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ABSTRACT 

Th is  i s  a p r e l i m i n a r y  r e p o r t  on a novel l i q u i d - l i q u i d  p a r t i -  
t i o n i n g  chromatography method f o r  t he  p u r i f i c a t i o n  o f  recombinant 
p r o t e i n ,  u r i d i n e  phosphorylase (UrdPase). This system u t i l i z e s  a n  
aqueous two-phase so l ven t  system, c o n s i s t i n g  of po l ye thy lene  
g l y c o l  and phosphate b u f f e r ,  w i t h  a newly developed high-speed 
coun te rcu r ren t  cen t r i f uge  (X-axis, XLL type) .  The system i s  
capable o f  p u r i f y i n g  crude recombinant UrdPase i n  an e f f i c i e n t  
manner. 
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2832 LEE ET AL. 

INTRODUCTION 

Recombinant DNA technology has advanced rapidly over the past  
I t  i s  now possible  t o  express a l a rge  number of important 

The overexpression of these 
decade. 
mammalian genes i n  bac t e r i a  o r  yeast .  
genes allows a s p e c i f i c  protein t o  be produced i n  l a rge  amounts: 
sometimes the protein of i n t e r e s t  accumulates up t o  30-40% of the 
t o t a l  c e l l u l a r  proteins(1) .  Once a protein i s  overproduced i n  an 
expression system, i t  i s  e s sen t i a l  t o  s e l e c t  a cos t - e f f ec t ive  
procedure t o  recover the  protein.  I t  i s  estimated t h a t  the cost 
of i so l a t ing  and purifying a protein can be 80% of the t o t a l  pro- 
duction cost .  Protein pu r i f i ca t ion  is  playing a pivotal  ro l e  i n  
the evolution of biotechnology. 

l he re  have been many sophis t icated chromatographic methods 
developed in recent years  primarily f o r  the analyt ical  applica- 
t i o n s ,  such as  cap i l l a ry  electrophoresis ,  reverse phase HPLC and 
f r e e  flow i s o e l e c t r i c  focusing. However, t he  development of a 
cost-effect ive general method of preparat ive pu r i f i ca t ion ,  t h a t  
d i f f e r s  from ion-exchange chromatography is  s t i l l  a challenge. 

ing solut ions of polyethylene glycol and dextran o r  polyethylene 
glycol and spec i f i c  s a l t s  of phosphate and s u l f a t e ,  have long been 
u t i l i z e d  i n  the large sca l e  extract ion of proteins  and o the r  
macromolecules(2,3,4,5). However, recovery and pu r i ty  from a 
s ing le  s tage extract ion may not be ideal .  
current d i s t r ibu t ion  u t i l i z i n g  an aqueous two-phase system has 
a l s o  been successfully employed i n  t he  f ract ionat ion of proteins  
from human serum w i t h  a centr i fugal  countercurrent d i s t r i b u t o r  (C- 
CCD) (6). 
t o t a l )  and capacity,  t he  C-CCD method has not been widely employed 
in  the laboratory.  Nevertheless, a l a rge  body of information 
per ta ining t o  countercurrent d i s t r i b u t i o n  of proteins  i n  various 
aqueous two phase systems is  avai lable  in  the l i t e r a t u r e  (2,3) and 
may be used a s  a guide in  i n i t i a l  s e l ec t ion  of solvent systems f o r  
high speed countercurrent chromatography. 

Aqueous two-phase solvent systems, t yp ica l ly  created by mix- 

Multi-stage counter- 

However, because of i t s  l imited number o f  t r a n s f e r s  (60 
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PURIFICATION OF URIDINE PHOSPHORYLASE 2833 

I n  recent  years , h igh  speed countercurrent  chromatography 

(HSCCC) based on the  p r i n c i p l e  o f  l i q u i d - l i q u i d  p a r t i t i o n  has 

emerged as a use fu l  method i n  the  i s o l a t i o n  o f  b i o a c t i v e  com- 

ponents from crude e x t r a c t s  o f  na tu ra l  products(7,8,9) and i n  t h e  

p u r i f i c a t i o n  of s y n t h e t i c  po l ypep t ides ( l0 ) .  I n  genera l ,  a non- 

m i s c i b l e  two-phase so l ven t  system i s  requ i red  f o r  per forming 

HSCCC. These two-phase so l ven t  systems a re  formed by m ix ing  
b ina ry ,  t e r n a r y  and even quaternary o rgan ic  so l ven ts  w i t h  water. 

The a b i l i t y  t o  c rea te  a p a r t i c u l a r  two-phase so l ven t  system 

t a i l o r e d  t o  i s o l a t e  a s p e c i f i c  component i n  a crude m i x t u r e  rep re -  

sents t h e  most c r i t i c a l  f ea tu re  o f  HSCCC. However, most two-phase 

so l ven t  systems con ta in ing  organic  so l ven ts  a re  n o t  s u i t a b l e  f o r  

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

two-phase so l ven t  system f a i l e d .  This  was due p r i m a r i l y  t o  the  

f a c t  t h a t  t he  small d i f f e r e n c e s  i n  d e n s i t y  and low i n t e r f a c i a l  
t ens ion  between the  two aqueous phases r e q u i r e  a much longer  

s e t t l i n g  t ime  than cou ld  be prov ided by t h e  o r d i n a r y  J t ype  HSCCC. 

Consequently, t he  system design cou ld  no t  r e t a i n  an adequate 

amount o f  s t a t i o n a r y  phase i n  the  c o i l e d  column; thus, r e s o l u t i o n  

has been poor. 

A c ross -ax i s  synchronous p l a n e t  c e n t r i f u g e  has been designed 

by I t o ( l 1 , l Z )  where the  L/R r a t i o  i s  equal t o  2. That r a t i o  pe r -  

m i t s  t h e  continuous p a r t i t i o n i n g  o f  an aqueous two-phase so l ven t  

system and makes i t  p o s s i b l e  t o  r e t a i n  an adequate amount o f  t he  

polymer ic  phase as s t a t i o n a r y  phase i n s i d e  the  c o i l e d  column. The 

parameters f o r  t he  separat ion o f  p u r i f i e d  p r o t e i n s  (cyctochrome C, 

myoglobin, ovalbumin and hemoglobin) us ing  t h i s  dev i ce  were pub- 

l i s h e d  p r e v i o u s l y ( l 3 ) .  
a p p l i c a t i o n  of HSCCC t o  t h e  p u r i f i c a t i o n  o f  a recombinant p r o t e i n ,  

UrdPase, from crude e x t r a c t s  o f  Escher ich ia  &. 

Ear l y  attempts t o  employ J - t ype  coax ia l  HSCCC w i t h  an aqueous 

I n  t h i s  communication, we r e p o r t  t he  

MATERIALS AND METHODS 

D e t a i l s  o f  t h e  design o f  the cross-ax is  HSCCC apparatus have 

been repo r ted  e a r l i e r ( l 1 , l Z ) .  The apparatus i nc ludes  a p a i r  o f  
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2834 LEE ET AL. 

mul t i l aye r  co i l ed  columns made by wrapping 2.6 mm i.d. PTFE tubing 
onto holders t h a t  are mounted on two ro ta ry  shafts. 
shaft  i s  held 7.6 cm (R) from the central  ax is  and each column i s  
mounted on the shaf t  15 cm (L) from the center o f  ro ta t i on .  
mu l t i l aye r  c o i l  columns wi th  a t o t a l  volume o f  300 mL are con- 
nected together. 

Experimentally, the two co i l ed  columns were f i l l e d  w i th  the 
lower phase and the sample was in jec ted  through the sample port .  
Centr i fugat ion was i n i t i a t e d  (750 rpm) and the mobile phase (upper 
phase solvent) was pumped through the co i l ed  columns a t  a f low 
r a t e  o f  0.5 mL/min. For most experiments, the e f f l u e n t  from the 
column o u t l e t  was monitored by a LKB Uvicord S a t  278 nm and was 
co l lected i n  3.0 mL f ract ions.  
room temperature. 

- E. glJ SO744 containing the plasmid pVMK27 ( the plasmid 
containing the udp gene) was grown overnight i n  a 16 L fermenter 
as described previously(14,15,16). A f t e r  cent r i fugat ion,  the 
c e l l s  were suspended i n  a minimal volume o f  20 mM Tris-HC1 (pH 
8.0) containing 5 mM MgC12, lysozyme, DNase and RNase ( a l l  

20 pg/mL) and disrupted using a French Pressure C e l l  (Aminco) a t  
10,000 ps i .  
and the pel  1 e t  was d i  scarded. 
i ng  UrdPase, was used as the s t a r t i n g  mater ia l .  
ment indicated t h a t  removal o f  c e l l  debr is was unnecessary: and 
the crude c e l l  ext ract  could be used d i r e c t l y .  

Fractions co l lected from HSCCC were analyzed by SDS-PAGE 
using 12% acrylamide gels according t o  the methods o f  Laemmli 

(17). 
acet ic ac id  (TCA) f o r  1 h a t  4OC. The samples were centrifuged; 
the p e l l e t s  were washed wi th  5% TCA and were centrifuged. 
p e l l e t s  were then washed 2x w i th  1 mL o f  co ld acetone. 
l a s t  cent r i fugat ion,  the acetone was aspirated o f f  and the p e l l e t s  
allowed t o  a i r  dry. The molecular weight standards f o r  e lect ro-  
phoresis were obtained from Pharmacia (Piscataway, NJ). 

Each ro ta ry  

Two 

The separations were conducted a t  

The t o t a l  crude ext ract  was centr i fuged a t  47,000 x g 
The c l  a r i  f i  ed supernatant , contain- 

A l a t e r  experi- 

Al iquots o f  50 /rL were mixed w i th  25 pL o f  20% t r i c h l o r o -  

The 
A f t e r  t he  
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PURIFICATION OF URIDINE PHOSPHORYLASE 2835 

The aqueous two-phase so l ven t  system was prepared by d i s -  

s o l v i n g  384 g o f  PEG-1000 (Sigma Chemical co., S t .  Louis, MO) ,  

150 g o f  K2HP04 and 150 g o f  KHzP04 i n t o  1716 g o f  d i s t i l l e d  

water. The so l ven t  m i x t u r e  was e q u i l i b r a t e d  i n  a separatory  fun-  
n e l  a t  room temperature be fo re  use. For p a r t i t i o n  c o e f f i c i e n t  

measurements, i n d i v i d u a l  p r o t e i n  samples (10 pL/ l .O mg) were d i s -  

so lved i n t o  a 4.0 mL aqueous two-phase so l ven t  system i n  a t e s t  

tube. The m ix tu re  was thoroughly  mixed and al lowed t o  s e t t l e  a t  

room temperature. A f t e r  two c l e a r  l aye rs  had formed, an a l i q u o t  

(1.0 mL) o f  each phase was p i p e t t e d  and d i l u t e d  w i t h  2.0 mL o f  

d i s t i l l e d  water t o  determine the  absorbance a t  280 nm us ing a 

Zeiss PM6 spectrophotometer. 

CU/CL)  was obta ined by d i v i d i n g  the absorbance va lue o f  t h e  upper 

phase by t h a t  o f  t he  lower phase. 

were pooled toge the r  and d ia l yzed  against  20 mM potassium phos- 

phate b u f f e r  a t  pH 7.4 and then app l i ed  t o  a Q Sepharose column 

(anion exchange) t o  remove the  PEG. 
w i t h  several column volume o f  b u f f e r  and e l u t e d  w i t h  b u f f e r  con- 

t a i n i n g  0.5 M NaC1. 

b u f f e r ,  concentrated and s tored a t  ca. 4°C. The UrdPase a c t i v i t y  

was measured by us ing a G i l  f o r d  260 spectrophotometer accord ing t o  

t h e  method o u t l i n e d  by K ren i t sky  e t  a l .  (18) .  

The p a r t i t i o n  c o e f f i c i e n t  (K  = 

The chromatographic f r a c t i o n s  con ta in ing  p u r i f i e d  UrdPase 

The bound UrdPase was washed 

The UrdPase c o l l e c t e d  was d i a l y z e d  aga ins t  

RESULTS AND DISCUSSION 

UrdPase, which cata lyzes r e v e r s i b l e  phosphoro lys is ,  i s  

employed i n  the  pharmaceutical i n d u s t r y  t o  synthes ize a number o f  

impor tant  p y r i m i d i n e  nucleosides. Cur ren t l y ,  UrdPase i s  produced 

on a l a r g e  sca le  by recombinant DNA technology. Many chromato- 

g raph ic  procedures i n c l u d i n g  r a d i a l - f l o w  (Q Sepharose) i o n  

exchange chromatography(l6) have been app l i ed  t o  i t s  p u r i f i c a t i o n .  

I n  t h i s  study t h e  employment o f  HSCCC w i t h  an aqueous two-phase 

so l ven t  system evidenced a c o s t - e f f e c t i v e  procedure f o r  p u r i f i c a -  

t i o n  o f  recombinant p r o t e i n s .  
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2838 LEE ET AL. 

The selection of UrdPase as a model enzyme was based on the 
considerations that UrdPase is a known, thermally stable, and 
available in large quantities in both pure and crude forms. 
the HSCCC evaluations were greatly simplified, particularly in 
studying the effects of pH, salt concentration, and polymeric 
phases. 

to any successful HSCCC separation, was based on a series of par- 
tition coefficient (K) studies employing pure UrdPase. The 
results shown in Table 1 indicated that the partition coefficient, 
K (U/L), of UrdPase in an aqueous two-phase solvent system com- 
posed of PEG-1000 and potassium phosphate buffer could range from 
0.24 to 6.71 depending upon the polymer composition and on the pH 
of the phosphate buffer. For instance, UrdPase has a K(U/L) value 
of 1.57 at pH 6.8. 
resulted in dramatic changes of K values: K (U/L) = 0.66 at pH 6.3 
and K (U/L) = 6.71 at pH 7.8. Apparently, pH, surface charge and 
partition coefficient are closely interrelated. 

Comparison of the UV absorption values of crude UrdPase parti- 
tioned into the upper and lower phase, with those of pure UrdPase 
suggested that selection of an aqueous two-phase solvent system 
composed of PEG-1000 (16%) and potassium phosphate (12.5%) would 
have the advantage of removing impurities effectively. 

fied by SDS polyacrylamide gel analysis revealed that the major 
UrdPase peak was well separated from other proteins and eluted at 
fraction 115. The UrdPase activity (180 U h L )  was also measured 
further confirming its purity. 
demonstrated the capability of HSCCC in purification of recombi- 
nant proteins. 

carry-over of the mobile phase has made it difficult to predict 
the retention of the stationary phase using the conventional 
methods. 

Thus, 

Selection of an appropriate two-phase solvent system, the key 

A slight shift of pH in either direction 

The partition of crude UrdPase was also measured at pH 6.8. 

In Figure 1, the HSCCC elution profile of UrdPase as exempli- 

The preliminary results clearly 

Several observations call for further studies. For example, 

Some variations were observed in terms of solvent front 
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PURIFICATION OF URIDINE PHOSPHORYLASE 2839 

and UrdPase peak us ing  the  same polymer ic  so l ven t  system. 

appears l i k e l y  t h a t  UrdPase sample concentrat ion,  PEG i n t e r a c t i o n ,  

and pH a l l  have s i g n i f i c a n t  e f f e c t s  on t h e  outcome o f  HSCCC sepa- 

r a t i o n s .  

sample concentrat ion,  l oad ing  capaci ty ,  pH and PEG molecular  

weights  on t h e  separat ion.  

p u r i f i c a t i o n  o f  recombinant p r o t e i n  i s  how t o  remove t h e  PEG from 

t h e  p u r i f i e d  UrdPase. Smearing shown i n  the  SDS-PAGE o f  f r a c t i o n  

115 cou ld  be a t t r i b u t e d  t o  t r aces  o f  PEG. 

t o  remove PEG i s  t o  pass the m i x t u r e  through a Q o r  hydrophobic 

column and recover  t h e  UrdPase subsequently. 

Aqueous two-phase so l ven t  systems c o n s i s t i n g  o f  po l ye thy lene  

g l y c o l  and dex t ran  o r  po l ye thy lene  g l y c o l  and s p e c i f i c  s a l t s  o f  

phosphate o r  s u l f a t e  o f f e r  a number o f  advantages i n  p u r i f i c a t i o n  

o f  p r o t e i n s .  For instance,  these aqueous polymer ic  phases a re  

ext remely g e n t l e  on t h e  enzyme. Also t h e  polymer phase, concen- 

t r a t i o n ,  and pH o f  t h e  s a l t  s o l u t i o n  can be adjusted t o  op t im ize  

t h e  recovery and/or r e s o l u t i o n  o f  a des i red  p r o t e i n .  

speed coun te rcu r ren t  system i s  capable o f  p r o v i d i n g  adequate 

r e t e n t i o n  o f  an aqueous polymer ic  phases. I t s  use i n  p u r i f y i n g  o f  

recombinant p r o t e i n s  was demonstrated us ing  recombinant UrdPase a: 

t h e  t a r g e t  enzyme. 

I t  

Cur ren t l y ,  we a re  s y s t e m a t i c a l l y  i n v e s t i g a t i n g  t h e  e f f e c t s  o f  

One impor tant  issue r e l a t e d  t o  t h e  

One e f f e c t i v e  procedure 

I n  conclus ion,  t he  newly developed Cross-Axis (XLL) h i g h  
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