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EaN ) SERTE S A 1Y) Q2 s¥a st /)11 OFa s . = BN
QUife ., AR AL R kT BFSR R, R
| D E Ryl SERIRES A TR S JEARE N
fi A K B AN O 5 T AR Wt 2 5 BUL
YRR IR /NS ML IRBE, AP ARAETE R T %,
Bz I RE A, 0 i 5 i HL A K R OO A i
R, B R R AT 4 A RS A A A S5 R AR
Z AR R T R I b B T as R G i I
PR R A 0 2 A SR TR i rh e AR A R O il
T S =N ) BE R P s L R
# % (Eriocheir sinensis)!"*1, JLgh e xf s M0
%] B} %} #F (Fenneropenaeus chinensis)!'* 4 1k i i
PR REAZ 401 o AT 3R B FLAN Ve MR ] 38 1 4G
TR R 0 R D 36 DA ) v 9 2K oF g k8 ARk
JE it

% A IF (Macrobrachium rosenbergii) i - H:
PRI AR FRFH AR . BUR ML S
EAT )z kgt BT AR
Hh R R SRR QTR R AR K AR RS SR
R Sy v A e VO TSRO e L G T B T A
R0 AE B W38 38 N AL AR HGE . L, ASAE
7% LB 22 8 B W 38 T B ICTE U Y o BORE
(lethal concentration 50, 96 h-LCso) A&/ 52 M
e ¥ (lowest observed effect concentration, 96 h-
LOEC), 8 ik X 5 71 - g i J 05 kA0 2% ok 28 DU
JE B, WA BRAN 31 )2 8 s 2 QTR MR X 5 66
IRBE A3 WAL

1 #MEEFE

11 EhEEEMEXY % EKIEERE 96 h-L Cso #7196 h-LOEC

1 1 I8 0 Ak 4 (NaCl AR R &0 81 (NaHCO3)
AN R T S NS b S SRS s il P
JE(0. 10, 15, 20, 25)FHHE (60, 140, 180, 240,
380, 440 mg/L)RIERLE, K4l 3 AT, BN
FE R PR A2 B2 (SL 83—1994), 43 ILL 0 £h 3 F0
60 mg/L LA A0 BRZL . SCER MR R AT 100
R4 A K 0.7~1 cm), id A Ny, 7KiR(26+£2) C.

96 h JFid k4 4% [RTB AR MATET-4L, 128 Ny,
FHEFET - (mortality)=N;/Nyx 100%.,

R 4 R 0 5 LA 3R 38 52 4 A5 2 1y & TG T AR
96 h-LCso fl 96 h-LOEC, 1'% 3x3 [ERAk3c B
HSEEREE: 2.5, 7; B 100, 230, 360 mg/L),
B 3 AT, BAPATICA 100 AR, A
96 h, HA A AF R B R A S04
1.2 EiEENE

TEHIFRAH 40 d AR (A 3~5 cm, 1AHE 3~4 g)
BT 15 LK BG4 1.1 75325 [
WRZh B A2 SO B, 3 X HR4H (60 mg/L). K
WEL(120 mg/L) . =k 4 (220 mg/L) 3 Mk JE
BERE, EREEXh S, B 3 AT, B 24h )5
FHPA 30 B4R, WA 24, 72, 120 F1 168 h
JE &SI 3 B, Sr B IR 2, WA
RGBT -80 CUKHE FARA7 LA IISE o 5l Al
0.9% 4 FRER K Fie d B AAFREL 12 9 29K 10%4H 21
A1, ZJE B0 10 min (4 °C, 3000 r/min), B b3
AT T TG P o HE b 2 2O e R R TR
(alkaline phosphatase, AKP). #H8f i — W2 i
(Na'-K'- adenosine triphosphatase, Na'-K'-ATPase)
L) KA It = iR (Ca® -adenosine triphosphatase,
Ca®'- ATPase)iifi P . JHF M 2 20000 o B 4 o i
R I BEIR NG . BSMR SRERRNE . B A
7 fk i (superoxide dismutase, SOD). i %4k i
(catalase, CAT) . fik 2 I [iff (carbonic anhydrase,
CA). Bt H K S ¥4 F2 i (glutathione S-transferase,
GST). Gl R B I s R 2% B0 7 5 i 2 ik,
B MEAL A T RS A0, DUSEAE A R AT be . DA b
Fi bR 241 R A 07 3K 70) 0 00 2 (e e A A PR
), JFTEZ DI REREAR{ (Synergy 2, BioTek, 3%
ENRIILI S EX =N
1.3 RNA RH. SEENFRBEFESH

HA R AE 1.2 4541 168 h 1) A0 FFF e B s
T AL . A RNeasy Mini 7] & (Qiagen)
$EHUE RNA, ] NanoDrop 2000 (ThermoFisher
Scientific)5e ik BE K 20 B2 FIAG I, I HIBUIE 4 i
TKEAT SE BRI . Oligo (dT)Mh2k & 4k
RNA Hi5H polyA B mRNA, BfiJ5 RA®E F4]
Wi 7 20 mRNA BEHLITICA 300 bp 7247 HY Fr
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BEEAE UM IE X2 TR URAFIG | WG B SRR IR Y 885

Bto DA Bk mRNA AR, FIFHBENL SR
W ko1, Wit A i cDNA. I AMPure XP
beads Zlifk PCR =%, W& SCER A Agilent
2100 Bioanalyzer (Agilent 2100, USA)5E i &5
M, SCHE A9 X P (PE150)7E Illumina NovaSeq
W6 F5e BAIRARE, FifE).

JR UGB 726 fastp (v0.22.0) 2 55751 4%
Sk AT B (QV<20) 45 (K BE<50 bp) 75121,
e B ¥ S AL Trinity (v2.15. )30 9F4%
PRRNEE AR, i ZREAR 2 e SRAR AT R e
X unigenes H:PH 425 i % b NR .GO . KEGG .
eggNOG ., Swiss-Prot, Pfam %4} /% 5¢ i unigenes
Ay LIS REERE . A RSEM (v2.15)i1 A KL H 5%
A& FPKM (fragments per kilobase of transcript
per million), DESeq (v1.38.3)# {417 2H [f] if) 22 57
Tk, LIRA 2 R8I Log,Fold Change[>1
F 2 PE P<0.05 Sy 18 {8 07 16 25 S ARk B K FIH
topGO (v2.50.0) % % 22 ¢ R IK L H B F & £
GO term™; {fi JI] clusterProfiler (v4.6.0) 5% &
KEGG il % & 8 /3 07, Bods T 9L i R
(v4.1.2)58 2%,
1.4 #HiEsE

g EE R Origin 2021 F AL BE, XFFET
RN B X B AT [ U5 43 B R H — IR R BGHE A 7
A, R4 — R ROy BT S I 52 e ik B
RO R BE o NG PRI 2 R DAY AR o 2%
(X£SD)E /R Geit/rHr7E SPSS 27.0 (IBM, 3 [H)
Bopkoe i, A S R 7 2247 BT (ANOVA) 45 &
Duncan 2 5 LR 30 20 1] 9 25 55 1 25 (P<0.05)
i F GraphPad Prism (v9.5)5¢ i FITE vl ¥4k .

2 HRE5HMH

21 hERERT %GB 96 h-L C50 #1196 h-LOEC

% [CTBERTE 96 h N 32 B[R] Fh ik B2 11 B A
R AE AL A R 1 Fron . R a EE
TR y=233.7x-284.7 (R*=0.98), i1&15 £k s
X B B ERAN Y 96 h-LCsg=27.1 (95% & {5 X []:
25.2~29.6); 96 h-LOEC=16.5 (95% & {5 X [d] :
12.4~20.7), BJE W0 [H 375 R y=132.3%-262.7
(RP=0.99), 1% 15 ) B B X 2 [C 8 0 %) 1 1
96 h-LC5¢=230.7 mg/L (95% & 15 X [d]: 182.6~
299.9 mg/L); 96 h-LOEC=96.6 mg/L (95% & {5 X.
[a]: 42.6~135.2 mg/L)(I& 1),

RS B a2 RIBER 96 h AYBET AN
2 AR % FRIR IR A FE T 2 Eh 38 B A e 1 2
TEARDG o AR & 2 THAL68UE S 100, 230, 360 mg/L
mF, B RIHIRZI Y 96 h EEIEELE /3914 9.2
5.2, 0.8, XF#EdE#EIT ik ZH X A58, ik
FER X1, B %, JET-%Ay, 43115 96 h 1
] U5 A% A y=4.770-3.034%,+1.053x+0.045%,+
0.002x;%, (R?>0.95, P<0.05)., £h & FIH# B 52 H 35 %
BOMIERL, FhMsc B T ER A ikaE 2= 30 P
[FAEH
2.2 HmREEMEX T KA HNGR e iE Y &2 0

% [ TR R 8 G 52 il e 2 e s Tl S MR AR AR
WE 2 s, B IR IREE AKP 6 P 76 Ak B 35 ]
SR 4 K (88.52~10788.57 U/L), [Al— i A [
WREZH R 22 AN i 2, SO A R IR 4 AKP I 1
Y B} A B 25 PR AR (P<0.05), 7E 120 h &K
(88.52~151.89 U/L), 7£ 168 h B[] T iy e $4
(1% 2a). 1M Na™-K'-ATPase 7 152 B C k%5 T+ #4

R 1 EHEMEEYS KB 96 h A MEHE

Tab.1 96 h salt-alkaline stress on Macrobrachium rosenbergii

n=3; X +SD
HhE log o(# BE) FET- 1% B /(mg/L) log o(HEE) BET=H /%
salinity logo(salinity) mortality alkalinity logo (alkalinity) mortality
0 4.00 60 1.778 6.33
10 1.000 1.33 140 2.146 7.33
15 1.176 1.00 180 2.255 20.67
20 1.301 7.33 240 2.380 47.00
25 1.398 45.33 380 2.580 84.33
440 2.644 100.00
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Fig. 1 Regression analysis between log-transformed salt-alkaline concentration and mortality of Macrobrachium rosenbergii
The auxiliary dashed line indicates the concentration corresponding to the half lethal rate.
F2 BWTEMBKZIR 96 h 2EHE (120 mg/L)7E 72 h i 3 15 FH AP (P<0.05), =ik
Tab. 2 |3|6 h szlt-aLKali interaEtivg_stress on E§E(22O mg/L)Yj? 120 h ﬁ%ﬁ?,ﬁ\ﬁﬁﬂﬁéﬂ(ko.os,
acrobrachium rosenbergii
n=3; X +SD 4 2b). il Ca®*-ATPase i P 7E M} [f] |- £ # ALug
o Wi /(mg/L) ETHI% (8 o 13 R )46 % 1 55 1K (0.03~0.06 U/mgprot),
salinity alkalinity mortality Tj_‘; 120 h J‘ii’]%%7ﬁ¥(l 66~2.48 U/mgprot), %
0 60 4.67 . —1
2 100 18.00 JGTE 168 h . FEAI(P<0.05). 2% I BIA [A] 4k 3 41
) 230 30.67 [ 4 2 5 A .3 (P>0.05), {H7E 72 h F1 120 h &k
2 360 6233 LY fe W T A P (] 2¢)
5 100 2533 2.3  EhEEME X T KB 4R AT R BR EEE B 221
; 230 393 % EC TR AT R AKP f 85 Bt {66 T
> 360 7167 (3391.37 U/L vs. 10788.57 U/L), AKP 7£Fi 241
7 100 42.33
. . oo HBEBUAEREIR THG U JBRURE, PSR AE 72 b it
; 360 9 67 AKP # i fi(111.37~329.51 U/L), [R—BHHIAR

O SLIOAE 120 h 7w (1.17~2.60 U/mg prot).
Ivi] — Fsf 30 S [i) ol B 4 ) A B s ER VR B 4

[) e B2 2 1) 25 5 AN 23, BR 72 h AR &5 7 i
T HABPIZ (P<0.05, & 3a), Ehmi i T
Jlit Na™-K'-ATPase (1.31~6.71 U/mgprot)Fl Ca*'-

= X}H8 CK
_ S 8rb n=3;xSD == low g 10
12000} * af n=3; X+SD & [% a B o - B O i )
2 ahggaA . gHiE CK = Y BT s WS high g 8 %} CK
=) TOT Y FE 1 2 2 concentration é 2 o
= o 8000f fRARE low Y= aAB S& 6l®an | = R low
& % concentration E<al T P T T concentration
& VR high -39 A BT 4 BvS high
g 4000} concentration 2B ¥ aB By concentration aB
T Mo bB| bBC T
= aB 2 1o aB
g aC aB aB T ell'B fmz T t1|9 ﬂn 2r a_|l_3
J B TwEw s THN OE OB : : il = M <or el
24 72 ‘ .120 168 = 24 72 120 168 24 72 120 168
I fil/h time fiti/h time fit /b time

Kl 2 SRsA T 2 QI 6 A SR A2 1
ATl /INE T e [ — I ) AN [ 2L 18] 94 2 3% 25 5 (P<0.05); AN [l K55 7 £ 7 [ — B BE 7 I (1] 119 1. 25 25 52 (P<0.05).
Fig. 2 Physiological responses in gill of Macrobrachium rosenbergii under salt-alkaline stress
Different lowercase letters indicate significant differences between different groups at the same time (P<0.05);
Different capital letters indicate significant differences among different times in the same group (P<0.05).
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ATPase (0.22~7.41 U/mgprot)i) & &HAHY, HIYTE
AEFEAPHA(72 h AT 120 hy & EEEAR . [F— i R4
6] P B e ZH Na'-K -ATPase 1£ 72 h i
FTE, MU EL Ca® -ATPase 7F 120 h BT+
= (P<0.05, & 3b. 3c).

JH R A S R Bl e AR ] (1)
SOD i P B Rs 7] S5 4 J5 F1(36.96~268.27 U/mgprot),
X BRZHAE 72 hid PR ARcAIR, SEHR2HAE 120 h iF PR AR
(P<0.05), SCEGAFIXTREZHI7E 168 h IfiPEd i,

BN, EUEALE 72 h B T HARMI; Rk
FEZHAE 120 h B2 & T HABMAL (B 3d). (2) CAT
(7.73~21.83 U/mgprot)#1 GST (6.54~47.20 U/mgprot)
TERF ] A s, SR BETE 72 h i i W3
T T HABPIZH(P<0.05, F 3e. 3f),

CA ISMEEWI IR e (2 115 ng/mL), 7E 72 h
F1120 h B ERRAT(Z) 22%~27%), KB 168 h % P[]
TR IR T 88%H AT 1 2K T 91 4 7K F-(P<0.05).
(] — s S A 2E ) LU 3T W 2 25 5, B 72 h IRk

IS EAGIRIE Y 4.3~5.1 4% [F—BHHAmE L EA CA i E & T HAM P4 (P<0.05, Kl 3g),
- £ 107 SR CK 2 10¢
. 4000 ra %8 CK n=3; xSD T gs n=3; ESD — [ WEE tow " & A s ep
= — 1 = o 81 aA g 8t ‘|' 5
= 3000 |aAB ﬁ%{ﬁ ow S 2 concentration RN S8 CK
g, concentration N =3 aA, BVRJE high T 5 3 woll = ﬁ%ﬂg 1
& YR high A BE 61T T concentration = 61 oW
& g 2000 L %A concentratlon aA aAB T & < T aAB aB ; concentration
B e Bl 4t T BT 4l PIVKEE high  p
2 17+ By concentration aB
% 1000 w2l BP B O 5l S
bCl b = i i g acaBaB bC| 6B T
0 & g 0 g 0 = =
24 72 120 T 24 72 120 168 24 72 120 168
A} E]/h time A} [E)/h time it E]/h time
B 3001d g o~ 30re R CK
§ |0 rumsh wi B PHESD | I low
£ aB . Xt CK T §|_A & cor;zcé%tr}?tul)ln
L T e {RYREF low g =2 i
g o) 200 a‘|]'3 concentration = 207 concentratlon
o B YR hi & <
§ @ (r:?ncentrat%gn Jﬂ% © bAﬂ’A bB
100 f aB 10r %
5 e c f;;
= bC bciC g
¥ NN CH "o
5
24 72 120 168
5} E]/h time IET]/h time
2 60 f g @A .
& % CK 120l 1  m%hESD
g n=3; ©SD I — (EHRPE low -~ T aA X HE CK
S 45y concentration 'é = {RHREE low 5
e FIUBE high Ej 105 | concentration a_ll} aB
o g concentratlon = < FIYRIE high
B 5307 aABA,z DA ®o0 aC concentratlon
& TLT baB aBT aB B 90 ¢ aC
n p— '|' & cC @I_ DT
£ l | bBT" = ’ i
= = 75
<& 24 72 120 168 24 72 120 168
Fif 8]/ time FiffA]/h time
B3 EhBdia T~ 2 T IR B AR 3 S 80 A2 Ak

AT /NG A 71 [ — I ) A [ 4L 11 94 2 35 22 5 (P<0.05); ANl RS 5 B3R [l — B S 78 I [1]_E 1) S8 25 25 5 (P<0.05).
Fig. 3 Physiological responses in hepatopancreas of Macrobrachium rosenbergii under salt-alkaline stress
Different lowercase letters indicate significant differences between different groups at the same time (P<0.05);
Different capital letters indicate significant differences among diffeent times in the same group (P<0.05).

24 HWAEES KiBIRERED N

241 HEFAWFER XA B I
18 NS, Zead g J5 43 | 23Rk 15 69.54 Gb Fl
67.19 Gb W T-¥ T4, B2 Q30 ¥ KT 96%, A

SCBE A ROIE B9 L) 32 K T 98% (% 3), it
BRI T B A A AR W Bm T ok . ik bt
VNN L SEN R AL AN LY I S A A

FEH (>55%) 1) FPKM {H{EFI7E 0.1~10 (& 4a~4d),
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3¢ B SRR P JBR R A A (] Ve B 2 2 TR 1% A B A
oL, DA KA R B 2 2 1) 0 78 = 25 O 25 45878
F 15373 1 (principal component analysis, PCA)#&
B, S0 vk B A AR R e, 3 AR RV A
[i) 5 PR e IR X A AN I ks IR 3 AWk BE
HINFEA I AT B R B, ASTa) k3 2 1] Bk PR 3 5k
B XA (K 4c. 4D).

242 ERRTIEERELSWH  SUAUFBRELE
JG 3 7 A 2622 F1 2922 A4S K TUAR N 22 57 R I HE ]
(DEGs), i3 T a3 (K Sa. 5c).

FEDNEC 29 AN PIAL BY 3 A% IR v i vk B
2 1Y) 22 S R IR EL R W = TRV FEEH (B 621 vs
499; TIH: 498 vs 437), (HFH IR TG-Sk B 1Y
L E(864)F1 T (746) I KL H . MA El(M-versus-A
plot) 7E & 1A 1 Fl 22 A5 8 B8 o E IR AT o 22 5%
FLH 5346, DEGs (0 H B % T 0 o 5 25 5 5L A
HAEAH A AT S 0.6%~1.9% (K] 5b., 5d).

243 ERREEEGOEENT GO EHEMT
WoR, SRLAZNM 2 T KRB FEFNIERBIN Y e R 2
A5 <A 1 25 6]/ X 3 (GO: 0005615, 0005576)”

25 5 30 1% 3 DRI BT S0 R JH J e 14 401 1) 3 A B AS
] o M v s vl B 4 1 22 35 I (993) FiT T 7 (884)

“UR 2 B 5 R E I PE(GO: 0015291)7 Al
“BS 7125 (GO: 0006811, 0006820)%(1X] 6a), ATk

®3 FRBMBFAATRBRERUFBRARERSIT

Tab. 3 Statistics of assembly results of sequencing data of gills and hepatopancreas samples of Macrobrachium rosenbergii

FEM BE/(mg/L) il AR FIREdE T EdE A% Q30/%
sample alkalinity group tissue raw reads  cleanreads  clean reads content
S60 1 60 Xt iR 4 control group f8 gill 47976202 47349158 98.69 96.59
S60 2 60 X HR4H control group 8 gill 50301244 49617942 98.64 96.57
S60 3 60 Xt iR 4 control group f8 gill 49121180 48437306 98.61 96.54
S120 1 120 < BE low concentration fl gill 54956362 54173864 98.58 96.54
S120 2 120 {K# E low concentration i gill 45431640 44814286 98.64 96.55
S120 3 120 < B low concentration filll gill 52749660 52079258 98.73 96.82
$220 1 220 ¥ high concentration 8 gill 50613604 50085284 98.96 97.07
$220 2 220 i J¥ high concentration 8 gill 50241920 49619274 98.76 96.77
$220 3 220 ¥ high concentration 8 gill 66366748 65490228 98.68 96.57
G60_1 60 Xt &4 control group AT hepatopancreas 45340624 44784486 98.77 96.85
G60_2 60 Xt &4 control group AT hepatopancreas 47019470 46423168 98.73 96.69
G60 3 60 Xt iR 4 control group JIF % hepatopancreas 45437404 44941818 98.91 97.20
G120 1 120 ¥ & low concentration JT R hepatopancreas 51912868 51329906 98.88 96.94
G120 2 120 {K# & low concentration JIF % hepatopancreas 62120074 61401366 98.84 96.89
G120 3 120 K & low concentration AT hepatopancreas 47366806 46776044 98.75 96.81
G220 1 220 ¥ high concentration AT R hepatopancreas 52992422 52296878 98.69 96.69
G220 2 220 Y high concentration AT R hepatopancreas 51203006 50547142 98.72 96.66
G220 3 220 Y high concentration AT HR hepatopancreas 48047814 47339106 98.52 96.52

#:S60_1. S60_2 H1 S60_3 Fe/m x| AL B QIR HFEEZH 2 3 AN EW2¢ &, S120_1. S120_2 1 S120_3 F/n KA B 41 % [T /B ARGl 4 2 3
AMEYF TR, $220 1. S220_2 1 $220_3 Fm mif L ALE [CIHIFEEA14L 3 MEY S TR, G60_1. G60_2 Al G60_3 F/m X IR241 % [TR
WFAFBRIRALEL 3 DAY E AT, G120_1. G120_2 1 G120_3 SRR IRHs B 41 % [T AR T BRAR LS 3 MW, G220_1, G220_2 Al
G220 3 IR L H D [CIRAF TR 3 DAY T Q30: WA FUNMER FETE 99.9% L) b M THHE BT o5 7 43 L.

Note: S60 1, S60 2, and S60_3 represent three biological replicates of the gill tissue of the control group of Macrobrachium rosenbergii.
S120 1, S120_2, and S120_3 represent three biological replicates of the gill tissue of the low alkalinity group of M. rosenbergii. S220 1,
S220 2, and S220_3 represent three biological replicates of the gill tissue of the high alkalinity group of M. rosenbergii. G60 1, G60_2, and
G60_3 represent three biological replicates of the liver and pancreas tissue of the control group of M. rosenbergii. G120_1, G120_2, and
G120_3 represent three biological replicates of the liver and pancreas tissue of the low alkalinity group of M. rosenbergii. G220 2 20 _1,
G220 2, and G220 _3 represent three biological replicates in the liver and pancreas tissues of the high alkalinity group of M. rosenbergii; Q30:
The percentage of bases with an accuracy rate of 99.9% or higher in base recognition.
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Fig. 4 Overview of transcriptomes in gills (a, b, ¢) and hepatopancreas (d, e, f) of Macrobrachium rosenbergii under salt-alkaline stress
a and d are distribution of gene expression levels in each treatment. b and e are density plot of expression

abundance of all genes. ¢ and f are PCA analysis based on all transcriptome data.
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Fig. 6 GO enrichment analysis of differentially expressed genes in the gills (a) and hepatopancreas (b) of Macrobrachium
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Effects of salt-alkaline mixed stress on survival, enzyme activity, and
transcriptomic profiling of freshwater giant prawn, Macrobrachium
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Abstract: High carbonate alkalinity in saline-alkaline water is considered a crucial factor that affects the survival
of crustaceans. However, the information regarding the saline-alkaline adaptation mechanisms of Macrobrachium
rosenbergii is currently limited. This study aimed to investigate the effects of saline-alkaline stress on the survival,
enzyme activity, and transcriptomic profiling of M. rosenbergii by determining its semi-lethal concentration (LCsg)
and lowest observed effect concentration (LOEC) of salinity and carbonate alkalinity for its larvae. Additionally,
the study examined the effects of saline-alkaline stress on osmoregulation, antioxidant enzyme activities, and
transcriptional expression in the gills and hepatopancreas of M. rosenbergii. Results showed that the 96 h-LCs, of
salinity for M. rosenbergii larvae was 27.1, with a 96 h-LOEC of 16.5, whereas the 96 h-LCs, of carbonate
alkalinity was 230.7 mg/L, with a 96 h-LOEC of 96.6 mg/L. Furthermore, salt-alkali interaction exhibited synergistic
effects. Enzyme activity analysis revealed initial decreases followed by increases over time for alkaline
phosphatase and Na'-K'-ATPase activities in the gills and hepatopancreas, whereas Ca*’-ATPase activity in the
gills exhibited the opposite pattern. Superoxide dismutase activity in the hepatopancreas reached its lowest level
during the mid-term stress period (72 h and 120 h), whereas catalase and glutathione S-transferase levels increased.
Carbonic anhydrase activity showed an initial decrease followed by increase during the treatment process, with no
significant differences observed among different saline-alkaline stress. Transcriptomic analysis revealed distinct
responses of the gills and hepatopancreas to saline-alkaline stress. Up-regulated genes associated with extracellular
space/region (e.g. tetraspanin), cellular response to xenobiotic stimulus (e.g. fatty aldehyde dehydrogenase), and
secondary active transmembrane transporters were observed in the gills under saline-alkaline stress. Genes
involved in the extracellular space/region were down-regulated in the hepatopancreas, whereas carbohydrate
transmembrane transport related genes (e.g. lipocalin-like protein) were upregulated. These results suggest that M.
rosenbergii adapts to saline-alkaline environments through coordinated osmotic regulation strategies, which include
increased ion transport in the gills and enhanced carbohydrate transmembrane transport in the hepatopancreas.
This study provides scientific evidence for understanding the adaptation mechanisms of M. rosenbergii in
saline-alkaline environments.

Key words: Macrobrachium rosenbergii; salt-alkaline stress; enzyme activity; differentially expressed genes;
osmotic regulation; ion transport; salt alkaline water
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