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TRTELE15d, HHTRMMRE GEEN 4 M.

(R ] AR AWM TMAO i R B Z kR FEN B A, H ¥ 0.8%
TMAO A m4l 4 BB ZEREHAL, £F 15 KRHKABKAME
(53.9%+0.4%). % TMAO B it j5, ZHh R T HERL THHEREH
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BE A O, W KA TE 8§ Pleuronectes
Slesus LA TMAO 7K V- 24 LU 3 B T IR 7K A= 16 1)
BEWLA K 1 A5

=R T (Portunus trituberculatus) & 3%
B E KR TR, B =R T
R YA, B E N AERKERE S
20~35, RAERE S SBETR TREERK S
KRB TR MAAE R TR, =t 78 11 94)
BEAEEL B 0 11 5500 T W8 120 h TG 3o
40%; TFEFREE R 9 IS T i 96 h 71 %
H 35%, RFREE (11.7) 2V 4B 2B 35
RIEE 13.33%, JFFEREEBICRE, HEL
T =R R Y IR X F B A AR TR R AR
RV AT IR, H 2 I, SR
KIRIREE 5 32 BN A AT H F 1 T, i X
T 35 R 0 R RIS R AR R K S e 4 4 m] R B
TRARER B 2R T B o el B2 5 = e T A
R T AEE RIF AR, B =it B 52
HH ) — SRR

TMAO & = et 88 8 57 IR JWpam ik LA
i FEZRN N FAIULE Y, FIREE =
PeAR 1 BELEARER T A0 0 A e fi S w7
JeitAT TMAO AL AT BT LIEE & =it T
RIS 2 HE 7o e MR, ASZE X =
Pere F B4 AT T oI 15 d R [RDVR FE Y
TMAO (0. 0.2%. 0.4% il 0.8%) Al M5 fk,
AT =P FEERREL (4) BB sige ., @ T
B BT = PR T B W 58 RATE AR T A2 5
. Na'-K'ATP i S FEE PR 3R A s 22U iy
TMAO %8, LIRS TMAO FE 48 — itk T8
MHRERRE ST T IR, O =R T EEAEARER T
TS %

I MRS IA

1.1 SCIGMHR

=P T LS 260 2 (15.0£3.5) g, T
2022 4F 7 A A TR RO — K R, DA
WL T AR s B TR F i S, 4
g FUBE IO DY JE A /NFL R SR H (4 30.0 emix
P& 20.5 cmxF 12.5 ecm), I FEALF- 34 70 BL 3] 4
ALY (K 1.5 mx3E 1.0 mx& 0.8 m), &4~
WRAR M2k A 500 L KARIE/K (pH 8.1, #hJE 26).
XK HEAT 24 hBRAR, (1 4R AE S mg/L

P b B H 16:00—17:00 F5 58 K 5 1) 5% WA
FERH LA GRRE (7 B R IR A PR R S A
e ek i T 2E SR R AR LR 1 (=40%),
LB (=6%). ML 48 (=5%). KK (=
18%). K (=12%). BB (=12%) AR (=
2%). WEEJG 1 h KA f S MIZE TG0, 5
WARAE . UM DL R A 5E,  [A]EALE Bk
30%~50%. B F% 1 /5T TMAO BMSEE:

TMAO (fb2#46, 215 97%) W b4 5
MAEHE R ERAR . &5, RNE. &
PN 0.9% AL BRER K [ R 25 45 A1, 15578 Na™-
K'ATP fig ELISA f& I i€ #| & 1 TMAO iy
ELISA Rl 57 & A [ _F i ar kA 9 B R
oAl . B RNA BUGRF & A L3 dbat)
HEYRHE A RA R, R 500 £ A Magic-
SYBR Mixture X7 & W B V175 5 A 20 A= Yy Bk
B ARRAR, Ei PCRIAFI &N A S HE
AR dLaD) BRAH,

FHRe AL [ RIRA R dbaD)
HIRAR 5 KIS0 (Eppendorf, E[E);
LightCycler®480 »%)¢5E # PCR ¥ (Roche, Fit);
% % JE {0 Fiske 210 (ADVANCED, 3 [H);
Spectra Max Ff##R1% (Molecular Devices, 32[H),

1.2 SLWHE

FI R B Aot R =Pt AR
MG JE LA TMAO & 8 1 mg/g'”, #R 4 1H
B IE&, E TMAO TEDE iy 3 s
A 02%. 0.4% il 0.8%, I LLA
TMAO 1 1 B} Ky X BR (CK). >R F 36 1 4
TMAO W AR, BIFE AR E HR ) TMAO 7K
VA VAR 5] I A OB AR R T, R AR
5, FE DA% E, F20°CIRMASH, U8
FRJG W = PR TR AL A A 3 12 S LA b o
(K 1.5 mx$% 1.0 mx{& 0.8 m), %&ASWLAG b 20
Ho B3 A 14, a4, a5
T 53 B R 3R 4 B[Rk BE 1Y TMAO 1A K
WE TMAO S B MERF AR 15 d, F7R58 5 #LIR]
Bt o BRSNS ) () 5 72 FNFE TG Ol o
SR AL ZE A, AR WL AR b () TR 7K 4 % 500 L
fIRER RSV K (pH 8.1, hJE 4), XT4hEE ST 2k
KRBt . 9Tt 6. 12, 24, 48, 72 Al
216 h MAEAS AR Hh A BEAILEL 2 AR S i 1 4
g, MAEHNELE =6 G IMFEMEL,
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2AHEER ), R LA B T vkoK R
Ja, F 1 mL {9048 7 ek 2 JE AL F B 1 mL
MAREL, BT 1.5mL BE.08 . HREMR U5
3XP). WLRFZIEA S, 358 FRAE T,
T80 °C PRAF# o AEARER Bhae A ], X 4y
AR, HAGFRME PRI SR, ML %S
U RS ] B A (A FE T Ol o

SLon R A EAR AR AT TMAO Bkl
BB TR R A N BAEER (%) = Bt
5T 19 41 B/ 40 8 B K< 100% o Kaplan-Meier
LR S T 4 B AEREL T A3
N S = Se-D)(-d/n). X, 4 E£R
£ N 1 N A= N o o o 151 e e i
BH (R, n #oRAE ¢ B 8] 55 70 4 B A7 35 5
).

ik R M R MK ELFE S TE 4 °C T i
BB, KM, 7 3 000 r/min O
5min, W FIEW . B 20 uL I35 H K SB35
JEAY Fiske 210 € B iEIE .

Na'-K'ATP B4 & M) % ¢ 1R W% 4 Na'-
K ATP [iff ELISA #5371 & (A 45 4 25 BRI 22 i,
151 Na'-K"ATP 15 VE

Na'-K'ATP & o I K 49 qPCR 4 #71 B
0.1 g MU ZUHE i, MLPE B RNA 48 HUa 50 & Ul
B 45 42 S RNA, i H Nanodrop 2000 # fil £
IR THIEAT RNA i . HR4E RNA Sk 5%
WA GV, ¥ RNA RS —4E cDNA,
{8 F Na'-K'ATP il o WV FEIE RAFAEMES | P %) F4
(CAAGTGCCGTTCTGCTGGT) #1 R4 (CTTGAT-
GGGAATGTTGAGTCTTTG)!" #4T PCR ¥ 4% ,
PCR Jz % 1& %y 20 pL, Hivh 2 uL ¢cDNA. 1
ul 1E 1 /52 15 514 (10 pmol/L), 6 pL ddH,O Fi
10 uL SYBR Premix Ex Tag MasterMix (2%), PCR
RV ARF . 95 °C fAEYE 30's; 95 °C A8k 5's,
60 °C i K /ZEAH 34 s, 40 MEFF. UL 18S rRNA
HENHNSEE, 5197518 18S-F(AGGAG
GAGGTTGAGAAGATTGT) #1 18S-R (GCAGCT
TGGTTTCCAGGTAG), fifi FH2-22C Jy 115 H
[ 3 Al mRNA A X F ik 5, & & PCR A &
A% HBEAYEAR dea) ARAE

TMAO M| & % IE 12 82 TMAO ELISA
oz I X 7 6 () R AR 2D BRI G R W3 T &) M 4%
HAH TMAO i,

A AT X1 8 1 HE AR R H Log-

rank (Mantel-Cox) test A 56 7817 A A7 5500 70
Bro kB J7 22 3 1 (One-Way ANOVA)
GtEdEE A B E 25, DL P<0.05 4l
] 22 5% 3k ) B 2% K ¥, i J5 i i GraphPad
Prism 8.0 FXFVER] . SEB0 i B AR 8 4E N D1 7™ 4%
AP TR F LR S BRRE, IR R TR
KEFSLI0 Y Ae PEZS D3 234l R 00 T ) B A T
2 gEH
2.1 TMAO R = FAR FEE M T RS2
TMAO W INBEHE =5 = PR 4 B e IE
HET MBS (B 1), RIS 4 KIFH,
TMAO VS N4 2h & (i 7e R it v, Horh s
e TMAO (0.8%) ZH 4188 ) hid 72 e 4 o e
TESS 15 RINIAE| I RAE (53.9%+0.4%), &=
T B FUHA 2 SN (P<0.05). MHLEZ
T, L R E TMAO JR NN 40 1 52 R 1 5
WA/, H Ak TMAO 520 A FAR TR
W TMAO, 1BFE 15 d 53 Ak J P 2H 4 8 fi i 52
IR 40%, H 03w T RKE (P<0.05),

60

[ -0-CK -0-02% -e-0.4% —e—0.8%

B 72/ %
molting rate

123456789101112131415
S A)/d

enrichment time
B 1 TMAO RN =R FEEEERET
ERES: NP
ANF/ING S B R R R — I () 21 () A7 76 2 35 72 57 (P<0.05), R[],
Fig. 1 Effect of TMAO addition on the molting rate of
P. trituberculatus under normal salinity condition

Different lowercase letters indicate significant difference between groups

at the same time (P<0.05), the same below.

2.2 TMAO B =HRF B RR T a2
HiE7R TMAO SAL R 5 RESE iy — iR T

WEETEAREE T IAEIRRE ), AMFTRUEE T &

TMAO 584 15 d B4 135 5 SR 21 4 IR 1977
WETEOL. 45 REM, 2 TMAO BALJ5 4 TR
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3R T B AAIE ot AR PR &, T e S N —
BEWHE] J5 A TR IR Bos BAEIG e 3 (1 2), HEAK
W B TMAO 4 F e 78 48 h N 2 /& 1706 %,
216 h IUFIERIK 75%, N4 e, %
T XF BB K (P<0.05)0 H ik B R g R P 4 40
T WA 35 R A AR AR R W 36 48 1 12 h 5 A R
TR, 216 h BUAFIE R 2 60%, = H X} R K
T 21.5%,

100 0 5 K -0 02% -8 0.4% 8- 0.8%
80
O
S8
3 60
&g
W

40 |

20

100 150 200 250
JolAEL B[]/
stress time

2 TMAO SBLE=HE FRBREEER

Fig. 2 Survival rate of P. trituberculatus under

0 50

low salinity condition after TMAO enrichment

2.3 TMAO BUIHEE T =F R FEMES1E
E:0pAlE

SR RE T A 0 9B i TR AE AR AR T R
FPrAEdl, @R, TEARGI TMAOR X %)
B RS ASE G, GB35 K IEF 1) 729.4
mOsm/kg B 1% & 400.80 mOsm/kg, 7E 48 h
R 2 A% 5 342.83 mOsm/kg, 2 J5 WA 9] 7} 3
BETEE (K 3), IRHkE TMAO 3k & fig i
R M5 5 3 IR ARG T APl T R, (HAEAIR
R e 6 h G WE RTINS B &R, I 24 h
f ik 3 514 mOsm/kg, 35 = T %F IR (P<0.05),
ZIEBEW T, JETE 72 h IS T K,
W RN = vk FE TMAO i itk 28 JE T 40 188 1fn 75
B3 A PR R [ (P<0.05), [HARTE 72 h )5 [
XTI,

24 TMAO BT =HAR T E/F8] Na-K'-ATP
B A M R HEERIER N

R itE— T i TMAO 58X =it R4l
BB E W OCH IR, AR E T S
il Na'-K'-ATP B 7EAREh T 9G24k . & B

800 r o (K —e-02% e 04% -8 0.8%
700
600 [\

500 r

osmotic pressure

1515 JE/(mOsm/kg)

400

300

100 150 200 250
P ELIRY [E] /R
stress time
B3 TMAO BUEREFHTZHR FEMBESEELN
Fig.3 Changes of serum osmotic pressure of
P. trituberculatus under low salinity condition after

TMAO enrichment

TMAO 58 fb BB 1 25 £ 2 41 8 5 6 Na™-K'-ATP i
TEARER T BTG PE (18] 4-a), (HAS[R]R AR B = Az
P45 FEERBLE TMAO SRR Bk
X} Na'-K'-ATP g 1 4 (%) £ THE B, ik
& TMAO L 7E LB 6 h B Na'™-K'-ATP fiff i
PEEC RS, R 3047 U/mL, T ik BE 28 4 3R )
48 h, AR B DU A5 5200 45 R A i T v Y
ST, [FIEE, 76 Na'™-K'-ATP i o MV 3 4 3 [
Fik FRFELR I, TMAO SRALXT o W ZRIAH
WEMRIEH (A 4-b), WHS . mEE TMAO
AR R ] 0 2 v TR, IR ERR B Bk
AR R .

2.5 TMAO B I =R T8 & HEH TMAO
S A

S e T £ HAAERER M8 5 Y TMAO
KA R KRB, fEXTRAL T, SRS
TMAO # i, (HIEmHEKAE TMAO s#®1b)5 ,
EHZ AU ) TMAO 2 7R IR ER WA 48 h i 42
T+ 5] 665.96 ng/mL (& 5-a), ¥ T i . Al
A A 3 H TMAO 54k J5 7E AR T 1Y 5 i
(1 5-b~d), JF4ERFRISCERAS N . Hifth 2 4~ TMAO
W L RE 0 R MR AL SUZE AR ER R A TMAO 2
Mk, HEHERERTSEEH (P<0.05),
ARV BE TMAO 5 Akt [ s 48 s il 3 . LIRS A
38 AR SR R ) TMAO B, [HiLTHE
JERSTHIZ; MRS, . = TMAO
PP A RCR AR ER I in ) B 0 2, Ea S
WK ZWK R B HRAKF o
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—-0-CK -e-02% e 04% e 0.8%
35 ¢ 30 -
g ¢ i
I % 20 | b ba a b aa
30 X 8
o o
E x> % 5 I i |
2 E 25 Z2
HT (>
20 E >
a4
g

100 150
JIELIS [A)/h

stress time

@

200

250

24
Joip 1B 8 /R
stress time

48 72 216

(b)

4 TMAO BUIHEE T = TR /S 82 Na'-K'-ATP B§SEME (a) RE o TEEFERIE (b) SN
Fig. 4 Effect of TMAO enrichment on the Na'-K'-ATPase activity (a) and gene expression of its o subunit (b) in

the posterior gill of P. trituberculatus under low salinity condition

800
5 600
g N
en o
£ 2 400
s g
00
0
800 ¢
3 700 |
£ =
22600 f
1§ S
4T 500
400

-o- CK

50 100 150
[Pr3EL i [A)/h

stress time

(a)

100
[iISEENENY

stress time

150

(©)

/(ng/mL)
content

iy
&1

& & /(ng/mL)

content

800

700

600

500

400

300

800

600

400

200

-0-02% @ 0.4% -0 0.8%

0 50 100 150 200 250
Jp 3L [A] /b
stress time
(b)
50 100 150 200 250

B ] /h

stress time

(d)

5 TMAO BUIHEE T =54 FEEER (a), [5F (b). ALF (c) FAFIE (d) TMAO & EHFNT
Fig. 5 Effect of TMAO enrichment on the of TMAO contents in the gill (a), serum (b), muscle (¢) and gut (d) of P.

trituberculatus under low salinity condition
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3 Wi VRS 18 Je H A BEXTURAFER Y Na'-K'-ATP i /¥

3.1 TMAO R =FR FEHZMERRT
FiERRAIER

W51 B s 5 e e 1 IS AR o e AT s i
DK KA B AR A 0 A A T
U2 S5 R S 5SS N R (A R
W58 B AR W B R S AR R ) Ash
(W BE . #RE  DGHBORIE 3R 3h) 1Y U ] 45
il = RS R A ) R e S BLAE K Sh
B — AT W 18 IR, AR IR Ao,
CLAEEE . T . 5 M B A 0
FEWE Rz st e it AR v, KR A AR PR A
MR, RS B BB A 220, 5 W 58 i
FHLE, BERGOR BRI AT B R BiTeAE T LR
A 1E (molt death syndrome, MDS) & H 7225 5h ¥
M TGk e e B IHFE st T B, A
WFoErh, =R T EEAEARER T AL TRy 2 2R A
R MDS, % n] GE2 A A E6h B BRI S 20 . 1%
Fo R AR WA B ER B 15 T =0 TV
W4 &) MDS BL4 . LR 18 (P. pelagi-
cus) B R EEAEAREREE 10 MEREE T, SETo%
RERS, HRZIT MDS®, LIt
FAKETELL R R T (P. sanguinolentus) Eh
JE£ 30 7E AERBE 10 IFEY, oA R 5228 B P i
W AFTEARER T AFTE R TR BLA:, i H AT
W (Marsupenaeus japonicus)"" . & [ ¥F (Exo-
palaemon carinicauda)™ . BETIXHF (Penaeus mon-
odon)™ I 0 ¥R W (Oratosquilla oratoria)*"5%
BAR, Bire W e e KAAETE RT3 .
TEAMFZE T, I TMAO REHE & —PER TR
WiFeA, T Y TE AR AT REAE iR T A
TARER T #9 MDS, AT m AR T 7716 3
{H TMAO FY 5l A S B g B, 980 0.2%
) TMAO 58 AL RCR B i o

3.2 TMAO B =ZHB FREERITHSE
ET1ER

CAME R, WoekahE i EmiaT
S STBUNRVE. $idit, 4 ERTIRUNORY Svim o TN
T2 3% R 0 7Y 32 SR S b 57 4 i 1 Na'-K'-
ATP JigP" AR ER W38 7T 3006 72 258 1) Na'-
K'-ATP ik, {H7E—Bit a5 If T
E o WL IH B (Scylla paramamosain) KR 4

IR T A 76 PR AR AL 0 52 B 2R LR AR P, =
PErR T 77 8 Z AR ER a8 ZH 2100 Na™-K -
ATP B 16 PEt r= A R 200 sl HE s XA
AN, e A RERREK 12 W5, —ERT
M G0 ZH 21 ) Na™-K'-ATP i Pk B 2 R i
T2 BN ER R 10 A% 12~24 h B Na'-K'-ATP i
TEME TR, 1F 24~48 h AP BTG L FF, BE
72 h B il PR R R 1k el AR A 22
S RE S HFSE B I E IR O, WAl RE S
e B TR R ) A DR S AT 56 {H X BB
5% # Z WA ER &) 3% R2 I Na'-K-ATP i (1) 15
mHEA —EBEIEEH. 1M TMAO #ik
AE P % 3 5 Na'-K'-ATP [ 76 4, JF7F Na™-K'-
ATP fif§ o 3V 35 38 PR B9 AH X 2835 _F BARE 73X —
4 . & TMAO ] i i £ i Na'-K'-ATP [iff
LN R FEG TS M, dERE =R TR T
AR R 1Y L7 B B T . Na'-K'-ATP B h4T
— KB Fiin, #TEEHAE ATP, L 4Edr —
PERTHE 1L IE A =B IR R — D RERE I 7R
&R T =Pt T4 K MDS SEFET:, HE
HEERARA L, XEH T ENFER
IR,

VSR Sl AR PR 5 i A A ) — B R SRS
BRI, TMAO A GBS 54YIKRNEIER
U SRR R B, ARER A T B AR
WLA R i B TMAO,  HH I Eh & 2R 2 AT B
P 2 TMAO HIRE ", R WL % & fh
2. AR R ZF TMAO = B4
G I 2 ) 7 AR AR a8 F BBURR A 1
AW R, SRALHAEARER A T X TMAO (1)
FREA R R, HREMEMBIE, 1wl
W TMAO R AN (b /N, ROIHE | v
F B AR A5 N e e — M T B 5
FE-f P AR . IS TMAO 12k
Bz —EASE M. WA (Mylopharyngodon
piceus) F1 YN JN 1 (Osmerus mordax) 1 i Ak
AR A E — R SRl RE AR = HR R A AR
TMAO™, TMAO [ 55 — >k Ui & B 4% AP 5
RGP RIC . n oK R 4y A R A R AS BE AR
TMAO, W7l id i $% £ W 55 Jo A HE 3 ) ok 1 95
FARIC TMAO™, Ik, HI&H TMAO itk
B2 e ¥ % 4k 1 (Oreochromis niloticus), W] £
HALA PRI E] TMAO; A R, BB %
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LA B TMAO & &2 BRI E = 1 0,
TEAMFIE T, #ME TMAO B4 T =R
B ALY TMAO B, RIS =R T8 1E
K PR BB RN T —F AN T B8
PR RE
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Effect of trimethylamine-N-oxide dietary enrichment on the molting of
the swimming crabs (Portunus trituberculatus) and their survival and
osmoregulation under low salinity

WU Cenyan ', LIN Weichuan', SHICe'?, MU Changkao', WANG Chunlin', YE Yangfang "
Y

1. School of Marine Sciences, Ningbo University, Ningbo 315832, China,
2. Key Laboratory of Aquacultral Biotechnology, Ministry of Education, Ningbo University, Ningbo 315832, China

Abstract: To investigate the effects of trimethylamine-N-oxide (TMAO) enrichment on the survival and osmoregulation of
Portunus trituberculatus under low salinity conditions, P. trituberculatus juveniles were fed diets containing different concen-
trations TMAO (0, 0.2%, 0.4% and 0.8%). Following a 15 day-TMAO enrichment period, the P. trituberculatus were subjec-
ted to low salinity (4) stress. The results showed that dietary TMAO supplementation increased the molting rate of P. trituber-
culatus under normal salinity (26). Specifically, the highest molting rate was observed in the 0.8% TMAO-supplemented group,
reaching 53.9%+0.4% on day 15. All TMAO concentrations enhanced the survival rate of P. trituberculatus under low salinity
stress. Notably, the 0.2% TMAO-enriched group exhibited the highest survival rate of 75% at 216 h of low salinity stress,
which was significantly higher than the control group (P<0.05). Furthermore, the TMAO-enriched P. trituberculatus displayed
higher serum osmotic pressure, gill Na'-K™ ATPase activity, mRNA gene expression of the a subunit of this enzyme, and
TMAO content in various tissues compared to the control. This study suggests that TMAO enrichment may enhance the sur-
vival of P. trituberculatus under low salinity conditions by promoting molting and improving osmatic regulation through the
use of inorganic ion and osmolytes. These findings provide a potential dietary supplement for the aquaculture of P. tritubercu-

latus in low salinity environments.
Key words: Portunus trituberculatus; low salinity; survival; trimethylamine-N-oxide; osmatic regulation
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