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The method of precipitation in agar has been widely adopted in recent years for the analysis of prepara- 
tions of various antigens and immune sera. 

In the present investigation we used this method for the study of purified tetanus toxoid. 

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

Tetanus toxoid, prepared in Ram~n's medium, was purified and concentrated by a method devised by our- 
selves and described earlier [1], consisting of two main stages: precipitation with mlfosaltcylic acid and dialysis 
in a collodion bag. The preparation was further purified in the cold (-10 ~) by precipitation with ethyl alcohol 
and subsequent centrifugation. Alcohol was added until its concentration was 65a/0. The mixture was allowed to 
stand for 50 minutes, after which the precipitate was removed by centrifugation and dissolved in a phosphate 
buffer (pH = 7.4), and the concentrate thus obtained was then dialyzed in a cellophane bag against tap water. 

Titration by a standard method in white mice showed that the preparation contained 1300 units of combi- 

nation (CU) per ml. Its specific activity was 1680 CU per mg nitrogen. 

This preparation was subjected to further fractionation by gtadual salting out with a phosphate mixture 
(pH = 7.4), containing 83.3% of dipotassium hydrogen phosphate KsHPO4 and 16.7% of potassium dihydmgenphos- 
phate KHzPO 4 [4]. The fractionation was carried out as foll0ws. To a measured sample of toxoid was added a 
weighed portion of the phosphate mixture, and the whole was mixed and allowed to stand for 18 hours at 18". 
The precipitate was collected on filter paper and dissolved in distilled water. To the filtrate was then added 
the next portion of phosphate mixture, and so on. Altogether 7 fractions were obtained. 

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

As may be seen from the table, the bulk of the antigen (7~/o) was salted out between the limits of 0-25~]o 

of phosphate mixture. The fractions "15-20" and ~20-25 ~ showed the highest activity. 

In order to carry out the precipitation reaction, we used the method of counterdiffusion (a modification of 

Ouchterlony's method [3]). 

The agar was cleared in the following manner [2]: it was dissolved in 20 parts of distilled water and to it 
was added a 2(Y/o solution of calcium chloride to give a concentration of 0.5~ after coagulating, the agar was cut 
up finely and washed for 3 days in tap water. The washed agar was melted, mixed with 2 volumes of a hot 1.15% 

mlution of sodium chloride and filtered through cotton wool, after which 0.02% of merthiolate was added. 
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The agar, prepared in this manner,  was poured in a layer  of  3 mm into a rectangular  dish whtch was p laced  

perfect ly  hor izonta l ly .  The dish consisted of a glass plate,  to the edges of which pieces  of glass tubing were se-  
cured by means of plas t ic  glue. 

Using a stencil ,  rows of smal l  holes were cut in the layer  of sol idif ied agar, 15 m m  in d iameter  and 10 mm 
from each  other.  On both sides of these holes, para l le l  to them and at  a distance of 15 mm, grooves were cut at 
right angles to each  other, 5 m m  wide. Into the holes was poured 0.5 ml of the toxoid preparat ion to be tested, 
and into the grooves a tetanus antiserum, purified and concentra ted  by the Diaferm-3 method, of  two different  
series. The dish was covered with glass and a l lowed to stand at  room temperature  for 10 days. 

Character is t ics  of the Fractions of Purified Tetanus Toxoid Obtained 
by Sal t ing Out with a Phosphate Mixture (pH = 7. 4) 

Percentage of 

phosphate mix -  

ture 

0 - 15 

15 - 20 
20 - 25 

25 - 30 

30 - 35 
35 - 40 
40 - 45 

Ti te r  

(in CU/ml )  

400 

1 300 
1 300 

250 
100 

< 100 

< 50 

Yield of 

ant igen 
(in %) 

10.3 

33.3 
33.3 

6.0 

2.0 

Speci f ic  ac t iv i ty  

(in C U / m g  of n i -  
trogen) 

1 270 

3 300 
3 270 

428 

510 

When the react ion was performed by the method described,  p rec ip i ta t ion  l ines were formed in the layer  of 

agar  in the shape of  an arc.  If neighboring holes contained common antigens, the respect ive arcs merged toge th-  
er into a continuous, undulating l ine.  Where the ant igen  which was contained in the other  preparat ions being 
tested at  the same t ime in neighboring holes  was e i ther  absent or present in too low a concentrat ion,  the p rec ip i -  
ta t ion I ines were interrupted.  

In order  to photograph the prec ip i ta t ion  Iines we used the contac t  method,  using contrat  paper for ref lex 

print ing.  To remove spots in the dish before f i lming,  a thin layer  of water was poured on. 

As may be seen from the photograph shown (Fig. 1), the purified toxoid formed 3-4  l ines.  It should be men-  
t ioned that  in exper iments  performed at  the same t ime,  the number of  lines may  vary sl ightly as a result of more 

or less perfect  separat ion of the lines, e spec ia l ly  of those in very close contac t  with each other.  

I t  was not possible to determine from the intensity of the p rec ip i ta t ion  l ines which of them was due to the 

specif ic  ant igen - to the toxoid i tself  - since the degree of pur i f ica t ion of the preparat ion was re la t ive ly  low, and 
some of  the bal las t  antigens present could exceed  the concentrat ion of the speci f ic  ant igen.  

We were able to distinguish the l ine corresponding to the specif ic  ant igen by compar ing the immunograms 
�9 of the original ,  purified toxoid and its fractions,  taking into considerat ion the results of es t imat ions  of the an t i -  

toxin combining power in white mice .  

Let us compare  the immunograms of two preparat ions:  purified toxoid (No. 47) and fract ion "20-25"  (No. 
46). According to the results of the b io log ica l  exper iment ,  both these preparat ions contained considerable and 

equal  amounts of  speci f ic  ant igen (1300 C U / m l ) .  Theore t ica l ly ,  in this case, we should have expec ted  to see a 
continuous l ine of moderate  intensity,  due to the specif ic  ant igen,  the arcuate portions of which would have been 

arranged symmet r i ca l l y  in re la t ion to the corresponding holes in the agar.  The l ines closest  to the holes, for e x -  

ample ,  conform to these requirements .  If i t  is formed by the specif ic  ant igen,  i t  must not be present, therefore,  
in the immunograms of the fractions not containing this ant igen or containing i t  in too low a concentrat ion.  

In fact ,  in the immunograms of fractions "30-35"  (No.51), "35-40"  (No.53) and "40-45"  (No.56), this l ine 
was absent.  At the same t ime  these fractions,  as can be seen from the photograph, contained other  antigens,  p re -  
sumably bal las t ,  which were de tec ted  also in the or ig inal  purified toxoid.  In one fract ion ("30-35")  there were 
two such ant igem,  and in the others ( "35-40"  and "40-45")  - p redominant ly  one.  
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As an additional criterion of differentiation of the precipitation line of the specific antigen it was possible 
to make use of its relatively higher thermolability. It was shown by preliminary experiments on white mice that 
tetanus toxoid almost completely lost its antitoxin combining power after being heated for 20 minutes at 80 ~ 

On the basis of these observations it might have been thought that a preparation treated in this way would 
not give a specific line of  precipitation. In fact this line, clearly marked on the immunogram (No.46) of the 
"20-25" fraction, was absent from the immunogram (No.45) of the same fraction after heating, whereas the sec-  
ond line, corresponding m some other antigen, was clearly shown. 

Fig. 1. Precipitation in agar of purified tetanus toxoid (se- 
ries 1) and of certain of its fractions obtained by salting out 
with a phosphate mixture (pH = 2.4). 
47 and 52)Originalpurifiedtoxoid; 46 and 45) "20-25" frac- 
tion, before and after heating; 53 and 54) "35-40" fraction, 
before and after heating; 56 and 55) "40-45" fraction, before 
and after heating. Experiment carried out with tetanus anti-  
sera from horse, purified by the Diaferm-3 method, of series 
438 (titer 2000 antitoxin units) and series 436 (titer 1400 anti-  
toxin units), a) Serum 438; b) serum 436. 

From the results of the precipitation reaction in agar, not all ballast antigens showed equal thermostabili- 
ty. After being heated in the manner described above, certain of them underwent some degree of  damage, This 
was shown by the weakening of the corresponding precipitation line, or by its greater diffusion (immunograms 
Nos. 50, 54 and 55). 

We give for comparison a photograph of the immunogram (Fig. 2) of purified tetanus toxoid of the second 
series, before and after heating. This preparation contained 4200 C U / m g  of nitrogen. 

The photograph clearly shows the disappearance of one of the precipitation lines as a result of heating the 
toxoid, whereas the other lines were preserved to a greater of lesser degree. 
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Fig. 2. Precipitation in agar of purified 
tetanus toxoid (series 2). 
3)Original purified toxoid; 4) the same 
toxoid, heated for 20 minutes at 80 ~ a) 
Serum 438; b) serum 436. 

Two of these lines, as may be seen from the immunogram, 
obtained by means of serum of series 438, appeared to split up 
into two diverging branches at one point. 

This interesting phenomenon may possibly be accounted for 
by the formation of two forms of the same antigen, differing slight- 
ly in their physicochemical properties as a result of partical de- 
naturation by heating. 

The results described in this paper show that the method of 
precipitation in agar, when combined with other methods, may be 
use d with success to investigate the antigenic composition even 
of such complex preparations as purified tetanus toxoid. 

SUMMARY 

Several antigens were detected in the purified tetanus anti- 
toxinby the method of precipitation in the agar. These antigens 
gave different distribution in the fractions obtained by fractional 

precipitation of this antitoxin by the phospham mixture (pH = 7.4). Precipitation of specific antigen (antitoxin) 
was differentiated by comparison of the data obtained by reaction of precipitation in the agar with the data of 
antitoxin-fixating reaction obtained in experiments on white mice. Relatively greater thermolability of the spe- 
cific antigen compared with the admixed ballast antigens served as an auxiliary factor in this test. 
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