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Antibacterial Effects of Pseudomonas aeruginosa MB 1 -3
against Listonella anguillarum
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To study the possible use of probiotics in fish farming, The in vitro and in vivo antibacterial effects
of Pseudomonas aeruginosa MB 1 -3 (MBI -3) against the fish pathogenic bacterium Listonella
anguillarum were evaluated. The inhibitory effects of MB I -3 against vibrios were investigated by
the double layer method and the co-culture. The results showed that MB I -3 inhibited the growth
of pathogenic vibrios including Listonella anguillarum, Vibrio alginolyticus, Vibrio cholerae, Vibrio
Sfluvialis, Vibrio furnissii, Vibrio harveyi, Vibrio parahaemolyticus and Vibrio vulnificus. Extracellular
substances obtained from the cultural supernatant of MB I -3 by ethyl acetate extraction showed
inhibitory effects on L. anguillarum. The antibacterial substance of MB I -3 was evaluated to destroy
the cell membrane of L. anguillarum in electron micrographs. The probiotic effects of MB I -3 was
tested by exposing olive flounder (Paralichthys olivaceus) fry to L. anguillarum with or without MB
I -3. The cumulative mortality of olive flounder fry infected with L. anguillarum was 24% in the
group with MB I -3, while it was 46% in the control group without MB I -3. These results indicate
that MB I -3 has potential applications as a probiotic for the control of fish pathogenic vibrios in
fish rearing system.
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W2 o] Foll WA S A g2 Aitg e A Hol YARE, WA DA ol I+t =49 A
243k A etE 72t AW XS5 E Y5t AMEH Rt 22 TAAES A Yok whEbA ¥
= s A8l B30l ARgo] A7 A ofFoll oA dAW A+ Aok TS A
3 oA e AZE FAAIF7] 8 probiotics 7]
o TAlo] FFE o] W AFEo] A= S}

(Irianto and Austin, 2002; Kesarcodi-Watson et al.,
2008; Nwachi, 2013: Tuan ef al., 2013). 53| Z&
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EA S Aitete A9 /ﬂlﬂ‘% A 5ko] oF
2 7pol Agslux =HAYTH F 5 (1999)
Lactobacillus plantarum, Bacillus coagulans 9 lacto-
ferring ©] &3t JX| A FHFo W3 B &
HE A A3 L plantarum-2 in vitro g Al
Streptococcus sp.2] FT21& A= TAlo oA
oﬂ A—]S’-Z—l oz X-lil—ﬂq_‘ﬂ_ E._J—_’_’S}qu- Yang et al.
(2003)2 Htg 2|ZF o 2 HE 3F9 ofF WY Al

o o s}od 30“355' S Zte frakds 2288 pro-
biotic #F 22| AlE 715 S A 7138 3L, Cha et
al. (2012)-2 probiotic > 2 Bacillus sp. & 7&7}@ A}
BE Twstde W dA Aoje] Aol FEHU
3 ARl g Aol FTtEAT L B rste]
;. Myouga et al. (1995)2 AHZAA EEg
Alteromonas sp.7} &vlelg =4 E2-S 45t
HNVel 3k A3 s#Hol v ST vk AL
™, Harikrishnan et al. (2010)2 probioticsS % 7}g+
AFE7F 919 lymphocystis disease virus(LCDV)
Aol gk AFH S F7HAH T BaE st

Listonella anguillarum-2 1893 W %0 red-pest
o YeIFoR HZ Hyd ol Thake ol Zol
Al AR S fFdste A0 E 49A goh 53] 3
Fole] defat Wi Aol Hddo] oF A8t
= A¥A 28X HEES doA WA H ] 9
g3 A &4 7FA 21 (Austin and Austin,
2012). L. anguillarum®l] Wt probioticsE B4 3}7]
$13te] Balcazar et al. (2008)3} Chabrillon et al.
(2006) 01-;21—9/] Z0 2 BE lactic acid bacteria
(LAB)Z ste] g+ ZE gl 9, £
w7} in vztrooﬂfﬂ o} 7o & Futol] HHsto]
o] F2g AR RE o F A&
biotics2 ©]-& 7Fs/do] A<= B3R vk Atk

afatol FH A A A st= AlA AW
2 HAREO] F& W, ARSFO Sk RS oFA)
Fof W AAE T2 FAA FoAd o3t
A5 EHE 71 s7] o] Ht} (Olafsen, 2001). 53]
g 2 ol A RS thekat £ Hne)
TES & 7Y 7] T dAlA ik
Hae g ¥]le] Hla Y (Eddy and Jones,
2002). Hansen and Olafsen (1999)2 o] <] dolut

to

T .o]AA . e
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o 1 =

Z}o] & probiotic T A AFSSEA S o Ho)
L Apo] el AldEo]l dEo AW Aol
7]'%’5}‘:]'—1—’— Hagh vk g webs 2 ATE ol
A AFANA L. anguillarum®l] t)she] A A &
}7t v Ao = B3| Xl Pseudomonas aeruginosa
MB 1 35 o] &3lo] dx]o] B Qo) that 4
=34 A 5235 AES A sk

VR

g oF ¥ Ui HiX|

B2 e Aldo® ol AFtolA Zeld P
aeruginosa MB 1 -3 (MB 1 -3)& AM8-3} 9t} (Byon
and Kim, 2000). 94 v B #F2= L an-

guillarum, Vibrio alginolyticus, Vibrio cholerae, Vibrio

ot =

fluvialis, Vibrio furnissii, Vibrio harveyi, Vibrio para-
haemolyticus, Vibrio vulnificus & 8% o5 AlE}
(Korean Collection for Type Culture)® F-E] &
drol ALE3LA T At S+ AR trypton soy
broth (TSB, BD)9} trypton soy agar (TSA, BD)E
Agega, neles A wokss] 9t
thiosulfate citrate bile salt sucrose (TCBS, BD)H|] ]
E A&

ﬂl!?l'
.I.

In vitro &4

1) Plate assay

WA HBa o e MBI -3 #39 a3
O ol &S Yol 7] $3}4] double layerH
(Sugita ef al., 1996)= A A8 TE TSBAlA] 25C &
2443 v FE MB I3 #9-S 1% NaClo] H 7=
TSA ¥ A TGl 5 ul¥ HFskdtt 25ClA 3
U7 )3t 3, chloroform gasoll 2023t =& A1 A
MBI -3 #F& Atslsta Tt Vibrio spp. & 10
CFU/ml &3k 0.7% soft agar& MB I -3 plate®ll
FSA A 25C oA 297t vl Fsta A A A%
AAHE Z7]E vlwstA o

2) Broth assay

% el A 5 2ol AL Lohrs] Sfskel,
T ATE TR HIFTsA wigF Azt &
At AtE AT MB 1 -3 9} L. anguilla-
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rum< 247+ 2% NaCle] H7Fd TSBellA 25T
24Xt wjFaEke], 12,000 pm O & 10837+ 94
3 T 08% B AYALFE 33 ,q] 1351
343k 1.2 x 10° CFU/ml 5=9] Aﬂ Elol o
48T 20 ml Wi S F % 1:1
HFEE T 25ColA W uﬂoké}tﬁ_/ﬂ 0, 3. 12, 24,
36, 48, 72, 9613kl A RS AF TR ©A A7
T TSA®} TCBSOl| Hjfste] BaE AT

JN’ rﬁ N

e,

MEF AR L. anguillarum®| HXFED|A 2HEt

MB [-39] &3t 7]%&& Ldotrr] §sto] T3
AAEW 7 (JOEL 12,000 EXI1) o 2 AJato] oA
B L anguillarum®] FE] A3E JFGT A S

= MB [-333F} L. anguillarum& TSBel A 25T,
2473 &9t Ml & HA B E A A
B Aol A At EE O Fitom o] A Ad
L. anguillarum< E.OFA ALE3tATH dl2F <= o
FE TSBollA &5 w4k 2& AH&sTh

MB | -3 UM 2HE 2 EF F=

MBI -3¢ vigFH o2 7 I+t 2HES F=3
7] 915k Lategan et al. (2006)2] ol wat A3
3}9Th MB 1 -3Z TSB 1,000 mloll 3 Z3}o] 25T
of| A 24A17F W gt FH 1A F3F 70Coll A EA
2] 3 3 4ToA 6000 pmo = 1583F Y4 &
3ol A& AENS 045 um membrane filter
(Adventec)Z o FSFFTF of 38 v YA 3} ethyl
acetate (Junsei)= 1:0.5, 1:0.3, 1:02 B &E 33] 238
o™ AR ethyl acetate S314 B2 A
=7] Buchi)E ©]83t w534t &
%3+ 522 dimethyl sulfoxide (DMSO, Junsei) 200

~
4 XEE

o
L. anguillarum& =2k TSA] 15 nle] MB1-3
= di

FE2ES TFAT diskE 29, 25C oA 2443
kst = Y4 A AR 2715 SA3A
o},

MB | -39| /n vivo & 1}
Aol TR AA 1~2 em (30 ¥
719 JA| A& T4t ARESHATE &
< 95t MB 1-3%} L. anguillarum 5 -5

A 4
=
=

TSBoll A 25C=E 24413 St v fgk & A4 &
shar, JoE AL 0.65% B A A5 AlH
g 53t FEAS FREtTh 30 o] AR
zo] X & 1007814 37 15 QutE)es &
S & 270 2F L anguillarum& HF % 105
CFUml 5|52 Fojsla, 1 % 3 AP Fol=

[3 #5785 28 52 T3ttt UH A ffl
IF2 o A= 8HA &AL =72 AHESHA
o Ad 71t F ‘F % 18~ ZOCE Tz]o}gaolzq

=1 4] —r7J ﬁﬂ’\?g J&é}o}%‘;}. MB -3
Aol e A5 sl Wl AldEe] M3kE doti
7] Sistel AR 0,7, 14LA AF F2o o ol
A H5E AAS] BT F ARE AT
A& A 85E O A% 3 TSASF TCBSO &
F3ko] 25C ol A 2447k Wi st AT Hge
Asstgon & #4 9 vlHged#y MB -3
o @4 WSHE 2ASYT

2 o

/n vitro 7 1t

P. aeruginosa MBI -3 (MB [ -3)&= t}&Fst vl H
g & ATl et FaES BAoH Loan-
guillarum, V. alginolyticus, V. furnissii, V. para-
haemolyticus > V. cholerae, V. vulnificus > V. fluvia-
lis, V. harveyi =22 AAW ] A717} A e
tr. &3] L. anguillarum®| W3t &= A2 7}
25 mm °|F R 52 IHHE BEHJY (Table 1,
Fig. 1). MB I -3 &2} L. anguillarum& B+ 3l

of B WEW T A2 Aol e Aws W
£ ZABFAT (Fig. 2). 96413 &F 7 w5 B25F
10°~10° CFU/ml =5 fFA8HY o, w Y 94
HEH L anguillarums- T4 A HAE Hole=
W MB 135 1 57 QRS tha S7kshe

MX}s0|Z BHEt

Aol AA" L anguillarumS ARG
(x12,000 , x25,000) 0.2 #23 A2 ZA 4

14
4 o
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Fig. 1. Vibriostatic activity of Pseudomonas aeruginosa MB I -3 by the double layer method : (A) Listonella anguilla-
rum, (B) Vibrio alginolyticus, (C) Vibrio furnissii, (D) Vibrio parahaemolyticus, (E) Vibrio cholerae, (F) Vibrio vulnifi-

cus, (G) Vibrio fluvialis, (H) Vibrio harveyi.

Table 1. Inhibitory effects of MBI -3 on the growth
of pathogenic Vibrio strains. The activity was estimated
as a size of clear zone after incubation on TSA plate
at 25°C for 24 hrs.

Pathogen Activity ©
Listonella anguillarum +++
Vibrio alginolyticus +++
Vibrio furnissii +++
Vibrio parahaemolyticus +++
Vibrio cholerae ++
Vibrio vulnificus ++
Vibrio fluvialis +
Vibrio harveyi +

Y44+ (> 25 mm), strong inhibition
++ (16-25 mm), medium inhibition
+ ( < 15 mm), weak inhibition

o] #Fo vust AT 2T L. anguillarumol
vl3] A7do] QAA L. anguillarum-2 A Z2to] 4
SHA M EHAY g Ho] A xy &40 5=
28 A& & T AAT (Fig. 3). o1dd @4
brothol] A 2.t} plateol] &4 B AA A
A A Bl % AskA YEbE

10

: M

Bacteria (Log)

0 3 6 9 12 24 36 48 72 96
Time (h)

Fig. 2. Growth of MB I -3(*) and Listonella anguilla-
rum(®) in sterilized marine water by mixed shake bottle
culture.

MB | -3 HHYHOM FES SH| &Y

MB I-3 vl o N & ethyl acetate2 F= ¢
EEIAXNE L anguillarumol] T3+ A A A7}
25 mm A= FAHHAS (Fig. 4)

al

=Xl xlo{oll th§t MB | -39 in vivo Ed& Tt
QA 2o ALSFell L. anguillarum™ MB 1 3%
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Fig. 3. Transmission electron micrographs of Listonella
anguillarum in control (A) and the irregular cell mem-
brane of L. anguillarum (arrows) after co-cultivation with
MB I -3 at 25°C for 24 hrs in broth (B) or on agar plate
(©). (x12,000, =x25,000)

AE & FHAANES A A9 (Fig 5), L.
anguillarum XG4T+ AF 3EAFEH FHA 7 U
EPSEaL, 25 Foll= 46%0] A HARES Bl v
A, MBI-35 5% FA% A7+ +4 #HAE

Fig. 4. Inhibitory effect on Listonella anguillarum of the
extra cellular substance obtained from the cultural super-
natant of Pseudomonas aeruginosa MB 1-3 by ethyl ace-
tate extraction.
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Fig. 5. Cumulative mortality of the flounder larvae in
fected with Listonella anguillarum with and without
Pseudomonas aeruginosa MB 1-3. & | L. anguillarum
infection with 10° CFU/ml of MB I -3; m_ L. anguilla-
rum alone; °, Control (no inoculation)

o] 24%Ah. 18 ob A% 1A e tiE=T
ANM = FAHAE] 49%Z, L. anguillarum T3
Fol el Bl=shAl YERRTh

L. anguillarum 38 A &, AT F A2
Hl B o F5 ZAGE A3 (Table 2), A3 A
Aol B E e F7F F AT 53.3%<
160 CFU/mI®| 3L, o F/o] ZolAx B 1.6 x
10° CFU/fish ZAE5 At A5 F Adss
A< 7Vt Ad 254, L. anguillarum S5 3
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Table 2. Total bacteria and vibrios in the tanks before
and after the infection of Listonella anguillarum. The
values given are colony forming units per ml determined
by the spread plate method on TSA and TCBS

1 week 2 weeks
Tank . Bef(?re after after
infection . . . .

infection  infection

L. anguillarum 300? 7,700 38,100

alone (160)® (2,730) (1,230)

L. anguillarum 300 6,200 35,000
+ MBI -3 (160) (370) (180)
Control 300 5,300 81,000
(160) (960) (790)

9Total bacteria, Vibrios

F7o MBI-3 &5 FoFolA Z+7; 38,100
CFU/ ml, 35,000 CFUmIZ A X5 YR
Aot VBT e 5 L anguillarum &5 FAT
of Blgf MBI -35 7 HE A@FolA 42
g ZrAE BAedl, HF 25 ol L anguilla-

rum &5 Fo] ol B3] 14.6% (180 CFUml)°l &
HFPot. A opF AYshA| B thE=TolA= L
anguillarum &5 Fol T v|3) vlBE edo] 15
A 35%, 2R 64%E YERHATH

o H

MRS ofFo £3), olrbul, F# S} A
JomA AYe Qo= §hH, ouug%,] o oF
a2 A A controlo] AHE= T o F
FA el FLF AL S UTh (Moriarty,
1997; Ringo and Birkbeck, 1999; Eddy and Jones,
2002). o 7ol A x7] @Al FHEHE AdF
< B9 HAETAA HIRHH o]F Aojeo] &
2o 4SS & F At R 1ot} (Hansen
and Olafsen, 1999; Olafsen, 2001: Eddy and Jones,
2002). Probiotics= /N 7] &5 4 A<

of
==

OO

FHe 2APOEN $7 7B ogfzt% Fe
ol B E Hol2 HelFRonE o|F
FAF &3 AW I BF B oa?- } 29

Fo] AT} (Vine et al., 2004; Balcazar et al., 2006;
Tuan et al., 2013). ZL#{ Y probiotics= “Zuloll =2+

Skl FU e = AbFTe ]"gﬂ = o7
A ol F{eol &9, oprtr] Foll Halde ¥
TE GaAA AHE 3T 5 It} (Kesarcodi-
Watson et al., 2008; Tuan et al, 2013). Riquelme
et al. (2000)-2 scallop (Argopecten purpuratus) 23
517l probioticsE H7Fetd FA Y P EF
< 2o =N AW oito] 7hetE dFsHA
3, Nakamura et al. (1999)2 = (Crassostrea
gigas) AN V. alginolyticus 738 A AR50l A
M7t A9 U E2T (8.4%)°l
v WEL0] 78%E FIH AL HalsTh &
AL A AFL3 MB I35 TheFs B4 v B )
Lol theto] &S B AL (Table 1 and Fig. 1),
ol Al A& ol L anguillarum®] 7S A
st A7 AAH =M (Fig. 2) o F AU
B Qo] FE& Aojtr] 9T FHOE A
7Hed o2 By
$HA probiotic 571 03 o 2ol O
3 AT E gFetA ol FolA A=, Lategan er
al. (2006)-2 Aeromonas media A1997]' R Sty
&4 E49] indoled & Y3 v} 913, Castillo et
al. (2008)2 3ol &3 Pseudoalteromonas
sp. Al-JIIZ5E AVS-03agty §33 g Hg
L 2485 FE8t] AASAT MB -3 s eF o
WS ethyl acetate 2 £33l Ao FEET
anguillarum® g A A2 &35 YEPHO =2
# (Fig. 4 MB 1-39] &+ EH2 AZ ol A
AitE]o] oHE FEH| W ethyl acetateE FF 7}
TS & F UM FH AF o] AAH L. an-
guillarum®] 2@V 7 A S Fall & W (Fig. 3),
MB 1-37} £HletE 82 AlXeS 33 Al
HozH At a3E Yehlle Zle® 49
Probiotic Al +F-2 YUHFA © 2 siderophores, anti-
biotics, bacteriocins, lysozymes 5= &% == 5%
2o g Hyakst A, f7]4ke] o3k pH W E |
At S AA AU, & F3e] I 7
A, 43l 4 29, N D WYY 4 5
Fote] Wl g 59 AFE S Fol=
o2 dHA At (Balcazar et al., 2006: Crab et al.
2012; Tuan et al., 2013). ©&tA MB 1-3 5=
12802 Y& AARG = F+F EAS AT

2] probioticsE

o
Ir
sl rulo o
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E2X L anguillarum®] 375 A= Aol A
SEAT T2 g gt 71 A7 = B asit
YA x| A&l L anguillarum™ MB 135
HES & ¥4 JAES 24 A3 (Fig. 5), L.
anguillarum ZFE7-0 vl3] MB 1-3& 5%
S AFTE 20% FAE T HAES B
a8y ol A E 314 %—?% 2N = 73
H AL 49%E, L. anguillarum T% Fo] T8} H]
3l e =T, ol & ARt o Foll At
T Y9 BB (160 CFU/MmI, 1.6 x 10° CFU/
fishyo] BAMEo] F&FS vX ASZ AztH L
anguillarum 9 A T, A5 F AF59) vl
HEled & FAE A5 (Table 2), 74 A=
AUl ell B E e 7 F AT 53.3%%A
E} dizfﬂﬁ HEge o5 HF7e MB 1-3
Fol oA F M+t 7+ 38,100 CFU/m,
35,000 CFU/ml & L‘rE‘r oSy HEHT Fe
MBI-3 #5& A AT A TN L anguil-
larum X5 T ¥5) 14.6%S YERHSITE g
H o}F- HE3HA &L txFoAs vEg e
o] L. anguillarum &= Fo] o B3] 254 64%
S UERRIT o9} 22 Ad= MB 1-37F A
T <] Aﬂ?" < 2HI}F o, IHHH o E dH
z)ojo] T3 HAES A Aoz Bt u}
2h4 MB 13& A5l A BU4 Ade] 5
ZATOZH oo AEES Fo|7] T AE
s gAA ] M s S AT

A A 5E fst
o|aL Abg-o] He g
U gaEL HFe 71%% A )
A o] F AW A5 9 oS 95l o] 7o <l
Aol EAZE g ofA| A FA o7 AW

o] o} A& AAIEH ofA e AAE FAAT
7] 98t & #FE o] &t At s ATt
tFsiAl Y= o B AFE o] d ATl A
E2E o Listonella anguillarum®l| T3} A4 o
AaA7t e ASRE
nosa MB 1-3 (MB I-3)&

B3] 3 Pseudomonas aerugi-

o]-gske] A9 wEe

el g HEshd WAEHRE HESIA
Double layered plate assay2} co-cultures &3}
MB 1-39] L. anguillarum ° tt B A58
ZAEFR I, MBI -3 75 B FH-E ethyl acetate=
FZ3le disk AP O FEEO FJo AHE
SISkt A 9 A Hj ol A o] A=
L. anguillarum< AA@J0| 7 02 HFslH o,
WA X} AS =0l L anguillarum™ MB 1 -3
775 SAl Hrlste]l #HARS S Blaskgth
MB I3 852 HUA BlE g etol thete]
g& eSS T, 96417t 5 A A co-culture
ol A L. anguillarum2 Wl ¥ & AN 7MA] B F
7He BRov, O % Zadte AEFS Bk g
W MB I3 #j Y FEE
PGS 1o g EFo] ethyl acetate® FZ
He & AU AR A BZolA L anguil-
larum& A ZA ) U= Z+a 9 M EY swelling
of o3t A= &3 S BTt 3 MB I35
L. anguillammj’f} A TR HJA Aol T
of v} =32 HAFEo] of 20% FAEHE AAE
BRYPorz MB I-3E o] &3 44+8 probiotics 7N
W 7Hs S AlAFSEA T

oy T3 L. anguillarum©l
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