
S Y S T E M S  O F  D I S C  E L E C T R O P H O R E S I S  

A C I D  P R O T E I N A S E S  

L .  Y a .  S t r o n g i n ,  E .  D. L e v i n ,  
a n d  V .  M.  S t e p a n o v  

F O R  S T U D Y I N G  

UDC 577.156 +537.363 

Alkaline s y s t e m s  of buffers  fo r  disc e l e c t ropho re s i s  in po!yacry lamide  gel have been developed in 
detail .  However,  in the invest igat ion of some pro te ins  with a low i soe lee t r i c  point (such as ac idprote inases}  
disc e l e c t r o p h o r e s i s  in an alkaline med ium frequent ly  does not give sa t i s fac to ry  resu l t s  because  of the 
"leveling out" of the cha rge s  of the pro te ins  (which p o s s e s s  a la rge  number  of carboxy groups)  and a lso  
because  of the unfavorable  act ion of an alkaline med ium on the act ivi ty and s t ruc tu re  of labile acid p ro -  
t e inases .  In a number  of cases ,  the c loseness  of the i soe lec t r i c  points of the enzymes  to the pH of s e p a r a -  
tion of the cor responding  s y s t e m  (for example ,  a s y s t e m  with a pH of separa t ion  of 3.8) l ikewise unfortu-  
nately does not p e r m i t  the effect ive use of such a s y s t e m  for  e l e c t ropho re s i s  in an acid medium.  

Taking the r ecommenda t ions  in the l i t e ra tu re  into account [1, 2] we have developed and tes ted s y s -  
t e m s  with pHs of separa t ion  of 5.5 and 5.2. For  compar i son ,  expe r imen t s  were  p e r f o r m e d  with s y s t e m s  
having pH values  of 3.8 [3] and 6.0 [4] and with the widely used alkaline s y s t e m  having pH 9.5 [5]. The ex-  
pe r imen ta l  pa r t  of the pape r  gives the composi t ions  of the cor responding  solutions for  p e r f o r m i n g  disc 
e l e c t r o p h o r e s i s  in a s y s t e m  with a pH of separa t ion  of 5.5 by means  of which it was poss ib le  to obtain the 
bes t  r e su l t s  in the invest igat ion of the acid p ro t e inases .  

Disc e l e c t r o p h o r e s i s  was used to invest igate  ch romatograph ica l ly  pure porcine pepsin,  awamor in  
(an acid p ro te inase  f r o m  Asperg i l lus  awamor i )  [6], and DNHA-pepsin* [7]. 

In spite of the fact  that in s y s t e m s  with pHs of separa t ion  of 3.8, 5.2, 6.0, and 9.5 only one band was 
detected in native pepsin,  the p repa ra t ion  was shown by disc e l e c t r o p h o r e s i s  at pH 5.5 to be heterogeneous  
and under  these conditions it s epa ra t ed  into two components  - a main  component  and a minor  one (Figs. 
1 and 2). In the same  s y s t e m  it was poss ib le  l ikewise to detect three  components  in DNHA-pepsin (Fig. 3B) 
that  had not been  detected in the invest igat ion of the pro te in  in other  s y s t e m s .  The resu l t s  of the disc e l ec -  
t r opho re s i s  of pepsin  and of DNHA-pepsin at a pH of separa t ion  of 5.5 were  conf i rmed by those Of i soe lec -  
t r ic  focusing in pH gradients  1-3 and 3-5, respec t ive ly .  As can be seen f r o m  Fig. 4. native pepsin  con-  
s i s t s  of two components  (with i soe lec t r i c  points of 2.07 and 2.75) and DNHA-pepsin of three  components  
(with i soe lec t r i c  points of 3.05, 3.94, and 4.23). It mus t  be mentioned that  the amount of the minor  com-  
ponent with the i soe lec t r i c  point of 2.75 was only 15~ of the total prote in  of the sample .  

As fu r the r  invest igat ions of this component  showed, it was indist inguishable f r o m  the pepsin  with an 
i soe lec t r i c  point of 2.07 in its specif ic  act ivi ty with r e spec t  to hemoglobin,  had an isoleucine residue at 
the N-end of the molecule ,  contained one mole  of inorganic phosphorus  pe r  mole of protein,  and its amino-  
acid composi t ion  was close to or  identical  with that of porcine pepsin  A (a peps in  with an i soe lec t r i c  point 
of 2.07). As disc e l e c t r o p h o r e s i s  in the p r e sence  of sodium dodecyl sulfate showed, the molecu la r  weights 
of the two components  of the pepsin  p repa ra t ion  were  the same or  differed only very  slightly (by less  than 
400-500 daltons) [8]. The s y s t e m  with a pH of s epa ra t ion  of 5.5 proved to be e x t r e m e l y  convenient  for  
checking the homogenei ty  of the awamor in  during its pur i f icat ion (Fig. 3A, B). 

*DNHA-pepsin  is pepsin  t r ea ted  at pH 5.5 with mono-N-din i t rophenylhexamethylenediamine  in the p re sence  
of N-cyc lohexyl -N ' - [ f l  - (4-methylmorphol in io)e thyl ]carbodi imide .  
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Fig. 1. Resul ts  of the disc e l e c t ropho re s i s  of porcine pepsin  in 
buffer  s y s t e m s  with different pH values of separa t ion:  A) 3.8; 
B) 5.2; C) 9.5; D) 5,5. 

Fig. 2. Resul ts  of the disc e l ec t ropho re s i s  of the two f o r m s  of 
pepsin  in a buffer  s y s t e m  with a pH of separa t ion  of 5.5: A) initial 
pepsin  p repa ra t ion  (before i soe lec t r i c  focusing); B) pepsin  with an 
i soe le t r ic  point of 2.07; C) pepsin with an i soe lec t r i c  point of 2.75, 

Fig. 3. Resul ts  of the disc e l ec t ropho re s i s  of awamor in  and of 
DNHA-pepsin in a buffer  s y s t e m  with a pH of separa t ion  of 5.5: 
A) crude p r e p a r a t i o n  of awamorin;  B) highly purif ied p repa ra t ion  
of awamorin;  C) DNHA-pepsin.  
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Fig. 4. Resul t s  of the i soe lec t r l c  focusing of porcine pepsin  in a 
pH 1-3 gradient  (a) and of DNHA-pepsin in a pH 3-5 gradient  (b): 
1) E2s0; 2) pH gradient .  

Since the separa t ing  capaci ty  of a s y s t e m  with a pH of separa t ion  of 5.5 is cons iderably  higher than 
the separa t ing  capaci ty  of a number  of s y s t e m s  for  disc e l ec t ropho re s i s  used at the p re sen t  t ime, this s y s -  
t em can, in our  opinion, be recommended  for  the e lec t rophore t ic  invest igat ion of acidic pro te ins .  

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

, In the pe r fo rmance  of the expe r imen t s  in a s y s t e m  with a pH of separa t ion  of 5.5, we used the follow- 
ing so lu t ions :  solution A containing 4.106 M fl-alanine ("Reanal," Hungarian Peop les '  Republic) and 0.426 
M hydrochlor ic  acid; solution B -  0.27 M hydrochlor ic  acid and 0,31 M fl-alanine; solution C - 30?o of a c ry l -  
amide ("Koch-IAgt{t,, Grea t  Britain),  and 1.5% of N ,N ' -me thy leneb i sac ry lamide  ("Reanal");  solution D -  
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0.004% of r ibof lavin  ("Reanal");  solution E - 270 of ammonium persu l fa te  ("Reanal");  and 0.01570 of TEMED* 
("Reanal");  and solution F - 0.007570 of TEMED; the upper  e lec t rode  buffer  was 0.04 M cacodylic acid 
("Schuchardt,"  G e r m a n  Federa l  Republic) and 0.05 M fl-analine, and the lower  e lec t rode  buffer  was 0.05 M 
hydrochlor ic  acid and 0.06 M fi-alanine.  Composi t ion of the mic roporous  12v/c lower  gel: four  pa r t s  of 
solution C, 2.5 pa r t s  of solution A, and 3.5 pa r t s  of solution E. The mac ropo rous  4.570 upper  gel consis ted  
of 1.5 pa r t  of solution C, 2.5 pa r t s  of solution B, two pa r t s  of solution D, and four pa r t s  of solution F. The 
po lymer iza t ion  of the gels in tubes with a size of 5 x 60 m m  took about 15 min.  On each gel was deposited 
10-50 pg of p ro te in  in admixture  with 20% suc rose .  E l ec t rophores i s  was c a r r i e d  out fo r  30-45 min at a 
cu r r en t  s t rength  of 5 re_A/gel and a voltage of 300-400 V (in the f i r s t  5 rain, at 1.5 mA/ge l  and a voltage 
not exceeding 100 V). The course  of the e l e c t r o p h o r e s i s  was followed by the movement  of the c lea r ly  v i s -  
ible e l ec t rophore t i c  front .  The staining and c lear ing  of the gels  was p e r f o r m e d  as descr ibed  previous ly  [9]. 

The i soe lec t r i c  focusing of the DNHA-pepsin was p e r f o r m e d  in a 2% solution of Ampholines pH 3-5 
by the method of V e s t e r b e r g  and Svensson with the addition to the solutions for  focusing of the nonionic 
de t e rgen t "Br i j  35" (, ,Schuchardt," Ge rman  Federa l  Republic) [10]. At a t e m p e r a t u r e  of 4°C and a voltage 
of 500-600 V, focusing took 80-90 h. After  the end of the exper iment ,  2 -ml  f rac t ions  were  col lected and 
in them were  de te rmined  the pH (at 4°C), the absorpt ion  at 280 nm, and the act ivi ty of the pro te in  with r e -  
spect  to hemoglobin.  

The i soe lec t r i c  focusing of the native procine pepsin  was p e r f o r m e d  in a pH 1-3 gradient  by P e t t e r s -  
son ' s  method [11] at 2°C with a voltage of 150-200 V for  120-140 h. 

C O N C L U S I O N S  

A s y s t e m  of buffers  for  the separa t ion  of acid p ro te inases  by disc e l e c t ropho re s i s  has been developed. 
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* TEMED is N,N,N',N'  - t e t r a m e t h y l e t h y l e n e d i a m i n e .  
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