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A HIGH PERFORt44NCE LIQUID CHROMATOGRAPHIC ASSESSMENT 
OF THE ISOLATION OF BOVINE PROINSULIN AND A 

SYNTHETIC PROINSUL I N  FRAGMENT 

John G.R. Hu r re l l  and Raymond J .  Fleming, 
Research and Development D iv i s ion  * 
Commonwealth Serum Laboratories, 

Pa rkv i l l e ,  V i c t o r i a  3052, Aus t ra l i a  

and 
M i l t o n  T.W. Hearn*, 

HRC Imnunopathology Research Uni t ,  
Otago Un ive rs i t y  Medical School, 

P.O. Box 913, Dunedin, New Zealand 

ABSTRACT 

used f o r  t h e  analys is  and p u r i f i c a t i o n  of the bovine p r o i n s u l i n  
C-peptide fragment 34-45 (H-Val 4 1  u-G1 y-Pro-G1 n-Val - G l  y-A1 a-Leu-G1 u- 
Leu-Ala-OH) ( I )  prepared sol  i d  phase synthet ic  methods. Convention- 
a l  open column chromatographic met ods f a i l e d  t o  resolve the  des i red 
dodecapeptide ( I )  from the  des-Pro)-undecapeptide (11) * which 
cons t i t u ted  t h e  major so l  i d  phase synthet ic  d e l e t i o n  product. 
5-  or 10- UTI m ic ropar t i cu la te  reversed phase columns, these 
peptides are r e a d i l y  resolved p repara t i ve l y  i n  l e s s  than twenty 
minutes w i t h  simple e l u t i o n  systems. The e l u t i o n  order  i s  i n  
accord w i t h  t h a t  expected on the  bas is  of hydrophobic fragmental 
constant sumnation. These HPLC techniques have been extended t o  
permit  the a n a l y t i c a l  assessment o f  t he  i s o l a t i o n  o f  bovine pro-  
i n s u l i n  and the pro insul  i n  intermediates.  
p r o i n s u l i n  i n i t i a l l y  t o  the intermediates and f i n a l l y  t o  the 
desalanyl - i n s u l i n  and the  C-peptide on t r y p t i c  d i g e s t i o n  can be 
followed by HPLC techniques which thus supplement a l t e r n a t i v e  
polyacrylamide d i sc  e lec t rophore t i c  methods. 

High performance l i q u i d  chromatographic techniques have been 

On 

The conversion o f  bovine 

* To whom correspondence should be addressed. 
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474 HURRELL, FLEMING, AND HEMU 

INTRODUCTION 

Proinsul i n ,  the b iosynthet ic  precursor o f  i nsu l i n ,  has been 
i so la ted  and character ised from a wide v a r i e t y  o f  ver tebrate species 
and i t s  transformation, both i n  v i vo  and i n  v i t r o ,  t o  i n s u l i n  and 
the i n te r l ock ing  C-peptide extens ive ly  documented (1-5). An analys is  
o f  the wide species v a r i a t i o n  found i n  the  sequences o f  t he  
C-peptides, compared t o  the conservation o f  s t ruc tu re  shown by 
d i f f e r e n t  insu l ins,  suggests t h a t  the C-peptide may not have any 
spec i f i c  endocrine funct ion other  than f a c i l i t a t i n g  the f o l d i n g  o f  
p ro insu l i n  t o  ensure the co r rec t  p a i r i n g  o f  cys te iny l  residues 
required t o  fonn the d isu lph ide l inkages o f  i n s u l i n  (6-8). The 
C-peptide, however, when assayed imnunological ly, provides an 
important hallmark f o r  fo l lowing pancreatic dysfunct ion i n  vivo.  
The amino ac id sequences o f  many mammalian C-peptide segments, 
including the bovine C-peptide (9), have been elucidated. 
high performance 1 i q u i d  chromatographic (HPLC) procedures have been 
applied t o  the analysis o f  a number o f  d i f f e r e n t  i n s u l i n s  (19-12).  
I n  t h i s  paper, we wish t o  r e p o r t  the app l i ca t i on  of reversed phase 
HPLC f o r  the analysis and p u r i f i c a t i o n  o f  p r o i n s u l i n  r e l a t e d  
C-peptides. During p a r t  o f  these studies, r e l a t e d  chromatographic 
procedures were found useful i n  fo l l ow ing  the i s o l a t i o n  o f  bovine 
p ro insu l i n  from commercial c r y s t a l l i n e  i n s u l i n  preparations. 

Recently, 

MATERIALS AND METHODS 

Synthesis o f  Bovine Pro insul in  Fragment 34-45 ( I )  

Solvents and Reagents. Methylene ch lo r i de  (AR) was obtained from 
BDH (Melbourne) and pu r i f i ed  by passage down a column (6  x 90cm) o f  
basic alumina (aluminium oxide 90 basic Merck) before use. 
Dimethylformamide (A.R. BDH Melbourne) was p u r i f i e d  by sequential 
passage down ac id i c  and basic alumina columns and stored over 
molecular sieve 4A. A l l  protected amino acids were purchased from 
the Peptide I n s t i t u t e  (Osaka, Japan). The a-amino funct ions o f  a l l  
amino acids were protected by the t-butyloxycarbonyl (BOC) group. 
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ISOLATION OF BOVINE PROINSULIN 475 

The y-carboxyl funct ion o f  glutamic a c i d  was protected as the 
benzyl ester .  

Synthesis. Chloromethylated polystyrene-div inyl  benzene (2%) 
copolymer (100-200 mesh) was purchased from the Peptide I n s t i t u t e  
(Osaka, Japan) and e s t e r i f i e d  w i t h  Boc-alanine by r e f l u x i n g  i n  
ethanol- f o r  24 hours i n  the  presence o f  t r i e thy lam ine  (13).  The 
r e s u l t i n g  r e s i n  contained 0.221nnole Boc a lan ine per gram. 

Synthesis o f  the fragment was c a r r i e d  o u t  i n  an apparatus 
s i m i l a r  t o  t h a t  described by Rosenblatt e t  a l .  (14 ) .  Coupling 
react ions were c a r r i e d  ou t  i n  methylene ch lo r i de  w i t h  a three f o l d  
molar excess o f  Boc-amino ac id  and N'N'-dicyclohexylcarbodiimide 
f o r  each amino ac id w i t h  the  exception o f  leuc ine and glutamine. 
Leucine i s  on l y  spar ingly soluble i n  methylene c h l o r i d e  and hence 
dimethylformamide was used as the coupl ing solvent f o r  t h i s  amino 
acid.  G lu tm ine  was introduced i n t o  the pept ide by react ion o f  t he  
p-nitrophenyl ester,  i n  s i x  f o l d  excess, i n  dimethylformamide, w i t h  
the peptide r e s i n  i n  the presence o f  1-hydroxybenztriazole (15).  
The completeness o f  coupl ing a f t e r  the add i t i on  o f  each amino ac id  
was assessed q u a l i t a t i v e l y  by the n inhydr in  method (16) .  
couplings were repeated using dimethylformamide as the solvent.  
If a second react ion f a i l e d  t o  complete the coupling, the unreacted 
a-amino groups were blocked by react ion w i t h  ace t i c  anhydride i n  
the presence o f  t r ie thy lamine (17) .  
pept ide from the res in  was by treatment w i th  hydrogen f l u o r i d e  i n  
the presence o f  1% aniso le a t  O°C f o r  30 minutes. 
ou t  by D r  G. Tregear o f  the Howard Florey I n s t i t u t e ,  Melbourne, 
using the procedure described by Stewart and Young (18).  

Peptide P u r i f i c a t i o n .  The pep t id i c  product was gel f i l t e r e d  on a 
column (54 x 2.4cm) o f  Sephadex 6-25 ( f i n e )  i n  0.5N amnonium 
bicarbonate. The leading edge o f ,  the main peak, which had no 
o p t i c a l  absorption a t  280nm. was pooled and l yoph i l i sed .  
l y o p h i l i s e d  f rac t i on  was fur ther  p u r i f i e d  by chromatography on a 
column (48 x 2.2cm) of carboxymethyl (CM) Sephadex C-50. A l i n e a r  
gradient was developed using 0.05M pyr id ine-acet ic  acid, pH 4.3 

Incomplete 

Cleavage o f  the completed 

This  was c a r r i e d  

This 
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476 ENRRELL, FLEMING, AND HEARN 

and 1.OM pyr id ine-acet ic  ac id  pH 4.3 a t  room temperature. The 
f rac t i ons  co l l ec ted  (4.5ml) were monitored by the Fluorescamine 
procedure ( 19) . 

mixture (5Omg) was c a r r i e d  o u t  on Sephadex 6-25 ( f i n e )  (column 
dimensions 48 x 2.2cm) equ i l i b ra ted  i n  the aqueous phase o f  the 
B A W  bu f fe r  (n-butanol-acet ic acid-water, 4:1:5) and e lu ted  w i t h  
the organic phase a t  a f l ow  r a t e  o f  0.2ml/min. The peptides were 
detected f l uo romet r i ca l l y  v i a  the fluorescamine react ion.  

Chemical Characteri sat ion.  Peptides were hydrolysed from the 
r e s i n  using the HC1-propionic a c i d  procedure (20). Acid hydro lys is  
o f  the peptides was i n  5.7N HC1 f o r  24 hours a t  l l O ° C  i n  vacuo. 
Amino ac id  analyses were c a r r i e d  ou t  using a Beckman 121M Amino 
Acid Analyzer. The resin-bound peptide was sequenced by 
O r  L. Sparrow of the C S I R O  D iv i s ion  o f  Prote in  Chemistry, Melbourne 
using an LKB Solid-Phase Peptide Sequencer 4020. Thin- layer chrom- 
atography was ca r r i ed  o u t  on s i l i c a  gel p la tes (Merck, Kieselgel 60) 
i n  the f o l  1 owi ng sol vent systems : 
ace t i c  acid-water (50:50:10:30), BAWP butanol -acet ic acid-water- 
py r id ine  (60:12:48:40). 

P a r t i t i o n  chromatography o f  the crude synthet ic  pept ide 

PEAH, Pyr id ine-ethyl  acetate- 

I s o l a t i o n  and P u r i f i c a t i o n  o f  Bovine Pro insul in .  

Bovine p ro insu l i n  was i s o l a t e d  using modi f icat ion o f  the i on -  

exchange method o f  Steiner e t  a1 (1) from f i r s t  c r y s t a l s  o f  bovine 
i n s u l i n  supplied by the Production D iv i s ion  Commonwealth Serum 
Laboratories, Pa rkv i l l e .  Following gel chromatography on Sephadex 
G-50 ( f i n e )  (column dimensions 120 x 3cm) us ing a 1.OM ace t i c  ac id  
eluant, the pooled, l yoph i l i sed  proinsul  i n - r i ch ,  as ind icated by 
polyacrylamide electrophoresis, f rac t i ons  (89) were rechromato- 
graphed on a CM-cellulose column (column dimensions 53.5 x 5.4cm) 
w i th  i n i t i a l l y  0.01M c i t r a t e ,  pH 5.50 containing 7M urea. A f t e r  
e l u t i o n  of peak B, 0.2M NaCl was added'to the e l u t i n g  bu f fe r .  
Iso la ted components from the i o n  exchange columns were dialyzed 
against  0.1M ace t i c  acid, l y o p h i l i s e d  and then examined by d i sc  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOLATION OF BOVINE PROINSULIN 477 

e lec t rophores is  (Zl), i n  10% polyacrylamide gels, a f t e r  being 

d isso lved i n  0.111 Tris-o.001M EDTA pH 7.4 con ta in ing  7M urea. 

con f i rma t ion  o f  i d e n t i t y .  

335812) was added t o  a s o l u t i o n  o f  p r o i n s u l i n  i n  0.1M NH4 t!C03. 
pH 8.2, t o  a l e v e l  o f  1% w/w. 
and samples taken a t  5 ,  10, 20, 30 and 90 minutes, were l y o p h i l i s e d ,  
taken up i n  t r i s - u r e a  b u f f e r  and examined by d i s c  e lec t rophores i s .  

High Performance L i q u i d  Chromatography (HPLC) A l l  so lvents  were 

AnalaR grade. Methanol and a c e t o n i t r i l e ,  suppl ied by Fischer 
S c i e n t i f i c  Co. were p u r i f i e d  as repor ted  e a r l i e r  (22 ) .  
phosphoric a c i d  was obtained f r o m  May and Baker L t d .  Water was de- 
i on i sed  by reverse osmosis and d i s t i l l e d .  
ance 1 i q u i d  chromatography system was used which inc luded two 
,%000A so lvent  d e l i v e r y  u n i t s ,  an M660 so lvent  p rog ramer  and a 

U6K un iversa l  l i q u i d  chromatographic I n j e c t o r ,  coupled t o  a 14450 

va r iab le  wavelength UV mon i to r  and a Rikadenki dual  channel c h a r t  
recorder.  Sample i n j e c t i o n s  were made w i t h  d Pressure-Lok l i q u i d  

syringe, Ser ies B l l O  f r o m  P rec i s ion  sampling (Baton Rouge, La, 
U.S.A.). 
( M i l l i p o r e  Corp. Bedford, Mass. U.S.A.) and samples w i t h  a Swinney 
F i l t e r  (AP2500 F i l t e r s ,  M i l l i p o r e  Corp.).  

c a r r i e d  o u t  a t  room temperature (c. 20'). A l l  pep t ides  were made 
up i n  the  e l u t i n g  solvent.  Bulk so lvents  were degassed separa te ly  
and t h e  appropr ia te  mobile-phase prepared and e q u i l i b r a t e d  as 
repor ted  p rev ious l y  (22) .  A1 1 c o l  umns were equi 1 i bra ted  t o  new 
mobi le phases fo r  a t  l e a s t  3G minutes and a f t e r  g rad ien t  e l u t i o n s ,  
t he  grad ien t  was reversed and the  columns r e - e q u i l i b r a t e d  f o r  
30 minutes a f t e r  i n i t i a l  cond i t i ons  were reached. Flow r a t e s  were 
maintained between l.Oml/min. and 4.0ml/min. as i n d i c a t e d  i n  t h e  
t e x t .  

range of 205-220nm. depending on the  na ture  o f  t h e  sample and mobi le 
phase. A f te r  semi-preparative chromatographic separations, t h e  pH 
of  the  e luants  was ad jus ted  t o  ca. pH 7.C. and the  appropr ia te  

I s o l a t e d  p r o i n s u l i n  was subjected t o  t r y p t i c  d i g e s t i o n  as 
TPCK-treated t r y p s i n  (Uor th ing ton  l o t  

D iges t i on  was c a r r i e d  o u t  a t  37OC 

Ortho- 

A Waters h igh  p e r f o n -  

Solvents were f i l t e r e d  us ing  a pyrex f i l t e r  ho lder  

A l l  chromatograms were 

Detect ion o f  the pept ides was u s u a l l y  c a r r i e d  ou t  i n  the  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
B

LE
 

--
 

_- 
f (D

 

A
m

in
o 

A
ci

d 
C

on
ip

os
it

io
na

l 
D

at
a 

fo
r 

th
e 

B
ov

in
e 

C
-P

ep
ti

de
 

Fr
ag

ne
nt

 (
I)

 

A
ft

e
r 

6-
25

 
A

fte
r 

"-
 

A
ft

e
r 

pC
18

 
R

es
in

 
C

ru
de

 

Se
ph

ad
ex

 
ch

ro
m

at
og

ra
ph

y 
Th

eo
re

 t 
i c

a 
1 

bo
un

d 
cl

ea
ve

d
 

p
ep

ti
d

e 
p

ep
ti

d
e 

ch
ro

m
at

og
ra

ph
y 

ch
ro

m
at

og
ra

ph
y 

A
la

ni
ne

 
2 

V
al

in
e 

2 

- G
ly

ci
ne

 
2 

Le
uc

i n
e 

2 

Pr
o1

 i n
e 

1 3 
G1

 u
ta

in
i c

 
A

ci
d 

-- 
.
 -
 _- 

- 
-
 - 

- 
- 

- -
 - 

- 
. -

 

2.
00

 
2 

.on
 

2.
05

 

2.
00

 
2.

02
 

2.
02

 

1.
86

 
1.

90
 

1.
91

 

1.
67

 
1.

70
 

1.
82

 

0.
24

 
0.

26
 

0.
42

 

2.
42

 
2.

32
 

2.
99

 

. 
.
 -
 - 

- -
 .
 

- .
 - 
-
. 

- 
. 

- 
- 

- 
._

 - 
.
 
-
 - 

. 
- _

_
_

 

2.
12

 
2.

07
 

2 
-0

9 
2.

06
 

1.
98

 
1.

95
 

3 !2 
0.

51
 

0.
94

 
Y

 

3.
09

 
3.

10
 

E 
__

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOLATION OF BOVINE PROINSULIN 479 

f ract ions were concentrated by evaporation under reduced pressure, 

and analysed by amino a c i d  analysis and a n a l y t i c a l  HPLC. 

RESULTS AND DISCUSSION 

The synthesis o f  the bovine p r o i n s u l i n  fragment 34-45 (H-Val- 
Glu-Gly-Pro-Gln-Val -Gly-Ala-Leu-Glu-Leu-Ala-OH) ( I )  was c a r r i e d  ou t  
by standard sol i d  phase techniques us ing t-BOC-alanine subs t i t u ted  
polystyrene-2% divinylbenrene r e s i n  (22Oumol/g). Acety la t ion of 
unreact ive a-amino groups present a f t e r  a second repeated coupl ing 
step (17) was required a f t e r  residue 4 , ( L e ~ ) ~ ,  on ly .  The cleavage 
o f  the peptide f r o m  the r e s i n  was c a r r i e d  out f o r  a shor t  t ime and 

a t  low temperature t o  reduce the reac t i on  o f  t he  y-carboxyl groups 
w i th  an iso le i n  the presence of HF (23.24). The pept ide was 
recovered a t  82% o f  the theo re t i ca l  y i e l d .  

A1 though the synthesis o f  the bovine proinsul  i n  fragment 34-45 
( I )  appeared t o  proceed smoothly as assessed by the n inhydr in  t e s t  
(16), amino ac id  analysis o f  the r e s i n  bound pept ide and the crude, 
cleaved peptide ind icated a low l e v e l  o f  p ro l i ne  (Table).  So l i d -  
phase sequence analysis o f  a sample of the support bound pept ide 
c l e a r l y  ind icated t h a t  p ro l i ne  a t  residue 9 ( res idue 37 o f  bovine 
p ro insu l i n )  was deleted i n  a l a rge  propor t ion of the pept ide chain. 
Figure 1 shows a t l c  p l a t e  o f  the PTH amino acids i so la ted  dur ing 
the  sequence analysis.  The lane corresponding t o  cyc le  9 ind icates 
t h a t  both glutamine (as evidenced by the presence o f  both glutamine 
and glutamic ac id)  and p r o l i n e  were found a t  residue 9. A s  wel l  as 
p a r t i a l  de le t i on  a t  residue 9 the t l c  p l a t e  shows t h a t  a preview o f  
fo l lowing residues i s  seen a t  cycles 7, 8 and 11 suggesting t h a t  
incomplete coupl ing occurred a t  these steps dur ing the synthesis. 
These r e s u l t s  suggested t h a t  the crude product, obtained from the  
s o l i d  phase synthesis, contained the desired bovine p r o i n s u l i n  

des-Pro , des-Gln and des-Val der ived peptides. 

column i n  0.5N NH4HC03. The e l u t i o n  p r o f i l e  i s  seen i n  Figure 2. 

fragment 34-45, together w i t h  contaminating amounts o f  des-Glu 11 , 
9 8 7 

The crude peptide was chromatographed on a Sephadex G-25 ( f i n e )  
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Figure 2 E l u t i o n  p r o f i l e  f o r  t h e  gel f i l t r a t i o n  o f  
pept ide mix tu re  on a Sephadex C-25 ( f i n e )  
(54 x 2.4cm) e q u i l i b r a t e d  and e lu ted  w i t h  

2.0 

1.0 

0 

t h e  crude 
column 
0.5N ammonium - .  

bicarbonate.  
pooled and 1 yophi 1 i sed . 

The f r a c t i o n s  i n d i c a t e d  by  the  bar  were 

The t r a i l i n g  edge of  the  peak contained ma te r ia l  which absorbed 
l i g h t  a t  280nm. suggesting t h i s  contained an iso la ted  pept ides.  
l ead ing  edge was l y o p h i l i s e d  and f u r t h e r  p u r i f i e d  on a column o f  
CM-Sephadex (C-50) developed w i t h  a l i n e a r  py r id ine -ace t i c  a c i d  

g rad ien t .  The e l u t i o n  p r o f i l e  i s  seen i n  F igure  3 .  The major 
peaks were pooled and l y o p h i l i s e d .  The amino ac id  analyses f o r  
the  pooled f rac t i ons  a re  seen i n  t h e  Table. These analyses suggest- 
ed t h a t  the  f i n a l  CM-Sephadex f r a c t i o n a t e d  ma te r ia l  (which was 
obtained i n  22% y i e l d )  contained approximately 50% p r o l i n e  d e l e t i o n  

pept ides.  

a t i o n  of under iva t ised  peptides, obtained from s o l i d  phase syn thes is  

The 

Sens i t i ve  and r a p i d  techniques f o r  HPLC ana lys i s  and p u r i f i c -  
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Figure 3 Elu t i on  p r o f i l e  o f  peptide, prev ious ly  i s o l a t e d  by gel 
f i l t r a t i o n  (Figure 21, on CM-Sephadex C-50 using a 
py r id ine  gradient a t  pH 4.3. The main peak was pooled 
as ind icated and l yoph i l i sed .  

have recent ly  been described (10,22,25,26) .  Besides a1 lowing the 

assessment o f  homgeneitv o f  p a r t l y  p u r i f i e d  peptides, these methods 
have the c a p a b i l i t y  t o  be used preparat ive ly .  P u r i f i c a t i o n  o f  

peptides obtained f r o m  s o l i d  phase synthesis has t r a d i t i o n a l l y  
involved open column chromatography procedures based on gel 
permeation, ion-exchange, p a r t i t i o n  o r  adsorption methods o r  
counter current  d i s t r i b u t i o n  techniques. Depending on the nature 

o f  the components a l l  o f  these techniques can have low separation 
e f f i c i e n c i e s  (as observed above) and are r e l a t i v e l y  time consuming. 
Because o f  the poor resolut ion f requent ly  shown by these methods 
w i th  mixtures o f  c lose ly  r e l a t e d  peptides, as can be obtained i n  
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- 4 Ana ly t i ca l  gradient e l u t i o n  p r o f i l e  o f  crude C-peptide 
fragment ( I )  on a VBondapak-CIS column a t  a f low r a t e  o f  
2mL/min. A l i n e a r  10 minute gradient from a c e t o n i t r i l e -  
water-phosphoric ac id  (10:90:0.15) t o  a c e t o n i t r i l e -  
water-phosphoric ac id  (50:50:0.1%) was s ta r ted  1 minute 
a f t e r  i n j e c t i o n  o f  the sample. 

s o l i d  o r  so lu t i on  phase synthesis due to  de le t i on  errors ,  the 
i so la ted  f rac t i ons  need t o  be monitored by a n a l y t i c a l  methods t o  
ascer ta in  p u r i t y .  Generally, t h i n  l a y e r  and paper chromatography 
o r  e lect rophoret ic  methods have been used t o  monitor the homo- 
genei ty o f  peptide synthesis. 
f u l  l y  porous reversed-phase packings and ion-pai  ri ng e l u t i o n  
s t ra teg ies t h a t  HPLC techniques are complementary t o  methods 
convent ional ly used, having the important advantages o f  h igh speed, 
good recoveries and leve l  o f  reso lu t i on  greater than found w i t h  
open column chromatography. 

The a n a l y t i c a l  gradient HPLC chromatogram o f  the CM-Sephadex 
p u r i f i e d  synthet ic  bovine C-peptide ( I )  using a uBondapak-C18 
column a t  a f low ra te  o f  2mL/min i s  shown i n  Figure 4. 
gradient was generated using the hydrophi l  i c  phosphate approach 

It i s  c lea r  from recent studies w i t h  

The 
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Am nm 

Figure 5 

t ime (mind 

Semi -p repara t ive  separat ion o f  t he  CM-Sephadex f r a c t i o n -  
ated C-peptide fragment ( I )  on a UBondapak-C1g column a t  
a f l ow  r a t e  o f  2ml/min. us ing  a mobi le phase o f  
acetoni tri 1 e-water-phosphori c a c i d  (20:80 : 0.1Z). 
Fract fons were pooled as i nd i ca ted  by the  bars;  peak 3 ,  
des-Prog-peptide ( i I ) ;  peak 4, C-peptide fragment ( I ) .  

from aceton i t r i le -water -phosphor ic  a c i d  (10:90:0.1% t o  50:50:0.1~~) .  

Figure 5 shows the  semi-preparative separat ion o f  t h i s  crude pept ide  
under i s o c r a t i c  cond i t i ons  w i t h  a mobile phase o f  a c e t o n i t r i l e -  

water-phosphoric a c i d  (20:80:0.1$) on lOum Bondapak-Clg columns. 
Fol lowing recovery o f  t he  e lu ted  f rac t i ons  (82% o v e r a i l  y i e l d )  
amino a c i d  analyses and a n a l y t i c a l  HPLC conf i rmed t h a t  t h e  des i red  
dodecapeptide ( I )  e lu ted  w i t h  a r e t e n t i o n  t ime o f  ca. - 12 minutes 
w h i l s t  t he  des-Pro -peptide (11)  e l u t e d  ca. 7 minutes. S i m i l a r  
r e s o l u t i o n  o f  t he  crude syn the t i c  product, as we l l  as t h e  CM- 

Sephadex chromatographed f rac t i ons ,  can be achieved w i t h  Sum 
Lichrosorb-ODS columns and a mobi le phase o f  methanol-water- 

phosphoric a c i d  (50:50:0.5%). 

and ion-exchange systems. p a r t i t i o n  chromatography (27 )  o f  t he  

9 

Due t o  the  poor r e s o l u t i o n  obtained w i t h  the open column gel 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOLATION OF BOVINE PROINSULIN 

26 

185 

20 A 
24 
22- 
20- 

- 

6 -  
4 -  

fmtim nmber Ihl) fmtim nmber Ihl) 

Figure 6 P a r t i  t i o n  chromatography o f  the crude C-peptide fragment 
( I )  on a Sephadex G-25 ( f i n e )  column (48 x 2.2cm) 
equ i l i b ra ted  i n  the aqueous phase o f  a BAW b u f f e r  (n- 
butanol-acet ic acid-water, 4:1:5) and developed w i t h  
the organic BAW phase a t  a f low r a t e  o f  O.2ml/min. 
Fract ions were pooled as ind icated by the bars. 

crude peptide ( I )  (5Omg) was attempted on a Sephadex 6-25 ( f i n e )  
column, equ i l i b ra ted  i n  the aqueous phase o f  n-butanol -acet ic  ac id-  
water (4:1:5) and developed w i th  the organic phase. 

gram i s  shown i n  Figure 6. 
the bulk o f  the recovered peptides were contained i n  the major peak 

(28.5mg). 
t h i s  peak ( f r a c t i o n s  42-47) i s  shown i n  Figure 7. This ind icates 

contamination of the C-peptide fragment ( I )  by des-Pro -peptide 
(11) although most o f  the other de le t i on  peptides have predominantly 
been removed on p a r t i t i o n  chromatography. A1 though the e l u t i o n  
order o f  c lose ly  re la ted  peptides on both p a r t i t i o n  and porous 

micropar t icu la te reversed phase supports can be explained i n  terms 
o f  hydrophobic i t ies o f  the amino ac id residues, the super ior  

e f f i c i e n c y  and s e l e c t i v i t y  o f  the HPLC system i s  c l e a r l y  apparent 
i n  t h i s  care. 

The ch rmato -  

Fract ions were co l l ec ted  as indicated, 

The ana ly t i ca l  HPLC separation o f  the leading edge o f  

9 

Gel chromatography o f  the f i r s t  c r y s t a l s  o f  bovine i n s u l i n  
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0 2 Z 6 B 10 12 16 16 

hme fmm) 

Figure  7 HPLC e l u t i o n  p r o f i l e  o f  t he  p a r t i t i o n  chromatography 
p u r i f i e d  C-peptide fragment ( I )  f rom pooled f r a c t i o n s  
42-47. The chromatographic cond i t i ons  were: column: 
L ichrosorb  ODs; 
a c i d  (50:50:0.52); f l ow  r a t e  2mL/min. 

mob i le  phase methanol -water-phosphoric 

p a r t i a l l y  resolves the  minor components, i n c l u d i n g  the  p ro insu l  i n  
f r a c t i o n .  The procedure of  S te ine r  gl-. ( l ) ,  f o r  the  i s o l a t i o n  

o f  p r o i n s u l i n  employs an i n i t i a l  gel  f i l t r a t i o n  s tep  on a 

Sephadex G-50 column w i t h  1 N  a c e t i c  a c i d  t o  separate t h e  bu lk  o f  

the  i n s u l i n  from t h e  p r o i n s u l i n  which i s  u s u a l l y  present a t  1-5:: 
o f  the  sample weight. 

( f i n e )  under the  same e l u t i o n  cond i t ions ,  t he  peak con ta in ing  the  
p r o i n s u l i n  was seen as a shoulder on the  l ead ing  edge o f  t he  

i n s u l i n  peak (F igure  8 ) .  Th is  was confirmed by d i s c  ge l  e l e c t r o -  

phoresis, and t h e  f r a c t i o n s  con ta in ing  p ro insu l  i n  pooled. A f t e r  
l y o p h i l i s a t i o n  t h i s  pool was taken up i n  c i t r a t e  b u f f e r  and 
app l i ed  t o  a carboxymethyl c e l l u l o s e  (CH) column. 

When chromatographed on a Sephadex G-25 

Two peaks, A b B 
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ISOLATION OF BOVINE PROINSULIN 48 7 

Fiqure 8 A typical e lut ion prof i le  f o r  the separation of the 
components of the f irst  c rys ta l s ,  formed i n  the 
isolat ion of bovine insul in ,  on a Sephadex G-50 (fine) 
column (120x3~111) i n  1.ON ace t ic  acid. The f ract ions 
containing proinsulin ( a s  indicated by d i s c  gel e lec t ro-  
phoresis) were pooled and lyophilised.  

(Figure 9)  were eluted on washing the column w i t h  the i n i t i a l  
buffer. Proinsulin was then  e luted,  w i t h  o ther  components, on 
addition of 0.2M NaCl to  the elut ing buffer (Peak C ) .  
departure from the e a r l i e r  procedure where the NaCl is  applied 
immediately a f t e r  the emergence of Peak A. 
graphed ( a f t e r  desal t ing)  on a column of Diethylaminoethyl 
Cellulose ( D E A E ) .  
a continuous NaCl gradient (Figure 10). 
of peaks 3 and 4 (Figure 11) indicates t h a t  peak 3 contained the 
intermediates from the conversion reaction o f  proinsul i n  t o  
insul in  and peak 4 contained proinsulin w i t h  a minor amount of 
intermediates a s  contaminant. 

uBondapak-CI8 column i s  shown i n  Figure 12.  

T h i s  i s  a 

Peak C was rechromato- 

Proinsulin was eluted i n  peak 4 on elut ion w i t h  
Dlsc gel e lectrophoresis  

The reversed-phase HPLC of purified bovine proinsulin on a 
Under the same 
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20 
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Figure 9 P r o f i l e  obtained f o r  crude p r o i n s u l i n  ( i s o l a t e d  by gel 
f i l t r a t i o n  on Sephadex 6-50 ( f i n e ) )  on e l u t i o n  from a 
CM-cellulose column (53.5 x5.4cm) w i th ,  i n i t i a l l y ,  O . O l r . 1  
c i t r a t e ,  pH 5.50 conta in ing  7M urea. A f t e r  the e l u t i o n  
of peak 6 ,  0.2M NaCl was added t o  the  e l u t i n g  b u f f e r  
( i n d i c a t e d  by arrow).  The column load ing  was 8.09 
i s o l a t e d  from m u l t i p l e  runs o f  f i r s t  c r y s t a l s  on 
Sephadex 6-50 columns. 

chromatographic cond i t i ons  and column bovine i n s u l i n  e lu tes  w i t h  a 
r e t e n t i o n  time ca. 8.5min.. c f .  bovine p r o i n s u l i n  g. !2min. 
Using these HPLC methods, i t  i s  poss ib le  t o  f o l l o w  the  conversion o f  
bovine pro insu l  i n  t o  i n s u l i n  by t r y p t i c  d i g e s t i o n  and thus t h i s  
method provides a r a p i d  a1 t e r n a t i v e  t o  the  convent iona l l y  ussd y ? j -  

acrylamide geT e lec t rophore t i c  techniques. I n  con t ras t  t o  the  
-- i n  v i vo  conversion of p r o i n s u l i n  t o  i n s u l i n ,  t r y p t i c  d iges t i on  
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Figure  10 Gradient e l u t i o n  p r o f i l e  o f  peak C f rom CM-cel lulose 
co l  umn on a DEAE c e l  l u l  ose column (53 x 5.4cm) . 
was app l i ed  i n  0.02M Tris-HC1 pH 7.4 con ta in ing  714 urea 
A NaCl gradient,  up t o  0.2M. was developed as i n d i c a t e d  

Sample 

r e s u l t s  i n  the  produc t ion  o f  desa lany l - i nsu l i n  (23) .  

and desalanyl -insulin are  n o t  separated by convent ional  po l y -  
acrylamide gel e lec t rophores is  a t  pH 8.9 o r  reversed phase HPLC 

under the  above low pH phosphate cond i t i ons  bu t  can be resolved 
us ing  hydrophobic i o n - p a i r i n g  reagents (26,291 i n  the  mobi le phase. 
The d i s c  gel  e lec t rophores is  pa t te rns  f o r  t h e  t r y p t i c  d iges t i ons  o f  
the  p r o t e i n  i n  peaks 3 and 4 from the  DEAE c e l l u l o s e  column (F igu re  

10) are  seen i n  Figure 11; ge ls  numbered 1 and 2 be ing  peaks 3 and 
4 respec t i ve l y  before the  a d d i t i o n  o f  t r y p s i n .  As the  d i g e s t i o n  
proceeded t h e  in te rmed ia tes  (peak 3 )  converted t a  desalanyl  - i n s u l i n .  

The d iges t i on  was e s s e n t i a l l y  complete a t  90 minutes. Gel number 4 
i n  Figure 11 shows t h a t  a f t e r  o n l y  a 5 minute d iges t ion ,  most o f  t h e  

Bovine i n s u l i n  
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Figure 11 Polyacrylamidc d i s c  e lec t rophores is  ge ls  showing t ime 
course o f  a t r y p t i c  d i g e s t i o n  of p r o t e i n  i n  peaks 3 and 4 
(F igure  1 2 ) .  
0,5,10,20,30 and 90 minutes r e s p e c t i v e l y  and ge ls  
2.4.6.8.10 and 12 show peak 4 a t  t h e  same t i m e s .  
A i s  p r o i n s u l i n ,  Band B i s  the  in termedia tes ,  Band C 
i s  d e s a l a n y l - i n s u l i n  and Band 0 i s  t h e  C-pept ide.  

Gels 1,3,5,7,9 and 11 show peak 3 a t  

Band 
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- 12 Analy t ica l  e l u t i o n  p r o f i l e  obtained w i t h  bovine pro- 
i n s u l i n  using a 30 minute l i n e a r  gradient generated from 
acetoni t r i le-water-phosphor ic ac id  (10:90:0 .l% t o  
75:25:0.1%). Column: uBondapak-Cl8, f l ow  r a t e  2mL/min. 
Under the same chromatographic condi t ions and column 
bovine i n s u l i n  e lu tes  w i th  a re ten t i on  time o f  8.5 
minutes. 

p r o i n s u l i n  from peak 4 had converted t o  intermediates and desalanyl-  
i n s u l i n .  A f t e r  20 minutes (gel  8) there was no p r o i n s u l i n  remaining 
i n  the d igest ion mixture and l i t t l e  intermediates. A t  90 minutes 
a1 1 the intermediates had been converted t o  desalanyl -i nsul i n  (ge l  
12). The f a s t  moving band which increased i n  i n t e n s i t y  as the  
d igest ion progressed i s  t he  connecting C-peptide, released dur ing 
the p ro insu l i n  t o  i n s u l i n  conversion. These r e s u l t s  p a r a l l e l  
e a r l i e r  repor ts  (1,30) f o r  the enzymatic d igest ion o f  porcine and 
bovine p ro insu l i n .  
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The advantages o f  reversed phase HPLC over conventional open 
column chromatography are c l e a r l y  demonstrated by comparison o f  t he  
d i f f e r e n t  p u r i f i c a t i o n  procedures f o r  the crude pept ide mixture 
containing the bovine C-peptide fragment 34-45 ( I )  (Figures 4-7). 
Furthermore hydrophobic fragmental constant summation (27,29) can 
be used for  unprotected peptides o f  t h i s  type t o  accurate ly  
p red ic t  the e l u t i o n  order on m ic ropar t i cu la te  reversed phase 
columns . 

and useful ana ly t i ca l  adjunct to polyacrylamide gel e lect rophores is  
f o r  fo l lowing the p u r i f i c a t i o n  o f  l a r g e r  i n s u l i n  r e l a t e d  poly-  
peptides. The app l i ca t i on  o f  these HPLC techniques t o  the 
p u r i f i c a t i o n  o f  insu l  i n s  and re la ted  polypept ide and precursors 
f r o m  animal pancreases w i l l  be reported e l  sewhere. 

The HPLC methods reported i n  t h i s  paper a lso provide a rap id  
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