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Effect of Bacillus pumilus D5 and Its Mutant on the Growth, Disease
Resistance and Culture Environment of Hard Clam (Meretrix lusoria)
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ABSTRACT

The hard clam (Meretrix lusoria) is an economically important species of marine bivalve; however, for the
past few years, tremendous economic losses in clam culture have been caused by poor aquaculture management
approaches, global warming, and pathogens. Vibrio is a serious problem that restricts the culture industry.
Probiotics could be used to promote growth, improve water quality, reduce environmental pathogens, and enhance
the immunity of cultured species. We explored the use of Bacillus pumilus D5 and its mutants to perform these
functions. Over a six-month experimental period, hard clams treated with B. pumilus D5 exhibited improved
growth compared with those treated with B. pumilusNG25 and controls. The concentration levels of ammonia and
hydrogen sulfide in treated hard clams significantly decreased compared with those in controls. Six months after
the start of the experiments, the hard clams were challenged with Vibrio alginolyticus and Vibrio vulnificus, and
significant differences in hard clam survival were observed between the probiotic treatment and control groups.
The cumulative mortality of the control group was 60%, whereas the cumulative mortalities of probiotic-treated
hard clams were 30% for B. pumilus D5 and 20% for B. pumilus NG25. Subsequently, real-time PCR was
employed to determine the mRNA levels of C-type lectin (Mm-Lecl). In the bacteria exposure test, the expression
of C-type lectin genes was upregulated in the B. pumilus NG25 and B. pumilus D5 groups compared with that in
the control groups, and the mRNA expression level was highest at 72 h, C-type lectins play defensive roles against
Vibrio invasion in hard clams. B. pumilus strains appear to represent ideal multifunctional probiotic bacteria, with

the capacity to address mortality issues and increase aquaculture profitability.
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subtilis) ~ 755 IEF R B (B. clausii) ~ 5/ NP fUfs
(B. pumilus) ~ EEFS A fIFR T (B. coagulans)
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WA RMHBRER - KA R R R 2 R IR R
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Chu et al. (2019) #3H B. pumilus SAF214 |] 433
HIFIEEHTEPIE - 737 "] T Staphylococcus aureus
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F0 Listeriamonocytogenes » H:rfi#i S aureus YT
WY& By pumilacidin » f£ pH 1 & pH 12 AYIRES
TERNKYIEENE - AoZREERYEZE
[l Rt L 4 A T 4R35 4 < Zhou (2018) ¢ B.
subtilis Hh % 2 2 1 v 14 22 15 22 BREY A A7 T 3
Y » ¥~ Escherichiacoli ~ S aureus {1 Salmonella
enterica A - HEP TR E L EINEL - itk
Bt i R 1 - 0 H AN 2 e R s B DU R -

2016 AEAE B 7 MG o B e — PR
HPUERETINY B. pumilus D5 (R, 2016; 55,
2016) > Gao et al. (2017) K:#F% (2010) ¥ B.
pumilus & 73— IR IR E - '8
eI AR 2L - Bl AR 2 A A
B 1% SR ECHH R s g o BE SR SE T B. pumilus
D5 it 2019 4B AP E KSR E 2
PURYE - KRR LIRS H 0.45 um 18
M EE > BHERHANEINE (Vibrio
anguillarum) ~ BIEIME (V. vulnificus) ~ #EZ FHER
(Streptococcus agalactiae) J G SEEKE (S
iniae) ELABGRAVENERERUR « ARHN R IR A S
U & B.pumilusD5 |- @ iRASHTE 4 - 8 fi51%
AHERIEEF#HZE (Ampicillin) R 0.05 -
12.5 pg/ml B(IHLEERE ST » HAE 60 hr 225H5AH 99%
FIHIHIINEAYRER  EARERE T - BRI
80°C ZAFRE 15 min £% - (EHHEEREEH 50% BIHT
BRTEE - TERRIEEREE N RIBATBEER TR 100% HYPT
BT © FIF 6 /K il 2 iR Bl B. pumilus DS Jifd
SMprE R - B HD TR - BB Y E Y5
{##E i E (pronase E) ~ H H i K (proteinase K)
K gl (lipase) H A& EBUEM - Bk B
pumilus DS S MIEYIE ELA JTEA B 5 R IR
MITURIYRFTE (P, 2017) > AILUERE B. pumilus
DS ZHIEYVEIER B E N EREBIG N -

H 5 B ¥1 % Bk (antimicrobial peptides,
AMPs) FYTFEHES Ry 3B T /2 513 2 Hs  (Mytilus
edulis) Jz #hoh g #% 204 (M. galloprovincialis)
(Allam et al., 2016) » IGHIER > RUEA IS - 1E
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Fran HEPIE K E 2 0k 4 > 535805
defensins ~ mytikins -~ myticins ¢ mytimycin »
defensins FEE /A4 E (Crassostrea virginica
1 Crassostrea gigas) Ed &y #¢ #% 7 (Haliotis
discus) » & 3 MEE RPN HEHEENE - H

mytimycin A] DT B FCREMEER ~ B RS TR T ~
HE MRS R EIZoE - SR
HEEES EREERARAEE - HREENEEEN
B o 3R (2016) WRFTREHISCEE C AVEHEREH
(C-type lectin protein, CTL) Z FE[RIZRIF B G 17
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BHEHE, HECRERS SO TR R R B2
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W AH M TH IS I 1 > B. pumilus DS R RERI B A
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B. pumilus NG25 1252+ B. pumilus D5
A RS ESEN (Nitrosoguanidine » NTG) 2z Kz
UV FES i dL[EFEE A » DL UV 5T 25 min 4%
FFLL0.01 ppm NTG 30 85% 18 hr firfiEHE
EYUINEREJER B. pumilus DS (28R (5,
2018) - &R FEEFR -80°C UkFE - MEITEERIE
-80°C VKFEHLHS L2 8RR - K ZiE ke - 1R 2%
Afbsme TSA BALE ARG EEE (tryptic soy
agar, TSA, [ Difco) #5385k F15# 16 - 18 hr >
HH B — B iAo = KA -

o~ BANRK AR R I DU AR

AR ESEER Bl FrwedlE Y 7 SOk ARSI\ aR e
A 0 B. pumilus DS fe HZ@ A8k Je T e 7K 2
R N 43 IR BRANR N 2% &kl TSB
28°C KZ#& 24 hr > DUEH /K%L B. pumilus
D5 JrH.Ze# k% ODsoonm J 0.4 (HEHI R 108
CFU/ml) - B3 MEEHRA B 0.9 em Z §#ER
DU RIS » HY 20 ml L85 ~ AR&EE (R 45°C)
AN 2% &ALz TSA » AL Bk
108 CFU/ml 7K SR I B R IR 53 2 1% 0 LA
B2 &I - 157 TSA BEERIGEIRIEER - fEME
JIA 50 pl B. pumilus D5 s H 28 bk L BRI - B
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PSR L (8000%g, 10 min, 4°C) Rk LiGHK
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SRR - AT BUEEABERT - R Rl 6 18 H Rl
FISCHS » B IR 3020} 20 (cm) HYBZHAHT
Hho fEELREREE A 30 FESG - PRI - EEEAE 1
B 2 2% 3 BHE - B —HERE TR - '
fi B S IR I Ry 10° CFU/MI 5 s sl B AL AT B R
BRI » SRR N H R TR T2
& FHFEE ) JRR A SCA 7 17749 0.05 mm FYBFI
P SHIETE A BRI 200 pl fASCIG RS - HERE
SRR HERWR % > PR SOIS HOAFF IR - 22
TIRHER FHIGE B A= B AR - BT 20 psu > (R
25°C - ¥l B B B[R] 20 B » 43 1AE 24 ~ 48 ~
72~ 96 ~ 120 J¢ 144 hr FEHGEIVSHH =& 30628
HUEEAHAR . RNA » [iEgREL cDNA figH] -

&~ RIERN A E =T
(—) ZFEEYXX 52 total RNA

f5i F§ AxyPrep Multisource Total RNA Miniprep
kit FEFT OIS HEAAAR RNA FUZEEY > EXFEELH RNA
JEE Ry 10 ng/pl #24i6H -

(D) RiEE% cDNA
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Table 1 The diameters (mean + SE, mm) of inhibition zones for 102 CFU/ml concentration of B. pumilus D5 and its

mutants, NG25, NG24, UV35, and UV37, against 10° CFU/ml concentration of V. alginolyticus, V. parahaemolyticus,
V. herveyi, V. anguillarum, and V. vulnificus. Treatments with different letters were significantly different (p < 0.05)

V. alginolyticus V. parahaemolyticus V. harveyi V. anguillarum V. vulnificus
B. pumilus D5 0 15.3+0.19° 18.9+0.19° 21.5+ 0.28° 21.8+1.41°
B. pumilus NG25 0 17.3+0.12° 20.3+0.19" 23.5+1.5° 22.7 +1.88°
B. pumilus NG24 0 17.4+0.14° 20.5+0.19° 22.5+2.25° 20.3+2.22¢
B. pumilus UV35 0 17.5£0.11° 20.4+0.19° 23.5+0.62° 20.1+3.31¢
B. pumilus UV37 0 16.5£0.17° 19.7 £ 0.19% 20.5+1.33? 21.1+£0.78"

f#F Super Script TM IIT Reverse Transcriptase
EHETT SO SRR » P BR—BE T oligo dt (18) 1 ul-
RNA #4575 ul » dNTP (10mM) 1 pl » ddH:0 6 pl 38
E R ER(D » 2 65°C {EH] S min % - BFERUK
2 min s 1 <FE ; SER T 5 £% Frist strand
buffer4 pul ~ DTT (0.1M) 1 pl ~ RNAase out (inhibitor)
1 pl~ RTase | pul SePBE—HISER (D 13 iR &Ry
[ HERE (I1) » 14 50°C 30 min, 70°C 15 min 4% -
Bk _E 10 min - #5% cDNA EY) -

(=) BRERRE

DL bl Frlfiey cDNA hy#Eizs » [lB-actin-F
(5’GATCATTGCCCCACCAGAGAG3’) ~ B-actin-R
(5’CCAGACTCGTCGTATTCTTGTTTAC 3°) ~ Mm-
lecl-F (S’ACTTGGATTTGGGAACCTTCAC 3°) ~
Mm-lecl-R (5’TCGTCGCTCCATATATAATCAAA
G3") Fo5 |WE1T HARE R (3RS, 2016) - H
FE LR R i 664 By 94°C 5 min » 94°C 30 sec ~ 55°C
30 sec~72°C 30 sec 35 {EE#EEEH  f 12 1E 72°C
ZEf 10 min > FFE 4°C 30 min - R PCR F#55E
F 1.5% HGHEREEEE Bkl  fEEB R T
gt -

(m) HBHES

FRA 224CT B EMm-Lecl ERAIFHE SR
EE 0 DAp-actin By 2 ALK > i One Way
ANOVA 3t B EsH B ERHAY M m -Lec 1 LK
PR RN e -

+ - HEt

HEAE RO = HENPIEA R - AR

HHMISELL one-way ANOVA 73477 ELi » N [F] FREHHH
= BRI /K (p<0.05) - FFLIERE %4
] (Ducan’s multiple range test) 3 {7HHESE
EfE ke HA R -

2

LS

-~ NG HORE S LR Y
FFl

Y T/K RN R L BE Pk B. pumilus DS 1
H 4 FHZEEBE R B. pumilus NG25 ~ B. pumilus
NG24 ~ B. pumilus UV35 Jz B. pumilus UV37 DLk
AT K R S B T T DU BB - AR RN
SRR EREABE T - Table 1 BURTURERT/ N A1
FRER S B8 RAT TR ER A/ N Y 15.3 £ 0.19 -
17.5+£0.11 mm Z 5] » HHLL B. pumilus UV35 1
PUBRRO I Ry BN BB 1 5 ARG HE N BRI
EREGERT - TR/ N AR R R H SRR BT
BERA/ A 18.9+0.19 - 20.5+0.19 mm Z ]
Hrr DL B. pumilus NG24 BT T Ry i 0 HLBE
F 5 IR P TR B S h » IR R PIE
RA/NER 205 £028-23.5 £ 1.5 mm Zff] » H
1Ll B. pumilusNG25 IIPLE U T R 5 ixfRk
FEAI G PR BREAES TR PTR R
/NG 201 £3.31 - 22,7+ 1.88 mm 2[5 » Hrpl)
B. pumilus NG25 (TR T Ry i3 » TRk
EHA IR MU - #845TTER - B. pumilusDS
H @R R BIG IR AR PUE - 2
FIPURE R ERESR IR R DT B Y B. pumilus DS
RS S » XL B. pumilusNG25 $ it 7 A5 HY
PR TR ifE (p<0.05)
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Table 2 The shell lengths of hard clams in the control group, treatment group 1, and treatment group 2. Treatments
with different letters were significantly different (p < 0.05). Values are presented as the mean and standard error of ten

replicates (mean + SE; n = 10)

Treatments 1% month 2" month 39 month 4" month 5% month 6" month
Control 17.73 £ 2.91 16.32+1.74* 19.48+2.66° 27.23 +2.69 28.19+ 3.3° 29.39 + 2.46°

Treatment 1 17.73 £2.67 22.92+1.32° 23.55+4.89" 28.55+3.72 32.2+2.58" 32.27 £ 3.35¢

Treatment 2 17.73 £ 1.52 18.65+2.48> 20.43+2.34° 26.39+3.44 26.19+3.31* 26.13+ 3.86°

Table 3 The body weights of hard clams in the control group, treatment group 1, and treatment group 2. Treatments

with different letters were significantly different (p < 0.05). Values are presented as the mean and standard error of ten

replicates (mean + SE; n = 10)

Treatments 1% month 2" month 3" month 4" month 5" month 6" month
Control _ 3.39%009 353086 508+047° 10.34=0.68° 11.33%0.88° 12.09% 0.65°
Treatment 1 33907  657+057°  7.51£037° 11.59+1.02 1631+0.86° 18.91+1.47°
3.62 £0.58 4.45+0.31° 5.44+0.8° 9.23+0.9° 9.27 £ 0.83° 8.14+ 0.52a

Treatment 2

T~ NI/ INEF AR B L SR A S
FRH R R A Al

AERESR N B. pumilus D5 B B. pumilusNG25
TARHIR B BT - ROEEAER R » ]
RSO EETE ERy 17.7 + 2.9 - 29.4 £ 2.47 mm
(Table 2) ; SE¥JBEE B 3.39 + 0.9 - 12.1£0.65 g
(Table 3) ; SGR 5 0.72 +0.15% ; EXESHH 1 SCUAHY
SergER R R 17.7+£2.67 - 32.3+3.35 mm (Table 2) ;
SEEHEEE By 3.39 £ 0.7 - 18.9 + 1.47 g (Table 3) »
SGR £ 0.80+0.11% 5 B 2 SRR by
17.7 £ 1.52 26.1 &= 3.86 mm (Table 2) ; a8 K
3.62 +0.58-8.14 £ 0.52 g » SGR } 0.45 £ 0.07%
(Table 3) - #&H#EET 73472 - EBEH 1 LA B. pumilius
DS GRS EHIR BB R S R A
FHAIE S 2 (p<0.05) -

=~ UNIRE /N AU R B LS R B
Hh KB AG

AGRESAE B AYER TR » Fig. 1 SRPERIH
MK AR AL HIE Ry 0.26 + 0.04 - 0.92 +
0.10 mg/L ; [T AEASPARER A Eh#iE Ry 0.09 +
0.01 - 0.18 + 0.02 mg/L ; i bEHEHTE 0.20 +
0.05 - 0.54+0.05 mg/L - ErE#H 1 /K A AL

L EIEE 0.19+0.02 - 0.38+0.03 mg/L - TiEGAY
P Wl s e (Y AR B A Ry 0.1 + 0.02 - 0.15 + 0.10
mg/L ; FRAbLEIEEEHE 0.15+£0.02 - 0.25+0.02
mg/L - EESHH 2 Wk A Z IR R LI Ry 0.18
+0.02 - 0.25 +0.02 mg/L » [T S5 f e fee (1 74y
B#iE 0.1 £0.02 - 0.14 £ 0.03 mg/L » Fi &
FEHTES 0.13 £0.03 - 0.2 + 0.02 mg/L » HfsSEAa41
gk B. pumilius D5 (B E&##H 1) F1B. pumilus
NG25 (Bt 2) mJLUARoHRE R i A
BfAL SRR

VY ~ RIRE/INAF AR B e HL S B
HZ PURRAE AL

AGERRGE LRV - Fig. 2 BURTEREH]
FH - EEEH 1 AIEEER 2 Atk AR IR
[y 48 B &G 0 Al R 1.6 X 10° - 4.8 X 10°
(CFU/ml) ~ 8.9 102 - 3.4x 10° (CFU/ml) FI 6.2X
10° - 3.01 X 10° (CFU/ml) 2] - 1 eMHI~E50
BIEEE R 3.8 X 10° ~ 2.6 X 103 fI 1.3°X 103
(CFU/ml) » 534} » Fig. 3 BE/RPERIH ~ EERHHE 1 0
BEhEH 2 Bt K R A B B L ] 53
B 19X 10 - 6.4 X 10* ~ 9.2 10% - 4.9 X 10* FI
4.9x10° - 3.03 X 10* (CFU/ml) Z [ - i eAMAg~EE
LR A IRy 3.6 X 10% ~ 2.8 X 104F1 1.7 X 10*
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Fig. 1 NH,*, NO,”, and H,S concentrations in the
pond water of the control group, treatment group 1, and
treatment group 2. Asterisks indicate values for the
control group that were significantly different from those
of the treatment groups at p < 0.01 at the time indicated.
Values are presented as the mean and standard error of
three replicates (mean =+ SE; n = 3).

(CFU/ml) - fEEFEES 4 fidl H Bt /Ko B e B E 2
HIRH ~ BB | FOEERRE 2 351k 4.8 10° ~ 3.4
X103 K 3.0 103 (CFU/ml) ; 55 5 il B 09tk &
JERES R 2.0 10° ~ 8.8 X 102 K 62X 102 5 6
lél H Bt /KSR R 43 Ry 2.9 X 10° ~ 1.7 X 10° J¢
1.4X10° 5 Ti{E IR 4 8 H kR84 R &
TEFERIRH ~ EhsAH 1 ATE SRR 2 5351 Ry 6.4 < 10% ~
4.9%10* K 3.0 10* (CFU/ml) : 28 5 {8 B gk
A BB S A 5.8 X 10% ~ 42X 10* K 2.6 X 10

(CFU/ml) ; 55 6 il H At /K HE A= R B0 AL 3 1l K
2.2X10%*~ 1.8 X 10* & 1.4 X 10* (CFU/ml) » 4F 95%
WISHEKAET » EERA 2 HYSPrafad BN E
TR B A B 1 B e 1 i s
AREHIH (p<0.05) - B. pumilius D5 #1 B. pumilus
NG25 0] UG 580 R 72 F . R A B B T ER 19
R -

B Control group
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Fig. 2 The Vibrio concentrations (CFU/ml) in pond
water for the control group, treatment group 1, and
treatment group 2. Asterisks indicate values for the
control group that were significantly different from those
of the treatment groups at p < 0.05 at the time indicated.
Values are presented as the mean and standard error of
three replicates (means £ SE; n = 3).
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Fig. 3 The total bacterial concentrations (CFU/ml) of
pond water for the control group, treatment group 1,
and treatment group 2. Asterisks indicate values for the
control group that were significantly different from those
of the treatment groups at p < 0.05 at the time indicated.
Values are presented as the mean and standard error of
three replicates (means + SE; n = 3).
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TE RS AL ST H R BA 6 8 H R
BSOS FETT 144 hr (90EREE - Fig. 4 R
PEHIRH ~ EERAH | FIEBEAE 2 STk 24 hr BUTETS
ARy 83.6+7.4%~92.1+3.4%88.9+2.75%:;
48 hr IAEIERAM Ay 79.29+4.0%86.27+ 3.4%-
88.89 + 2.75% ; 72 hr MNTFIER AR 7132 +
4.46% ~ 80.39+3.4% ~ 85.71+0% ; 96 hr Y{7IER
43 RIEy 65.3243.17% ~ 76.47+ 0% ~ 80.95+4.76% ;
120 hr AYFEIERDH ks 57.11 + 6.42% ~ 74.51 £
3.4% ~ 80.95 = 0% K 144 hr (91EIER45 Bk
36.76+ 6.38% ~ 70.59 + 4.15% ~ 80.95+ 0% o EfE&
FH 2 STIGAYAE SREEE = R I (p<0.05) <

A B 1 SO B > ARG B s i IR
I 24 ~ 48 ~ 72~ 96 ~ 120 J% 144 hr 4% » SMH7 S04
fEsHRR T C MUEEEESE mRNA (WAHERIHE » Fig.
5 FURERSH | FIEERE 2 75 24 - 48~ 96 ~ 120 I
144 hr I B EAPEHIHI R 18 G258
R ELSH 1 ATEERM 2 19 72 hr RIFEFEEH
EAERIRE - SRR 4.4 K 6.2 5 (p <
0.05) - BE/RZEAEE B. pumilus D5 #1 B. pumilus
NG25 A LUIE SO HY 0258 S REA RS AR -
A HEE S SCIE I FIER -

A

KR AN R S e R R B
2 IR T PR RS T A S E 2 Y B0 1 I B
Bl o B. pumilus G HHE % 09 a5 A A 2 FE i B
EAYE > 41 Chu et al. (2019) $5H > B. pumilus
BAEY&SE%RE (Staphylococcusaureus) ~ i
= ERE  (Micrococcus luteus) ~ ¥ P AR H
(Variant Salmonella gallinarum) 1 X &% £
(Escherichia coli K88) s {f& Sk HIAE 437 B.
pumilus ZREIYE L FR AR LR - D BUE HE)
Vil iE T AL (Nayak et al., 2017) > ARHf5Ed
(9 B. pumilus ‘2 HilE e vh ot - SRk EBY)
i HGNEEBUGHE - 5 (2014) HIHFSE
HEE L BB R [E R R I B pumilus ¢
Rhodotorula mucilaginosa =] L {& 3 8L o &
(Anadara broughtonii) FJ4: & - 1 X DL R B
SR B. pumilus XS EIF » Ziaei-Nejad (2006)
Zsin 10" CFU/ml 2 Bacillusspp. fFfiBf » £F

B S S AR S s AR - St 7R ) SGR
H#8A BHEEAYHETF 5 Nimrart et al. (2013) 7F 5
(Penaeus monodon) &4 B % B R R R D B.
subtilis F6 J¢ Enterococcus sp. S2 A DU SM
BESRANEE G ~ Wk G BB RG e 30 - A
K& Z R 5 Silva-Aciares (2013) DL %% 4=
(Agarivorans albus strain F1-UMA (GenBank
accession number GQ861540) and Vibrio sp. Strain
F15-UMA (GenBank accession number GQ861541)
EREURLAE (Haliotisrufescens) ] DUt 2 %=
EREE 10% Mg EIgE 20 - 30% > Grandiosa
(2018) DL & 1 2t AF B 152 B 2 4% 1T PR T g £
(Haliotisiris) mJ LU K RAIB R 2 S
10% > 1€ Avella (2010) FYRFSEHRER R & A MR
B B R Y <A (Sparusaurata L) - 5 #I4
Myostatin Jz [6] Ff A 2 $£ 15 Insulin-like growth
factor I FYZRIR - BE TS Bacillusspp. [BHIEME IR
e LR A R DR A R R B 52 - [RIRRR
B A TE R BB - IR/ AR B e o
SRR ETR R ERER AR - RCERE T TS R
PERIE ~ BB 1 A EEeA 2 eakBess 2 | H -
55 S E H B5S 6 il I HER - B E 7041 B SGR
R TR (p<0.01) > ZEHIH - &
Bl 1 BBt 2 B E RS Fy 2.56%~4.58%
B 1.25% » BEgtH 2 B HA 2 #H - SRR
SIEIRE ~ B 1 R E B 2 SR 0.65%
0.82% Jz 0.47% » EhafH 1 /A 2 #H > 3BE
BRI IIA B.pumilus DS A5 {3 B R A T
ﬁ °

SRS FR TR B BT SR R R KR A
RAENAEYIHNRE - BH/ARHEZAESEEE
A JEEE IR RB Ry R S RIS T T
s BN ARG - AR IRRBR R B A SR
T > ERE RS TTHY R AL e ATP RERRYRESEIT
FEAMEYEsE (B, 2020) 5 HREEE R SRR
S e {55 B ARG R RL I BR AR ST TR
& G P S AN Al - SRR I BRAH N
1y (B s T AL = B - R BRI
TEARIEETST - ARIBIHSE (2018) SCRERHRFEH - AL
e PR 2 A TR 2 AR R B (Bacillusspp.)
Y& H B (photosynthetic bacteria, PSB) Jzfi{k
Y (nitrifying bacteria) » EFH AR 2 35 M
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Fig. 4 The survival rates of hard clams in the control group, treatment group 1, and

treatment group 2 following challenge with two bacterial strains (V. alginolyticus and V.

vulnificus) for 144 hours. Asterisks indicate values for treatment group 2 that were
significantly different from those in the control group at p < 0.05 at the time indicated. Values
are presented as the mean and standard error of three replicates (mean + SE; n = 3).
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Fig. 5 Analysis of C-type lectin gene expression in the gills of hard clams from the control
group, treatment group 1, and treatment group 2 following challenge with two bacterial
strains (V. alginolyticus and V. vulnificus) for 144 hours. Asterisks indicate values for
treatment group 2 that were significantly different from those in the control group at p < 0.05
at the time indicated. Values are presented as the mean and standard error of three replicates

(mean = SE; n = 3).

HHEE - ATDARE AR Z O S e - 2017 LR 5 fufR
Bt B A DA It AR S A~ A iEEREE -
FREE SRR - /25 (2014) HURHSErRZEE -
g okl b [ BF R 0 B. pumilus k2 Rhodotorula
mucilaginosa W] DAFEE B IAR K 82 AR K
TSR EAE 0.2 mg/L LU - A EE R P2l
AR A Z R EIIRE Ry 0.57+0.06 mg/L » CUJ&ER

G R N E G ERIARIRE - (BRI
SRR EE R 0.71 mg/L o SEIERIIRS A EN
HEaH - 8X® B. pumilus DS IR RIRE By
0.31+0.03 mg/L » {EEM IS EE IR 0.32
mg/L - B{E B. pumilus NG25 FERHH VA A
IR Ry 0.22+£0.04 mg/L » FEEIAR I A AIRIE
{#3£ 0.23 mg/L > AffFe.2 £ B E R ELR R A
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IR - SHESER LSRR - fEE R
H -~ B 1 AEEE 2 R ESRES
0.33~0.19 % 0.15 mg/L » KHFE/ N RS ke H
BRI EREER L S BIDIRE - /288 (2018) Y
IR E AR MR ZIREE AR 3 ppm - (M
WAL SIREAE 0.3 - 0.5 ppm & EIRHIE
FRALEIREAE 0.5 - 0.8 ppm N BIERCCRSEL -
A ERBEFIT o R/ N2 AR B S L 2 Bk ] DA 3%
IR K R HH R A S L SRR - B
I R N EBIR PRI AR o

WA EINTR A — B E0 HINTE R R Ea e
YR )1 0 A% (Wang et al., 2008; Wu et al.,
2014; fa[, 2015; #E5%, 2018) HEUREPR ARG
AR AT DA L~ i~ Y S R R SRR Y)
FLZHUR T - ik (2020) $HET HIRETTRIGEI
R o G B I Fe g B - I P A2 AR
(B. licheniformis) ~ FEEEZEAUFRE (B. subtilis)
KEREHEAE (Pseudoalteromonas flavipulchra)
Frf s S G i A R BRI - ok I DR E
WRHIAEIERE 77.3% B EIRHHZ 25.3% - fEH
FERIWSE - Y Offret et al. (2018) HIRHSERIAN -

FIH Pseudoalteromonas spp.fF st 2 » KL
S BB ER IR E UL (Haliotis tuberculata) 3
7RI 4 hr £ - A]LUE R FHEMSAE IO E A L
FLAYS TR - Jiang etal. (2013) HYBFFERfEEA]
Shewnella olleyana Wa65 k S. colwelliana 3#£7PY
R &R AL B BpUiE (Haliotis discus hannai
ino) » ] AE e B U S BE 0% S AT S I
JE » 3 HLAS Fhs A R B i Mok - TR AT
R 30 - 50%FEE B 77 - 80% - Gao et al. (2019,
2020) 4> RIfEEEI IR S B. lincheniformis 5z B.
amyloliquefaciens 5 ] DI2 S iU M s R e ot
& o ARWF5Es 2t 4 AL HTE B a RGBT AT LAt
KEB/THIERINE - CHER BN R A RN
UM - ARBRSCHTAY 104 - 107 FFH9 SIS B T HT
sehER Al (BFE, 2018) - HATSCIE R RIETHY
AT REIKI R Ry /KB A BN BRSPS T oI B
rh U RIS I B e T2 Pa I R e R SR Y SR L

HARAYHNE gl BSOS R R AME - R
Al S R BB B RS SR w] %00+ B. pumilus DS
J¢ B. pumilus NG25 SRRl G IN E A BRI TR
AEJT  TAE e BR R m] LA B - Bt B. pumilus
DS 1 B. pumilus NG25 &I SCEG R BN s

FRINEEAYBCE T » 72 hr P G052 R K 2 I RHAY
4.4 Kz 6.2 £5 - [FIRFBIZE UG IAE R » 4E 120 hr
T E R 2 g S PRI - RS e
SN B. pumilusNG25 » Hifg B w] DI 5 SCHE R 0
[ESEREEE DEiRANSE oA -N=E=gi DL it P

#SIN B. pumilus DS FAGRRHHR - AR SIS HY R R
AT B B 3 S R PR ARTAE - EES B, pumilus
NG25 [AgaF I BRSO » A B B TR - SR Y
ARG EEEE MR PEH#H - Gao et al. (2019)
L B. lincheniformis g &% (Haliotis discus
hannai) FUBFFEH 2B » 2 ERAR AR BRI LB K=
e BRI R e - (R R R SR
JE AR R B B - HH RS % S R R I (H
A HIRREREESS (immune fatigue) B -
KBRS HIRE R AFE AL A AR SIS HE e - ARt
s B. pumilus NG25 {ESERTHIBFSEHEE B TR
REJJHERY B. pumilus DS - {HAE R 5 AT HAR -
R L AR ZERY%S SAT Gao AYZSERAAML - (Kt - 7R
NS4 B. pumilus D5 Wit & B. pumilus NG25
BREE SIS - TRE AT DUA RO G Y R ~ 2k
SRR INGE ] -

25 Rk
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