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Inhibitory Effect of Transition Metal Gallium [Ga(NO3);] on Biofilm Formation by Fish Pathogens
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The prevalence of pathogenic bacteria such as Streptococcus parauberis (Sp), Streptococcus iniae (Si), and
Edwardsiella tarda (Et) in flounder fish farms in Jeju Island and their management by gallium treatment
was studied. Sp, Si, and Et were found to exhibit a low rate of cell growth and high biofilm formation. Hence,
in the present study, cell growth and biofilm formation were measured spectrophotometrically 72 h after
the addition of different concentrations of gallium (2, 4, or 8 mg/ml). In addition, cell death was measured by
resazurin and propidium iodide staining assays. The results showed that bacterial cell death increased and
biofilm formation decreased with an increasing concentration of gallium. Hence, the present study signifies
that the use of gallium against bacterial pathogens could be useful for disease management in flounder

farms.
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A FAEAY AL JAESS EH 20109 45198
(AAFEF 21,3708), 2011 4,427E R AHSF 22,823 E), 2012¢
5,601ERQJAFEF 24,575E), 2013 5,760(R8AFEF 23,002E),
20144 6,710= (AL 26,283 ), 2015 6,928 = (A ALSF
27,142F) 0 2 3fjutct F7bsta Qo T3 HALR 21g 7
ML 20109 29494, 2011 3769 Y, 20129 5139 ¢,
201349 40399, 2014 4859 ¢, 2015 5299 ¥o 2 %
A= ATH18].

YA 9] AT oA WA St= 8 Aot A dl+t
S 2 A=Y= (Edwardsiella sp.), A4 7-3(Streptococcus
sp.), B B8] 23 (Vibrio sp.), @5Alw-5 (Flexibacter maritimus)
Sol BIH T U0, 15]. AT 2ol olF 4
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AL Foro g AFH setekE AHE o Qs FAA 2t
F 54T A e A Al 2@ 2 EAR
aB|R S0 BAlo] A8 0= Bels) ek,

Biofilm2 A|4o] A2 2 EH|g thaFA] 7] 2 (Polymeric
matrix)< °| &3t ttdF 23421 EPS (Extracellular
Polymeric Substances)2 =& 4] Qlt}6, 11]. Biofilm<
T2 9 Aoz o] RoAY, bRt Fo] 2o FAsAL
I Qo 2R = ot Eo] &S] % o2 AAA|
24 37} 0|22l & o] o] YHolt}5, 11]. E3] H A+
of 1o AA el F28F3L biofilm¥} Zro] B§dA o] T
He A2 @ o oy d o]o] B astA Hrh17, 19].
o] &gt A& biofilmE A&} &3ofof et A3}
do] ¥7] W&ol dAst=d of#go] Ut

AolF4 Z4E(GaNOg)s) 37} o] FEf 2 =8 4o
EAst, 3 g 52 AR §E2 AMEIL o
A Well b8E 7FA AL dohar g A Qleh(8). o] 2
37t o] FH 9 Zgol A9 H T4 717E Lty
biofilm A AAst= AL 2 AFRHT}H[3, 7].

metA 2 dAFoAe dolad ZES ol &5t o]7E
] Aleto] A48t biofilme JA|St] Alot-& AFEA]7| 2L

2} k.
Mz 2 2

o[ F A YA R

AF= Y G2 iAo =2 S st= Streptococcus
parauberis KCTC 3651 (Sp), Streptococcus iniae KCTC
3657 (Si), Edwardsiella tarda KCTC 12267 (Et)& AEA}
YA E (Korea Collection for Type Culture, KCTC)oA] &
oFukgktt. HoFure #3E Brain Heart Infusion Agar
(BHIA, Difco., USA)S] HE3to] 250l A] 48A]7F wjoratel
o3, 9]. v FE #+FE5 NaClo] 1.5% A 715 Brain Herat
Infusion Broth (BHIB, Difco., USA)o|| HZE3}o] 25T o A
48A17F WA 7] & -80C ol 20% (v/v) glycerolol XT3}
THT, 19].

S92 4% W biofilm 3435 2l
ARAAZY S 2] 93 W ke 2R
@ Phosphate Buffered Saline (PBS)o]] 10° CFU/mIZ 3]
A35to] 96 well plate (Thermo Scientific Nunc., USA)|
200 p1¥ 3t 660 nmolA FHE=E S5 £
FAH AT biofilm FZ5S LotE7] Y3l 96 well
plated] BHIB #j%] 100 pul& £33+ 5, 10° CFU/mlE 34
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w55 £ wiA ol 100 WA HFsko] 25T oA 484
e AR W FA R ERAlTFo] 3 wFHS Al
3t A & 0.1% w/v crystal violet (CV)E HZFA|-o]
3027 dAsATh o] = EAE CVE 33 A &, 95%
ethanolo]l THA] §-3iA|#A 595 nmol A SFE=E S5
(2]

Biofilm A 3%

ZHE(Gallium nitrate, Sigma., USA)Z ©| &3} o] F 2
YA 9] biofilm A 85& &15t7] Y3l 96 well plate]
Muller Hinton Broth (MHB, Difco., USA)E 100 ulE &
F3 H, o] FAYAFE PBSo] 10° CFU/ml1S] 5 =2 3
Aol of FFste] 100 pl FFsHHh ZES F=EQ.0,
4.0, 8.0 mg/ml)E A 2|3t} 27k 25T ol A 24| 7F, 4847,
72X|7F 1t i Fste] biofilme| Adhs-S ST, 16].

Resazurin Reduction Test

Resazurin reduction test (RRT)= A A|2FQ] resazurin®|
Ao 93] resorufin® 2 FYPEE= FS A3E= Aot
(1, 6]. 345 MZE= MY 418+ resazuring 24 9
2 resorufin® & U, o] 2 AL FAEE
3T}, 4, 6]. RRTY AL 96 well plateo] MHBS
100 W £32 3 %, A e 52 9 PBSO] 10°
CFU/mIZ 3]4sto] MHBe] 50 w4 HE3tch. HEst 5 24
£2 20, 4.0, 8.0 mg/mle] =2 A dto] 25T A 484]
AN Ak AFE Sehaze) 97 FRS 1L%
Resazurin sodium salt (Resazurin, Sigma Aldrich., USA)
11 mge 4o &3jAZ &, pH 7.02.2 B HFTFE
0.11%9] =2 AHESIATH 48X17F iR ol wret 2}
Z} resazuring 20 WA FHFdto] 6A17HE¢t ¥ 7] & A

o #sks BT 12].

Vitality staining

ZES 0|85ty ol A tigt AdlsS &lst7]
913 Chamber slide (NUNK, USA)| MHBE 150 ul¥ &
F5 ¢ T, 10° CFUR 343 o] 47455 100 Wy
23519t A2 & 452 20,4.0, 8.0 mg/ml? 5=Z A
2)5te] 25T oA 48A|7H5¢E vl ekEt T, Propidium Todide
(PI, Sigma., USA)= A|Z7} AFEE A] Al 2] DNASH 23
sto] Wt o2 GAo] H= AloFoltt. PIE 2 mg/mlé| &
%2 chamber slide®] 10 ul® E33}o] 257C oA 308 ¥t
SAHT3]. ¥H-3 & ¥ Fu] % (Confocal Laser Scanning
Microscope, Olympus Optical Co., Japan)S ©]&35lo &
skt
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Fig. 1. Biofilm formation activity and growth of fish pathogen.
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ol R WA Zo 3] ZE o] biofilm A s=% Lo}
w7] 8 Zzte] 438 WS & 252 FEH20, 4.0,
8.0 mg/ml)Z H7}5l4] biofilme &3} ch(Fig. 2). 375
HE 48*1’“’%—‘%151 biofilm F/go] Al =|7] A&k, 724]
) ZES A ?%3 AEZ0] H]3) biofilmo] A A
= AL AT = Aot

Sp= 72Xt A ZHE —4 HE FEIA ;ﬁ_E
biofilm &40l A= AL FAsA L
= 8.0 mg/mloA 73 2 biofilm A H%% Oﬂ‘:}(Fig-
2A). Si, Eti= 7287 A ZEY BE sEoA AEE H|
3| biofilm 450l Ad=HE AL BlstA oy, o|F &
F 5% 4.0 mg/mlo A 7} Z biofilm AdsS HHth
(Fig. 2B, 2C).
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Fig. 2. Biofilm inhibition activity of gallium for fish pathogen. (A) S. parauberis, (B) S. iniae, (C) E. tarda.
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Fig. 3. Effect of gallium on viable cell count of bacterial fish pathogen. (P.C) Positive Control (well contain untreated bacterial cells),
(N.C) Negative Control (well contain only culture medium), (Et) E. tarda, (Sp) S. parauberis, (Si) S. iniae.

Resazurin reduction test

ZEo| biofilmE AA|st= FAlO] #5:5 AHA =2 A}
A7 =4 ot 7] 3], RRTE o] &3ste] ol A PA
o) AHE& gAY, Z4ES APsA @& oFAHALE
o) resazuring ZtZ} A2t Al, FMA X5 254
° g Mo Wt th(Fig. 3).

TFFE 10° CFU/mlE JZ38te] ZEL 2.0, 4.0, 8.0 mg/
mlo| =2 A —"--Er"ﬂ/ﬂt HAEZ oA ZgH luEP
Ao g Mol Mt AL FRIT 5 YAH(Fig. 3). A
= A7¥et A% pH7F 7.00]13L, A9] WP} o g tH
39S 1 pHE 4.82 gttt

ol ZES AsA g2 AEE IAFAA Ay 54
of wat oA 2gt £ 0T O] M| W3yl Yol vt
H, 253 A 2504 AEY AHER I AEZTFY
A2 Qlste] o] W37t ARFoA Moz B3 A
< EelstHi2).

Vitality staining 23}
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3 F+FE ik & ZES AEst PIZ G4 5t ¥

At ApEE gl 25 AHshA g2 1514
A28] Abdol dojuA] kARt ZES Hed 1FolA
Alazo] Apdol wofl HA 7k As 1T 4= Y ch(Fig.
4). B3 ”E-J hE7P EoH4E AHgE = #dFE 2ol &
7¥st= 3—}° 3k 4= ATH19].
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Fig. 4. Confocal microscopic image of gallium treated fish
pathogenic bacterial cells after 48 h. (PC) Positive Control (well
contain untreated bacterial cells), (Et) E. tarda, (Sp) S. parauberis,
(Si) S. iniae.
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