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S U M M A R Y  

Aqueous two-phase part i t ioning systems for proteins were prepared from polyethylene 
glycols and inorganic salt solutions. The effects of the molecular-weight range of the 
glycol, relative proportion of water, pH, temperature  and nature of the inorganic 
cations and anions on the total  solubilities and relative phase distributions of a l bumin  
~,-globulin, total serum proteins and renin substrate were determined. These results 
led to the formulation of Na~SO~, (NH4)~S04 and Li2SO 4 systems tha t  were practical 
for counter-current distributions of renin substrate  and unfract ionated serum. Pre- 
l iminary to the distribution of renin substrate,  purification by  batchwise part i t ioning 
was used. Substrate  purities as high as 243oo Goldblatt  units/g of protein were 
obtained. Serum was resolved into several groups of proteins, including y-globulins 
with widely differing K values. 

INTRODUCTION 

Very few protein purification procedures have utilized counter-current distribution, 
although this technique has been widely applied to the purification of polypeptides. 
The failure to use counter-current distr ibution has primarily been due to a lack of 
satisfactory solvent systems, except in special instances. The ease with which protein 
structure,  unlike tha t  of most natural  products, can be altered by organic solvents 
great ly restricts the choice of systems. Generally two-phase systems which do not 
harm proteins do not have adequate  capacities or give practical K values for protein. 
CRAIG t and TAFEL AND SIGNER 2 have reviewed the theory and technique of counter- 
current dis tr ibut ion with application to the purification of several alcohol-stable 
proteins. Insulin and serum albumin were distr ibuted in butanol-chloracet ic  acid 
systems and RNAase, lysozYme and serum albumin in e t h a n o l - a m m o n i u m  sulfate 
systems. Obviously, these solvents cannot be used with proteins tha t  are sensitive 
to alcohol or chloracetic acids. 

A b b r e v i a t i o n :  P E G ,  p o l y e t h y l e n e  glycol.  

Biochim. Biophys. .4cta,  69 (I963) 263-270  
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[ca a re*aent monograph.  AL~ERTsso.~ z has described the development  of x3 
~l~ff_eremt ~ ~ s  two-phase sys tems for the dis t r ibut ion of cell particles and macro- 

nlp t.~ the size of viruses. He found d e x t r a n - P E G  systems to be par t icular ly  
a~efi~ tfo~r ~ n i n g  proteins and presented counter-current  dis t r ibut ions of phyco- 
~ .  ¢ e r ~ p I a s m i n  and phycocyanin.  AL~Er~TSS0.X also presented phase diagrams 
~ ,_3-~¢em~ ~r~ conta ining dext ran ,  such as P E G - p o t a s s i u m  phosphate ,  a m m o n i u m  
.,~ltfa~te o ¢ m ~ e s i u r n  sulfate, but  did not use these systems for protein counter-current  
• L - ~ r ~ l ~ n s .  He noted tha t  PEG systems showed no dena tu r ing  action on proteins 
--~-~ ~ ' ~ . . ~  t~a t  the;:  m a y  possibly prevent  surfa¢~ denatura t ion .  

~e~r~  will describe the  applivat ion of PEG- inorgan ic  salt systems to flu' 
~ - ~ t ~  ~ ren ia  subs t ra te  and to the d is t r ibut ion of h u m a n  :;erum. 

MATERIALS AND METHODS 

P E G  ~ in the following solvent  systems were various types  of Carbowax °. 
~ r ~ a r e d  ~ 5~q0 (w/v) aqueous stock solutions. The grades used ~md their  average 
~ t d e c ~ a r  ~ r e ~ t s  were as follows" PEG xooo, moI. wt. 95o-ro5o" PEG x5oo, tool. wt. 
~ ° ' -  P E G  x54 o, mol. wt~ r3oo-~6oo and PEG 6000, mol. wt. 6ooo 75o0. 

" F A B L E  [ 

~EC~fiM.,T S Y S T E M S  F O R  C O U N T E R - C U R R E N T  D I S T R I B U T I O N  O F  P R O T E I N %  

Sytw~na ~ Salts 50 % (w/v) Glycol #H 13uf]~'r Wat:r 

A S ~ t a , ~  $50 g Na~SO a 3000 ml  P E G  t54o  6.5 t 2o m l  3I Na._,H l ' f )  4 5400 ml  
8. 5 I o . 9 g T r i s  6000 ml  

B ~ ~ t ~  r.¢5 o g  Li2SO , .  H.,() 3 -75  ml  P E G  t54o  4.8 6 5 - 7 5  m l  M Na  s u c c i n a t e  3930 ml  
8.0 I7. 4 g T r i s  3 0 3 o m i  

~S ~ Z.l:OO m l  4 M (NH~)..,SO. I 3360 ml  P E G  Iooo  8.0 -.. 3000 ml  

D . ~ - ~ u e  rzoo  g N a c i t r a t e  z2- ,o  ml  P E G  ~54 o 6.5 i - o  ml  M N a H z [ ' ~ ;  4380 ml  
(NaC~H.507. Hz()) 7- 5 --- 4380 rn I 

IE .~a~u~ _~8oo ml- ,  .M Na2SO ~ _,,~oo ml I ' E G  . 'ooo 8. 5 I I Z ml  3! Na.ztt  1'( )l " ~o ml  
245o m ] o . 9 %  NaCI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ ~  was measured  spect rophotometr ica l l ' :  at  28o nap if both ammonia  an,.I 
P F ~  ~ present,  colorimetricallv by the Pauly  diazo hist idine react ion if ammonia  

ad~emt, o~ by  the  Fo l in -Lowry  phenol react ion if bo th  interfering substances 
~ _  The colorimetric methods  were specific adap ta t ions  for the  Auto- 

~ ° ° ' .  I n  ~ cases, prote in  s t andards  and blanks  were prepared to contain the 
¢mieefftrations of P E G  and  salts as the  unknowns.  

l~emm ~ b s t r a t e  ac t iv i ty  was assayed as angiotensin produced after  incubat ing  
~ as  described previously 4. PEG,  Na~SO 4 or Li2SO 4 did not interfere in 

~ y ' .  ~ ' h e n  a m m o n i a  was present  in the solvents,  it was removed by dialysis 
t h e  ~ im:abation.  

° ~ ~ a z  ~s t h e  t r a d e m a r k  of  U n i o n  C a r b i d e  C h e m i c a l s  Co.,  N e w  Y o r k  17, N . Y . .  for  i ts  

° °  P E G  15~o, i s  c o m m e r c i a l l y  p r e p a r e d  f rom e q u a l  p a r t s  o f  P E G  3o0 a n d  P E G  t54  o. 
, o r  1 " ~  o f  t h e  T e c h n i c o n  I n s t r u m e n t s  Corp . .  C h a u n c e y ,  N.'Y., fo r  i t s  e q u i p m e n t  for  
~ ~  ~ a d  a n a l y s i s .  

B i o c h i r n .  B i o p h y s .  A c t a ,  ~9 (1063) 2 6 3 - - 2 7 o  



DISTRIBUTION OF PROTEINS IN AQUEOUS GLYCOL SYSTEMS 

Counter-current  dis t r ibut ion was carried out with a zoo-tube att~oma~c C ~ -  
Post appara tus  using IO ml per phase. 

The compositions of solvent systems which were used to dis t r ibute  , l ~ r ~  ~ve 
given in Table I. Systems A th rough  C have been used extensively.  

RESULTS AND DISCUSSION. 

Purification of hog renin substrate before counter-current distributio~ 
Renin  subs t ra te  is present  in one or more of the globulin fractions ~f #a~m~.  

The act ion of the k idney  enzyme renin on this pro te in  produces a . d e c ~ .  
angiotensin 14, which can be assayed for its pressor effect in the  a n e ~  rama.. 
Par t ia l  purifications of renin subs t ra te  from the  horse ~ and  the hog ~ ha~e b~nta ~e- 
scribed. In  order to apply coun te r -cur ren t  dis t r ibut ion to the fur ther  ~ ~ i o ~  ~off 
hog substra te ,  addi t ional  in te rmedia te  purification steps were developed. 
adsorpt ion and  elution from DEAE-cel lulose and  subsequent  large-scale ~ ~ , ~ , ~ , m ~  
in a P E G - N a 2 S O  4 sys tem were carried out as follows. 

Crude subs t ra te ,  wi th  a specific ac t iv i ty  of 15o-25o units /g,  was  prepm~d ~ m  
hog plasma.  In  general ,  the  procedure described previously for horse ~t~au~ms ~-a~ 
used with the except ion t ha t  angiotensinase was dest royed a t  pH 2.5, ~ m ~  off 
pH 3.8. Following dialysis of the  crude subs t ra te  in an artificial kidney,  ma ~llocttm~ 
dialysis s tep reduced the conduc t iv i ty  of the protein solution at  25 ° t,o ~ 

Subs t r a t e  f rom I )EAE-ce l lu lo se  process :  I o - I  5 g p ro te in ,  7 - x 5 o o o  uni ts ,  to8o  ml.  
(a) Add  z 4 mi  of M NaHoi- 'O4; (b) a d j u s t  to  1.2 M NaaSO 4 and  p H  6.5;  ( c ) a d d  ~_~ malt. 
50 O/io P E G  x.54o" (d) s t i r  15 m i n  and  cen t r i fuge  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,~  

U p p e r  phase  and  all solids (pH 6.5). E x t r a c t  twice  w i th  equa l  v o l u m e s  of l o ~ r  it~ma~e,. 
solvea~t A (phospha te )  {pH 6.5) Table  I. * 

Lower  phases(  p H  6.5). Combine  wi th  E x t r a c t e d  uppe r  phase  a n d  solids ,d~ta~dl~tt. 
in i t ia l  lower  phase .  

i 

l .ower phases  (pH 6.5). (a) A d j u s t  to  p H  8. 5 : (b) ex t r ac t  twice  wi th  equa l  v o l u m e s  of ~ua~ia~it~a~ae.. 
so lven t  A (Tris) (pH 8..5) Ta.ble I. 

Upper  phases  (pH 8.5). E x t r a c t  3 t imes  wi th  E x t r a c t e d  lower  p h a s e  (pH 8.5),dii~c~dl~d[. 
~ v o l u m e  of lower  phase ,  so lven t  A (Tris), 
a f ter  a d j u s t i n g  p H  to  5.0 wi th  acet ic  acid;  
s epa ra t e  bv  cen t r i fuga t ion .  

1,ower phases  (pH 5.o), (a) A d j u s t  to  p H  5,2 and  E x t r a c t e d  uppe r  phase  (pH .5.,0) ,d~acmmd~IL 
2.5 M in NazSO 4 or LizSO4; (b) centr i fuge.  

Solid uppe r  phase  (pH 5.2). Dissolve in m i n i m u m  Liquid  lower  phase  (pH 5.2) disea~d~dl. 
a m o u n t  of wa te r  to  p repare  for coun te r -  
cu r r en t  d i s t r ibu t ion .  

Final  p r o d u c t :  o.t~--l.5 g, 218oo-85o° units ,  a p p r o x i m a t e l y  5500 uni ta /g  of p ro te in .  

Fig. i. Two-phase  aqueous  p a r t i t i o n i n g  s c h e m e  for ba t ch  pu r i~ca t ion  of r e n ~  

Biochim.  B iophys .  .4 eta, 6 9  (a~Jtfaj) - ~ - ~ , ' 7 ~  
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12o F m h o s / c m  °-. As  m u c h  as  80  % of t h e  i n a c t i v e  p r o t e i n  c o u l d  be  r e m o v e d  b y  cen-  
t r i f u g i n g  t h e  sa l t - f r ee  s u s p e n s i o n  a t  p H  5.2. T h e  s u b s t r a t e  p r o t e i n  (4o--80 g) was  
n e x t  a d s o r b e d  f r o m  t h e  s u p e r n a t a n t  s o l u t i o n  a t  p H  8 - 9 ,  u s i n g  5 m e q u i v  D E A E -  
ce l lu lose /g  p r o t e i n .  A c o n s i d e r a b l e  a m o u n t  of i n a c t i v e  p r o t e i n  w a s  e l u t e d  a t  p H  5.0 
( m e a s u r e d  in  t h e  s t i r r e d  s u s p e n s i o n )  w i t h o u t  a n y  loss  of s u b s t r a t e  p r o t e i n .  T h e  
a c t i v e  m a t e r i a l  w a s  o b t a i n e d  b y  3 e x t r a c t i o n s  of t h e  a d s o r b e n t  w i t h  o .o  3 M N a 2 H P O  ~ 
a t  p H  7 .o -7 .5 .  T h e  s u b s t r a t e  p r o t e i n  w a s  c o l l e c t e d  f r o m  t h e  c o m b i n e d  e x t r a c t s  as  
a p r e c i p i t a t e  a f t e r  a d d i n g  ( N H , ) ~ S O ,  t o  2.5 M a n d  a d j u s t i n g  t h e  p H  to  5.2. A m m o n i a  
w a s  r e m o v e d  b y  e x t r a c t i n g  t h e  p r e c i p i t a t e  3 t i m e s  w i t h  2. 5 M Na~SO 4 a t  3 o°. A 
s o l u t i o n  c o n t a i n i n g  l O - 1 5  g of  t h i s  p r o t e i n  p r e p a r a t i o n  ( a p p r o x .  IOOOO un i t s )  w a s  
t h e n  p r o c e s s e d  b y  t h e  s c h e m e  o u t l i n e d  in Fig.  1. T h e  f inal  p r o d u c t  c o n t a i n e d  4 o - 5  o % 
of t h e  s t a r t i n g  s u b s t r a t e  a c t i v i t y  a t  a 4 - 5 - f o l d  i n c r e a s e  in  specif ic a c t i v i t y .  T h e  res t  
of  t h e  a c t i v e  m a t e r i a l  w a s  d i s t r i b u t e d  a m o n g  s e v e r a l  s ide  f r a c t i o n s  a n d  w a s  n o t  
pu r i f i ed  f u r t h e r .  

Counter-current distri tmtion o f  renin substrate in  a P E G  z54o-L i2SO4  system 

A 54-ml  s a m p l e ,  o b t a i n e d  as  t h e  p r o d u c t  of t h e  s c h e m e  of F ig .  I a n d  c o n t a i n i n g  
281o m g  p r o t e i n  azld 36oo  u n i t s  w a s  p r e p a r e d  for  d i s t r i b u t i o n  b y  m i x i n g  w i t h  47-5 ml  
of  50 % P E G  1540,  I I  m l  of w a t e r ,  19. 7 g of  L i 2 S O 4 . H ~ O  a n d  I.O ml  of I M s o d i u m  
s u c c i n a t e  a t  p H  6.5. One  sol id  p h a s e  a n d  z l i q u i d  p h a s e s  were  o b t a i n e d  a f t e r  cen-  
t r i f ug ing ,  T h e  u p p e r  l i qu id  l a y e r ,  c o n t a i n i n g  189 m g  of p r o t e i n  a n d  9oo u n i t s  in 6o ml ,  
a n d  t h e  lower  l i qu id  l aye r ,  c o n t a i n i n g  lO6O m g  of  p r o t e i n  a n d  212o u n i t s  in 85 ml ,  

4=: 4 0  ~ 

O. : , "F. 
t ~  

_ I _ _ - ' "  I • ~ I 

0 20 40  60 80  iO0 120 140 

iube Number 

e L  

30 50 70 9 0  I i 0  130 150 170 

Tube Number 
Fig. 2. Counter-current distribution of protein renin substrate in solvent system B (succinate) of 
Table I, at  to ° and pH 6.5. The substrate had previously been purified by the method of Fig. t. 
O - -  O, protein by Pax:ly ~;~ =~ histidine ; O - -  O, substrate act ivi ty  ; × - - - × ,  theoretical distri- 
bution of sutmtrate activity, a, after [82 transiers the indicated band being retailted for further 

distributioe." b, after 326 total transfers (with recycling). 

Biochim. l~iophys. Acta, 69 (;t963) 263-27o 
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were loaded  in to  the  c o u n ~ e r - ~ m ~  a ~ m i ~ m l ~  a p p a r a t u s .  Us ing  s y s t e m  B (succi- 
na t e  of Tab le  I a t  p H  6.5 aaad wo~, ~ l l r a m ~  were r u n  in 94 h (Fig. 2a). T h e  t i m e  
requ i red  for t he  phases  to  sepa~,~e  ~ a m ~ .  _ ~ m  5o rain to  30 m i n  d u r i n g  the  run .  
T h e  ac t ive  m a t e r i a l  m o v e d  ~he~d  ,a~t t ~  mmj~tr p a r t  of t he  pro te in .  I n  t u b e  70, the  
specific a c t i v i t y  was 2 2 7 o o . a ~ t ~ g  ~0m~m~red] to, z42o un i t s /g  for t h e  in i t ia l  load.  
The  con t en t s  of t u b e s  30--90 w ~ e  mo~.~ir~dL aamtl ~I~e res t  of t h e  t r a in  was  e m p t i e d  a n d  
refilled wi th  fresh s o l v e n t . . ~ f ~ r  ~ .  rm~r~ ~-a~..sfers (59-5 h w i t h  a 23-rnin phase  
s e p a r a t i o n  t ime) ,  t he  p a t t e r n  : ~  a~ Jim IV/~. 2b. T h e  m a t e r i a l  in t u b e  lO7, wi th  
K --- o.49, h a d  a p u r i t y  of 24  3oo ~ t t ~  ~ ~ been  purif ied I I-fold.  T h e  a d d i t i o n a l  
t r ans fe r s  h a d  c lear ly  resolx~ed ~a ~e~omdl a~rtfii~ b a n d  wi th  its p e a k  specific activitx- 
of 8350 un i t s /g  in t u b e  60. ~ e  ,caIlot~,a~ll d ~ m ~ t ~ t i o n  curves  for each  ac t ive  p ro te in .  
ba sed  on the  a c t i v i t y  m a x i m a ,  : ~ e  ~mxwm ~ r  b~oken lines. A l t h o u g h  the  fit of t h e  
theore t i ca l  a n d  e x p e r i m e n t ~  ~ a ~  ~ ii~ poor  in s y s t e m s  us ing  LizSO ~, closeh- 
agree ing  cu rves  resul t  w h e n  ~.a2~@~ i~ ~ l i ~ y e ~  

Pur i f ied s u b s t r a t e  was  ~cco~mm~ t~0~m tfl~e, pooled  u p p e r  phases  of se lected t u b e s  
by  s t i r r ing  w i th  an equa l  v o l ~ e  ,~t ~0Mt 4~,~11 ( ~ t ~ ) ~ S O a  a t  p H  5.2. Af te r  cen t r i fu -  
ga t ion ,  a th in  in te r rac ia l  p a d  ,off ~ t/n~tte'm was  o b t a i n e d ;  n e i t h e r  l iquid  p h a s e  
c o n t a i n e d  s igni f icant  a m o u n t s  ,off t ~ 0 ~ ,  .~, lboth were  d i scarded .  T h e  p a d  v o l u m e  
was e s t i m a t e d  a n d  IO v o l u m e s  ,at ~colkll ~ . o ~  P E G  154o (pH 4.I)  were  added .  Af t e r  
s t i r r ing ,  t he  m i x t u r e  was  ~ c ~ ~  ((z3~o,  ::< g) in cel luloid t u b e s  un t i l  a c lear  
s u p e r n a t a n t  resul ted .  T h e  p a d  ~ ~[lmm ~ in  5 v o l u m e s  of 25 % P E G  I54o.  
"the m i x ;  ure was  cen t r i fuged  ~o , ~  m ¢tkmr s a ' p e r n a t a n t  free of p ro te in .  Th i s  s t ep  
was r epea ted ,  a n d  t h e n  ffoLlo~edl ~ ~ m ~ - ~ i ~ g  the  solid p h a s e  in  ~.5 v o l u m e s  of 
IO % P E G  154o. At  th i s  s t age .  ~a ~r~llll . ~ m ~  of low a c t i v i t y  p r o t e i n  was d i sso lved  
in the  s u p e r n a t a n t .  T h e  .pro~e~a r.e~d]n~ ~ Ibe¢ome a taffy- l ike  solid t h a t  was  n e x t  
d i sso lved  it. t h e  m i n i m u m  n, o t~me ~at ~ r  a~d~ freed of smal l  a m o u n t s  of s e d i m e n t  
b y  cen t r i fug ing .  The  critic~] ~ o~t~ ~ ~.~r~me i n v o l v e d  d isso lv ing  o u t  i m p u r i t i e s  
wi th  a m i n i m u m  a m o t m t  .o~ a,o'% ~ ~r~tt~ w i t h o u t  d isso lv ing  app rec i ab l e  ac t ive  
p ro te in .  T h e r e  was  no  a p p a ~ m t  ~ ~ a r i ~ m  o~ p ro t e in  d u r i n g  t h e  d i s t r i b u t i o n ;  no  
so l id  a p p e a r e d  a t  t h e  solvCm~ ~ , ,  ~ tl~e final sa l t - f ree  p ro te in  p r o d u c t  was  
comple t e ly  soluble in wa te r .  

T h e  sequence  of o p e r a ,  iotas im~0/ l~ i~  D~EA~-cellulose, b a t c h w i s e  p a r t i t i o n i n g  
in a P E G  x54o-NazSO~ sys~ma ~ ~ ¢ o t m t e r - c u r r e n t  d i s t r i b u t i o n  in  a P E G  
I 5 4 o - L i e S O a  s y s t e m  h a s  ~ o S a o ~ f l  ~ ~ p u r i t y  r en in  s u b s t r a t e  so far  o b t a i n e d .  
24300 uni t s /g .  T h e  distn-bmfiiem ,at ~ ltmotei~ ind ica t ed  the  p resence  of a t  le~.st 
t xw types  of s u b s t r a t e .  

Counter-current distribution of~thornton ~ p~t~ins in a PEG x o o o - ( N H  4) ,S0 ,  system 

The  wide ly  i n v e s t i g a ,  ed , c~ l tRk~  m ~ m m ~  ~ of p ro te ins  in s e r u m  is v e r y  useful  
in s t u d y i n g  t h e  power  of a~ay t ,  d ] m ~ ~ m m o t ~ r e  pro te ins .  R e c o v e r e d  p r o t e i n  f rac t ions  
can  be f u r t h e r  s t ud i ed  b y  o~a~r  ~ .  ~ I ~  a s  p a p e r  or  co lumn  e lec t rophores is .  
to  help  es tab l i sh  t h e  iden~i t~  ,at t t n r ~  c o m p o n e n t s .  Accord ing ly ,  t h e  ab i l i t y  of 
several  P E G - s a l t  s y s t e m s  , o  a~d lme  ~ m l k r  s e r u m  was  tes ted.  The  bes t  of these  
s y s t e m s  was  p r e p a r e d  f rc~.  ~I~EiG a ~  ammll ((~-1t~4,) ~SO, ( sys tem C, T a b l e  I). 

45 ml  of pooled  h u m m a  s e I ~ m  ¢ x ~ ~  z 8 5 3  m g  p ro te in  was  m i x e d  wi th  84 ml  
of 50 % P E G  Iooo,  60 m l  off 4--~ ((~ttt~))~.~O)~. ~ 3o  m l  of wa te r .  T h e  p H  was  a d j u s t e d  
to  8.o wi th  0.6 ml  of 2.5 ~ ~ O R : :  ~ ~ was  chil led to  i o  ° a n d  cen t r i fuged .  
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The  u p p e r  phase  c o n t a i n e d  838 mg  in lO8 ml  a n d  t h e  lower  phase  c o n t a i n e d  12o 4 mg  
in lO 4 ml. The  insoluble  in te r rac ia l  laver  was  d issolved in w a t e r  a n d  found  to  con ta in  
811 mg.  or 28. 4 9o of t he  to ta l  a d d e d  pro te in .  5o ml  of t h e  u p p e r  phase  (388 mg) and  
5o ml  of the  lower  phase  (579 rag) were  loaded  in to  t u b e s  0 - 4  of t he  t ra in .  A l iquo t s  of 
the  2 phases  a n d  t h e  red isso lved  in ter rac ia l  solid were s aved  for p a p e r  e lec t rophores is .  

The  d i s t r i b u t i o n  was  r u n  for i94  t r ans fe r s  ( I62 h) a t  I o  ° in s y s t e m  C, Tab le  I 
(pH 8.0). F r o m  3 ° to  45 m i n  were requ i red  for t h e  phases  to  s e p a r a t e  a f te r  equili-  
b ra t ion .  T h e  d i s t r i b u t i o n  is s h o w n  in Fig. 3- P o r t i o n s  of t h e  r u n  were pooled as 
ind ica ted ,  a n d  d ia lyzed  in bags  aga ins t  cold flowing t a p  w a t e r  unt i l  Nessler  tes t s  

H U M A N  S E R U M  ~ _ ~  

PEG I 0 0 0 -  {I~H4) t SOs 
~gn Transfor$ 

pH O.O; tO" 24 

2O 
" I ~ 1 " "  >"1 - 

i .,,. i ~  .¢.1 i 

I m l . e l  
L6 ,,~ ~., - .  m 

~2 c 

" i 

4 

i ! | ~ I I i ) 
o 20 40 60  80 i oo  120 140 

Tube N u m b e r  

I 
160 t O O  2 0 0  

Fig.  3- C o u n t e r - c u r r e n t  d i s t r i b u t i o n  of h u m a n  s e r u m  p r o t e i n s  a f t e r  I94 t r a n s f e r s  in s o l v e n t  
s y s t e m  C of  T a b l e  I, a t  xo ° a n d  p H  8.0. P r o t e i n  b y  a b s o r b a n c e  a t  280 m/ l .  P o o l e d  f r a c t i o n s  w e r e  

r e c o v e r e d  ~.s d e s c r i b e d  in  t h e  t e x t  a n d  o o m p o n e n t s  w e r e  i d e n t i f i e d  b y  p a p e r  e l e c t r o p h o r e s i s ,  

for a m m o n i a  were  n e g a t i v e  (2I h). All v o l u m e s  doub led  due  t o  t h e  osmot ic  effect of 
t h e  glycol.  T h e  f rac t ions  were  c o n c e n t r a t e d  b y  dialysis  aga ins t  a large vo lume  of 
5o-75  % P E G  154 ° wi th  r e s u l t a n t  p rec ip i t a t i on  of t h e  p ro t c in  f rom the  sal t-free,  
g lycol- r ich sys t em.  T h e  b a g  c o n t e n t s  were r e m o v e d  a n d  cen t r i fuged  ( i 3 8 o o  < g). T h e  
s u p e r n a t a n t  glycol  so lu t ion  was  found  to con ta in  no p ro t e in  a n d  was  d iscarded.  T h e  
p ro te in  res idue  was  t h e n  s u s p e n d e d  in IO vo lumes  of 5o % P E G  600o a n d  recen-  
t r i fuged.  T h e  p ro te in - f ree  s u p e r n a t a n t  was  d i scarded ,  a n d  t h e  res idue was  e x t r a c t e d  
wi fh  a smal l  vo lume of o.o5 M N a 2 H P O 4 - o . I  M NaC1 a t  p H  7-5- P a p e r  e lec t rophores is  
in t h e  Spinco  s y s t e m  was  used to es tab l i sh  the  t y p e  of m o b i l i t y  a n d  the  pe r cen t age  
c o m p o s i t i o n  of each  f rac t ion .  P a t t e r n s  were  o b t a i n e d  f rom a l iquo t s  ana lyzed  s e p a r a t e l y  
as well  as m i x e d  wi th  s e r u m  of k n o w n  compos i t ion .  Severa l  ~,-globulins wi th  widely  
dif fer ing distr ibutiorL cha rac te r i s t i c s  were  found.  T h e  h igh  so lub i l i ty  a n d  favorab le  
K va lues  for y-globul ins  m a k e  th is  s y s t e m  useful  for s t u d y i n g  m i x t u r e s  of these  
pro te ins .  

A second  d i s t r i b u t i o n  was  r u n  in order  to  conf i rm the  reso lu t ion  of s e r u m  in to  
t h e  f rac t ions  s h o w n  in Fig.  3, wi th  essent ia l ly  t h e  s a m e  d i s t r i b u t i o n  p a t t e r n  of prote ins .  
W h e n  a t t e m p t 5  were  m a d e  to c a r r y  ou t  this  d i s t r i b u t i o n  a t  25 °, on ly  t w o  b a n d s  were  
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itauad" :e-globulin wi th  high K values,  a n d  a m i x t u r e  of t he  o the r  s e rum prote ins  
in  t h e  s t a r t i n g  tubes .  

The  sepa ra t i on  of se rum pro te ins  in to  e lec t rophore t i ca l ly  d is t inc t  groups  af ter  
appr~)x. 2oo t ransfers  ind ica tes  t he  po ten t i a l  scope of coun t e r - cu r r en t  d i s t r ibu t ion  
us~r~g these  systems.  

Factors affecting the solubilities and distribution coefficients of proteins in PEG--salt 
- 

"[he p ropor t ion  o[ w a t e r  present ,  t he  pH,  t e m p e r a t u r e ,  molecular  weight  of the  
P E G  a n d  the  specific ca t ions  a n d  anions  all inf luence the  behav io r  of p ro te ins  in these  
_~ystems. Inc reas ing  t h e  a m o u n t  of wate l  in  t h e  P E G - s a l t - w a t e r  pa r t i t i on  sys t ems  
caused  each  phase to a p p r o a c h  t h e  s ame  compos i t ion  a n d  to increase  in c a p a c i t y  for 
prote in .  At  the  cri t ical  cofiaposition point ,  bo th  p h a s e s  became  ident ica l  and  the  
~ - s t em homogeneous .  ALBERTSSON a has  shown t h a t  in the  region of t he  cri t ical  point ,  
--.tker factors  such as p H  a n d  t e m p e r a t u r e  become of ma jo r  i m p o r t a n c e  ill d e t e rmin ing  
the  compos i t ion  of t he  phases  a n d  mus t ,  therefore ,  be r ig idly  control led.  This  is 
~ r t i c u l a r l y  necessa ry  d u r i n g  a cotmte:--ciarrent d i s t r ibu t ion  of e x t e n d e d  du ra t ion .  
IB order  to be less res t r i c t ive  of the  p H  a n d  t e m p e r a t u r e  and  to  decrease  phase  sepa- 
ra t ion  t imes  to less tharx 60 min,  t h e  m i n i m u m  w a t e r  c o n t e n t  compa t ib l e  w i th  a d e q u a t e  
proteir t  so lubi l i ty  and  p a r t i t i o n i n g  b e t w e e n  phases  was  chosen.  E x e m p l i f y i n g  t he  
~ e  effect on K values  of changes  in w a t e r  con ten t ,  when  t h e  p ropor t i on  of w a t e r  

s~-stem E of Tab le  I, was  inc reased  4-3 % (v/v),  t he  K va lue  for a l b u m i n  increased  
~r~m 0.08 to  0.22 and  t h a t  for r -g lobu l in  increased  f rom x.8 to 2. 7. T o t a l  p ro te in  
~ l u b i l i t i e s  c h a n g e d  ve ry  l i t t le.  

As t he  p H  was increased  withir i  t he  r ange  4-5 to 8. 5, p ro te in  K va lues  f r equen t ly  
increased  several-fold.  The  K for 7,-globulin in  sy s t em E of Tab le  I, was  8.2 t imes  
g r e a t e r  (r.89) a t  p H  8 5 t h a n  a t  5-5- However ,  t h e  K for a l b u m i n  (in t he  same sys tem)  
was  only  2.x t imes  g r e a t e r  a t  8. 5. I n  s y s t e m  C of Tab le  I, r en in  s u b s t r a t e  K va lues  
in¢reased 3.5-fold, f rom 0.38 a t  p H  4-5 to  r .35 a t  p H  7.0. T o t a l  p ro t e in  solubil i t ies 
in a~  cases were  essen t ia l ly  cons t an t .  

I t  was  s t a t e d  ear l ier  t h a t  lowering t he  t e m p e r a t u r e  of sy s t em C of Tab le  I, 
from 25 ° to 5 ° a l t e red  t h e  K va lues  of some of t h e  s e r u m  pro te ins  sufficiently to 
,~ermit the i r  pa r t i a l  separa t ion  in 200 t ransfers .  A t  25 °, no reso lu t ion  of a !bumin ,  
~ - ,  ~ -  or  0-globul ins  occurred.  An  apprec iab le  t e m p e r a t u r e  v a r i a t i o n  in t h e  K va lues  
of rertin s u b s t r a t e  wa_~ found using the  same  so lvent  sys tem.  T h e  K va lues  a t  5 ° were 
x.6-x.7-fold larger  t h a n  a t  25 °. T h e  c a p a c i t y  of the  s y s t e m  for s u b s t r a t e  a t  5 ° was  
s t~I  80 % or more  of t h a t  a t  25 ° 

The  degree of po lymer i za t ion  of t he  P E G  m a r k e d l y  affects t he  solubi l i ty  of 
p ro t e in  in the  organic  phase,  al,a- . . . .  t. . . . . . . . .  e;u as  m u c h  as 7-5 m g  of renin s u b s t r a t e  can  be  
dissolved per  ml  of sy s t em C of Tab le  I,  w h e n  p r e p a r e d  w i t h  P E G  6ooo, none  of 
t h e  p ro te in  is soluble in t h e  organic  l ayer  ( K - - o ) .  If P E G  6ooo is r ep laced  b y  
P E G  x54o or P E G  xooo, the  K va lues  increase  to  o.96 a n d  x.35, respect ive ly .  I n  the  
case  of a l b u m i n  in sys t em E of Tab le  I,  w i t h  P E G  x54o, thc  K was o.05; b u t  wi th  
P E G  iooo,  i t  inc reased  to  o.x35. ) ,-Globulin in  t he  same  sys t em showed  a 5-fold 
increase  in K us ing  P E G  x 5oo in s t ead  of P E G  x54 o. 

A sys t ema t i c  s t u d y  of t h e  effects of a n u m b e r  of ions on t h e  solubil i t ies and  
[~-~titioning of a lbumin ,  y-globulin a n d  s e rmn  was  made .  Var ious  combina t ions  of 
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N a  +, NH4+ a n d  Mg z+ ~ i t h  SO42-, HPO42-  a n d  CnHsO7 a- (citrat, e) ~eme lte~tedk E a c h  
s y s t e m  con t a ined  5.6 ml  of 50 o,, P E G  IOOO, 8 ml  of 2 M sal t  ( I . ~  1~I .~¢Nm~ ,c/~,ate) 
a n d  2 ml  of 3 %, (w/v) a lbumin ,  3 °o (w/v) ~,-globulin or  7-3 °o (~rf~-~). ; _~ermm l~,~etns ,  
a d j u s t e d  to  p H  8.o at  25 ° 

Of the  3 sulfates .  (NH4)2SO , p rov ided  t h e  h ighes t  pro '~e~ so~lb~ttSe~ ~a~d: N 
values.  This  was  m o s t  a p p a r e n t  in the  case of v-globul in  wt~ere s~mlb~g~- m t h e  
a m m o n i u m  su l fa te  s y s t e m  was  IOO % as c o m p a r e d  ~Sth I . I  % ~ X ~ _ ~ , m a ~ t l  x2.2 ",, 
in MgSOa. T h e  K ' s  were  6.7, o . t  a n d  o.o for ~,-globulin in  t h e  3 ~ .~._-~ems_ MgSO,  
g a v e  no K v a l u e  g r e a t e r  t h a n  o. I (with serum) ,  and  so o t h e r  Mg ~+ :am~c~m ~ 0 ~ l b ~ a t i o n s  
were  n o t  t r ied.  T h e  p h o s p h a t e s  and  c i t r a tes  of b o t h  N a  + a n d  N.Iqi~ + ~ - < -  ~ s  ~-erv 
s imi lar  to  t hose  o b t a i n e d  wi th  t h e  sul fa tes  when  tes t i~  Z a l b u m i n  :m~ ~ Ho.wever, 
in the  case of ~,-globulin, t h e  N a  + sal ts  were  m u c h  poore r  thma ~ ,c~.~v~'e~lp,)nding 
NH4+ sal ts  in ab i l i ty  e i the r  to  dissolve the  p ro t e in  or  to  g ive  ~ $,- ~-Mlm~. .~ . ~ n o n g  
t h e  N H 4  + salts ,  t he  su l fa te  was  o u t s t a n d i n g  in solubi l iz ing ~ - g ' ] ~  ((a,,~,%,, v e r s u s  

13 % for t h e  p h o s p h a t e ,  a n d  2 1 %  for t he  c i t ra te) .  T h e  K v a ] ~  $(,~ . ~ . ~ - ~ 0 ~  were 
h igh  in all  N H ,  + salt  sys t ems .  

T h e  d a t a  f rom these  e x p e r i m e n t s  showed  tha t ,  in general ,  ~ t ~ e ' ~  tW0~ie~ N" ~-alues 
were o b t a i n e d  w h e n  t h e  s y s t e m s  c o n t a i n e d  cons ide lab le  wa te r ,  l~er m r . , ~ e ¢ ~  weight  
P E G ,  (NH4)zSO a in p re fe rence  to  o t h e r  sal ts ,  a n d  when  t h e y  ~ e  lt~es~tedl ae high 
p H  a n d  low t e m p e r a t u r e .  G r e a t e r  p ro te in  solubi l i t ies  were  ~bsera~e~dt ~ ~ m ~ o t a i u m  
su l fa te  s y s t e m s  w h e n  lower  molecu la r  weight  P E G  was  used.  
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