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[ EH ] 57 & Mok g B2t o o 4 4% 3 48 A 38 R 38 i e WL

[ 7555 ] 3% s 3t B 40 (0 mmol/L) 14, % 41 (60 mmol/L) VA & 4 A4 3 it
] (0. 6+ 12 Fn24h), BF% 2 M8 kil 3t o 46 4% 5 48 JF Jjk IR 30 57 3%
B R H k4R 45 3 B mTOR F2 AKT # [ #h mRNA k3. fi AL 7
B r Bt Ak A8 (CAT). RHtAafé & (T-AOC). 7 —E (MDA) DA
R RE REALAAAREMY B

[ZER ] BEMi 6h 5, AKT XE W kk kAR, E24h {H L ¥
BT A, M@ ohj, mTOR (k£ B ¥ 7, AFgmkik. ke
6hut, HAEEGATHFEIR CAT FH L FBK, MEBEREKEK,
CAT EMIH K B EF L. #JE M8 24 h BT IR T-AOC X F 8 % +
o MEREHANEK, FHEKEMDASEL F E7, il 24h
Mk EEE. BEME 6h i, FEKEBNALALENTEE T .
[Eit ] 6hAMBEREAAIA AL EN AR ZEE W, HEALE
T-AOC 4 B 7t & H M ¥ X & 84 = % H (AKT. mTOR) i 3 £ A %
EUBRRN S RE . RAREENS FERIT PR EELBITE
FHAG, ETWEF AP ERELE SR AAREE LTS
I PR, RE M, FRIR, MANE Y AR

ER T AR S o3 A T il b DX R R TR P BOK BEIEY, H i T AR AR
M pH &S, BTHARMSES:, KA ANE KA, WAk
HENH T A, RERBKTIREET, @& 19 M T ARIX
BRI T e Eh K 32 78 A RO FH 3R 1 =F & SR Ak 98 IR iy B iR A2
LA A BN A FHER Bl o R 7K 7 SR B8 A 5], an sk v Bm AR 7R R
A B X3 2 R 5K TG0 3 A A 34 AR Eh Bk b B Ak A il K, B
Y1 F58 Je B B AR 4 (Oreochromis niloticus), 4 5% |25 W 5% 2 1 404
MARER BE 2 = 3R BE AR EE IIAL, e B B ARt DL @541 2 HE 4 (Oreo-
chromis spp.) 1] i N — % £h B WK, H A 20 % 95 M fE sk
By FEFE PR RE R AE . 1) AR D W 5% e B 5 (G653 (Acipenser schrenckii)
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(Epinephelelus malabaricus) %} FEAF L HAT 1R 31
(38 N RE T, ANARETE K th 3R 8 I H AR W] AR
T 1 NI XA T FR 0 o R A2 551 HE R
DX HE T R m8 7K FL 9N ¥ XF EF (Litopenaeus van-
namei) fEREFFHE AR . T EEY R R T E
BAXTUE (Fenneropenaeus chinensis) 1] #4482 4 fifi
KK AT IR0 . M8 AL BESE R B LA
T W T 7 35 AR PE K 32 mmol/L #4955k Hh
Fhh. T BRI KT G (Scy-
lla paramamosain) WA K B A | BB | 20
FR AR VTR & i 5 1 B KSR EAH L B 5 25 57

B A Ry R Bk S5 Aot 7 rh S K TS,
XK AR AR . AERE . A RS
HHAEEEEmY, WSO H LR
B WA HGE , sk FH 4 Y MR R IHE
B YR (Exopalaemon carinicauda) W] LI TEAKT 8
mmol/L HJBRPRERTE HAEK LK H, (HiEkiRih
BB T B 23 165 A 2 1 R SR B Bt 2 23 i A
FEHAERKZ B W, b S R,
BEE B . pH Ay ThE, BT ER 4R B A7 3%
FNRE, M0 REEN B 5 R W A O T
R AR EP 2 | Ak SR I A il i R AR 2
R BRI 5T SR WIE BRI ER OB e
H E B XTIR R Fe ATGS SRk w16 BTt i,
FEBREE MBS 12 h iR B

i A€ oY B & (Eriocheir sinensis) J& 1 /& H
(Decapoda) J7 % £} (Grapsidae) 45 # & J& (Erio-
cheir), PHHMRIESESE | 557 E 5 MRZ A8
Bk, RREEENEK7 Y. BErA
PR EN TSN ESS 3 S R SN
AU AT O v A 3 T 8 W ef 327 M 2 R By 3 %oF
HBE W R Ay s i 5

AT T 24 h 2P HE 38 X rh AR 45
YU S R B O R B mTOR . AKT
TR, YA CAT 1ML EdTAfkAsts T-AOC .
MDA Fifig 5t AQ Ul O 5 41 21 (IR AR ) A9 5% el A
FC, B TESRDT rh AR A B NN R 38 ) 1
U, AA e — R A 1 T AR gl
L IREN TS IN B S e

L #RS TR

1.1 SRR

S B P ARG R F VT3 S B AT
BEIRAH AL, PRV | AR RS L BRI

SERE T AR G AR M L T, (KE R
(54.48+7.01) go SEIRTF AT TE I B /K BT H - 7%,
B 7RI ) A H R A3 R rp AR R B G R
PR AR E R 5%, LA, & H K
12, BEHWE 1R, SC5 4R A 780 iAW)
HoksK, KRR (22+1)°C, pH N 7.8, LKA
1 RAF IR . ARWFIEARAT T H K 7= B2 F
FE BEIR 7K Wb AT 5% v 0 S5 Sl A B A A
PRZE e, SEEG A R R AR N D3 AR SN
Hf [ 2K PR R A F T B IR K L I 5T 0 A8 B
0, e BE [ K R A A S B IR K L E 5
HRUCME BEZ 53 2 il Y R ) B A T
1.2 SEERITSHMARE

1 3 52 56 B b 8 KA 3 AR — 501 fe B
B FSE 120 H, X IR B 4, &4
BE 3T, BAPATECSE 20 o B4R
Jin NaHCO5, A Z6E 60 mmol/L, L4 [E]A
B AR, TERRE MG 0, 6. 12 A1 24 h i,
5 T30 [) A R 4 R AR 3 LR () T R R A1 21,
ok B FREA %, T-80°Cvkia&H, Mz
PO O BRI S TR ) ek o SR AR A AL & (Y i
JEMRAH Y, MEUE Tk B, T-20 °C VKA
#H, WEbt LB EE. SREMIE 0F1 6 h
AL R LR 414, H Bouin FC & &, Hil/E
TRAKE LT (H.E) Yo i o

1.3 MNAMAAEXBFEERFRENNE

HI RNAiso plus il [ 5 HEAEYHA dtaT)
AR ] R BUT AR SR B T BRI S RNA $2
HUR RNA i ] e 23 96 )6 2 31 NanoPhoto-
meter NSO (IMPLEN, 78 &1 G OD,g0050
(4 LU & RNA R, ODsgops0 FEAELEI N 1.80~
2.00, RNA FJH]T cDNA S50

cDNA 194 ¥ M PrimeScript™ RT reagent
Kit with gDNA Eraser (Perfect Real Time)[ 5 H &
AP A5 A R R ] SO 5 BEAT 2D
B HERPREEH L] DNA, RIIKR: 5 x
g¢DNA Eraser Buffer 2.0 uL. gDNA Eraser 1.0
pL . Total RNA 1 pL. #h RNA Free dH,O % 10
uL, JWEZEMFER 42 °C 2 min, AR5 HEAT RO 5%
SR, SRWAKRZ . PrimeScript RT Enzyme Mix I
1.0 pL. RT Primer Mix 1.0 pL. 5 X PrimeScript
Buffer 2 (for Real Time) 4.0 pL. RNase Free
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dH,0 4 pL. 2588 | LW 10 ul, S5 K
37°C15min, 85°C5s, 4°C,

S TS| AR IS NCBI A i Y AR 45 %
A CHE A, FIFH Primer Premier 5 3K F % i15]
Y (F1).

®1 IAYOLEE PCR 5|4
Tab.1 Primers for gqRT-PCR

R Gk (5" —3")
gene primer sequence(5'—3")
AKT qAKT-F GAGCACATCAAGAACTGGCGAC
qAKT-R CAGACTCCGTAGCCCCACCAG

mTOR qmTOR-F GGTCCTGAATCAGAGGAACAGTCG

qmTOR-R CAGAATGGAGATGGCATGTTCC
p-actin qp-actin-F GTACCACCGGCATCGTGCTC
qp-actin-R GATGTCTCGCACGATTTCTCGC

K MG PG AT LM PO E i PCR 4
WOV, F% M PrimeScript™ RT Master Mix (Per-
fect Real Time) [ = H =AY H AR dba) ARA
A 1 BEI B AT R . SRR AR 25 ul, Horp
TB Green Premix Ex Tagq Il (Tli RNaseH Plus)
(2x)12.5 uL. PCR Forward Primer (10 pmol/L) 1
pL. PCR Reverse Primer (10 pmol/L) | pL, RT
JZ Vi ¥ (cDNA W) 2 uL. KEi/K 8.5 uL. JX
7 4% WIAETE 95°C 30's; PCR JJ 95°CS's,
60 °C 30's, IS 40K, LA B-actin NS, Xt
B R CEHEATY) — LA T, 272k
AN S T i E R B PR e ik i

1.4 s CEEE RN E

SR S BB 3 45 1] (1) 8 v 4 2 T I R
M4, WE CAT B PE . MDA 1Y% & Fl T-
AOC. TP (A0 % 32 2R FH B o i A= ) T
WS AT I, b SR T AR e R

1.5 AP H.E & A5 rSIE

RS a5 ) R AR SR D R LA
, [ T Bouin [G¥ 1, PAHiI/E HE A 85 Y]
o B E T RS K — A7 WA ) e (R 2
A5 um)—JE i —H.E QB i MR 3 it
T — WA WA A I AR TE BE R 2
HOMTEE AL, BEREAH N P8 B[R] S T A A
G307 o

w3

1.6 HBURSHR

JIT A5 E 4 LA 34 (B 45 1 2% (mean+SD) &
7N, K SPSS Statistics 20.0 Fk 4% B #E 17
RIZE 25T (One-Way ANOVA), KA Duncan [&
L T ZE IR AP, R R 5 22 593 i
(Two-Way ANOVA) #4151 361 B[] 11 i, B %) v
He G B P AA AL RE 1 B Rk B A G I R B R
LI P<0.05 A i 3 22 5K

R

21 SAMBEMETHERBEERNHARAE
REEERRIL

B EEBriE 6 h, SXFARAIAH L, AKT 3
() Fk 7K i 3 THE (P<0.05), Wrift 12 Fi1 24 h
J& . FRAIK (P<0.05), {EA)3 & 35 = X FERA41K
- (P<0.05). B B JHiE 6 h, 5 XFREAIAH L,
mTOR KK )35 /KF 8 2 T (P<0.05), JfH.
TE 12, 24 h ¥R ik, B R E TR
(P<0.05) (K1 1) MR ZR I 20 R Eos, W
J6HS 1) RN X AKT . mTOR F& K 23k {521
¥ 3 (P<0.05), H3& HAEH X AKT. mTOR
FE R PR 2 Ml 2 35 (P<0.05) (3 2).

22 2UMEEE B X PG B B I SRR
oA
BRLRE 30 6 h rhAE S8 CAT 1% 1 W & 1%
i (P<0.05), FifiZ5 Wi it a] i ZE K, CAT J%
I B A8 fk (P>0.05), ¥ E AL T X A
(P<0.05). BHEMria 6 A1 12 h, 5X AL,
T-AOC C . % 7 1k (P>0.05), Wrifi 24 h i} T-
AOC &3 L F+ (P<0.05). %% HHil 6 h J§ MDA
)& 8 G W3 2 A (P>0.05), BHEEEIA 12 h,
B & W 38 B A) A9 4E K, MDA & = 3 L
(P<0.05) (K1 2)o WHZE I 20 R IR, B
FEXT CAT I 4 19 52 ) d 25, {5 [ 360 A5 [i) %)
CAT 1E A L 3 (P>0.05), —FH WL H
YEFW A B3 (P>0.05), Jilrii i 8] A0 66 R %) T-
AOC. MDA FiEnysgmd i, B HEAEHE
L2 (P<0.05) (3% 3),
2.3 2MEEMBX PG E R NALREN
SapAl!
WGE RS R B, BE MG 6 hit
S E . X0 6 h ARk BB AL LA
T 20 (BR), KBH LRI K

2
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I XFE&ZH  control group

élo _ = B alkalinity group
£ T
® < gl
=3 i
=% 6f
=5
22 4t
7 8 * *c
E & ¢
N O 2¢
Sy 1 X I Y O
e 0 6 12 24

B Jh B IR [/
alkalinity stress time

(@

1 XTHE4 control group

< = ffJE4 alkalinity group
Z10; *b
F I
23 s
7 E i T
=k
< o
£ 2
o
oo ool o
s 0 12 24
MP% BN []/h
alkalinity stress time
(b)
E1 SMEERENFEREELE
X EERIEHF M

ANTF /N B - BER R AN [ e I ) R 22 53 B3 (P<0.05), ¥R
o AL R 2 A ) — B I ) 22 S B3 (P<0.05), Nl
Fig. 1 Effect of acute alkalinity stress on expression of
anti-stress and development related genes in E. sinensis

Different lowercase letters in the figure indicate significant differences
under different stress times (P<0.05), "*" indicates significantly differ-
ence between control group and alkalinity group at the same stress time
point (P<0.05), the same below.

®2 WEMPEREX AKT. mTOR £E 3Rk
FWHNERFTES
Tab.2 Two-Way ANOVA on the effects of alkalinity

and stress time on AKT and mTOR gene expression

A5 SRR I H AKT mTOR
source of degree of
variation freedom F P F P
B 1 773.674 <0.001 173.545 <0.001
alkalinity
Fif (] 3 316.089 <0.001  21.402 <0.001
time
Tl <[] 3 316.089 <0.001  21.402 <0.001

alkalinity x time

. %HHE4L control group
= BEE4  alkalinity group

N
o
)

a

—
W
T

CAT activity
=

i AL S B P /(mmol/g prot)

*h *b
0.5F b T
LU | [T
0 6 12 24
g SELR N
alkalinity stress time
(a)
= 51 = %4 control group
g, = BE4  alkalinity group *b
o 4r
: |
=93
33 a
By
K ; a
g 1
i
0 1 1 1 1
0 24
ﬁifhﬁﬂ ETIﬂ/h
alkalinity stress time
(b)
= 151 = XPEEZH  control group
a = BEE4  alkalinity group *c
50
E E 10 L
g2
I3 <
g st
&
1]
S Ofmﬁrﬁﬁ ! B A}
6 12 24
il FZ fip 3L [/
alkalinity stress time
()

B2 SEWEE X F g E SR SRR

Fig.2 Effect of acute alkalinity stress on the activities of

antioxidant enzymes in E. sinensis

BESUIL, S B2 2D 2 UL A DR sl
LT AL, WEFAEHES ST . RS0 i
(FEIRR-1), B8 2 ARG B LY R B AR
e (Bl R-2)

3 v
3.1 2R S I8 X i e gl B SR i N ok
EEE RN

mTOR-AKT {55 5 38 [ & 4l i 9 8 85 5 7%
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&3 WEFIERT X R B B LR
WERFESH
Tab.3 Two-Way ANOVA on the effects of alkalinity

and stress time on the antioxidant capacity of E. sinensis

AL

BRAIR HBE CAT T-AOC MDA
source of degree of
variation freedom P F P F P
Tl 1 14.239 0.002 7.290 0.016 76.100 <0.001
alkalinity
A (] 3 1.706 0.206 5.425 0.009 31.648 <0.001
time
Tk 5 > B[] 3 1.706 0.206 5.425 0.009 31.648 <0.001

alkalinity x time

EliR FEABRBENAARTR
1A 2 5 B R R R R AL, WLV ALY . kR
RN, mf A4 .

Plate Muscle tissue section of E. sinensis

1 and 2 show the muscle tissue sections of the control group and alkalin-
ity group of E. sinensis, respectively. The arrow represents the nucleus,

mf represents muscle fiber.

P —, TEAEFRFAMIIGIE . AEE A T
RIERHAERY, AKT V£ mTOR-AKT 15538
PEP A OCHEAE, REASIE L B IR 1k H A A
17 A R 2 M E SRR, S50y
B . AR S S R A R, AR K
KA« PO IS 5 0y 227 o 78 v 3y 4 o A
PEAERM, FEARETE T, U MG 6 h )5 AKT
B FEIR A B 3 B, PUEFERRN A HTN 3#H
AR 78 12 K24 h J5 HERA B N IR,
F T A K (P<0.05), X2 HLIKZ &
N A IR B B 25 R . Zhou AEM X A [GA
YR (Macrobrachium rosenbergii) B W 5% 3% B,
AKT 75 2@ R BV A R #h B vh R 2 s Kk,
AT R R R, IRHE LT 450 X o [ B X i
HIBIE 5T K B, X HF 28 4 55 BE TCER T (Micrococ-
cus lysodeikticus) ¥4 J5 1 h, AKT Fik i
P, RS M6 h R RIA N IE, 1E 24 h R RIA
mENRA TR EER, FIRRS R S AN
FELEANML, PRBL T AKT FEHT I I8 S 5 28 1oy 25
P A — o U e 0 AR

TENURZE L, mTOR 15538 B3 Ok A

TESFE ARETFSE AW SES, @il
RS 20 T ) A R A AR, SN 4
A K AR BT Sh AR AR R 1 Mg Ak T
FEFEM BRI RS, mTOR #5306 DA
R & A Sai LR k& I 8 4 45 R,
mTOR AW, HEom 2 [ W™, ARAFIT LR
WoR, WEM 6h 5, mTOR Fik B3 i,
HFegem Rk, SOEHUAR R T 98/ PR 20 i s
SR, BTSN R AR . AR
W, mTOR 5 AKT /)3 15728 16 KRB L,
Y 6 h 5 B2 FYE, 7F 12 & 24 h Bf ik
AT, (HEEETXRA, PR3 R e
FE e ok AR b R P EIAE T, X T e gk s
PO L e e [ A 4 1 1 PR AR . Su S5 F
KW, 7EEE (47 mmol/L)Wad s,
SRRy L RN SRR R | B Y N Dk
mTOR 55 @S2 T & 4, SARMREE R —
, PRILT mTOR 38 [ 3 KA by Xt B 8 45 40
DA 17 8 ) S R P VR o

32 S MBEEME X ey
Ao

TERBE A AT, ik ar= Al s
TR, MG AL N, LA P A Ak
KRBT Z A AR, CAT &Yk N
ARG AR EENE, DK H0, 1k
B H,0 F1 Oy, /0 HyO, X4, 1E4:
W PR HEAE PR S A 1 PR 2R i 5 | A 1 ek 3 40 oh
RAFEZAE, 40 BSR4
A5 6 BRI 2 —, MDA E§ il Ak &
AR, W DAE— B b R LR ) A A
P, T-AOC REHE S WEHLIA [ H 3 AR R
SMPUE RGN TAERR Ty, WAE R WA N
HAPT AL TN RE R RAFHE R

FEABEGE T, B ME 24 h P, rPARGRES
AT T ) CAT & MDA 235 BL T B
PERD LR ) e R A, R T R Pl e o T
FBERR A2 o 55— T, e e e AR R T A
i % AR i SR AL T RE Y T-AOC B AE 6 2 12 h &
LR N RGR, MAE 24 h BP0 T B
PHFRIE, PRI T ARG AR OB 38 B
TEHUA AL LA 1 B N 2 . Zhang 2617
PIWFFE B, FEAS R B AR AP aa T, rhAegl
2 T-AOC & FIHEH#H W& & TX R4, Li

S
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PN RS R I, fE 96 h Y, Ak TRk
18.25 i1 35.41 mmol/L () H £ 4§ # & T-AOC
KB RIET R E LR s, AL RS
RS RARL, FEMERI, e
T-AOC ol E A4k, R MEIMaES, LA™
A K ROS, AP AL EEIE B H], 24 h
JE MU 2 385 I BB ARk, A ST A AL i G 1
W, T-AOC B3 LT+, (R T haegi i BT
ok M A 7 X i 3 5 A 1 SR I 8 R Y
E AR

3.3 SMEBWUE B G E B RE RSN

HENUE VRN EZRNPAL, 2l
PRER R BOBE IR AF 20 T, A B 5 ZOR s 1
T Ak B A Y TR AR AL o UL DAY WAL 2
iz PR AL PN 5 3z B BOBERT T /N, S
¢ AL AR AR A 2 ) A PAY MR A A AR
A&, TENLARRE RO b A 1 B BRI B
FE, BEEMNE 6 h S, VR HUASIN L. Bt
SEACAFSE I R B 2 B Rk, BUR T
R HR NS BIEM . RER 6 h i
WAL BRI, rid e X H RS 0 %
SR, VRIE T LD 2 GO rh A SRR BT
38 BN A AR

>

+ 2/
4 45w

WFEE I, 7E 24 h N 2 PR il ia b,
AR YRR R GAE N TR, St
(R RS, JHF IR R v 0 R R G ) AKT A1 mTOR
GR35 L IRFR LI X B G o 6 h ) 2
JEE W30 I A R Hh AR SR 2 L PR 2 2R 44 7 A T
Em . ARMRIER T AR EXT T 24 h &
PR W B — e sz v, A R IRATE
JE& v A YRS T R W2 N S ML B A T BIE S
%o A Ja NI Ak SE T R v AR o B 1Y) 12 M R LA
K ER TR A8 N PN B A, SRR T AR oY
R0 TR 1) & R R L BRI 255
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Effects of acute alkalinity stress on anti-stress, antioxidant capacity and
muscle tissue structure of Eriocheir sinensis

CHEN Han', QIU Qiyong', WANG Meiyao "*
1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: China possesses abundant saline-alkali water resources that are currently underutilized. Developing saline-alkali
water aquaculture could transform these abandoned resources into valuable assets and enhance fishery production. This study
aimed to investigate the effects of acute alkalinity stress on the physiological metabolism of Eriocheir sinensis. A control group
(0 mmol/L) and an alkalinity group (60 mmol/L) were established, with four treatment times (0, 6, 12, and 24 h) to examine the
impacts of acute alkalinity stress on the mRNA expression of anti-stress and developmental regulatory genes (m7TOR and AKT)
in the hepatopancreas of . sinensis, as well as antioxidant capacity indicators [catalase (CAT), total antioxidant capacity (T-
AOC), malondialdehyde (MDA)] and muscle tissue structure, which are key tissues for energy metabolism. Results showed that
after 6 h of alkalinity stress, AKT gene expression increased and then decreased, but remained significantly higher than the con-
trol group at 24 h (P<0.05). mTOR expression significantly increased after 6 h of stress (P<0.05) and remaind highly
expressed. CAT enzyme activity in the hepatopancreas of E. sinensis significantly decreased after 6 h of stress (P < 0.05). T-
AOC levels in the hepatopancreas significantly increased after 24 h of alkalinity stress (P<0.05), while MDA content signific-
antly increased with prolonged stress, peaking at 24 h (P<0.05). Muscle tissue structure in E. sinensis was not significantly
affected by 6 h of alkalinity stress. The observed increases in antioxidant enzyme activity (T-AOC) and upregulation of stress-
resistant and developmental genes (AKT and mTOR) indicated that E. sinensis actively responded to alkalinity stress. This
study provides theoretical guidance for eluciating the anti-stress mechanisms of E. sinensis in saline-alkali environments and for

the future development of E. sinensis aquaculture.
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