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Studies on Identification and Pathogenecity of the
Gliding Bacteria in Cultured Fishes

Shang-Ching Kuo, Huu-Yun Chung and Guang-Hsiung Kou*

Abstract

One hundred and twenty five strains of gliding bacteria were isolated mainly
from eel with gill disease, branchionephritis and tail rot. Among these specimen,
68 strains were identified as Flexibacter columnaris. the others were belonged to
genus Flexibacter. too, but the species is not yet determined.

The pathogenecity of these bacteria to eel and tilapia were examined. Method
and condition for their infection were also studied. Incidence of pathogenic strains
was higher in standing water than in flowing water. Infection of virulent strains
of gliding bacteria by contact method was more effective than by intraperitoneal
inoculation. In comparison, F. columnaris was more virulent on eel than on
tilapia maintained in flowing water, while a reverse result was observed in
Flexibacter spp.
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Chondrococcus columnaris) BREHDE » ROMBENEDHELBRER » TRARKERSAME
FXEZH - TR ~ 08~ WA o MR TEM (197799 @ A THRZ LBk 3 iR BE 7R 57 o
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MBHEREE - EAREGARRMBAREZ IS B Hikida % (1979 9 %715
Flexibacter sp. o % » Sporocytophaga sp. TR SRR 2 EE @ 0 3 » MEHEMES N2
Rt > 75 F. columnaris EAABRELE KR hRERREREZS » BIRAR &
RAR KBS EEGR 120 o

HHEHE S BIE I8 £6 - TR SZBERBASME SRR  FEYE
VAT B2 BORZ R REA R L2 ROZRER - RIS » LB % o

o HE R A E
— s mA X pRERER
ORI HE -
EB19794E 3 AZE19804E 3 AR » BAE D ~ B SR HIRER QTR » FERIRETANEE X%
MEREAHEME » Ll Cytophaga iZRERBERSEMSE o BWHEEEBORGH » AHBNE - &
Table 1. Sources of 125 strains of gliding bacteria used in morphological,
physiological and pathogenic studies.

Group and strain no. No. of strains Source of isolation Location and date
F. columnaris F. spp.

Gill disease

791207 5 — gills, eel Pingtung, Dec. 1979
791208 2 — gills, eel Kaohsiung, Decc. 1979
1 4 gills, eel Pingtung, Dec. 1979
791209 —_ 4 gills, skin lesion,
tilapia
800129 — 2 gills, eel Lukang, Jan. 1979
800209 — 1 gills, tilapia Taipei, Feb. 1980
800319 —_— 4 gills, goldfish Taipei, Mar. 1980
800325 1 5 gills, tilapia Pingtung, Mar. 1980
Branchionephritis
790320 2 1 gills, eel Kaohsiung, Mar. 1979
790412 5 9*  gills, eel Kaochsiung, April.1979
790809 4 13 gills, eel Tainan, Aug. 1979
791207 6 1 gills, kidney,eel Pingtung, Dec. 1979
Fin rot, gill rot
790920 15 — gills, caudal Lukang, Sept. 1979
lesion, eel
791002 13 — gills, fin lesion, Taipei, Oct. 1979
color carp
791031 3 — skin lesion, Chinshan, Oct. 1979
rainbow trout
791205 7 — gills, tail rot, eel Lukang, Dzc. 1979
800325 1 1 gills, eel Pingtung, Mar. 1980
Edwardsiellosis
791207 2 1 gills, eel Pingtung, Dec. 1979
800123 — 4 gills, eel Pingtung, Jan. 1980
Glugeosis ‘
800202 — 3 skin lesion, ayu Luku, Feb. 1980
Red fin disease
800325 1 4 skin lesion, tilapia Chupei, Mar. 1980
Total 68 57

*: strains Jlost
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w7 + RSl Hanging drop el TS » BRI » BAMDIES  AIEMN
Cytophaga +FIHEHEEEHHIT  LAHIG 125 Hiflil (Table 1) » JUp 9 FHRAAMIEL » 4T

1164t o

Q2 RTE -

Az DR REAE » H— DAL Cytophaga AMIESRERN - £ 28°CTHETE 3~ 4
%%2&1%%*(?~NPC)ﬁﬁ’mw%ﬁﬁﬁﬁ@m%m%ﬁﬁo%~%%%%wﬁmcww
phaga ZEfRIiERLE » 7E 28° C TFHEH24/0RE4% » A 10~20% RIGAHWISET » BERHRRE B
wERg s (—70°C) AR e

EREZERE
AT SR R B 2 W A BT (Bullock, 1972)¢% » FKIR Pacha (1968) Bt
Bl J5 e T A T (LA o BT T 5% (microcyst) 2L fl(k DworkinkGibson (1968)9f

Mz Jsiko 5 0 FINGHEST agar, tryptone WLEFHIEIMEME Z BN ERREERCZVERR

(25) o

= AREER

RIS HR R R IR R LB 550 DIGtARRZA o HP3OBEERFlexiba-
cter colummaris » HE25t 8 EER Flexibacter spp. o F. columnaris 2 BEH > 102 ERE
EEARER » 202 BBARUKAREE o F. spp. BBRFIA S WERARLIEAREE
» B0 BERERDHARNER -

OMEZ R

M—BE4&EZHATEEN 5S~10c.c. ZCytophaga #Z& i+ » 728° CNIHR2V R » T
1 A50c.c. 72 CytophagalZi%ik » 35524/ N5 » SRS BERIR 3~6%10° cells/ml» ¥ 1 c.c. DLIEAD
HER M o FEERK 550c.c MM T 2 HMHRAI2E » HRRENR 3 ~5x107 cells/ml» kT
(contact method, Pacha & Ordal, 1963)*VikyuaiER M o
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SEWABRECERATASHE  BZBERI~20g » REAZEERS~15g °

OEBYE B—EzTR FABRRTAL 2R  B—GZBRRNTEHREEE - BRALER
BrRHhERATAHE » BARKESR - HRAEBRAKE —SEHREMEE » RAEREZ
Cytophaga ¥E&HHERATIE » BRABKFEER

OBEEENE . E—-Eik2 BRESERAE 2 B BIRRQEE » £100 g Al BEE BT 2C.C.
FRBEZEW - RBERREE 100g AMECBEES 2c.c. Z Cytophaga JEH|HK

FRES20K » £ IEEA » T BRAPAE—REET  ORBEAREY o EHBR AT
20N 2R BERREERE (high virulent strain) o 78 24NEEICNHHEETE B
rhiREME# (median viruleut strain) o FE96/NEELL EFZETHE » BIEREMEEE(low virulent
strain) o 7E20RAARZET-#% » BIRIERIFA B £k (avirulent strain) o

SE -

WA | KFEALREI0L » KIRB17°~18°CH27~28°C » HHIARAIK ©
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LT 125 t A B2 M » 68FkES F. columnaris s STRERF. spp. o 3teh W B MR
(tail rot) ~ #id (gill rot) ZHEEF(Fig. DILRRMMERIR » BH6S (Fin rot) Z§rin ~ s
B BRI R S MR F. columnaris o 5 o (HEER ~ 181548 (branchionephritis) @7 §5igZ
sn(Fig.2~4) » BiiR 4 A(Fig. 3)~ BBzl » BT H (Glugea sp.) ££2 5 MG 2RI
R4y pEs] F. spp.(Table [ )o
OMEZEE
SutgE kA Cytophaga SERE FARZERNETSBR IR - H—2 E%EH € s EEES
HEBE®R 2 o8 (rhizoid) (Fig. 5) » B F. columnaris (Fish Health section, AFS, 1975)
9o B KN 2 ~151x0.5u(Fig. 6 ) » PR ZFHMEZZ s B 1 ~09% NaCl»28°C J 37°C
THULER » B S CTAMAHEAELE o FIMIRFLEAER (congo red test) FIMERE » RF]
FBS » R AR EEE (tyrosine) » ANEAMREHRA/E (cytochrome oxidase) » {078k i
(catalase) o
BB EEREZE XEHE - BBTHABER S ZHMME(Fig. 7~ 8) y BxANB2~
13 x0.7p » WHEEZTHEBE » B0~ 3 %NaCl» £28° C AR » (A7 5 ° CHIT° CTHLSH
BMER « ERIRARAREBRERE » MARY » NBRER T —EEtSRaZa (s REs
(Table 2 ~ 3) o pb¥E#ME K Bergey's manual Z/\kR (1974) WER F. spp. o

Table 2. Comparison of morphological and physiological characteristics of
Closely related gliding bacteria isolated from (reshwater fishes

organisms.
Flexibacter Cytophaga myxobacteria .
F. columnaris spp. (Pacha & (Wakabayashi F’g’g."gte”tw'
(This author) (This Porter, & Egusa, (1 1‘97‘93‘ ct.
author)  1968) 19745 a )
Growth on Cytophaga medium
Form dry, disperse moist, disperse spreading, sprcading, spreading,
rhizoid irregular irregular  irrcgular irregular
Color yellow yellow yellow-orange ycllow-orange yellowish-orange
Bell shape long rod long rod long rod long rod long rod
Cell size (pm) 2-15%0.5 2-13x0.7 2-7x0.5  2-5%0.5 2-30x0.5

Gram stain — — — — _
Heat tolerance
Growth at 5°C

d d + + -
Growth at 28°C + + d -+ -
Growth at 37°C + d d - _

NacCl tolerance

Growth in 0% + + + + -
Growth in 0.5% + -+ d +
Growth in 1% d d d - -
Growth in 2% — d d d -
Growth in 3% - d d -

Growth in 4%

+4: positive, —: negative, d: diverse,
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Table 3. Comparison of biochemical characteristics of closely related
gliding bacteria isolated from freshwater fish

Cytophaga Myxobacteria

F. columnaris gf;’“b("{fﬁg (Pacha & (Wakabayashi g_exélifféfga

(This author) . \im0r) }l’ggée)f f‘g%‘m’ et. al 1979)

Production of

Cytochrome oxidase - d d d +

H,S d d d — -

Indole — - - - —

Catalase + d + + +
Congo red test + - - +
Hydrolysis of

Celatin + + + + =+

Casein + -+ —+ + +

Starch — + + + -

Tribuyrin - - d - +
Degradation of

Cellulose — - — - -

Chitin - - d + -

Tyrosine - + d + -+

Esculin — d d + -
Nitrate reduection — d d d +
Carbohydrate utilization

Glucose - — d -+ -

Lactose -~ — d — -

Galactose - - d + -

Fructose - -

-+: positive, —: negative, d: diverse.

HTRERERARRRTE RN (Dworkin-Gibson soln) o » BEMMTBEAL » B
ERMRVRG SRINEE ; SRPEEEFEFMAFE2 Cytophaga HEE » LEBEE -
#WRAR Spheroplaste , fB g Cytophaga WA » MEMLBNTIIZ o

R ERERE  BEZBMMREEHT agar & typtone “ERETHE —EZLBA
B EEZSNER/ > AEEAARE (Fig. 105114 12)0

s ARRTR

SSHEBRE kR o F. columnaris 45308k » WEFREM » B 25# F. spp. EERE b » 198
AAREE o MR T » BRIETAZERE » WA ES M HFEREE » 152 E Koch’s pos-
tulate®® o

%~ R ~ SRR RWAF EHEYE (edwardsiellosis) ~ FRETR R HMIFLRRERBITRES
KFDUZF. columnaris B F. spp. KFHETREREME: » BEEAREERBERELE c 7619
FERREMEZ F.ospp. WMk » AISHEHRBIBRENTAZ RN AT Z B RS RS MK o

OPMRETHEHTRNZER !

CERFRNZAE  HEHRREZ S » RREME 28D » MLUAEES » AIT8 (Table 4)
ZFER o IEXKRNZA AR ENP » MR BEAEE 2k HRERELE » AREH > BRE
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Fig 11. Effect of increasing tryptone concentrations on gliding motility
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Table 4. Percentage of infection of gliding bacteria on eel and tilapia
maintained in standing and flowing water.

Methods Fishes Standing water Flowing water
F. columnaris  F.spp. F. columnaris F. spp.
Contact Tilapia 100 (10) 100 (5) 71.4 (14) 66.8 (15)
Eel 100 (9) 100 (5) 90.0 (20) 25.0 20)
Intraperitoneal
inoculation Eel 90 (10) 100 (5) 60.0 (10) 25.0 (16)

The numbers given within parentheses indicate the mmbers of strains tested.

F. columnaris §& F. spp. BHEMAZBEAEREY « B—FHHE » AR ZHREHS » HE
RRZEBBRRBME > F. columnaris FEEERZHERER 71.4% T F. spp. ZHBE
66.8% » WEIZ WISRABEERNERTE » F. columnaris ZREEEKEBESFS 90% B
60% > T F. spp. ZHMBRBHER 25% o EHAHEMGES » E AR 2B ESHE A SLTA
AR o

OTNHRRBRZER o

DB s EL AR ZEBRR KBRS » F. columnaris 2 EmA0%BEREY » 11%8
TR o F. spp. ZEHAEOZREREM: » 60% BBl o B—FE » BERRZ KRS -
F. columnarisZ &REHBEHRT0% » BAEZERAIE o F. spp. 25 RE AR (Table 5) o

Table 5. Infection frequencies of gliding bacteria on eel and tilapia
maintained in standig water.

Contact method Intraperitoneal
Species inoculation
Virulence Tilapia Eel Eel
F. columnaris H 60 (10) 89 (9 70 (10)
M 40 (10) 11 (9) 10 (10)
L 0 (10) 0 10 (10)
A 0 (10) 0 (9 10 (10)
F. spp. H 20 (5) 40 (5 40 (5
M 60 (5) 60 (5 60 (5)
L 20 (5) 05 0
A 0 (5 0 0 (5)

Abbr: H: high virulence, M: median virulence, L: low virulence, A: avirulence
The numbers given within parentheses indicate the numbers of strains tested.

MAAZEEEREER A > F. columnaris 2 HERT0%ERENE » 209 Bkt » 5 %85
JERRBUE » T F. spp. ZYGHATI SO IRROREE » 75% FAJEIRIRYE o SEMIRZ 158 » I F. co-
Lumnaris 2 i kep A 5605 FRTSHUSTHE » B2 T0% S5 » [AIRF IR I B AS 302 »
WREHEZ S %RF oM F. spp. 2 AR E N BT » FERIETA AL 74. 9% BUE IR 1 2
TI%MIR » FTRBMRZER o B bSiZ ALY — BT E » B A P R R U B AT 1 2 LU IR R R S 7

P REZ S WB KBRS T (Table 6) o



Table 6. Infection frequcncies of gliding bacteria on eel and tilapia
maintained in flowing water.

Contact method Intraperitoneal
Species inoculation
Virulence Tilapia Eel Eel
F columnarzs H 50.0 (14) 70.0 (20) 60.0 (10)
M 21.4 (14) 20.0 (20) 0 (10)
L 0 (14) 5.0 (20) 10.0 (10)
A 28.6 (14) 5.0 (20D 30.0 (10)
F. spp. H 26.7 (15) 15.0 (20) 0 (16
M 13.4 (15) 5.0 (20) 6.3 (16)
L 26.7 (15) 5.0 (20) 18.8 (16)
A 33.2 (1% 75.0 (20) 74.9 (16)

Abbr: H: high virulence, M: modian virulence, L: low virulence, A: avirulence
The numbers given within parentheses indicate the numbers of strains tested.

ETEAEZER .

R FREBE A ELEARZEER T » RAERSRLET c HIGWE » F. coeumnaris 2
ANV BEERERE » 1%BRREME » TF. spp. ZEHEAIOLSERENE » 00%RHREE o 4
B ETS » F. columnaris ZE kA 60% BEREME » 40%RDREE o T F. spp. ZE#E
0% BEREY: Tabe 5o B—FHE » MARZE KRBT » HWEME » F. columnaris ZHAEH
it S BEIERE:  HRIBATE » B 28.6% ZHEEEIEREK - AW F. spp. Rl F. co-
tumnarisHiK » BHRLEETE o WETE » B15%2HHAIERENE » HEFAMSAE3I.22Z
HHERIEREE (Table6) o

&t i

Bergey's manual AR (1974) ¥iEgdME S S8 Myxobacterales x Cytophagales »
EESRNTETEAMATE (microcyst) RFEE (fruiting body) » REMT—EELBRT
%> ANELFEE o Cytophagales B4 AMHEL » # Cytophagaceae RHZEBGEAFRELZ
6% (carotenoid pigment) » BIAHE#E (cell masses) 2 G~ BERLE » FEFTML1258:
BYEAECEESSEE ) ERNEETREYE » FFIA Cytophagaceae i o AEEREE » &
Fd 1 B BSR4 » 4 Shotts & Bullock (1975)¢DJ; Fish Health Section (AFS, 1975)@®
SRR AL EE 5 125Kk R ch » BOBHETTBERF. columnaris o B—J5 » 4kBergey's manual
#\IRZ5# » Cytophagaceaeklh BAUE » Hh=FAFEL BT » Y75 Fagar, cellulose
Xchitin » HifSL4ELS (sheath) Z Flexibacter [5G » 7n531% agar % chitin s "] gE5 MR cellulose »
M4 A 2 HerpetosiphonG » LR @14y fRagar 5 cellulosezchitin » {liffast 4tz Cytophagali
o A2 STHEASHEE Z B TE R G » FEMIE » S RHLAI BATRGT Z BUHE » REE A BT 24
HRS# agar, cellulose % chitin » #EFI A Flexibacter lgich » AR F. columnaris o |\
F. columnaris ZRIRRBRBUMERKE » 7850 FH B0y BBt 438 » B0STHE 73 e 8 2 B0 SRAL AR S £l
YRIE » BRI RE SR » [ Bergey's manual 8 /\[KFT5 FlexibacterGeh s {5F. colum-
naris SHEZRER o 5 Pacha J& Porter (1968) ¢ iy Kafasks itz myxobacteria
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(gliding bacteria) » E/PEATIFRE XTI » B4 7 Chitin s Tii§2FIA Cytophaga% » %
4 Bergey's manual $\BRFTERIRZ 4 FiIL%E - Wakabayashi B Egusa(1974) 03875 o B ulE &
B R IBE 2 8 48 2 myxobacteriagiBullock (1972) i & 47 ik H 2 myxobacteriaffi
Bl BERTFURE o FEHFABEKL TS Chitin » 48 Bergey's manual ZZ2#R » LHETFIA
Cytophaga 3 » Hikida & (1979)UO¢hffg L AW Z BT » BESBXKCEEBEPT
5k BRETELTERRBRTE » RO® agar, cellulose » AL gelatin » BERAGERME
(2,39 , T4 BT B Flexibacter o ZE T 43k 2 5Tk Fexibacter spp.HiPacha & Porter (1968)®%
Wakabayashi & Eguse (1974)%% B2 Hik& B2 2R » ERIERS & Chitin > KRERI
#44® Chitin » EEfk Bergey's manual Z¥EEEE » BEEECHER » BCEFIR Flexibacter
spp. * ARESBE LRV E - BERE—PZRY -

125 BIBEHNELSBERACRESEE » HbE—# F. columnaris k—¥Ek Flexibacter
Spp. SYREE BIEE SIRITCE B o MHREE (197U » %R (197T)UOBFERF. columnaris
SRRl S BES] o {B Johnson & Brice (1952)® g columnaris disease Z&t ~ SEVE i ~ M
W F. columnaris o Ajmal KHobbs (1967)@5 kg B columnaris diseasez JBif ~ i & HIHF
B~ BROBS] F. columnaris o k& (1970)U> i BIMR 2 RSB WA WS F. columnaris
o AP ZRLER T » BRASZE  THENEHDEBERY:  EUEERSBIRRLE K
HAHRAERBBARERZ Y » THURBHET T

Snieszko (1964)6® FWEE|#E columnaris disease 48K myxobacetria 55— AFBIEENE
JRIRE (facultative fish pathogen) » ETABZIANMEGAEEEMERT  FAERE—ERLER

(saprophyte) o E&BZIAE - HREAMMDEZRIEERS (stress) i » AEYBEUREHE
PR AR AARS ) o X » Pacha & Porter (1968) RRBRKKABRERFTOBIZIREE
Cytophaga spp. B RAREFE 2HAEE o Bullock (1972) @ jgHiAk+2z myxobacteria R
F. columnaris T Cytophaga psychrophila # » ¥oB#e@RIEE (opportunistic pathogen)
 REERZIESBESEMETNED » FREERLAR » FHBUR - HAERUAHEZRSE
BRAETHNHRESRITEHAET » REETAEERREENER o %5 » Bullock(1972)@9))
e RAE » #fTmyxobacteria;Z REHE » BRAMEERBHAMER—BED o Fry (1969
6D R EBE (eutrophic) M » AR BB ABSRES o Collins (1970)$038H &4
ENBRENTHCOER  HPaeETARNRER » BHsHEER » MA&ZE (oligotrophic)
WRIAERILZR S » X BB myxobacteria T £ ¥ Kb BEY BINAVIEE » FREEH columnaris
disease EEBRFFREGRABLE o ARPERT » LAREE  BELUEBET BN » B
B ERER MEE® > HEBER—E» WURVUABRRZREEESELIKEES » HRZ
HOABRHEARRROER o

BEE (197700 B F. columnaris LBIREHAE ~ NIABEREBERLE - BH - BARE
i BRESEBEAREZLUE » BEEBEMRRAE » AHERA Y ERREMER « X
TR HRAE MRSy RSEFRBRRE S Y S 2 e TR ER Y
DB AV IR ATAE BN 2 45K o Pacha Ordal (1970)02 3T H: i35 e 4k DA B iR B 4T A TR Y
S8R - WAL P BEAE v 2 A BN O o BLIEBUATR e 2 1 RIS — 3 o

] 2

19794 3 AZE19804F 3 AR » BAR S BRAMBRESIEHIMEMRE1258: » Hp68#k®S Flexibacter
columnaris o 3i{liZ STREAHERIKIOUIE ~ AT R AEALZHEME » LEHEETETS Flexibacter » T M6 H:HE
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Fig. 1. :Gill rot of columnaris disease eel ’ Fig.2 :Gill of eel (A. japonica) with
(Anguilla japonica) infected with bacterial gill disease showing hyper-
Flexibacter columnaris. plasia and hemorrhage.
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Fig. 3 :Gold fish (Cararrius aurarus) with Fig. 4 :Eel (4. japonica) with branchio-
gill disease. nephritis. Arrows indicate body sur-
face with stripes and the belly

depressed.

Fig. 5 :Colonies of F. columnaris isolated Fig. 6 :Smear of F. columnaris, Gram
from eel with columnaris disease, stain, 600X
48 hrs at 28°C.



Fig. 7&8: Colony types of Flexibacter spp.,
strains isolated from eel and gold
fish with gill disease, 48 hrs at
28°C.
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: Smear of Flexibacter, grown in Fig. 10 :Effect of tryptone content in
microcyst induced solution for 3 medium on gliding motility and
days at 28°C. Arrow indicate pigment in F. columnaris incubated

spheroplast, Gram stain, 600X at 28°C for 3 days.




