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THE FORMATION OF CL. BOTULINUM TOXIN
TYPE C IN SYMBIOTIC CULTURE

V

In 195O, at the time of an outbreak of boti, sm in mink, the
type D strain of 6.t. botu 7 iu' was isolated for the first time in t,,
USSR (atvyeye et al, 1957). Subsequent research established that
the toxin produced by these microbes is related to the sub-type C)

(Bulatova and Nlatyyeyev, 1965).

Study of the first strain of the type C botulism agent, isolated
in the USSR, was of interest from the point of view of further use of
it for producing sera and anatoxins. At the present time, an~toxins
and sera are produced from the C strain No. 91, obtained in 1931 from

the USA, which in rure culture was weakly toxigenic. Only under con-
ditions of symb osis with a non-toxigenic microbe of another type,

did the toxigenic properties of this agent of botulism strongly increase.

We have obSer',ed an analogous phenomenon of high toxigenicity
only in symbiotic culture, in the type C strains of the botulism agent,
which we have iso!ated from mink. However, many attemntq to obtain
a pure culture of these strains were unsuccessful. Microscopically,
in "he reseeding of these cultures, two forms of Gram-positive bacteria
were always presenr: thin ones with rounded ends, sometimes containir
spores in the shape of rockets, and larger, thick ones with a large
oval spore on the end.

in 2% sucrose-blood agar and in a high column of 1% agar (1-lottinger
broth was taken as the base for these media), colonies of various
forms grew ;fter 2 days. In the high colum, -here were three types of
colonies: '1occulant particles (usually on the very bottom of the test
tube), dense particles and lans-shaped colonies with protuberances of
various sizes. In the blood agar (in a vacuum) the rounded, branching
colonies grew J,- great quantity with a hardly noticeable clearing
around them, and siygle soft colonies with uneven borders, surrounded

-1-



by a sharp zone utf lemolysls Upon seeding from the lens-shaped colonies
and the dense particles from the high column and from the -rounded col-
onies fromi the blood agar in Hottinger's broth, rounded gram-positive,
anaerobic, sjore-forming non-toxic bacilli. grew, which liquified gel-
latin and did oot decompose sucrose.

The microL.-s, sifted out from the high column out of the particles
and out of the fine colonies with hemolysis from the blood agar, were
reminescent in morphology to the botulism agent: gram-positive
bacilli of average dimersions whose spores are in the form of rocketF.
During the first reseeding in Hottinger broth with small pieces of
meat under liquid petrolatum, the/ formed weak (Up to 2~0 1VIM in I ml)
hotulistic toxin, which was neutralized by a specific type C serum.
(serum to the strain C No. 91). Upon repeacted reseeding in the same

01R

medium were casein-fungoid, weak growth was observed without toxin-

formation or growth was ahsent. Pepsin-peptoneibroth, Marten or

tyeCstrains.

Oemust point out, that successful isolation of )ure -strains
from fine colonies is extremely rare; mixed cultures were more fre-
quently obtained, which produced as strong a toxin as the original
mixed strain,

Pure strains of type C botulism agents are best grown in media
with 0.05% thioglycolate and 0.01%o cysteine; however, i)fl substk1Ulf t
reseeding the toxigenic properties were lost.

Thus, division of the natural symbiosis of these microbe-s led
to the result that the type C strain lost the ability to grotN and form
toxin. Mixed cultures upon repeated reseeding., in the same mvliiim
continue good growth over a period of miore than 9 years and produco
of a strength of 20,000 to 50,000 Dlm in 1 ml (strains No. 1c), 12
37, 47, 49).

Many investigators (Quortrup and Gorham, 1949; AppletonI and
White, 1959; McKee et al . , 19S8, etc.) noticed that tbe tyyt C botiil ismr
agents lose their toxigenic property shortly after isolation. In the
work of Quortrup and Sudheimer (1943) it was shown that only in
symbiosis with Pseudomonas unrluginnsa did they form strong specif ic
tox,,n. We also noticed this in work with the type C -train1 No. (11.
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There was great interest in clarifying whether the highly toxic
Mink strain, obtained from GDP, was also symbiotic. This strain in
the media which we used (Hottinger broth, casein-fungoid medium) con-
stantly p-oduced toxin of a strength of 50,000 Dlm in I ml for a
period of more than 6 years.

In studying microscopic preparations, stained according to Cram,
we did not succeed in revealing a difference in the dimensions of the
bacilli of this strain, and assumed that it representF a mixture of
tko forms of microbes. Later, in research in the phase-contrast
microscope, it was established that the strains of rl. botui-m'num
No. 91, !,link, No. 37 and 47 represent a mixture of 2 bacilli of dif-
ferent dimensions (cf. figures in inset).

Upen seeding in a high cylinder of agar, we succeeded in isolating
microbe-symbionts, which upon repeated reseeding grew well in nutritive
media, but their filtrates always remainee non-toxic even when grown
in a vacuun. These were the round (,ram-positive spore-forming an-
aerobic bacilli One of them dissolved gelatin and clotted serum
(symbionts of the strains No. 37 and .17); others did not dissolve
(symbionts No. 91, Mink ; not one of them decomposed sugars.

With the help of the react ion of indi rect hemagglut inat ion, it
was shown that the microhe-symbiont ant i gens related to '. .'
and also C7. , and r -r* '

The question arises, which form these bacilli-symlionts which
differ in antigenic rlattions and in other properties, found in the
mixture with strains . , " ' , e ", No. 91, \link, No, 37 and 4- , aided
growth in toxin-formatton of these microbes.

From the wor'k of many investigators it is known that the type (
bottilism agents are strict anaerobes. Upon seedinV in the high column
of agar, toxigenic bacilli of this type of botul agent usually
grow in the form of soft particles at the bottom of the test tube,
where, as was demonstrated by the research of a :;eries of authors
(Aubel and Aubertin, 1927; Prevot, 1938), m,-t f,,,orab,,, anaerobic
conditions are created. We assume that the bacilli-.,ymabionts most
probably, in liquid media, sharply lower the oxidation-reduction po--
tential (rH,), and this facilitates rapid growth, propagation, and

toxin- format ion.



The principle according to which anaerobes do not tiansfer :he
high oxidation-reduction potential of the surrounding medium was ex-
plained by Engel'gardt (1944). He showed that several vitally impor-
tant enzymes are inactivated at high rH,,. Moreover, the anaerobic

organism loses the ability for normal feeding, for the most important
constructive processes and dies from hunger.

For the purpose of studying the mechanism the influence of
associated mocrobes on the growth of the type C botulism agers, we
carried out experiments in the measurement of -H, Eh and calculation
of rH 2 during the growth of microbe-symbionts in casein-fungoid medium.

Of the 14 experiments carried out, 10 were with microbe-symbionts,
isolated from the No. 91 strains (symbionts No. 6, 7, 8, 9), 37 'syM-

bionts No. 19, 20, 23), 47 (symbionts No. 38, 39), Nlink (svmbiont No.
30); in 4 control experiments we grew ('1. ,r,'yi,' and t. r -'c L4 -

in the same media.

Pure strains of type C botulism agents No. 91, 37, 47 could not
be used as controls, since they did not grow in the media which we
used. The experiments were set up as follows: after sterilization
in the meait'7 (in a 2-liter bottle) 0.S" glucose was added and the
cotton plug was replaced by a sterile rubber stopper, into hich were
fastened two platinum electrodes for meas-1ring the oxidation-reduction
potential, a tube, filled with agar and KCI solntion fo'r combination
with a callmel electrode, and a ttube for secdinTI and :-ampling cu'lture
fluid. Thirty minutes after immersing the electrodes il the(" me.dium
(t. . depth of 10 cm) the potential w,.is determincd (emf in milli its),
the pH of the nutritive medium and seeding of the cinIt ure wa, c, ,rricd
out; after sceding the bottle was mixed in a thermno t..t of 3., alnlt
after a specific time (2, 4, 6 and 24 hours of proith) the potcntial
is measured by the electrom,-tric method; for this.p It'irlum ehlt'trodIs,i rsed in the culture, with an electrolytic bridge Cormhbined ith the

standard saturated callmel eltetrode and switched into tht circuit
of a lamp potentiometer LP-,. By the compensation mcthod, the i!
was determined analagously, and the value of the potential c;alcllated
(in millivolts). Simultaneously with the measurements of the' potrtiai,

a sample of the culture was selected for deterination of pHi (on the
same potentiometer). According to the amount of thle potential ;ind
the pH, the quantity rfi, was calculated according to the -,omogrlm. pro-
posed by Usov and Pogodlyev (1956).
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Changes of Eh, pH and rH2 During Growth of

Microbe-Symbionts on Casein-Funqoid Medium

- Lynamics of Changes Durinn ,ulturing _

-Microbe-SymbionitoControi Strai
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Scientists have long heen interested in the ques 'Sn Of T1W in-
fluence of various microbes on the growth and toxin-formationl o'f
botulism agents. In a series of reports, antagOnISM, ,Svmnh~Osisj
destruction of toxin under the influence of accompnyoing microi'es,
were noted. At the present time the mechanism of the infliienc t'

accorn-anying flora on toxin-formation of type [ botuilism sIg',ntsha
been relatively wel1] studied (Sakaguchi and Tohyam ,13 ! he ,Oork

wsconnected with the study of the influence of siccoi,"ame ricoe
on the type D microbe (Prevot et al., 1902).

In our opinion, the study of symbiot ic strains is &orc :ein-

terest from the point of view of haiingz K0'hI t ocnvi- <tran
for the objective produced. At the present t i m. on, rb n to1
high prohathilI itv, that the strains of typt, C houli in yt > i>

which are used not only in the Soviet Iinion \ (No Q i 1 I AO hR

(No. 468, 573) , are symbiot ic , s ince over 3 erod V o ,
(as indicated by data of the litei-atire) thc' en~vl
The C strain No. 468, isolated by Prevot (19501 Hic
to xin of a streng h of I mill Iioni to 5,0 ) t'vvand
et al., 19S3; Appleton andh Mite, 1959).

The questijon of maintaining toiuc p\I~1 ~ ropt>c PQ Qc rc

for their rapid loss (hith type Lstralin, ot~i' .1

also type P?), the study of the, mechar icro c0rnvp f:K

t ox igen.i c properties by wccomp~ning m~icrO~e-
theoretical and pract ical intercst eAd oero s

comprehensive stUdy.

Conclusions

1,The tyvpe C botuis gnt
is a symrb iot i c s ti ain (r ti xtuie aif ha i i &

its toxigenic properties only in a itr ith TV .!rl

.The iicroht 's K ants. isolaed -.
C botulism agents, possess the abi I lt-
reducticn potent ial of 'e Mcdilr. !T .1c'I

i on, whi ch fac, i I i at vs rowt h n,! i
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