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JOURNAZ. OF LIQUID CHROMATOGRAPIIY, 3(9), 1399-1416 (1980) 

GEL PERMEATION CHROMATOGRAPHY OF INSULIN 

B . S .  Welinder  
Hagedorn Research Labora tory  

DK-2820 G e n t o f t e  
Denmark 

ABSTRACT 
Aquas g e l  permeat ion chromatography of  i n -  

s u l i n  under  d e n a t u r a t i n g  c o n d i t i o n s  h a s  been 
s u c c e s s f u l l y  performed on t h r e e  d i f f e r e n t  chro-  
matographic  s u p p o r t s .  The s e p a r a t i o n  p a t t e r n  
w a s  i d e n t i c a l  t o  t h a t  o b t a i n e d  on s o f t  g e l s  
(Sephadex, BioGel ) .  The e l u t i o n  t i m e  w a s  10-20  
min, recovery  98-100%. 

INTRODUCTION 

The main f i e l d  of a c t i v i t y  i n  h igh  p r e s s u r e  
l i q u i d  chromatography i s  s e p a r a t i o n  of low mole- 
c u l a r  weight  s u b s t a n c e s  and s y n t h e t i c  polymers .  
A p p l i c a t i o n s  f o r  b i o l o g i c a l  compounds of h i g h e r  
molecular  weight  ( e . 9 .  p r o t e i n s ,  n u c l e i c  a c i d s )  
have h i t h e r t o  been random, p r i m a r i l y  due t o  l a c k  
of chromatographic  s u p p o r t s .  

g e l  chromatography of p r o t e i n s  has  t o  be p r e s s u r e  
- s t a b l e  and h y d r o p h i l i c ,  t h e r e b y  e l i m i n a t i n g  o r  
minimizing t h e  i n t e r a c t i o n  w i t h  t h e  p r o t e i n s .  
The o r i g i n a l  material  t o  be used f o r  h igh  p r e s s u r e  

A good chromatographic  s u p p o r t  f o r  high-speed 
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1400 WELINDER 

size exclusion chromatography of protein was coat- 
ed controlled-porosity glasses, but adsorption was 
a serious problem. A mixture of insulin, glucagon 
and somatostatin could be resolved on controlled 
-porosity glass coated with glycerylpropylsilane, 
but they were eluted in the reverse order expected 
if the separation should be based on molecular 
size (1). Recoveries as low as 20% for proteins 
have been reported for glycophase columns ( 2 ) .  

hydrophilic coatings have been introduced €or high 
pressure gel chromatography of proteins, but only 
a few applications to biological substances have 
yet been published ( 3 - 7 ) .  

Recently, silica-based supports with different 

In parallel with high pressure size exclusion 
chromatography, proteins and peptides have been 
analyzed by reversed phase high pressure liquid 
chromatography where adsorption problems often are 
solved by addition of hydrophilic or hydrophobic 
ion-pairing reagents to the eluants ( 8 ) .  Insulin 
and insulin-related peptides have been analyzed in 
several ion-pair reversed phase systems (9-16) and 
it is possible to distinguish between insulin from 
different species (bovine-porcine) or between i n -  
sulin and desamido insulin ( 9 ,  12, 13). It has 
not yet been possible to reach a fractionation 
capacity for insulin comparable to that of ana- 
lytical isoelectric focusing or disc electro- 
phoresis. 

sure may be divided in two classes: either the 
eluents contain disaggregating substances or not. 
I n  the last case the molecular weight of insulin 

G e l  chromatography of insulin at low pres- 
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GPC OF INSULIN 1401 

primarily depends upon concentration, zinc con- 
cent and pH (17-19). Under disaggregating con- 
ditions, e.g. in 1 M acetic acid crystalline in- 
sulin may be separated in the b-component con- 
taining the dimer of insulin, proinsulin and in- 
termediary insulin (molecular weight 9.000-12.000) 
and the c-component containing insulin, deamidated 
insulin and arginininsulin (molecular weight about 
6.000) (20). 

In the present work the application of aquas 
gel permeation chromatography to insulin is de- 
scribed. The paper includes retention values and 
recovery for insulin and insulin-related compounds 
on different pressure-stable chromatographic sup- 
ports in aquas buffers containing disagqregatinq 
compounds. 

MATERIALS AND MZTHODS 

Apparatus 
The liquid chromatograph consisted of Waters 

M 6000 pump U6K injector and 440-UV-detector. 
Waters data module was used for electronic inte- 
gration. 

7 L G n z i t l D F ~ S .  a 

All experiments were performed at room tern, per- 
ature. Chemlcals were of analytical purity and the 
water was twice distilled in quartz. The eluants 
were degassed and Millipore-filtered (0.45 urn) before 
use. 

Bovine and porcine insulin (twice crystallized, 
0.5% zinc) were supplied from Nordisk Gentofte. The 
insulin samples consisted of about 90% pure insulin 
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1402 WELINDER 

p l u s  va ry ing  amounts of p r o i n s u l i n ,  i n s u l i n  d imer ,  
i n t e rmed ia ry  i n s u l i n ,  a r g i n i n i n s u l i n  and desamido- 
i n s u l i n .  P r o t e i n s  used as molecu la r  weight  markers 
were s u p p l i e d  from Sigma (bovine  serum albumin,  o v a l -  
bumin, a-chymotrypsinogen, r i b o n u c l e a s e )  , Merck 
(cytochrom C )  , N u t r i t i o n a l  Biochemical  Corp. (Myo- 
g l o b i n )  and Eli L i l l y  (g lucagon) .  Genapol SE-150 

was s u p p l i e d  from Hoechst.  

performed on t h r e e  d i f f e r e n t  s i l i c a - b a s e d  chromato- 
g raph ic  s u p p o r t s .  

8 

S e p a r a t i o n  o f  i n s u l i n  and s t a n d a r d  p r o t e i n s  w a s  

Waters Bondage1 E-125 ( s i l i c a  c o a t e d  w i t h  e t h e r  
g roups f  300 x 3 . 9  mm I . D . )  

ToyoSoda G 2000  SW and G 3000 SW ( s i l i c a  coa ted  
w i t h  hydroxy-groups, 6 0 0  x 7.5 m I . D . )  

Waters 1-125 p r o t e i n  column ( s i l i c a  c o a t e d  w i t h  

hydroxy-groups, 300 x 7.8 mm I . D . )  

The e x a c t  composi t ion  of any of t h e  c o a t i n g  
l a y e r s  1s unknown. 

The p r o t e i n  samples were d i s s o l v e d  i n  t h e  re- 
s p e c t i v e  e l u a n t s .  T h e  c o n c e n t r a t i o n  w a s  10 rng/rnl 
excep t  where any th ing  e l se  is  s t a t e d .  

Columns and a c t u a l  c o n d i t i o n s  i n  each e x p e r i -  
ment a r e  f u r t h e r  exp la ined  i n  t h e  legends  t o  t h e  
f i g u r e s .  
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Fig. 1. 
Separation of 20 pg crystalline porcine insulin 
in 5 ul on 2 x Bondagel E-125 eluted with 7 M 
urea/O.l M Tris/pH 7.5, 0.5 ml/min. The arrows 
at the top indicate the elution volumes for some 
of the components in crystalline insulin (Des= 
desamidoinsulin, pro=proinsulin, Arg=arginininsu- 
lin, ins=insulin). 

RESULTS 

Bondagel E-125. 
The first experiments were performed on Bonda- 

gel E-125, since it was the only silica gel permea- 
tion chromatography column available with some ap- 
plications for biological substances (21). The 
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1404 WELINDER 

starting point was the well known Sephadex G - 5 0 1  

1 M acetic acid separation of re-crystallized in- 
sulin in b- and c-components ( 2 0 ) .  Under these con- 
ditions insulin was firmly bound to the E-125 col- 
umn material. . 

If urea was added to the eluants (e.g. 7 M urea/ 
1 M acetic acid) insulin was eluted as a symmetric 
peak, but its elution volume was considerably greater 
than the column volume available to very small mole- 
cules. Also at neutral pH adsorption was considerable: 
in 7 M urea/O.l M Tris/pH 7 . 5  crystalline insulin was 
eluted in two fractions, the first consisting of 12%, 
the second 88% of the W-curve area (fig. 1). As 
can be seen from this figure some components in crys- 
talline insulin (with approximately the same molecular 
weight) showed different elution volumes, but all 
much greater than the volume available to small mole- 
cules. 

Addition of non-ionic detergent to the eluant 
tends to diminish the retention volumes. The best 
result was obtained with GenapolO (alkylpolyglycol 
-ethers), see fig. 2 .  The separation pattern of 
twice crystallized porcine insulin is the same as 
the one obtained on Sephadex G-59 in 1 M acetic 
acid. The minor component co-elutes with b-component 
isolated from a preparative separation of the same 
insulin on Sephadex G - 5 0 / 1  M acetic acid, the major 
component has the same retention value as c-fraction 
from the same Sephadex fractionation. 

tion of the eluate and the sample was found to be 98% 
(1114) and the analysis was completed after 1 5  min. 

The recovery based on comparison of UV-absorp- 
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GPC OF INSULIN 1405 
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Fig. 2 .  

I I L 

9 6 3 0  
ELUTION VOLUME, m l  

Separation of twice crystallized porcine insulin 
on 2 x Bqndagel E-125 eluted with 7 M urea/O.l% 
H,PO, (v/v)5% Genapol SE-150, 0.5 ml/min. 30 u q  
protein in 10 ~1 was injected. Based on electronic 
integration, the content of c-fraction (the major 
fraction) was found to be 97.38,  S.D.=0.05%, n=8. 
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Fig. 3. 
Separation of 35 ;lg protamin-insulin in 3.5 ~ 1 ,  

conditions as in fig. 2. 

Fig. 3 shows a chromatogram of protamin-insulin. 
The two base-line separated peaks after the insulin 
sample are the preservatives phenol and m-cresol. 

Fig. 4 shows the elution volume for a few pro- 
teins-peptides and acetone in relation to their molec- 
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Fig. 4 .  

Elution volume for some proteins and acetone in 
relation to molecular weight. Conditions as in 
fig. 2 .  

ular weight. The separation range is MW 3000-12000 
and the available separation volume ( f o r  2 columns) 
is 3 - 6 . 5  ml. By comparing to the elution volume for 
phenol and m-cresol in fig. 3 it is clearly seen that 
these aromates are heavily retarded, as they are on 
Sephadex and BioGel. 

TovaSoda G 2000  SW. 

The separation of recrystallized insulin in 
b- and c-component on TSK gel G 2000 SW could be per- 
formed in 7 M urea/O.l% phosphoric acid (v/v) with 
the same separation pattern as found on Bondagel. It 
was further examined whether this separation could be 
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O e O L  
c 

ELUTION VOLUME, mi 
Fig. 5. 
Separation of 50 ug twice crystallized bovine insu- 
lin ( A ) ,  50 ug bovine c-fraction (B) and 50 Fig bovi- 
ne b-fraction (C)on TSK-gel G 2000 SW eluted with 
7 M urea/O.l M tris/O.l M NaC1, pH 7.30. The columr. 
(600 x 7 . 5  mm I.D.) was eluted with 1.0 ml/min. 

performed at a more neutral pH. Fig. 5 shows the se- 
paration of crystalline bovine insulin and the Sephadex 
fractioned b- and c-components in 7 M urea/O.l M 
Tris/O.l M NaC1, pH 7 . 3 0 .  The heterogeneity of 
the b-component is clearly seen. The minor con- 
tent of b-component seen in the isolated c-com- 
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GPC OF INSULIN 1409 

I I I 

24 I8 12 6 
ELUTION VOLUME, mi 

Fig. 6. 
Separation of commercial bovine serum albumin 
in monomer, dimer and higher polymers on G 3000 
SW eluted with 0.15 M phosphate buffer/O.l M 
NaCl/pH 7.30, flow rate 1.0 ml/min. Identificc- 
tion of mono and dimer was based on co-chroma- 
tography of the actual components isolated by 
Sephadex G 100 chromatography of the same sample. 
The content of monomer, based on electronic in- 
tegration, was found to be 8 6 . 2 % ,  S.D.=0.4%, n=10. 
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1410 WELINDER 

ponent  d e r i v e s  from a sma l l  amount of  d imer i zed  
i n s u l i n  produced by f r e e z e  d r y i n g  o f  t h e  c-com- 
ponent  from 1 M ace t ic  a c i d .  The s e p a r a t i o n  i s  
completed i n  less than  2 0  min. and t h e  r e c o v e r y ,  
based on Uv-absorption as d e s c r i b e d  above,  i s  100%. 

Proper  s e p a r a t i o n  o f  i n s u l i n  i n  b- and c-com- 
ponent  cou ld  n o t  be performed w i t h o u t  a d d i t i o n  of 
urea  t o  t h e  e l u a n t .  Other  p r o t e i n s  cou ld  be  f r a c -  
t i o n a t e d  i n  i n o r g a n i c  b u f f e r s  c o n t a i n i n g  a small  
amount of n e u t r a l  s a l t ,  f i g .  6 shows t h e  s e p a - a t i o n  
of a commercial sample o f  bovine serum albumin on 
G 3000 SW.. 

1-125 p r o t e i n  column. 
F i n a l l y ,  t h e  s e p a r a t i o n  c a p a c i t y  on p r o t e i n  

column 1-125 w a s  examined. The s e p a r a t i o n  i n  7 M 

u rea /O . l% phosphor ic  a c i d  ( v / v ) ,  f i g .  7 ,  is  essefi- 
t i a l l y  t h e  same as found on G 2000 S W  and aondagel .  
The s e p a r a t i o n  is  t e rmina ted  a f t e r  11 min. and t h e  

recovery  i s  9 9 % .  

1-125 column are  shown i n  f i g .  8 .  
The e l u t i o n  volumes f o r  some p r o t e i n s  on t h e  

DISCUSSION 

I n  t h e  l a s t  few years a t t e m p t s  t o  s e p a r a t e  
p e p t i d e s  and p r o t e i n s  on h igh  p r e s s u r e  l i q u i d  chro-  
matographic  s u p p o r t s  have been a lmost  e x c l u s i v e l y  
based on r e v e r s e  phase chromatography. T h i s  method, 
w i t h  o r  w i thou t  a d d i t i o n  of  i o n - p a i r i n g  r e a g e n t s ,  
seems very  w e l l  s u i t e d  f o r  t h e  s e p a r a t i o n  of  pep- 
tides, whereas a p p l i c a t i o n s  f o r  p r o t e i n s  s t i l l  a r e  
very  l i m i t e d .  
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F i g .  7 .  
The s e p a r a t i o n  of 50 pg twice c r y s t a l l i z e d  p o r c i n e  
i n s u l i n  i n  5 p l  on a Waters 1-125 column ( 3 0 0  x 7 . 6  

mm I . D . )  e l u t e d  w i t h  7 M u r e a / O . l %  H3POk (v/v), 
1.0 ml/min. T h e  numbers p r i n t e d  v e r t i c a l l y  a r e  
r e t e n t i o n  times i n  min. a n d  1/100 m i n . ,  t h e  o r d i m s 2  
i s  t h e  a b s o r p t i o n  a t  2 8 0  nm i n  a r b i t r a r y  u n i t s .  

I t  would t h e r e f o r e  b e  of i n t e r e s t  t o  examine 
t h e  p r e s e n t  p o s s i b i l i t i e s  €or p e r f o r m i n g  h i g h  p r e s -  
s u r e  l i q u i d  c h r o m a t o g r a p h i c  s e p a r a t i o n s  G €  p ~ l y p e ~ -  

t i d e s  and p r o t e i n s  based  on t h e i r  m o l e c u l a r  s i z e .  
According t o  t h e  e x p e r i m e n t s  r e p o r t e d  h e r e  2 s e p a r a -  
t i o n  " c l a s s e s "  c a n  b e  d e s c r i b e d :  one n e e d s  t h e  a d d i -  

t i o n  of d e t e r g e n t ,  u r e a  and  a c i d  t o  e l u t e  i n s u l i n  
p r o p e r l y  (p-Bondagel) and a n o t h e r  c a n  e l u t e  i n s u l i n  un- 
der acid as w e l l  a s  n e u t r a l  c o n d i t i o n s  w i t h  u r e a  a s  the 

o n l y  d e n a t u r a t i n g  a g e n t  (TSK g e l ,  1-125 c o l u m n ) .  
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Fig. 8 .  
Elution volume for some proteins and water on a 
1-125 protein column. Conditions as described for 
fig. 7 .  

It is obvious that the last class of column 
materials constitute a great step towards the "idea:" 

column material, which should allow very rapid separa- 
tion and be free of adsorption to proteins and nucleic 
acids. The most serious drawbacks are the followinq: 

1. Some adsorption between the column material 
and the proteins still exists, probably due to un- 
reacted silanol groups in the silica back-bone. It 
is therefore generally necessary to incorporate a small 
amount of a neutral salt in the eluants. 
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6PC OF INSULIN 1413 

2. When TSX-G 2000 SW columns are e l u t e d  w i t h  
commercial ly  used b u f f e r s  ( T r i s ,  phosphate ,  ammonium 
hydrogencarbonate)  a t  n e u t r a l  pH w i t h  0.1-0.2 M N a C l  

i n  t h e  b u f f e r s ,  a d s o r p t i o n  of some l o w  molecu la r  weight  
compounds t o  t h e  m a t r i x  suspends t h e  l i n e a r  r e l a t i o n -  
s h i p  between molecular  weight  and e l u t i o n  volume. Such 
d e v i a t i o n s  were found f o r  i n s u l i n ,  i n s u l i n  A-chain, i n -  
s u l i n  B-chain, glucagon and a p r o t i n i n  ( 2 2 ) .  From t h e  
l i t e r a t u r e  a p r o t i n i n  i s  known t o  b ind  t o  G 3000 SW 

column-packings (23)  . I n  0.1% sodiumdodecylsul-  
pha te  c o n t a i n i n g  0.02-0.5 M s o d i m p h o s p h a t e ,  i n -  
s u l i n  began t o  adso rp  t o  t h e  G 3000 SW and G 4000 

SW column-packings a t  0.1 M sodiumphosphate and 
a t  0 . 2  M s e v e r e l y  t a i l i n g  peaks were o b t a i n e d  ( 2 4 ) .  

I t  t h e r e f o r e  seems as i f  t h e  a d s o r p t i o n  problems 
i n c r e a s e  w i t h  t h e  d e c r e a s i n g  molecular  weight  of 
t h e  sample.  A few exper iments  w i t h  t h e  1-125 c o l -  
umn i n d i c a t e d  a s i m i l a r  problem. 

I t  should be n o t i c e d  t h a t  i n c o r p o r a t i o n  of 
urea  i n  t h e  e l u a n t s  d e c r e a s e s  t h e  e f f e c t i v e  sepa ra -  
t i o n  range  f o r  p r o t e i n s .  The f r a c t i o n a t i o n  r ange  
f o r  Bondagel E-125 measured w i t h  a po lye thy leneg ly -  
c o l  i n  water i s  2000-50000 (25). Elu ted  w i t h  u r e a /  
Genapol /phosphoric  a c i d  a s  d e s c r i b e d  h e r e  t h i s  c o l -  
umn shows very  poor r e s o l u t i o n  f o r  p r o t e i n s  w i t h  a 
molecular  weight  h ighe r  t han  12000. T h i s  t endency ,  
b u t  t o  a much lesser d e g r e e ,  has  been d e s c r i b e d  f o r  
Bondagel columns i n  T r i s / 7  M urea as n e u t r a l  pH ( 3 ) .  

Also G 2000 S W  and 1-125 columns show a reduced 
f r a c t i o n a t i o n  range  i n  u r e a  c o n t a i n i n g  b u f f e r s ,  t h e  

primary s i g n  seems t o  be a s h i f t  i n  t h e  upper  p a r t  
of t h e  s t anda rd  cu rve  from l i n e a r  t o  bend (see f i g .  
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61, t he reby  r educ ing  t h e  e f f i c i e n c y .  The s a m e  e f -  
f e c t  i s  seen  i n  o t h e r  d e n a t u r a t i n g  e l u a n t s ,  e .g .  
0 .5% sodiumdodecylsulphate  and 6 M guanidinium 
hydroch lo r ide  ( 2  4 1 . 

I n  s p i t e  of t h e s e  drawbacks it should  be 
po in ted  o u t  t h a t  t h e  p r e s e n t  l e v e l  i n  aquas  g e l  
permeat ion chromatography a l l o w s  molecu la r  weight  
e s t i m a t i o n  f o r  p r o t e i n s  i n  a v a r i s t y  of  s o l v e n t s  
and molecular  weight  r anges  and w i t h  a consumption 
of t i m e  around 1-2% of t h a t  used for low-pressure  

g e l s .  The separa t ion  c a p a c i t y  f o r  t h e  columns i n -  

v e s t i g a t e d  i n  t h i s  r e p o r t  l i e s  i n  t h e  r ange  0.05- 

1 mg, b u t  s i n c e  p r e p a r a t i v e  columns a l l o w i n g  s i z e  
f r a c t i o n a t i o n  of  up t o  100 mg p r o t e i n  are  commer- 
c i a l l y  a v a i l a b l e ,  t h i s  t echn ique  w i l l  p robably  
very soon be developed t o  t h e  p o i n t  as low-pr.essure 
g e l  chromatography. 
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