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HIGH PERFORMANCE SIZE EXCLUSION 
LIQUID CHROMATOGRAPHY OF SMALL 
MOLECULAR WEIGHT PEPTIDES FROM 

PROTEIN HYDROLYSATES USING 
METHANOL AS A MOBILE PHASE ADDITIVE 

M. A. Vijayalakshmi*, L. Lemieux, and 
J .  Amiot 

Department of Food Science 
Lava1 University 

Quebec, G l K  7P4, Canada 

ABSTRACT --_ 

The s e p a r a t i o n  o f  l ow  mo lecu la r  w e i g h t  pep t ides  acco rd ing  t o  

t h e i r  mo lecu la r  we igh t  tias been a cha l l enge .  The e a r l i e r  

works u s i n g  c h a o t r o p i c  a d d i t i v e s  i n  t h e  mob i l e  phase such as 

SDS or guanidium c h l o r i d e  f d i l e d  t o  g i v e  a l i n e a r  resporise 

f o r  t h e  semi loga r i t hm ic  graph o f  mo lecu la r  we igh t  versus 

r e t e n t i o n  t ime .  Here we r e p o r t  a mobile phase compos i t i on  

s u i t e d  t o  t h e  s i z e  e x c l u s i o n  separa t l on  o f  the p e p t i d e s  o f  

mo lecu la r  we igh t  between 6000 and 250 on a TSK-SW LOO0 

* On leave from Department of Bioengineering, Universitb de 
Technologie de Compibgne, Compi;gne, France, 60200. 
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3560 VIJAYALAKSHMI, LEMIEUX, AND AMIOT 

column. The mob i l e  phase c o n s i s t s  o f  a phosphate b u t t e r  50 

mM L o n t a i n i n g  0.1% TFA and 35% methanol .  The d i f f e r e n t  

e l u t i o n  parameters and s y s t e m a t i c a l l y  i n v e s t i g a t e d  and w i  th 

t h e  optimuin c o n d i t i o n s ,  c o r r e l a t i o n  va lue of 0.97 c o u l d  be 

o b t a i n e d  when 6 s tandard p r o t e l n  and 16 pep t ides  i n  t h e  

range o f  66 000 t o  250 d a l t o n s  were t e s t e d .  The use fu lness  

of t h i s  technique i s  eva lua ted  on t h e  group s e p a r a t i o n  o f  

d i f f e r e n t  p r o t e i n  h y d r o l y s a t e s  acco rd ing  t o  t h e i r  mo lecu la r  

we igh t .  Moreover, t h e  f r e e  amino a c i d s  c o u l d  be comp le te l y  

separated f rom t h e  pep t ides  i n  t h e  hydt-olysates.  

INTRODUCTION -_.-- 

The f i r s t  c r i t e r i o n  i n  t h e  c h a r a c t e r i s a t i o n  o f  p r o t e i n  

hyd ro l ysa tes  d e s t i n e d  f o r  d i e t e t i c  u t i l  i s a t i o i i  1s t h e i r  

mo lecu la r  we igh t  (MW) d i s t r i b u ' t i o n .  The HPLC i n  t h e  s i z e  

exc l  u s i  on mode i s r e p o r t e d  f o r  p r o t e i  ns ( 1 , 2 ,  j 1. However , 
t h e  use o f  HPLC i n  t h e  f i e l d  o f  pep t ides  s e p a r d t i o n  I S  

g e n e r a l l y  r e s t r i c t e d  t o  reve rse  phase. A1 though reasondble 

r e s o l u t i o n  i s  o f t e n  o b t a i n e d  by u s i n g  reve rse  phase HPLC, a 

complete c h a r a c t e r i s a t i o n  o f  unknown p r o t e i n  h y d r o l y s a t e s  I S  

r a t h e r  el u s i  ve. 

It has been shown t h a t  p r o t e i n  hyd ro l ysa tes  should be rich 

i n  l o w  mo lecu la r  w e i g h t  pep t ides  w i th  as l i t t l e  as p o s s r b l e  

f r e e  amino ac ids ,  f o r  t h e  h y d r o l y s a t e  t o  be o f  a h i g h  

n u t r i t i o n a l  and t h e r a p e u t i c  va lue  ( 4 ) .  

U n t i l  now t h e  s o f t  g e l s  l i k e  t h e  SephadexR o r  B i o g e l R  

have been used f o r  t h e  gel  f i l t r a t i o n  o f  pep t ides  o f  t he  

p r o t e i n  hyd ro l ysa tes  ( 5  1 .  However , a p a r t  f rom the i  r poor 
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SMALL MOLECULAR WEIGHT PEPTIDES 3561 

mechanical p r o p e r t i e s ,  t h e i r  i n c l u s i o n  l i m i t s  do n o t  d l i o w  

t h e  s e p a r a t i o n  o f  smal l  pep t ides .  

Recen t l y  t h e  s i l i c a  based g e l s  c h e m i c a l l y  bonded w i  tri 

hydrophi  1 i c  t h e  

name TSK-Gel Sw (Toyosoda, Japan) f o r  t h e  reso lu t . i on  o f  

p r o t e i n s  acco rd ing  t o  t h e i r  mo lecu la r  we igh ts  (1,2,3). The 

ranges o f  s e p a r a t i o n  r e p o r t e d  f o r  these g e l s  a r e  rather-  h i g h  

and no s e p a r a t i o n  c o u l d  be achieved f o r  pep t ides  o f  MW 5000 

(6). T h i s  i s  due t o  t h e  f a c t  t h a t  pep t ides  o f  t h e  same mass, 

b u t  w i t h  d i f f e r e n t  compos i t i on  may e x h i b i t  a wide range o f  

e l e c t r o s t a t i c  and hydrophobic i n t e r a c t i o n  w i t h  t h e  l ow  

p o r o s i t y  columns, which l e a d s  t o  n o n - l i n e a r i t y  i n  the 

r e t e n t i o n  behaviour .  Even t h e  e l  u t i o r i s  under. d e n a t u r i n g  

c o n d i t i o n ,  w i t h  t h e  a d d i t i o n  o f  SDS o r  guanidium c h l o r i d e  i n  

t h e  m o b i l e  c o u l d  n o t  a l l i e v i a t e  t h i s  problem C’/,SJ. 

compounds a re  commerci a1 l y  avai  1 a b l e  under. 

So, i t  was necessary t o  i n v e s t i g a t e  t h e  op t ima l  ge l  pore 

s i z e  and t h e  s u i t a b l e  mob i l e  phase composi t ion t o  have an 

e x c l u s i v e l y  s i z e  e x c l u s i o n  mode o f  separa t i on  t o  es t ima te  

the  MW d i  s t r i  b u t i o n  o f  p r o t e i n  hyd ro l ysa tes .  

We here  r e p o r t  t h e  methodology f o r  t h e  successful  

d e t e r m i n a t i o n  o f  t h e  MW d i s t r i b u t i o n  o f  p r o t e i n  h y d r o l y s d t e ,  

composed p r i r i c i p a l l y  o f  pep t ides  o f  MW(3000 by u s i n g  t h e  

TSK-SW commercial column. 

EXPERIMENTAL 

The chromatographic  equipment used c o n s i s t e d  o f  a LKB pump 

model 2150 w i t h  a 20p1 i n j e c t i o n  loop  and a v a r i a b l e  
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3.562 VIJAYALAKSHMI, LEMIEUX, AND AMIOT 

wavelenght detector, routinely set d t  214 nm and a HP 

integrator recorder model 3390 A Integrator, (Hewlett 
Packard) . The column used i s  a 7.5 mn x 600 m TSK-SW 2000 

fi t ted w i t h  a precolumn Ultropac TSK-GSWP 7.5 x 75 mn. All 
the mobile phases tested contained mainly of 0.05 M 

phosphate solution adjusted t o  pH from 5.0 t o  8.0. All  the 
other reagents such as TFA, methanol, etc. were o f  HPLL 
grade. Prior t o  use all  solvents were filtered with 0.4s 
millipore f i l t e r  and degazed w i t h  ultrason. The f low rates 
were 0.7 t o  1.0 mL/min  and the pressure 40 to 60 bars. The 
system was maintained a t  constant temperature by keeplrig 
the solvents in a water b a t h .  

The proteins and peptides used as standards are: 

Proteins ~- 
Bovin section albumin (BSA)  
Oval bumin 

Peroxi dase 
B. Lac tog1 obul i n 
Ri bonucl ease 
Cy toc ti rome C 

Peptides 
1. Trypsi n i nhi b i  tor 
2. ACTH 
3. Insulin B chain 
4. Polymixin sulfate 
5. Baci t racin 

7. Ala-Gly-Ser.L.Gl u 
6. HYS-LYS 

M.W. 

66 000 
45 000 
40 000 
35 000 
13 700 
12 000 

- 

M.W. 

6 700 

4 390 
3 480 

1 447 
1 411 

351 5 

362 

- 
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SMALL MOLECULAR WEIGHT PEPTIDES 3563 

8. Hexa Gly 

9. Leu-Leu-Leu 

10. Lys-Lys 
11. Oxydi sed gl u ta th ion  

12. PentaGly 
13. Leu-Leu 
14. Gly-Gly-Leu 
15. Ala-Pro-Gly 

16. Gly-L-Lys 

360 
357 
34 7 
30 7 
303 
244 

245 

24 3 
240 

The casein hydro lysates are k i n d  g i f t s  from Sopharga (France) 

RESULTS -__ 

On most commercially ava i?ab le  HPSEC columns run  wi th  

aqueous mobi le  phases such as phosphates etc ,  the 

c o r r e l a t i o n  between the r e t e n t i o n  volumes and the  MW o f  

small pept ides i s  very poor. Th is  i s  due t o  the d i f f e rences  
i n  the nature and magnitude o f  d i f f e r e n t  i n t e r a c t i o n s  such 

as ionlc, hydrophobic and coulombic forces o f  the yeptiUes 
o f  d i f f e r e n t  composition, b u t  o f  the same inass, w i  th the 
h igh  dens i ty  (low porous) gel f i l t r a t i o n  medium such as 

TSK-SW 2000, columns. 

Mobi le  phase add i t i ves  such as phosphoric ac id ,  T r ie thy1  

amine (TEA) ,  T r i f l u o r o a c e t l c  a c i d  (TFA), are a l ready 
repor ted t o  be e f f i c i e n t  i n  the  pept ide separat ion by 

reverse phase mode (9,101. On a f i r s t  attempt we made a 
systematic study o f  d i f f e r e n t  aquous mobile phase 
composi t i o n s  and ca l cu la ted  the c o r r e l a t i o n  for. the sixteerr 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3564 VIJAYALAKSHMI, LEMIEUX, AND AMIOT 

Table 1. The correlation between retention volume vs log MW 
with different mobile phase conditions. 

No Gradient system Correlation for 16 peptides 

1 Phosphate buffer 
pH 8.0 3 pH 5.0 

2 Phosphate buffer 
pH 8.0 + pH 5.0 
+ 0.1% TFA 

3 PhosphaLe b u f f e r  
pH 8.0 + pH 5.0 
t 0.1% TEA 

4 Phosphate buffer 
pH 8 . 0 -  pH 5.0 
t 0.1% phosphoric acid 

5 pH 8 . 0 -  pH 5.0 
+ 0.1% HC1 

0.65 

0 . 7 1  

no correlation and 
recovery is n o t  total 

- id-  

- i d -  

standard pept ides as described i n  the experlmental sect ion.  

The r e s u l t s  are shown i n  Table 1. 

It i s  observed t h a t  on ly  0.1% TFA seems t o  be s u i t a b l e  as an 

i o n  p a i r i n g  a d d i t i v e  t o  a phosphate b u f f e r  mobile phase 

t o  improve the  c o r r e l a t i o n  between the r e t e n t i o n  volunw and 

the MW o f  these low MW peptides. 

To f u r t h e r  improve the c o r r e l a t i o n ,  we have t r i e d  an 

i s o c r a t i c  e l u t i o n  w i t h  a 0.05 M phosphate s o l u t i o n  a t  pH 5.0 

conta in ing  0.1% TFA, hence a f i n a l  pH of 2.5, w i t h  d i f f e r e n t  
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SMALL MOLECULAR WEIGHT PEPTIDES 3565 

Table 2 .  The correlation between retention volume and log 
MW w i t h  varying concentratioris of methanol i n  the 
mobi 1 e phase. 

C H  OH coric R value 3 

0% 

1 O%* 

20%* 

25%* 

3 W  

352 

0.60 

0.85 

0.89 

0.90 

0.95 

0.97 

*The homopolymers could not be e a s i l y  ident i f ied .  

concentrations o f  added methanol, as the mobile phase. The 
solvent i s  kept a t  t4OC i n  order t o  avoid any 
evaporation problem of t h i s  semi vo la t i l e  aqueous organic 
buffer. The resul ts  are compiled i n  Table 2. 
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CALI B RAT1 0 N C U RVE 
7 

10 12 14 16 18 20 22 24 26 28 30 

ELUTION VOLUME (mL) 

Figure 1. 

The semilogarithmic plot of molecular weight vs retention volume 
for the standard proteins ans peptides listed in the experimental 
sect ion. 
Mobile phase: 0.05 phosphate buffer at pH 5.0 + 35% methanol + 
1.0% TFA. 

From these resul ts ,  addi t ion o f  35% MeOH i n  the mobile phase 
containing phosphate bu f fe r  + 0.1% TFA seems t o  be the best 
sui ted f o r  the separation o f  peptides according t o  t h e i r  
molecu a r  weight. We have t o  note tha t  the d i f ference i n  R 
value ( co r re la t i on  f o r  30% and 35% methanol) i s  almost 
negl i g able . From the semi 1 ogari thmic standard curve 
i t  cou d be seen tha t  a l i n e a r  co r re la t i on  could be 
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SMALL MOLECULAR WEIGHT PEPTIDES 3567 

obtained f o r  a wide range of molecular weight  from 66 000 t o  

200 w i t h  a c o r r e l a t i o n  value o f  0.97. ( F i g  1).  

With t h i s  mobile phase composit ion (35% MeOH) t he  d i f f e r e n t  

parameters such as f low ra te ,  sample capaci ty  , sol ute-so l  Ute 
i n t e r a c t i o n s  and sample prepara t ion  are determined. 

- Flow ra te :  on ly  two f low ra tes ,  1 mL/min and 0.75 mL/min 

were tes ted  because o t  the maximum pressure l i m i t a t i o n s  s e t  

by the  column supp l ie rs .  No change i n  the pept ides r e t e n t i o n  
could be seen. This  i s  i n  accordance w i t h  the  r e s u l t s  o f  

Rokushika e t  a l .  (121, t h a t  the  HETP d i d  t iot vary f o r  small 
molecules on a TSK-Gel 2000 SW column as a fonc t io r i  o f  f l ow  

r a  t e  . 
- -- 

- Sample preparat ion:  The presence o f  s a l t  (NaCL) I n  the 

i n j e c t e d  sample (2OP-1) a f f e c t s  the re ten t ion .  It glves a 

pa ras i te  peak a t  33 min, whiLh i s  a t  the same pos l t i o r i  as d i  

and tri peptides. Hence, the  samples are  bes t  prepared i n  
water o r  the e l u t i o n  b u f f e r .  

We have ca l cu la ted  the s p e c i f i c  r e s o l u t i o n  f a c t o r  (Rsj f o r  

c e r t a i n  p a i r s  o f  small molecular weight pept ides according 

t o  Kato e t  a l .  ( 7 )  us ing  the equation: 

RS = 2 (v2  - v1) / (w2 + Wl ) ( l og  M 1  - l o g  M2). 

Where V, W and M are the  e l u t i o n  volumes, the  peak width a t  
the bottom and the  molecular weight  respec t ive ly .  From these 

values i t  i s  found t h a t  the h ighes t  separat ion e f f i c i e m l e s  
are found i n  the molecular weight  range o f  2000 and 200. 

-- 
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Flow rate: 1 m l h i n  1. Trypsin inhibitor 
2. Bacitracin 

3. Ala-Pro-Gly 

4. NaCI, Gly-L-Lys 

I 

15 20 25 

RETENTION TIME (MIN.) 

Figure 2. 

The elution pattern of the mixture of pure standard peptides: 
The mobile phase composition is same as in Fig. 1. 

As t h i s  i nves t i ga t i on  i s  o r ien ted  towards the a p p l i c a b i l i t y  

o f  t h i s  technique f o r  the group separation o f  peptides fruni 

conplex, p r o t e i n  hydrolysates, accordirig t o  the1 r' molecular 

weight d i s t r i b u t i o n  i t  was necessary t o  study the in f luehce  

o f  pept ide mixtures on the r c t e n t l o n  volumes, as compared t o  
a s ing le  pept ide i n  the sample, as i r i  the case f o r  the 

determination o f  ttie c a l i b r a t i o n  curve. For t h i s ,  we have 
made an a r t i f i c i a l  mixture of tt ie standard peptides i r i  the 

sample and the Fig.2 shows t h a t  peptides whether i n j e c t e d  
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1 I 2 13 1 4 1  5 161 7 1 8 191101 1 1  I 
I 1 I 

25 30 35 
RETENTION TIME (MIN.) 

Figure 3. 

4 

3 

2 $  

1 '3 

i 
0 
H 
u 

10 

E l u t i o n  profile of a casein hydrolysate. Mobile phase same as 
in Fig. 1. 

alone o r  as a mixture have the same retent ion volume and the 
e l u t i o n  p r o f i l e .  

The usefulness o f  t h i s  technique i s  demonstrated i n  the 
determination of the MU d i s t r i b u t i o n  p r o f i l e  o f  peptides, 

from a casein hydrolysdtes, as shown i n  F i g .  Ir ,  
The sample consists mainly o f  peptides of MW f rom 2000 t o  

300, as expected by the hydrolysis condit lor is used by the 
manufactures. I t was necessary t o  study the in f l uence  ot  

sample load on the, peptide resolut ions,  i n  order t o  use 

these f ract ions d i r e c t l y  on a second dimension HPLC. It i s  
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(a) 20 Dl of a 2.8 mg/ml 

I 1 1 2  1314)5161 7 1  8 19110111j 

25 30 35 
RETENTION TIME (MIN.) 

(b) 20 pI of 20 mgfml 

I 1 1 2 1 3  141 5 161 7 I 8 (91101 11 1 
25 30 35 

RETENTION TIME (MIN.) 

Figure 4 .  

Effect of the sample load in the form of a casein hydrolysate 
on the elution profile. 

(a) 20 U1 of  a 2 . 8  mg/mL 

(b) 20 U 1  of 20 mg/mL 

(c) 20 111 of 50 mg/mL 

A l l  samples are dissolved in water and the mobile phase is the 
same as in Fig. 1. 
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found t h a t  up t o  400 i \g  o f  the casein hydro lysate the  

r e s o l u t i o n  i s  unchanged; above t h i s  concent ra t ion  no 

seperat ion was observed (F ig .  4 a , b , c ) .  

- A good r e p r o d u c t i b i l i t y  o f  the e l u t i o n  p r o f i l e  f o r  the 

hydro lysate i s  obtained as v e r i f i e d  both by the  r e i n j e c t i u n s  

o f  the  e lu ted  peaks and by load ing  the same sample dur ing  J.i 

rutis. The mean dev id t i on  f o r  the  re ten t i on  t ime f u r  the  two 

peaks 5 and 7, are + 0.16 and + 0.13. The mean dev id t io r i  f o r  

the peak area f o r  peak 7 i s  2.89. 

The f r e e  amino ac ids  cou ld  be c l e a r l y  separated from the 

peptides; thus, the amino ac ids  such as cys te ine ,  

methionine, aspar t i c  ac id ,  g l yc ine  and tryptupliatie were rlrri 

separate ly  arid w i t t i  t he  pept ide peak 7 trorfl the hydru lysa lc  

and their r e t e n t i o n  t ime i s  always h igh te r  Lhan 36 m i r i  

whereas a l l  the  peptides are e lu ted  before 32 min (F ig .  51. 

This technique seems extremely promising and has the 

advantage o f  pep t i  de recovery w i thou t  encounteri  rig the 

problems o f  SDS removal as i n  the case o f  prev ious works. 

Moreover, t h i  s technique i s  proved usefu l  f o r  moni t o r i  ng the 

con t ro l  l e d  hyodro lys is  o f  the vegetable o r  animal p ro te ins  

us ing  f r e e  o r  immobil ised proteases as shown i n  the example 

i n  F ig .6  

DISCUSSION 
_-____I 

Kato -- e t  a1 . ( 7 )  repor ted  a separat ion rdnge f o r  TSK-SW LOOO 

column between 67 000 (BSAI and 5 000; us ing  NaCi as the 
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Ic) 20 /ll of 50 rng/rnl 

I 1 1 2  1 3 ] 4 [ 5 1 6 1  7 1  8 ~ 9 ~ 1 0 [ 1 1 ~  

RETENTION TIME (MIN.) 
25 30 35 

30 
I 

35 

RETENTION TIME (MIN.)  

Figure 5. 

I 

40 

Peptide peaks from a casein hydrolysate mixed with free amino 
acid. 

Elution conditions as in Fig. 1. 

Peak 1: peptide of MW 630, peak 2: 300 and peak 3: free amino 

acid. 
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J a 
I- 

I" 
0 20 25 30 

RT (MIN.) 

Figure 6. 

Elution profile variations according to the degree of proteoly- 
sis of a milk protein. 

mob i le  phase a d d i t i v e  t o  a phosphate b u f f e r .  We c o u l d  extend 

t h e  range f rom 67 000 t o  200 w i t h  a l i n e a r  r e g r e s s i o n  

c o r r e l a t i o n  between t h e  r e t e n t i o n  volunis and l o g .  MW equal 

t o  0.97 w i t h  a s lope  o f  - 5.9, by u s i n g  t n e  p r e s e n t  mob i l e  

phase composi t ion.  Moreover i t  i s  t o  be no ted  t h a t  t h e  t o t a l  

c o l  urnn v o l  ume w i t h  a 75 mm x 600 mi c o l  umn 1 s 26.5 mL. The 

f a c t  t h a t  the  r e t e n t i o n  volumes observea i n  t h e  6 /  000 to 

200 MW range, u s i n g  our mob i le  phase compos-it iun art !  

betweeti 12.1 mL and 27.0 niL i n d i c a t e s  t h a t  we a r e  o p e r a t l u g  

on an e x c l u s i v e l y  gel  f i l t r a t i o n  mode, where a l l  t h e  

p o s s i b l e  non s p e c i f i c  a d s o r p t i o n  o f  t h e  p e p t i d e s  t o  t h e  TSK 
column i s  Overcome by t h i s  s o l v e n t   omp position where d s  when 

35 
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0.3 M NaCL i s  used t o  over come the i n t e r a c t i o n s  ttie e l u t i o n  

volume range repor ted are from 25.0 mL t o  35.0 mL which 

c l e a r l y  i nd i ca ted  the presence o f  adsorpt ion phei-ioineria ( 3  1 .  

Moreover, more than 50% o f  the t o t a l  column volume i s  used 

i n  our HPSEC separation o f  p ro te ins  and peptides, which 
imp l ies  t h a t  we can use smal ler  l eng th  columns f o r  the same 

separation e f f i c i e n c y .  The s p e c i f i c  r e s o l u t i o n  fac to rs  i R s j  

are ca l cu la ted  f o r  c e r t a i n  p a i r s  o f  small molecular peptiaes 

and a maximum Separation e f f i c i e n c y  could be obta ined f o r  
peptides between 2000 and 200. Whereas the prev ious works 

(12 )  mentioned the maximum separation e f f i c i e n c y  below i 0  
000. 

Others add i t i ves  such as Na2S04 were d l so  used t o  

a l l e v i a t e  the  non-speci f i c  r e t e n t i o n  o f  lysozyme on t h i s  

co l  umn (1 1. However a1 1 these add i t i ves  were  no t  e f f i c i e r i t  

i n  t o t a l l y  over coming the non-speci f ic  adsorpt ion o f  small 

molecules such as peptides, aromatic amino ac las  and 

nuc leot ides (1) which we be l ieve  are due t o  the hydrophobic 
and hydrogen bond forces as i n t e r a c t i o n  mechdnlsms as has 

been repor ted  e a r l i e r  f o r  the s o f t  ge ls  ( 1 2 ) .  

H e f t i  (11) used e t h y l  a lcohol  as a mobile phase a d d i t i v e  f o r  

the s i ze  exc lus ions chromatography o f  p ro te ins .  However, 

t h i s  system i s  no t  e f f i c i e n t  f o r  the separat ion o t  small 

peptides. Methyl alcohol seems t o  be b e t t e r  i n  overcoming 

the non-spec i f i c  adsorpt ion.  This  may be due t o  the  b e t t e r  
proton donor p roper t ies  o f  the methyl d lcohol ,  as the 

adsorption o f  the pept ides t o  these columns may be expla ined 

i n  terms acceptor-donor i n t e r a c t i o n  o f  peptides w i t h  the gel 

surfaces, which g ive  r i s e  t o  hydrogen bound forces.  
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T h i s  HPSEC tech r i i q  

t h e  de te rm ina t ions  

p r o f i l e  o f  unknowrl 

f o l l o w  up o f  p r o l e o  

ani  ma1 o r i  g i  t i .  

CONCLUSION 
I 

e i s  a very v a l u a b l e  t o o l  not o n l y  f o r  

o f  t h e  mo lecu ld r  we lgh t  d i s t r . i b u t i o n  

p r o t e i n  hyd ro l ysa tes ,  b u t  a l s o  f o r  t h e  

y s i s  o f  p r o t e i n s  o f  b o t h  vegetable dna  
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