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Fundamental Studies on the Bacteriophages for Typing of Vibrio cholerae
Hideaki SHIGENO (Department of Bacteriology, Institute for Tropical Medicine, Nagasaki
University)

Abstract: In the recent year, a controversy about the biotype of Vibrio cholerae is coming
up. Majority of E1 Tor vibrio have lost the hemolytic activity which was the most
important biological behaviour to identify the biotype of Vibrio cholerac. Although the
sensitivities against polymixin B and cholera phage group [V are the most reliable test at
present to identify the biotype, the strains of Vibrio cholerae which are resistant to phage
IV and susceptible to polymixin B or vice versa have recently been reported. The ap-
pearance of these atypical biotype is bringing about a confusion in the viewpoint of
biotype decision and an epidemiological survey. This paper describes about the appear—
ance of atypical biotype of Vibrio cholerae in relation to the modified phage receptors
seen in the mutant strains and the biological behaviours of them. In order to obtain the
mutant strains resistant to a certain phage, mixed culture of phage and Vibrio cholerae
in the thin layered soft agar was carried out. In this method, four groups of cholera
phage (1, I, f[, V) with Asiatic vibrio (Vibric cholerae biovar cholerae) strains C154
and H218, and five kinds of E1 Tor phage (1, 2, 3, 4, 5,) with E1 Tor vibrio (Vibrio
cholerae biovar eltor) strain 757 were used. In the soft agar culture with complete
bacteriolysis, a few colonies were found as the resistant mutant at times. They were
identified as Vibrio cholerae and confirmed that they were not lysogenized. After this
confirmation, the sensitivity of the mutant strains to the other phages was examined. In
conclusion, all the receptors of Asiatic vibrio were markedly in common. On he con
trary, each receptors of E1 Tor vibrio were relatively independent. But the receptor 1
(R1) and the receptor 5 (R5) could be so similar in behaviour. The location of the
receptors were suspected to be in order from outside R1 and R5 to the inside R2, and
R3 forms a branch from an axis of R2 as well as R4. When Asiatic vibrio strain H218
got resistant to a certain phage, it became resistant to all the other phage including
phage IV. Besides, the strain became resistant to polymixin B, ard positive in VP reac-
tion. These phenomena suggest that E1 Tor vibrio is a mutant strain of Asiatic vibiro.
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Table 1. Sensitivity of Phage 1 resistant mutants
isolated from Strain 757 to El1-Tor
typing phages

Phage dilution

L. Phage
Strain (—log)
tested 1 9 3 4 5
2 c c s p —
3, 4, 5
9, 13, 14 1 — — — — —
19, 20
Control c ¢ c c p
2 c s p P -
3, 5 <s p - - -
4, 9, 14 P _
19, 20 2 <s P P
13 P P - - -
Control c c c p p
2—20 3 c C [¢ [ p
Control c c c c p
2—20 4 [ c c c s
Control c c ¢ c s
2 c c <s p -
3, 4, 5
9, 13, 14 5 - - - = -
19, 29

Control c c c s p

c: confluent lysis, s: semiconfluent lysis <s:
sub-semiconfluent lysis, p: plaque formation

Remarks are also effective to Tables 2—12.
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Table 2. Sensitivity of Phage 2 resistant mutants
isolated from Strain 757 to El-Tor
typing phages

Table 3. Sensitivity of Phage 3 resistant mutants
isolated from Strain 757 to El1-Tor
typing phages

Phage dilution Phage dilution
: Phage . Phage
Strain (—log) Strain g (—log)
tested 1 9 3 4 5 tested 1 9 3
1-15 - — - . — 1, 4, 5
Control 1 c ¢ s<s p 9, 11, 12 c ¢ ¢ s P
. 3 1 c s <s p P
1, 2, 3 6, 13 c [ c c s
5, 6, 12 - - = = = Control c c c <s p
13 2 — — B— —
7, 8,15 — — — 1, 3 c C S P P
Control c c c <s — 4 c c [¢ p p
5, 6 2 c c c ] S
1, 13 [¢ c s <s P 9, 13 c c c s P
2, 3,12 c c c s <s 11, 12 c c s <s p
g, , 3 c c c c s Control c c c P P
15 c c c s p 1—-13 3 - = - - -
Control c c c c s Control c c <s P
1 c c s P P 1 s P - - -
2, 12, 13 c c s <s p 3 - - - - =
3 6 £
7 e c ¢ ¢ s P TRRLARE I s P P-
Control c c c C s 6 s <s p - -
— — — e — Coentrol c c <s P P
1-15 5 - - - - -
Control c c c c s 1, 4, 5
9, 11, 12 [¢ [¢ c ] P
13 5
3 c [¢ s <s P
557 > — 2 4 OB Lk (No. 3) (255284 ¢ ¢ ¢ s<Is
BD7 > —v40HET 1 (No. 3) 125E8£EHR Control c ¢ c<s Tp

AR LA ES 8 RT 12107 BEDRZHEE T
R B,
H#ETSTER 7 7 — 2 4 ML RS « AR
HEGLNT GBSk FERC X > THtETE R
hy FAOR LC10kR T 5 ¥ ciciddk b RIIHE
BHEL L. ZoBEENT > —240ENT 5
-1, 2, bbetkrngeliittchd oo B
57 7= 3 LTz 28 (No. 9, 16) »i5Es
EHiE, 34 (No. 1, 4, 20) (3107%REDRKSZ
HETFT 23 LEas, B85 5 e ounw Tzl o RS
PEIET & s BRI & AT h, T TR
WEETH - 7o
BEHRTSTHRR 77— SEREERE . £5 108
Lic9bkiz 7 » — v VIR AR S RivRe, Bk
L7 5 = ORI IE - 0EE D O b BEK
BEFETELLDTHTe. BNE LY » —v
Sz LTk 28k (No. 6, 7) AETEETZH: 4 78
LT le@ i elfikch v, 7 —v Lext
LG afmeliitem L. —hF7»—-23,
4R LTk E FRE B2 Ro o, 7

Table 4. Sensitivity of Phage 4 resistant mutants
isolated from Strain 757 to El-Tor

typing phages

Phage dilution
. Phage
Strain (—log)
tested 1 9 3 4 5
1-20 1 - - - - -
Control c c c <s p
1—-20 ) - - - = =
Control c c c p p
1, 4 c - - - =
AR ¢ s <s P -
9, 18 3 - - - - -
20 s <s p - -
Control c c c <s p
1-20 . - - - - =
Control ¢ c <s P p
1-20 5 - - -
Control c c c <s p




Table 5. Sensitivity of Phage 5 resistant mutants
isolated from Strain 757 to E1-Tor

typing phages

Phage dilution
Strain fehifg (—log)
s 12 3 4
519 ) - - - = =
Control [¢ c c c p
5, 6, 10 <s P P - -
16, 19
7, 12, 14 2 s P — — ~
17
Control c c ¢ p p
5, 6,
10, 12, 1Z c ¢ ¢ ¢ s
16 3 [¢ c c c p
17, 19 c C [ s P
Control c c [¢ ¢ s
5, 6, 7
12, 17, 19 ¢c ¢ ¢ e s
10, 14 4 [ c [ c P
16 c c c S —
Control c c c c P
5, 10, 12
14, 16, 17 — — - - —
19 5
6, 7 P - - — —
Control c c c <s p
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Table 6. Sensitivity of Phage I resistant mutants
isolated from Strain 154 to classic
typing phages

Phage dilution

. Phage
Strain < (—log)
tested 1 9 3 1 5
3—19 I —
Control [ c [¢ s s
35 C c S P P
8 c c s <s —
9, 11, 13 T
16
12, 19 ¢ [ s <s p
Control c C c c s
18’ 8, 12 c c s <s p
9, 11, 13 il _ _
16 ,
Control c ¢ s < s p
lg’ 8, 12 C C [ s < s
9, 11, 13 v _ _ . _ _
16 ,
Control c c c s <s

Table 7. Sensitivity of Phage 11 resistant mutants
isolated from Strain 154 to classic
typing phages

Phage Phage dilution

Strain ; (—log)

tested 1 9 3 N 5
2 c [¢ s <s p
12, 17, 20 4 ¢ s<s p -
16 c s <s p p
Control c ¢ s <s p

220 0 - - -
Control c c c s <s
220 I - - - -
Control c ¢ s <s P
220 . - - - - -
Control c C c s <s
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Table 8. Sensitivity of Phage I resistant mutants
isolated from Strain H-218 to classic

typing phages

Phage dilution

. Phage
Strain (—=log)
tested 1 9 3 4 5
2, 3, 4
5, 6, 12 - - = = =
13, 18 |
20—29 - - - - =
Control c s <s p p
2—18 c c c s <s
20—29 Lt - - - - -
Control C [ c s <s
2—18 C c c c <s
20—29 I\ - - - = -
Control c c c c <s

Table 9. Sensitivity of Phage II resistant mutants
isolated from Strain H-218 to classic
typing phages

Phage dilution

. Phage
Strain (—log)
tested 1 9 3 4 5
1-10 I - -
Control C s <s P P
1-10 1.1 - - = -
Control ’ c c c s <s
1-10 N - - - -
Control c c c c <s
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Table 10. Sensitivity of Phage III resistant
mutants isolated from Strain H-218
to classic typing phages

Phage Phage dilution

Strain (—log)
tested 1 9 3 5
1-10 | - - - = =
Control c s <s P p
e U T T
Control ’ [ c C s <s
1-10 v - - - = =
Control [¢ c c c s

Table 11. Sensitivity of Phage IV esistant
mutants isolated from Strain H-218
to classic typing phages

Phage Phage dilution

Strain (—log)
tested 1 5 3 4 5
1-10 [ .
Control c s <s P p
1-10 I - - - = =
Control c c ¢ s <s
1-10 I - - - = =
Control ¢ [¢ s <s p
1-10 " - - - - -
Control [ c c c <s
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Table 12. Summary for sensitivity of phage
resistant mutants from Strain 757 to
El1-Tor typing phages

Mutant 1 9 Ph%ges 5
757/1 — + +H + -
757/2 — — H +- —
757/3 -+ +H — + +H
757/4 - -+ - =
757/5 — + H H —

+-: The same sensitivity as Strain 757, +: less

sensitivity than Strain 757, —: no sensitivity.

1,5—— 2
(Cell) 757

4 —3 —(
2 "x_]"‘"' —( 757/1
(Cell)
i 3 ( 757/5
(
x (Cell) 757/2
4 ——3 —
1,5—2 (
‘x (Cell) 75743
4 —(
(

(Cell) 757/4
3 _x_(

Fig. 1. Possible explanation for the receptor.
x: Not completely cut off.
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