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A buffer  solution of low ionic s t rength  p roduces  a pH gradient  in a g lycero l  c o n e e n t r a t i o n g r a -  
dient in which e lec t rofocus ing  of hemoglobin can be c a r r i e d  out. The r e su l t s  obtained were  
comparab le  with those of e lec t ro focus ing  in ampholyte  c a r r i e r s .  

The method of e lec t rofocus ing  and f rac t ionat ion of p ro te ins  in a pH gradient  produced by means  of 
"LKB" ampholyte  c a r r i e r s  has  recen t ly  become  ve ry  popular .  The method has high resolv ing  power,  a s  
a r e su l t  of which the he terogenei ty  of blood s e r u m  albumin with r e s p e c t  to i t s  i soe l ec t r i e  points  has been 
es tab l i shed  [8-6], and f r ac t ions  of ant ihapten ant ibodies  belonging to one c lass ,  to one sub-group,  and with 
the s ame  type of light chain, have been iso la ted  [4, 3]. However ,  the method is not yet  ava i lab le  in all  lab-  
o r a t o r i e s  because  it  r e q u i r e s  the pu rchase  of expensive ampholyte  C a r r i e r s  and equipment.  In addition, this  
method has the d isadvantage  that po lyaminopolycarboxyl ic  ac ids  ('IAmpholin" - ampholyte  c a r r i e r s )  a r e  
bound by s e v e r a l  p ro te ins  [6, 2] and, in some cases ,  give pseudoheterogenei ty .  F o r  the r ea sons  given above 
it i s  impor t an t  to seek  other  methods  of producing a s table  pH gradient  and enabling max imal  s impl i f ica t ion 
of the technique. Recent ly Luner  and Kolin [5] desc r ibed  a new method of i soe lec t r i c  focusing and f r ac t i on -  
ation of p ro te ins  in a pH grad ien t  of buf fer  solution c r ea t ed  by a t e m p e r a t u r e  gradient .  The method is  d i s -  
t inguished by i ts  s impl ic i ty  but it  i s  r e s t r i c t e d  to a f a i r ly  nar row pH zone outside which it i s  difficult to 
v a r y  the width of the pH gradient .  

This  paper  d e s c r i b e s  a method of e lee t rofocus ing and f rae t ionat ion of pro te ins  in a pH gradient  p r o -  
duced by a concentra t ion  gradient  of an organic  solvent .  The method is  based  on the di f ference between the 
d ie lec t r i c  constants  of wa te r  and the organic  solvent .  The degree  of d issoc ia t ion  of e l ec t ro ly tes  is  known 
to be approx ima te ly  d i rec t ly  p ropor t iona l  to the d ie lec t r ic  constant  of the medium.  This,  in turn ,  i s  r e -  
f lec ted  in the e l ec t r i ca l  conductivity of the solution and the ionic product  of wate r .  A pH gradient  of the buf- 
f e r  solution is  thus c r ea t ed  in the grad ien t  of the organic  solvent,  which a l t e r s  the d ie lec t r ic  constant  of the 
med ium.  

E X P E R I M E N T A L  M E T H O D  

In this invest igat ion g lycero l  was  used to c r e a t e  the pH gradient  because  of i ts  min imal  effect on p ro -  
tein s t ruc tu re .  A wider  pH in te rva l  can be c rea ted  by means  of ethanol and acetone  with lower  max ima l  con-  
cen t ra t ions  of solvent,  but to p revent  the denaturing act ion of these solvents  on the prote in  the e l ec t ro focus -  
ing has  to be c a r r i e d  out a t  a low t e m p e r a t u r e .  

A d i a g r a m  of the s imp le s t  a p p a r a t u s  fo r  e lec t rofocus ing  in a gradient  of an organic  solvent  i s  shown 
in Fig .  1. The ma in  p a r t s  of the appa ra tu s  a r e  two g l a s s  tubes  (1) of equal d iamete r ,  p laced ve r t i ca l ly  and 
pa ra l l e l  to each other .  The i r  lower  ends a r e  joined by a r ubbe r  tube (2). Before  the appara tus  is  filled the 
r u b b e r  tube is  c l amped  and an identical  gradient  of the organic  solvent i s  produced in both column tubes 
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Fig.  1. Diagram of appara tus  for  
e lect rofoeusing in a glycerol  con- 
centrat ion gradient  (explanation in 
text). 
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Fig.  2. Curves  of e lectrofocusing of hemo-  
globin in a g lycerol  concentrat ion gradient  
(A), in Ampholin (B), and in a t empera tu re  
gradient  of buffer solution (C). 

by means  of a gradient  mixer  or  by layering ser ia l  dilutions. The neces-  
sa ry  range of the solvent gradient  is chosen by sample measu remen t s .  F o r  
example, a pH gradient  f rom 4.7 to 5.0 was required.  A 0.001 IVI acetate 
buffer, pH 4.7, was p repared  and the minimal concentrat ion of the organic 
solvent which increased  the pH of this buffer  to 5.0 was selected.  These 
values a re  somewhat conventional in cha rac te r .  No data a re  available for  
glycerol ,  but it is  known [1] that measu remen t s  in ethanol up to 71.9% give 
resu l t s  close to the true values.  

Af te r  the c rea t ion  of the concentrat ion gradient  of the organic solvent 
Fig.  3. Frac t ionat ion  of in both columns the clamp was removed f rom the rubber  tube. Solutionwas 
hemoglobin in columnwith withdrawn f rom about the middle of one of the columns, and a cer ta in  quan- 
gradient  of g lycero l  as  o r -  tity of protein was dissolved in it. The solution of the protein was then ap-  
garlic solvent, pl ied in a layer  at  the same level of the column. Platinum elec t rodes  (5) 

were  placed into large receptac les  (3) of buffer, with a capacity of 3 l i t e r s  
o r  more ,  connected with the columns by paper br idges  (4). The large buffer recep tac les  or  small  vesse l s  
with a constant  flow of liquid a re  essent ial  in o rde r  to maintain the pH of the f ree  buffer constant over  a 
long period.  If a pH-sta t  is available, the volumes of the buffer recep tac les  can be considerably reduced.  
Elect rofoeusing of the prote ins  was ca r r i ed  out, just as in ampholytes,  for  48-70 h using a cur ren t  of up to 
1 mA and a voltage up to 1500 V. At the end of the exper iment  the rubber  tube was clamped and punctured 
with an injection needle, through which samples  of the contents of the columns, one of which was the control,  
were  removed as  samples  of equal volume. The absorpt ion of the samples  f rom the working column against  
the control  samples  f r o m  the para l le l  column was then determined on a speet rophotometer .  In this way it 
is  possible to work with solvents which absorb in the Same region as  the protein.  If highly purified g lycero l  
is  used, g lycero l  of any concentrat ion or water  can be used as  the control .  The pH is then determined in 
each sample and a curve  showing the distr ibution of the protein as  a function of its i soe lee t r ic  points is 
plotted. 
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E X P E R I M E N T A L  R E S U L T S  

Comparative results  of electrofocusing of bovine hemoglobin in a gradient of organic solvent, in Am- 
pholin, and in a temperature gradient are  given below. The curve of electrofocusing of bovine hemoglobin 
(Reanal) by the method described above is shown in Fig. 2 A. The original solution was 0.001 M tris-HC1- 
buffer, pH 7.8. The pH gradient was produced by serial  dilutions of glycerol from 60% to 0. This gave a 
gradient of pH from 7.0 to 7.8. The hemoglobin solution was layered into the middle part  of one of the col- 
umns, which was connected by a paper bridge with the negative electrode vessel.  Fractionation was carr ied 
out for  60 h with a current  of 0.2 mA/cm 2 and a voltage of 500 V/cm. During the experiments the pH of the 
buffer in the electrode vessels  was determined periodically and adjusted if necessary to the original values 
by the addition of HC1 or t r is .  Fractionation of the hemoglobin into four zones was clearly visible at the 
end of electrofocusing (Fig. 3). Absorption at 280 nm was determined in 0.2-cm cells on a type SF-4A spec- 
trophotometer.  The pH was measured with a type LPU-01 pH-meter  with glass electrodes. As willbe clear  
f rom Fig. 3, this specimen of hemoglobin gave six fractions with isoelectr ic  points from 7.25 to 7.65, in 
close agreement with the resul ts  of electrofocusing in a pH gradient produced by ampholin [3] (Fig. 2 B) and 
with the resul ts  of electrofocusing obtained by the authors in a pH gradient created by a temperature gra-  
dient (Fig. 2C). 

The results  of electrophoresis  in the organic solvent gradient show that the proposed method has a 
revolving power comparable with that of ampholytes; it is f ree  from some of the disadvantages associated 
with the latter .  
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