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Fragments  of antibodies not react ing in the agar  diffusion tes t  with tetanus toxin and giving 
3 peaks by fract ionat ion on Sephadex G-100 were  obtained f rom "Diaferm-3 IEM" purif ied 
pro teo lyzed  antitetanus horse  serum by reduction with mercaptoethanol  and alkylation with 
monoiodoacetic acid. Only the peak II f ract ions  possessed  antitoxic activity and delayed p r e -  
cipitation in agar  in a tes t  sys tem of tetanus toxin and the original  "Diaferm-3 IEM" serum 
and had e lec t rophore t ic  mobility s imi la r  to that of TG-globulin. The molecular  weight of the 
f rac t ions  of peak II, de te rmined  by gel-f i l t ra t ion,  was 45,000 and the sedimentation constant 
was about 3S. The specif ic  antitoxic activity of the peak II f ract ions  was 3-5 a .u . /mg  prote in  
(compared with 6-7 a .u . /mg  protein for  the original  serum).  

Antibodies against tetanus toxin in antitoxic horse  s e r a  are  bound with two protein fract ions:  the 72- 
and T-globulins  [3, 8, 13, 15-17, 20, 21]. The 72-g  lobulin of horse  antitoxic se rum can be broken down to 
3.5 S f ragments  by t rea tment  with pro teoly t ic  enzymes (pepsin, papain, etc.),  reduction, and alkylation of 
the disulfide bonds [5, 19]. The prepara t ion  of monovalent f ragments  of antibodies f rom the T-globulins of 
horse  s e rum is pa r t i cu la r ly  interest ing.  Results  [9, 11, 12] have shown that the T-globulin of horse  anti-  
toxic se rum can be split only into bivalent 5-2S fragments .  Schultze and co-workers  [19] obtained mono- 
valent 3.5S f ragments  of the T-globulin of horse  antitetanus serum.  The view has been put forward [22] that 
the di f ference between the digestion of 72-and T-globulins by proteolyt ic  enzymes is due to the p resence  of 
and additional disulfide bond in the Fd- f ragment  of T-globulin. This is cha rac te r i s t i c  of the T-globulins 
and is  not found in any of the c lasses  of T-globulin. According to other  wr i t e r s  [6] this difference between 
the digestion of T2- and T-globulins  is due to the p resence  of an additional peptide in the active center  of 
the T-globulin.  
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Fig. 1. Fract ionat ion of original  
"Diaferm-3 IEM" antitetanus 
se rum (A) and i ts  f ragments  (B) 
on Sephadex G-100. Abscissa ,  
No. of sample; ordinate,  optical  
density at 280 rim. 

The object of this investigation was to obtain monovalent antibodies 
f rom "Diaferm-3 IteM" antitetanus serum,  which is a purif ied pro teolyzed  
antitoxin belonging mainly to the T-globulin f ract ion [2-4, 8, 10]. 

EXPERIMENTAL METHOD 

"Diaferm-3 IEM" antitetanus serum, batch No. 599, from the I. I. 
Mechnikov Moscow Institute of Vaccines and Sera was used. The anti- 
tetanus serum (1.6% solution of protein) was treated with 0.i M mer- 
captoethanol in 0.i M phosphate buffer, pH 7.5, for 66 h at 20~ to re- 
duce the disulfide bonds. The production was then alkylated with 0.2 M 
monoiodoacctic acid at pH 7.5-9.0 for 2-2.5 h and dialyzed against 0.01 
M phosphate buffer, pH 7.5, for 24 h. After dialysis, the proteolytic 
digest was concentrated to its initial volume and fractionated on a column 
with Sephadex G-100 (60 • 1.8 cm) in 0.01 M phosphate buffer, pH 7.5. 

*Corresponding Member, Academy of Medical Sciences of the USSR. 

Labora to ry  of Pathophysiology of Toxicoinfections,  Institute of Normal  and Pathological  Physiology, 
Academy of Medical Sciences of the USSR, Moscow. Trans la ted  f rom Byulleten'  l~ksperimental 'noi Biologii i 
Meditsiny, Vol. 74, No. 10, pp. 67-70, October,  1972. Original ar t ic le  submitted Februa ry  3, 1972.' 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West ]7th Street, New York, 
N Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1289 



Fig. 2. Precipi tat ion test  (A) and immunoelec t rophores is  
(B) in agar  of tetanus toxin with Diaferm-3 IEM serum and 
its f ragments :  1) original Diaferm-3 IEM serum; 2) tetanus 
toxin; 3) digested serum,  not fractionated; 4) physiological 
saline; 5) purified tetanus toxin; 6) peak II of digested serum; 
7) peak I of digested serum; 8) peak III of digested serum. 
Gutters contain rabbit antihorse serum. 

The optical density of the fract ions was determined with a type SF-4A spectrophotomer at 280 nm. The 
protein concentrat ion in the combined fract ions was determined by the method of Lowry et al. [14]. The 
antitoxin was  t i t ra ted  biologically in mice. The molecular  weight of the f ragments  was determined by 
Whi taker ' s  method [23] by gel-f i l t ra t ion through Sephadex G-100, equilibrated with 0.05 M phosphate buffer, 
pH 7.5, containing 0.1 M KC1. A calibration curve was plotted for protein with a molecular  weight of 
22,500-65,000. The sedimentation constant was determined by ultracentrifugation on the Spinco model E 
analytical ul tracentr ifuge at a mean rotor  speed of 56,094 rpm, using 0.01 M phosphate buffer, pI-I 5, as the 
solvent. The immunochemical  proper t ies  of the antitoxin fragments  were  determined in the double agar  
diffusion test ,  by immunoelec t rophores is  in agar in the micromodificat ion [1], and in the delay of prec ip i ta -  
tion test .  The following mater ia ls  were used in the tests :  rabbit ant iserum against horse  serum proteins,  
tetanus toxin f rom Leningrad Research  Institute of Vaccines and Sera, batch No. 21 and purified tetanus 
toxin p repared  by O. P. Sakharova, working in the authors '  laboratory.  

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

On fract ionation of the original serum (Diaferm-3 ~M) on Sephadex two peaks were  obtained (Fig. 1A). 
Antitoxic activity was concentrated in the fract ions of peak I and amounted to 6-7 a .u . /mg protein. The f r ac -  
tions of peak II contained no antitoxic activity, and they did not react  in the precipi tat ion test  with ant iserum 
against horse  serum proteins  or  with tetanus toxin. The fract ions of peak II were evidently the low-molec-  
ular  weight product  of proteolyt ic  digestion of the serum, in agreement  with data in the l i tera ture  [7] on the 
existence of var ious  products  of pro teolys is  in the Diaferm-3 IEM serum. The fract ions of peak I gave a 
precipi tat ion tes t  with purif ied tetanus toxin. F rom the antigenic point of view the peak I f ract ions consisted 
of proteins with the mobility of IgG-globulin, as well as c~ 1- and ~2- globulins (results  of immunoelec t ro-  
phores is  with rabbit ant iserum against horse  serum proteins). 

On fractionation of the digested serum on Sephadex three  peaks were  obtained (Fig. 1B). Fract ion III 
consis ted of salts  remaining after  dialysis.  Antitoxic activity was  concentrated in fraction II and amounted 
to 3-5 a .u . /mg protein. The unfractionated hydrolyzed serum did not give a precipitat ion react ion in agar  
with tetanus toxin, but delayed this reaction in a homologous test  sys tem of tetanus toxin and the original 
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Diafe rm-3  lEM se rum (Fig. 2A). F rac t ions  I and II l ikewise did not give a 
p rec ip i ta t ion  reac t ion  in agar  with te tanus  toxin. Delayed precip i ta t ion  was  
given only by f rac t ion  II. Pur i f ied  tetanus toxin was  used as an additional 
control  of the specif ic i ty  of delay of precipi ta t ion.  Under  these conditions 
also,  prec ip i ta t ion  in agar  was  delayed only by f ract ion II of the digested 
s e rum (see Fig. 2A). The f r agmen t s  of antitoxin re ta ined the i r  antigenicity. 
Immunoe lec t rophore t i c  ana lys i s  showed that  f rac t ion  I cons is t s  mainly of 
pro te in  wi th  the mobil i ty  of 71- and ~/2-globulins, and f rac t ion  II of prote in  with 
the mobil i ty  of IgG-globulins.  F rac t ion  III did not contain antigens (Fig. 2B). 

The molecu la r  weight of the peak II f r agments  pos se s s ing  antitoxic 
Fig. 3. Sedimentat ion act ivi ty  was  45,000. The elution volume of the antitoxin f r agmen t s  was  the 
d iag ram of digested, un-  same  as the elution volume of ovalbumin, with a molecu la r  weight of 45,000. 
f rac t iona ted  Dia fe rm-3  The molecu la r  weight of the original  Dia fe rm-3  IEM se rum was  between 
ll~M serum (A) and of 80,000 and i00,000. 

peak II f rac t ions  (B); The sedimentat ion constant of the antitoxin f ragments ,  as shown by u l t r a -  
56,094 rpm for  1 h f rom 

centrifugation,  was  3S (Fig. 3). F rac t ion  II of the digested s e r u m  also con- 
t ime  of reaching top 

ta ined a smal l  quantity of f r agmen t s  with lower  molecu la r  weight, poss ib ly  L -  
speed, and H-cha ins  of the antitoxin molecule.  Bes ides  the main components  with a 

sedimenta t ion constant  of 3S the digested,  unfract ionated s e rum also contained 
about 10% of molecu les  with sedimentat ion constants  of 6S or  more .  

The invest igat ion thus showed that antitoxin f r agmen t s  with specif ic  anti toxic activity,  having a sedi-  
mentat ion constant  of about 3S and a molecu la r  weight of 45,000, can be obtained f rom "Dia fe rm-3  Il~M" 
anti tetanus serum.  

The authors  a r e  grateful  to P r o f e s s o r  V. O. Shpikiter  (Institute of  Medical and Biological  Chemist ry)  
fo r  p e r f o r m i n g  the u l t racen t r i fuge  analys is .  
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