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mEEN GIESEE. FERAEERK
ARk & R BB E E R 220

g R T #Y EEME REMAD thEe!
(1. W7 BB b S B2 50 Wi T 3151005 2. = TEIKF=H AN 5
WL =07 3171995 3. WA RAKAK=IRSEAT Wil i 313098)

E % 4%(Sinonovacula constricta) # )~ BV K, B & ARG T3 e 05 708 AL .
KRR i A 1 B 2h e T AR K AR SR 1R A B £ i B A LR (free amino acids, FAA)K
HpEmer, KRN TAEEEG. 20 f 35 a TH4BHANBHEE, FAASE, F46H
ALK 4 f B 3£ B (carnosine synthase, Sc-CARNS) th 2 1k J 48 5% = FE A5 A7 09 & (LA % T Sc-CARNS #: B
Whte. £RET, G, ZAMKREFSEEMAFEAARGEMARENAmmAR, H
XUBBHENELEN Y 24 h FAERA, K, 488 2RhhkEFELELTNESET L
& L FAA 25| % Ala, Gly, Glu, Pro, Ala, Gly, Arg. Tua 7 Ala, Ser, Thr. Gly. #J#i#F
RERB T, 4R E MM FTAY, S-CARNS kik L, 5 EEY 5%, Sc-CARNS %%
BAAR AL P RKER T, KB T, Sc-CARNS mRNA %3k & Ffu Lk & & B % 7 5 (P<0.05),
HRaBRAl)EETHNAE SNKAER. £ RNA T#hE, EFHEREKEMET, Sc-CARNS £ H
ERFT mRNA XK EMAKEERETEREAT, WARGELZMNAER, 48 h THEFMEER
Wk, EMKERERZ 1 1 i, £REW, GRETHBEEMTH, KN FAA A A
BRAEBEET T HEMN T ER K, LKA KEE(CARNS)ZH AR KA YLK X EE, 5555
PR, KRBT TR E TARBEEEY N xE2IE, &8 T %A (Solenida) I £ 1k
W W R EALE R T RIS

KR 4k B BEE; FHAER; IWKERE

FESES Q494 XEKHRIREE A XEHES  2095-9869(2024)04-0097-15

IR AR S 52 e DL 2R A= 3% 2, fifi iR Y FAA JA5 HMUIARR, dERpIR NG5 VA . tLH 2
BBRENRESN . BEE ., BT M E LR TE N SCHE (Meretrix lusoria)(Lin et al, 2016) . K-1EH:
(free amino acid, FAA)® & k4 — RN LLLE I R 45 (Crassostrea gigas)(Hosoi et al, 2003). 4§40 #5:1i]
BRI AR (Ran et al, 2017), /KA sh¥ya] DI (Haliotis discus hannai)(Gao et al, 2017), JLATEXTEF
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(Litopenaeus vannamei)(7K 155, 2016), =Pt &
(Portunus trituberculatus)(FF #£5%, 2017)55 K 4= sh )
RAFREIEN] . XGE DL e WA IR T BB KR FAA
F%A Ala, Gly, Pro Ml Tau %5 (Pourmozaffar et al,
2020), = 54i1%(Sinonovacula constricta){k N5 5
T E B FAA IR FFIFSE

TEXSE DL H | TN E R (Ala) e 2R AT 9 41 Rl
g, FEZ5MRWEE S8 E KRR RS,
2023), Ala Z 515 £ H e S HIGE AR S 1)
BB (Lynch er al, 1966; Huo et al, 2014), 7 HA
T (Corbicula japonica)MEREHT, Ala JZA4 B4 i
P FAA R F2 44, vk B3 Bl £ R A AR £k T gk B
(Matsushima et al, 1992; Koyama et al, 2015), {E&LE
20~32 55 24 h )5, E0G 0 (Mytilus edulis) S FIANE
firh 3 Fh £ 2 FAA(Ala, Gly Fil Tau) 75 T F&(May,
2017), FERPIGEUE(Mya arenaria)t, Ala W& Eik e
(Haider et al, 2019) . kWi &, 7 W 4t W5
(C. hongkongensis)" 3= % J2& Tau 1 Ala Z8fb % K (Huo
et al, 2014) B FHI0S PN 2R CI 18 BT ST RO 20
ELAE AT

WFaT B, MUK (carnosine, B-alanyl-L-histidine)
EAEWIRN KA Oae, SRR MULA SR I . i
BRI R L ALREMEI R . Ca® HUBRMETR TR . MR R
LY R S Y O R R T U E I CE I S SR A o
(Manbhiani et al, 2013; Yanase et al, 2015; Baye et al,
2019), ALK —Fl i1 B-Ala Fil L-His 419 K 1 |
NRTE —BRGES PHESE, 2018). AR AZBL, AREIL
R B 2R 2 AR Wi s Y vl B A R G
PREFAN IR O S5 R SE 4, A U B 8 5 (Festuca
arundinacea)W i £ V(4 , 2016).

WK & Wi (carnosine synthase, CARNS)&—Fh
ATP HELHE, & ATP-grasp # KM G1, THH) H i
J& ATPGDI1 (& ATP-grasp Z5Ml & 4 1) (Drozak
et al, 2010), HAEMN N : NEAFR+HZATR+ATP—
WUK+ADP+Pi, 7 JURR R A ) 1) & PR 2H 880 vh 4G
W2 ALRK & Rk e 2 DR, An SE YN A W5 (C. virginica)
(XP_022325739.1) . JE 52 I DL (M. coruscus)(QKX_
08451.1) A1 ¥F 3 ks DI (Mizuhopecten yessoensis)(XP_
021350145.1), ULHINUIKA{UFEE TR, d
e T ICEHES Y o FE R BE I8 )5 i AT 1 4 W5 e
FHGR T, ATPGDI FER M RIA R, %HEH 58
% AT HH ¢ (Meng et al, 2013),

o 0ot 2 R A 0 DU K R A L R 2 — (bR %,
2016). FREKIKP AR D) Z B . 0 TERE
SR R A, 2% R AR RS,

SN 4RI I | AR AR RIS (BRI &5, 2021;
WA, 2022; T4rE4E 2022), 4im T RN
J, HMSZ{EHR 3~40 (%0, 2020; Cao et al,
2022), {HIL) R M A7 0 R EE v AN A . FAA FE4:
W HE R R E R TEH S 5B E R E
FHE) FAA J& 655 A DAL, K 32 FAA rfCHT
W EEAEARTRADISE o ABFSE IR ST R FE W0 )5 4 198 63 |
JE LR B 98 35 FE R FAA RS AR, TR) st Xof L
K& R 3L K (carnosine  synthase, Sc-CARNS)HYF %
FRfE . HEURK LM ia & RNA T4 (RNA
interference, RNAi)J5 ) mRNA AL, PR M
WUAK & i AR IR i T4 8, DABHOR FAA TE4:U%ER 1T
I8 W VR PR AR AR Y , b BH R B B 5 4 0 A
TR R 1 0 R S A8, by 44 09 {5 75 B % T 68 3 o o
()3 B 4 LA S 4

1 #RERFE
1.1 SEIEEhi

S5 T FH 4 098 I 1 7 O I S I R A1
b, K RUAREA] MR T R Y 4 0 R DL [SE R
(51.64+3.80) mm]7EAE IR FRFEK AR h 8 5% 3 d, 152k
FoAR, RS0 I R R RN, K AR
20.00+0.34, pH K 8.1+0.2, /Ki4(20.0+0.5) C, %
KEHe 172 FRFEHW K, I-H R E &0 /N ek i
(Chlorella),

1.2 LIt

121 RRA#HET4HBEREMNZ R GT £ FE X
GRUE VR AR, HERRIE AL X AR Y FAA R
M4, AR R BE T 37 i (3~40), & B ARER 4 (Eh
FE5). XTHRALERAE 20). b (EREE 35) 3 MEREE,
R 3ANEE, BOEE 6 R, HEmino, 2.
4.6, 8. 12, 24, 48, 72. 96 h )5, FRHEHEE,
122 REHETLHEE, L bW tiEENT
RERFTER FE X AR5 R, B HB B
R, BEERE S, 20, 35 =ERE, M3 ANE
2, BAEE 160 Hgikx, HEMA 0. 1. 4, 8,
12,24, 48, 72 h Ji, 53l WA SER A BERLI 3 .
FH 1 mL JC TR 3 5 DA 45 85 B4 P 52 JUL FPebRe e Al i 94k
B, BUHE, B TWREEZGG, -80 CHRAFRHI,
123 RRELETHEE, B, hHhe FAA %0
7z HIRTE LRI AP FAA SRR AR 1k,
HRAR A B0 FAA, WEERE 5. 20, 35 =8
B, B4 3 AEE, BOER 6 H4ilk, HEMha
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o U R R S VUK RS T AT 4 52 99

24 h i, RIS REHLE 3 X 1 mL G
PRI S DA 4 40 19 P 2 UL PP bR s B ot A L TR
JETRAER, 80 CI-AER.

124 AREAXSHHZRE I S e 9 i
i PCR (RT-qPCR)/3T Sc-CARNS B33k 10 X} 5 i 1Y
WS, BWCEEREE 5. 20, 35 =ANVERE, BH 3 ANEE,
RBAER 50 Hgsik, hEhia 4, 8. 12, 24, 48,
72, 96 h &, 43l WA SER A BEALI 3 H o B |
ML AEE . S . FBEIR . MSTL. ANEE . KA
AR AT SRR N . BUALW R EfT mRNA %
KT, BEM TR ARG, —80 CIAAFEH .
1.2.5 SsiRNA #F Sc-CARNS # F ik 5 ¥ FIH
RNAi J0iiE Sc-CARNS (JIIRE, SR IR T 1E # £k
FE 4RI (MR RN AN A ST 72, SEB0 A 1 ik
BEA 4 ng Sc-CARNS JEH Y siRNA, 25 [ 6T B 2H A A
PEXT IR (NC, JEHF ST siRNA) S 51 1 G S5 AR R
DEPC AbHEZK I NC 5. SC8d . 25 0 AL Fn B
XFPRZH AT B ST 100 2, 1/2 FEIEREE K 20 M 3R FE T
(L ANELR M AR 3 A5, SAh 172 AR
J 5 BFEFEET R, ARSI E 3 AT B
0. 24, 48, 72. 96 h VENHUFERT R &5, 45 2H Rt AL 4h
B3 B, B R FRAERE, -80 CHRAEEH.

1.3 KBHE

1.3.1 HEEN T WA K I B K A
0.5 mL A4 T ORDF 50 pl), FEOBEOHLE.O
10s, FHVKS B3 R (Gonotec 3000, [l & 5 %
JE(FRINAE, 2020),

U2y K R R 4 A SRR PR A Y

(JXFSTPRP-64L, [iEHE)IHE 3 min, $5)KEH
A 0.5 mL 4, R ELG, WHBE R (EES
45 1988),
1.3.2 FAA &Z 02 ML PR g HERGT
PR ET 1.5 mL BO0EF, MA 1 mL
0.01 mol/L #hFaFN 2 Wi/NNEK, WFEE 6 min, FH
00l mol/L ¥}hMEAE 50 mL, R 30 min J5
14 000 r/min 4 CE5.0> 15 min; W EIEW 2 mL T
SmL BOEH, A 8%IE/KILGIR 2 mL (ULiEE
H),i1E2), B & 15 min; 14 000 r/min 4 ‘CES.(> 15 min,
BRI, 1 0.22 um JERESS , 4 A Sh &SR Bt
L (H 5L L8900, H A )M FAA & & (k75 745,
2017).

MARE . B 1.5 mL IMKE T 2 mL 208,
3000 r/min 4 “C 5.0 5 min; WH F3H W 1 mLF 10 mL
BT, IS 0.02 mol/L hR 1Y 4% 5L /K A% R

9 mL, B2, # & 15 min; 14 000 r/min 4 C &0
15 min; BRI, i3 0.22 pm JEBES , EALIIAE FAA
SIS, 2017),

1.3.3 KB 75 5 47 B4 H RN o i doe
36 5 S L AR A3 1K) Sc-CARNS 1) CDS 7 41 3 5t
https://www.ncbi.nlm.nih.gov/orffinder/fi ] ORF I %
IR F%); Eid https://web.expasy.org/compute pi/Tii
WA B4 MAE s H https://web.expasy.
org/protscale//rHr & F Bk KM FIH Smart 7FZ6%K
4 (http://smart.embl-heidelberg.de/) X} 2 [ #47 Dy g 4
T, i Swiss Model TEZR 4k 4 (https://swissmodel.
expasy.org/interactive) il £ [ [T =5 L 2544

1.3.4 Sc-CARNS mRNA #% ik RT-qPCR £ #7 i
Trizol #2HUE RNA, FEH] PrimeScript™ RT reagent
Kit %] (TaKaRa) 5 5% 5% i, cDNA, 7=41F-20 ‘CiK
FRAE, &M 519t S IG5 I Rk R S 21 SC P
Ry CDS J¥%), H Primer Premier 6.0 ¥ {fiXit
RT-qPCR 5191 1), A TAY TRECEE) B
FHBR 2wl A . i ChamQ Universal SYBR qPCR
Master mix i 5l £ 1T RT-qPCR (¥ [X Light Cycler 480
T, Fit), S5 224 it 47 e o M (FLRE I
&5 2022),

®1 XKFAASIMEERFT

Tab.l Primers and sequences used in the experiment
5194 Bk gl
Primer name Sequence (5'~3")
qCARNS-F ACGACATTCCACACTGGCCT
qCARNS-R AGCGCTTGAACCGTGCTCTA

siRNA-CARNS-F
siRNA-CARNS-R

GCUGCUCUCAUCAACGAUUTT
AAUCGUUGAUGAGAGCAGCTT

NC-F UUCUCCGAACGUGUCACGUTT
NC-R ACGUGACACGUUCGGAGAATT
18S-F TCGGTTCTATTGCGTTGGTTTT

18S-R CAGTTGGCATCGTTTATGGTCA

1.3.5 AABRAIIKAS T oy 2 2N AR
ELISA A5 I3 57) & (b v EEDe ) e 79 4 R 15 & o FH <P
2R T HI P (OPA) I (e 10 5 LK 75 o

1.4 HiE4iE

1 Excel B EHESEFT 2740 P {H(Mean)
FbRAEZE(SDY T, 5 R APFIEAARE2ZE RN . R
Jl SPSS Statistics 25 FAF XS B HATSE 400 S
XTI AT B R 2 2557 B (one-way ANOVA), A
WEXR, PE Dancan's ZE K, P<0.05 2R
2% . H GraphPad Prism 8.0 {E[& .
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LI T
Wet weight of S. constrictalg
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NS
Salt stress time/h

LA 4 9 T B

Effect of salinity on the wet weight of S. constricta

W

Fig.1

FHRARZ N S0 A 22 53 1.5 (P<0.05), T,
Different letters indicate significant differences with the
control group (P<0.05), the same below.

-vEL S Salinity 5
A-hBF35 Salinity 35
a

0~96 h WL WAz fk, SXTFRAM L, REhMramt,
24 ok Y T IR a0 TsF () S N S ARG, i 6~12 h A
2 F(P<0.05), 24 h 5 LW EZES; EEhmbm s
BEARIEFER, 96 h W5XTIE4IE & 225 . IRERAT,
AR R RGTIR A, MK K, (RER K, ket
MIXGER G, IS K EaE4E, PRI/,

22 HEMBREEHER. EMORERSEENTN

ARl BEXT 418 A5 AL AUB B R I AR R (B 2).
IERIRIET, £HLBEERTE 0~72 h NI EEAE
fbo MRERMHA TN, FHLPBERAE 1~72 h N E
FEAR(P<0.05); mrihria it AR I, #RFE 24 h K E|5
Ao BLEF, 880 MKE B S X AL L
RERAT AL T 66.7% . 69.7%F1 71.6%; Fh4l
SrIEINT 68.3% . 67.5%F1 70.2%. [a]— fpi st [a]
T, iU B B R /N ER B 35>3h B 2030 5,
I 3 ATRLE H, 450845 12138 15 R Rt 5 /N LK B
BIEMTHE T . 5 R R, GIRIKNIE 5 2 b
SNRAEE AR AR, 5ANRS T —S, R EFR
E, JRTBEEY R IBE RS

-v-£L 5 Salinity 5
& £L 20 Salinity 20
o -A#hF35 Salinity 35

*-EL F20 Salinity 20

—

%4

[=3

(=]
1

a a

a a

2

1200
900
600

M E B3
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&b H3E B[R]
Salt stress time/h

o R RS i s AR A

1
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Eh i IR

Salt stress time/h
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Osmotic pressure in the serum/(mosm/kg)

Fig.2 Variation of osmotic pressures in gill, foot and hemolymph of S. constricta under different salinity stress

= o
-§ v BF5 Salinity 5 -§
a -o-£L#20 Salinity 20 @
g1400r . _A£HRF35 Salinity 35 21500
='1200 a a a a a s
= ©1200
% 1000 %f
5 3 L
Y 800 |- %\i 900 \
g 600" F'o 600 2
®37 400 = 3
8 i S 300
& 200 &
. Q
8 0 | | | | | | | | g 0 | Il
E 0 1 4 8 12 24 48 72 g 0 1
© IS LR B 3
Salt stress time/h
B2 AS[E]Fh B8 T i iet i
1500 o ##7K Seawater —0— #8 Gill
) —A— /£ Foot W~ [ #kE Serum a
E a
8 L a
é 1000
Y
2 500 F a
g
o a
0 5 20 35
P Salinity
Bl 3 RFEELET 468, 2. ke 5
K3 R 2 A1 ¢ 2R
Fig.3 Osmotic pressures between gills, foot, hemolymph

and seawater of S. constricta under different salinity

2.3 (REPMEESEREE, B, MHKEF FAA AR

AR T 18 Bl FAA, MRELI0 24 h 5 46 0%
B8 2 LI FAA ZH U W3R 2, TEREREET
il P A B SR (TOFAA) & i 65.05 mg/g, it
=N Gly (23.05 mg/g), i TOFAA 1) 35.43%.
HW M Ala, Tau. Glu Fl Thr, 73534 TOFAA HY
25.63%. 14.48%. 7.26%F1 3.77%, AFiillF] Phe F1
Cys. /2 TOFAA &K 96.28 mg/g, Ala & i
(40.26 mg/g, 5 41.82%), HIKHK Arg (17.72%). Gly
(9.14%) . Glu (8.32%)F1 Asp (6.48%), AKiMF| Cys
Ml Phe, MR Ala 7 5 55 (26.69 mg/L), i
TOFAA 1) 42.37% , H:¥% A Gly (10.90%) . Thr (8.68%) .
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Glu (8.16%) il Ser (7.11%), AKMF| Cys Fl Ile,
fRERBE 24 h J5, AHSUh E2E FAA WAL
mE 4 fin, SXTRR4IEL, 48068 TOFAA B F &
FEAIK, Gly & & 4E % TR (P<0.05), M 23.05 mg/g
TRES]0.75 mg/g; Hk Ol Ala (H1 16.67 mg/g TR

®2 RE‘BPBETHBEE. B,

1.80 mg/g) il Tau (1 9.42 mg/g F %] 5.56 mg/g). 4i
I JEH TOFAA W& HEFEAL, Ala & it &4 W R I%
(P<0.05), i 40.26 mg/g TFREF] 9.96 mg/g; HIK K
Gly (H 8.80 mg/g FFFF| 1.04 mg/g)fl Asp (H
6.24 mg/g TR 2.08 mg/g). Zil%IM#kEH TOFAA

I i# B f FAA B4 =(Mean+=SD)

Tab.2 Concentrations of free amino acid in the gill, foot, hemolymph of S. constricta under low salinities (Mean£SD)

EE Salinity

WES R 8 Gill/(mg/g) J& Foot/(mg/g) 1 % X Hemolymph/(mg/L)
FAA hE S LR 20 hE S EhE 20 hE S EhEE 20
Salinity 5 Salinity 20 Salinity 5 Salinity 20 Salinity 5 Salinity 20
4R Tau 5.56+0.60° 9.42+0.58° 1.81+0.10° 2.42+0.11° 1.15+0.10° 0.24+0.01°
RARR Asp 0.47+0.09* 1.3940.07° 2.08+0.22° 6.24+0.11° — 2.02+0.10°
Fh& R Thr 1.17+0.17° 2.45+0.08" 3.50+0.17* 1.90+0.15° 18.28+0.65° 5.47+0.04°
22 Ser 0.85+0.12° 1.03+0.27° 2.04+0.03° 2.22+0.05°  23.07+0.91° 4.48+0.38°
R R Glu 2.77+0.15° 4.7240.56° 5.27+0.01° 8.01+0.07° — 5.14+0.21°
H& R Gly 0.75+0.05° 23.05+2.72° 1.04+0.12° 8.80+0.26° 0.25+0.02° 6.87+1.28°
HNRR Ala 1.80+0.18° 16.67+0.32° 9.96+0.76" 40.26+1.29° 13.48+0.50°  26.69+6.55°
LR EFR Cys 0.37+0.07° — 0.69+0.12° — 3.84+0.20° —
AR Val 0.48+0.02° 0.98+0.14° 0.61+0.01* 2.35+0.28° 4.74+0.40° 1.46+0.01°
FH i B2 Met 0.31+0.02° 0.4140.06" 0.40+0.03" 1.1840.17° 3.16£0.75% 0.47+0.01°
FHELER e 0.10+0.01° 0.15+0.03" 0.15+0.01° 0.53+0.05° 1.45+0.16° —
TLEM Leu 0.15+0.02° 0.17+0.01° 0.10+0.01° 0.43+0.09° 1.96+0.02° 0.34+0.01°
& = R Tyr 0.21+0.01° 0.36+0.04% 0.74+0.03" 0.46+0.04° 1.33+0.34° 2.52+0.15°
KA BL Phe 0.24+0.01° — 0.24+0.09° — 1.19+0.33° 2.81+0.58"
=R Lys 1.33+0.10° 1.12+0.19° 1.56+0.13° 2.09+0.35° 3.36+0.11% 2.00+0.22°
ZH2 W His 0.13+0.01° 0.32+0.05° 0.39+0.02° 0.63+0.03" 1.31+0.30° 0.55+0.09°
ERR Arg 1.17+0.13% 1.4740.11° 16.61+£0.25*  17.06+0.07° 0.25+0.01° 0.40+0.01°
il &R Pro — 1.35+0.18° — 1.7240.05° — 1.54+0.83°

B E IERR TOFAA 17.87+1.76*  65.05+5.42°

47.19+£2.10° 96.28+3.07° 78.83+4.78" 63.00+10.45%

TE: LU AR T R R R A A R 22 53 1 (P<0.05), MR FHRR A3, TR,
Note: Different superscript letters in different tissues indicate significant difference between different salinities (P<0.05),
while the same letter indicates no significant difference. The same below.

IR
FAA

—~ —~ :
§30 [a §45 (b ?40 ¢
% = | =m#hpE S Salinity 5 S 50| mm#E 5 Salinity 5 < w= L 5 Salinity 5
& éo 15 == #hAF 20 Salinity 20 I ‘f& & = £ F 20 Salinity 20 ‘g% 30 |- == £RBF 20 Salinity 20
. g15F * @ *k
gg laA - B - tmom RN
ol E 3 *% gg 4 o g 20 -
8 *
EE 2 BE 3 BE
g 15}
?E; g +g 2 Bg10r
gqo l 28 1 E g
0 0 S0
g Tau Asp Thr Glu Gly Ala Pro g Tau Asp Thr Glu Gly Ala Pro :E Tau Asp Thr Glu Gly Ala Pro
=

IR AR g =88
FAA FAA

K4 (RSO T Gl . R Mk 2 rh 32 S B R R A VR B AR AL

Fig.4 Concentrations of the main amino acids in the gill, foot, hemolymph tissue of S. constricta under low salinity stress

AU ) B A 5 0 IR A 2 57 . 35 (P<0.05), **+URZZ 5 i 35 (P<0.01), T,
* represents significant differences between the different salinity stress with control (*P<0.05),
** represents highly significant differences (P<0.01). The same below.
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e ELRETH, Ala S EHRMEHSE
(P<0.05), H1 26.69 mg/L TF#3! 13.48 mg/L; Ser I Thr
B E T+ (P<0.05),

i bk, IRER AT, 4RI IA N Ala % REFEAT
TR F K, HENY FAA RIFEBERFETEMNR Ala
1 DTER A K o

SEMEE4EEE, B, MKEH FAA HE 5

FERNE 24 hfE, 4aiReE . 2. ke FAA
MM IR 3. 4ilesl . 2. k= H A TOFAA
i E TR (P<0.05), HEhMria 24 h JE, A48
T FAA WEAE 5 Fin. SXHRAML, &
A Ala 71 12 5 T E (P<0.05), 1 16.67 mg/g
Hahn# 37.29 mg/g, HIKHM Pro, H 1.35 mg/g Bz
3.33 mg/g. EH FAA TR IR B K12 Ala, H:
i 40.26 mg/g #9705 60.18 mg/g, FHKA Tau (fH
2.42 mg/g ¥ME] 4.93 mg/g) . Arg (H1 17.06 mg/g H i
#)20.95 mg/g)F1 Pro (FH 1.72 mg/g 3 /in 2.01 mg/g).
MR EL o Ala & i A8 iRk, H1 26.69 mg/L Ft %]

%3

2.4

69.94 mg/L, H KK Val (i 1.46 mg/L i 5]
6.46 mg/L)F1 Gly (i1 6.87 mg/L #4113 11.06 mg/L),
Ay AN T 5.00 mg/L Fil 4.19 mg/L. itk , #Ehihiia
BF, 4R RN Ala T RFAFRERKR, 2FEENBE
P EE R

2.5 Sc-CARNS BERIFEHES

Sc-CARNS FE PR 4 1 51 4 % IX. (coding  sequence,
CDS)K 4 1260 bp. ExPASy # {44 F i 4 fih
M9 NHEEER, W 49 DR ILR(Arg, Lys
His), 55 PRRIEZIERR (Asp 1 Glu), 182 P Hi/KMER
FEfR(Ala, Val, Leu. Pro, Ile. Phe, Trp 1 Met),
133 43Rk PE A HER(Gly . Ser. Thr, Cys. Tyr. Asn
1 Gln), ZE A RS ARK I s K M5, *
BN HKYE . ZE AR TR 47.15 kDa, S5HL R
pl 4 5.09, ZZEMFINEE R WK, 4% Sc-CARNS
EHFRFEIEH 38.66% o-12)iE . 6.44% B-PraF
37.23% N . =R LS R mE 6
N, GRS BB & A 1 1 ATP-grasp £S5 #3k .

SEMME T 468, 2. KB FAA f1& E(Mean+SD)

Tab.3 Concentrations of free amino acid in the gill, foot, hemolymph of S. constricta under high salinity stress (Mean+SD)

Eh & Salinity

=R B Gill/(mg/g) J& Foot/(mg/g) 1ML E% Hemolymph/(mg/L)
FAA e 20 I 35 I 20 L 35 e 20 I 35
Salinity 20 Salinity 35 Salinity 20 Salinity 35 Salinity 20 Salinity 35
A-BHIR Tau 9.42+0.58° 6.82+0.11° 2.42+0.11° 4.93+0.93" 0.24+0.01° 0.92+0.11°
RAHR Asp 1.39+0.07° 0.23+0.04° 6.24+0.11° 2.33+0.27° 2.0240.10° 0.24+0.02°
Jra R Thr 2.45+0.08° 2.29+0.20° 1.90+0.15° 1.81+0.20° 5.47+0.04° 4.79+0.84
225 R Ser 1.03+0.27° 1.52+0.15° 2.2240.05" 2.40+0.22° 4.48+0.38° 5.20+0.25
A% Glu 4.72+0.56° 6.20+0.13° 8.01+0.07° 7.00+0.99° 5.14+0.21° 8.14+0.90°
H&m Gly 23.05+2.72°  21.51£2.17° 8.80+0.26° 7.21£0.27° 6.87+1.28*  11.06+0.33°
NER Ala 16.67£0.32°  37.29+4.13°  40.26+1.29"°  60.18+5.49°  26.69+6.55"°  69.94+7.95"
EPEEER Cys — — — — —
iR Val 0.98+0.14° 2.52+0.16° 2.35+0.28° 3.13+0.15° 1.46+0.01° 6.46+0.01°
H B &R Met 0.41+0.06° 0.95+0.14° 1.18+0.17° 1.28+0.12° 0.47+0.01° 2.89+0.69"
SILE R e 0.15+0.03" 0.90+0.05" 0.53+0.05° 1.1140.04° 2.96+0.09"
FLER Leu 0.17+0.01° 1.05+0.18° 0.43+0.09° 1.28+0.15° 0.34+0.01° 2.54+0.40°
% &R Tyr 0.36+0.04° 0.51+0.14° 0.46+0.04° 0.87+0.07° 2.52+0.15° 3.08+0.10°
AN E R Phe — — — 0.22+0.02° 2.81+0.58° 4.98+0.51°
AR Lys 1.12+0.19°* 1.39+0.06° 2.09+0.35° 1.90+0.04* 2.00+0.22° 2.14+0.18°
HE MR His 0.32+0.05° 0.67+0.05" 0.63+0.03° 0.80+0.11° 0.55+0.09° 0.95+0.08"
KR Arg 1.47+0.11° 1.96+0.09°  17.06£0.07°  20.95+1.33" 0.40+0.01° 1.67+0.12°
Jifi %2 Pro 1.35+0.18° 3.33+0.09° 1.72+0.05" 2.01£0.34° 1.54+0.83" 2.50+0.16°
MUFBI A LR TOFAA  65.05£5.42°  89.14+£7.87°  96.28+3.07*  119.41£10.75°  63.00+10.45* 130.45+12.74°
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Fig.5 Concentrations of the main amino acids in the gill, foot, hemolymph tissue of S. constricta under high salinity stress
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WK 7 s, Se-CARNS R:HTEGIR K . HME
R H8 L PIFEAL. HFBRAR . B2 7 AN 8RN s
Fik o HA  TE SN FIZK A v 35 F3A8(P<0.05),
I B AE LA SR 2l 4P ik, Ok s, T
I it A 2 s e e A1

2.6 Sc-CARNS EFEAR

K16 Sc-CARNS 3 [ 5t =2 45 #4 il
Fig.6 Predicted protein tertiary structure of Sc-CARNS

BRHEAN T k7 AR o SR e BT

Spiral and arrows represent a-helix and B-fold, respectively.

w
1
o

Sc-CARNS #HLRFRAKF
[\S)

Sc-CARNS tissue expression level
(=]

Fas B By & K g
D TSR D Gl e
& VT RNCE %ﬁ:f

S Q&Q
N .
#41 Tissue
K7  Sc-CARNS 3 [N 1 4 16 AN [R) 21 2 22 3k 73
Fig.7 Expression analysis of Sc-CARNS gene in
different tissues of S. constricta

AR FEEFRIRAFAE 8.3 22 57 (P<0.05). T,
Different letters indicate significant differences (P<0.05).
The same below.

2.7 EREMET Sc-CARNS By 3=1E N 5z K 8 % %z

Kl 8 7, EhIE A 96 h PNXT AL Sc-CARNS
ek . R ALK & 4400 W5 A8k o (RS
5, 4508 H Sc-CARNS 3 H mRNA 235 1t bl il
AL ST E R, ELIBRE 4 h J5 Y 35 s 1 X AR
4 (P<0.01), JF7E 24 h I IRFE(E . NZEAREY & B HE
] 2 3 FARAIR LR 75 2t B B[R] 52 35398 Jin (P<0.05)
A G ., Sc-CARNS Fik &) & P, S5t
HEZHAH T 5 A8k . TN Y & = 7F 8 h 5 5 THm
Ja BEAR T, HS s YRGB AL . UK 5 &
FE 24 h J5 RIHFEATE

FIRZEIEM, Sc-CARNS FEAEAREL i it &
AR . TEARB 5 F, Sc-CARNS W33k, ILHTH
R A B FRAE T (30.57+0.51) mg/g, WUKE®RTIE T
(4.90+1.50) mg/g, ARfbimtbh 6 ¢ 1. &AW
X AR+ EFR+ATP—JLIK+ADP+Pi, NZE K5
WUREAL A 10 1, SCRGas R, —#or N 2R ok
SEALIURR , LA TN 2R W Bl AR AR T FEHE T o 9]
o, PSR E 1 45 9 i A W 2 SR A P s R
T A 2L A B A A AR, AR R4 R R
N8 1% - fiif (Zhang et al, 2020; Ahmad et al, 2021).
FEARER AT, e DL 275 2L FE T 2 I BE &= By 12k
AR, PR, DAt T o i TN A R A — R TR
TEA AT BE SR AL ¥ (Maar er al, 2015), [AIF, M4Edy
RIS UIR & B i Re e, MUK & i, LKA 2
PR, B s s ARSNGB R, 2021),

2.8 RNAi WIEEZET Sc-CARNS RiEFIATE
AR m

FIF RNA THREARKAE Sc-CARNS TE45 88 H Ay
Uigg. il 9 Fran, IEEEREET, PIPEXT4LINC)
F1 DEPC AbFH/KH Sc-CARNS ) mRNA Eiki ., A
AR AR R & 20 W 2k, T4 Sc-CARNS
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mRNA KKK BT Perf ] SeFEI0E s . 76 24 h Al
48 h W}, Sc-CARNS mRNA Fik/KFBEMT NC
(P<0.05), TR A 24%H1 69%, 48 h YT
BRI o o WU AR AL v T 2R 7 e B T U] S T
JERAG, 48 h ik B i H . THLA UK AY 25 & S RRAIG
JEFHE, 7E 48 h AR FAKAE .

RNAi 25 B/R, Sc-CARNS FeikHE7E 48 h T4
R, VBTN & TS T (5.90+0.81) mg/g,
LK B 5 B FAG T (4.711.09) mg/g ., HAEERFE 20 I,
G UR PN T FEAE A AN BE E, L, TNER 5 ALK
a1 1 B R, WEI T WK A B 7T 2R
FEAR LI 1) 56 el
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Fig.8 Expression of Sc-CARNS mRNA and contents of alanine and carnosine in the foot of
S. constricta under different salinity stresses
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2.9 RNAi J{KEEAt Sc-CARNS FixFiEBIERAD

A

FIHT RNA T AR B — L5 UE Sc-CARNS TE4i
R TIRe . WA TS, KRGS, 4aiR 2 h
Sc-CARNS mRNA ik MHAN AR . WK & 217281k
UL 10 Ff R AR ER PR30 0~24 h, Sc-CARNS mRNA
FikETHE, WAR S EFEK, KSR TS T8
TPsk 24~96 h J5, THL4l Sc-CARNS mRNA F£ikK
VBT ] S BRATC S T, PR 2R 7 e BE I [R] S T
EE R, UK & i SE RS THr . 7 T8 48 h i,
Sc-CARNS mRNA FKik/KF i Z LT NC (P<0.05), T
PRCER 43%, RS P2 ALK & i ARAl TR

IR SRR, T TR 0~24 h, 4RI

H1 Sc-CARNS mRNA ik | JUKFITN &R & 7 22fk
AT YRGS P T 28k —2, fETE 48 h &),
Sc-CARNS mRNA F£ik 5 ik # e ANE, B ILIK & &
AR T (4.93+1.34) mg/g, WRR S =T T (5.17+
1.01) mg/g, HIEH R T T IRLE R —2, Tmep
UE T AT =Z (B2 AN B Y, Sc-CARNS J& N & R A
R A PR SR 1, B BRI AR ER 45 14 5 TR 2 R s

D — R E R

3 g
3.1 SRR RSEE FAA Xk BRI

IR K ISR AR BB B A 1 RE AN IA], K
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FHHPE AR BB R TFWRE, 4R —x K
-, HAEATBE R IR S B e A A ,
KB B 35 e B vk B S B A IR B AR Ak i AR Ak
& 5 AN R R 45— BU(Péqueux, 1995), i T X4
IREE L MR ELB S R I E R, B R T
B, ARl gV hB BB TS R A TR,
L EGH R B ARFF A — 2 5 B (Scapharca
broughtonii)( %% & & 55, 2015) 1 e Wif (Tegillarca
granosa)(FHEE, 201 8) IR oY 45 I —3k, AL, 45i%

IR AR ER B AR Al B K AR 2l 4 mT LG A el AR i Py ]
TS BT (FA AR B2 K815 40 32 1% i (Nie et al, 2017),
82 7K A= B 5 A0 B R AT B R R SS9
BT, SRV B8 R I B v B Y B AR B (YLl
4502011, ULNZHZUE FAA UGS ST, 2
FAA Z 5B R i EEHZPT (L et al, 2009;
Wang et al, 2012) . IfiL B4 2 7 X A1 55t 8 B8 A Ak 1) 1 3
P, KB F R FAA 2 HES 588 KT
(Cheng et al, 1986; Z:Wi 7 4%, 2009; b4 i 4,
2016), MU, @5, ALK EZEST FAA &840
e ETERHL,

FEIER ST, 48R N % i i = 1Y FAA & Ala
(BRI T3, 2017), SRR SRS Gly, HIKH
Ala, Tau I Glu, A& 1Mk B A 5 5 e S R Alla,
HWRAY 9N Arg. Gly, Glu. Asp Ml Gly. Thr. Glu,
5 UR R SF KA AR Y T R A R R L (R BILAE, 2010,
Wang et al, 2012; {155, 2016), Ui [ —HFh i A
AL &R E I FAA FE7E—E IERRPE . 4%
HAPEEER Ala, Gly, Glu Fl Asp #B 2 fef bk 21 3k
R, S s20 PR SRR R KT S A 1 Rk (R
8, 20125 5KIRFAE, 2017), TEEFREE(30~35)/K hy
F% 12~24 h ] LU H B, [, FERER K

T RRPEAREESE

WFEK BN YA IN TOFAA & & 5 5 R 8 i
5 EAH K (Pourmozaffar et al, 2020), Lin 55(2016)ff 5%
RIL, RERMRE 30 d 5, BSCHRERH TOFAA ¥ i
FHRE(P<0.05), EREEMMANS, 4iIR{KPY TOFAA ¥
AR B B AR AR Ak o PR IR e i, A0 g
KR, FAA B2 5l i it 5 F B K 555
A YN TOFAA & it b % T [ (Haider e al,
2019) EEbME R, 4Rd N XCFE A, 4O K 4
45, WO IR AR FAA, 40 h TOFAA & & i
ETHE, LLUE N PR ) A2 1k (Baker et al, 2007; Matoo,
2013; Fuhrmann et al, 2018),

kA, Ala. Gly. Pro. Tau Fl Glu il %
SR UEAN I N85 RS B Y R R 1 222 FAA, (H
ANFE R AR R L 2R B & TR 5 AE G FAA {278
—ERIZ 5T (Lee et al, 2004; Hosoi et al, 2008), 5T
KB, EREEMMART, 3 XS ER (Penaeus stylirostris)
(Cobb et al, 19752002) A1 i W& (Macoma balthica)
(Sokolowski et al, 2003)H =%/ Gly 15 40 1935
B, TN SRS SR S B A & Tau (Lin er al,
2021), 7EEUNALHWEALA T, FAA (5 50325 500 1)
20.9%, JLHJE Tau, Ala F1 Gly B 5 Eh 7284k
F(Lynch, 1966), £hEEMp AN, ZRURAE ALk E
Hr9A Ala, Gly, Glu, Pro, Ala, Gly. Arg. Tau
Fl Ala. Gly. Pro 54N 2 IEIEE, HAL R
(P<0.05), Ala 2L PG EAR K EILR,
5 Cao %(2022)7E 4 IR 68 H AP 45 R — 2. Ala M\
LA U T B RE 2L LAl FAA D, RN 2 450E
AT DL N B R, P G A N R A R Ala
(Meng et al, 2013), Ala ] 3 53 LKA B8 it 26 At
WUIK(Zhao et al, 2016). I, TAH Ala fE45 112 %
JE R O R R AR
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3.2 4EEEKK Sc-CARNS % [ %3 5 B i i iz

Sc-CARNS T4 WL Tl 2irh Feik i my, HIR
TR . LSS HA Y i WE 5T 45 R 2L (Everaert
et al, 2013; Pan et al, 2022), WLAZHEL ., 76K, 1€
W FAA 5l & 1037 0, & R A9 “FAA J4” (Wang et al,
2012), SRR 153 B 74z 5 Tk 2R,
EARRELEETGEFENETRE (SEES,
2008) 75 £k 5 30 J B 4 W8 7 S 2 45 b, Se-CARNS
FEH B F Rl IR (FIBARR, MRk & 3R), HidtiEm,
Sc-CARNS R 2 545181538 P71 i 72 .

K T fi# Sc-CARNS % K K H: i 7 1 18 % 1
45 0% B R Y R R W AE R, AW
RT-qPCR Z3#1 & B, MKE:MM0)5, Sc-CARNS mRNA
kB B EHIN(P<0.05), AR, 5 AR
15 (Meng et al, 2013) 1 JE £ % 5 11 (Ruditapes
philippinarum) (Nie et al, 2017)F IR R —3K, F
HIAGS A5 1 S 2R B A o e o 23 hn . BeR, 4
W% R D SR % B A B B T i R o LR i
TEARER I T T, mEh e FREG. 5 Koyama %5
(2015)7E H Ay sl Hr i 57 45 SR — 3k, RERI AR &
TG, WUKA AN . WUBKAE A ca®* Fn HY
FRA AT, ad e LR R ca®, K%
WAT Ca> IKEHITEFH (Jones et al, 2017). 16 B EL iy
AT, 4wk v] LASE Ak ALK A s 1 04V FH I3 A A P9 TR 2
BRI S, SAF FAA BB, JE WS N A e Eh
M8 . e R LIRS P, 2R ILIK S
B LK B R A, P PR FR aE B IS 2040 AN (R R
2021).

BRQO2DHBIFL KB, HIE57 5 - R
J& , AR ILAK G BBl i 33 v eh 0 o URK & it d 25
ETF, EXTERAL 2.87 fif. [EEE, FAEIERR &
KA, BAREBUCN TN &R & & b TR e iR
HE(ERH, 2021) AWFFEE N E R ERE R
43081 Sc-CARNS FEHFITTHE, 0~96 h 4ilg i rh
Sc-CARNS ik s MUK & &35 L IHERRAL, A
MR & e T RGBT o R Sc-CARNS FEH 9721k
SR T R ALK 8 7 1, LK & B T2 T 2 R R
it LR P B g, 2k POl I 52 i PR 2 TR A G e 5
AR T, ZE T Sc-CARNS J& . 4ais iy e 45 o fig
ZA, PEREAIM P Ca® AR, Ca®' ZBREES I, 7
TETWREMRE W, EmwBE Ry R
(Brownlee et al, 1999; Jones et al, 2017; Gongalves
etal, 2021),

g iE—HIAE Se-CARNS HEN I IhGE, 18 1 XK
W0 F Sc-CARNS FEH AT THE, 24~96 h 43l E

H1 Sc-CARNS ik MUK /358 ETHRRAL,
RIR G HEBIE TG LT, THE 48 h BF, fFANE
MRS MUK 1 1AL C R S5 R IR RIE , Sc-CARNS
BN 2 g AR NN AR 1) & it , AR Sc-CARNS
SR FEARER W38 T (99858 R T R R R iR
EH

4 g

AR EY, SR TBEEMLE, KNBE
JE2BEE SN RSB AL M AR L SRR 2 Il bk
EL b TOFAA #RREE £ B i T mi Tk, Hob Ala &
AR R R, P, Ala J2 55 B8 A5 fh ) 45 168 44 Py
B IBERN FEE FAA, X Sc-CARNS KT
BIWTSE, VIR T Sc-CARNS H H 7E 45108 £ i 5 v
AR AR, 2 BN SR AR A WU IS 3k W 6 e
AR OR N TN AR & i IR BB R R 2 —, JE4EIE
VN RIA: GO Wy =Es AL WY S U R 1N WIS =N 37
B4 35 b IR B AR B A AR 4E, N HALS R ST FAA
FE 5 155 V85 H B A F B 22 35 R A Qi i 2 (It S il =
%, KA RS Sh A 27 B 5 030 5 i PR N 1
PE AL B AL SR A

& % X W
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Effects of Salinity Stress on Osmotic Pressure, Free Amino Acid Levels, and
the Carnosine Synthetase Gene of Sinonovacula constricta

AN Sigi', HE Lin"", FAN Jianxun®, YUAN Julin®, LIN Zhihua'

(1. College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, China;
2. Sanmen County Aquatic Technology Extension Station, Sanmen 317199, China,
3. Zhejiang Institute of Freshwater Fisheries, Huzhou 313098, China)

Abstract Sinonovacula constricta is one of the four traditional cultured shellfish in China. The
salinity in the aquaculture water body is easily affected by tides, seasonal rainfall, and high temperatures,
and often fluctuates to different degrees. This affects the physiological activities of S. constricta and
causes a series of changes in the structure of the osmoregulation organs, osmotic pressure, ion transport,
and free amino acid (FAA) content in the body to adapt to the changes in environmental salinity. Aquatic
animals can regulate cell volume and maintain osmotic pressure balance through FAAs. This mechanism
has been proven in aquatic animals, such as Meretrix lusoria, Crassostrea gigas, Haliotis discus hannai,
Penaeus vannamei, and Portunus trituberculatus. The common FAAs that regulate osmotic pressure in
bivalves mainly include Ala, Gly, Pro, and Tau. Whether FAAs play an osmoregulation role in
S. constricta, whether their involvement in osmoregulation is similar to that in other shellfish, and what
the metabolic pathway is of main FAAs deserve further study. This study explored the changes of osmotic
pressure and FAAs in the gill, foot, and hemolymph of S. constricta after salinity stress and analyzed the
sequence characteristics, tissue expression, and mRNA expression characteristics after salinity stress and
RNA interference (RNAI) of the Sc-CARNS gene, and the changes of alanine and carnosine contents. The
osmotic pressure and FAA contents in the gills, foot, and hemolymph of S. constricta under different
salinities (5, 20, and 35) were measured by freezing point osmometer and automatic amino acid analyzer.
At the same time, the expression of the Sc-CARNS gene in the foot under different salinities (5, 20, and 35)
was analyzed by RT-qPCR and RNAi technology. The content of alanine was determined with the
shellfish alanine ELISA kit. The content of carnosine was determined by phthalaldehyde colorimetry. The
results showed that the osmotic pressure in the gills, foot, and hemolymph of S. constricta significantly
decreased within 1-72 h under low salt stress (P < 0.05), while under high salt stress, the osmotic pressure
in the gills, foot, and hemolymph reached a steady state within 24 h, which was consistent with the
osmotic pressure of external seawater. Compared with the control group, the osmotic pressure in the gills,
foot, and hemolymph decreased by 66.7%, 69.7%, and 71.6%, respectively, when the salinity was low.
The wet weight of tissues was then increased by 68.3%, 67.5%, and 70.2%, respectively. At the same
stress time, the osmotic pressure of each group of S. constricta was salinity 35 > salinity 20 > salinity 5.
Under normal salinity, the FAAs with the highest content in the gills, foot, and hemolymph of
S. constricta were Gly, Arg, and Gly, respectively. After salinity stress, the content of total free amino
acids in all tissues increased significantly with the increase of salinity. The main FAAs with the largest
content change in the gills, foot, and hemolymph, respectively, were Ala, Gly, Glu, and Pro; Ala, Gly, Arg,
and Tua; and Ala, Ser, Thr, and Gly. Ala was the most variable FAA in all tissues. According to the
transcriptome results of S. constricta after salinity stress, it was speculated that Sc-CARNS is related to
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osmotic regulation. The expression of Sc-CARNS was the highest in the muscle type tissues of
S. constricta, followed by the gills, and was the lowest in the hepatopancreas. After low salt stress, the
expression of the Sc-CARNS gene mRNA in S. constricta increased at first and then decreased with the
stress time, and was significantly higher than that in the control group after 4 h of stress (P < 0.01), and
reached the peak at 24 h. The content of alanine decreased significantly with time, and the content of
carnosine increased significantly with time (P < 0.05). After high salt stress, the expression of Sc-CARNS
decreased, and there was no significant change compared with the control group. The content of alanine
first increased, then decreased, and then increased after 8 h, and was not lower than that of the control
group. The content of carnosine showed a decreasing trend after 24 h. After RNAI, the expression level of
Sc-CARNS mRNA in the interference group decreased first and then increased with the interference time
under normal salinity. At 24 and 48 h, the expression level of Sc-CARNS mRNA was significantly lower
than that of negative control (P < 0.05), and the interference efficiency was 24% and 69%, respectively.
The interference efficiency at 48 h was the highest. In the interference group, the content of alanine first
increased and then decreased, and the content of carnosine first decreased and then increased, reaching the
maximum at 48 h. Under low salt stress, the expression of Sc-CARNS mRNA increased, the content of
alanine decreased, and the content of carnosine increased after interference for 0—24 h. After interference
for 24 h and 96 h, the mRNA expression of Sc-CARNS and the contents of alanine and carnosine did not
change significantly in control group and diethyl pyrocarbonate treated water. The expression level of
Sc-CARNS mRNA in the interference group first decreased and then increased with the interference time,
the content of alanine first increased and then decreased with time, and the content of carnosine first
decreased and then increased. At 48 h, the expression of Sc-CARNS mRNA and the content of carnosine
were significantly decreased, and the content of alanine was significantly increased. The results showed
that S. constricta has a variable osmotic pressure. Ala as a FAA in vivo contributed the most to osmotic
regulation. Moreover, carnosine synthetase was the key enzyme for converting alanine to carnosine. This
study revealed the key mechanism of osmotic pressure regulation under low salt stress and provided a
basis for revealing the unique salinity tolerance mechanism of Solenida shellfish.
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