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Bacterial Diseases of Cultured Flounder
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Abstract

Antimicrobial effect of chitosan and its oligosaccharides was examined on Vibrios sp., Edwardsiella tarda
and Streptococcus sp., which are major pathogenic bacteria inducing bacterial diseases of acquacultured flounder.
Chitosan oligosaccharides (COS) were produced by enzymatic hydrolysis of chitosan in an ultrafiltration mem-—
brane bioreactor system which was established with three membranes with different molecular weight cut—off
(MWCO) 1,000, 5,000 and 10,000, and fractionated into three kinds of COS, based on their molecular weight
sizes. The three kinds of COS were as follows: relatively high molecular weight COS [HMW -COS, molecular
weight distribution of 7,000 to 24,000 Dal, medium molecular weight COS [MMW-COS, 1,500 to 6,000 Dal,
and low molecular weight COS [LMW-COS, 1,000 to 1,500 Dal. Chitosan and HMW -COS effectively inhibited
the growths of Vibrio sp. and Streptococcus sp. and their antimicrobial activities were superior to the others
with smaller molecular weights. This result suggested that antimicrobial effect of chitosan preparations extremely
depend on their molecular weight sizes. Antimicrobial effect of chitosan and HMW-COS on E. tarda was
improved by longer inoculation times. Scanning electron microscopy in morphological change of E. tarda treated
with chitosan preparations showed that chitosan and HMW -COS bound to the cells and suppressed the growth
of the cells. This observation appears to prove the fact that positive charged amines of chitosan electrostatically

bind to negative charged compounds of cell walls.
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7198 2hhgo) Ao 32 Alx o) &3} b
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cose TR HHEGA R FAH glon, Az 727}
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Hgomm AT A& AAslE Aoz nase] ol
(2425). 1218 AL L 7 mAYe) SFAY L 29 DobA)
Yshxo) afel A & olehe APl o84 2 55

=it wgt 7] EALe] Bxlen St d8A] o] o9 2 g
n % 2 gl 2.910)tH(20,26). T E3 % (degree of poly-
merization)7} 6 ©] (A3 7122 2F 1,200 Da)ell A &
T8A ] HiEE Aoz ¥ase] gl

A 2bz o)A o] ATl A ghef it A EuRST| A 7]
EAY] 544 7l R E B8l EAEe] A& vl E o
N4 1-g A Z2ste] derEA (10),
wHod 278k (27) 2 BF8A1(20,21) & =37 vl 9o
£ AT A= ?'{91 oAt AE *7\"“‘1 Az FApEgol
A2 B8 3FTFY 71 AR S A zste] oFA g A9
AFA A ﬂ34 F8 {9, F Vibrio sp, Edwardsiella

tarda, Streptococcus sp. & N& in vitro A4S =
Apsled, okAl Al g o] EAA A A E5 oS 9E Hed
Al 2o 7|24t o 7| EAbgel ke o)L FeA S
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7| Eefo] Zof|A] A Fukd 7l oA ol E 3t er} 89%°]
W, X 20 cpsith VIEARSY 2AH SR E 93
AE-%l 7] EAF 28] & 4= Bacillus pumilus BN-262%ol 4
2elg Aoz A Expae- oF 30,000 Da, 2 &pH 55~6.5,
M 2% 30~50°Ce] 54 7HA A 9l2y, dE2] Wako
Pure Chemical Co. 2.2 %8 ¢l 8}sic). 7] E4b-g2] a1t

gaA 7Rl o gt AArE A8 AF-S-7E gl ket A
EHFE 7Y A 9] gkelof s ehe Millipore Co.(Billerica, USA)
298 77te] A2 e @Ak 09 E A4 Auae
H(molecular weight cut off(MWCO): 1,000; 5,000; 10,000)
& T3t AbgEsd ol B Aol A 2 E AgES
B8 EA0Eg Folsled Al &gl B ol e gt
A 74 Woll AV-8-% T Vibrio sp., Edwardsiella tarda
2 Streptococcus sp.© ™, AT oFAlAFe] kA X (Para-
lichthys olivaceus) &%) 247t £2], 53 & 3 A1-&-3t¢ivh
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AH-&-2) 5k (high molecular weight chitosan oligosacchari-
des: HMW-COS), 71 A1 %#2] 7] E4H&-2] 7% (medium
molecular weight chitosan oligosaccharides: MMW-COS),

A Bzeke) 7] B AL-2-2] 13 (low weight chitosan oligosac-
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Bio-Gel P-30/P-4 gel ¥ TSKgel NH2-60 column S5 A}
4-3to] zb7he] y| BEAbEE| e EAlE RS AT A
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B, 3o Wl Aol At | BALSE 2] A=) FwioF
A ZbE 19 ~7d712] F343elE o Al ARASAE
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A 2-2](8,000 g, 55 )3t pellet-& 22 F o4k (PBS,
pH 72)2.2 1587 23] AAstgth Bolal cell 25%
glutaraldehyde & 24| ZFEot A2l A q F PBSE
1587 23] Al A st o] A& ohAl A& ¢4l 1A17HE
o} 1% osmium tetroxide(OsOs) = &g F PBSE t}A] Al
Halach A A" AAFEL50~100% T2 24H o=
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Ab oAl x| 2 ¥e] B2’ Vibrio sp., E. tarda 183
Streptococcus sp.8] S IEHE 45?‘5}-9&\:}. Fig. 1|4 ¢
ehd ZAAYE FlEALS &2XE 2E 2w 2(100~1,000
ppm)ell A Vibrio sp.8l A4 32 712} 00% A& st 71 &
bge g F vad BEapgke] & HMW-COS+ Al &2
527} 500 ppmell A <k 80% A =9} AT E Bolor
1,000 ppm7t#] FE5 F7HAA L e T3 3o
£ 2ol edgkel. & MMW-COS¢ LMW-COSE 25
248 s oA dgd8gde] 60%E WA F3kdct 1
2la o] & F 71 84S E e MICg = 2 10,000 ppm
< Yetdle] g gAdo] vlekdt Al o2 gl Eglvt. HMW-
COS9] MICZES 5,000 ppm2-24] 7] EAFS] MICEE 1,250
ppm Bohe A Vel R vk, Vibrio sp.ell Wl dhe] - EA
& W3}l A 295t} 7| EAL Sl o] E tardasl &k
By %}’“ e Fig. 20 vetlisle}. 7] EARS A 9] 3F 3%-7-2
122 7548 1,000 ppm7HA] A 7Fekd & W 50% A=
%i‘%‘*i Bojod, SNEAL|TFE AloldE F
—E— #;sich 71 ® A2 500 ppme Tl A oF 75%2] %
1S Bed o 1000 ppme] FEAAE F 80%<| i
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Fig. 1. Antimicrobial effect of chitosan and its oligosac-
charides (COS) against a pathogenic bacterium, Vibrio sp.,
which was isolated from aquacultured flounder infected with
vibriosis.

The small figure is MIC values of chitosan and COS against the
bacterium. The antimicrobial effect was indicated as bactericidal
activity evaluated by counting the number of colony of cells grown
on tryptic soy agar plate for 24 h of incubation time.
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Fig. 2. Antimicrobial effect of chitosan and its oligosac-
charides (COS) against a pathogenic bacterium, Edwardsiella
tarda, which was isolated from aquacultured flounder infected
with edwardsiellosis disease.

The small figure is MIC values of chitosan and COS against the
bacterium.
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Fig. 3. Antimicrobial effect of chitosan and its oligosaccharides
(COS) against a pathogenic bacterium, Streptococcus sp.,
which was isolated from aquacultured flounder infected with
streptococcosis.

The small figure is MIC values of chitosan and COS against the
bacterium.
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Fig. 4. Antimicrobial effect of chitosan and COS against the three pathogenic bacteria depending on the incubation times.
Growth rate of the bacteria cells incubated was evaluated by measurement of optical density at 630 nm.



240

P - olA ] - A+

LR

Vibrio sp. E. tarda Streptococcus sp.
100 - I v =
=T . -
- O
& s e
g v
I
© 60—'/ ................
T /
=} !
S / :
5 40 a
(] ¥
3 L
a3 i ——e— LMW-COS
........ O ....... MMW_COS
20 § ——-w—- HMW-COS .
—-=7-—  Chitosan
0
0 ——— r T r T T . . ; —— .
0 30 60 90 120 150 180p 30 60 90 120 150 1800 30 60 90 120 150 180

Innoculation time (min) Innoculation time (min) Innoculation time (min)

Fig. 5. Antimicrobial effect of chitosan and COS against the three bacteria depending on the inoculation times (treated time

of bacteria with the samples).
The antimicrobial effect was indicated as bactericidal activity evaluated by counting the number of colony of cells grown on tryptic

soy agar plate for 24 h of incubation time.

(A)

Xx10k 00017

(C)

Fig. 6. Scanning electron micrographs of E. tarda cells treated with chitosan preparations.
Morphology of E. tarda. cells treated with 1000 ppm of chitosan preparations (B, MMW-COS; C, HMW-COS; D, chitosan) during
3 h was compared to the cells untreated (A).
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HAFEAAS = 5 dglen, ol 93 A3E SEMS
F3le Aabste] HEsA Alge] el dAH S 9%
4 9l ot o123 AL 71 24 2 HMW-COS®] E. tarda
of it FFEAdo AR 0 R 0] 8 = & A A=
Z ol e} Choi et al.(47) =% 7] BARE=] o] A 2] & Actino-
bacillus actinomycetemcomitans< SEM= %3} 3=
Ao 7 AT A 73 A9 Aol Fajso] B
He 2 =] vk A& Badld e, ol A2 71 EAE ]
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e ok
i -

oA x| Al AW e YelwEQl Vibrio sp., Edwar-
dsiella tarda 2 Streptococcus sp. & A FAF oFA g2 24
B AA Rejsigd o, o] & Alotol thste] 7| EAL Y Bk
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