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A SIMPLE L I Q U I D  CHROMATOGRAPHIC METHOD 
FOR ANALYSIS OF INSULIN ANTI I T S  DERIVATIVES 

Y .  Pocker and Subhasis B. Biswas 
Department of Chemistry, B G l O  

U n i v e r s i t y  of Washington 
S e a t t l e ,  Washington 98195 

ABSTRACT 

Th i s  communication r e p o r t s  on our  r e c e n t  a p p l i c a t i o n  of 
s i ze -exc lus ion  h igh  performance l i q u i d  chromatography f o r  t h e  
r a p i d  a n a l y s i s  of i n s u l i n  and moni tor ing  t h e  p r o g r e s s  of i t s  
enzymatic hydro lys i s .  I n s u l i n ,  a p r o t e i n  hormone, e x h i b i t s  a 
complex a s s o c i a t i o n  behavior  i n  s o l u t i o n .  Consequently,  ana l -  
y s i s  of i n s u l i n  and its d e r i v a t i v e s  by conven t iona l  methods i s  
d i f f i c u l t .  We are a b l e  t o  ana lyze  i n s u l i n  and some of i t s  der -  
i v a t i v e s ,  and a l s o  t o  s tudy  t h e  t r y p s i n - p r o t e o l y s i s  of i n s u l i n  
by u s i n g  s i ze -exc lus ion  h igh  performance l i q u i d  chromatography 
under t h e  dena tu r ing  c o n d i t i o n  of 7 M u r e a .  T h i s  a n a l y t i c a l  
method i s  r a p i d ,  r ep roduc ib le ,  s e l e c t i v e  and s imple .  

INTRODUCTION 

High performance l i q u i d  chromatography (HPLC) i s  a ver- 

s a t i l e  and convenient t o o l  f o r  t h e  a n a l y s i s  and p u r i f i c a t i o n  

of o rgan ic  and b i o l o g i c a l  compounds (1). Recent ly  HPLC tech- 

n iques  have been extended t o  b i o l o g i c a l  macromolecules (2-4). 

An impor tan t  development i n  t h e  f i e l d  of p r o t e i n  a n a l y s i s  i s  

t h e  des ign  of columns which s e p a r a t e  p r o t e i n s  and p o l y p e p t i d e s  

a s  a f u n c t i o n  of t h e i r  r e l a t i v e  s i z e .  Although t h e  g e n e r a l  

p r i n c i p l e s  of o p e r a t i o n  of such  columns are w e l l  known, t h e r e  
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2 POCKER AND BISWAS 

is a n  u rgen t  need f o r  t h e i r  d e t a i l e d  and e x t e n s i v e  c h a r a c t e r i z a -  

t i o n  i n  o r d e r  t o  make them v a l u a b l e  t o o l s  f o r  p r o t e i n  a n a l y s i s .  

S t u d i e s  i n  t h i s  l a b o r a t o r y  have been  r e c e n t l y  d i r e c t e d  towards  

deve loping  d i f f e r e n t  e l u t i o n  c o n d i t i o n s  f o r  t h e  a n a l y s i s  of va r -  

i o u s  n a t i v e  and s e m i s y n t h e t i c  p r o t e i n s .  

Th i s  r e p o r t  is based on ou r  r e c e n t  s t u d i e s  of i n s u l i n  and 

i t s  d e r i v a t i v e s .  I n s u l i n  i s  a p r o t e i n  hormone of molecu la r  

weight  5 7 3 4  (bov ine ) .  I t  e x h i b i t s  a complex a s s o c i a t i o n  behav io r  

i n  s o l u t i o n ,  where i t  e x i s t s  as an  e q u i l i b r i u m  mix tu re  of mono- 

mers, d imers ,  t e t r a m e r s  and hexamers (5-11). A s  a r e s u l t ,  under  

n a t i v e  c o n d i t i o n s ,  s i z e - e x c l u s i o n  HPLC (SEHPLC) a n a l y s e s  r e s u l t  

i n  broad chromatograms. To e l i m i n a t e  t h i s  problem w e  have used 

t h e  d e n a t u r i n g  c o n d i t i o n s  of 7 M u r e a .  Urea is a n  inexpens ive ,  

e a s i l y  a v a i l a b l e  d e n a t u r i n g  agen t  which c a n  be removed w i t h  ease 

from t h e  column by washing i t  w i t h  d i s t i l l e d ,  d e i o n i z e d ,  degassed  

wa te r .  The re fo re ,  u r e a  is  a cho ice  d e n a t u r i n g  agen t  t o  be used  

wi th  columns where r e p r o d u c i b l e  r e s o l u t i o n  and s e l e c t i v i t y  ove r  

l o n g  p e r i o d s  are d e s i r e d .  

S e v e r a l  g roups  have r e p o r t e d  s e p a r a t i o n  of p o l y p e p t i d e s  and 

s m a l l  p r o t e i n s  by r e v e r s e d  phase  h igh  per formance  l i q u i d  chroma- 

tography (RF'HPLC) (2,3). By comparison,  t h e  SEHPLC is  more ad- 

vantageous  because  t h e  s e p a r a t i o n  is  based  main ly  on s i z e  and 

hence t h e  chromatogram is more p r e d i c t a b l e ;  f u r t h e r m o r e ,  molecu- 

l a r  weight  and s u b u n i t  s t r u c t u r e  d e t e r m i n a t i o n s  are a l s o  p o s s i b l e .  

The SEHPLC techn ique  w i l l  a l s o  p rov ide  s i m p l e r  means of  i s o l a t i n g  

mono component p r o t e i n s  from n a t u r a l  and recombinant  DNA s o u r c e s  

e s p e c i a l l y  w i t h  t h e  development  of p r e p a r a t i v e  SEHPLC column. 

EXPERIMENTAL 

I n s t r u m e n t a t i o n  

The HPLC sys tem used i n  t h i s  s t u d y  is a Waters High Per-  

formance L iqu id  Chromatograph, c o n s i s t i n g  of a n  M600A s o l v e n t  de- 
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ANALYSIS OF INSULIN AND I T S  DERIVATIVES 3 

l i v e r y  sys tem and a U 6 K  u n i v e r s a l  l i q u i d  chromatographic  i n j e c t o r ,  

coupled t o  a Waters Model 440 U l t r a v i o l e t  absorbance  d e t e c t o r .  

The ou tpu t  of t h e  absorbance  d e t e c t o r  i s  a t t a c h e d  t o  a Honeywell 

E lec t ronik-19 '  Recorder.  The columns used are a VBondapak C-18 

r eve r sed  phase column and a Waters 1-125 p r o t e i n  s e p a r a t i o n  co l -  

umn. Sample i n j e c t i o n s  a r e  performed w i t h  a Hamilton m i c r o l i t r e  

s y r i n g e .  So lven t s  and b u f f e r  s o l u t i o n s  are f i l t e r e d  i n  a m i l l i -  

po re  f i l t e r  j u s t  p r i o r  t o  use .  Values of pH a r e  de te rmined  on a 

Beckman Research  pH meter u s i n g  a Cole Parmer combina t ion  g l a s s  

e l e c t r o d e .  

Mate r i a Is 

I n s u l i n .  Bovine Zn-insu i n  w a s  purchased  from Sigma Chemi- 

c a l  Co. (Lot No. 4 7 C  - 0264)  and was a l s o  o b t a i n e d  a s  a g i f t  of 

Dr. Ronald E.  Chance of L i l l y  Research  L a b o r a t o r i e s ,  Indianapo- 

l is, Ind iana .  Zn-free i n s u l i n s  were p repa red  by t h e  method o f  

Goldman and Carpen te r  (8 ) .  TPCK t r e a t e d  t r y p s i n  w a s  purchased  

from Worthington Biochemical Corpora t ion .  

Highly p u r i f i e d  i n s u l i n s  were p repa red  by chromatography of 

Zn-free i n s u l i n  on a Sephadex G-50 ( s u p e r f i n e )  column (2.5 cm x 

90 cm) u s i n g  10% a c e t i c  a c i d  s o l u t i o n  as e l u a n t .  

Urea w a s  purchased from Bio-Rad L a b o r a t o r i e s  (E lec t rophore -  

sis p u r i t y  r eagen t  g rade ) .  A l l  u r e a  s o l u t i o n s  were p repa red  w i t h  

d i s t i l l e d ,  d e i o n i z e d ,  degassed  water and a n a l y t i c a l  r eagen t  g rade  

t r i s  ( r e c r y s t a l l i z e d )  and HC1.  

The p r e s e n t  communication a l s o  demons t r a t e s  a unique  ex- 

p l o i t a t i o n  of t h i s  t echn ique  f o r  t h e  s t u d y  of p r o t e o l y s i s .  Thus 

we were a b l e  t o  moni tor  t h e  s p e c i f i c  h y d r o l y t i c  c l eavage  of  in- 

s u l i n  by t r y p s i n  u s i n g  SEHPLC and t o  de t e rmine ,  n o t  on ly  t h e  op- 

timum c o n d i t i o n s  f o r  maximum p r o t e o l y s i s ,  b u t  a l s o  ways of avoid- 

i n g  unnecessary  p r e c i p i t a t i o n  d u r i n g  t h e  cour se  of t h i s  r e a c t i o n .  
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4 POCKER AND BISWAS 

Procedure 

( i )  Column: A Waters a s s o c i a t e s  column 1-125 f o r  t h e  s e p a r a t i o n  

of p r o t e i n s  having  a molecular  weight i n  t h e  range of between 

2000 - 80000 was used f o r  t h i s  s tudy .  

methanol. The change from methanol t o  u r e a  b u f f e r s  w a s  achieved 

by washing i n  t h e  sequence methanol,  methanol water, water, Tris- 

H C 1  b u f f e r ,  u rea  b u f f e r .  A f t e r  a n a l y s i s ,  t h e  column was s t o r e d  

i n  methanol by changing t h e  s o l v e n t s  i n  t h e  r e v e r s e  o r d e r .  

Caution: Since t h e  column is  h igh ly  pH s e n s i t i v e  t h e  s o l u t i o n  

must be  kept  below pH 8 .0  and a t  t h e  end of t h e  a n a l y s i s  a n  ex- 

t e n s i v e  wash ( 2  ml/min f o r  60 min) of t h e  column w i t h  de ion ized  

water  is  a b s o l u t e l y  necessa ry  i n  o rde r  t o  ma in ta in  a smooth and 

r ep roduc ib le  performance. The column should  be  s t o r e d  in meth- 

a n o l  o r  methanol water (1:l). 

( i i )  P repa ra t ion  of Mobile Phase and Sample: The mobile phase 

used f o r  t h e s e  a n a l y s e s  was 7 M u r e a  i n  0 .01  M Tris-HClj0.05 M 

N a C l  b u f f e r  of pH 7.0 a t  25OC. The b u f f e r  w a s  p repared  by ad- 

d ing  0.01 moles of  T r i s  and 0.05 moles of N a C l  p e r  l i t e r  of 7 M 

u rea  s o l u t i o n ,  which was prepared  wi th  de ion ized  water and f u r -  

t h e r  de ionized  by pass ing  through an an ion  exchange column. 

f i n a l  pH w a s  a d j u s t e d  w i t h  HC1.  The b u f f e r  s o l u t i o n  was f i l t e r e d  

and degassed ,  Methanol w a s  f i l t e r e d  and degassed  b e f o r e  use .  

The s o l u t i o n s  of t h e  samples were prepared  i n  t h e  mobile phase  

b u f f e r .  

( i i i )  Tryps in  Modi f i ca t ion  S t u d i e s :  T ryps in  (TPCK-treated) 

c l e a v e s  i n s u l i n  a t  B22-Arg and BZg-Lys t o  form desoc tapep t ide -  

) - i n s u l i n ,  a heptapeptide-(B23-29) and B Ala. Zn-free (B23-30 30 
bovine i n s u l i n  w a s  d i s s o l v e d  i n  0.0025 M C a C 1 2  a t  pH 9 .5  and 

37°C. TPCK-trypsin was added t o  t h e  i n s u l i n  s o l u t i o n  a t  an  en- 

zyme-substrate r a t i o  1:20. The s o l u t i o n  w a s  incubated  a t  37°C 

u s i n g  a the rmos ta t ,  and t h e  pH w a s  main ta ined  a t  9.5 ? 0.02 by 

employing a PDP/8E computer c o n t r o l l e d  pH-state and t i t r a t i n g  

wi th  0 .1  N NaOH. Al iquo t s  of 200 ul were taken  a t  d i f f e r e n t  time 

The column w a s  s t o r e d  i n  

The 
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ANALYSIS OF INSULIN AND ITS DERIVATIVES 5 

i n t e r v a l s  and frozen immediately i n  d ry  ice-acetone bath.  The 

a l i q u o t s  were lyoph i l i zed  and, j u s t  p r i o r  t o  HPLC a n a l y s i s ,  were 

d i s so lved  i n  200 u l  urea b u f f e r .  Aliquots  of 20 111, con ta in ing  

- ca.  20 pg of t o t a l  p r o t e i n ,  were then i n j e c t e d  i n  t h e  column f o r  

a n a l y s i s .  The peaks were monitored a t  254 nm. 

RESULTS 

The SEHPLC chromatogram of a bovine i n s u l i n  p r e p a r a t i o n  ob- 

t a i n e d  from E l i  L i l l y  Co. i s  shown i n  Figure l a  and compared w i t h  

the  SDS-PAGE p a t t e r n s  shown i n  Figure l b .  The SEHPLC chromato- 

gram i n d i c a t e s  s e v e r a l  minor i m p u r i t i e s ,  whereas, e l e c t r o p h o r e s i s  

p a t t e r n  shows only one minor impuri ty .  

p repa ra t ion ,  i t  was d i s so lved  i n  0.25 N H C 1  and p r e c i p i t a t e d  w i t h  

18 volume acetone. The p r e c i p i t a t e  of i n s u l i n  hydrochlor ide w a s  

c o l l e c t e d  and washed with acetone. The p u r i f i e d  i n s u l i n  perpara-  

t i o n  w a s  d r i e d  overnight  under vacuum and was analyzed by SEHPLC. 

Figure 2 shows t h e  chromatogram of p u r i f i e d  i n s u l i n .  

p a r a t i o n  con ta ins  only two very minor i m p u r i t i e s .  

minor i m p u r i t i e s ,  however, are not  d e t e c t a b l e  by e l e c t r o p h o r e s i s .  

These SEHPLC and SDS-PAGE ana lyses  i n d i c a t e  t h a t  t h e  SEHPLC tech- 

nique i s  a powerful t o o l  f o r  p r o t e i n  a n a l y s i s .  

sis has  h ighe r  r e s o l u t i o n  and t akes  a few minutes i n  c o n t r a s t  t o  

e l e c t r o p h o r e s i s  which t a k e s  s e v e r a l  days. The r e t e n t i o n  t i m e  of 

i n s u l i n  under t h e  cond i t ions  used was 8.5 minutes.  Retent ion 

times, peak areas and peak shapes were highly r ep roduc ib le  under 

t h e  cond i t ions  used. 

To p u r i f y  t h i s  i n s u l i n  

This  pre- 

These very 

The HPLC analy- 

We app l i ed  t h i s  HPLC technique t o  monitor t h e  t r y p s i n  clea-  

vage of bovine i n s u l i n .  
two major fragments a r e  produced: 

(DOPI) and a heptapept ide (Scheme I ) .  I n s u l i n  with a molecular 

weight % 5750 and D O P I  w i th  a molecular weight % 4900 are ind i s -  

t i ngu i shab le  on our s h o r t  column by HPLC a n a l y s i s .  However, t h e  

heptapept ide + oc tapep t ide  fragments which e l u t e  as a s i n g l e  peak, 

When i n s u l i n  i s  t r e a t e d  w i t h  t r y p s i n ,  

) - i n s u l i n  23-30 desoctapeptide-(B 
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6 POCKER AND BISWAS 
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Figure  1. ( a )  The s i z e  e x c l u s i o n  h igh  performance l i q u i d  chrom- 

atogram of i n s u l i n  ( a  p r e p a r a t i o n  ob ta ined  from 

E l i  L i l l y  Co.).  The c o n d i t i o n s  used were: buf-  

f e r ,  0.01 M Tris-HC1/0.05 M N a C l  in 7 M u r e a ;  

pH 7.0 a t  25'C; p r o t e i n  q u a n t i t y  150 ug; f low 

rate  1 ml/min. P r o t e i n  was i n i t i a l l y  d i s s o l v e d  

i n  mobile phase b u f f e r  and t h e  peaks were moni- 

t o red  a t  254 nm. 

(b)  The SDS-PAGE p a t t e r n  of t h e  same i n s u l i n  prepar -  

a t i o n  i n  7 . 5 %  polyacry lamide  g e l  s t a i n e d  w i t h  

coomasie b lue  and d e s t a i n e d  i n  7% a c e t i c  a c i d  by  

d i f f u s i o n .  

Both F igu re  l a  and l b  i n d i c a t e  t h e  major impur i ty  but 
s e v e r a l  minor i m p u r i t i e s  can be  observed only  i n  Flg- 

ure  l a .  
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- 

- 

- 

- 
J 

I I I I I 

2 4  b 8 10 

Tryps in  (TPCK t r e a t e d )  

pH = 9.5 

F igu re  2.  The s i z e  e x c l u s i o n  h igh  performance l i q u i d  chromato- 

gram of h i g h l y  p u r i f i e d  i n s u l i n  under c o n d i t i o n s  des- 

c r i b e d  i n  F igu re  l a  and t h e  p r o t e i n  w a s  Q 20 pg. 

Scheme 2 

can be observed. Therefore ,  we used t h e  p e p t i d e  peak (hep ta  - p e p -  

t i d e  p l u s  o c t a  p e p t i d e )  t o  monitor t he  t r y p s i n  d i g e s t i o n  of i n s u l i n .  

A l iquo t s  were taken  a t  d i f f e r e n t  time i n t e r v a l s  and ana lyzed .  

F igu re  3 shows t h e  chromatograms of t h e  time-dependent a n a l y s e s  

of t h e  r e a c t i o n  mixture.  Peak I ( r e t e n t i o n  t i m e  = 4.25 min) is 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



8 

0 

POCKER AND BISWAS 

0 1 2 3 4 5 6 7 8 9  
T I M E  ( H I N )  

Figure  3 .  The SEHPLC monitoring of t r y p s i n  d i g e s t i o n  of i n s u l i n  

a t  pH 9.5 and 3 7 ° C .  

was 1:20. A z. 20 pg p r o t e i n  a l i q u o t  ( taken  a t  var- 

ious t i m e  i n t e r v a l s  as i n d i c a t e d )  i n  t h e  mobile phase  

b u f f e r  was i n j e c t e d  and t h e  chromatographic condi- 

t i o n s  were similar t o  F igure  l a  except  t h e  flow rate 

was 2 rnl/min. Peak I (wi th  a r e t e .n t ion  t i m e  of 4.25 
min) is  t h e  i n s u l i n  + DOPI peak and Peak I1 (with a 
r e t e n t i o n  time of 6 m i n ) i s  t h e  hep tapep t ide  peak. 

The enzyme t o  s u b s t r a t e  r a t i o  
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ANALYSIS OF INSULIN AND I T S  DERIVATIVES 9 

made up of a mixture  of i n s u l i n  + DOPI  and remains unchanged: 

however, Peak I1 ( r e t e n t i o n  time = 6 min) c o n s i s t i n g  of octapep- 

t i d e  + hep tapep t ide  i n c r e a s e s  w i t h  t i m e .  Peak I1 is a t o t a l l y  

inc luded  peak and i s  absent  a t  t h e  s ta r t  of t h e  r e a c t i o n  b u t  in- 

creases s t e a d i l y  wi th  t i m e .  A f t e r  one hour Peak I1 changes v e r y  

s l i g h t l y  w i t h  t i m e  (F igure  4 )  and r eaches  a p l a t e a u .  A t  3.0 

hour s  t h e  r e a c t i o n  was te rmina ted  and l y o p h i l l i z e d .  A 9. 1 mg 

p o r t i o n  was d i s s o l v e d  i n  100 p 1  urea  b u f f e r  and i n j e c t e d  i n  t h e  

column. The second h a l f  of Peak I and a l l  of Peak I1 was c o l l e c -  

t e d ,  p a r t i a l l y  d i a lyzed  and l y o p h i l l i z e d .  The samples were ana- 

lyzed  i n  t h e  Aminoacid a n a l y s i s  l a b o r a t o r y  i n  t h e  Department of 

0 
n e 
Q: 

X 

W 
L1 

a 

a 

Figure  4 .  A k i n e t i c  p r o f i l e  of t h e  p r o g r e s s  of t r y p s i n  clea- 

vage of i n s u l i n  a t  pH 9.5 and 37OC u s i n g  an enzyme 

t o  s u b s t r a t e  r a t i o  of 1:20. The r a t i o  of Peak II/ 

Peak I ( a s  shown i n  F igu re  3 )  were p l o t t e d  a g a i n s t  

t he  time a t  which t h e  a l i q u o t  was taken .  
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ANALYSIS OF INSULIN AND ITS DERIVATIVES 11 

B i o c h e m i s t r y  a t  t h e  U n i v e r s i t y  of Washington.  The r e s u l t s  are 

shown i n  T a b l e  I ,  which p r o v e s  t h a t  Peak  I i s  DOPI and Peak  I1 i s  

t h e  h e p t a p e p t i d e .  The r e s u l t s  a r e  i n  e x c e l l e n t  agreement  w i t h  

t h o s e  of p r e v i o u s  w o r k e r s  ( 1 2 ) .  The p e p s i n  c l e a v a g e  of i n s u l i n  

a t  pH = 2.5 and 3 O C  was m o n i t o r e d  i n  t h e  same f a s h i o n  ( d a t a  n o t  

shown). 

The c a l i b r a t i o n  of  t h e  column w i t h  r e s p e c t  t o  m o l e c u l a r  

w e i g h t  of  p r o t e i n s  was performed u s i n g  r i b o n u c l e a s e ,  c a r b o n i c  an-  

h y d r a s e ,  h o r s e  l i v e r  a l c o h o l  d e h y d r o g e n a s e ,  haemoglobin ,  and b o v i n e  

s e r u m  a lbumin  (BSA). Blue d e x t r a n  of  m.w. 2 x 10 d a l t o n  w a s  u s e d  

t o  d e t e r m i n e  t h e  v o i d  volume of t h e  column. The p l o t  of l o g  Mw vs  

(Ve-Vo)/Vo (Ve = e l u t i o n  volume,  Vo = v o i d  volume) i s  p r e s e n t e d  i n  

F i g u r e  5. T h i s  p l o t  shows t h a t  t h e  u s e  of  d e n a t u r i n g  c o n d i t i o n s  

of  7 M u r e a  d o e s  n o t  a l t e r  t h e  l i n e a r i t y  o f  t h e  s i z e  e x c l u s i o n  

column 1-125. I t  might  b e  p o s s i b l e  t h a t  t h e  i n t e r a c t i o n  o f  t h i s  

column w i t h  s o l u t e  i n  7 M u r e a  i s  hydrophobic  i n  n a t u r e .  T h i s  

i s  n o t  t r u e  i n  t h e  cases w e  s t u d i e d .  I n  normal  c o n d i t i o n s  t h e  

s i z e  of a p r o t e i n  m o l e c u l e  depends  on i t s  t e r t i a r y  s t r u c t u r e  i n  

a d d i t i o n  t o  m o l e c u l a r  w e i g h t ,  c o n s e q u e n t l y  t h e  column w i l l  n o t  b e  

l i n e a r  w i t h  r e s p e c t  t o  Mol.wt. a l o n e ,  However, u n d e r  d e n a t u r i n g  

c o n d i t i o n s ,  t h e  t e r t i a r y  s t r u c t u r e  w i l l  b e  i n s i g n i f i c a n t  a s  most  

p r o t e i n s  w i l l  a c q u i r e  a more c o i l e d  s ta te ,  whose s i z e  w i l l  b e  a 

s i m p l e  f u n c t i o n  o f  t h e  m o l e c u l a r  w e i g h t .  As a r e s u l t  t h e  column 

w i l l  b e  l i n e a r  w i t h  r e s p e c t  t o  t h e  s i z e s  and Mol.wt. o f  t h e  p r o t e i n s .  

6 

D i s c u s s  i o n  

The method d e s c r i b e d  i n  t h i s  p a p e r  u s e s  t h e  SEHPLC s y s t e m  

and h a s  s e v e r a l  a d v a n t a g e s .  The t e c h n i q u e  i s  r a p i d ,  e x h i b i t s  mo- 

d e r a t e l y  h i g h  r e s o l u t i o n  and p r o v i d e s  a s i m p l e  method f o r  a n a l y z -  

i n g  a complex m i x t u r e  of  p r o t e i n s .  It c a n  b e  used  f o r  t h e  a n a l y -  

s i s  of  p r o t e i n  m i x t u r e s ,  and f o r  t h e  i s o l a t i o n ,  p u r i f i c a t i o n  and  

d e t e r m i n a t i o n  o f  m o l e c u l a r  w e i g h t s  o f  p r o t e i n s  u s i n g  few micro-  

grams t o  m i l l i g r a m  q u a n t i t i e s  of p r o t e i n s .  
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The molecular weight c a l i b r a t i o n  of the 1-125 p ro te in -  
s epa ra t ion  column. Chromatographic cond i t ions  were 

as descr ibed i n  Figure l a  and Q 20 llg of p r o t e i n s  

were i n j e c t e d .  

Work i n  progress  a t t empt s  t o  develop a high p r o t e i n  recovery 

technique s u i t a b l e  f o r  i s o l a t i o n  and p u r i f i c a t i o n  of va luab le  pro- 

t e i n s .  Although, a t  p r e s e n t ,  only small q u a n t i t i e s  of p r o t e i n  

can be p u r i f i e d  by t h i s  technique,  i n  t h e  f u t u r e  i t  w i l l  be pos- 

s i b l e  t o  p u r i f y  l a r g e r  q u a n t i t i e s  of p r o t e i n s  when p r e p a r a t i v e  

s ize-exclusion columns w i l l  be a v a i l a b l e .  Large-scale p u r i f i c a -  

t i o n  of single-component p r o t e i n s  w i l l  be extremely va luab le  f o r  

t r e a t i n g  hype r sens i t i ve  insulin-dependent d i a b e t i c s  (13,14). 

We have success fu l ly  monitored t r y p s i n  and pepsin proteo- 

l y s i s  of i n s u l i n  by the  SEHPLC technique, and have f u r t h e r  demon- 
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ANALYSIS OF INSULIN AND ITS DERIVATIVES 13 

strated that the nomitoring of similar reactions is very fast and 
convenient and extremely useful in protein-sequencing. 
nique will also be useful in monitoring the isolation and purifi- 
cation of proteins by conventional methods. 

these preliminary observations this technique seems extremely 
promising and worthy of further investigations. 

This tech- 

In the light of 
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ABBREVIATIONS 

HPLC 
SEHPLC 
RPHLC 
DOP I 

PAGE 
SDS-PAGE 

PPCK 

High performance liquid chromatography 
Size-exclusion high performance liquid chromatography 

Reversed phase high performance liquid chromatography 

Desoctapeptide-(B )-Insulin 

Polyacrylamide gel electrophoresis 
Sodium dodecyl sulfate polyacrylamide gel electrophor- 
sis 
L-(tosylamido 2-pheny1)ethyl chloromethyl ketone 

23-30 

NOTE ADDED IN PROOF ---- 

After the completion of this manuscript, similar observa- 
tions have been reported in regard to the SEHPLC of other pro- 
teins under denaturing conditions (Imamura, T., Konishi, K., 

Yokoyama, M. and Konishi, K. (1981). J. Liq. Chromatogr. 40, 
613). 
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