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The i soe lec t r i c  points (PIs) of p ro te ins  p re sen t  in the " D i a f e r m - 3  ~ anti tetanus s e rum,  a 
mix tu re  of pa r t i a l ly  pur i f ied [F ' ab ]2 - f ragment s  of nat ive  molecu les  of ant i te tanus immuno-  
globulins,  the i r  anti toxic act ivi ty ,  and the i r  immunochemica l  p r o p e r t i e s  we re  invest igated by 
i soe lec t r i c  focusing in a pH gradient  of amphol ines .  The PI  values  and e lec t rophore t ic  
mobi l i ty  of the p r epa ra t i on  were  compared .  P r o t e i n s  with anti toxic act ivi ty  were  shown to 
have P I  values  within the r ange  9.1-5.15, and f r o m  the i r  e lec t rophore t ic  mobi l i ty  they can 
be c l a s s e d  as VG- and f l -globulins.  No anti toxic ac t iv i ty  was found in macroglobul ins  with 
the mobi l i ty  of ~ -g lobu l in s .  
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P r o t e i n s  of nDiafe rm-3  ~ anti toxic s e r a  a r e  the [F 'ab]2- f ragments  of native globulin molecu les  ob- 
ta ined by peptic hydro lys i s .  Since the d i f ference  between the spec i f ic i t ies  of the or iginal  globulins and the i r  
f r a g m e n t s  a r e  due to d i f fe rences  in the composi t ion  of the prote in  molecule ,  the invest igat ion of the cha rge  
on the prote in  molecu le  is pa r t i cu l a r ly  impor tan t .  Invest igat ion of the cha rge  on prote ins  of c o m m e r c i a l  
p r epa ra t i ons  may  also  be useful  f r o m  the p rac t i ca l  point of view in o rde r  to es tabl ish  the theore t ica l  bas i s  
for  methods  of pur i fy ing p repa ra t ions  to r e m o v e  inactive f rac t ions .  The object  of the p re sen t  invest igat ion 
was to study the i soe lec t r i c  focusing in a pH gradient  of amphol ines  [19]. The LKB (Sweden) appara tus  was 
used  to de t e rmine  the i soe lec t r i c  focusing of p ro te ins  of the "D ia f e rm-3  ~ ant i te tanus s e r u m .  The follow- 
ing solut ions w e r e  used  to ~ rea te  a l inear  gradient  in the column: 1.5 ml  40% ampholine + 49 ml  H20 + 
s e r u m  (50 or 100 m g  protein) and 1.5 ml  40% of ampholine + 34 ml  H20 + 23 g suc rose .  The space  around 
the cathode was fil led with 1.95 M s u c r o s e  solution in 1% NaOH, and that  nea r  the anode with 1% H2SO 4 solu-  
tion. Absorp t ion  was r e c o r d e d  by the U v i c o r d - l l  i n s t rumen t  at  280 nm.  The pH values in the s amples  
(2 ml} were  m e a s u r e d  on the LPU-01  p H - m e t e r .  

The immunologica l  ana lys i s  of the f rac t ions  was c a r r i e d  out by double diffusion and immunoe lec t ro -  
pho re s i s  in agar  [1, 4], us ing r abb i t  s e r u m  agains t  h o r s e  s e r u m  pro te ins  and tetanus toxin pur i f ied on 
Sephadex G-100; the l a t t e r  was a lso  used as  a s tandard  for  the mobi l i ty  of fl-globulin [13, 21]. The r e l a t i ve  
e lec t rophore t i c  mobi l i ty  was de te rmined  by  e l ec t ropho re s i s  in agar .  The mobi l i ty  of the components  was 
ca lcula ted  r e l a t i ve  to the mobi l i ty  of bovine a lbumin  and h i g h p o l y m e r  dext ran .  Antitoxic act ivi ty  was de-  
t e r m i n e d  by t i t r a t ion  in mice .  

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

I n v e s t i g a t i o n o f P I o f t h e  " D i a f e r m - 3 "  s e r u m  pro te ins  began with i soe lec t r i c  focusing in a wide r ange  
of ampholine pH values .  As Fig.  1 shows, the s e r u m  is a mix tu re  of pro te ins  with P I  values  f r o m  3 to 10. 
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Fig.  1. F rac t iona t ion  of " D t a f e r m - 3 "  ant i te tanus s e r u m  by i soe lec t r i c  
focusing at  pH 3-10: 1) absorp t ion  of e luate  at 280 nm (in %); 2) pH values ;  
3) r e s u l t s  of de te rmina t ion  of anti toxlc ac t iv i ty  (in a . u . / m l ) .  

Fig.  2. I m m u n o e l e c t r o p h o r e s i s  of f rac t ions  obtained by i soe lec t r i c  focusing 
at  pH 3-10. Wells contain f r ac t ions  with the following P t  va lues :  1) 8.45 
( ' s l o w "  , /G-globulins)  ; 2) 7.65 ( ' s l o w "  and "medium n , /G-globul ins) ;  3) 6.75 
(~medium ~ and " fas t "  , /G-globulins);  4) 5.85 ( ' f a s t  n , /G-globul ins ,  fl- ,  ~1-, 
and o~- globulins);  5) 5.35 ( f l - , a l - ,  ando~2-globuHns); 6) pyronine (30 ram);  
7) te tanus toxin {mobility of B-globulins) .  Gut te rs  contain r abb i t  an t ihor se  
s e r u m  to r e v e a l  f rac t ions  and " D i a f e r m - 3 "  ant i te tanus  s e r u m  to r e v e a l  
te tanus toxin. 

The absorp t ion  curve  divides into th ree  s e c t o r s :  the f i r s t  in the pH range  9.25-10.0,  the second with many  
sma l l  peaks  in the r ange  6.5-9.1,  and the th i rd  between 3.0 and 6.3. P ro t e in s  of the second and th i rd  s e c -  
t o r s  p r e sen t  anti toxic act ivi ty ,  although by f a r  the g r e a t e r  pa r t  of the ac t iv i ty  (80%) belonged to prote ins  of 
the second segment .  

The immunochemica l  c h a r a c t e r i s t i c s  of  p ro te ins  with different  l~T values we re  studied by immuno-  
e l e c t r o p h o r e s i s  (Fig. 2, Table  1). The mos t  acid pro te ins  p o s s e s s e d  the highest  e l ec t rophore t i c  mobi l i ty .  
Since pro te ins  with the mobi l i ty  of , /G-globul ins  gave th ree  a r c s  on i m m u n o e l e c t r o p h o r e s i s  a t  di f ferent  
d i s tances  f rom the well  (Fig. 2), it was concluded that  this f r ac t ion  cons i s t s  of t h r ee  groups of p ro te ins  
di f fer ing in mobi l i ty .  These  pro te ins  were  conventional ly cal led "slow, ~ "medium,  ~ and " fas t "  ' /G-globul ins  
(Table 1)o The prec ip i ta t ion  t e s t  with te tanus  toxin gave only pro te ins  with the mobi l i ty  of TG-  and B- 
globulins.  

The ant i toxic activity'  of the e t ec t rophore t i c  f rac t ions  di f fered apprec iab ly .  The ac t iv i ty  of  the ~slow" 
"yG-globulins was 11-17 a . u . / m g  prote in ,  while that  of the ~medium n and " f a s t '  " /G-globulins was 8-9 
a . u . / m g  prote in ,  and that  of the B-globulins  3-8 a . u . / m g  prote in .  The antt toxic ac t iv i ty  of the ~ l -  and a 2- 
globulins was pa r t i cu l a r l y  low (0-5 a , u . / m g  protein) .  This  sma l l  ac t iv i ty  i t se l f  might  have been due to the 
p r e s e n c e  of B-globulins  as impur i t i e s ,  for  globulin f rac t ions  uncontaminated  with B-globulins  showed no 
antt toxic act ivi ty .  

To sepa ra t e  the " D i a f e r m - 3  ~' s e r u m  pro te ins  m o r e  accura te ly ,  na r row  am pholine pH zones were  used 
(8-10, 7-9, 6-8,  5-7,  4-6, 3-5).  In this  way it was poss ib le  to ach ieve  be t t e r  f rac t ionat ion of the components .  
For  example ,  on f rae t iona t ion  within the pH r ange  8-10 (Fig.  3A) t h r ee  c l e a r l y  dis t inct  peaks  w e r e  ob- 
tained.  C o r r e l a t i o n  between the absorp t ion  and anti toxic ac t iv i ty  cu rve s  will be apparen t  f rom Fig. 3A, 
but in the i r  e l ec t rophore t i c  mobi l i ty  the p ro te ins  of these  peaks  belonged to the s a m e  group - to the ~slow," 
, /G-globul ins .  F rac t ions  with P I  values  f r o m  3 to 6 p o s s e s s e d  the g r e a t e s t  he te rogene i ty .  The specif ic  
anti toxic ac t iv i ty  of the , /G-  and B-globulins was inc reased ,  whe rea s  the (x-globulins (without B-globulins 
as  impur i t i es )  p o s s e s s e d  no anti toxic act ivi ty .  It will be c lea r  f r o m  Fig. 3B that  pro te ins  with P I  values  
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TABLE 1. PI and Relative Electrophoretic Mobility of Some Serum 
Proteins  

~D~rm-8"* 

proteins with . 
mobilit 7 of pI 
globulins 

7G: slow 

medium 

fast 

O; 2 

9,96--7,65 

7,65--6,5 

7,20--5,85 
5,85--5,15 
5,85--4,6 
5,85--4,6 

Human plasma HOrse 
serum 

r e l a t i ve  .~ ,,~,, 
ta=~'5-~':- p~ [ ,7 ]  1. 

mobility 

0,064~0,009 

0,185m0,026 

0,310-----0,017 
0,390--0,022 
0,563m0,033 
0,772-----0,014 

?~ 8,0--6,5 

1 6,0; 5,0 
5,8; 5,4; 4,2 

a~ 4,4; 5,2; 3,0 
(Z  L 

v "  . 

,170 

,474 
,697 
,865 

PI 

7,6 [101, 
6,8 $ .  [221 
6,1 $ [22], 
5,6 1101 
5,571. [12] 
5,1 [161 
4,8 [14] 

*Results of the present  investigation. 
~Figures in parentheses represent  l i terature  citation. 
~;Antitetanus serum; values calculated from resul ts  of determina- 
tion of absolute electrophoretic mobility. 

a.u. Ha'u" "' B 
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Fig. 3. Fractional[on of "Diaferm-3" ant[tetanus serum by [so- 
e lectr ic  focusing at pH 8-10 (A) and pH 4-6 (B). Legend as in 
Fig. 1. 

below 5.0 (they accounted for 30~0 of the absorption in the pH range 4-6) possessed no ant[toxic activity. 
These proteins had the mobility of a-globulins.  

Finally, mention must be made of the considerable loss (60%) of the total ant[toxic activity of the 
preparation tested during isoelectr ic focusing. 

The isoelectr ic focusing method revealed considerable heterogeneity of the preparation studied. For 
comparison, 1-2 fractions were found on gel-fi l tration of the "Diaferm-3" preparation on Sephadex G-100 
and G-200 [6-8], and 3-4 fractions on electrophoresis  [2, 5, 15]. The heterogeneity can be explained by the 
heterogeneity of the material  used for proteolysts,  and also by the presence of a variety of peptic hydrolysis 
produc~sin "Diaferm-3."  Even ~/G-antibodies purified on immunosorbents showed greater  microheterogenei-  
ty [3]. Products  of digestion of horse T-globulin by pepsin, moreover ,  have the mobility of ~/G-globulin; 
consequently, in the course of proteolysls the neterogeneity of the ~/G-globulin fraction' is  increased [18, 
20, 23]. The results  showing the connection between ant[toxic activity and the fractions of yG- and fl- 
globulins agree with the resul ts  of investigations by other workers [7, 15]. 

The resul ts  given in Table 1 for the PI values and electrophoretic mobility of the "Diaferm-3" 
serum proteins, which are  basically [F'ab]2-fragments of horse  antitoxlc globulin, were similar  to the cor-  
responding values for globulins of native human plasma and horse serum. This agreement accords with 
the view that the electrophoretic mobility of the whole globulin molecule is determined chiefly by the FAB- 
fragment [11]. 

It is an interesting fact that gel-fi l tration of Sephadex G-200 showed that the proteins with mobility 
of r studied were high-molecular-weight macroglobulins. Previously only low-molecular-weight 
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products of peptic proteolysis were found in the ~-globulin fraction [8, 15]. Comparison of the results ob- 
tained by isoelectric focusing and electrophoresis showed that mobility increases with a decrease in PI. 

In the present experiments highest activity was found in the most acid and least alkaline proteins of 
the WDiaferm-3 ~ serum (Figs. 1 and 3A). These observations are in agreement with observations that after 
purification of the nDiaferm-3 ~ preparation on anionic and Cationic exchange resins the activity of the prep- 
aratien increases appreciably [8, 15]. 
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