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A design for  a hor izonta l  appara tus  for  p r e p a r a t i v e  e lec t r i c  focusing in a stable pH gradient  
and with many advantages  over  ve r t i ca l  columns for  e l ec t r i c  focusing in a suc rose  density 
gradient  is descr ibed.  I soe lec t r i c  s p e c t r a  of the IgG of some an imals  a re  examined. 

In recent  y e a r s  i soe lec t r i c  f ract ionat ion in a s table  pH gradient  has  come to acquire  a leading place 
in prote in  b iochemis t ry  [2, 4]. Columns in which a pH gradient  is  c rea ted  in a ve r t i ca l  densi ty gradient  
fo rmed  by the addition of suc rose  a re  usual ly  used for  e lec t r i c  focusing. 

As well  as high resolut ion during the f ract ionat ion of p ro te ins  differ ing only slightly in the i r  i soe lec -  
t r i c  points,  appa ra tuses  of this  type also have cer ta in  disadvantages.  The most  impor tant  of these a re  the 
need to r emove  the sucrose ,  the concentrat ion of which may reach  40%, in o r d e r  to isola te  the pure  protein,  
and the imposs ib i l i ty  of separa t ing  large  quanti t ies of prote in .  

The pr inciple  desc r ibed  p rev ious ly  [3] was used to design the separa te  units and to p r e p a r e  a hor i -  
zontal appara tus  for  e l ec t r i c  focusing, the main advantage of which would be that considerable  quanti t ies  of 
pro te in  could be f rac t ionated without the use of a densi ty gradient .  The consumption of ampholin is reduced 
by 33-50% compared  with e lec t r i c  focusing in a ve r t i c a l  column. 

The horizontal  appara tus  for  e lec t r ic  focusing is shown schemat ica l ly  in Fig. 1. The appara tus  is  
made of t r anspa ren t  p las t i c  and consis ts  of a t r ay  (1) with cor ruga ted  base  (2), the angle between the sides 
of the cor rugat ions  being 60 ~ A s e r i e s  of t r a n s v e r s e  gu t te r s  is fo rmed  between the cor ruga t ions  in the 
base .  P la t inum e lec t rodes  (3) a re  p laced at the ends of the t r ay  and sepa ra t ed  f rom its working volume by 
par t i t ions  made f rom No. 4 g lass  f i l t e r s  (4). A cor ruga ted  lid (5) fi ts into the t ray ,  i ts  p ro jec t ions  c o r r e s -  
pending to the hollows in the base  of the t ray.  The tip of each hollow communica tes  through a ve r t i c a l  
channel in the lid with i ts  top sur face .  The base  of the t r ay  and the lid a re  of double thickness.  By pass ing  
wa te r  or  an t i f reeze  cooled to 0.5~ through the appara tus  the t e m p e r a t u r e  in the working volume of 
the chamber  during e lec t r i c  focusing is  kept at about 2~ 

The appara tus  is p r e p a r e d  for  e l ec t r i c  focusing as follows: 35-40 ml of 1% ampholin solution of the 
requi red  pH range  is poured  into the bot tom of the t r ay ,  and by gentle agitation effor ts  a re  made to ensure  
that the liquid is d is t r ibuted uniformly in the hollows of the base  and that the r idges  between them preven ted  
it f r om mixing. The ampholin solution is then r emoved  f rom one or  s eve ra l  adjacent  cent ra l  hollows and 
rep laced  by the solution of prote in  in 1% ampholin. To r emove  sal ts ,  the pro te in  should be f i r s t  dialyzed 

Fig. 1. Scheme of the horizontal  appara tus  for  e l ec t r i c  focusing 
(explanation in text). 
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Fig. 2. I soe l ec t r i c  spec tra  of  bovine (a) and rabbit (b) IgG, h o r s e  
ant i -anthrax T-globul in  (c), and IgG f r o m  bovin  lymph gland t i s -  
sues  (d): 1) pI-I-gradient curve; 2) prote in  distribution curve  
(E2~ 0 for the ce l l  1.35 mm).  

agains t  d i s t i l l ed  water .  Good r e s u l t s  a re  a l so  obtained during e l e c t r i c  focusing of p r o t e i n s  containing 
s m a l l  quant i t ies  of s a l t s  as impur i t i e s ,  s tab i l iz ing  them in solution. F o r  example ,  i s o e l e c t r i c  s p e c t r a  of 
blood se rum p ro te ins  can be s tudied without p r e l i m i n a r y  d ia lys i s .  

Up to 3 ml blood s e r u m  can be f rac t iona ted  at one t ime  in the appara tus  of this  design using ampholins  
for  the pH region  3-10. F o r  f rac t ionat ion  of human albumin in a g rad ien t  of pH 4-6,  up to 100 mg pro te in  
was  used for  p r e l i m i n a r y  f ract ionat ion.  To study the i s o e l e c t r i c  s p e c t r a  and p r e p a r a t i v e  i so la t ion  of f r a c -  
t ions o f ' /G-g lobu l in ,  ba tches  of 70 mg were  f rac t iona ted  s imul taneous ly .  

A f t e r  addit ion of the sample  for  f rac t ionat ion ,  the l id  i s  lowered  on to the t ray .  The p ro j ec t ions  of 
i ts  co r ruga ted  base  d i sp lace  some of the solution f rom the hollows in the f loor  of the t ray.  This  c r e a t e s  a 
s e r i e s  of ]unctions between the V-shaped  ce l l s  f i l led  with ampholin solution. The l id must be lowered  slowly, 
keeping watch that a i r  bubbles  escape  f rom the t ips  of the hollows in the l id  through the app rop r i a t e  holes.  

The e lec t rode  compar tmen t s ,  with a capaci ty  of 0.3-0.5 ml, a r e  f i l led  with solut ions  of acid  and alkali.  
F o r  the pH grad ien t  5-8,  0.02 M H2SO 4 solut ion was  used as  the anodal e l ec t ro ly t e  and 0.05 mM NaOH so lu-  
t ion as  the cathodal  e l ec t ro ly te .  It is  a lso  poss ib l e  to use  H3PO 4 and e thylenediamine.  With the cooling s y s -  
t em turned on, a constant  vol tage of the o r d e r  of 1200-1500 V is  appl ied to the e l ec t rodes .  The cu r r en t  
g rows  for  some t ime  and then fa l l s  to 0.5-1 mA. At this  t ime  a s tab le  pH grad ien t  i s  f o rmed  in the s teady 
e l e c t r i c  field, in which the p ro te in  is  concent ra ted  around the zones of i t s  i s o e l e c t r i c  points .  A v e r t i c a l  
densi ty  gradient  is  c r ea t ed  and the p ro te in  se t t l e s  on the f loor  of the V-shaped  sect ion in which it was  
focused.  Af t e r  s tab i l i za t ion  of the cur ren t ,  the exper imen t  continues for  a fu r the r  15-20 h. 

P ro te in  can a lso  be added to the sy s t em af te r  c rea t ion  of the pH gradient .  F o r  th is  purpose ,  a ce r t a in  
quantity of ampholin is  r emoved  through the hole in the l id and r ep l aced  by p ro te in  solution which i s  con- 
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cent ra ted  at the i soe lec t r i c  points and par t i a l ly  sedimented to the f loor  of the hollows. In the case  of p r e -  
pa ra t ive  fract ionat ion,  fu r ther  smal l  quanti t ies  of pro te in  can be added, and the exper iment  ended af ter  i ts  
fract ionation.  This  method of addition of the spec imen in smal l  quanti t ies  at a t ime allows more  prote in  
to be f rac t ionated  than by a single addition without any inc rease  in the concentrat ion of ampholins.  

At the end of f rac t ionat ion the lid is careful ly  removed.  The surface  of the fluid in the t ray  fal ls  
and the tips of i ts  cor ruga ted  base  sepa ra t e  the individual por t ions  of solution collected in the hollows. 
Af te r  determinat ion of the pH of each sample  and i ts  pro te in  concentrat ion,  a curve  of prote in  distr ibution 
with pH is plotted. 

An appara tus  of this design, with a t r a y  having 90 hollows, was  used to study the i soe lcc t r i c  spec t r a  
of human and bovine albumin and of immuno-gamma-g lobu l in s  (IgG) of cer ta in  animals ,  followed by a study 
of the phys icochemica l  p r o p e r t i e s  of the individual f ract ions .  I soe lec t r i c  spec t r a  of IgG f r o m  the blood 
s e r u m  of s eve ra l  an imals  a re  given in Fig. 2A, B, C, and the spec t r a  -of  IgG f rom a t i ssue homogenate of 
bovine lymph glands in Fig. 2D. The IgG f rom rabbi t  and bovine s e r u m  and also f rom bovine lymph gland 
homogenate w e r e  obtained by p r e l i m i n a r y  prec ip i ta t ion  with ammonium sulfate (30:100) followed by pur i f i -  
cation on DilAte-cel lulose by the batch method in 0.01 M phosphate buffer ,  pH 7.2 + 0.015 M NaC1. Horse  
an t i - an th rax  7 -globulin for  medical  use, obtained by alcoholic fract ionation,  was  purif ied on Sephadex G- 
200 (column 80 >< 3.0 cm, b o r i c - b o r a t e  buffer ,  pH 8.0). In the case  of pur i f icat ion of IgG on D]~A~i-cellu- 
lose,  no f rac t ions  with i soe lec t r i c  points below 6.5-6.8 w e r e  found. In p r epa ra t i ons  obtained by the alcohol 
method, the boundary of the acid region of the i soe lec t r i c  spec t rum extended to pH 5.0-5.5.  

This  l as t  effect  was demons t ra ted  e a r l i e r  by the w r i t e r  during f ract ionat ion of human IgG by e lec t r i c  
decantation [1], and also by other  w o r k e r s  using e lec t r i c  focusing [2]. 

A grea t  advantage of the appara tus  of this design is  that p ro te ins  forming  p rec ip i t a t e s  at the i so -  
e l ec t r i c  point can be fract ionated.  In pa r t i cu la r ,  this  is  how some IgG f rac t ions  behave.  The p rec ip i t a t e s  
col lect  in the bot tom of the cor responding  hollows and do not sp read  into the adjacent zones,  as i.,~ obse rved  
in ve r t i ca l  columns with a suc rose  densi ty gradient .  

i. 

2. 
3. 
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