides do n o t  exhibit this quali ty when ace toni t r i le  i s  used might be 

answered by examining the  comformational behavior of bombesin as a func- 

t ion of pH. 

In summary, the experimental parameter a represents a potentially PH 
valuable observation for the identification and structural  correlation 

o f  peptides by HPLC. 

HPLC on the basis of t he i r  in t r ins ic  chemical properties due to  

hydrophobic and ionizable residues ( k '  values), t he i r  hydrophobicity 

altered by changing pH (acid vs neutral) and affecting retention with 

organic modifiers (methanol and acetoni t r i le)  a t  bo th  pH l imi t s  t o  give 

Peptides may be distinguished by reversed-phase 

pH values. By following t h i s  protocol substantial information Q 

regarding the degree of structural  homology among a group of peptides 

may be obtained i n  a non-destructive manner using only minute amounts of 

sample as required for RIA. 

progress. 

Further work along these l ines  i s  in 
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