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Abstract

This study tries to isolate special microbes from the hepatopancreas of laminarin-fed prawn, Ma-
crobrachium rosenbergii, and further evaluate whether these microbes can be used as probiotics.
On days 5 after continuous feeding with laminarin (30 pg/prawn), two strains MB58 and MB550
belonged to Metschnikowia bicuspidata were isolated from the hepatopancreas, but the same spe-
cies was not isolated in the domesticated prawn and control prawn. The virulence test found that,
after injection with MB58 and MB550, the mortality rate of prawn was 12% and 22%, respectively;
both mortalities were lower than 87% caused by what is known as probiotic Lactococcus planta-
rum. The results from the pathogenic strains cultured in the extracellular fluids of MB58 or MB550
showed that the growth of Aeromonas hydrophila and A. veronii could be inhibited by the both
strains and that of Lactococcus garvieae only was inhibited by strain MB550. The survival of prawn
challenged with L. garvieae after feeding for 5 days was 70.6%, 73.4% and 100% for prawn fed
with only MB58, MB550 and both strains, respectively; however, the control group prawn all died.
After feeding for 5 days, the activities of the stimulated phenoloxidase (POs) and the total PO (POr)
in hemocytes of the MB550-fed group and the mix-fed group were higher than those of the control
group; however, those in plasma were not significantly different from the control. For the
MB58-fed group, only plasma POs was higher than the control group. Furthermore, the strains
MB58 and MB550 were separately encapsulated into the feed by alginic acid as the adhesive to
produce five kinds of particulate feeds. The mortality rates of prawn challenged with L. garvieae
after feeding for 5 days were 10.3%, 12.0% and 11.5% for the MB58-fed, MB550-fed and mix-fed
groups, respectively; these rates were lower than that of the control group (47.8%). The results of
POt detected on days 5 after continuous feeding and day 1 and day 3 after challenge showed that
the POr in plasma and hemocytes of the MB550-fed group was significantly higher than that of the
control group either before or after infection and that the POr of the MB58-fed group was signifi-
cantly higher than that in control group only in plasma before infection. For the mix-fed group, the
POr in plasma and hemocytes was higher than that of the control group before infection, and that
in hemocytes was also higher than that of the control after infection. These results suggest that the
two strain MB58 and MB550 by themselves or mixed may enhance the resistance against infection
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and reduce the mortality of prawn by both the inhibition of the growth of pathogens and the in-
crease of the proPO-activating system. Therefore, the both strains should have the potential as
probiotics to be used in prawn aquaculture.
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AR T RERBESEE R KK BEIKUF (Macrobrachium rosenbergii) 2 JFEIE 73 B 3PP A5 BRI MR A
AR AEYENRER AT, ERU30 ugiB B2 HREFRINFFELBT10RME, REFES
R T AR R U 43+ 5 38) PR T R0 xR L T 4R HH B A #8 &5 B2 8- B (Metschnikowia bicuspidata) B
MB58KMB550. FiEJIRED, HHRMB58KMB5504)HvE 5T A HHF T /5 i B AIFET-R 23 BN 12%A1
22%, BHET B AR LR K Lactococcus plantarumIBIER87% . ¥BUR B 233 5: THEKEMB550
MIMB58Z HISMB G R BoR, B HRER BT LALHIHB0U% H Aeromonas hydrophilaFiA. veroniiffi 44 ; H
{XMB5508EH##| Lactococcus garvieae. S RMB58. MB550 /%8 & % #& (MB58 + MB550) /5 LK,
PAL. garvieaelRYL MR FAIER S H870.6% 73.4%F1100%, SRIEH|AIFFARIET. ABHEZ
R By & 4LEBE R (prophenoloxidase, proPO)iEiL REG MR I E R, BEIE5K, MB550/R 4 fIMB58 +
MB5 5078 A PR 8 4L R 1 3% )i A B By AL BE R T 1 (POS) M B By B BE R W M (PO) EXT R 350
EZ5%, RFHNFHIMER AN POs LK PO T X84 ; MB58MRRAUFFUNKPOSHE T X HRA, MHKPOr
AL ER N POs X PO X RALER . #— P LIBE R (alginic acid)fEAFER, HEKMB58 K
MB55053 H BN R ASIFE H sk, ARESBETFARE, SBELRER, REEE
RIS LR F ISR TR N47.8%, (NEERERS23.8%, UIRERTEMB58. MB550XHKES
M =HIFF IR RS H810.3%. 12.0%K11.5%, HARBKTXRA. BESKARLEEIRMIR
43 AW e M3 K MER A POrHI 4 R B, MBS8MRE TR ML POrsy T4 R 4H; MB5504 Tk
YupT 5 M IR A MER A PO B Bl B X IR AL B A AN TR YRl M3 & MER A PO+ FR YL 5 MK POy
BETIIBA. 555 AL REHEN, FMEEEARMB58FIMBS50W] 583H] BUR B A KA B proPOlE
RS, DARFHIRF XTI AT RRIFFRISE TR, FHik, 2E BB RBELSHEZ IFFHIREE
AR MB58HIMBS550 7] 8. BAT 1R 28 42 18 U 77 AR TR K P2 7R

K
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1. 518

WRFRTH — B2 R M S AR R e, TR AR N, SRR R . TRV, KK
JHI KM (Macrobrachium rosenbergii) ik ZKEF i K8 H AL MES - BT IREMEmE B K &
FREAIA LA 0] T, SR — BV S0 S 1 5 AR SRR IR G, AT AR A AR A I, S B R R
TR KA S ORI (1995 J A U 4 1 52 2R (2R 22 IR 914 B Aeromonas veronii AT A. hydrophila [1] [2] [3] [4]
[5]5%:>% IRFHPE T Lactococcus garvieae [6] [7], & T 4K Hil 240G W HER L 248 37 40 O B R 1
Debaryomyces hansenii 1 Metschnikowia bicuspidata 2. 55 & 14 5 T = B R T 385 A S I Fr 8%k,
AFE: TR E N RS IR I S A R S A, AR SIS R S s 3 (stresses) i i e J5E
FIFRAR, 51T 55 S22 AR L0 iR B R b [8] . s LR F R AR BT K, & 5 A A BRI i K 5 0 7 B
PIPAL TR L P L S SR TR A e g% ) i RE ) SRR A .

K= IRGE b, G R A T 28 S 52 83N, HR AR a1 — 1t 5 IS ot 3 1)
WS, HRAZFER I RAE . K2 REREYE T 2828, 5 £ 8% ZE8E (B-glucan) . 48 75 £ %
(laminarin). &7 JFi(chitin). 1 &% 2% (mannan oligosaccharide) % ig £ B (lipopolysaccharide) % [9] [10] [11]
[12]. TEMRRAIRFFUR I, £ BV SEIERR T Refe i MR B A I 0% 5 vl M 3G s Ah, L RETE 1L R T Ak
I 275 1k & 45 (prophenoloxidase activity system; PAS) i Il % fL % % (phenoloxidase; PO)i&HE[13], & &)
{5 FH B3 b #EMR 4K Ht Vibrio harveyi, V. vulnificus LA & H 57 ¢ (White Spot Syndrome Virus) i) g /1[14] [15].
H 8 288 R L R V2 A8 AR K7 1 G 3% B

#ui A2 T (probiotics) A vE I AE Y, TS B el 18 Il A 2 P, e 23R aR[16]. PRIk, AR
R RS O B TSR U S ) 2 SRIE 2 — o BFFUR I, FETDRE R n a5 A2 B AT DUIR i R R G iR AT
TE AR UL R AR KIS Y [17],  FL 2 A B T B A e AR N TCVE S R 0T, 900 £ B9 S0, 5 BhE £
ARCER PRIy WEFCARH, Sk 1 TR 1% - 1A 1D < 28 ) SR8 T R 2 R R R T 19 408 V8 1Y) < 28 ) SR 9
Zfekt (Salmosalar) i 5 5, #R2 k2B B AR[18] [19]. LAl WL, SR Rl B A SO sh i i ik
VI R, DM AE 6 AR B 2K S B i 71 i 71120]

T H S ARG W 70U SR £ R0 6 SR 5 1 A SO 2 S AR A% ) B G R . R, AHEA
M FH G 2 D 48 5 2 1 (laminarin) i 22 MR G VR KA IR ORMR J U850 1 FHF I I P9 B0 B A% DRI MR T A 5
HI T W EZ WA B, B, BEXRTRRE H IR A AT AR A FR AT 2 AR B VAL, B dE:
5E FEXT IR (185 /7 (virulence) FIXT 5 WLEOW BRI EE 77 DAR TR 78 B R JS I 1 50 S PE . PO V& JL
P 2 A e H kit LB (Glutathione peroxidase; GPx)iE .

2. M 55%
2.1. SCIG AR

SEZOG U S [ 775 3 0004 B R K B R (M. rosenbergii), P4 REE 259, 7# T pH=7.0,
KR 23°C, FAFTRMNRKIGA FRAAM b, TR BT AR 4~5 )8, YIFRED=RJGA4 v Lt
AT SRS R ) A H MR N CTAADRE 2 O, TRPRL SR B B AR B K 2 A8 SC IS 2%, Bl 77 1 WL Chiu %%(2010) [21] .
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22, BESENREMITFEREE

ARHFFE G LD 4 pg M 20 VTS AL BRR KK RIORHE , 7R HLAE 3G 5 proPO JE [X] (1 B [22]: A 500
ng/L BRI 8 22 R Y 0 S5 & B AT DA SO A BT P A v O 2 [ 18] BT LA, A SEEG IR IR TR S 1R
T TR AN [RIAR BE DA 5 3 22 PR B IR P R4 38 22 A T K B AR FE 1) 0.01 M IR 26 2% P (PBSS)
I HEMR EE S 200 pg/mL. 300 pg/mL. 400 pg/mL. A 1 mL 25 a8 EARBCE, DABRE Hefibll O 2%,
FE—RAFEAN 100 pL #EE 20, ASLindta =i, 702" & 20 pg/prawn. 30 pg/prawn K 40
pg/prawn, X &2 M A SEARFIY PBS. AR 10 RN, & HEIF L RIFFAR T30 H , B AE %

2.3. EFFRFRBEP AR ESEE

TE B 75 AL e B R T TR S5 1, 1R\ 20 mL JCTE 0.85% NaCl. PRk BERE414Y, LA 2000
rpm F 4°C B0 10 min Ji5 , BUE7E . LATE B 5.0 pm FO3E4RHH < i€ H3E WU, LA 8000 rpm 5.0 10 min,
PLIEHE 0.85% NaCl =275 7R B Vi 2538 249K i, BX 100 ul B8V 350 50 i Bk 28 IR 2 A il K 2 B I (T SA) T i
T 28°C TR 2D 24 /NI . )5, ARSI AR HR AL #TFE AL 30 AN B2 — T 7% (single colony). FT
RV 3V kB K o i o R AT B AP

2.4. B (virulence)iz

ARSI e PR E W LW B DA e A B A B AR (AL FLAT 1 (Lactobacillus plantarum ATCC10012)fE
DN R, T BT i 2 T A B S AR R PN R S BRI AT X R A 8 7K. L. plantarum £z 43
B P A T PRI P ) T R 0 S B R 45 1% 9% 3 Brain heart infusion broth (BHIB) /2 TSB J&, T 28°C Jfik
130 rpm, 57 & XK (late log phase). HX 15 mL B, &E0IFEF T PBS (pH = 7.56, 420 + 5m
Osm/kg), & R, WK EE 1 x 10° CFU/mL. HX 100 pL B ES THF s —3 5, T 72 /08
TR T RIPET R H , B AT R, 12 N SRR AEE — AR T

L BRI (%) = (SEEA ST T AR — AR —BE T8 /(M — AR & — BB T %) < 100% -

2.5. EHREINEREIEIZ

I3 B H R T I R LM = FREF T E0% 1 Lactococcus garvieae S99, Aeromonas hydrophila Az A. ve-
ronii ATCC 9071 1, [ L. garvieae #F % BHIB, HARFEAHEFIE TSB, T 28°C 4% 130 rpm }i 7%
EARFEERKA . BURFEAKE P ER, 4°C FEOI EER. DR MB(PB, pH = 7.0)7f 4°C i
M 18 & 24 /NI 5, A URTIECARYE . B IAHET, LA Poor-nutrient broth (PNB)[=I% 1 B9k & .

2.6. HEMIE

SEBG AN PR 3 AT o BB SR SEIG R R BUR B M, R R SRS, T 4°C
BbJE, LL0.85% NaCl iE¥ePivia, LA PNB [, FFR B W2 ODgoo /v 0.010 2 573 S50 T 52 il
B0 B FE IR 7 0 T R o0 SR T B R A o PR 20 (S35 2 o =4, &S TN 90 uL PNB /2 10 pL
PNB, XHEZEIIAN 90 pL W& 10 uL PNB, SEIGZEINA 90 uL Bl A 10 uL FIAMRAEA, S 77T
28°C Ji, B—/INEFLOGYE 600 nm PR OGAE .

2.7. BREHZFEARBIE

IR (alginic acid) - EE 0165 40 i BE Bl 40 I IR B P ) — R S T AR 2, OB VEIRIAIR,
OV BEIA T o ASSERASUE T B BTR K23 730 5 PBS. 48 EERRIE AN S IR < Wi, UL 1
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1 W V)RR G, BAEBRER LA 3 mL S B kL e, T 30 408, BRI 1 mm x 3 mm
KN, FRE SR 7 K. BULEAFE KB AE 10 5, % T 10 mL ) 0.85% NaCl, 10 %% 4:FR )5,
OV 100 pb iR#K % TSA PR, T 28°C FREEFR/G, THEUREBURRL-F 35 & v 4
2.8. WRFEYZ AL

S5y B A HEAT , 0 oA 4 9% A0 e B 1) BRI Bk E A 1 x 10° CFU/mL Ji5 , BB 100 pL
BRI T 5 R AR AR R R IR, BRI, BRI RUR T 10 Bl PR SR
(R FHESEME A 5 R, TSRS — K8 100 pL EUW i L. garvieae (1 x 10° CFU/ML)VESHER LR 7. $5%
T 72 /AN ILERER AR T EH , TR SR S SRR I T — AR TR

2.9. ERSEILEERIEMEROMIE

LY & Pt o) it - £ 4t R I vk B2 (hemolymph) J5, BA 3200 rpm T 4°C B0 5 4081, BUH BIEWR,
BV ISR A A s Phie 1 I ER LA PBS B VF 5, T 4°C #43K 12,000 rpm 5.0 30 - #h o] 240t 24, 2% T PBS,
B 3J 45 L R 2 ff 35 BB (hemocyte lysate supernatant; HLS)#EAS . LL Bradford J5 i 5 R A 25 11 3R I o

Py AL K (PO)E TEMR BL 1.6 mg/mL 2 L-DOPA (L-3,4-dihydroxyphenyl-alanine) N5 5 . AN 12
B¢ HLS FEASHS 73 P 41, —2HEL 50 puL FEAS, N 50 pL ¥R 1 mg/mL 85 (B (Trypsin), 5 —41LL PBS
BURIREE Al HJ5T 37°C1EH 15 4r8h)a, I 200 uL @i % 2 DOPA, SEEIFi#4 490 nm ik
AR o HUHT T4 P HL AL [R) Y 5 K2 A6 OD #ff, LAA2 4k 0.001 2y 1 U, 3815 PO ¥, BA(AU/At)/mg
Fon. MR4E Chao S55LIGHR H, SEEGFEARA IR & B BEIN1S ) PO Y&, MAFEA N CAF/EH proPO #
fbE PO B & &, DL POsEn: FEAIAJREE AR5 il 151 PO W& 1%, HAREA N &G/ proPO &
&, PLPOr&IR[23],

2.10. ABERKE S LEEEME( Glutathione Peroxidase, GPX)

AR SEIGAE H GPx AR A 2 HLS (1) GPx y& 1 . HR¥E LI F M D BAT Z o 35 I SR 3N
FIH GSH JikJii =K, 2 GPx 1K I S 40 4 it S S AL A s (cumenehydroperoxide) i Ji iz 2,
FiLL NADPH 5% it B ikid J5i B (glutathione reductase) & it e B 7= A= R A4 AS iR AL 23 e H ik (glutathione
disulfide) TV is &% # Sid J5 7 , WA NADPH 44k B NADP™ il & B 5L A7 B[] P NADPH %844, NADP*
(I 245 51 GPx W& TE . — HAAL GPx & X N EE7r 8 NADPH Fr b I3 B4

211, %it5rth

I 1 R MMk 2. PO 1 GPx H3E 5 LA one-way ANOVA HEAT & AN [F] ME-£r b F 40 1) () EL 32, 4>
WEHE BEET%E(p<0.05, FLLDuncan L&A B HIET .
3. &R
31. REAFRKREEESBECINFHERTFRE

MR ANFIR A 2 B 10 K, MERUF 7S DUEROE UMk . 4R W% 1R, 30-ug "R
EHEREEE 5 RIIFFAERIN 100%; 55 10 KRR AN 63%, =T R4E 20-ug & 40-ug
M 2H (36%- 50% K 25%) . WLEZUR-F K I, 40-ug MR ZH IR R4 3 RIT4a AR T s LA ( UiEIR
X HRZH 2 20-pg MEETZHIUTESE 5 R HBURFAE TSI (I BlcRER . (Rt 5 SR SE0 ik PR A 4 v 2 1Y)
A — U 30 pg.
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Table 1. Survival of freshwater prawn after feeding with laminarin for different days
= 1 IR SMRE TR R RKKBI KA iE SR

WL R 4 22 WE A 77 B (ug/ 2) Feeding dosage of laminarin (ug/prawn)
Days after feeding 0 20 30 40
0 100% 100% 100% 100%
3 100% 100% 100% 96%
5 73% 86% 100% 76%
10 36% 50% 63% 25%

: REE 0 RERMREH]— R HIFF R HE. WA FIE 0 ng HMRESSAR 100 pL PBS DLHUAAE B .

3.2. REEESEERIEUNFFFBRAE PR MRV LA RY

WA AT — R 2 YN IR 2 W7 I B P9 Ji At 5 /5 993 JL B Lactococcus garvieae, 70253 16.7%; SAIF
RN B FH L2 A2 K I (G-) B0 1 Aeromonas hydrophila B¢ A. veronii 25(4% 2). FH#ET % & ZHIR T
JERAF AT 4L B F L. garvieae H B3R 13.3% 4 16.7%, JELEME AR S IF TR TREEE 5
KA EE| L. garvieae, HMWEfG 3 KA 10 KR E5H 3 L. garvieae (10%/% 6.7%), 1H 75 55 Z K T-5 1
#l. 534h, A hydrophila AIRFEELEXS BEZHIR F4r BS 3, (HAEMRE I I 2 R T #R 20 B . SEgR R K
P, TE WA M 5 2 I AR 1 JFFJRRAE A RF 22 2 25 1M A7 B% B B Metschnikowia bicuspidata, H7E3 5 KI4>
BRI, I8 23.3%; SR, UREEREE AN S ENT RALER 70 B 8. B 1R T A M AT R 1 40 B AR ML i
445~ MB58 K& MB550 Witk, #EAT a4k ah A8 i vl .

3.3. HEEERE MB58 & MB550 XHHRF&IE J1(virulence)

TEFER B W AL BN HAE O e A2 a8 AF TR PR B AR 40 LA 1R (Lactobacillus plantarum ATCC10012) 5k F #
22 WAL 2 R T A R 2 B MR M 2T B R T MB58 K& MIB550 #EAT IR T 8 A1t 45 SRR, KR
T FUAT B 1 A8 8T% B B0 T, BA 2 = T-Hg 75 I BE R MB58 [ MB550 [ EIEEE, 73 7l A 12%F0 22% (3%
3)e

3.4. MEEERE MB58 & MB550 5EHE A E HF 5

N T fE PR AT I BE TR MB58 M MB550 5 WLEUH 1A A. hydrophila. A. veronii /¢ L. garvieae 2 [f] &
BB, AL DL B R T AN [F) AR K BT AN o) il 5 = kB0 L R BE 95 Ja, W40
WA R 1 FR, PEREX E0 (log phase). XT3 (late log phase) & & i i (stationary phase) i) ffil
AN S BE A bk G-BUW 1 A. hydrophila £ A. veronii 942, Frbon B 390 a4 /8 FI AR T 3 A g A
BHARI AN 5358, HA Bk MBS550 i 40 3 (14 i /v e A1 L. garvieae AR AXTHE, —ARBUW
F L AR B e 724 MB58 AR K, LAY L. garvieae =N JI G i 4B 2540 B vk MB5B50 [ 4E K (14 2)

3.5. IBAMEEEE MB58 & MB550 BIHFF 5 Bt

R VEA A R AT T B 2 75 RE SR B I X LU B AR, ARSZIG X ELSEME R 5 KA RN F T
SHEGLSFOR T L. garviae, NI 72 /NS AER FIET 8. 45 A& 4 FroR, SREALHR T8 RS 4
O (JET- 5 100%); 1##k MB58 [z MB550 2 W& ZHUF -1 I FE T2 50 il 9 26.6% [ 29.4%, 2T W T Ak
TR I 4 O T 1000677 1
3.6. I FIEAgEFEE MB58 & MB550 IS (LB = 55 M

N L P R PR SR i A 1 ISR P S0 T A R (POY IR IR AT 5%, A S T PR T AR I 1R 73
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Table 2. Pathogens and special microbes present in prawn hepatopancreas before and after treatment with laminarin

2. WRSEEAIERT RN F T ERAE A LI B E SR E MY

R kb ME£r 5 K% Days after feeding
Feeding
treatment 0 3 5 10
7 oyt 22 TR Hh VA T oyt 2 TR Hh VA T oy 2 TR Hh VA T
None Laminarin PBS Laminarin PBS Laminarin PBS
52 AR M. bicuspidata M. bicuspidata M. bicuspidata
Special strain (3.3%) (23.3%) (6.7%)
A. hydrophila A. hydrophila A. hydrophila
(13.3%) (6.7%) (6.7%)
BOWE
Pathogen L. garvieae - o L. garvieae L. garvieae L. garvieae L. garvieae
(16.70%) L oarvieae (10%) =75 500 (20%) (6.7%) (16.7%)

e WRAE 0 REIRMAHT— R HAF T REAT MB35 -5 A Hl o 5 B AN R A2 2 SR HHBRE A 2> BRI 203 R iR R
BT 171 AR i 2 B B T

Table 3. Mortality of freshwater prawn after injection with Lactobacillus plantarum and Metschnikowia bicuspidata MB58
and MB550
= 3. KKK INESTEY ARG EESE MB58 & MB550 ERIZETH

R VESHE T IYFET 30 H Death number of prawn after injection A

Microbial strains 12h 24 h 48 h 72h % Mortality
L. plantarumsATCC10012 (N = 19) 4 2 10 1 87
M. bicuspidata MB58 (N = 19) 2 0 1 1 12
M. bicuspidata MB550 (N = 19) 1 1 1 2 22
PBS (N = 19) 1 0 0 0 0

T NZRERHEH .

Table 4. Mortality of prawn fed with MB58 and MB550 after infection
* 4. IRRHEETEEEH MB58 & MB550 [EiR 7K KB AIRA B RIE TR

M A F Feeding treatment J&4% Infection BT 7 %% Mortality
- 0
TR Eh 7AW PBS (N = 15)
+ 100
- 0
MB58 (N = 17)
+ 29.4
- 0
MB550 (N = 15)
+ 26.6
- 0
MB58 + MB550 (N = 16)
+ 0

W N FoRFHSLS T4

S0 S A o 2 AN ML ER Y ) PO S . S5 SR AN 3 BTN, Bk MB58 MEET LR T RIS PO i T X R4,
{H PO LT XL, BRI POs 5 PO B XA T B2 % 5« Wik MB550 MEA 4L UF T () 2% POg
5XRAHATLESR, PO MK TXEA, R, IMERN POs & PO HE T X R POs I POr. 5P B R IR
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MB58 MB550
06 Log phase Log phase
. [ Control T [ Control
0.5 1 - 0.17 mg/mL ] ] 0.023 mg/mL
0.34 mg/mL i 0.046 mg/mL
° 0.4 1 . *
8 ]
(DD 0.3 77 * .
0.2 % .
0.1 4 _
0.0 ‘ . ,
0.6 Late-log phase Late-log phase
. 1 Control l 1 Control
0.5 1 2 0.094 mg/mL 1 0.039 mg/mL
N SN 0.189 mg/mL | 0.076 mg/mL
g 0.4 1
a 03 |
O * .
0.2 . % * . %
0.1 | §
0.0 . ; .
o Stationary phase Stationary phase
[ Control 3 Control
0.5 - = 1.151 mg/mL 1 B 0.002 mg/mL
04 - 3.030 mg/mL | 0.004 mg/mL
S ' *
a 034 * " _
o . * )
0.2 1 % ke 1 N
0.1 1 1
0.0 T f f T i i
AH AV LG AH AV LG
Pathogens

AH, Aeromonas hydrophila; AV, Aeromonase veronii; LG, Lactococcus garvieae. “ER&Giit447)5 5 PBS 4bFE 2 il 412 A A
5% % 5 (p < 0.05).

Figure 1. Effect of extracellular fluids of Metschnikowia bicuspidata MB58 and MB550 on pathogen growth
& 1. #eEEzEE MB58 A1 MB550 BE4hE X B & 4 K A2

SUBEIRF S, M2 POs Al PO SXHHRZHTC 2 55, SRT MER P () POs A2 PO+ M /& T A2 .
3.7. MFFIRRRMEFISE S EKEAR G5 R

R PPA R R 73 M I BE TR AR TR A N TRDRHE 2 S A B S TR B0 /7, AR50 DL E R (alginic acid) Ay
FER, o HIBIE A 1 R S PR 20 510 MB58. MBS550 AR £ 5 B MR (1 DU RN ADRE, otk BR 2 Akl
MARBEAEFYT . FRARKEEMRET 4°C T 5 KRG, WSEMER I EES - RETER,
RELERFAE 2 x 10° CFU/ML. K AR [FAR IR 7 5 K, FF T3 — K O REKYL L. gariveae J&, W
A 72 /N ERFIIBET R, 45 R 5 Fon, STIRZLER L e FRaptTs, RAUET XA 47.8%,
HERA AT A 23.8%, 2T IR NG R I SE 360 4R 7 PR T R IR T X IR AL S5 R 4L, 7l 2
MB58 41 10.3%. MB550 £H 12.0% & i £ 4H 11.5%.
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o Aeromonas veronif Aeromonas hydrophila
' . [ TSB; 0.04 mg/mL [ TSB; 0.04 mg/mL
VZZ2 | og phase; 0.16 mg/mL Log phase; 0.07 mg/mL
03 ; KXY Late log phase; 0.06 mg/mL i XXJ Late log phase; 0.05 mg/mL
XXX3 Statio:ary phase; 0.04 mg/mL * EXXX Stationary phase; 0.06 mg/mL
*
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0.4 Lactococcus garvieae Strains of Metschnikowia bicuspidate
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o’ 0.2
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* *
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Strains of Metschnikowia bicuspidate
"RRAGH TG S PBS ALFR W IR 1A B L R (p < 0.05).

Figure 2. Effect of extracellular fluids of pathogens on the growth of Metschnikowia bicuspidata MB58 and MB550
E 2. BmEEINEITHEAEEEE MB58 A1 MB550 & KHISZN

PO activity in plasma PO activity of hemocyte
. 10 Il PO I PO . *
2 1 PO, N . 1 PO; N
£ *
E 1 1
=)
- *
| ﬂ ﬂ
B 0.1 1 .
©
(2]
o
—
001 ) ) =0 )
° © ) © o 50 N e

Feeding treatment
CRRAGI TR S PBS ALHE W R4 2 A BAT B 2 R (p < 0.05).
Figure 3. Phenoloxidase activity in plasma and hemocyte of prawn fed with stains MB58 and MB550
[ 3. IREEK MB58 F1 MB550 347K 1 B AHRAY M 3% K% [ Bk A EA L 1L B 320814
3.8. IFFIRAFMEHESER IR GBS AERENAR T SLEEYE

HRF 20 5B & PR B MB58 [ MB550 [k} 5 R UL RAFIR G2 L. garvieae &4k 1 KL 3 K, L
MRS, 23 05 2 A LBk ep PO AILER Fh 258 e H ki A BB (GPX) T P . 45 R B, S4IF 7T RE
AR TR 5 2 3% PO i T-x0F HEAL(14] 4(a))s Bk MB58 M2 S5 fE2H o 22 e obh, Hodth = 2H % L Bk
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Table 5. Mortality of prawn fed with strain MB58- and MB550-added feed after infection
= 5. IBARMEK MB58 & MB550 AIARHE RK KA BERIE TR

Y Ja AN [ I 1) 2 B (5B T2 H

MR b Death number of prawn after infection at different times PAER
Feeding treatment % Mortality
12h 24 h 48 h 72h

X HEZH Control (N = 24) 1 6 3 2 47.8
IFEERL Alginic acid (N = 22) 1 0 3 2 23.8
MB58 + Alginic acid (N = 29) 0 3 0 0 103
MB550 + Alginic acid (N = 25) 0 1 2 0 12.0
MB58 + MB550 + Alginic acid (N = 28) 2 1 2 0 115

T N RRBRA S IR T RO%H .

160 (a) Plasma PO, (c) Plasma PO,

140 A g b
£ 120 1 ) ’ ] %
£ 100 - b % % ] c
2 80 b a a %
= a
S 60 -
©
< 40 a

20 _ %

0 / . . .
- (b) Hemocyte PO, (d) Hemocyte PO_

b
140 c ¢ ] %
=)
E 120 . % % '
C
£ 1001 % ] 2 . 1
> 80 - a ¢ ]
2
S 601 ]
< 40+ | c
20 | ] %
T E S o ® S 0 P d e
007 0o e (g %*\1\656 00 (02 W (e %Ne%"
RO ‘\]\66 NS \\{\66
Feeding for five days Three days after challenge

KGR, FRALH IR %412 8 AT %% 7(p < 0.05).

Figure 4. Phenoloxidase activity in plasma and hemocyte of prawn fed with different feeds after infection

B 4. BOKKBMARENESIR R T RERAHE B BRE R R MR K MEkA S B E B RE

PO 7R TR FRAL (14 4(b)). (EMEIFLRYL )G 3 RIEFT POr &R, MB550 FIVR AR MIE PO G
PR TR, H MB550 455 E TRA (4 4(c); ETIMERATENE, MB550 4 T4 R4, 1k
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*

B2 PR B R T X R A, LA MR AR B S A I A Bk P PO B4 5 % R 4 6 22 57 (1€ 4(c)
A 4(d)). MEEAFRERLZ R IMER A GPx W PELE BN, REWEZIFFTHE 5 RS 1 KK 3
R K GPx JE M T A M4, R AN R Fk MB58 [ MB550 M2 4H THE & 5 RAERYL )G 1 KA EL)

ST R, HRAKIYE 3 K, ARALIE N BAR T X A4, MBS550 410 W5 i T-%f HE 20 (14
5). M TG —FK, YL 3 T4 — 0I5 i B I 5 A IR RIS .
4. g

4.1. REFREFIEERESWS MR KKBEXL I FE

AP 5T LI M T ST A 7 2 5 W B B IR R T A D 2R R LA S BR F- F es 7, DUAS [ 77 £ 1)
157 22 1% (laminarin) B &VR K KR HR, R4 30 g FIEE S 5 RIIFFAE %N 100%, HEE
510 KRB, fEIERAIRE4ERF(E 62.5%, & T HARM AR 1). Al 58 A [24] LAA R & 2 A0 TR
RIEARI, FHFEASLTIER BT o)), ERATRIERGRRE)) F M. B RS R, & HiF
TR 30 pg (6 2 0 D& FE PR AR s ), HEAGHER IR F AW EAE T A08 s e "R 7 Xt
UR 71 g i R BE ) G S B, IR PR AEAR @ I RS F7 . BEAh, ARSEEG R I 30-ug A TIESME R 5
REFUFFIET, HZEZE 10 RIFMHIET. GO, 7 REQ AR — XN B3 R R S &
R AR, KGR R H A AR B0 B AL I8 =1 [25]: A B FL R, a4l H 2 2 5 SR I
23 A P A B R B Bl 7 AR A7 [B] 45 4% (negative feedback regulation) [24] [26] [27]. JFBA, A il

(a) Feeding for 5 days
8

. 7
°
8
S5 4
=
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0
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Figure 5. Activity of glutathione peroxidase in plasma and hemocyte of prawn fed with different feeds before and after in-
fection
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KRELL

P it R 18 2 07 Qe SO L RO o Dl G I 10 {6 FH S BE RIS vT BE AR K A B 2 AR 70, AR
6 BRI e PR B R TSRO 30 pg, — IR 5 K.

4.2. IEESWERWIN TR RIENSREERSEE

TN A ) f T A A 0 R R 52 B B DR B KA S [28] 0 AR SR LA ¥ 22 TR IE SRR T AR 10 R
Je, T MRS AN RN TSR BT A TR AR AR A . A ST G R, MR 2 R TR B I R A )
R A 2 R AE U [18] 5 B0 B 22 PR B 1 181 (G-) A R 3R AT 20 B 0T 4 8, R G-4H B £ 27 Citrobacter
freundii. Enterobacter aerogenes. Aeromonas spp.. Acinetobacter baumannii & Pseudomonas spp.Z:41 &[29] .
AR SIS AE N REZH 2 30-pg AT AU JBRAVE P4 A 73 8 81 B B Rk (R S s B ), 1 R B0 HE AL - JR A
P EEE 805 1 Lactococcus garvieae 7 25 s T 2 R &4, H Aeromonas hydrophila &7 &4
WP, AR R I, MR (Metschnikowia bicuspidata) H I ZEME A4, H R W TR IT4ERT 5T
T, A L2 WA G R BA R sh Y i TE AR BE ), 2% SRS K il I se RN Lactobacillus
acidophilus A= BT 73 FUBRIE[30] 0 PRI, A S50 I 0 - FF SR AIE P 11 A 14D 50738 BT e R0 3 400 1R R 70 i 2 1
FKYTA R E, DRI BR8P 5 D S SRl R 4 B H IR B B G 45 A

H FFFIRIEE P 803 Tt B AR A AN T A SRR B A B, IRETHT— R EALYIFRE D> 6 KRAYEF71E
FLIFFRIR 2 B SR, HLAESE 5 RIHBUIF 30T (27%) K 58 10 KUFF K EIET-(64%), MR A & Rl
WA BURE, (EA SR ) TVER BT EUR I AW PE . B2 BER T A BB EURTE L. garvieae
TUEEEE 3 R/ B RACTMREHT, 285 RNWREF], HIFRWESMF 7B, HEE% 10 REUH
WIS, IR IAET.. ARTFRR, BEAMEAIRN, BN R E & R n[31]. bk
SERTOR,  BUR BETE AT P B0 AR A R 1) R R S AR B VIR R

4.3. ¥gEFEETE MB58 F1 MB550 fERZEE B

7 30-ug MEELES 3 & 5 RINIF PR HBIET., HMA R EEME SRR H i,
R ILE SR 2 PR VR AR o ST 0 b % o T T T LA A0 1) 350098 B T S 145 AR R i A7 BRI
A SIS BEHL PR MB58 Al MB550 #E47 42 15 1] LR 2% A B 1P A

A SZIG e % — Pk CL G WlIE 52 AT DAVE A S5 S 25 2E 1 O RS A FL AT (Lactobacillus plantarum)f s
8, LURC = RRAH B R R B )R I, 3 85 B AR I BE B /R MB58 Al MB550 X HIR1- 1188 /1 3K T 1A%
FUFF B, BEARSXIRA B AASG 81, E 2B RS A AE TEMA AT A, ARV, 8T
LA SR A7 23 A T e At HRIEER T IIEUR # L. garvieae 2 A. veronii 2 LDsy 23514 10°
CFU/mMI J% 10° CFU/mL [3], 7 SZB6E 5k 93 Fft 40 76 1 7510 A 108 CFU/mIL, B R BIKT 25% . (K A,
oK R A ) 7 T B 1R Ak MB58 Al MB550 Mo iR 535 B0 77 -

T ZE R I, PR MB58 Fll MB550 5] LA P ik G-E0wi Btk A. hydrophila /2 A. veronii 4+
DL Ei i S ) MB550 1] LA L. garvieae A< (] 1) )z, itk G-EUi B bR o410 i 74 B % MB58
A1 MB550, L. garvieae {¥AEHNH] MB550 A=K (7] 2). HRHEIX Ll GLIHEM, Mg 25 B RF 1 ) BLLE T JBE T v] B
AT LA B bk G- Eibk, IR L. garvieae, BB BRARIF TR Ge K0 HINLE

A SIEE: DL Gy B S 40 AT LG R B R R R e A R AR 0 B L. garvieae HUER G ). MR EIERE
T P R LV R R, R R IR T R AR T R (G 4 FIEE 5). BT Rk MB58 #l
MB550 *f L. garvieae [ 734G MR, BT LAAR LS — L Hrbvhis 71 s e B 5 e A k. R mE
FRET 5 AOUR 7 1M 52 5 Bk PO v R B, H4R MB58 24k if % proPO #1L Kk PO (B POg), {H MB58
F1 MB550 2= FEAR I JR 1y S A % 2R (1) 25 B (POy), BRI/ D BRSO I [23]s HLIB & B bEXT POs F1 PO #
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REL 5

ANEFZW(E 3). Y34k, MB550 FITRA Bk AT LA 532 = L ER A POg Al PO (R IR YL Sz 45 3R (%
4), MB550 ML IURT 2 A7V 2 M MB58 MEEZHAH A, SRVRA BARLUR TR0 T . X el JfE, A
IR B — R BR A WA, TEIR T AR, Aanle KR IEH, H MB550 FVEA B PRI RE TR & i
BRPY proPO # i, 1] DAZE YR 3 RIS AAT 2B 1 o

P55 T DA T R L N TR R B B () PO EME RIS B EE B AR, HED T BE 5455
Tt A B G iR A O[32] o HHMRA o H IS AR AT, DUAh s a0 20 1aD k) RE AR A7 1M Bk 41 o fE 5 My 45 4L
BER T UM, (RIS, MB550. ¥R AR & Wk =R ER N PO B LTI R, R
YN S FEE R PO R G RIS 45 ORI, MR PO J& M AV AE M 2% S i 3R B 5 5 B 21
TZEFE . HRERRAIN TR TR T A, (HE TR PR a2, DN 7E PR A 540 VAL I T ) e R iR 7
L3R AR UL F AT proPO 4 i, $RFHIF 40 77, AFRLE L5 AT B A R IR . W, MB550
ARG MR TR G5 S MBI E Y, St — e i), IFF I R K T A i IR R fr 4.
Fhh, PrEMZ AP IS F AR RS R R, RETREWREEA SR s A A1 (18] 5), (R —TE
PRI TCHE RN o 5 A I RIS 1 5 5 RGBT A 45 S, V& P& MB58 Fll MB550 1 LA ik 2 T 4 )
P ) SRR FHEPT S 17 B — B R T BRI I B T I Ath G 325 43 R I B B M SR AR IR K
VAR

5. &

W HE 2 IR T REIRTHIR T S J 2 Ab, M RE AR R 7 FFJRUE P9 IO A B8 . TREEE 30 pg MRS
T AT 675 Jo 5 IR N B A DA R, R AT A A5 5 R e P IR (A g 7 T B BT ) - A 1R - 350006 T
MK, IRBIHEIRSE T RN, 28 S PR M ) 4 s R, 46595 220 TR R 60 5 TE 0 T FRR O v e R P A
T R MB58 J MB550 REAM I EU® B AR K XHEFF o (3059) 80w 71 DL REIE it 7 i g ). i
JIRISEA S R, HEEF B RE R MB58 K MB550 ] it HLA 1 IR T 25 A2 B (1038 )1 AFFL I, #R3F
22 ) A ) 5005 B 11 B o, 25 AR S22 B PR M A I BE 1R MB58 [ MB550, FF 1Tl H i A4 75 2 1,
LR HIAE A G A Tt (synbiotics) ™ it LUSLH T FREE LY, AN 2R R/ B 59505 1) 77 17

B oW

AHIF FE TR #7522 27 (NSC101-2313-B-031-001) 75 LANGF 58 e 41, IR 48 S K22 %8 B
8%, R HE IR TR [ ar R RE R . &R SRR A A SO mibk 2 - (R BHES | 460269 5).
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