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New p rospec t s  in the field of the study of pro te ins ,  enzymes ,  and the i r  var ious  mo lecu l a r  fo rms  a re  
opened up by the use of the method of i soe lec t r i c  e lec t rofocus ing developed by Svensson and V e s t e r b e r g  
[1-3]. I soe lec t r i c  e lec t rofocus ing  in po lyac ry lamide  gel is a mic roana ly t i ca l  modificat ion of the above-  
ment ioned method.  A smooth  gradient  of the pH in gel e lec t rofocus ing  is also c rea ted  under  the action of 
the e lec t r ic  field of ampholytes ,  but in this case  the po lyacry lamide  gel acts as the s tabi l iz ing medium in -  
s tead of a densi ty  gradient  of suc rose .  The method of e lec t rofocus ing  in a gel is cha r ac t e r i z ed  by an ex-  
t r e m e l y  high reso lv ing  capaci ty  and pe rmi t s  the s imul taneous  separa t ion  of 8-12 samples  containing a total  
of s eve ra l  tens of m i c r o g r a m s  of prote ins  in a shor t  t ime .  

Separa t ion is p e r f o r m e d  in gel columns using an appara tus  for  disc e l ec t rophores i s  [4-7] or  e l e c t r o -  
phores i s  in a thin l aye r  of po lyacry lamide  gel [8]. Together  with e l ec t ropho re s i s  and ion-exchange c h r o m a -  
tography,  the e lec t rofocus ing  method has  been used  successfu l ly  for  the separa t ion  of i soenzymes  [9-10]. 
It has been es tab l i shed  by this method that  the e lec t rophore t i ca l ly  homogeneous components  A, B, and C of 
L -amino  acid oxidase cons i s t  of s eve ra l  enzymat ic  ally act ive prote ins  differ ing in the i r  i soe lec t r i c  points 
[6]. 

In the p re sen t  pape r  we descr ibe  the resu l t s  of the separa t ion  by the i soe lec t r i c  e lec t rofocus ing 
method in a thin l a y e r  of po lyac ry lamide  gel of the e lec t rophore t i ca l ly  homogeneous fo rm llI of yeas t  enol-  
ase (II) obtained by the p r epa ra t i ve  method of disc e l ec t rophores i s ,  and also of a pa r t i a l ly  purif ied p r e p a r a -  
t ion of enolase .  

Elec t rofocus ing in po lyacry lamide  gel has shown that the e lec t rophore t i ca l ly  homogeneous molecu la r  
f o r m  III of yeas t  enolase  cons is t s  of 10-11 prote in  components  differing in the i r  i soe lec t r i c  points which 
lie in the pH range f r o m  4.95 to 7.0 (Fig. 1). Zones 3-4,  containing the bulk of the prote in ,  a re  located in 
the pH range f rom 6.4 to 6.9. Enolase act ivi ty  was also found in this range,  and no enzyme act ivi ty  was 
found below pH 6.2. 

The use  of an ampholyte with a pH range  of 3-10 under  the conditions ment ioned does not pe rmi t  the 
achievement  of a separa t ion  ensur ing  the de te rmina t ion  of enzymat ic  activity in the individual zones p r e s -  
ent in the range showing enolase act ivi ty.  F o r  this purpose  it is n e c e s s a r y  to use  an ampholyte with a n a r -  
rower  range,  e spec ia l ly  pH 6-8, since on e lec t rofocus ing with an ampholyte having pH 5-7 the region of in-  
t e r e s t  to us is located under  the given conditions in the immedia te  neighborhood of the e lec t rode  (Fig. 2). 

A par t i a l ly  pur i f ied enzyme p repa ra t ion  containing 5-6 e lec t rophore t i ca l ly  different  components  was 
sepa ra ted  into 25-28 individual prote in  zones located in the pH range f rom 4.37 to 7.6 (Fig. 3). The bulk of 
the pro te in  was concent ra ted  in the zones with pH 5.15-7.0. 

E X P E R I M E N T A L  

To obtain the po lyac ry lamide  gel we took a solution containing the following components  (the final con-  
cent ra t ion  is shown): 6% of ac ry lamide ,  0.16% of N , N ' - m e t h y l e n e - b i s - a c r y l a m i d e ,  0.06% of N,N,N' ,N ' -  
t e t ramethy le thy lened iamine ,  2% of ampholyte ,  and 0.00084% of r iboflavin.  Using 12 × 18 cm glass  plates  
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Fig. 1. I) E lec t rophoregram of the molecu-  
l a r  form HI of yeas t  enolase;  H) molecular  
fo rm HI separa ted  by electrofocusing;  am-  
pholyte pH 3-10. 
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Fig. 2. Molecular  form III (I) and part ial ly 
purified yeas t  enolase (l'I) separated by the 
electrofocusing method; ampholyte pH 5-7. 
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Fig. 3. E lec t rophoregram of part ial ly purified yeast  enol-  
ase (i); the same preparat ion of enolase separa ted  by e lec -  
t rofocusing (IT); ampholyte pH 3-10. 

(one of them sil iconized with dichlorodimethylsilane) ar ranged at a distance of 1 mm, a thin layer  of poly- 
acrylamide gel was obtained. For  gel plates with a working area of 10 x 14 cm, 20 ml of the above- 
descr ibed solution was required.  After  the deaerat ion of the solution with a water  pump, polymerizat ion 
was ca r r i ed  out at room tempera ture  with illumination for  30 rain. The sil iconized plate was separa ted  
af ter  2 h. The sample was deposited by means  of a piece of chromatographic  paper with dimensions of 
8 x 9 mm moistened in a desal ted solution of the protein under investigation {100-400 #g). The plates with 
the samples were placed on carbon e lec t rodes  previously  moistened with solutions of e lec t ro ly tes :  the 
anode with a 10% solution of H3PO 4 and the cathode with a 10% solution of ethanolamine. Electrofocusing 
was ca r r i ed  out at +4°C for 18-20 h. The initial voltage was 110-120 V for 2 h, and this was gradual ly in- 
c r ea sed  to 300 V. The cur ren t  s t rengths in the gel plate with an ampholyte having a pH range of 3-10 were 
12 mA at the beginning of the p rocess  and 0.8 mA at the end, and with an ampholyte having a pH range of 
5-7, 5-6 and 0.4-0.5 mA, respect ively .  The pH gradient  was determined by the elution of pieces of gel 
3 × 9 mm cut out with a special ly adapted glass  tube soon after  the completion of the e lectrofocusing p roc -  
ess. Elution was ca r r i ed  out in closed tes t  tubes in 1 ml of double-dist i l led water  for 2 h. The pH values 
were determined with an LPU-01 labora tory  pH-mete r  equipped with a device for  mic romeasu remen t s .  
Staining was per formed with a 0.1% solution of Coomass ie  Blue in e t h a n o l - w a t e r - a c e t i c  acid (45 : 45 : 10) 
for 1 h. The unbound dye was washed out with e t h a n o l - w a t e r - a c e t i c  acid (35 : 60 : 5). 

S U M M A R Y  

The heterogenei ty  of the e lec t rophoret ica l ly  homogeneous form of yeast  enolase has been established 
by the i soelec t r ic  e lect rofocusing method. 
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