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AN IMPROVED METHOD FOR THE P U R I F I C A T I O N  OF HEPATIC 
PROLIFERATION I N H I B I  TOR BY ANION-EXCHANGE HPLC 

J .B. McMahon and P .T. I ype  

NCI-Frederick Cancer Research F a c i l i t y  
F reder i ck ,  MD 21701 

AB STR AC T 

An improved method f o r  t h e  p u r i f i c a t i o n  o f  h e p a t i c  p r o l i -  
f e r a t i o n  i n h i b i t o r  f rom r a t  l i v e r  by means o f  anion-exchange 
HPLC has been developed. The i n h i b i t o r  can be p u r i f i e d  on an 
an ion  exchange HPLC column by u s i n g  a l i n e a r  sodium phosphate 
g r a d i e n t .  
i s  b o t h  r a p i d  and r e p r o d u c i b l e .  The h e p a t i c  p r o l i f e r a t i o n  i n h i b i -  
t o r  i s o l a t e d  by t h i s  method r e t a i n s  a l l  o f  i t s  b i o l o g i c a l  a c t i v i t y  
and i s  homogeneous as revea led  by reverse-phase HPLC. 

The HPLC method a l l o w s  repeated use o f  one column and 

I N TROOUC T I  ON 

The search f o r  endogenous f a c t o r s  which c o n t r o l  t h e  p r o l i f e r -  

a t i o n  o f  mammalian c e l l s  has been t h e  s u b j e c t  o f  e x t e n s i v e  i n v e s t i -  

g a t i o n  f o r  decades ( 1  , 2 , 3 ) .  However, t h e  l a c k  o f  p u r i t y  o f  most o f  

t h e  p r e p a r a t i o n s  used has made i t  d i f f i c u l t  t o  d e l i n e a t e  t h e i r  ac- 

t u a l  b i o l o g i c a l  r o l e .  We have r e c e n t l y  p u r i f i e d  a r a t  l i v e r  p ro -  

t e i n  which i n h i b i t s  t h e  p r o l i f e r a t i o n  o f  nonmalignant r a t  l i v e r  

e p i t h e l i a l  c e l l s  ( 4 ) .  Using DEAE-cel lulose chromatography we have 

shown t h a t  t h i s  h e p a t i c  p r o l i f e r a t i o n  i n h i b i t o r  (HPI)  can be 

e f f e c t i v e l y  p u r i f i e d .  Since t h i s  procedure i s  b o t h  t e d i o u s  and 
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752 MC MAHON AND IYPE 

t ime  consuming, a s imp le  and f a s t  method was developed f o r  t h e  

i s o l a t i o n  o f  HPI  u s i n g  anion-exchange HPLC which o f f e r s  a degree 

o f  r e s o l u t i o n  s i m i l a r  t o  t h a t  o f  e l e c t r o p h o r e t i c  methods ( 5 ) .  

MATERIAL AND METHODS 

The s t a r t i n g  m a t e r i a l  used i n  t h i s  s tudy  was prepared as de- 
P r i o r  t o  anion-exchange HPLC, t h e  m a t e r i a l  s c r i b e d  e a r l i e r  (4,6). 

was d i a l y z e d  f i r s t  a g a i n s t  0.05% a c e t i c  a c i d  f o r  12  h r s  and then  

a g a i n s t  0.005M sodium phosphate, pH 6.0 f o r  an a d d i t i o n a l  

12 h r s .  Anion-exchange HPLC separa t i ons  were performed on a 250 

x 4.1 mm I D  SynChropak AX 300 column (SynChrom, Inc., L inden,  

I N ) .  

i n c l u d e d  a Model 450 v a r i a b l e  wave l e n g t h  d e t e c t o r  (Schoe f fe l  

Inst rument  Corp., Westwood, NJ); a M-660 s o l v e n t  programmer; a 

U6K sample i n j e c t o r  and two M-6000 s o l v e n t  d e l i v e r y  pumps was 

used. For anion-exchange HPLC 0.5 m l  samples c o n s i s t i n g  o f  10  

mg o f  p r o t e i n  i n  0.005M sodium phosphate, pH 6.0 were i n j e c t e d  

and were e l u t e d  i s o c r a t i c a l l y  f o r  10  min i n  t h e  same b u f f e r  

a t  a f l o w  r a t e  o f  0.5 m l  pe r  min. A t  t h i s  t ime ,  t h e  samples 

were e l u t e d  w i t h  a 20 min l i n e a r  g r a d i e n t  t o  0.092 M sodium 

phosphate b u f f e r ,  pH6.0, f o l l o w e d  by i s o c r a t i c  e l u t i o n  u s i n g  t h e  

same b u f f e r .  The uv absorbance o f  t h e  column e f f l u e n t  was moni- 

t o r e d  a t  260 nm. 

o f  20 min was used r o u t i n e l y .  Reverse-phase HPLC separa t i ons  

were performed on a 250 x 4.6 nm I D  A l t e x  U l t r a s h e r e  ODS column 

( A l l t e c h  Associates, A r l i n g t o n  Heights, IL) accord ing  t o  t h e  

method o f  Henderson e t  a1 . (7 ) .  

A Waters h igh -p ressu re  l i q u i d  chromatography system which 

A r e e q u i l i b r a t i o n  t i m e  f o r  repea t  i n j e c t i o n s  

RESULTS 

F i g .  1 shows t h e  p r o f i l e  o f  t h e  s t a r t i n g  m a t e r i a l  chromato- 

graphed by anion-exchange HPLC. 

sample i n t o  a number o f  components. The ma jo r  p o r t i o n  o f  m a t e r i a l  

e l u t e d  d u r i n g  t h e  1 0  min i s o c r a t i c  s tep .  A p p l i c a t i o n  o f  t h e  

The techn ique  reso lved  the  
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F i g .  1 Anion-exchange HPLC o f  s t a r t i n g  m a t e r i a l  f rom r a t  l i v e r .  
Sample volume was 0.5 m l  c o n s i s t i n g  o f  1 0  mg o f  p r o t e i n  
i n  0.005 M sodium phosphate, pH 6.0. The column was e l u t e d  
i s o c r a t i c a l l y  f o r  10 min i n  t h e  same b u f f e r  f o l l o w e d  by e l u t i o n  
w i t h  a l i n e a r  20 min g r a d i e n t  t o  0.092 M sodium phosphate, pH 
6.0 a t  a f l o w  r a t e  o f  0.5 ml /min and i s o c r a t i c  e l u t i o n  w i t h  t h e  
f i n a l  b u f f e r .  Arrow i n d i c a t e s  t h e  a c t i v e  i n h i b i t o r y  peak. 

1 i n e a r  sodium phosphate g r a d i e n t  reso lved  t h e  r e t a i n e d  m a t e r i a l  

i n t o  seve ra l  peaks. The i n h i b i t o r y  a c t i v i t y  r e s i d e d  i n  t h e  peak 

which e l u t e d  37 min a f t e r  sample i n j e c t i o n .  When t h i s  peak 

f r a c t i o n  was c o l l e c t e d  and rechromatographed under i d e n t i c a l  

c o n d i t i o n s  a s i n g l e  peak again e l u t e d  37 min a f t e r  sample a p p l i c a -  

t i o n  ( F i g .  2 ) .  The a c t i v e  peak f r a c t i o n  was analyzed by reverse-  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



754  MC MAHON AND IYPE 

F i g .  2 Ani  
m a t e r i a l  by 
s i s t i n g  o f  
c o n d i t i o n s  
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on-exchange HPLC o f  H P I  p u r i f i e d  f r o m  t h e  s t a r t i n g  
f an ion-exchange HPLC. Sample volume was 0.5 m l  con- 
a p p r o x i m a t e l y  100 ug o f  p r o t e i n .  Chromatograph ic  
i d e n t i c a l  t o  F i g u r e  1 .  

phase HPLC and t h e  p u r i f i e d  i n h i b i t o r  e l u t e d  f r o m  t h e  column 

as a s i n g l e  sha rp  peak a t  8% a c e t o n i t r i l e  ( F i g .  3 ) .  

D I SCU SS I ON 

I n  a p r e v i o u s  r e p o r t  ( 4 )  we showed t h a t  HPI can be p u r i f i e d  

t o  apparen t  homogene i ty  by  DEAE-ce l l u lose  ch romatog raphy .  

t h i s  method p r o v e d  t o  be  s a t i s f a c t o r y ,  i t  was v e r y  t i m e  consuming, 

s i n c e  t h e  column had t o  be  washed e x t e n s i v e l y  b e f o r e  HPI c o u l d  

be  e f f e c t i v e l y  i s o l a t e d  by  s a l t  e l u t i o n .  I n  c o n t r a s t ,  t h i s  i s  

A l though  
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F i g .  3 Reverse-phase HPLC o f  HPI p u r i f i e d  by anion-exchange 
HPLC. 
o f  p r o t e i n .  Solvent  A:  0.05% t r i f l u o r o a c e t i c  a c i d  i n  wa te r ;  
s o l v e n t  B :  0.05% t r i f l u o r o a c e t i c  a c i d  i n  a c e t o n i t r i l e ;  Grad ien t  
0% s o l v e n t  B t o  20% s o l v e n t  B over  30 min a t  a f l o w  r a t e  o f  1 m l  
p e r  min. 

Sample volume was 0.5 m l  c o n s i s t i n g  o f  app rox ima te l y  100 vg 

n o t  t h e  case w i t h  anion-exchange HPLC where most o f  t h e  contamina- 

t e d  m a t e r i a l  i s  removed from t h e  column i n  l e s s  than  10 m in  

( F i g .  1 ) .  The a b i l i t y  t o  use t h e  HPLC column repea ted ly  and t h e  

s h o r t  r e e q u i l i b r a t i o n  t i m e  (20 min)  a r e  a l s o  obv ious advantages. 

This new procedure, w h i l e  sav ing  cons ide rab le  t ime ,  i n  no way 

a l t e r e d  t h e  p r o p e r t i e s  o f  t h e  p u r i f i e d  H P I ,  s i n c e  i t s  chromato- 
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756 MC W O N  AND IYPE 

graph ic  p r o f i l e  ( F i g .  1 )  and b i o l o g i c a l  a c t i v i t y  (da ta  n o t  shown) 

were s i m i l a r  t o  t h a t  ob ta ined  w i t h  t h e  H P I  p u r i f i e d  w i t h  DEAE- 

c e l l u l o s e  ( 4 ) .  Furthermore, t h e  reverse-phase HPLC p r o f i l e  o f  

t h e  m a t e r i a l  i s o l a t e d  by anion-exchange HPLC ( F i g .  3) i s  i n  

good agreement w i t h  t h a t  p r e v i o u s l y  pub l i shed  f o r  t h e  HPI i s o l a t e d  

by DEAE-cel l u l o s e  chromatography ( 4 ) .  

r e a d i l y  w i t h  anion-exchange HPLC. This techn icque  i s  u s e f u l  , n o t  

o n l y  as a p r e p a r a t i v e  method where r e l a t i v e l y  l a r g e  amounts (10 
mg) o f  t he  s t a r t i n g  m a t e r i a l  can be e f f e c t i v e l y  separated on a 

column o f  t h e  s i z e  and t ype  descr ibed,  b u t  a l s o  can be m o d i f i e d  

f o r  use as an a n a l y t i c a l  method. 

This demonstrates t h a t  t h e  p u r i f i c a t i o n  o f  HPI can be achieved 
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