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TR BE R R R A LI L EERY Th e

mEE, Kk W, %k B, Kk &, FEAXR"
(1. At gl TR 2B sh RN R 25 Be, T AR KRB 5K P2 e & TARRR AR 7T G,
JUMT KPR E SKEFREE SRR, RN 5102255

2. HEDK = RFERT AR R KA, TR M 510300)

AT AN B E (SOD) o F AWM FH B, LRTET F KBITHR

Ji 4 SOD 3 B (MrcMnSOD), 4 % By, oM EE kA ERE AL TiZEE £
FER. ERET, BAAEHRE LT L FFH T MrcMnSOD 7 # K Ff & & i AF
HATE KK HHEKX MrcMnSOD £ 5 % 5 A WAHLG, st —PWITE LR %W, 2& A
FAHREMHIMELKASAE AT, e nEIE. BAEERE) fo2 ML
KM M (R EBRE. 4FEHARE WEK, EWHEASEORRENXATD
Fo WKW, MrcMnSOD T #1E ) — M A B A2 TFTHE R RNER N . AT FH
T MrcMnSOD oy % 9% £ % T ik, B &K ENFR T KIE 4 SOD Hy o #f 32 2 48 % A ah
KA Z KB IF; MnSOD; R#AHERX; MH

FEDZS: S945.1

& IR YR (Macrobrachium rosenbergii) FJ& T
BT (Arthropoda) 4K FH 4% (Malacostraca) {A
WFJ& (Macrobrachium), J&i7™= FAm W, H 20
40 60 AFAUN H A [k, BLE sl SE BN T3
7, HAERENZE A SRE. P IREIRHE
AR WEEESE, MR, e RChRE
MK =R IR Rz - SRk, bE
FROAEE BERIN, AP PESON . BRSNSk
BEPEGG AT AR U AW R K, ™ Al TR AT
FRFE, AT R T B R 5 P,

B I AR B 2 L858 35 B SRAFIE R R 4T
FEARTEEEIN . BEAE . ArWE . By A LB R
Bt . PR IR LA ST bR 7 HE T 4R (ROS)
SR SRR G T AR AR o, Rpgk
=K1 ROS TE AR R I RERY [A] N, 238 bl
WAL R BOKT, SR SR s, A T 5,
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F 5L (0, ) Bk it E AL A (H,0,), #E—2
AL A (CAT) Hlkh Edm Kk a+ ", EA
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1 MESI7E 1 5 4% ¢ ¢ B 1 NP80 (IMPLEN, 7 [ ) & il

L1 SELuis)

SEEG TR IR B T AR & K™ IR A
FRAHE, SFRIAK (1042) em, B9 T80 % 28 °C
FEAMEA A, ER 1A E RS, SRS
BURE, FESVE T80 °C UKAR H T )5 S HL RNA,
S8 BT W K S PR B TR (deromonas hydrophila),
i HRGSET 37 °C T4t LB W sh il s ik, 5
JH TG T W R 3h 92 v S W (PBS) TE TR R 3 1k, filf
FH JC B PBS T B B W E W E M 1x10° CFU/mL™
B EAT I BT SS o ARWFIEARAR T il TR
B sh Bk 27 e 5L 56 sh i 45 BR AR FAS PR 2R 51 &
e, SCBR IR R AR N B ™ R S A DGR
FhFie RAG B ZE 573 23 ) 2 A B 2 o) B AT TS 454 o

1.2 SCIEF

TRIzol Reagent, PCR Mix, KWFTFH# (Esche-
richia coli) DH5a, KJ#FF1 BL21 (DE3) B2 2541
Jl. EcoR 1 1 Xho 1 BRAIEANUIEE . His bRe5 4 5
PEZE A T % H EAEWE R dbad) AR A A
(TaKaRa), 1% %% i85 & Goldenstar™ RT6 cDNA
Synthesis Kit 14 F Lt ERAE YR A R AW . —
5 i 7 £ (ClonExpress MultiS One Step Clon-
ing Kit) . &EW I & W T ma ol v ME TR A MR
F e A RAF . SEAT9E 62 & PCR (QRT-PCR)
% H quantinova-SYBR-Green PCR i 7| & . Brad-
ford £ [ 5 ik Wl i iR & 0 T il = R AE W)
FARAGRAF . /N (Mus musculus) T His-tag 10
&, HRP #nic Il FEHi/h R Ig G W T B 2R A=
MEARABRATF] . 519 DL S HAD TCRRIR 36 B 191
FIBIE T A TAY) TR (B B A RA R

&= RNA VAN EE 7 &
i F§ TRIzol ¥ HE4T 44 RNA 205, B

1.3

RNA FI4E R, 24 Aygo/dago 15 F 1.8~2.0 J5 #E4T
— A . ARG S SRR DA, A SR
A B EE cDNA, R #E GenBank ' MrcMnSOD T
W EHE 51 (ABUS5005.1, 4t 286 N HER),
Wt iZ B W — 20 s B 5| ¥ MrcMnSOD-32a S il
MrcMnSOD-32a A(F6 1), LA cDNA g #fid, §~
14 MrcMnSOD J¥ 5, 43845 3 B B K 5 9 75 22
i 4ifh

14 EHFARFESHENK

HR G — 20 v B i) AR U, ik fs Y
LR Y3 =) 5 26 PR 1) PET-32a 2R AR #E 17 [A]
HAH SN, A 4H BT R PET-32a-MreMnSOD .,
W B 41 JTURE % Ak A K FF 1R DHS o J8% 57 25 20 Jifd
PEAT P FE B 0 o PH M o o 1 22 I e A 56 1
W5, E—CERIBTR AL AR BL21 (DE3)
FKIRWHR AT EHE A FEIL, 37°C. 200 r/min
AT, RIBWHAESAZ R LB i i
5% ODgoq I 0.6 J7, AN 0.1 mmol/L 57 5-p-
D-G A2 ZUMEFF 7E 37 °C F 4k 4R % K5 97 5~6 h,
BREAEORRERE, BO0WEREK, PBS
THUER R 3 G, EEREAIFEMRE TS
PR, 0 12% 118 78 1 SR 9 s Tk 2 2 e v Uk
(SDS-PAGE) % [1 S Il flt & 25 11 3T (1) Rk 1 O o
i 5 H E A AR dEat) A R & His AR fE
SR EATEXS LV R AT A i, R
DA 0t

L5 ikl S8R

W B Al A i 1) Hi 2 A 1 Bk 8 DU R AR
A S0P H VY 22 K A% (Oryctolagus cuniculus),
1R RIEME MrcMnSOD Z SRR . P 558 1L
J& o R R F0 92 W BRHAGE I ¥ (ELISA) A6 $e 44
B o ARINBTIARR: e, SRAED [ TE AR fif 2

*1 519F5
Tab.1 Primers used in this study

ElLVEAS FF31 (5" -3 Hig

primers sequences purpose
MreMnSOD S1 CCCAGATTGCTGACATTTACTCC qRT-PCR
MrcMnSOD Al CTGTTGCTGCTTTAAGGTTGTTG
Mr18S F TAGCAATTCGCCGTCGTTATTC qRT-PCR
Mr18SR CTACCCCCGGAACTCAAAGACT
MrcMnSOD-32a S TATTTTCAGGGATCCGAATTCATGGCTGACAAGGATGCATACA HI ORI

MrcMnSOD-32a A

GTGGTGGTGGTGGTGCTCGAGTCAATGTCCAGCAGCCTTGC
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ZAUREA 0.5 mg Hill A HAUE A A : IIA 1 mL
RIPA 2, VK LWFEE R 27853 24, 4 °C
T 12 000 r/min &.0> 5 min, B FIHEW S5EE R
FELE IR &7 W 10 min #E1T 12% SDS-PAGE #
YK . HUKE ST TR, =EiRT 5% Wi
Wik £ 2 h, TBST W ¥E 3K, &K S min. 5%
T 1 7 3 s B /N BRLC His-tag AR 2 1 ¢ 1000 (1K
), 4°C %W E, TBSTIHYE 3K, &K S
min, 5 HRPARiC Il EH/ MR ZH Ig G (1 -
10 000) & 1 hJ5, TBST ZE Mk veik 3k, 4
K 5 min, Hr, BESYIME T TBSTH . &5
ECL & 4 1 min, i b2 &6 M9 N RR R 5
Chemi Scope 6000 F 1 .

1.6 HARIKRNSH

W 2 TR AR BENL 3y SIS0 2H RN FREH . S5
21 4 R AR WLTE S5 165 B9 100 uL 1x10° CFU/mL
Mg KRN, N RE 2 R R S A i G T PBS,
WG 0. 3. 6. 12 F124 h, R AT B AR F 7 2
24T i RNA #2210, cDNA 3 4% 5t fil QRT-PCR,
PL18S rRNA NS IEIN (£ 1), b5k i sk
PRI, BRSO3 RBAR S TIRAE, F
BIHL 3, 20 pL qRT-PCR 2 W fK % : 2xSYBR
Green PCR Master Mix QN 10 uL, RNase-free water
7uL, cDNA Bt (5 f5##) 2 uL, 514 MreMnSOD
S1/ MrcMnSOD Al 4% 0.5 uL, 2 4. 95 °C
2min; 95°C5s, 60°C30s, 72°C40s, 40 MiE
o R 2785 mRNA KM xRk
B BUK P RIS A UK S 12 124 h /Y
JFBRAR . B LRATE T 4% W2 RP T, J5i%
Z R IR A YR AT BR S B T 24U 7 i
RN G e 0 I3

1.7 HIESELE

M 2B 2 IR Zheng 551 (19 )5 64T, WA
R, PEIR 3 Ah o =2 [CBAME T [ WK R T
KIWGFFR . B A KR (Vibrio parahaemolyti-
cus)] VA S 2 Fh B 22 FCRH R B [ TCALBEBRE (Strep-
tococcus agalactiae) F 4 T8 {075 % BK & (Staphylo-
coccus aureus)], 5 MrcMnSOD #1735 3%, K
I 2 AR BT R SOR . SR AR, Jels
MR GG, T PBS VEVERA 3 K5, &
B & 210" CFU/ML, §7 3730567 37
°C T . 96 fLEGFRtRHIEAT, BRI 7l
ok 50 F1 100 pg/mL, PBS 1R A28 (XTI, A4
WE 3ANER, /N EE AR B Ago 1H o

R E K7 2: 2 E /) sponsored by China Society of Fisheries

1.8 ¥IESH

fii FH SPSS 21.0 %% 14 v B X & Oy 25 40 A
(ANOVA) 478 H, syHr 22 50k, TR 58
¥ LIS Y H +h5 #E 22 (meantSD) (n=3) £ /=~ .
P<0.05 1 P<0.01 73 5 BN AT i 25 22 S5 FIAR . 25
25, {#H Graphpad prism 7.0 # A4 TVER S

2 4

21 HREEHRFTIESA L

% 0.1 mmol/L IPTG 37 °C %  5~6 h J§, H
HAE A BTATE B REFRL (K 1), MreMnSOD
B T2 HE 286 DN FEIRA N, 4> Tk
B0 31 ku, PET-32a AR EFRL N 18 ku,
PRI I 4 000 3R 3K A il & B 1 BT 29 R 49 ku, 5 SDS-
PAGE Rl 25—, 4ifbf5my LW EHEH
FRAiEE Al IA 95 % LA b, WEEINE] 1 mg/mL, 2
Ja SEUAR T AR FE R . £ Y MrcMnSOD £
Yo BEBUARAE o —Prib AT SR BN 5250, kil & [
THAFLHURE S T RS MrcMnSOD (8 1, 55 1 3KiH),
2 31 ku bR B 1 SRFERHEATRAN, K
JINFIFIN Y MreMnSOD 2R 115 —3, eI 451
Z i YRR AT

1 2 3 4 5 M
ku

B2 ®
- 55
- 40

- -
- 35
[

- _

1 MrcMnSOD B SDS-PAGE #&3[&

M. & A 5t marker, 1. MrcMnSOD % % F Hiik % &, 2. IPTG % S
MEASEAR, 3. IPTGIHSERALEAR, 4 %5 LEKR
BEAR, 5. AEREHEAR.

Fig.1 SDS-PAGE detection of MrcMnSOD

M. protein marker, 1. detection of polyclonal antibody of Mr¢cMnSOD,
2. total protein from E. coli BL21 (DE3) before IPTG induction, 3. total
protein from E. coli BL21 (DE3) after IPTG induction, 4. total super-

natant protein, 5. the purified recombinant protein.
2.2 AR

ELISA SN RHNZE S R, Hil#5 6 MreMnSOD
Z BTN 7T 35 6 250 000 15 (K] 2).
23 BHBRIKFERIXEX S

N T VAl MreMnSOD 152 5% BT g
KA MR e N, R qRT-PCR 43#r T W
TR BRI R R e B [ VE R I T R 4L 2L R Y
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-o- XfHE4L  control
& MrcMnSOD

OD450 nm

e
dilution multiple
2 MrcMnSOD % 52 BEHUIRSN 1
Fig.2 Titer detection of MrcMnSOD
polyclonal antibody

1.1:10000,2.1 : 50000,3.1 : 250000,4.1 : 1250000,5.1 > 6250000,
6.1:31250000,7.1: 156250 000.

6 -
E £
& 5 T
egy,
i R
Q
JED
Jﬁ% © L‘g 2t
2 il
i = r—] rz]
E *k
0 " " " " "
0 3 6 12 24
i) /h
time
(a)

FEHRIRABA . G5 R IR, MreMnSOD T JH R
T Rk RS 3 h kB, BE S 38 WK
2 (K 3-a), WAL T, MrcMnSOD Fik & [ &
Y if ] A RN TG O, LSS 6 h iR B g,
ZJa ik B PR, (EARER W3 v 0 R
(Bl 3-b), XS REM, WK IR AT
PG MreMnSOD 3 R 18K,

24 FHBKFRIERA S

WK AN R R YL, R A S BTk
I 27 EC IR W I JR R iz 20 2 MreMinSOD 3634
A, R BN, RS MrcMnSOD Fifi 5 84
R ) F) K A K P s i, RS 24 h ik
WA (BT )e B MrcMnSOD 53k 7K V- 75 ke
JG 12 hiRBNEME, ZJE 2Rk TR (BRI, 45

— 4- Kk
(o] %k
55 L ==
e~ 3
%Eg "
R 2
%08
"8
0 N N N N N
0 3 6 12 24
i 18] /h
time
(b)

B3 REKSBMERERE MrcMnSOD FRiLT

(a) TFIERR; (b) B. *. P<0.05, ** P<0.01.

Fig. 3 Expression of MrcMnSOD after A. hydrophila infection

(a) hepatopancreas; (b) intestine. *. P<0.05, **. P<0.01.

oA E{=| &n
nucleus protein merged
I 42 . 77

negative serum
KL
A. hydrophila
Oh
12h

g |50.um

24 h
50 um 1020 pm 11120 pm

Elh I PEKSBMERR G RARE LR G RN
Plate I Immunofluorescence of hepatopancreas after

A. hydrophila infection
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A EE| Bhn
nucleus protein merged
[RE N
negative serum 50 pm,
EZK L
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24 h
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Immunofluorescence of intestine after

Bl Il FEKSPREERREHAER

Plate I[
A. hydrophila infection
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BRI, WEK ARG ] BB MreMnSOD  AfreMnSODT] b 25 1 4] 3 25 22 [C [ M 1 F1 2 il

MIRRRAGEACE - D T S
2.5 HPESCIE 100 pg/mL = 21 & [ 5T (94 B RCR /& 750 pg/mL,

BT W IT MrcMnSOD £ 5 458 |2 [ 1) T AE LAt LA 40 R () R 57 55 56, MrcMnSOD #1)
ML, ABHE 5T e B 5 Fhews UL 4 7 5 8 21 85 1 RIS 5 B SR B AR OC RO B 2 (18] 4),
AT E R . A5 WOR, M T XA,

1.5 1.2

[ -~ PBS [ -e-PBS
& 50 pg/mL & 50 pg/mL
L2 F 100 ug/mL L =& 100 ug/mL
g 0.9+ g
< o6l <
0.3
0 1 23456728 9101112 0 1 23456 7389101112
] [)/h It 18]/h
time time
(a) (b)
121 o pBs 107 o pps
& 50 pg/mL & 50 pg/mL
0.9 | —* 100 pg/mL 0.8 100 pg/mL
g 0.6F 2
= = 04
0.3 02
0 12345678 9101112 0 12345678 9101112
i [l/h I 17 /h
time time
(© (d)
1.5¢
-o- PBS
- 50 pg/mL
L2 o 100 pg/mL

09+

A630 nm

0.6

0.3

0 1 23456789101112
i [A)/h
time
(e)
B4 MrcMnSOD HNEHR M
() "EK IR () BIVE MR (o) KIGATH; (d) TALEERRE; (o) & O A EKF .
Fig. 4 Antibacterial effect detection of MrcMnSOD
(a) A. hydrophila; (b) V. parahemolyticus;, (c) E. coli; (d) S. agalactiae; (¢) S. aureus.
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B ICHAF COBREE S, & & F e fMEITR M
THM, ZPHBRHENEZ. o, 2020 4
=2 [RH AR FRAE 7 B4 14 7 1, 2
B AT IR 22— B, EFREE
TR R K DL S SR A B SR e, &
QTR R SR A Ml o 0 e, ™ £ 3 32 b A fde
RIS W KR M A R SR A K AR — e
PSR T, TR [T AR AR, 5y
A AE K IH B B s sE T 3802 pEsR R B, X
HF PR BEIRBE 5 08 7K B0 T s R At st 7
Gyl pE A M R A B S R A G I, mEOK
A TR AR e O R v B A B O AR R L AR 32
KeEM,

SODs 2 JC 5 HE 3l 4y 56 % 1 B B 1) T 22 2
BT H, FEELE T, MnSOD # A Ky S —Ff
PR, HERIKRAKF- ] e 52 B 5 R A= W) I
M, AT, EKAR N R ], B
[RIH IR MreMnSOD TE LR 235 K- F R H BTk ik
IKOVER B i TS, RWNZEEN S5 T 4 B g
W LA A AR R RS S e, X5
HEN B ST B AH— 2, 40 Lin %% 50 T HAS
2 X W (Marsupenaeus japonicus) i cMnSOD, Ff:
KIMEHEBEINE (V. alginolyticus) WL T, %5k
HRETE Mtk R MRk . A2 E S cMnSOD
T FE LN IEXTEF (Litopenaeus vannamei) JBEGL KT
RN BE S B T R HEAE Y. Cheng 452
BIEFE T MrcMnSOD, IF S5 R 2 545 [CFLEK
B (Lactococcus garvieae) W) T & N %, {HIH- AR XT
H AL HIMBGH — P e, s e
AR P W HGE 1R K BT SR, A
RS AR AR AR AR S 2% R R Ak KOF
AL, DA B R KRR AR, X
LA T L AR A — 2P T

AW RS, FIPARIE T MreMnSOD
Z: G IOV AT BRI . SR IRAIAR L, SEg
LU MrcMnSOD Ji5, 5 20 7 A 1< B 8 32 3410
fill, $E7" MreMnSOD F] AN —Fh S fie AH 5C K+
S 5N . BTN 5, 30 R ROR
AJSHE], g K SRR B SR, MR
SRBEE PR ARG ORI R, XA IR A H
LR AH TR IFAN 3, RN AT R -5 AN R 4 TR
RMAMZEFTML, AU EI, #8 (Liza haema-
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tocheila) 1) MnSOD A { 4% [C LKA . ki
T ER T (Micrococcus luteus) FIR i AT 5 1) A P
Zheng 25" X} BBLUIT (Scapharca broughtonii) MnSOD
PLRE DIREWTFE B, i MnSOD AT 41 i K i #F
PR 00 A K R R BTk R A AR, HLA
TEHSEAEREXRARE, 5YATEmss
R—2. HNAMEIK, P KA CuZnSOD nlif
I BEAR SN AR AR, {H MreMnSOD J2& 1%
B A CuZnSOD [RIFERII B HLE M ATERE, Afr
PSR, ABFSEEE T MreMnSOD
A REAE N RIEAR G TS HHURE N B TS, R
A I % TRTH W 3 97 458 AH DA 5% B L Ailh

(3 7 WA A UL 52 P s A B Al 228 &)

£E Y Hk (References):

(1] MR, X, bt R, 5. % RIEEF R (7= 58 R BUIR

SR AR, 2019, 47(8): 29-33.
Xiao C K, Fang L, Ruan G L. Situation and prospect of
desalination culture of Macrobrachium rosenbergii[l].
Jiangsu Agricultural Science, 2019, 47(8): 29-33 (in
Chinese).

[2] Khuntia C P, Das B K, Samantaray B R, et al. Character-
ization and pathogenicity studies of Vibrio parahaemo-
Iyticus isolated from diseased freshwater prawn, Macro-
brachium rosenbergii (de Man)[J]. Aquaculture Rese-
arch, 2008, 39(3): 301-310.

[3] HEZRUE, BRIEXS. % VAN IR 58 b s & KR ).
K975, 2015, 36(11): 46-48.

Dong X H, Chen Z X. Diseases and control of Macro-
brachium rosenbergii farming[J]. Aquaculture, 2015,
36(11): 46-48 (in Chinese).

[4] Holmblad T, Séderhéll K. Cell adhesion molecules and
antioxidative enzymes in a crustacean, possible role in
immunity[J]. Aquaculture, 1999, 172(1-2): 111-123.

[5] Ratcliffe N A, Rowley A F, Fitzgerald S W, et al. Inver-
tebrate immunity: basic concepts and recent advances[J].
International Review of Cytology, 1985, 97: 183-350.

[6] Bachére E. Shrimp immunity and disease control[J].
Aquaculture, 2000, 191(1-3): 3-11.

[7] Li YN, Lu ZJ, Zhan F B, et al. Nrf2 modulates host
defense during antibacterial immunity response in grass
carp (Ctenopharyngodon idellus)[J]. Aquaculture, 2021,
536: 736474.

[8] Murphy R, Decoursey T E. Charge compensation during

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.15889/j.issn.1002-1302.2019.08.006
http://dx.doi.org/10.15889/j.issn.1002-1302.2019.08.006
http://dx.doi.org/10.1111/j.1365-2109.2007.01888.x
http://dx.doi.org/10.1111/j.1365-2109.2007.01888.x
http://dx.doi.org/10.1111/j.1365-2109.2007.01888.x
http://dx.doi.org/10.1016/S0044-8486(98)00446-3
http://dx.doi.org/10.1016/S0044-8486(00)00413-0
http://dx.doi.org/10.1016/j.aquaculture.2021.736474

34

W

48

A

5”5 ’ v

K= 24, 2024, 48(1): 019414

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

the phagocyte respiratory burst[J]. Biochimica et Bio-
physica Acta (BBA) - Bioenergetics, 2006, 1757(8): 996-
1011.

Giorgio M, Migliaccio E, Orsini F, et al. Electron trans-
fer between cytochrome ¢ and p66™ generates reactive
oxygen species that trigger mitochondrial apoptosis[J].
Cell, 2005, 122(2): 221-233.

Nordberg J, Amér E S J. Reactive oxygen species, anti-
oxidants, and the mammalian thioredoxin system[J].
Free Radical Biology and Medicine, 2001, 31(11): 1287-
1312.

Bogdan C, Rollinghoff M, Diefenbach A. Reactive oxy-
gen and reactive nitrogen intermediates in innate and
specific immunity[J]. Current Opinion in Immunology,
2000, 12(1): 64-76.

Li Y N, Xue K, Chen J W, et al. Characteristics of the
copper, zinc superoxide dismutase of a hadal sea cucum-
ber (Paelopatides sp.) from the mariana trench[J]. Mar-
ine Drugs, 2018, 16(5): 169.

LTS, SRR, VR TCE HE S W i S AL R AT Ut
[7]. iR, 2018, 37(3): 241-253.

Li Y N, Zhang H B. Progress in antioxidant enzymes
study of marine invertebrates[J]. Marine Science Bul-
letin, 2018, 37(3): 241-253 (in Chinese).

Srisapoome P, Klongklaew N, Areechon N, et al.
Molecular and functional analyses of novel anti-lipo-
polysaccharide factors in giant river prawn (Macro-
brachium rosenbergii, De Man) and their expression
responses under pathogen and temperature exposure[J].
Fish & Shellfish Immunology, 2018, 80: 357-375.

Zheng L B, Wu B, Liu Z H, ef al. A manganese superox-
ide dismutase (MnSOD) from ark shell, Scapharca
broughtonii: molecular characterization, expression and
immune activity analysis[J]. Fish & Shellfish Immuno-
logy, 2015, 45(2): 656-665.

ARV AR Ff i Ml v B IR, R K P R R A
K 2 2x . 2020 HE DI G E AR M. db st
B Al H A, 2020.

Fisheries and Fisheries Administration, Ministry of Agri-
culture and Rural Affairs, National Aquatic Technology
Promotion Station, China Fisheries Society. 2020 China
fishery statistical yearbook [M]. Beijing: China Agricul-
tural Press, 2020 (in Chinese).

Guo H, Deng M Y, Liang J R, et al. Gill transcriptome
alterations in Macrobrachium rosenbergii under copper

exposure[J]. Chemosphere, 2019, 233: 796-808.

R E K7 2: 2 E /) sponsored by China Society of Fisheries

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Hameed A S S, Yoganandhan K, Widada J S, et al. Stud-
ies on the occurrence of Macrobrachium rosenbergii
nodavirus and extra small virus-like particles associated
with white tail disease of M. rosenbergii in India by RT-
PCR detection[J]. Aquaculture, 2004, 238(1-4): 127-133.
Rao R, Zhu Y B, Alinejad T, et al. RNA-seq analysis of
Macrobrachium rosenbergii hepatopancreas in response
to Vibrio parahaemolyticus infection[J]. Gut Pathogens,
2015, 7: 6.

Onming S, Thongda W, Li C, et al. Bioinformatics char-
acterization of a cathepsin B transcript from the giant
river prawn, Macrobrachium rosenbergii: homology
modeling and expression analysis after Aeromonas
hydrophila infection[J]. Comparative Biochemistry and
Physiology-Part B: Biochemistry and Molecular Bio-
logy, 2018, 221-222: 18-28.

Sung H H, Hwang S F, Tasi F M. Responses of giant
freshwater prawn (Macrobrachium rosenbergii) to chal-
lenge by two strains of Aeromonas spp.[J]. Journal of
Invertebrate Pathology, 2000, 76(4): 278-284.

Li Y N, Kong X, Zhang H B. Characteristics of a novel
manganese superoxide dismutase of a hadal sea cucum-
ber (Paelopatides sp.) from the mariana trench[J]. Mar-
ine Drugs, 2019, 17(2): 84.

Bresciani G, da Cruz I B M, Gonzalez-Gallego J. Man-
ganese superoxide dismutase and oxidative stress modu-
lation[J]. Advances in Clinical Chemistry, 2015, 68: 87-
130.

LinY C, Lee F F, Wu C L, et al. Molecular cloning and
characterization of a cytosolic manganese superoxide
dismutase (cytMnSOD) and mitochondrial manganese
superoxide dismutase (mtMnSOD) from the kuruma
shrimp Marsupenaeus japonicus[J]. Fish & Shellfish
Immunology, 2010, 28(1): 143-150.

Gomez-Anduro G A, Barillas-Mury C V, Peregrino-Uri-
arte A B, et al. The cytosolic manganese superoxide dis-
mutase from the shrimp Litopenaeus vannamei: molecu-
lar cloning and expression[J]. Developmental & Com-
parative Immunology, 2006, 30(10): 893-900.

Cheng W, Tung Y H, Liu C H, et al. Molecular cloning
and characterisation of cytosolic manganese superoxide
dismutase (cytMn-SOD) from the giant freshwater
prawn Macrobrachium rosenbergii[J]. Fish & Shellfish
Immunology, 2006, 20(4): 438-449.

Perera N C N, Godahewa G I, Lee S, et al. Manganese-

superoxide dismutase (MnSOD), a role player in

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.bbabio.2006.01.005
http://dx.doi.org/10.1016/j.bbabio.2006.01.005
http://dx.doi.org/10.1016/j.bbabio.2006.01.005
http://dx.doi.org/10.1016/j.cell.2005.05.011
http://dx.doi.org/10.1016/S0891-5849(01)00724-9
http://dx.doi.org/10.1016/S0952-7915(99)00052-7
http://dx.doi.org/10.3390/md16050169
http://dx.doi.org/10.3390/md16050169
http://dx.doi.org/10.1016/j.chemosphere.2019.06.025
http://dx.doi.org/10.1016/j.aquaculture.2004.06.009
http://dx.doi.org/10.1186/s13099-015-0052-6
http://dx.doi.org/10.1016/j.cbpb.2018.04.002
http://dx.doi.org/10.1016/j.cbpb.2018.04.002
http://dx.doi.org/10.1016/j.cbpb.2018.04.002
http://dx.doi.org/10.1016/j.cbpb.2018.04.002
http://dx.doi.org/10.1006/jipa.2000.4981
http://dx.doi.org/10.1006/jipa.2000.4981
http://dx.doi.org/10.3390/md17020084
http://dx.doi.org/10.3390/md17020084

>

4
4

S, 4% K= 24, 2024, 48(1): 019414

seahorse  (Hippocampus  abdominalis)  antioxidant terization of a cytosolic manganese superoxide dis-

defense system and adaptive immune system[J]. Fish & mutase from the Chinese mitten crab, Eriocheir

Shellfish Immunology, 2017, 68: 435-442.
[28]  Umasuthan N, Bathige S D N K, Revathy K S, ef al. A

sinensis[J]. Genetics and Molecular Research, 2014,

13(4): 9429-9442.
manganese  superoxide  dismutase  (MnSOD)  from [31] Sirisena D M K P, Perera N C N, Godahewa G I, et al. A
Ruditapes philippinarum: comparative structural- and . . .
manganese superoxide dismutase (MnSOD) from red lip
expressional-analysis with copper/zinc superoxide dis-
mullet, Liza haematocheila: evaluation of molecular
mutase (Cu/ZnSOD) and biochemical analysis of its anti-
structure, immune response, and antioxidant function[J].

Fish & Shellfish Immunology, 2019, 84: 73-82.

oxidant activities[J]. Fish & Shellfish Immunology,
2012, 33(4): 753-765.

[29] Gu W, Chen J, Hou L B, ef al. The superoxide dis- [32] Dul,ZhuHX, Ye M S, et al. Macrobrachium rosenber-

mutase from red claw crayfish, Cherax quadricarinatus: gii Cw/Zn superoxide dismutase (Cu/Zn SOD) expressed

molecular cloning and characterization analysis[J]. in Saccharomyces cerevisiae and evaluation of the
Zoological Science, 2014, 31(11): 725-734. immune function to Vibrio parahaemolyticus[J]. Fish &
[30] Zhao D X, Chen L Q, Qin J G, et al. Molecular charac- Shellfish Immunology, 2019, 90: 363-375.

Function of cytoplasmic manganese superoxide dismutase of
Macrobrachium rosenbergii

LI Yanan', LU Linging', ZHANG Peng’, ZHANGBo? LINLi'", QIN Zhendong"

(1. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, College of Animal Sciences and Technology,
Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China;

2. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Science, Guangzhou 510300, China)

Abstract: Superoxide dismutase (SOD) is one of the main antioxidant enzymes, and its expression level may be
significantly affected by environmental and biological stimuli. Therefore, SOD is considered as an important com-
ponent of invertebrate innate immunity, though the mechanism of its contribution to immune responses is rarely
reported. In this study, we cloned the cytoplasmic manganese SOD of Macrobrachium rosenbergii (MrcMnSOD),
prepared its polyclonal antibodies, and analyzed its expression pattern under Aeromonas hydrophila infection. The
results showed that 4. hydrophila infection significantly increased the expression of MrcMnSOD both on the tran-
scription level and protein level. In order to explore the possible mechanism of MrcMnSOD involvement in the
immune response, further antibacterial assays were conducted. The results showed that MrcMnSOD can signific-
antly inhibit the growth of three gram-negative bacteria (Escherichia coli, Vibrio parahaemolyticus, A. hydrophila)
and two gram-positive bacteria (Streptococcus agalactiae, Staphylococcus aureus), and the inhibitory effect is
largely irrespective of protein concentration. The present study indicates that MrcMnSOD may participate in the
immune response as an immune-related molecule. This study reportes the immunobiological function of

MrcMnSOD preliminarily, aiming to lay the relevant foundation for further research on SOD.
Key words: Macrobrachium rosenbergii; MnSOD; expression pattern; antibacterial assay
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