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Studies on the Taxonomy of Causative Organisms of Fish Vibriosis-II
Examination of the representative strains by means
of numerical taxonomy

Kenichi Tasima*, Yoshio Ezura* and Takahisa Kimura*

Abstract

To clarify the relationship among the strains identified as being in the genus Vibrio in
a previous report {Tajima et al.. 1985), numerical taxonomy was carried out on 103 strains
consisting of 74 representative strains out of 219 isolates from fish affected by vibriosis and
29 reference strains.

Eighty-nine of 103 strains used were classified into five taxons (phenon I-V) with mean
similarities of more than 85%,. Phenon I was comprised of 64 strains identified as V.
anguillarum according to Bergey's manual in previous report (Tajima et al., 1985}, and was
further classified into five subgloups with similarities of more than 90%,. Phenon 11
contained 16 Vibrio sp., all of which were isolated from salmonidae reared in fresh water as
mentioned in a previous report (Tajima et al, 1985). In this phenon two strains of V.
ordales, strain MSC-275 and strain V-1669, were included. Phenons 111 and IV consisted of
two reference strains of V. metschnikovii and five of V. parchaemolyticus respectively.
Phenon V contained two strains which isolated from the anchovy (Engraulis japonica) and
the yellowtail (Seriola quingueradiola). Fourteen single member-clusters belonged to other
species and genera. From comparison of mean similarity values between cach phenon,
phenon I had a similarity of 68%, to phenon III, but similarities to phenons 11,1V, and V
were lower,  Phenon 11 had relatively low similarities when compared with all other phenons
and only a 57%, simirality to phenon L.
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Table 1. Represetavive strains of isolates employed in this study

Strain No, Source Strain No. Source Strain No. Source
V.anguillarum V.angquitlarum like Vibrio sp.

V17 ayu V-16 ayu V-10 rainbow trout
V-40 ” V-34 ” ¥-91 amago
¥V-63 4 V-5 ” V-201 rainbow trout
V66 ” V-95 ” V-202 ”
V-67 ” V-109 4 V-203 ”
V-76 # V-151 ” V-204 ”
V-81 ” V-156 yellowtail V-205 4
V-85 4 V-160 ayu V-206 yamabe
V-88 v V-178 ” V207 ”
V-100 ” V-179 ” V234 amago
V-102 ” V-181 ” V233 yamabe
V-106 coho salmon V-183 ” V-236 rainbow trout
V-119 ayu V-184 “ V-249 ”
V-123 ” V-188 ” V-252 ”
V125 # V=190 ”
V-148 yellowtail V-197 cel
V170 ayu V-199 yellowtail Vibrio spp.
V-171 ” V-200 ” V-13 ayu
V-196 eel V-231 “ V-134 anchovy
V-198 ” V-239 coho salmon V-141 14
V-208 mojako V224 mojako
v-211 7 V-228 yellowtail
V-213 amberjack V-233 red sea bream
V-214 mojako
V-220 ”
V-221 ”
V-227 4 Aeromonas sp.
V-229 yellowtail V-25 rainbow trout
V230 #
V-241 coho salmon
V-243 ”
V244 ayu
V-246 #
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Table 2. Reference strains employed

Strain No. Species name Source
V-7 NCMB 6 V. anguillarum NCMB*!
V-8  NCMB 828 ” ”
V-9 NCMB 829 ” "
V-117 NCMB 571 V. piscium var, japonicus ”
V-116 NCMB 407 V. dchthyodermis #
V-5  TUR V. pisctum var, japonicus rainbow trout 1957 TUF*?
V-104 NOAA V-775 V. anguillarum biovar 1 coho salmon 1973 U.S.A. NOAA*®
V-105 NOAA V-1669 ” biovar 11 ” 1975 ” u

(V. ordalii sp, nov.;
V-194 LS-174 V. anguillarum coho salmon 1975 US.A,
V-195 MSC-275 V. anguitlarum biovar I1 4 ” ”
V-25¢ VA- 6 V. anguitlarum rainbow trout 1971 England
V-255 VA- 8 # ” 1973 Norway
V-256 VA-15 " ” 1976 Italy
V-257 VA-25 w Atlantie salmon
1975 Norway

HO35 V. parahaemolyticus

T-77-5 4

K-5 #”

K-7 "

V-447 V. alginolyticus
V-1 IAM 1039 V. metschnikovii TAM*
V-2 TAM 1080 V. tyrogenes “

ATCC 7744 V. fischeri ATCC*

ATCC 25920 Beneckea campbellit ”

NCMB 391 Photobacterium mandapamensis NCMB

NCMB 1280 Lucitbacterium harveyi ”

NCMB 1326 Aeromonas proteolytica ”

NCMB 86 Aeromonas hydrophile ”

NCMB 74 Aeromonas punctata ”

Es 1 Escherichia coly

*i: National Collection of Marine Bacteria, Aberdeen, Scotland

*2: Tokyo University of Fisheries, Tokyo, Japan

**: Northwest and Alaska Fisheries Center, NOAA, Washington, U.S.A.
*+: Institute of Applied Microbiology, University of Tokyo, Tokyo, Japan
¥ American Type Culture Collection, Maryland, U.S.A.
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Fig. 1. Diagramatic representation of S-value of 103 strains employed.
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Fig. 2. Dendrogram based on average linkage of 103 strains employed.
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Table 3.

3

41 .
IR

Characteristics of

the strains in each phenon

and the

strains not forming phenon

. = 2
-~ == Zow .‘i; j; B ?Sl g 5 g
i S
No. of strains 6t 16 2 5 2 S U SR S R B 11 1 1 1 1 1
Gram stain e e e e e
Motility i 4 A 4 Y E R
Oxidase R S oo+ A S T S I S S
Catalase RO S S S 4+ A R e ERE I S S
Indole production 4+ = 4 d b4 - A A S
Hydrogen sulfide SR - 4 T T S
Gelatin Hquefaction +od o+ - + I T S
VP reaction A —- oo - L
MR test S + B T
0/129 sensitivity + 4+ d o+ E T S S S S I S
Novobiocin ” O R R S S SR S S SR o A
Penicillin ” 4+ d 4+ - e - e
Chloramphenicol ” (O S I RN SRR S FE S S S SRS SR SR S SN S 3
Tetracycline ” E R T O S T S R S S S S S S S
Polymixin B # d ~ 4+ L e E T TN
Butanediol production 4o d e e — e e e
" dehydrogenase +o- o d o+ d S L A T -+
Gluconate oxidation + - d 4 - - R e
QGelatin  hydrolysis +oA e P S ST S SER SR S SR S N S
Starch ” R e N S PR
Esculin ” - - = o b -
Chitin ” d + -+ 4+ d - e T
Casein “ + 4+ 4+ 4 T T e A
Tween 20 ” O R S S + o+
Tween 80 4 R S + t I S S S R S S S
Alginate ” - - - [T - O
Agar ” - - = T e T
Cellulose ” d - - - - - e e e +
Citrate (Simmons.) |- d 4+ N e
Nitrate reduction + d o~ 4+ + o+ A+ A +
Nitrite w - = = 4 4 T TN S
TMAO 4 d - d + + - S S S S S A
Ammonia production - e e B - - -
Litmus milk {peptonize) ~ - 4 d _ = T
Urease R - - R S
Phosphatase - =k e S S + bk -
Hemolysis R & - .- -
MHT type H H H H H B THHMHEHNEHETTT HH
KCN, growth in s T, G e e - b e =
Arginine decarboxylase 1 d - - — o e 4 e e
Lysine decarboxylase R T - b 4 4 4 - - - 4
Ornithine decarboxylase - = — 4 d -+ - - e
Luminescence - - - = - - e - -
Fluorescence —- = e E S, e o
Pigment (insol.) B e e e e - - I

Pigment (sol.}
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£ Y 8 s s S e g8 88 E 2R84 s

e N B

No. of strains 64 16 2 5 2 1 r 1t 1 1 1 1 1 1 1 1 1 11

Growth at o°C d — e e e e e e

5C +od o+ = - S TR S S

15C I S S S I A T T

25°C o A S T T S S S S A S

30T L S S R S S e T S S

37°C R S S e S S S VN S S

12C - + = e T R S S -

Growth in 0 9% NaCl - = = d S S S - = -+ 4+ - -

05% 7 T T R R T S S S S S S S

5 % v R S S S B S T S S

T % 7 - = d 4+ d T T S - - -

0 % » - = e d - - e A

BTB teepol agar +d - 4+ e s . ER—.

MacConky agar - — e e _- e 4 I,

Acid from arabinose - - _ e e e e e e e e e e

lactose - d - - 4 B T S R S —

mannitol R S S S R S ST S S S S R S SR S

sorbitol e + - - - R S S

sucrose + o+ d R S G O

Inositol - - - . - -

salicin - d - d i S S SR T S S S

trehalose E A S S A S S T S S S R S S

mannose +od v+ AT e S S S S S SR SENE S

maltose L T LR S S S S SRS G KRN SR SR S T S

galactose S e T T ST S S +

fructose Ao+ d o4 4+ T I S S S S S

ribose O T O S T S S S

xylose - - - SR - e T T

OF test F P F F F ¥ F F FP F F F F F F F F F O

Gas from glucose - - - - — T
Utilization of

xylose - - T

ribose - = = e = - e e e T

arabinose e e e L,

ghicose - = d - - - 4 = - - B S

fructose R S e I S

galactose - - o~ d B T S e SO

maltose T S e T S S S S S

sticrose d —- - d + I e R S S S

mannitol — 4+ R e S SR S S S

trehalose - - = d - - = = - - e

sorbito] - e e i T T I

lactose - = e - B L T S S

inositol - e - —_ e e — e e e e e e
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i
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1
i
i
f

salicin - e -
mannose - = = d d e S S
pyruvate - = = d - e
fumarate e S ¢ R T S N S S
lactate - - - d d e T R S S
malonate _ e e
succinate e T T e S
glycerol e S T N R R R
ethanol - e = T
gluconate R S o e S T S L xR e
starch e = d e SR S R S
n-cetan e e e e e e e
benzoate — e e T T
p-oxybenzoate e e e e e e e e e e e e e e
DL-3-oxy-n-butyrate | ~ — -~ — — R T T
L-glycine —_ = e I T T T
L-tryptophan e T T S
L-proline —-—d - = T T MR S S
L-leucin e e T T T
L-arginine - = = d - R T e

+
L-histidine - = 4 d T T S N
L-glutanic acid - - = d - - e - =

DL-threonine - - -4 - e e e e 4

DL-phenylalanine — = e - T
DL-agpartic acid - - A .
DL-serine - = e e
DL--alanine - = = - e e S S
phenol e e e e e e e e e e e

acetate e - e . - - - -+ e - - - - - - - 4+ s -

+or— 1 80% positive or negative
d : different reaction given by different strain
M: Marine
H: Halophilie
T Terrestrial
0 : Oxidative
F: Fermentative
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Table 4. Intra-and inter-phenon mean similarities among each phenon and the strains not forming

phenon
‘g
&
— B % g» . § g o §
P T N 53
= S T T T T A A VS
No. of strains 64 16 2 5 2 1 1 1 1 1 1 1 1 1 1 1 11
phenon I 84
11 57 87
88! 69 59 90
v 58 39 53 89
AY 62 47 B2 76 85
V-178 7065 68 46 58 100
B. campbellii 67 56 69 63 67 72 100
V-13 65 59 72 61 62 66 73 100
A. proteolytica 57 29 46 77 63 39 B3 49 100
L. harveyi 57 42 53 76 76 50 64 62 56 100
A. hydrophila 60 33 53 73 63 55 56 5H 65 61 100
A. punctata 49 30 46 66 60 38 51 51 56 64 80 100
V-25 47 28 41 62 52 33 37 40 59 47 67 BT 100
V-288 57 53 56 B4 61 58 70 BT 41 60 47 46 33 100
V-233 56 56 57T 59 70 60 60 5T 41 63 47 48 38 T8 100
I, coli 4230 37 61 56 35 40 48 58 Bl 63 62 62 36 39 100
V. fischert 49 56 58 43 B0 60 75 54 30 50 37 32 27 55 56 31 100
P. mandapamensis 51 50 53 42 49 50 63 50 36 5T 37 35 25 51 53 28 55 100
V-141 16 42 47 49 52 47 67 55 36 50 41 35 33 54 50 26 49 48 100

phenon V- £03 ) & v oot = 9w DR BRI L OV5'C T FET G Ml Tl &S A [ ) L7
7oo T FoflLod phenon i 4 Table 5 1o L fe 4k ; i -
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Gy 14 1, (NCMB 571 {5'{5;3”_, 11 |4\ I-d (10 ¥yds koox (}'Hl ,Zi’iléi 3Py o5 o0
Pk NCMB 407 2 8308 0 0 9 B3 &' 0 subgroup 2
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Table 5. Differential characteritics of phenons [-V

phenon I 1 11 v AY
No. of strains 64 16 2 5 2
Indol production 63/64* + + +
Lysine decarboxylase - = -+ + +
Arginine decarboxylase 57/64 - -
Ornithine decarboxylase - i +
Tween 80 hydrolysis 45764 + +
Nitrite reduction = - - s
Acid from
inositol 5/64 - + -
sorbitol 61/64 - - +
Growth at 5C -+ 10/16 1/2 -
42°C - + 4 _
Growth in 7% NaCl 1/64 = 172 + -
KCN, growth in - + + -

*; No. of positive strains/No. of strains

Table 6. ]natm and inter- suhmoup mean similarities in phenon I

Subgroup I-a I-b I-e I-d I-e
No. of strains 15 14 11 10 3
I-a 9.4
I-b 88 94
I-¢ 87 87 94
I-d 76 8D 84 92
I-e 84 73 78 62 92

a7 20 ] i & & v <A,
SO LA T el o ik Bk O dse-4 5 7 = O i)
LR A DT B b ‘«“3§7"f‘n’f'f§ ¥ '""/’yk {UU“ /J*f’»« Sivte, Iein7 =,
TR S O e Re R S o, F phonon [TidhewwA, vk 7 o8
F AR E O BHOB T H 04, phenon Vil e 2 v a ks L Uh £ 2 94 9 o D
i :’:@ P d -,
: (H;.“,'v), 1985) iz ds v TR 2,
AULAG & W08 & o Bkk & o B it o o THUE 00 o0
{) phenon I 9> 52 ¥kl A 2 5 &‘ K. unqzu[lm*um & I
Ml e Licdod 21 #v
LU vk subgroup T-c ds & 0f l—d {4
=7 V. anguillorum & Lt ok 1 - 533 O l d :{)», é’(’““l Mt i b H % (Iil‘,. %, 1985 )
{2 Bergey’s manual 8thoed. T anguellorum E DVEIRO LSBT, BT MR

Ifz Fe ko HEIN o R f': L

T
i

V. (mgz,/,illamun B H R VL anguillarum
7o D # Table 8 ¢ 4

ESRIL DN 3LE, V. (Lnguil[amrn
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Table 7. Origine of the isolates classified to phenon I, IT and V

Subgroup I-a I-b I-e I-d I-o* I v None Total

No. of strains 14 1 9 10 3 14 2 6 T4
Yamabe 3 3
Rainbow trout 10 1 11
Amago 1 1
Coho salmon 3 5
Ayu 1 I 4 10 4 2 32
Eel 3 3
Yellowtail 3 2 2 1 8
Mojako 5 1 7
Amberjack 1 1
Red sea bream 1 1
Anchovy 1 1 2

* ¢ strains not include any subgroup

Table 8. Distribution of the strains V. anguillrum and V. enguiliarum
like isolated from fish vibriosis in subgroup l-a~1-e

\U ”i F. anguillarum V. anguillurum like

31 21

f-a 14 10 b
I-b 11 9 2
2* 2 0

[ 9 5 4
3 2 1

I-d 10 3 7
1* 0 1

I-e 0 0 Q)
2% 0 2

* ¢ strains not inelude any subgroup

BESIL Foin,

7o anguillorum b V. anguillerum F1
HEhlnn o En,
P (THE 5, 1985) st

COFE, TAX = DT A h VLI
WU oo & Hil Ay - phenon 1 2@ &

HEEO Tk phenon T o U S 709, & gy E

He,u‘re]] & (1976)% Schiewe & (1977 )6y » Bl © 7 v o 55 S sl fk s 2o CHLE SR 3
DNA #1 i ¥ (DNA-DNA  homology) o § fid %’: & V. anguillarum, 3 Tods b ¥ s"f DD
PMW”le%Téﬁwh%UKCN@’ Spite, DNA HIFEME S ¢85 T W 7 5 2
% 55> phenon T340z 2 4 L, i 1%' He I’ . anguillarum blotype L & L, {#
%7z, Schiewe 5 (1981) 3 & 512 plasmid DNA w2 1 A DNA 4 &

T
/. anguillarum GG ERBD LD EH 2
B & L V-1T8 Bz o0 Tk, BT, 87
¢ phenon 1 V. anguillarum & 48

s, PR LAcERe R B Lied » 72

s

; /j'\' Toe

[
[N 3

Jo g

A lnot\po L R

P2 85 b W o s e i L, % L CHSE Schiewe 5 (1981) v, (mguzlluzum bwt\pe 2

V. ordalid 7075 ELTHELCGS, ZofisEo G Fig L LU Fig 21 Bith L

NS
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Table 9. Comparison ol characteristics of phenon I (]

angutllarumy and phenon 11 (Vibrio sp.)

lag-11

— =

5 g

£ g

Characteristics E =
Gram stain -

Single polar flagellum +

Oxidase + +

Catalase +

OF test F I

Gas from glucose - =

Sensitivity to 0/129 + +

” penicillin - d

Acid from fructose i i

galactose + +

mannese - d

maltose - +

mannitol +

sucrose -t

ribose -+ +
lactose —

xylose - =

salicin d

Gelatin hydrolysis + d

Casein 4 b

Tween 80 v + -

Starch 7 + -

Esculin ” - -

NO, reduction i d
Indol production +

VP reaction b =
Citrate utilization -+

2, 3 butanediol -
Arginine decarboxylase &

Lysine decarboxylase - =
Ornithine decarboxylase -

Hydrogen sulfide - -

MHT type H H

Growth in 7% Na(l
Growth at 42T

+or-—: 80Y%, positive or negative
i@ different reaction given by
s

e

¢

Fermentative
H : Halophilic type

different strain



Ik K B e W 36(4). 1985,

i, Ko {[n oS ot tum'f’,:“:u Bt 3 LR B A Tk L wi'{ i?T!'L Schiewe #
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2 & D, phenon 11tk phenon T o T A, OB L s i ,V 3

15, fif o T Schiewe & (1981) o4 R B I E B LM  Bieh B, s
B V. anguillarum biotype 1 35 J ¥ biotype 2 11 Bergey's Mm’ma,l of Systematic Bacteriology
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P s g
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£ 9
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