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been demonstraked that there occurs an in- 
verse relationship tietween antiibody produc- 
tion and DNA-synthesizing capacity of im- 
mune cells(17).  With this in mind, a recent 
study has shown that once the processes pro- 
ceding toward antibody production are un- 
derway, the immune cell is umeactlive to the 
interference of PHA and no alteration of 
antibody production occurs. The data pre- 
sented in the present study are consistent with 
this view. PHA was effective only when ad- 
ministered prior to grafting, no increase in 
survival was present if PHA was given 24 
hours after grafting. It appears likely that 
the cells responsilble for graft rejection are 
already committed and thereby unreactive to 
the effects of PHA. That PHiA had no 
effect upon “second set” rejection is again 
indicative of a lack of reactivity by PHA 
upon immune cells committed to graft re- 
jection. The exact mechanism of graft rejec- 
tion in the animals recovering from PHA 
administration remains to be determined. 

Summary. The effect of phytohemagglu- 
tinin (PHA) on skin allograft survival in 
mice of two strains, DBA/2 and C57B1/6J 
has ,been studied. The administration of PHA 
prior to grafting significantly increased graft 
survival time in both strains. No increase 
in survival was observed if PHA was given 
24 hours after grafting. Likewise no dif- 
ferences were observed in second set skin 
graft survival ,between PHA treated mice 
and untreated controls. No toxic effects of 

PHA were noted in any of the treated mice 
at the dosages and times of administration 
used. 
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Clostridium botulinum produces several poisonring toxin produced by pure cultures 
of type E strains is wua.lly low when c m -  
p a d  to h t  of type A ar B dltmes. Po- 
tency of type E toxin is increased7 however, 

antigenic types of neurotoxinl(1). Lethality 
for mice after ip .  injection 04 the food 

*Supported by Conbract No. PH 86-67-14 and 

Engineering and Food Protection, USPHS. Published 
writh permission ~d Dirwtolr ~d &he W ~ O -  The activation phmmenon With type E 
Agricultural Experiment Station, Madiwn, Wisconsin. toxin must be considered in lthe &m&bk 

Gra& No. EF 00790, Di*on of a ~ r o m -  ‘Pon propr with pmtmlYtic en- 
zymes such s t w i n ( 2 7 3 ) .  



IMMUNOLOGICAL REACTIVITY ACTIVATED BOTULINUM TOXIN 69 1 

use of in vitro toxin-antitoxin reaction for 
assay of the toxin. If the serological method 
is to show the necessary correlation to mouse 
toxicity, increased lethality resulting from 
activation must be accompanied by a cor- 
responding increase in immunological reac- 
tivity. 

Literature on this subject is limited. The 
highest dilution of type E toxin which ag- 
glutinated erythrocytes sensitized with ho- 
mologous antitoxin was the same for activated 
and nowactivated toxin, although lethalities 
differed by 100-fold. Based on a limited num- 
ber of animals, about the same amount of 
antitoxin was requlired to protect mice in- 
jected with identical volumes od toxin prior 
to and aflter activation (4).  Activated toxin 
was selected in challenging mice immunized 
with type E toxoids because “nonactivated 
toxin did not give a true picture of the 
antigenic value of the toxoid”( 5 ) .  

Materials and methods. C.  botulinum type 
E strains were grown in trypticase-peptone- 
glucose brdh(6)  for 3-4 days at 30 C. Cells 
were removed by centrifugation ; supernatant 
fluids sterilized by passing through Millipore 
or Seitz filters were used as sources of type 
E toxin. One preparation of Alaska E43 toxin 
was obtained by a cellophane dialysis sac 
procedure ( 7 ) .  

Toxin samples were kept frozen in small 
aliquots to avoid repeated freezing and thaw- 
ing. Toxin was activated by incubating with 
final concentration of 0.0 1 7’. crystalline tryp- 
sin at  37 C for 30 min(3). Soy bean trypsin 
inhibitor was added to final concentration 
of 2 000 pg/ml immediately after trypsiniza- 
tion to prevent continued action of the en- 
zyme. 

Toxicity was calculated as LDZo/ml of 
toxin from deaths resulting from i.p. injec- 
tions of dilutions of toxin into groups of 
8-10 white mice of 18-24 g ( 8 ) .  Each mouse 
received 0.5 ml of toxin diluted with gelatin- 
phosphate buffer(3). Stability of a given 
toxin preparation used over several weeks was 
confirmed by retitration. 

Equine type E antitoxin obtained from 
Micrdbiological Research Establishment, Por- 
ton, England, was reconstituted to contain 
1500 International units (IU)/ml. Rabbit 

type E antitoxin was prepared in the authors’ 
laboratory with trypsinizd toxoid supplied 
by Dr. G. G. Wright (U. S. Army Biological 
Lab., Ft. Detrick, Md.) and had a b u t  60 
IU/ml. 

Mouse protection tests were used to de- 
termine the change in immundogical reac- 
tivity of toxin following trypsinization. Se- 
lected LDgOk of toxin were mixed with dilu- 
tions of antitoxin and incubated at  37 C for 
30 minutes. Each mixture was injeoted i.p. 
into 8-10 mice in 0.5 cml volumes and units 
of antitoxin required to protect half af the 
animals calculated ( 8 ) .  

In vitro serological reactivity of toxins w s  
mmured by the Ouchterlony gel-diff usion 
plate procedure(9). Ten ml of melted 1% 
Ionagar (Colab, Chicago Heights, Ill.) in 0.2 
M Tris or phosphate buffer of pH 7.2, 0.85% 
NaCl, and 1:50,000 merthiolate were poured 
into Petri dishes and solidified. A #4 curk 
(borer (8  mm diameter) was used to dig 6 
equidistant wells in a circle around a central 
well, giving wells 14 mm apart (center to 
center). The peripheral wells were charged 
with 0.05 ml of toxin, the center wells wilth 
a like volume of type E antitoxin. Plates 
were held at  25 C in a closed container and 
examined for lines of precipitate for 2-4 days. 

Results. All 6 type E strains tested gave 
a single antigen-antibody precipitin line when 
0.05 ml of undiluted culture supernatant fluid 
was made to react with 1-2 IU of the anti- 
serums. The precipitate is due to type E 
toxin. A ltotal of 95 cultulres, obtained in 
other experiments and expected to have high 
type E toxin titer if i t  was present in the 
sample, were tested in parallel for presence 
crf toxin by mouse inoculation and (by gel- 
diffusion. Complete agreement was abtained 
by the 2 procedures withithese saimples, a b u t  
510% of which contained type E toxin. 

Highest dilutions of the toxic preparations 
capable of producing the immune precipitin 
line were determined. Sensitivity of the pro- 
cedure was calculated from these dilutions 
and expressed as LDBo/well needed to obtain 
a visible line (Table I). Each well received 
0.05 ml of diluted toxin. 

Semi tivi ty of the ge1-diff usion procedure 
decreased when trypsinized toxin wa used. 
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TABLE I. Sciisitivity of Ouchtcrlony Ii~iiiiunocliff usion Procedure i n  Detection of Untrypsin- 
izrtl Type E Toxin. 

Type E s h i n  1, I? 50/~n 1 precipitiH line de t cc t ed 
Dilution of toxin giving LD,/well 

Can 46 ( 30- 7 2 ) *  1 : 2  but not 1 : 3  1 .2 

180 ( 130-250 1:s ” ” I : ( ;  1.8 

Minneapolis 536 (358-804) 1:4  ” ” 1:5 G.7 
Beluga 558 (430-728) 1:4 ” ” 1:5 7.0 

Alaska E43 (:!I4 (526-9 1 (i ) 1 : :3  ” ” 1 : 4  11.6 

2.6 
OGGB 

1 : 5  ” ” 1:6  1304 264 (1  82-382) 

* LD, with 95% confidciicc limits. 

TABLE 11. Effect of Trgptic Activation of Type E Toxin on hlousc Toxicity a.nc1 Sensitivity 
of (;ol-l)iffusion Rmction. 

Toxin 
1)ilution of tosiii I ~ I ) ~ ~ / ~ v e l l  

T,D,,,/lIll giving precipi tin line ilctected 

Alaska E 4 3  : Not nctiv:itccl 1,380 (1,100-1,700)” 1 : 1 4  but ll0t 1 : l ( i  4.6 
Activated 243,000 (170,000-270,000) 1 : 12 ” ” 1 : 14 1012 

Minneapolis: Kot nctiv:itccl 194 (1 34-2iS) 1:8 ” ” 1 : l O  1.2 
Activated 4fi,OOO (:3(i,000-58,000) 1:8 ” ”1: lO 287 

Beluga : Not ac ti v:i t cvl 200 (1 31-2(i0) 1 : O  ” ” 1:7  1 .‘i 
A (1 t i v  a t  cd ,j 0 ,( ( \( ) ( 3 0 , I  )-62 ,0 0 0 ) 1:c  ’ 1  ’ 9  1:‘i 312 

* LD, with 95% confidence limits. 

Trypsinization resulted in about 200-fold in- 
crease of mouse lethality but the highest dilu- 
tion giving the immune precipitate line re- 
mained essentially unchanged (Table 11). 

Lack of correlation between the inarease 
in (toxicity and immunological reactivity of 
the trypsinized toxin shown in the Ouch- 
terlony procedure was also found in mouse 
protection experiments with Porton type E 
antitoxin (Table 111). Increase in lethality 

TABLE 111. Neutralization of Mouse Toxicity of 
Activated and Non-Activated Type E Toxin by 

Porton Equine Type E Antit.osin.* 

Toxin challenge I U  of antitoxin/niouse 
to protect 50% of mice LD,, /in o’u se 

Alaska E43 
(activation factor: X 176)  : 

5 of non-trypsinizcd 0.0117 (0.010-1-0.0131) t 
5 ” trypsiiiizcd 0.0013 (0.0011-0.0016) 

870 ” trypsiiiizcd 0.0429 (0.O384-0.0482) 
50 ” non-trypsiiiizcd 0.184 (0.1i3 -0.19G ) 

Minneapolis 
(activation factor: X 237) : 

10 of non-trypsiiiizcd 0.110 (0.107 -0.112 ) 

50 ” non-trgpsinizetl 0.532 (0.481 -0.588 ) 
1 0  ” trypsiiiized 0.0039 (0.0031-0.0049) 

2370 ” trypsiiiizrtl 0.214 (0.202 -0.226 ) 

* Non-activated toxoid used as immunizing anti- 

t 95% confidence limits. 

of toxin for mice by trypsin treatment is given 
as the activation factor. 

The amount of culture supernatant fluid 
of the Minneapolis strain having 10 LDSo 
is convertible into 2370 LDS0 by trypsin. 
Toxicity is 237 times greater but a 2-fold 
increase in amount of antitoxin gives the 
same level of protection to mice. When the 
same number of LDao’s is used for challenge, 
significantly less antitoxin is needed for pro- 
tection against activated than against non- 
activated toxin. 

Trypsin and trypsin inhibitor, of them- 
selves, did not affect the titrations. Trypsin 
inhibitor and trypsin were added in sequence 
to Alaska E43 toxin to give the same coa- 
centrations as in the activated toxin. Pro- 
tection of half of the mice challenged with 
5 LDZ0 of this toxic mixture resulted with 
0.0107 IU (0.0097-0.0120), an amount com- 
parable to 0.01 17 IU needed when mice were 
challenged with 5 LDao of the original toxin 
without these additions (Table 3 ) .  

Porton type E antitoxin is obtained from 
a horse immunized with an antigen which 
has not been trypsinized. The possibility that 
antitoxin obtained in rabbits with ltrypsinized 
toxoid might give different results was studied 
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T A B L E  IV. Neutralization of Mouse Toxicity of 
Activated and  Non-Activated Type E Toxin 

(Alaska E43) by Rabbit  Type E Antitoxin.* 

Toxin chadlenge I U  of antitoxin/mouse 
to protect 50% of mice LD,,/mouse 

5 of imn-trypsinized 0.0117 (0.0100-0.0137) t 
5 ” trypsiinizcd 0.0009 (0.0007-0.0011) 

870 ” trypsinized 0.0451 (0.0419-0.0483) 
50 ” non-trypsinizecl 0.225 (0.220 -0.232 ) 

* Immunized with trypsinized antigen. 
t 95% conficlcnce limits. 

(Table IV). Potency of lrabbit antiserum 
was calculated from parallel titrations( 10) of 
rabbit and standard Porton antiserums in 
mice injected with 5 LDS0 of the untreated 
Alaska E43 toxin. Antitoxin units required 
for the other challenges were b’ased on the 
IU/ml of rabbit serum obtained by this 
comparison. 

Results with antitoxins prepared against the 
two forms of toxoid were essentially the samle. 
With both antiserum the amount of antitoxin 
giving the desird level of proltmtion shows 
a correlation (to the amount of toxin in its 
original form rather than to mouse toxicity. 
Absolute correlation was not abtained. Data 
of Table IV sthow that protection against 5 
LD50/mouse of activated toxin required 
ol.O009/0.0117 or 0.077 the amount of anti- 
toxin needed for same LDso of toxin without 
activation. Theoretically, 5/176 or 0.028 
times should have sufficed. Similarly, instead 
of being 0.0451/0.0117 or 3.85 times larger, 
mice challenged with 870 LDS0 of trypsinized 
toxin should have been protected by the same 
amount of antitoxin as those injected with 
5 LDso of untrypsinized toxin. These differ- 
ences are probably due to avidity of antitoxin 
(10) and toxcid formation during trypsiniza- 
ition. 

Discussion. That different sittes of type E 
toxin molecule are responsible for the pharma- 
cological and antigenic reactions is indicated 
by the role of toxoid in active immunization 
and in serological reaxtiom( 11). Further evi- 
dence is given by the present results which 
show that trypltic activation of the toxin 
involves a structural change wherein addi- 
tional toxic receptors are made reactive with- 
out a concomitant increase in antitoxin com- 
bining sites. 
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Whether the increased toxicity results from 
an unmasking process( 12) or the formation 
of smaller molecular units ( 13 ) , all toxic mole- 
cules must have a t  least one antigenic site 
to account for antitoxin protection. Direct 
neutralization of the itoxophiores does not 
occur but the protection a u l d  be explained 
if the toxinatitoxin complex is removed 
from the circulation by the blood clearing 
mechanisms or if the steric configuratiun of 
the complex prevented the necessary align- 
ment of the toxin at the neuromwular 
junction( 14). 

Potency of type E antitoxin ‘expressed as 
numbers of lethal units of activated toxin 
neutralized by a volume of antiserum can 
be misleading. Such values are dependent on 
the degree of activation. Effectiveness of 
antitoxin is different for paxenteral challenges 
with trypsinized or untrypsinized toxin ( 5 ) .  

Since Ithe number of antigenic sites is not 
inareased, the usual practice of trypsinizing 
toxin for toxoid preparation can be ques- 
tioned. The variable extent of toxin activa- 
tion expected in mlixed cultures containing C .  
botulinum type E makes it unlikely that in 
vitro serological methods for the assay of 
the food poisoning toxin in such samples 
would give a correlation to mouse toxicity. 

Summary. The number of LD50’~ of C. 
botzdinum type E toxin necessary to produce 
a toxin-antitoxin prkpi t in  line in &the Ouch- 
terlony gel-diffusion test is much greater for 
trypsin-activated than for non-activated toxin. 
For the same lethal challenge dose, less anti- 
[toxin is needed to protect mice against toxin 
after trypsinization than Ibefore the toxin is 
activated. Antitoxin units required for animal 
protection are related to the amount of toxin 
which is activated rather than tol mouse tox- 
icity obtained by trypsinization. The data 
indicate that tryptic activation of type E toxin 
results in appearance of more toxic groupings 
without a concomitant increase in the num- 
ber of immunologically reactive sites. 
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The phenomena of enzyme induction and 
repression are very well established in micro- 
organisms, yet for vertebrates and mammals 
these have not been thoroughly investigated. 
The ratio of pancreatic enzymes is variable 
among species( 5,9,12,13). Determinations of 
enzymes in homogenates of pancreata from 
rats fed either starch-rich or casein-rich diet 
show that specific activities of amylase and 
chymobrypsin reflect the starch and casein 
content of the diet( 15). In  chicks, the pan- 
creata enlarge when unheated soybean meal 
is consumed. These pancreata show depletion 
of zymogen granules to a greater extent than 
the corresponding pancreata from chicks fed 
autoclaved soybean meal diet. This histologi- 
cal evidence was confirmed by chemical analy- 
sis( I ) .  We investigated the rate of synthesis 
of enzymes by the pancreas of chickens after 
an adaptation period of 4 weeks on either 
unheated or autoclaved soybean meal. 

Experimental. Two groups of chicks were 
fed either unheated or autoclaved soybean 
meal for 4 weeks. The composition of the 
basal dliet was essentially that used by Dal 
Borgo(4). After this adaptation period, the 
chicks were fasted; 3 birds of each group 
were sacrificed at  0, 6, 12, 16, and 2 2  hours 
after the start of fast. After 16 hours of 

*Scientific Paper No. 3009. Coll. of Agri., Wash- 
ington State Univ., Pullman. Project 1533. 

fasting, each group was divided into 2 sub- 
groups, one of which was fed the same diet 
as before the fast, and the other the alternate 
diet. Three chicks from each of the 4 sub- 
groups were sacrificed after 2 and 6 hours 
on the diet. The pancreata were excised and 
weighed (after removal of extraneous tissue), 
then stored at  -15°C. 

Trypsin and chymotrypsin were assayed 
using p-toluene-sulphonyl - L - arginine-methyl 
ester (TAME) and N-Benzoyl-L-tyrosine 
ethyl ester (BTEE) , respectively ( 7 ) .  Arnyl- 
ase activity was determined 'by the 3,5,-dini- 
trosalicylate method (3).  Protein in the pan- 
creatic homogenates was determined by meas- 
uring the absorbancy at 280 and 260 mp to 
correct for nucleic acids( 110). 

A portion of the pancreas was homogenized 
in HZO for determination of amylase activity, 
while another part of the same pancreas was 
homogenized in 0.25 M sucrose for analysis 
of trypsin and chymotrypsin. The hmoge- 
note was diluted 10-fold with a 0.05 M phos- 
phate buffer a t  pH 7.8 for chymotrypsin 
determination. Trypsinogen was converted to 
trypsin by activation with 4.0 mg enteroki- 
nase per 100 mg of tissue for 2 hours a t  
28°C. Crystalline trypsin, 0.01 mg/mg of 
protein, was found adequate for activating 
chymotrypsinogen to chymotrypsin at 5°C in 
2 hours. Purified enterokinase (1-123R) and 


