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ANTIGENIC PROPERTIES OF TYPE E CL. BOTULINUM PROTOXIN

[following is the translation of an article by

T. [. Bulatova, Gamaleya Institute of Epidemiology
and Microbiology, AMN, USSR, published in the
Russian-language periodical Zhurnal Mikrobiologii
Epidemiologii i Immunobiologii (Journal of Micro-
hiclogy, Epidemiology and Immunobiology) No. 1,
1965, pages 5--10. It was submitted on 10 Oct
1963. Translation perxformed by Sp/7 Charles T.
Ostertag Jr.] 4

It has been established by the investigations of a number
of autlicrs (Duff and coauthors, 1956; Gordon and coauthors, 1957;
Matvevey. 1959) that Cl. botulinum type E, as well as Cl. perfringens
type D »nd E (Turner and Rodwell, 1943; Ross and coauthors, 1949),
during incubation on liquid nutrient media formed a toxin and a
protoxin. The latter may be activated by various enzymes (trypsin,
proteinase of Cl. sporogenes, yeast proteinase, etc.) as a result
of whicr the power of the toxin is incressed by many times.

It is known that botulinum toxins of all types, including
type E, possess high antigenic and immunogenic properties. In the
present article materials are presented which testify to the antigenic
propertics of the protoxin of type E Cl. botulinum protoxin which are
equal to the antigenic properties of the toxin,

The work was conducted with tweive strains of Cl. b
type E which were incubated on casein fungus medium for 5-7 days
at 28°. The minimal lethal dose of the toxins was determined on
white mice following intravenous introduction.

For the neutralization reaction we used the standard anti-
botulinum serum type E, prepared at the Tarasevich State Control
Institute and which contained 100 AE in 1 ml, and also a native
horse antitoxic-antibotulinum serum type E, which was prepared by
us and which contained 1200 AE in 1 ml,

The filtrates Cl. botulinum type E were activated with a 4%
solation of pancreatin, for which we combined two parts of the filtrate
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of a t:pc L culture and 1 part of a solution of pancreatin. The
mixture was maintained at 37° for 1 hour.

L1t had been established that 5-7 day filtrates of various
strains of Cl. botulinum type E may be activated by pancreatin, and
that the biological activity (strength of the toxin) was increased by
10 to 1,000 times (see our previous works). This means that in the
non-activated filtrate of Cl. botulinum type E a large part of the
specific protein is maintained in a biologically inactive condition
in the form of protoxin and only 1/1000th to 1/10th a part of it -
in the form of a poisonous substance - the toxin.

The toxins which were obtained after activation were strictly
type specific and were neutralized in tests on mice only by the anti-
toxic antibotulinum serum type E.

In the indirect hemagglutination reaction with activated and
non-activated toxins a positive response was obtained in the same
dilutions of the filtrates. This testified to the same antigenic
activity of activated and non-activated toxins though the biological
activity on animals in the first was increased after activation by
10 to 100 times (table 1).

I'hus, the toxin E-188-20 prior to activation contained in 1 ml.
1,000 and after activation 100,000 D1lm, but in both cases the re-
action was positive with a dilution of the toxin to 1:64,000, that
is, the amount of antigen after activation was not increased. This
should i.ave been expected since it is impossible to assume that under
the action of a proteolytic enzyme there was an increase in the
amount of specific antigen in the filtrate, though an increase took
place in the toxicity of the filtrate. In several tests, on the con-
trary, in spite of an increase of toxicity, the indirect hemagglutination
reaction with activated filtrates was 1-2 dilutions weaker.

In the following tests when setting up the neutralization
reaction on mice with activated and non-activated toxic filtrates, it
was noted that for the neutralization of the same volume of native
toxin type E (in the test 1 ml. of toxin of the same series was always
used), taken before and after its activetion by pancreatin, it re-
quired approximately the same (or all told 1% to 2} times more) amount
of antitoxic units (reaction at room temperature), at the same time
that the lethal activity of the toxin increased after activation in
these tests by 10 to 100 times.
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When setting up the test under the conditions of room
temperature (table 2) for the neutralization of 1 ml. of non-activated
toxin, which contained 50 Dlm/ml, two AE of serum was necessary, and
for the neutralization of 1 ml. of activated toxin, containing 1,000
Dlm (index of activation 20), 3 AE were necessary. In other words,
in non-activated toxin 1 AE neutralized 50 Dlm, and in activated -

330 Dlm.

When setting up the reaction of antitoxin binding on white
mice with non-activated and activated filtrates, we observed the same
regularity (see table 2). If with the non-activated filtrate the re-
action of antitoxin binding was positive in a dose of 0.05 - 0.03 ml
(which corresponded to 2-3 EC in 1 ml.), then with activated, a positive
response was obtained in & dose of 0.03 - 0.02 ml. (3-5 EC in 1 ml),
though the toxicity of the latter was greater by 10 to 100 times. This
insignificant increase of antigenic properties of the toxin after
activation is not true and was caused by the continuation of the
action of the enzyme under the conditions of room temperature at
which the reactions of neutralization and antitoxin binding was set
up. If they were conducted at 4°, when the action of the entyme was
cut off, then for the neutralization of both the non-activated as
well as the activated toxins, it required the ssme amount of sntitoxic
units of serum, and with both toxins similar results were obtained in
the antitoxin binding reaction.

Chertkova and coauthors (1960), during the titration of a test
dose of various series of the standerd botulinum toxins type E, which
is equivalent of 0.1 AE of the standard antibotulinum serum, established
that the test dose of the toxin contained 5 Dlm, if the toxin was not
prelininarily activated, and 60 Dlm {f the toxin was activated during
the process of its preparation, i.e., in the first case 0.1 AR
neutralized 5 Dlm, and in the second - 60 Dlm.

The test results obtained by us, as well as the data from
Chertkova, speak for the antigenic, {.e., the antitoxin binding,
properties of the protoxin of Cl. botulipum type E. The protaaln :
possessed antigenic propertiss which were quiulut to the utlmic
properties of the toxin.

These pecularities of the botulinum toxin type K must be taken
into consideration when testing the intensity of ismunity in actively
or passively immunized animals. Ignorance of them may lead to the
obtaining of contradictory and even mistaken results. As it is seen




from our tests, the same amount of AE of serum will neutralize
significantly more Dim of activated toxin than of non-activated toxin,
and the use of activated toxins exhibits a higher intensity of immunity
than the administration of non-activated toxin.

In anothcr series of our tests on the preparatior of botulinum
anatoxins type E for the immunization of horses and other animals we
- obtained data which speaks also for the antigenic properties of pro-
toxin (1959). All together 16 series of anatoxin were obtained. The
anatoxins were prepared both from non-activated (7 series), as well as
from toxins which were activated by pancreatin (3 series) or Cl.
sporogenes (6 series). The activated toxins contained 50,000 -
100,000, and the non-activated - 1,000 - 2,000 Dlm in 1 ml. After
being rendered completely harmless by Formalin at 38°, the anti-
toxin binding properties of both antit.xins fluctuated within limits
of 3-5-10 AE (on a calculation for 1 AE) regardless of the strength of
the toxin, though based on the strengith of the toxin, the activated
and non-activated toxins differed by 50 to 100 times. All this may
be explained by the fact that the protoxin, just as the toxin,
following treatment by Formalin and heat, preserved the antigenic
properties, therefore, its activation by pancreatin, that is, the
transition into a toxin before being rendered harmless, apparently
has no significance for increasing the antigenic activity of the type
E anatoxin. During the immunization of horses with the aim of obtain-
ing pharmaceutical diagnostic antitoxic, antibotulinum sera type E,
we did not note any differences in the titers in the horses, immunized
vwith the anatoxins obtained from activated and non-activated toxins.

Vorobyev and coauthors (1959) established thzt no dependency
exists between the activity of the toxin of Cl. botulinum type E,
expressed by the mmber of Dlm/ml, and its antitoxin binding properties.
Thus, 1 EC (EC to 0.1 AZ) corresponded with the following number of
Dlm of the toxin of Cl. botulinum type E: a) In native and concentrated
non-activated pure cultures - 1°!V Dlm; b) in native and concentrated
mixed cultures - 500 to 1500 Dlm; c) in native and concentrated cultures,
activated by pancreatin - 400 to 1000 Dim. Regardless of the re-
latfonship of the DIm/BC in the native or in the concentrated toxin
after its being rendered harmless with Formalin, they obtained ana-
toxins having similar antitoxin binding properties.

In this manncr the data presented of our own {nvestigations
and the data of other authors testify to the presence in the pro-«
toxin of Cl. botulinum type E of antigenic properties equivalent to
the antigenic properties of the toxin.

In the light of these facts, the results of Khatuntsev's
tests (1960) with botulinum toxin type E become fully understandable.
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In these tests the author, while studying the summation of toxic
stimulation during the daily introduction to white mice of 1/10th Dlm,
observed the death of approximately 307 of the animals and the
development of immunity in the remainder (the animals endured 2-5 Dlm
of type E toxin).

All this may be explained by the fact that the type E toxin
always contains a significant amount of protoxin, which during the
repeated administration also causes immunity in animals considerably
more rapidly than is observed in tests with toxins (botulinum types
A and C), which do not contain protoxin in the 5-8 day filtrate.

Conclusions

1. In the tests with twelve strains of Cl. botylinum type E
it was established that fm 1iquid nutrient media this microbe pro-
duces a toxin and a protomin. The latter converts imto a toxim under
the action of several ensymes. The titer of the toxin following
activation was considerably increased, and the index of activation
fluctuated within the limits of 10 up to 1,000,

2. For the neutraliszation of the same volumes of native toxin
of type E before and after activation by enzymes the same smount of
antitoxic units was required, wvhile the lethal activity of the toxin
following activation increased by 10 to 100 times, {.e., the antigemic
properties of the protoxin were equivalent to the antigenic properties
of the toxin.

3. With the type R botulinum toxin before snd after activation
an indirect hemagglutination reaction was obtained im the same dilutions,
in spite of the fact that the activity of the toxiam following activation
vas incressed by meny times, which also testified to the equivalence
of the protoxin and the toxin.

4. The data obtained when studying the sntitcxis binding capebility
of the toxins and anatoxins of type k also testified 0 :ho mo
of antigenic properties in the protoxins of typ. s,

The anatoxins obtained from botulinum toxins type B both of
non-activated as well as of toxias activated by pamcreatis or ﬂ.
gporogenes, possessed the sams sntitoxin binding preperties M
the reaction was set up on white mice.
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Tahle 1

Indirect hemagglutinavion reaction with type E botulimm toxin before and after activation
rvitk pancreatin

Ser-| No, [Time of setting Result of the reaction with various dilutions of
um p the reaction m toxin
E ; 1E
° _
: ! :
e 2| gl 8l slg| 8| 8| 8
[ .
g - s | sl z| 8|8
= -ﬂ* nol. M w e ﬂw . -n.o ™
£5 ~ 2] ~ ~ i ] - - 2
o — . .
Type i88-2( Before activatiod 100qQ +++ [ +++ +4+2 ] 4+ ] v | vee | e -+ * ~
E After activation lOO +++ | ++4+ | 4+ | e ] e ] e r + -
seriesPed=- Before activation 1 +++ +++ +H+ R d *+t 4+ | 4 + -
No After activation| 100q +++ | +++ ] e ] e ] e ) o + -
162 5«3y Before activati +++ |+ ] ] e | e | e -~ +
After u&..ﬁﬁwoﬂu— 1000 +++ | +++ et ] ] e | e e + — -

Legend: +++, ++, + pos tive reaction of various intensities, + doubtful, =~ negative reaction
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Tatle 2
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Results of the neutralization and antitoxin-binding reactions of nonactivated and
activated type E bot+limm toxin

(Vg
Time the Antitoxin-binding}
reaction Neutralization reaction reaction Control
was set wp Volume of Amount of pancreatin g | Results at m o |Results u»uﬂaw‘non of
onactivated] or physiological s T 1" ¢ taxin
iltrate solution (in ml) o= 120° | 4° | 52 |20° }4° | (in D1m)
(in m1) 85 © o
[o] B\l M n
M " e
H1
Before 1 Physiological 0.5 4 00 00 05 |+ ++ 20=++
activation 1 solution 05 3 00 00 03 | ++ ++ SQet+ .
1 Ao.m 2 Joo Joo fofoz {00 |00 10000 ®
1 0,5 1 + + 0L ] 00 420 200-00
Af ter 1 Pancreatin 065 4 00 00 [0, 05 | ++ ++ 5004+
activation 1 0,5 3 00 00 ]0,03 ] ++ + 1000=++
1 0,5 2 ++ 00 0,02 § ++ 00 200000
1 05 | 1 |+ |+ {o,00 Joo |oo r 5000-00

Legend: ++ mice died, 00 mice healthy.
AE = antigen units,




