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Vibriocine Production in the Cholera
and El Tor Vibrios

A. H. WAHBA'

Various tests have been developed to differentiate Vibrio cholerae and V. El Tor, since
the latter wasformerly considered to be oflittle clinical importance. More recently, however,
it has become evident that these two organisms can produce an identical disease. Con-
sequently, it is of interest to detect similarities between them. In the present report, a
method for the detection of bacteriocine (" vibriocine ") activity of V. cholerae and V. El
Tor is described. The production of vibriocine appears to be a common characteristic of
these two organisms, and the results of testing eight V. cholerae and eight V. El Tor strains
indicates that there is a close relationship between them.

Various tests have been devised for differentiating
Vibrio cholerae and V. El Tor, since it was widely
considered that the latter organism was of minor
clinical importance. Recent epidemiological obser-
vations have, however, shown that these two vibrios
may produce an identical disease, and it is possible
that they may be more closely related than was
previously believed. Apart from the similarities that
these organisms are already known to possess, they
may share other properties. If so, this would favour
the hypothesis that the El Tor strains might be
variants of true cholera vibrios (Szturm-Rubinstein,
Piechaud & Piechaud, 1960; Gallut, 1962; Felsenfeld,
1963). The investigation reported here was under-
taken to determine whether a relationship between
these two organisms was indicated by their produc-
tion of bacteriocines (" vibriocines "), a character
the determination of which has hitherto been con-
troversial.

MATERIALS AND METHODS

Strains
Eight strains each of Vibrio cholerae and of V. El

Tor were selected at random. These included cul-
tures from type collections and recently isolated
strains. The following strains were used:

V. cholerae strains: NCTC 7254, NCTC 7270,
NCTC 8021, Institut Pasteur Ogawa, Institut
Pasteur Inaba, V.C. Calcutta, P.R. and 257;
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V. El Tor strains: NCTC 4715, NCTC 8457,
NCTC 9420, SAR 1, SAR 3828, Phil. 18, G. 125
and Mak. 37.

Media
Preliminary trials were made with five different

media, including stock nutrient agar, tryptone soya
agar (Oxoid), blood agar, pyocine typing agar
(Darrell & Wahba, 1964) and nutrient agar No. 2
(Oxoid). The last of these yielded the most satis-
factory results and was selected for use in the study.

Techniques
In a preliminary series of experiments, the methods

of Fredericq & Levine (1947), Gratia et al. (1950),
Abbott & Shannon (1958), Hamon (1959), Linton
(1960) and Wahba & Lidwell (1963) were all used
with each of the above-named media. None of these
techniques, however, provided any indication of the
production of vibriocines. The method that was
finally adopted to reveal the bacteriocinogenic
property of the vibrios was as follows:
The strains under investigation were stabbed on

to plates of nutrient agar No. 2, incubated overnight
at 37°C, left for six hours at 4°C, and then killed
by exposure to chloroform vapour for one hour.
After drying in the incubator for one hour, the plates
were flooded with a four-hour nutrient broth
culture of the prospective indicator strain. The
inoculated plates were maintained at 4°C for
18 hours, incubated at 37°C for eight hours and
finally examined for the presence of zones of inhi-
bition of the indicator strains around the macro-
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colonies of the test strains. Finally, a complete
chequer-board experiment was performed in which
all 16 of the vibrio strains were tested for both
production of and sensitivity to bacteriocine. It was
found that it was essential to examine the plates
immediately after the expiration of the prescribed
period, as further incubation led to blurring of the
previously clear zones of inhibition by additional
growth in them.

RESULTS

A typical result in the present series of experiments
is shown in the accompanying figure, and the
patterns of inhibition that were obtained with the
eight strains of V. cholerae and eight strains of
V. El Tor are presented in the table. From the latter,
it can be seen that two strains of V. cholerae (NCTC
7254 and P.R.) and two strains of V. El Tor (NCTC
4715 and G. 125) proved to be sensitive to vibrio-
cines produced by other strains; they were therefore
used as indicator strains. Using these four strains,
it is evident from the table that all but one (P.R.)

VIBRIOCINE PRODUCTION a

a Part of a plate showing inhibition zones produced by
vibriocinogenic strains Inaba, Ogawa, Calcutta, 257 and SAR 1,
using as the indicator strain NCTC 7254.

strain of V. cholerae and all but two (NCTC 9420
and NCTC 4715) strains of V. El Tor produced
vibriocines that were active against the indicator
strains. It also can be seen that similar patterns of

PATTERNS OF INHIBITION PRODUCED BY 8 V. CHOLERAE AND 8 V. EL TOR STRAINS
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inhibition were obtained with V. cholerae strains
NCTC 7270 and NCTC 8021, with V. El Tor strains
NCTC 8457 and Mak. 37, and with V. cholerae
strain Inaba and V. El Tor strain SAR 1. In some
instances, minimal inhibition zones appeared that
were not reproducible in successive experiments;
such results were counted as negative.

DISCUSSION

There has been controversy as to the ability of
vibrios to produce bacteriocines. The only observa-
tions that confirm the existence of this property
concern variants of two individual strains (Bhas-
karan, 1960; Farkas-Himsley & Seyfried, 1962).
Nicolle et al. (1962), on the other hand, have ex-
pressed the view that any production of bacteriocines
by vibrios would be exceptional, since these investi-
gators did not observe this phenomenon while they
were typing a large number of vibrio strains by
bacteriophage sensitivity. Similarly, Barua (1963)
tested 60 strains of V. cholerae and 15 strains of
V. El Tor for bacteriocine production by conventional
methods (which were also used in the preliminary
experiments in the present study), but were unable
to detect either the production of or sensitivity to
other known bacteriocines.

However, in the present study, using the method
for the detection of vibriocine activity described

above, only three of the 16 randomly selected vibrio
strains did not produce vibriocines against the four
indicator strains. These results would suggest that
the presence of this property is not uncommon.

There is general agreement that bacteriocine
production is a stable and specific character of
various organisms; indeed, this property is used as a
confirmatory taxonomic tool for the identification
of atypical strains of Pseudomonas aeruginosa
(Wahba & Darrell, 1965). Consequently, when
strains of V. cholerae and V. El Tor appear to possess
patterns of vibriocine production, it would appear
reasonable to assume that a close relationship
between the two types exists. The findings reported
here thus provide additional evidence of the close
relationship between V. cholerae and V. El Tor.
The success in detecting the production of vibrio-

cines that has been achieved in the present investiga-
tion may be due to the fact that a cold shock was
applied to the vibrio-producing strains (Farkas-
Himsley & Seyfried, 1962), which may have helped
in the release and diffusion of bacteriocines before
the addition of the indicator strain. Nevertheless,
the production of bacteriocines by members of the
Vibrio group may be complicated by the presence
of strong proteolytic enzymes that inhibit vibriocine
activity, as is the case with the bacteriocines of
Pasteurella pestis (Brubaker & Surgalla, 1961) and
of Pseudomonas aeruginosa (Wahba, 1963).

RtSUMt

On a mis au point un certain nombre d'6preuves en vue
de differencier Vibrio cholerae et V. El Tor, auxquels on
attribuait generalement un pouvoir pathogene different.
Toutefois, de recentes observations epid6miologiques
paraissent infirmer cette opinion, et I'auteur a voulu
mettre en 6vidence certains points de ressemblance entre
ces deux organismes, en etudiant leur capacite respective
de production de bacteriocines specifiques ou . vibrio-
cines *.

Huit souches de V. cholerae et huit souches de V. El Tor

ont e soumises a une serie d'essais destines a d6montrer
leur aptitude A produire des vibriocines et leur sensibilit6
A ces memes toxines. Toutes les souches de V. cholerae,
sauf une, et toutes les souches de V. El Tor, A 1'exception
de deux, produisent des vibriocines actives contre les
souches sensibles servant d'indicateur. Pour certaines,
dans les deux groupes, les modalites d'inhibition sont tres
semblables. Ces constatations, selon I'auteur, sont une
preuve supplementaire de 1'existence d'une parent6
etroite entre V. cholerae et V. El Tor.
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