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THE NATURE OF THE TOXIN OF BACILLUS BOTULINUS

By

A.K. RODOPULO

Microbiological Laboratory, All-Union Research Institute of
Refrigeration Industry.

The botulinus toxin is an extremely strong poison which,
in small doses, is capable of killing healthy animals.

Stnee the time when the botultnus toxin was dts-
covered by van Ermengem, numerous expertments have been
made on the extraotion of the pure toxtn and the study
of tts nature. These expertnents, however, have not
met wtth success, since the majority of those worktng
with this toxin have been ,rnab,e to purty tt of sub-
stancea assocta~ted wtth tt.

Brtn.er and Kemper attempted to extract the toxin
by precipita ton oqf proteins with sodium sulfate, but
these experiments guve a negative result because of
large losses of the toxin. E. and F. Sommer produced
dry preparations of the toxtn by means of adsorptton
on alumtna hydrate and on kaolin, but these prepara-
ttons oontatned enzymes of tho trtptase type.

Late- Sohubel succeeded tn extraottng the toxtn
by uiy of dialysis, but the dtalysate showed the bturet
reactton. SohL.bel's lao of success wxs cue to hts use
of an ultrajftltrate whioh appurently contained oluble
proteins capable of passtng though an ultra f tter.

Doster, Wagner and Meyer suppose that the toxtn te
liberated as a result of autolysts of the bacter al
cell. On the basts of thetr experimental ftndtngs,
they arrtued at the oonoluston that tn the pertod of
tntti.al multplioation on an altmentary medium (the
ftrat 15 to 20 hoa vr of growth), no toxtn ta Itber-
ated, because there are no cells (lng off.

In Meyer's optron, the carrier o,)' the toxtn ts a
protein (nuo'9oprotetn) wtth ain taoeleotrto potnt at
pU 4.4. All, the dry toxins produced in this author's
laboratory showed the bturet reaotton for protein.
Weinberg, and also Meyer's assooates Levinson and0 Bror~fonbrenner, oonsider it pose tble that the %ole-
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oule of the toxtn oonsette of two groups, nme2j,
toxoplhorto group, the oaer-ter of toxto prtrotpee, an. d

haptophorto group, whtoh btnds the anttto='n. "M e
former t not v.ery stable; the latter te eompa latvely
stable and may perstat unaltered for a tong ttn e.

In the research here described., we attempted to obtain
botulinus toxin in dry form qnd tn . itri p r 'portle. -1 n
addition, our intontion wao to rit, V L h L1,0 Liu: cLw. OIA
products of the decomposition of uarbo!Wdrate substances and the
process of toxin-formation in Bobotulinus; likewise to discover
whether this toxin was an endotoxin or an exotoxin.

For growing bacillus botulinua cultures and for the
production of the toxin, we employed green peas with 20% glucose,

We preferred to work wtth. a vegetable medtum because
wtth thts type of oulture medtum we alwgs obtatned a
stronger toxtn than wtth the u s imeat-peptoun broth.
Worktng wtth. a egetable madturi t8 also more conventent,
stnoe vegetable p. otetns have been better studtead. ?or
our research., we took B. botutnue Type A (Anertoan
8trtn 180).

The meth-d of extraottng the toxtn vus as foLows.
100 ja, of the ou;ture were o*u-udtsttVled at a tempera-
ture below 40C so that the toxtn would not be d"etro~ad
tn the pooes8 of separattng the voalttle 8ubStanoes.

AThe restdue, after ditett'vlatton, was brought baok to tte
ortgtnal volime wtthj ;hyetologtoal eolutton and tested
,for toxtotty.

Here we found that if the titer of the toxin before
distillation was 0.00001 ml, then after dlitillation it would be
considerably increased and would go up to 0.0000001 ml. Thia
increase in the titer may be explained as due to cells of B. botu-
linus being destroyed during the distillation, with the result
that toxin is liberated into the surrounding medium. This was
confirmed in the next experiment, in whicl, the culture, before
distillation, was filtered through a double-layered collodion bag
to remove bacterial cells. Upon vecuum--distillation of this
ultrafiltrate, at a temperature less than 400C no increase in
the toxin titer was observed.

This is grounds for concluding that the toxin of the
B. bacillus is an endotoxin, which is released to the Barrounding
medium when bacterial cells are destroyed

In our tests, we always found the toxin to be already
present after a 15-hour incubation; this disagrees with the
findings of Dozier, Wagner and Meyer, quoted above. The table
shows the lethal dose of the toxinfor mice, in a culture on
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meat-peptone broth, at the e;A of 15 hours, and then at the end
of each successive 24 hours./0

Duratio of Lethal doe, of N1o. of mice
growth (hre) toxin (ml)

15 0.0001 2

40 0.00001 2

64 0.000001 2

88 0.000001 2

112 0.000001 2

136 0.000001 2

160 0.0000001 2

182 0. 0000001 2

208 O.C' 0001 2

232 0.0000001 2

258 0.000001 2

These data are evidence that toxin is already present

in the culture after 15 hours of bacterial growth, and in quite
large amounts. Of course, the toxin titer continues to rise as
the culture grows and ages; only on the tenth or eleventh day
does it begin to fall. It is therefore impossible to agree with
the opinion of the above-mentioned authors, namely that in a
young culture there are no bacterial cells dying.

According to the findtngs of Topley and Wilson the
dev3elopment of bacteria tn an cltmentar nedtum LJes
p iae tn four phases. Th4e ftrst phase lasts 2-3 hours,
during whtoh ttme the multtpltoatton proceeds Very 81owlY.
In the second phase, the multtpltoatton of the baoteria
proceeds Ln a geometrto progre8ston, and tht8 pertod lasts
5-6 hours. Then, tn the thtrd phase, there begtns a
partod of throttltng-dow&, tn whtch the baoterta gradully
lose thetr intttal speed of multtpltoatton. Thts latter
portod lasts "rm the 8th or 9th hour to the 12th or 13th
hour f'rom the start of the tnubatton. Finally there
ooouro the fourth phlae, in whtoh the baoteria grauall,
decreaso in numbers a rd enter upon a perioa od mc ' mOr-
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Aooording to thtep the period tn whioh the bcoterta
begin to die off en masse will begtn 12 or 14 hours from
the start of tnoubatton, w .i h is oomp1etely n acoord.
wtth$ our Jndtngs on the formatton of toxin in a oultura
of Do botultnra after 16 hours of incubation.

For tho extraction of the pure toxin, we employed two
methods.

The ^rat method t based on the extraotton of the
albumin anJ globulin jraottons of the protefns by ealttng-
out wtth ammontum &ui.fate and soditum ohlortda. The washed
protein to then placed in the dtalyaos 'a double-layered
collodion bag) and dtalysed. The water ts ohanged every
two days t,,id the amounts of toxitn, amnmontIAM 3u1,,Iate and
sodium ohloride tn this water are determined. The amount
of ammontu choride te found by tttratton wt.'h Ba(0H)2
solution, and the amount of sodium ohloride by tttratton
wtth silver nitrate.

The second portion of the dtaysate aid not oon a ,n
any ammonum sulfate or sodium chlortde, but there was
toxin in it. The ammoni.um sufjate and sod' am chlortde, as
orystallodo, had gone with the first port ,vn of the water.
The toxin on the other hand dtalysed slowly, and thus
could be detected ofter the ammontum sujfate and sodium
chloride had been removed.

The toxin thus extraotd did not show the bturet
reaotion for protein; it m3 neutralized by ant tbotultnus
serum. In addition to the bturet reaotion, we also carried
out the xanthoprote,& reo .ton and Milon and Paulti's
reaction to test for prot64fn.

However, all these teits were negative. The dtaly stes
obtained were toxto, kttig mioe at a oonoentrat ton of
0.0001 at.

50 al of the dtalysate were evaporated in a vacuum-
dryer at room temperature. 5 mg of the dried toxin thus
obtained were dissolved in 5 ml of physiologtoal solution
and tested for toxicity. The toxin in the dry form ?'.
not uff'eed any alteration.

The original material hid a titer of 0.0001 ml. After
evaporation and re-dissolving in physiological solution, the
toxin titer was 0.0001 ml, that is, ten times greater, which
corresponds to the decreasee 7olume.

We attempted to precipitate proteins along with the
toxin by using alcohol and acetone &ad then subjecting the residue
to dialysis, since alcohol and acetone can easily be removed,

L$ -1-



but it was found that both the alcohol and acetone partially
destroyed the toxin and, in consequence, the dialysate obtainedo had a very low titer (0.5 wl).

rn the second method, 500 ml of the culture were sub-
jected to ultarif41tratton tn a double collodton bag to
rtd tt of protetn. The toxtr4 tn the ultrqf.fItrate was
preotpttated wi.th trholoracetto actd; aqf~er oentrtflsgtng
and washtng wtth sulJ.rto et-er, we would obtatn, Jfrom
the ttohl.oraoetto actd, 50 mg ofJ the toxtn. The
ultrca'tttrte showed the bturet reaotton for protetn,
but the toxtn preotpitated from thta ultrafltrate, after
betng dtsolue& tn water, wauld not gtve thts reaotton.
It seems that soluble protetne go through the double
oollodton bug and are not preotpttated by trtohloraoetto
aGotd.

Testing of the toxin here obtained showed that it too
would preserve ito original titer.

Toxin obtained by both these methods had the same titer,
z 4.- on .... +t-:s that the two preparations are identical.

From all the above, we may conclude that B. botulinus
toxin is a specific isolable substance not bound to a protein.

In the culture, the toxin is mechanically bound to a
protein molecule, and after dialysis through a collodion bag, it
passes into the dialysate. All findings controvert the old
notion of its protein nature. The toxin produced by us does not
dissolve in acetone, ether, or alcohol, but is partially des-
troyed by acetone and alcohol; it dissolves with difficulty in
water, and loses its toxicity when acted upon by dilute alkali.

CONCLUSIONS

1) Our findings establish that the toxin of the B. bc~a-
linus is not of a protein nature. The toxin is mechanically
bound to protein substances, upon dialysis of which it passes
into the dialysate.

2) The toxin of B. botulinus is an endotoxin, and is
released upon destruction of ti,, bacterial cell.

3) Botulinus toxin is insoluble in acetone, ether and
alcohol; it is soluble with difficulty in water, and is neuzra-
lized by a weak alkali.
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