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Disk e l e c t r o p h o r e s i s  and i soe lec t r i c  focusing in po lyacry lamide  gel can be used for  the isolat ion of 
homogeneous p ro te ins  in amounts  sufficient for  the i r  p r i m a r y  chemical  cha rac t e r i za t i on  and, in pa r t i cu l a r ,  
f o r  the de te rmina t ion  of the i r  amino-ac id  composi t ion  [1] o r  N- te rmina l  sequence [2]. The p resen t  p a p e r  
desc r ibes  a method of ex t rac t ing  f r o m  gels  colored p ro te ins  and the i r  l a rge  peptide f r agmen t s  which en-  
ables  s e v e r a l  m i l l i g r a m s  of homogeneous p repara t ion ,  separa ted  f rom the ac ry lamide ,  dyes, components  
of buffers ,  and de tergents ,  to be isolated.  The p repa ra t ions  so obtained can  be used for  the analys is  of 
amino-ac id  composi t ion,  t e rmina l  groups,  and o ther  cha r ac t e r i s t i c s .  The method is pa r t i cu l a r ly  convenient 
fo r  moni tor ing the cour se  of the sepa ra t ion  of l a rge  peptide f ragments  in an ana lys i s  of the p r i m a r y  s t ruc -  
tu re  of a pro te in .  

This  method is based  on the ex t rac t ion  with fo rmic  acid of the l a rge  peptide f r agmen t s  a f t e r  the i r  
s epa ra t ion  by disk e l ec t ropho re s i s .  The choice of f o rmic  acid was governed by the fact  that, being a good 
solvent of p ro te ins  and pept ides ,  it does not in te r fe re  with the i r  integri ty and, consequently,  such p ro te ins  
(peptide f ragments )  can be used for  s t ruc tu ra l  invest igat ions .  In addition, in f o rmic  acid it is e a sy  to s ep -  
a ra te  dyes f r o m  the prote in .  Af te r  evapora t ion  of the fo rmic  acid and dissolut ion of the res idue in a vola-  
tile alkaline buffer  (since at an acid or  neutra l  pH the incomplete  dissolut ion of peptide f r agments  may be 
observed) ,  the dye is sepa ra ted  on a column of Sephadex G-25. 

By using the method descr ibed  we have invest igated a s e r i e s  of peptide f r a g m e n t s  obtained in the 
t r e a t m e n t  of ca rboxymethyla ted  porc ine  peps in  with cyanogen bromide .  It is known that the C - t e r m i n a l  
f r agmen t  of pepsin,  B1, p o s s e s s e s  a tendency for  pronounced aggregat ion [3]. On the disk e l ec t rophores i s  

of the mixture  of pept ides ,  a f r ac t ion  was found which 
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Fig. 1. Resul t s  of the disk e l ec t ropho re s i s  
of a mix ture  of cyanogen b romide  pept ides  of 
porc ine  peps in  (A), of a p r e p a r a t i o n  of the B2 
f r agmen t  (B), and of a p repa ra t ion  of the B4 
f r agmen t  {C): A, B) 15% po lyac ry lamide  gel,  
C) 22.5% ac ry lamide  gel (the a r r o w s  denote 
the f rac t ions  cor responding  to B1, B2, and B4). 

did not even pass  into the 5% gel and col lected at its 
boundary (Fig. 1A). This  behav io r  is c h a r a c t e r i s t i c  
fo r  pro te ins  with a m o l e c u l a r  weight g r e a t e r  than 
500,000. This f rac t ion  was ex t rac ted  f r o m  the gel 
and its amino-ac id  compos i t ion  was de termined,  
proving to be p rac t i ca l ly  ident ical  with that of the 
peptide B1. The par t ia l  d i saggregat ion  of peptide B1 
can be achieved by t rea t ing  it with a 1% solution of 
Tween 80 and by disk e l e c t r o p h o r e s i s  in gels  contain-  
ing 1% of this detergent .  

We also studied a f r ac t ion  enr iched in the pep-  
tide B4. In the exper imen t  we used 3.5 mg of B4 (this 
co r re sponds  to a load in one gel of about 300 pg when 
12 gels  a re  used s imul taneously) .  In the unpurified 
B4 p repa ra t ion  nine peptide f rac t ions  were  revealed ,  
and these were  invest igated.  Amino-ac id  analys is  
showed that B4 cons is t s  of two f rac t ions  because  of 
the p resence  at the C-end  of this peptide of homo- 
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TABLE 1. Amino-Acid Compositions of the B1, 
B4, and B2 Fragments  

Amino acid 

Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
ISoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histidine 
Arginine 

5 
42.5 
3 
2 

5 
2 
3 
2 
I, 5 

B4 

$ E 

5 6 
2 3 
2 7 
2 3,5 
2 
4 5 
3 1,5 
5 
2 3,5 
3 
2 1,5 

22 
]5 
24 

7~8 
21 

13 
1,5 
7fi 
7 

B2 

litera- 
ture [8] 

23 
15 
24 
16 
7 

20 
8 
9 

12 
15 
8 
7 

1 

Note. E is the amino-acid composit ion of the 
peptide isolated electrophoret ical ly;  S is the 
amino-acid composition calculated f rom the 
s t ructure  of the peptide. 

serine,  the carboxy group of which may be free (con- 
sequently, under the experimental  conditions this f r ac -  
tion possesses  a g rea t e r  mobility) or  may be in the 
form of a lactone (which leads to the appearance of a 
fract ion with a lower mobility) (see Fig. 1B) [4]. 

Since the f ragments  B1 and B4 have low molec-  
ular  weights, it appeared of interest  to check the 
method on a large peptide. For  this purpose we se-  
lected the fragment  B2 occupying the N-terminal  po-  
sition in the molecule of pepsin and numbering about 
200 amino-acid residues (i.e., as many residues as 
many peptides contain) (see Fig. 1C) [5]. The N- 
terminal  amino-acid of this peptide, like that of pep- 
sin, is isoleucine. As the results  of an investigation 
of the fract ion extracted af ter  disk e lec t rophores is  
f rom the gel and corresponding in e lectrophoret ic  
mobility with fragment B2 showed, the N-terminal  
amino acid of this peptide determined by the dansyla-  
tion method is also isoleucine. The amino-acid com-  
position of the fract ion isolated does not differ f rom 
the composit ion of f ragment  B2 obtained previously 

by chromatographic  methods.  On the basis  of these resul ts  it may be concluded that the fract ion isolated 
f rom the gel was the cyanogen bromide f ragment  B2. On e lec t rophores is ,  peptide B2 gave two fractions,  
which may also be due to the presence  of B2 of homoserine and its lactone at the C end. 

Table 1 gives the amino-acid composit ions of the f ragments  B1, B2, and B4 obtained by chromato-  
graphic and electrophoret ic  methods. On comparing the composit ions of the peptides, it can be seen that 
the results  of the present  work agree well with those obtained previously.  Some differences may be con- 
nected with the  destruction of amino acids during acid hydrolysis  {for example, tyrosine),  with the possible 
sorption by the peptides of components of the e lectrophoret ic  buffer sys tems {for example, glycine), and 
also with the incomplete hydrolysis  of some peptide bonds (for example, valylisoleucine). 

The resul ts  that we have obtained show the reliabil i ty of the method described and the possibil i ty of 
using it for investigating both proteins and peptide f ragments  of low molecular  weight. 

Thus, by disk e lec t rophores is  with the subsequent extract ion of the fract ions f rom the gels with 
formic acid it is possible rapidly to isolate mic ro  amounts of proteins or  peptides for  determining their  
amino-acid composition, for  analyzing their  N- and C- terminal  sequences, etc. In our opinion, the method 
described may be a useful addition to the available methods for  the separat ion and chemical  cha rac te r i za -  
tion of proteins .  

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

The experiments  were per formed with acrylamide f rom Koch-Light,  England; N,N'-methylenebis-  
acrylamide,  t r is ,  N,N,N' ,N'- te tramethylethylenediamine,  and glycine f rom Reanal, Hungary; sucrose  and 
urea f rom BDH, England; Sephadex G-25 f rom Pharmacia ,  Sweden; Coomassie  Blue GL f rom Serva, GFR; 
and sodium dodecyl sulfate, Tween 80, and Tri ton X100 f rom Ferak, Berlin. All the other reagents were 
analytically pure.  

The fragments  of carboxymethylated porcine pepsin were obtained by cleavage with cyanogen bromide 
at a ratio of cyanogen bromide to protein of 500 : 1 and were separated on Sephadex G-200 [6]. 

Disk e lec t rophores is  was per formed on a Canalco-Europe instrument (Holland) in glass  tubes (6 x 70 
ram) using a t r i s -g lyc ine  sys tem of buffers with a separat ion pH of 9.5 [7]. For  analyzing the peptides we 
used separating polyacrylamide gels with concentrat ions of acrylamide of 15 and 22.5% (ratio of acrylamide 
to methylenebisacrylamide 200 : 1), and a concentrat ing gel with an acrylamide concentrat ion of 2.5% (ratio 
of acrylamide to methylenebisacrylamide 4 : 1). For  the bet ter  dissolution of the peptides while avoiding 
their  aggregation, the polyacrylamide gels were prepared  on the basis  of concentrated solutions of urea  
(final concentrat ion of urea in the gel 6 M). To prepare  the gels, instead of water  we used a 10 M solution 
of urea  to which t r i s -g lyc ine  buffer, a solution of acrylamide,  and methylenebisacrylamide had been added, 
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and also  ammonium persu l fa te  and N,N,N ' ,N ' - t e t ramethy le thy lened iamine  to the requi red  concentra t ion  [7]. 
We used only f r e sh ly  p r e p a r e d  u r e a  solutions since cyanate  - a product  of the r e a r r a n g e m e n t  of u r ea  - 
can reac t  with the amino groups  of pept ides  [8]. The e lec t rode buffers  did not contain urea .  Gels contain-  
ing de te rgents  - sodium dodecyl sulfate,  Tr i ton  X100, and Tween 80 (the final concentrat ion of de tergents  
in the gel being 1~0) - w e r e  p r e p a r e d  s imi l a r ly .  

The p ro te in  s amples  (200-300 ~g p e r  gel) were  deposited in a 6 M solution of u r e a  (or in a 1% solu-  
t ion of the appropr ia t e  detergent)  containing 10% of suc rose .  Bromophenol  Blue was used as the m a r k e r  
of the e lec t rophore t i c  f ront .  E l ec t rophores i s  was p e r f o r m e d  at a cur ren t  s t r e n ~ h  of 4 mA/ge l  for  1-1.5 h 
(in the f i r s t  10 minutes ,  the cu r r en t  s t rength  was 1 mA/ge l ) .  The gel was fixed in 30% t r i ch lorace t i c  acid 
for  1 h and was stained with a 0.5% solution of Coomass i e  Blue GLin  30% t r i ch lo roace t i c  acid for  an hour. 
The excess  of dye was e l iminated in 7.5% acet ic  acid. 

After  the e l iminat ion  of the excess  of dye, the stained bands cor responding  to the f rac t ions  of the 
pept ides  were  cut out and comminuted .  The pept ides  were  ext rac ted  f r o m  the gels with 70-75% fo rmic  
acid at - 15°C with s t i r r i ng  for  14-15 h. For  complete  extract ion,  the volume of the fo rmic  acid must  be 
at l eas t  10 t imes  the volume of the gel segments .  Ext rac t ion  was p e r f o r m e d  three  t imes .  To el iminate 
the po lyacry lamide ,  the ex t r ac t s  were  f i l te red  through a g lass  f i l ter  of med ium porosi ty ,  combined, and 
rapidly evapora ted  in a ro t a ry  e v a p o r a t o r  at 25-30°C. Then the residue was dissolved in 1.0-1.5 ml of 
t r i e t hy l ammon ium  carbonate  buffer  (pH 8.5) and the dye was separa ted  in a 10-ml  column containing Sephadex 
G-25 equi l ibera ted  withthe same  buffer .  The issue of pept ides  f rom the column was recorded  by means  of 
a Uvicord II f low-through ul t ravio le t  spec t ropho tome te r  (LKB, Sweden). In the p r o c e s s  of chromatography ,  
the pept ides  were  sepa ra ted  f r o m  the dye, r es idues  of detergents ,  the components  of the e lec t rophore t ic  
buffer ,  etc. ,  and were  obtained in amounts  ranging f r o m  a few hundred m i c r o g r a m s  to seve ra l  m i l l i g r a m s  
with a yield of 90-95%. 

Acid hydro lys i s  was p e r f o r m e d  with 5.7 N hydrochlor ic  acid for  24 h under  vacuum, and amino acid 
ana lys i s  was c a r r i e d  out on a BC-200 ana lyze r  (Bio-Cal).  

S U M M A R Y  

The disk e l ec t ropho re s i s  of peptide f r agmen t s  f r o m  porcine peps in  obtained by cleaving the peps in  
with cyanogen b romide  has been  p e r f o r m e d .  A method has been developed fo r  ex t rac t ing  the colored pep-  
tide f rac t ions  a f t e r  e l ec t ropho re s i s  in po lyac ry lamide  gel.  An amino-ac id  analys is  has been p e r f o r m e d  
of peptide f r agmen t s  B1, B2, and B4 isolated by disk e lec t rophores i s .  The r e su l t s  obtained have been c o m -  
pared  with the amino-ac id  composi t ion calculated f r o m  the s t ruc tu res  of these  pept ides .  The poss ibi l i ty  
has been shown of using the method descr ibed  during s t ruc tura l  invest igat ions of both pro te ins  and the i r  
l ow-molecu la r -we igh t  f r agment s .  

The peptide p repa ra t ions  were  supplied to us by I. Surova, V. Os tos lavskaya ,  L. Revina, I. Puracheva,  
E. Vakhitova, and G. Muratova.  The amino-ac id  analys is  was pe r fo rmed  by E. Timokhina,  A. Balduev, 
G. Fedyukina, O. Khodova, and N. Ivashechkina.  
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