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TABLE 11 

D I F F U S I O N  C O N S T A N T  OF T E T A N U S  T O X O I D  

Time o/ Diffusion c~nstant Diffusion constant Average diffusion 
diffusion (Inflection method) (Method of moments) 
(seconds) cm ~ sec ¢mJ /sec constant 

178,92o 5.o 7 • lO -7 5.17. lO -7 5.o9. io -z 
z46,84o 4.85' lO -7 5.oo" IO -~ 

has approximate ly  the same molecular size as the parent  toxin. This similarity in molecular size 
CENTRIFUGAL FIELD 

Fig. 2. Sedimentation diagrams of the formol te tanus  
toxoid after 12, 3 2 and 5 6 minutes  at 6o,ooor.p.m. 
The two components,  which are presumably  the 
formol toxoid and the spontaneously formed toxoid, 
have sedimentat ion constants  of 4.2 and 7.6 Svedberg 

units  respectively. 

has also been shown for diphtheria 
toxin and formol toxoid, which have 
approximately  the same sedimentation 
constants  (4.6 Svedberg units) 6:. 

I t  would appear  tha t  de-toxifica- 
tion of te tanus  toxin occurs as a result 
of two reactions: (i) Spontaneous con- 
version of the toxin (3.9 Svedberg units) 
to the toxoid (7.6 Svedberg units), and 
(ii) Interact ion of formaldehyde to form 
a toxoid (4.2 Svedberg units). This 
lat ter  toxoid is devoid of any tendency 
to dimerise and henze shows up in a 
reasonable concentrat ion in the sedi- 
mentat ion diagram. The spontaneous 
formation of toxoid is both  far slower 
and less complete than  tha t  induced by  
formaldehyde. 
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The activation of chymotrypsinogen by subtilisin 
The tryptic  activation of chymotryps inogen has long been a subject  of great interest  in the protein 
field. Wi th  the background provided by  the observat ions of NORTHROP AND KUNITZ x, and the  
investigations of JACOBSEN z concerning the mechanism of activation of this zymogen, the recent 
work of NEURATX et al. s, and of the DESNUELLE group 4 has provided continuing progress in the 
unders tanding of the activation process. 

A l though  t rypsin is used as the initial catalyst  in all of these studies, and fur ther  seems 
to be responsible for the activation of chymotryps inogen  in physiological systems, it is not the 
only enzyme capable  of init iat ing the conversion of the  zymogen to its active form. KUNITZ s, 
in I938, noted tha t  culture media of the mold Penicillium contained a "kinase" capable of slowly 
activating acid solutions of chymotrypsinogen,  and in 1951, ABRAMS AND JACOBSEN 6 observed 
tha t  crude enzyme preparat ions  from Bacillus subtilis, which had previously been shown to convert  
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ovalbumin to plakalbumin v, were able, at  low temperatures  and pH ' s  near neutrality, to bring 
about  a slow activation of chymotrypsinogen.  

The present work was accordingly undertaken with the idea tha t  further s tudy  of the effect 
of the  B.  subtilis proteinase, now obtainable in crystalline form s, upon chymotrypsinogen might  
provide new insight into the essential processes involved in the conversion of this  inactive zymogen 
to an active enzyme. 

As a means  of a t tempt ing  demonstrat ion of intermediate compounds and degradation 
products which might  be formed during the activation, reaction mixtures of chymotrypsinogen 
and crystalline subtilisin, incubated at  o ° C, pH 7.3 for varying lengths of time, were adjusted 
to pH 3 with i N HC1 to destroy the enzyme and prevent autolysis of chymotrypsin  during 
storage. These samples were subsequent ly subjected to chromatography on columns of the 
carboxylic acid ion exchange resin IRC-5o (XE-64), according to the procedure described by 
HIRS 9 for the chromatography of chymotrypsinogen,  using 0.9 X 30 cm columns of the resin 
and M / 6  phosphate  buffer~ pH 6.02. Under these conditions the undegraded substrate, Worthing- 
ton crystalline salt-free chymotrypsinogen,  emerged as a sharp symmetrical  peak at 30 effluent ml, 
with only small amounts  of impurities. Control runs of chymotrypsinogen incubated for 24 hours 
with subtilisin previously inactivated by standing at pH 3 for three hours at 5 ° C  showed no 
discernable chromatographic differences, and ¢z-chymotrypsin (Worthington crystalline salt-free), 
while appearing less homogeneous chromatographically, showed a main peak at  the same effluent 
volume. Protein content  of all effluent fractions was determined on the basis of optical density 
at  280 m/J, and ninhydrin analysis was performed according to the method of MOORE AND STEIN ~°. 
Assays of proteolytic activity of selected effluent samples and total reaction mixtures before and 
after activation with t rypsin were carried out by a modification of the general procedure of 
NORTHROP el al.~, ~, measuring the optical density at  28o m/~ of TCA soluble products of casein 
hydrolysis. Considerable difficulty was encountered in obtaining uniform blanks and s tandard 
curves with this  method, bu t  despite obvious limitations in accuracy, it still provides a roughly 
quant i ta t ive  means of comparing activities. 

Fig. i shows a typical series of chromatograms obtained from reaction mixtures  containing 
x ~/o chymotrypsinogen substrate  and o.o 4 ~/o crystalline subtilisin, incubated at  pH 7.3 and o ° C. 
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As the 3 ° ml protein peak of chymotrypsinogen diminishes, a new peak appears at  42 ml, increases 
during the  first 24 hours, and then slowly recedes. During the initial period of its formation 
the new peak, like chymotrypsinoge:l,  is itself inactive, bu t  can be activated by trypsin, thereby 
suggesting the formation of an altered, bu t  still activatable chymotrypsinogen rather  than  
a new chymot  .rypsin. The relatively late appearance of the peak in the effluent indicates t ha t  
it is not  identical with chymotrypsinogen-B (as described by BROWN, SHUPE AND LASKOWSKI tl) 
which would pass through columns of this type with the effluent front 9. The late increase of the 
protein peak at  3 o ml, and the  gradual appearance of actual act ivi ty at  this location concurrent 
with the  diminution of the 42 ml peak after the first 24 hours, suggest  t ha t  this altered chymo- 
trypsiuogen m ay  actually be an intermediate  in the formation of a second 3 ° ~nl peak containing 
an active chymotrypsin.  The development of a new peak of actual act ivi ty at 42 ml in the 48 hour 
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sample points to the additional possibility tha t  the altered zymogen or the active chymotryps in  
from the 3 ° ml peak is fur ther  degraded tc  a material which is active, bu t  which emerges at 
the same effluent volume as does the altered zymogen. 

Fig. 2a shows the increase in actual activity and ninhydrin color of the total reaction mixture  
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with time, and Fig. 2b tile variat ion in 
amoun t  of material with ma x imum ab- 
sorption at 2 8 o m p i n  the 3 ° and 42 ml 
peaks. The steady rise in total ninhydrin 
color suggests the likelihood tha t  peptide 
or amino acid liberation may  be involved 
in the activation process. The initial close 
correspondence between the disappear-  
ance of protein material  f rom the 3 ° ml 
peak, and the increase in the new 42 ml 
peak, points  strongly to a direct conver- 
sion from chymotryps inogen to the altered 
zymogen, and the fact tha t  most  of the 
s tar t ing material  has already undergone 
this conversion at a t ime when the overall 
act ivation still shows a s teady rise, makes 
it likely tha t  the altered zymogen of the 
42 ml peak is actually an intermediate 
which subsequent ly  undergoes further  
degradation to the active enzyme appear-  
ing at 3 ° effluent ml. 

Following exhaust ive dialysis at p H  
3 and subsequent  lyophilization, the ma- 
terial obtained from the 42 ml chromato-  
graphic peak of 30 hour  reaction mixtures  
shows a relatively homogenous peak at  
the same location when rechromato-  
graphed. Prel iminary experiments  using 
solutions of this lyophilized intermediate 
indicate tha t  it exhibits no appreciable 
actual activity initially, nor does it appear  
to undergo autoact ivat ion when incubated 
for several hours at p H  7.3. I t  is not 

activated by  addition of a-chymotrypsin ,  bu t  addition of t rypsin or of subtilisin in amounts  
corresponding to previous experimental  conditions causes significant activation, so tha t  both  of 
the first two postulated steps in the activation process under s tudy  appear  to be catalyzed by 
subtilisin. 
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