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In the a::~alytical chemis t ry  of the peptides,  highly sensi t ive ,  rapid,  and s imple  methods of de te rmin ing  the 
number  of peptides in a mix ture  a r e  f requent ly  required .  A grea t  step forward  in the analysis  of such mix tu res  was 
the introduction into analyt ical  p r ac t i c e  of the DI~S* label for  the amine groups of peptides [1, 2] with subsequent 
separa t ion  of the DNS-peptides by the TLC method in a thin layer  of s i l i ca  gel [3, 4]. By this method it is poss ib le  to 
sepa ra te  subsLances on the bas is  of d i f fe rences  in their  hydrophobie and hydrophilic p roper t i e s .  F o r  DNS-peptides 
such d i f fe rences  a re  level led out to a cons iderab le  extent by the l a rge  DNS residue,  which affects the separa t ing  
capacity of the method. 

In a study of the e l ec t rophore t i c  p rope r t i e s  of the DNS der iva t ives  of amino acids and peptides in a number  of 
e l ec t ro ly tes ,  we found a s imi l a r i t y  in the behavior  in an e l ec t r i c  f ield to that of the f r e e  amino acids under  the same  
conditions.  The re su l t s  obtained enabled us to p ropose  a new method for  separa t ing  DNS-peptides which is based on 
two-dimensional  e l ec t rophore s i s  in a thin l aye r  of cel lulose .  In the f i r s t  direct ion,  e l ec t rophores i s  is c a r r i ed  out 
in a py r id ine -ace t a t e  buffer  with pH 6.5, and in the second d i rec t ion  in an e lec t ro ly te  with pH 2.0. Since at pH 6.5 
the carboxyl  groups posses s  a negative charge  and the dimethylamino groups a re  p rac t i ca l ly  e lec t roneut ra l ,  DNS 
pept ides differ ing f rom one another in mo lecu l a r  weight will m ig ra t e  toward the anode with different  ve loc i t ies .  
F u r t h e r m o r e ,  in the acid medium (pH 2.0) the N(CH3) 2 group of the DNS res idue  acqui res  a posi t ive  charge  c lose  to 
+1, while the negative charge  of the earboxyl group, de termined  by the pK a value, is considerably  less  than -1 .  The 
resul tan t  charge  becomes  pos i t ive  and the DNS peptides m ig ra t e  toward the cathode with different  ve loc i t i es .  

Thus, the separa t ion  is based on the two main d i f fe rences  in the p rope r t i e s  of the DNS-peptides,  namely:  the 
d i f fe rence  in l;he magnitude of their  negat ive charges  and molecu la r  weights on e l ec t rophores i s  in a pH 6.5 buffer  
and the d i f ference  in the magnitude of the i r  pos i t ive  charges  on e l ec t rophores i s  in the acid pH region. Such a marked  
change in the polar i ty  of the DNS-peptides leads to a change in the d i rec t ion  and ra te  of the i r  migra t ion  and pe r mi t s  
the separa t ion  and identif ication of DNS der iva t ives  of peptides of s i m i l a r  s ize ,  composit ion,  and p roper t i e s .  This  
conclusion is conf i rmed by the "peptide maps"  that we obtained in the separa t ion  of a model  mix ture  of seven DNS- 
pept ides  (Fig. 1) and of a pepsin hydrolysate  of the S-sul fo- (chain  A) of insulin t rea ted  with DNS chloride (Fig. 2). 
As was to be expected,  in Fig.  1 all seven spots of the mix tu re  of DNS-peptides can be seen and in Fig.  2 s ix teen 
pept ides  f rom the enzymatic  hydrolysate  of the S-sul fo- (chain  A) of insulin. 

It mus t  be mentioned that af ter  dansylation the excess  of DNS acid fo rmed  as a resu l t  of the hydrolys is  of the 
DNS chlor ide  must  be removed,  s ince  it adverse ly  affects the separa t ion  of the DNS-peptides on e l ec t rophores i s .  

The number  of substances  deposited on the plate  and the t ime  of e l ec t rophores i s  also depend on the composi t ion 
and s t ruc tu re  of the peptides and the exper imenta l  p rocedure  selected.  The proposed method pe rmi t s  the "peptide 
map" to be  obtained in 2 .5 -3  hr  with an amount of the o rde r  of only 2 × 10-~-4 × 10 -3 mole  of the initial pro te in  o r  
peptide. 

The method of separa t ing  DNS peptides that we have developed has been used to invest igate  an incomple te  acid 
hydro lysa te  of the DNS der iva t ive  of the Russian antibiotic A-128-OP (acid) [5]. Pa r t i a l  hydrolys is  was c a r r i e d  out 
under  condit iens pe rmi t t ing  the maximum number  of f luoresc ing  der iva t ives  to be obtained [concentrated HCI-CHaCOOH 
(1 : 1), 50 ° C, 4 hr]. It can be seen f rom Fig.  3 that this hydrolysate  contains eight DNS-peptides.  Each of the DNS 
peptides was subsequently separa ted  by the TLE method in sys tems  with pH 6.5 and 2.0. The homogeneity of the 
pept ides  was ohecked by the TLC method in var ious  sys tems .  The resu l t s  of the invest igat ion will be given la ter .  

*Here  and below, the following abbreviat ions a r e  adopted: DNS) 1-dimethylaminonaphthalene-5-sul fonyl - ;  TLC) 
th in - l aye r  chromatography;  TLE) th in - l aye r  e lec t rophores i s .  
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Fig. 1. Model mixture  of Dl~S-pept~des 
(direction [: buffer  with pH 6.5, 600 V, 
70 min; direction II: buffer with pH 2.0, 
600 V, 40 rain.): 1) g lycyl -L-prol ine ;  2) 
L-his t idyl -L- leue ine ;  3) glycylphenylalanine; 
4) T-aminobutrylglycine;  5) 3-  
g lycylaminopyrrol id-2-one;  6) L-o~, ~/- 
diaminobutyryl-L-Leucine; 7) L - a ,  -/- 

diami nobutyrylglycine. 
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Direction I, pH 6.5 ::'~ ~ 

Fig. 2. Peps in  hydrolysate  of the S-sul fo-  
(chain A) of insul in  (direction I: buffer with 
pH 6.5, 600 V, 60 rain; d i rect ion Ih buffer 

with pH 2.0, 600 V, 50 min).  

Fig. 3. Incomplete acid hydrolysate  of the 
DiNS der ivat ive of the antibiotic A-128-OP 
(acid) (direction h buffer  with pH 6.5, 600 
V, 55 rain; d i rec t ion II: buffer with pH 2.0, 

400 V, 45 min). 
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E X P E R I M E N T A L  

DNS c h l o r i d e  wi th  m p  69 ° C was  o b t a i n e d  by  a p u b l i s h e d  m e t h o d  [6]. T h e  p e p t i d e s  g l y c y l - L - p r o l i n e ,  L - h i s t i d y l -  
L - l e u c i n e ,  and  g l y c y l - L - p h e n y l a l a n i n e  w e r e  s u p p l i e d  to us  b y  t h e  f i r m  " R e a n a l "  ( H u n g a r i a n  P e o p l e ' s  R e p u b l i c ) ,  and 
t h e  p e p t i d e s  L - c ~ , T - d i a m i n o b u t y r y l g l y c i n e  , L-oz, 7 - d i a m i n o b u t y r y i - L - l e u c i n e ,  3 - g l y e y l a m i n o p y r r o l i d - 2 - o n e ,  and 
T - a m i n o b u t y r y l g l y e i n e  w e r e  s y n t h e s i z e d  by  one  of the  a u t h o r s  [7]. T h e  S - s u l f o - ( c h a i n  A) of i n s u l i n  was  o b t a i n e d  as  
d e s c r i b e d  by  Z a h n  et  al.  [8]. A h i g h l y - p u r i f i e d  p e p s i n  p r e p a r a t i o n  was  k ind ly  g iven  to us  by  V. M. S t epanov  (IKhPS 
AN SSSR [ I n s t i t u t e  of the  C h e m i s t r y  of N a t u r a l  C o m p o u n d s ,  AS USSRJ). T h e  a n t i b i o t i c  A - 1 2 8 - O P  was  t h a t  o b t a i n e d  
p r e v i o u s l y  [5]. The  p r e p a r a t i o n  of the  c e l l u l o s e  p o w d e r  and  i t s  d e p o s i t i o n  in a t h i n  l a y e r  on  p l a t e s  was  c a r r i e d  out  
a s  r e p o r t e d  p r e v i o u s l y  [9]. E l e c t r o p h o r e s i s  was  p e r f o r m e d  on an  i n s t r u m e n t  w i th  w a t e r  coo l i ng  [ i0] .  The  s o u r c e  of 
d i r e c t  c u r r e n t  was  a h i g h - v o l t a g e  s t a b i l i z e d  r e c t i f i e r  of the  V V C - 1  o r  t~ F A - 1  type.  In e l e c t r o p h o r e s i s  in the  f i r s t  
d i r e c t i o n  a b u f f e r  w i t h  pH 6.5 w as  used :  p y r i d i n e - C I - I a C O O H - H 2 0  (50:  2:  1448),  and  in the  s e c o n d  d i r e c t i o n  the  

m i x t u r e  85% H C O O H - C H 3 C O O H - H 2 0  ( 3 4 : 1 0  : 1200) wi th  pH 2.0. C h r o m a t o g r a p h i c  p a p e r  i m p r e g n a t e d  wi th  1 N a c e t i c  
ac id  and  w a t e r  was  u s e d  to f o r m  t he  b r i d g e s  b e t w e e n  t he  b u f f e r  and  the  p la t e .  T h e  p o s i t i o n s  of t he  D N S - p e p t i d e s  on  
t h e  p l a t e  w e r e  d e t e r m i n e d  by  t h e i r  l u m i n e s c e n c e  in r e f l e c t e d  UV l igh t  on  e x a m i n a t i o n  in the  B r u m b e r g  UB-1  
u l t r a c h e m i s c o p e .  

P r e p a r a t i o n  of t h e  D N S - p e p t i d e s .  To 5 m g  (2 pM) of t h e  S - s u l f o - ( c h a i n  A) of i n s u l i n  t r e a t e d  wi th  p e p s i n  w e r e  
added  4 m i  of 3% a q u e o u s  s o d i u m  b i c a r b o n a t e  s o l u t i o n  and  a s o l u t i o n  of 15 m g  (50 #M) of DNS c h l o r i d e  in 3 m l  of 
a c e t o n e .  The  m i x t u r e  w as  s h a k e n  at r o o m  t e m p e r a t u r e  f o r  3 h r  and was  kep t  at  37 ° C f o r  1 h r .  The  c o m p l e t e n e s s  of 
d a n s y l a t i o n  was  m o n i t o r e d  b y  p a p e r  e l e c t r o p h o r e s i s  in  1 N CH3COOH, 750 V, 1 h r  15 m i n ,  wi th  s u b s e q u e n t  t r e a t m e n t  
of t h e  e l e c t r o p h o r e g r a m s  w i th  a 0.4% s o l u t i o n  of n i n h y d r i n  in  e thano l .  If n i n h y d r i n - p o s i t i v e  p e p t i d e s  w e r e  s t i l l  p r e s e n t ,  
a n o t h e r  0.5 m l  of s o d i u m  b i c a r b o n a t e  s o l u t i o n  and 5 m g  of DNS c h l o r i d e  w e r e  added  and  the  m i x t u r e  was  k e p t  a t  37°C 
f o r  a n o t h e r  h o u r .  T h e n ,  to p r e c i p i t a t e  t h e  s a l t ,  8 - 9  m I  of a c e t o n e  was  added,  the  m i x t u r e  was  coo led ,  the  
p r e c i p i t a t e  was  s e p a r a t e d  off, and  t he  s o l u t i o n  was  e v a p o r a t e d .  The  r e s i d u e  was  d i s s o l v e d  in  3 m l  of 0 .01 N a c e t i c  
a c id  and  was  d e p o s i t e d  on  a c o l u m n  (1 × 5 cm) of the  c a t i o n - e x c h a n g e  r e s i n  Dowex 50 × 4 ( 2 0 0 - 4 0 0  m e s h )  in  the  H + 
f o r m  w a s h e d  wi th  0.01 N a c e t i c  a c id  [4]. T h e  DNS ac id  was  e l u t e d  wi th  ~200  m l  of 0.01 N a c e t i c  ac id  un t i l  a s a m p l e  
t a k e n  f r o m  the  c o l u m n  wi th  a c a p i l l a r y  and  d e p o s i t e d  on  p a p e r  did  not  t u m i n e s e e  in UV l ight .  T h e  c o l u m n  was  w a s h e d  
w i t h  w a t e r  and  the  D N S - p e p t i d e s  w e r e  e lu t ed  wi th  ~200  m l  of a 1 N s o l u t i o n  of a m m o n i a  in 25% a c e t o n e  un t i l  a s a m p l e  
no  l o n g e r  f l u o r e s c e d  in UV l ight .  T he  e l u a t e  was  e v a p o r a t e d  in v a c u u m  at  37 ° C. T h e  r e s i d u e  was  d i s s o l v e d  in 0 .4  m l  
of t he  s a m e  s o l u t i o n  of a m m o n i a  and the  r e s u l t i n g  s o l u t i o n  of D N S - p e p t i d e s  was  u s e d  f o r  t h e  e l e c t r o p h o r e t i c  
i n v e s t i g a t i o n s .  

The  DNS d e r i v a t i v e  of the  a n t i b i o t i c  A - 1 2 8 - O P  and t he  m o d e l  m i x t u r e  of D N S - p e p t i d e s  w e r e  o b t a i n e d  s i m i l a r l y .  

T e o h n i q u e  of t w o - d i m e n s i o n a l  t h i n - l a y e r  e l e o t r o p h o r e s i s ,  C e l l u l o s e  p o w d e r  p a s s e d  t h r o u g h  a No. 64 s i e v e  was  
u s e d  as  the  c a r r i e r  in T L E .  T h e  s o l u t i o n  u n d e r  i n v e s t i g a t i o n  was  d e p o s i t e d  on  the  d r y  p l a t e  wi th  a t h in  c a p i l l a r y  in 
t he  f o r m  of a spo t  w i th  a d i a m e t e r  of not  m o r e  than  2 r a m , 3 . 2  c m  f r o m  the  c a t h o d e  and 2.2 e m  f r o m  the  edge  of the  
p l a t e  c l o s e s t  to t h e  w o r k e r .  The  p l a t e  w as  c a r e f u l l y  s p r a y e d  wi th  the  pH 6.5 b u f f e r  s o l u t i o n  f r o m  a f i n e l y - d i s p e r s i n g  
a t o m i z e r ,  t he  r e g i o n  wi th  the  spo t  of d e p o s i t e d  s a m p l e  b e i n g  s p r a y e d  las t .  T h e n  t he  p l a t e  was  p l a c e d  on t he  t a b l e  of a 
coo led  i n s t r u m e n t  f o r  T L E  and,  b e g i n n i n g  f r o m  the  anode  end,  p a p e r  b r i d g e s  (5 × 13 cm) m o i s t e n e d  w i th  the  s a m e  
e l e c t r o l y t e  w e r e  app l i ed ,  and  the  c u r r e n t  was  s w i t c h e d  on  ( the v o l t a g e  and  t he  t i m e  of e l e c t r o p h o r e s i s  a r e  g i v e n  in  the  
f i g u r e s ) .  A f t e r  t h e  end of T L E ,  the  p l a t e s  w e r e  d r i e d  u n d e r  a 5 0 0 - W  l a m p  u n t i l  t he  o d o r  of p y r i d i n e  had  d i s a p p e a r e d  
c o m p l e t e l y .  T h e  coo led  p l a t e  was  c a r e f u l l y  s p r a y e d  wi th  the  pH 2.0 e l e c t r o l y t e  and  e l e c t r o p h o r e s i s  was  c a r r i e d  out  
in  t he  d i r e c t i o n  p e r p e n d i c u l a r  to the  o r i g i n a l  one.  In the  f i r s t  c a s e ,  t he  r e g i o n  wi th  the  D N S - p e p t i d e s  was  s p r a y e d  
l a s t ,  and the  b r i d g e s  (5 × 18 cm) w e r e  app l i ed  f i r s t  f r o m  the  ca thod i c  s i d e  of the  p l a t e  r e m o t e  f r o m  the  p e p t i d e s  ( the  
c u r r e n t  s t r e n g t h  in T L E  in i n s t r u m e n t s  wi th  coo l ing  m u s t  not  e x c e e d  0 . 7 - 1 . 0  m A / c m ) .  T h e n  the  p l a t e  was  d r i e d  u n d e r  
a l a m p  and was  kep t  a t  110 ° C f o r  20 r a i n  and  in  an a t m o s p h e r e  of a m m o n i a  f o r  5 m i n .  The  D N S - p e p t i d e s  w e r e  
d e t e c t e d  by  e x a m i n i n g  the  p l a t e  in  UV l ight .  F o r  d o c u m e n t a t i o n ,  the  p l a t e s  w e r e  p h o t o g r a p h e d  in r e f l e c t e d  UV l ight .  

C O N C L U S I O N S  

1. A new m e t h o d  f o r  the  s e p a r a t i o n  of D N S - p e p t i d e s  ha s  b e e n  p r o p o s e d  w h i c h  i s  b a s e d  on t he  u s e  of t w o -  
d i m e n s i o n a l  e l e c t r o p h o r e s i s  in  a th in  l a y e r  of c e l l u l o s e  and  which ,  in  c o m b i n a t i o n  w i t h  p h o t o d o c u m e n t a t i o n ,  e n a b l e s  
c l e a r  s a t i s f a c t o r i l y  r e d u c i b l e  " p e p t i d e  m a p s "  to b e  o b t a i n e d  w i th  on ly  2 - 4  × 10 -9 m o l e  of p r o t e i n  (pept ide)  in  a t i m e  

no t  e x c e e d i n g  3.5 h r .  

2. T h e  m e t h o d  d e s c r i b e d  h a s  b e e n  u s e d  to d e t e r m i n e  the  n u m b e r  of DNS p e p t i d e s  in  an  i n c o m p l e t e  ac id  
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hydro lysa te  of the DNS de r iva t ive  of the ant ibiot ic  A-128-OP (acid). 
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