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AZBEN Bax £ F e 2 R HA RS MBI ZFRER
HiffE, amAl, B oW, # R, pan

(1. B R, RRIERRAOK PR SR B S siie s, Ll 201306;
2. BHEREEERYE, KRR EIR AR SR HEE WEALRE, L 201306)

WE: A48 % 49 L 8 T 48 % 3£ B Bax (B-cell lymphoma-2 associated X protein) 7£ H 7% & #F 1%
At 2 BT R EWAER, 3R A cDNA Ktk # ¥ # (RACE) PCR & Ak 1% H A7
HF 40 Ji B T A4H x L B Bax By ¢cDNA 2 K 77|, % | % & & RT-PCR 5 5L it %K & & & PCR
(QPCR) A H 72 H A BB 4480 F BK AW BBy &k F I, FEl Bk Western blot 5
FHEANDN TIKAT H AP Bax &F AW KK L ELo H AE I Bax 3£ F cDNA 2 K
2287 bp (NCBI % # & : MZ823353), 4.4 5’4k 44 [X (UTR) 42 bp, 3'UTR % 814 bp,
JF 7% %] 32 4E (ORF) 1431 bp, %74 476 N2 B . @it B4 A0 A& M 17 & W 36 x5 7 7] $ AT
A, BREBRAMVE L B r, B AP AT 2K Bax B 4 5 Z & F 87 BH1. BH2
K BH3 . ZAHFMM SN BR, H AP Bax L E 538 3t F F 7% 20 4 Bax R
H—X, BARIWES. R %. RT-PCRER KXY, HABI Bax LE A ER T KL E
RE, EMPRFEERMK. EMREAME 1~96h &, B A B & 8L Fn iT R IR 4 4R Bax 2 H k%
EHREGTHEY, X5 ARBH Bax EakikFEARMEMN. BAHEREZRLBHE
KEREANEAE A Bax, FRANEAE AR RTRETLE. 2EANERD R, SRR
Bax Z M E ST EE AR L @ fmFas. &E, KARR 02 RH,
HABNMARATEERAMEIOh T FEHTHRA, X5 H A Bax £ FH 4 F A
FrEaREFEMY A AREXW, HARBI Bax 2 FHE B AB T R 4400 21K E
HAFHEFHEFRBATER. AARTHER B ARBEHLATKEN 2 FIFREE LS E
REERE: H AT, Bax; @A, KE; EEEkA

FESHES: Q785; S966.12
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CERFRERD: A

BERIFRFE P BB, 3 BURA IR E 225 5 SR
Tk, DT T 24 o 88 2 vy 3 R A 24 Ak Tt I R A 1Y)
iR . Free kY, HARBEF (Macrobrachium nip-
ponense) JETEH (Decapoda) KB (Palaemonidae)
THYFE (Macrobrachium), &R EIR/KFZFHAFAE
Bz —, JCHAE VLW S K IR B
B EENHAL, R, HATBECATH LA 2
B 00 A ) 22 R PR 2 AR 24k i 2 B R A A — A~
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Y, 124 Mk, ARG H A TRERSE T 5
PR S AL v AR 8 A I, H AS T R4 i 08 T AH
AL vk 5 ThRE A AR L A vl

ANALJE Tt — A A AR AR AR L, B Y
SRR NZ A . ZRECE FRIANML, T4 e
Tk Z GRS . FAE 1858 4, fE[E )
PR G R AE IR AT WA —Fh A MR AE T Ty
X, BCHRE I BT, X5
HMIIRFE 58 AN RS, SCHRHGE , W 5239 4 i
TR F B =5k ST 32 1R 3 0 40 i o
ToiEfR, SRR N MM T R, DR
s A O 7 e iy v = el B 7 )
23 N FR A T A VR R G 2 s A
DNA {7 5530 2 B0 SR RN S A 08 T ik
B AR, WFSEIESE T Bel-2 85 H KGR 45
AR E B E, B AR ¢ IF 5 Apaf-1
gh4, BUIE Caspase9 Fll Caspase3, {16 £ ki (A
SR TR RN A SRS WS TRl
BT PIBK/Akt {5 5 38 [, i i % 75 Bax (B-cell
lymphoma-2 associated X protein) 3 ik 7K - 8 75
HMMLAEE, Bel-2 KIEEH 04 20 2/, K
SRR, —REMEIAME TR, AR
Bel-2, Bel-xL, Mcl-1 45, 53— e A T
HH, EZALPE Bax, Bak fll Bok 5%, fRJHT-HE
F R A — 285k ) BH3-only V.43 % BNIP3!'™,
AWM ERN, Bel2 FEEA T RAEHT-EA
TERLH  (Scylla paramamosain)'™ . K844 W)
(Oncorhynchus tshawytscha)' . #}i7 £1 B fi (Epi-
nephelus  coloides)™ . ¥ ffi (Ctenopharyngodon
idella)"" . BESA4 (Danio rerio)'" . {Jjfi|Z: (4postich-
opus japonicas)'” . FHEH: Wi (Crassostrea hongkon-
gensis)'", AERIEMAF (Ruditapes philippinarum)™™ |
KW (Drosophila)®™ . /INF (Mus musculus)* % 3
YR gk sk 5RB 0T, HisS Rk, XTH
S8 W H A8 UF Bel-2 505 & M 0 BF 58 20 6
fiiA .

Rifis H ASVE AR SR G K an A i A& Jg , AT
IOV P M AT, AR g — R B A R R
X H AR AR A A G s B 2P . o THREH
AR IR THAR AR 7 FHLE], AR T Bax
FH 4K cDNA J731, 58 T %L R 7E H AV IR
AN R LURAS AR AR B B i Rk B2, SRR
JiiE T H AR AF Bax 85 I RIB 5N, JFEE
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R AEUM A T H A T I 1l 20 0 08 T 5 i AR A R
AT B TER Y Bax 75 H AIH AR RLA A 30
AOFE R, LA O g o 2 AR 204k B AR TR MR SR AR 4R 1t
it 2%,

1 MRS TE

1.1 SCIg# Rt

SCHGH HATEENE A ARG, RS
fEr R IR 2 B, SEER K MRS A RAKIE 24 h
FEA, FRIEAKIRIRIE (25+1) C, HRA (DO) &
H(6.5£0.2) mg/L, pHH 7.6~7.8, &% <0.1 mg/L,
S 38 2H R0 6 B 3 50 6] 3% T A 6] K A (100 em %
60 cm x 50 cm), HASWE 3 AT BAKAE
JiCE AR H AR 30 B, ®REAER (3.0£04) g,
PIANTR e DO Ab BEAEAT SMEAIG S M 38 S50 [ X
M4, (6.6+0.2) mg/L; SEEw4l, (1.8+0.2) mg/L],
WA T B A TR UR 2 8 S I g 25 2R, 2Lt
ML I G AR X, KoKt DO &k
FETE (1.8+0.2) mg/L, 7KAK DO il 5 A% s Ay {5 455 =X
WAL (YSIAR], EHE), BAEES R Sun 527,
O3 WIAE XS B A SARSE AL FAE 1, 3, 6. 12, 24,
48 196 h BF, MEA/KIE 3 ANTER) hFEALIE K
2 JB HASVR U, U AT g AR 4 20 ST RIVRCA
WA, HRE-80 C vk -4 H T e 29t
FE 1 PCR Fll Western blot 43 #7 . [A]HHL 3 FE 4R A9
HEANAFBRARLH LY, FH 4% Z R BT, AT
[FIAIC ST [B] i i S e Ao BT o D9 AR 3 R ik
R HATRER, e, WU, 65, R
B HE. WLPR . BB . KSEL. DRSEAE 8 Fhl4,
A7 B H il A 80 °C vKFE IR AE, H T Jagedlst
KT o

1.2 2 RNA HJ2EUM cDNA BI& R

1K H8 TRizol 142 UL RNA (125 B JE 1T RNA
AP RSN A TRizol WFEE AT
IMABTE L, B b2 AN G AT SR R 1
PRI, SRJT R IACKH 1R R B S DY s 0 5 0
S8 RNA By2lifl, fliH] 75% LB e 2 K,
A TG A RNase-free water & i . Il B g
WEBEIEE P vk D SAZ LR Y S8 Bk . BET Hifair
Il 1st Strand cDNA Synthesis SuperMix for gPCR 3
W sRann) @O BE R, RS IBUAF 19 RNA 11T
¥k, —80 C UKFEIRAE, M T 2RI Bax HEIH
AR LVRIA RS B By ikl
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1.3 HZABYT Bax EE B cDNA 7%

Rl ST 56 35 A4 i 1 H A T IR e B 2z v 2 0
JPOCPE, DL Bk 4R 15 1 Bax H K P9 A B,
ff 51 % Primer premier 5.0 ¥ {443 %l & 5'RACE
1 3'RACE sapEBETHRER S Y (K 1) LSS
ARG WGEE N, H A< 78 I A 1 R 21 28

cDNA M, 3 H Bax FEP Y 5 0 A1 373 .
WA WA S AR ROl 50 pL, JC . 94 C
94 °C30s, 56 C30s, 72 C30s, 351K
PEH; 72 °C 5min, FH 1.2% BASHEE I oL 1k 20 B
PCR =¥,

2 min;

F1 ZWEARMSIYIRERFT

Tab.1 Primers and their sequences used in this study

ElEVEZ

FF(5'-3")

primer primer sequence

el S

primer function

Bax-3'Race-out
Bax-3'Race-in

Bax-5'Race-out
Bax-5'Race-in

CGTTTGCAGATGGGTAAAGGAAGCT
TTGGGGTGCAGTATTGAGCAGAGGA

GAGGAGGGCCTAGAGAAGGTAGAGG
GTGTGAGTCTTACGACGTTCACCCG

3' RACEF; 5519
specific primer for 3’ RACE
5' RACERFS: 514
specific primer for 5 RACE

Bax-RT-F CAGGGGCAGTGGAACCATATCAAG TG RTIY)
Bax-RT-R TGAGTGACGCTGACTAGGTGAGG real-time quantitative primer
P-actin-F TATGCACTTCCTCATGCCAT W25
B-actin-R AGGAGGCGGCAGTGGTCAT internal primers
14 EYEEESWFERAE PRI 1.2% BERCAZIR UK, 153 Bax FEHAEA
. . . ] 25 2K A FEL K 457 o
F FH A 2% M %4 National Center for Biotechno- IFIER S L K ey
logy Information(NCBI) - ) ORF finder (https:/ 1.6 RSB T HABERERFATFEARZH 4R Bax
www.ncbi.nlm.nih.gov/orffinder/) #E Wr JF 5 [ 152 HE BEEBEES T
P, IR BN E IR T 5 NCBI - N
o T R RIERIEL [ NGB R QPCR I I 4 T Bax 3£ %
-search T. H (https://www.ncbi.nlm.nih.gov/Struc- K. ] Hieff UNICON® GPCR SYBR Green

ture/cdd/wrpsb.cgi) 7 I 45 #4 4k , {f J§ SWISS-
MODE T. H. (https://swissmodel.expasy.org/interact-
ive) T £ H B9 = 2 2549, LA & BLAST TR
(https://blast.ncbi.nlm.nih.gov/) Ki &K 5 Bax J¥ §1] [F]
MR P 5129, R FH DNAMAN R 4FE 17 2 4
(4 Bax Fp A LEXS, JEAESE R AR T B 45 M B 7
Mo RJRTE L EEA A MAGE 5.1 8, i
FEXTAS [R) 0l 1) Bax 22 FE 1R 7 9 AR VE , At
RGUR AR,

15 BARBEAREER Bax EERFRE S

fili FHf 22 & RT-PCR J7 #6460 H A A Bax
FEIFENR . 68 AR ‘l}ﬂE MK, il . ¥
AR p R, Wl Bax B A K
cDNA JFFIR T2 E e s, ®HEH
AVBURI B-actin FEPE R TN 1t K Y N 256
(# 1), ffi H TaKaRa ik il & . Bax FEH | p-
actin NS IER B FESPE LR WES 140, HeIESCR U
B, #17 RT-PCR J2 i : Premix Taq™ (Ex Tag™
version 2.0 plus dye) 10 uL, %% 4H 21 cDNA #& #t
1uL, [ FHF514904% 0.4 uL, RNase free H,09.2 uL.
LM 98 C 10s , K 60 C30s, FEfH 72 C
1 min 8277 3F #3647 35 MR, ¥ P 8 PCR

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

Master Mix i 77 &, MK Z L 20 uL, £17%9.2
uL cDNA £ 7 (200 ng), 10 puL 2x SYBR Green
qPCR Mix, 0.4 uL %) 10 umol/L FH#5[4), 0.4 uL
f) 10 pmol/L F¥i#5 9. PCR RV IREHKIK N 95 C
LbBR30s, 94 CALFE 10s, 60 °C ALHE 30s, 1
R 40 IRk, B f# £k i BIO-RAD QS A4 52 B 43 #t
A5 AT, BRI R S e o X HRZE AN S
2H H A VE A Y 685 I AR 2H 21 cDNA A i 43 1) i

HI3INEE, TO6E B LR EE 278 ik 4y
B, D i B s 1 DL A 65 HE R R OoR (n=3),
fé F Graphpad prism X AFVEE, J7 20 fl £ &
Ll %% fd FH SPSS 19.0 2144 F1 £ 45 39 7% (Student's ¢
test), WETEEFIL N P<0.05, B FEEFKN
P<0.01,

1.7 E#ZFTESnmmES &

FR A5 H A VB AR Bax F[H 751 A58 X311 47
SRS 9@ T PCR 4784 2 985 1% PCR /=4,
e, WRISBETES 5] PCR 7= LA K 5k
R SR U7 05, JFIEATREYD, AR5 it %
f%ﬁf%wFE@Bﬁiﬂﬁ VB % A TOP10 J2&

A, KGR gk H BH M T R I R AT RGN S

https://www.china-fishery.cn


https://www.ncbi.nlm.nih.gov/orffinder/
https://www.ncbi.nlm.nih.gov/orffinder/
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://swissmodel.expasy.org/interactive
https://swissmodel.expasy.org/interactive
https://swissmodel.expasy.org/interactive
https://blast.ncbi.nlm.nih.gov/

B, &

IR 4R, 2024, 48(8): 089606

AT 3R A F 4 R o A5 3 (1% 5 4 TR A KA AT
W (Escherichia coli) [ESZ2540M0, LA, 7&
EA MR P Z R TR A B TR, ARG
VERA T RE Y, PR B S A P B AR R 3R
B bgksei IR, 24 ODME N 0.6 B, AT
IPTG J5# 421535 (20 °C, 16 h; 37 °C, 4h), VU
RSN IPTG 75 3 7 9 SE 30 AR XTI, 2
Je HEAT B R L B DA T S 6 149 TR TR s T g 6 e v 9k
(SDS-PAGE) %l 2 2 1 4lifk

GIEHLIR 3 R WIRl, —Fh ok LA AR R 2
Ul gk G 5E kR TIR A 7L, 1B Hp
PR, 7 —Fo SRR & AR S 9k A T 4
R BEATIRAIFE, B = = i, 3t
4RGP, WIS Rz R 20 d, HAh G
[ R 14 d,  FRE 25 3 R I 25 0 AR A5 B AR ol
7, {8 Elisa SPGB, LAk R IET 50
PE /NSRS VR 9 B PEXS BRAH, & BUAR Y I35
PEATHE EER RS, R BRI (BH4E ST-371) W& 7
450 nm £57F R AL OD (., YA B4 /FA
X HRZH 1 56 W U HE AR =2 I e SR B PE, W4t
PRZLA B SR BLISA S 7 11 BH A 138 e KA I

1.8 Western blot F1 % Z 2B 94

PR 0. 1. 3, 6. 12, 24, 48 F1 96 h 1y
{588 5 JT i i AL R B A B R R A e, W
W, AR OGHE TER A E R, ERErNEN
Jil Lording buffer J5 &k, & 4, 2 M Sun
ST [ )5 51T Western blot 73T #5520 pL
T IRE S N 12% SDS-PAGE B /r 55318, 18
120 V FHL Pk, ff Marker 547 1MW 5, BUHL A
FERSR P (5514 300 mA . 50 min), fifi 555 i 2 Y
FRLF LR (NC ) o BRI, 768 5% MiAE 0,
¥ i Tris Buffered Saline Tween-20 (TBST) 1 4 C
Kigt Lh, BB, R)E HPURSE bl 76 B L
1:1000, AL EE 12h (LH4 . K=
%) Bax Lk, XFHR 4 . B-Actin Fif /K /B-Actin
(13E5) Rabbit mAb, Cell Signaling Technology, 3
El). {8 TBST #2518 PE 3 K, K S min, JN
A HRP ARICHIILFEHT R ZH0 (1 < 5 000 L1 Hi #)
B¥E 1h, EE FRIGUADIR, (1 RREEER A
Z 4t (Tanon 5 200 Multi) 31 18 . 2 IR ) % B 25 09
) AT e A BT B A TRMRE T B N H
ENEL AN RSy o R Al b LI 1 K {71
VIR TG T e . i . #H R )5, H Bax ¥t
ML (1:500) 5% &, PBST¥E 2 W% — 4% (1 :
1 000), fiif DAB & aF|#tfT R, RFRET

https://www.china-fishery.cn

ARG Yt Lk KB VA R AR R E 2 o1k,
Wik G & R, & o 6 2348 (ECLIOSE Ci-L,
NIKON) W55,

1.9 ZABEET M

{8 1 Annexin V-FITC/PI 41 fits 8 T 46 I 38 551
& (AnnexinV-FITC/PI Apoptosis Detection Kit) P4t
P TR, HAR T e A3 S R BCH SN R
R4 96 h Ab A 4% 15 2 HARYHEF, f#H 1 mL
T 55 2 DR B A2 A 47 AR IR 2, g kil
B I BE ) AR IR BE [, 5 5 R B A bk 22k
A TAEOE T (E 3 ), 1000xg .0 5 min,
7 BV, HT 1 mL BERRER 22 iR (PBS) FiR
A TR (A iR R R D T 1x10°0), SRR L
000xg & 0> 5 min, WCHE I 40 . fim A 400 L
1xBinding Buffer 3 % S A 41 ML, RIS 5 pL
AnnexinV-FITC, BRIRY), FRELIHFE 15 min,
10 uL PL YOI, 252025, VIR HDEIE 5 min,
& Fl FACSCaliburii 2\ 40 s R (Becton Dickinson,
Franklin Lakes, NJ, 32 [ A8 it 240 fo 08 T 15 5 o

2 4k

2.1 HZABER Bax EE £ 1K cDNA FHI0Hh

i i TE RS AT H AT AT Bax £ 4K cDNA
J¥ %1, GenBank % 5% %5 ° MZ823353, Bax &
cDNA 2K ¥ 31k 2 287 bp (K 1-b), S'dEZiHSIX
(UTR) iy 42 bp, 3' UTR N 814 bp, {u5 L fyim
FBAF*5 ATTAAA Fl 31 A8 5L poly (A) B, FFK
%] 2 HE (ORF) 1 431 bp 4t 476 T2 KR (E 1),
HEM H A VEAF Bax 25 14> 7 ey 52.9 ku, i
ZEHL R pl O 548, FEPR AL Bel-2 fR ST 45 14 4
BH3 (LRKLADAFA). BHI (ELFMGGITRETVALF-
TFV). BH2 (RWVKEAGGWGAVLS) £5#41k . Bax
AW =R R H o BRTE . BT A TSR 45
S R A T i, I B H AR IR S5 L sh#
) = RAE M AAE 22 5 (8] 1-b),

2.2 Bax ZEEMEIRM R &S

i 5F NCBI £ v 25 3891 8OR [ 4 Fh
Bax IR ZFBR 5 (F 2), S5aBEmasEIRHAE
WF Bax 5 R 5L 12 )7 51 Fl HH DANMAN #44 E 17
ZEIPHNXT, RIS @y HhE
BH 25t AT — 2 B IR~

2.3  Bax EEMARGH LK 4T

i 17 Mega 5.1 84, & H NJ (neighbor join-

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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ACGTTACGGCTAATTCGGGCCGTAAGCAACGCACAGTGTTCA 42
LLATLAAHLTCCCCAT(:(:T(:MAA\GL T(:TTL AGAGACCATCTGCATCCAAGGAT 102
S AS KD

A1 T G E K A Q R P
(:GT(AT(:ATAL(.TL "AGAGACTCAGAAT(:LT(:LAA(:T(:(:(:LLL(.A(:L‘\T(:AAALTTLL 162
G DDTS E T Q AASGPQHETS
AAT(:‘\T(:ATTTLA(:(:(:G(AGT(:(:AA(LkTAT(AA(:LCTT—\(:TAGTLAGG»\GAA(TTG((T 222
NDDFRGSGTTISSLSSQENTLTP
TCAGCACTCTCATCACCTTTTCAAGCTTCACCTCTACCCTCACCTAGTCAGCGTCACTCA 282
S ALSSPFQASPLPSPSQRIHS
TTTAACCCATCCCCATCACAGTTAGAATCCCCTTTGTCGTCTCCATACTTACAGCCATCT 342
FNPSPSQLESPLSSPYLA QPSS
CTGCTTTCATCATCATCTTCACTTCAGTCTCCTCCCGGATCTCTTCCATCTCCTTATGAA 442
LLSSSSSL S PPGSLPSPYE

Q
AGAGGCAATAATATATCCATAGAACAACTCAATGAATTGGCTTTACAAGATAGTGAAAAC  55p
RGNNTIGSTITEAQLNETLALA QDSTEN
AATA‘\T(:TA(AT(A(;AATA(:TAATLAA(:(:(TTT(:ACLAATAT(:LT(:(:A(:TTGCCCACGAT

N D D QY A G A HD

ENSNGQGF 582
TATGTGCCAGATCAATCTGTAAGACCTCGTGTAAGAGCACAGTAT(CAACTGGAAGAGAC 0
Y PDQS R P R R AQYPTGRD 6
(AG(LTGALAGGA((LLTAGTAATATTGAAG(AATALCALTAATGAGAAGAAGAAG(AGT
Q PDRTP NIEATIPLMERERER S 702
AGLAGLAGTAGTTTTT(A(ATAGGAGGAATTTGTLTGAAGATTTAGLTTG(TLALLLALT

R R L E D L P T 762
ALAAATTTTTLATATTTTGATGATGACTCAGCACAAGGTATGGAGTATGALAGGTTAL(A
TNFSYPFDDDSAQGMETYTDTRLFP 822
AGACTTCCAAACTATCAGTCAGATCGAAGAGATTCATGGTGCAGCCCTCGGCCCTTACCC
RLPNYQSDRRDSWCSPRTPLFP 882
CCOCAAGAAGACCCATCATTCTTTCAGTCTGTGACAAGAATCCTGCCTTTAAACTTAAGA
PQEDGPSFTFQSVTRILPLNLTER 94
GGTGGTGGGTACGGACCCCAGCCACCACCACTAGACGGTAGTATAGAAGATGATGCTCAA
GGGVYGPQPPPLDGSTIETDTDARQ 1002
GATTTATTAAGCAACTTTACTTCTGAAACTCTACTTAGAAATCGTCTTCCGAACCCCAGC
DLLSNFTSETLLTRNERLPNEPS 1062
ACAGCCATTATACATCAAGGGTATCGCAATCCTGCCTTATATAGAGTTGGACAGGAACTC
TAIIHNGQGJVYR PALJYR Q E 1122
AGGAAATTAGCTGATGCATTTGCCAAAACAGAGGAACGCAGGAATGTTCAACGTATGGCG

GGAGAGCATCAATATGGAAAAT IT11TCCAGCICTGCACAGAATTA | 822
B 1242

TTTATGGGAGGAATAACCCGAGAACGTATAGT TGCATTATTTACTTTTGTGGGA
W AAGG! ! ! ATGAAATGGTCA 1302
50 i 0 0 N 3 A 5 L <
TTGCAGTATTTAGTAGATCACGTTTGCAGATGGGTAAAGGAAGCTGGCGGTTGGgGTgCA 1362
GAGCAGAGGAGCAAATGCACTGTA T 1422
VLSRGANALTYRTAVFVFGCL.I
GGAACAGTTGCTGCTGGTGTGTATGTTGTTAAAACCTTGAAAGACTGGTAACAGAAAATT 1482
GTVAAGVVYVVEKTLTEKTDTW*
ATTATAGGAGTTGTAATGAATTGTTTTCATGTTCACCACCATTATTGTTAACAGGAATTT 1 542
TTCATTGTCATCATCATCATCAACATTTATTCTCTGTAAATATTTTTGTATGGTTTCATA 1602
TTAAGTTTGAATACTAACTTAAGTTAAAAGTAATGTATAGTCTTTAATTTTTGACTTTAG 1 662
ATTAAGAAGTGATTATTTGCAATTACGTTTGGCCTATGAATTTTTGCTACAAAATTTGAT 1722
TTTTGTGAAAATATGCCAATTCAGTTCTTTTGGCTGAATAGATTATACGTAGTGAATGTT 1782
TTTGAGTATGAGCTCAGTAGATGACAAATCAAGAGTTGTACATAAAGAAAAAAGATGGTA 1 842
GTGATAACAAGTTTTTTGATTGGAAGACATTTTGTATGATIGTTTTTATTAAGGTATTTC 1902
CTGTAGTCTTTGGCAATAGTTTTAGAAATGGTTTTGGCTGTTTGTTTGCTTCACAGTACT 1962
TTAAACGGACAGTAAGAGATAACCTAGCATTAACCATCTGAAACTTTGTCATATATITGT 2 022
TTTATTAATCAAGACATTTGTCAGTTTTAGGGTTAGTTTAATATATAATTATGTATGCAA 2 082
TTATATTAAAAAAAAAAAACATTTTAGTCAACTGTAACAGCCTTAGAGTTTGACATGAAT 2 142

TATTCATCTTTTTCAGAATACATACGGAATTTATAATGTTTAATTTAACTCGATAGAAGC 2202
TGTTCCAATGTGTGGGTTTCCCAAGTTAAAGAATGGAAATGTCTCATTGATTGCAAAAAA 2262
AAAAAAAAAAAAAAAAAAAAAAAAA

G G

@

AR M. nipponense
FIASERUF  Marsupenaeus japonicus MKTNCSTY!
BEYIRAR P, monodon
ERitE Y Hippocampus comes
— %t consensus

HAEF M. nipponense

AASERUF  Marsupenaeus japonicus V'

BEXUR P, monodon

JEtiE Y Hippocampus comes
HHE consensus

HASHER M. nipponense
HAHERFUF  Marsupenaeus japonicus
BERHUR - P. monodon
Jetiti Ty Hippocampus comes
HHE consensus

FIATAER M. nipponense SLCSPPG
HIASERSEE  Marsupenaeus japonicus
BEWAE P, monodon .

et Hippocampus comes
it consensus

FIATHEE M. nipponense
FIASSERSHE  Marsupenaeus japonicus
BEFIRAR P monodon

PERitE Y Hippocampus comes
—Ht consensus

ISR M. nipponense
FIASERSHE  Marsupenaeus japonicus
BEYIHER P, monodon

ettt Hippocampus comes
—Elk consensus

FAHEF M. nipponense
HASEEE  Marsupenaeus japonicus
BEFOER P, monodon

Pttt Hippocampus comes
il consensus

) [ZR S CSP
P 1] Q
FAHER M. nipponense

[PLBP L z
AASERSETE  Marsupenaeus japonicus |
BEYIRER P, monodon
VeiifEY  Hippocampus comes SHSTQVHLKKVYSSLAACMF#AAAfe

—#ft consensus

HASHEE M. nipponense
HIASSERFEE  Marsupenaeus japonicus QB
BEYRF P, monodon GE
FERitE T Hippocampus comes
—#tE consensus

ERHEE M. ipponense
Bﬁ:iﬂ'? P. monodon

ettt Hippocampus comes
— %t consensus

AR M. nipponense
FIABERER  Marsupenaeus japonicus
BEFOREF P, monodon

JEiE T Hippocampus comes
—HHE  consensus

HAGHEF M. nipponense .
HAFERUF  Marsupenaeus japonicus 8:
BERHUR - P. monodon
JERHEY  Hippocampus comes
—HHE consensus

453

V 436
444

HASHER M. nipponense

HIASERFEE  Marsupenaeus japonicus
BEFTRER - P. monodon

et Hippocampus comes
it consensus

475
473
458
465

MT733824 CAAT3684.1 NP001278357.1 2 HAZYE Bax RERFIISHM 3 N FHEY
(b) Bax RIERFFILLITLER
1 BABET Bax EFEFTI R ERHBHEEEEFT] F A @UF, MT733824; H AZERHIF, XP_042870848.1; BE15wHiF,
(a) FIG T (ATG) 1R 1R %500 F (TAA) 45 5 i1 28 6,75 HE %673, XP_037789141.1; JER#E T, XP_019737524.1. LR EERE T

AN [ P Fh 22 18] RO AR ABL X 48 . 45 #4450 BH3 (LRKLADAFA). BHI
(ELFMGGITRETVALFTFV). BH2 (RWVKEAGGWGAVLS) i 75 HE
Foro TRIZER Bel-2 FBR LK.

Fig.2 Alignment of the deduced amino acid sequences

3'3 poly (A) % EARTFMR N 15 5 (ATTAAA) F1 poly(A) R EL LA
IR, Bel2 BEF RSB KOIRIER R, TR%SHER
4% {4 3%, BH3 (LRKLADAFA). BHI (ELFMGGITRETVALFTFV).
BH2 (RWVKEAGGWGAVLS); (b) H A diIF (MT733824). /) i

(CAAT3684.1), A\ (NP001278357.1) = A5 L« of M. nipponense Bax and other three species

Fig. 1 Nucleotides and deduced amino acid sequences of M. nipponense, MT733824; Marsupenaeus japonicus, XP_042870848.1;
P. monodon, XP_ 037789141.1; Hippocampus comes, XP_019737524.1.
The shared residues represented the similar regions between the differ-
ent species. The potential BH3 (LRKLADAFA), BH1 (ELFMGGIT-
RETVALFTFV), BH2 (RWVKEAGGWGAVLS) are shown in squares.

Bcl-2 like superfamily structural domain in underlined.

ing) 75 ¥ bootstrap J7 7L 1T Z IR ER I, g
HASTAER Bax He R FIHAD 18 MR RS K EFM

https://www.china-fishery.cn

the Bax cDNAs from M. nipponense

(a) the initiation codon (ATG) and stop codon (TAA) were boxed,
respectively, the the poly (A) special sequence (ATTAAA) and the ploy
(A) tail were highlighted in bold, Bcl-2 like superfamily structural
domain is shown in gray boxes, the underline indicates the potential BH3
(LRKLADAFA), BH1 (ELFMGGITRETVALFTFV), BH2
(RWVKEAGGWGAVLS); (b) M. nipponense (MT733824), M. muscu-
lus (CAA73684.1), H. sapiens (NP001278357.1).
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¥ Bax SN SRR 7 51 5 HoA s Wy [R) U5 7 51 k47

ZHEIPIILRS, BFFERM, JoAHESh Y R HE )
Yy Bax H PR REAEAF 03200, Hb HARAR

HSHAMW 23RN — KR, HS5BEXHR L
YAIEXSHE Bax WG AL Fems (4 3).

IRMNESR 2] Stegastes partitus
f7e2805  Anabas testudineus

ZIMER Tl Takifugu rubripe

8 Cyprinus carpio
P D. rerio

CPEEN B f Xiphophorus maculai

9L FHREIEE  Poecilia formosa

Hf  Oryzias latipes

[ N M. musculus
100%- 4= Bos taurus

I FCWs  Varroa destructor

45 KWl Dinothrombium tinctorium i arthropoda
KN Limulus polyphemus

L 100 [~ BETXUR P monodon

36 i JLANIERTUR  Litopenaeus vannamei

s HAHER M. nipponense

W RJEEEUR  Procambarus clarkii 33 crustacean
MIEE S, paramamosain

AR T Portunus triuberculatus

125 fish

99

100

725 mammals

0.1

&3 HABE Bax SEMF Bax B RS LR
H A JE IR (MT733824); 55251 (AGO20701.1); I ZLHE S 22 65 (XP_008302498.1); 416 % J5 fiff (XP_003964831.1); fil (AHV90609.1); B
I f (NP_571637.1); {e 3T &1 )2 fa (XP_005796771.1); 75 3£ £ B (XP_007558256.1); 75 #ff (XP_004071362.1); 4 (NP_776319.1); /I &
(NP_031553.1); £ 91 % (XP_013784388.2); ki FL i (XP_022651856.1); K& (RWS17507.1); =JEHk T # (QDF82319.1); /i &
(AQS99485.1);  FLYNUEXTUF (QBB84825.1); F [K iR ZLUT (XP_045605690.1); BT XFUF (XP_037789141.1).

Fig. 3 Phylogenetic tree based on the Bax sequence in M. nipponense and other species

M. nipponense (MT733824); Anabas testudineus (AGO20701.1); Stegastes partitus( XP_008302498.1); Takifugu rubripes (XP_003964831.1); Cyprinus
carpio (AHV90609.1); D. rerio (NP_571637.1); Xiphophorus maculatus (XP_005796771.1); Poecilia formosa (XP_007558256.1); Oryzias
latipes (XP_004071362.1); Bos  taurus (NP_776319.1); M. musculus (NP_031553.1);  Limulus  polyphemus (XP_013784388.2);  Varroa
destructor (XP_022651856.1); Dinothrombium tinctorium (RWS17507.1); Portunus trituberculatus (QDF82319.1); S. paramamosain (AQS99485.1);
Litopenaeus vannamei (QBB84825.1); Procambarus clarkii (XP_045605690.1); P. monodon (XP_037789141.1).

24 EAFRKNEBYINIERMEERREEN

FR A5 1 418 31 T D10 457 i, %o 7 3 75 291 %) B 2
A FGR TR AT REUIAC B, 3 o B A
FLYK (1.0%) 528, 453 SIS (K 4-2). ¥
oA R R SR, AR TR AR )RR M 5 SDS-
PAGE #illl, HBY&H 22 60 ku, 5 FUHH
5 (K 4-b), G HEAZd2ifk, SDS-PAGE HLjk
G I RS 43 o i £S5 ku AH R A7 B B A W AR
(&l 4-c), TIH025 1 5 fl & B (ORI A5 3 T 44k
(& 4-dy, RSN EAE A TR sh Pl & B AR
IR Bax Z 7eEPiiAR ., i id ELISA 340, HiiARsL
WA =2.5x<FAVEME, #4509 H AN VB I Bax £ 5ifk
PUK BB =5.12x10° (] 4-e), AT APEATIG 220
Western blot F14a3% 2H Ak 3256
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2.5 HABINAREIHEAS Bax EEMFRILFR

K E BT IE T HASTR ARG . 6L AT EE
B L UL Ml | ORGSR D 8L A 4 21
Bax FEN R FRIBEOL . 4R EoR, 7ERL gk il
IAFHLT, HATRIR Bax FNEA KX, I
H. Bax FENAE RPN AL bk vy, 1ER 4
ZUrh IR AR (K 5),

2.6 REMIBX B ABERAFERBRFETLH LR Bax
ev:opAl

K5 1~24 h B, HATBERERZH 2 Bax FE A
mRNA 7 ik .35 & T X B4 (P<0.05), H7EME
%0 96 h B 5255 20 Bax [ mRNA 23k 1 35 Bl B
KAE (Kl 6-a). (K% 6. 48 F1 96 h i, H A JH AR

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



B, &

K247, 2024, 48(8): 089606
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1500 | H AN
1 000 target gene
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(a) (b)
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116.0 4
66.2 3¢
HivEA 2 2
target protein im—j c; 1
45.0 8
2§ 0.10
35.0 X E 008
2 0.06 +
25.0 < 0.04 |
0.02
0

_HIER

target protein

w3k ok -m- XFHEZH  control group

—e— Bax Z &Pk
Bax polyclonal antibody

ek
Hk

18.4
14.4

(d)

1 2 3 4 5 6 7 8 9 10

MREAE 2

dilution multiple

(©

E4 FHRNEBYIERMEEBRIEG
(a) Al & RIBHAREE YIRS, M. DNA marker, 1. WEEYI S0 H AR, 2. fiki. (b) SDS-PAGE %5 Bax EA KA, M. marker, 1. %A
MAEHE, 2.20°C EIEWL 3.20°C PUIE, 4.37°C LiEWL, 5.37°C YiiE. (c) SDS-PAGE % & 4ifb () Bax 41, M. marker, 1. FFE, 2.
W, 3~4. 20 mmol/L BRMESE L4145y, 5. 50 mmol/L BKMEME I 2 43, 6. 500 mmol/L BRMEE M ZH 5 o (d) Kl Bax EAHEH, M. marker, 1. % H
HEAM MBI, (o) Bax £ 50 PR AR, 1. 1x10°, 2.2x10°, 3.4x10°, 4.8x10°, 5.16x10°, 6.32x10°, 7.64x10°, 8.128x10°,
9.256x10°, 10.512x10°, * F/RLIMH GXTHEH 7 7 B3, P<0.05; ** FoRnsuindl 5X A 2= 7R EE, P<0.01, FH.

Fig. 4 Recombinant plasmid digestion verification and fusion protein expression detection

(a) fusion expression vector with restriction enzyme, M. marker, 1. target gene after double digestion, 2. plasmid. (b) recombinant Bax protein by SDS-

PAGE, M. protein marker; 1. total protein before induction, 2. supernatant at 20°C, 3. 20 °C pellet, 4. 37°C supernatant, 5. 37°C pellet. (c) purified

recombinant Bax protein, M. protein Marker, 1. load sample; 2. outflow; 3-4. 20 mmol/L imidazole elution fractions, 5. 50 mmol/L imidazole elution

fractions, 6. 500 mmol/L imidazole elution fractions. (d) verification of recombinant Bax protein, M. protein marker, 1. total protein of Bax.
(e) effect detection of the Bax polyclonal antibody, 1. 1x10°, 2. 2x10°, 3. 4x10°, 4. 8x10°, 5. 16x10°, 6. 32x10°, 7. 64x10°, 8. 128x10°, 9. 256x10°, 10.

512x10°. * represents significant difference between experimental group and control group, P<0.05, ** represents extremely significant difference

between experimental group and control group, P<0.01, the same below.

HFE R4 20 d Bax 35 mRNA EX BB F ST
X R (P<0.01), H7EAR% 6 h B b I8 i B e kK

Bax

1 2 3 4 5 6 7 8
ﬁ-aCtin m

BE5 HABINEEE Bax £ F RT-PCR &
Lo, 2088, 3 FFBEAR, 40, SCALPY, 6. /i, 7. K5 HL,
8. G,

Fig. 5 RT-PCR figure of Bax gene in tissues of

M. nipponense

1. brain, 2. gill, 3. hepatopancreas, 4. heart, 5. muscle, 6. intestine, 7.

testis, 8. ovary.
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(K1 6-b), [RIMHEsE Western blot J7 FSHAKA 96 h
W, HASVE AR5 TR R 4 21 Bax 25 FI R IA T
KB IR KAE (8] 6-c~d), X 5 He P e sk PR A
FAAL

2.7 REMMEX B A BT ER AR AN ERLE LR B9 N

R I AU AL T T ST Bax 78 B AR AN 21
ZUR AL o H AT IE IR b 23 8 40 (B 4
M), FEAHANH (R 400 . £ 2200 (F 4000) Ak
A0ME (E 40AE) A s 2 o AR SR i i AR —
BBy BIPEXT BRI R v, Bax TG BH R 9% 68 52 1 7 )
(FRR T -1y X RRZH (K T -2) BAMEAS 545, T
R AU Ak 2 I 5 A1 SR ] S < 3 B Dy B2 5 o o i
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(9]

[ %A normoxia gill
I ICEEE hypoxia gill

—
(e

mRNA FH % £k &

mRNA relative expression

[

1 3 6 12 24 48 96
IR ) /h
hypoxic time

@

Oh 1h 3h 6h 12h 24h 48h 96h

B o G D e S o e
pracin |

©

W ESEFAR normoxia hepatopancreas
I REUHEIR  hypoxia hepatopancreas

#k

—_ — o
[} W S

mRNA M £k &

mRNA relative expression

]

1 3 6 12 24 48 96
U ) /h
hypoxic time
(b)
Oh 1h 3h 6h 12h 24h 48h 96h
Bax W W WD W W W - .-
ot
(d)

B 6 RSB ETE R EEFATAERR LA LR Bax 3 R7KE (a, b) FIEAFEE (¢, d) RIATL

Fig. 6 Expression profile of Bax gene transcriptional levels (a, b) and protein abundance (c, d) in

gills and hepatopancreas of M. nipponense in response to hypoxia
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L BAEXTHE, 2. WA, 3. MK 12h, 4. K% 24h, 5. {K% 48 h, 6. K% 96h, TF[H. B.B 40, E.E4iffd, F.F 40, L., R R 4100,

Plate |

Immunohistochemical analysis of hepatopancreas tissue of M. nipponense in response to hypoxia

1. negative control, 2. control group, 3. hypoxia 12 h, 4. hypoxia 24 h, 5.hypoxia 48 h, 6. hypoxia 96 h, the same below. B. B cells, E. E cells, F. F cells,

L. lumen, R. R cells.
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B I REMHET BABEERA LA REEL D
MC. i8I, C.MAFE, N ERaEtZ, HY. mkE .

Plate [I Immunohistochemical analysis of gill tissue of M. nipponense in response to hypoxia

MC. marginal channel; C. cuticle; N. epithelial cell nuclei; HV. hemolymph vessel.
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Fig. 7 Effects of hypoxia on apoptosis of hemocytes from M. nipponense
(a) cells apoptosis by flow cytometry, (b) apoptosis rate of haemocytes statistic results.
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Cloning of Bax gene in Macrobrachium nipponense and
its role in hypoxia stress

ZHAO Qiangian', SUN Xichao', ZHENG Cheng', XUE Cheng', SUN Shengming *’
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: Hypoxia phenomenon in pond water is a common and prominent stress factor in aquaculture, which will
severely restrict the behavior, growth, reproduction and other aspects of aquaculture animals, and even lead to
large-scale death. Bax is a pro-apoptotic protein in the Bcl-2 protein family, although most studies have investig-
ated the function of Bax in many vertebrates, little information to date was observed in the crustaceans. The full-
length cDNA sequence of pro-apoptotic Bax gene was obtained by RACE (rapid-amplification of cDNA ends)
PCR technology to explore the role of Bax (B-cell lymphoma-2 associated X protein) in the oriental river prawn
Macrobrachium nipponense under hypoxic stress. RT-PCR was used to analyze the distribution of Bax gene in dif-
ferent tissues of M. nipponense. Meanwhile, real-time quantitative PCR (qPCR) and Western blot were used to
detect the expression of Bax gene in different hypoxic stress stages. Bax recombinant protein and antiserum were
prepared, and the localization of Bax protein was analyzed by immunohistochemistry. The present results showed
that the full-length cDNA of Bax gene was 2 287 bp (NCBI accession no MZ823353), including 42 bp of 5' non-
coding region (UTR), 814 bp of 3' UTR, 1 431 bp of open reading frame (ORF) encoding 476 amino acids.
Sequence analysis showed that Bax was rich in highly conserved BH1, BH2 and BH3 domains. Phylogenetic tree
analysis showed that Bax gene of M. nipponense was closely related to the Bax gene of Penaeus monodon. RT-
PCR results showed that Bax mRNA expression was the highest in the hepatopancreas and the lowest in the brain.
gPCR results indicated that Bax expression level in the gill and hepatopancreas tissues of M. nipponense was signi-
ficantly higher than that of the control group under hypoxia 1-96 h. Western blot analysis also confirmed that Bax
protein expression level was basically similar to gene transcription level. The recombinant Bax protein was
obtained by constructing prokaryotic expression vector in vitro, which were immunized rabbits to obtain anti-
serum. Immunohistochemical results showed that the positive signal of Bax protein in the gill and hepatopancreas
were mainly located in the gill epithelial cells and hepatocytes. Finally, flow cytometry analysis showed that the
apoptosis rate of haemocytes in hypoxia 96 h group significantly higher than those in the control group, which was
consistent with the expression pattern of Bax protein expression abundance and gene transcription level. These res-
ults suggest that Bax gene can promote apoptosis in different tissues of M. nipponense in response to hypoxic
stress. The present study has provided theoretical reference for exploring the molecular mechanism of hypoxia
sensitivity in M. nipponense.

Key words: Macrobrachium nipponense; Bax; apoptosis; hypoxic; prokaryotic expression
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