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(1. KPR ER B H AR whL ERERY: L 201306;
2. PEDKFEREABE ST BE T AC ORI AT AR ANTHE R TR R R SRR IR W 2660715
3. FH B ER A S RO E R LR SR A S EY T M RO E IR HE 2660715
4 TLINEARY VIR SR S T S S VLN IR A R AT 10 W 222009)

HE N T R AR R X5 2 B BT (Panulirus ornatus) T B A 7 G KA BAREALE 89 B,
1 % F A PE[(0.24+£0.07) mg/L]. 153K Z[(1.04+0.08) mg/L]. & % E[(9.75+0.21) mg/L]Fn & ik
[(19.87+0.46) mg/L] & & M8 77 % 2t 45 45 2 P AT 48 h M52 3e, e 48 5 AP IR F AL KA A
REBEHYE M, BRI EMHXEE mRNA WA KA T MEN, £REFR, RAME THS LT
8 o JF i R 20 R R A ML EE 1 (T-AOC) . # & 4B . (SOD)YE /B A B E W AE, 6~12 h HE
F 5 T xt PR (P<0.05); Bk JE 48 48 h B T-AOC. SOD & 47 M| 34 ¥4 ; 141k flg L (LPO)
G M B A Y RE KR AT e, 48 h B EH T X A (P<0.05). AR HHAE K B A E B AL A i B
(GS). A& B L2 B (GDH), 4 ¥ % Z8(GOT), & E% A (WL F# (XOD)W K A A A/ME T 5
MEAMLHAEAREZEZN LR, RARLERSEH FANARMEE, FEE T GDH. GOT £ K
Rk EE 1224 h BEF T EA(P<0.05), HRALF LS EAME, kT, TRKE
By 2 A 2 xR R R R v R R B AR L A R 88 45 R 0T £ B 3t AR GS .GDH
ERBEXBHERERNTAEREEN L EBEUBR LEERNTER R AHRERT RS L
B AR AR 8RN T AR I R

XEIR  BEEIE; AAME; WAL; ARAE

hESES S917.4  XHEERREE A XEHS  2095-9869(2022)02-0147-10

UEAER, B FRFHHOR B PR Tk 1Al (Zhang ez al, 2018), /KM 2 A LLE B T 2((NH;)
B, AR C SO BRI, KR MR T (NH)E AR R, —EshaFr, 2K
HE A HER Y A B AR O — R SRR ST RAGIREE . EREEA pH SES O N Al A A e (A,
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2013; 2XH 24, 2015). A FZELL NH; B L6844
2 A H 2 3 AR (Roumieh et al, 2013), & & P
SR RN | AERKIRSE, R RE 5 E
S FAE AR B 3% (Koo et al, 2005; Chen et al, 1995;
Cheng et al, 2002), WFFE R, oFAEEMHE HE T XK
AR5 ) AR ARV T RE 42 AE AL I )i 34 4% S 3 (Romano
et al, 2007), SHLAZ B2 AP0 B A B
B, PrE RSB, PUAREBRIETE A b2
(reactive oxygen species, ROS)AE J1 T %, Bg il &1k
B, BB A (Reinehr et al, 2007).

BT, Tk s s AL s AL i pr ot
A —E FLAl, 2 DR AR R i A 2
AR NIRRT - (130 i A 2 B & iR A2
UNBETT X} MR (Penaeus monodon) (J5] ZH#4E, 2016). JL
AT B (Litopenaeus vannamei) (RERMEE, 2019)5F
0] 38 o A = Wk A LU (glutamine synthetase, GS), &
%2 I A B (glutamate dehydrogenase, GDH)35 & i 4
AL SEIHLAR N Z 5532 5 ()i 1 & FE R ik
12, WK FRYE A (Boleophthalmus pectinirostris) (¥¥F
&, 2019). Veffk(Misgurnus anguillicaudatus) (Chew
et al, 2001), KZZW®E(Scophthalmus maximus)(F5 555,
20204 38 1k AH 5 % I SRR 2 Ak A i R R
A Q) S ARG A, Wrh E X iR
(Fenneropenaeus chinensis) (/0 K5, 2014), =R T
& (Portunus trituberculatus) (XL 55, 2015)% 815
5 MR T I R AL B (OTC) 45 A4 2 PR i (arginase)
FIC IR E 5 (4)38 3f BEMS AL IR S0 il i 42, W Jal i6F
FWF (Nephrops norvegicus) (Bernasconi et al, 2011)5¢
AJ 4 H IS S Ak 34 5 (xanthine oxidoreductase, XOD)
EIE URIR o

W45 e ik )& F -+ 2 H (Decapoda) . i IR H
(Pleocyemata) . JEHFF}(Palinuroidea) . JE 1R & (Panulirus)
(RAEFFEE 2012) 5055 W AR (Panulirus ornatus)VF N F
B EZE IR S Z —, N E&E, (HHATE
B AR, FEARTEMB A B (Liv ef al, 2016;
ARG, 2012), A IE IR B HL T KA TR 3 T
ALK 558 NG PR oK AR LA F5 08 o e 2 2 1Y F7 B8 45 1
T, EA R R R AR BT Y B AR A
RZ— @AM, WozshW iU 7 m
TFoE FBLAE P 2 e & il . 4 2R A .
¥k 2 i (glutamic oxalacetic transaminase, GOT)%
(B, 2006; Qiu ef al, 2018; Geng et al, 2020)., AT
GE T8 5 R AT A R AR AR R 2 A E TR Y
i o AL, DU T 2 UM e T B 5 R I i S e A 2
T G HERS GS. GDH. GOT. XOD il GDH.,

GOT F: mRNA Eik# |, PUAaLrE Sy A LRE
(T-AOC) . i 4 Ak ¥ B 1k (SOD) i M Iz i A Ak i Ft
(LPOYE &, BTENHRES e oF 2 A 2 AL AR A
WFFE S AL B AR .

1 #MR5F®E
1.1 SEaHHL

S50 BT Y60 45 e W W T 9 T A B T K B A
BHEABRTAEA R, FEAK HF(15.640.2) cm, “FH
R 4 (187.0£0.5) g, B F T2 PVC Hih, 7560
IK R PR IR I KRR, FhBER 32.57, JKIEN
23.7°C, pH Ny 8.14, £ H 07:00 HEHPUENF K, HELE
A, 10 d JEIFARIER S

1.2 EFH*

121 3kt SCRHR T % B 2% Chen (1988)
FVBIAG L S5 (19977 )i 5 165 7K 3% 5 il 318 P J2 /K 1) B Uik
J¥ (0~46 mg/L F1 0.01~29.3 mg/L). Zhao(2020) T4
R IR 28 A G0 8 52 1] ) Y A B TS 06 4 SR o
NH,Cl (43H74t, RG=99.5%)Mc & A [ 52 5 41 il
e, 4 5k % BR4H (0.24+0.07) mg/L . ik ¥ B 40
(1.04+0.08) mg/L . Hyfk BE2H(9.75+0.21) mg/L FlEik
FE2H(19.87+0.46) mg/L. R JHZS Fi 53 I 5 4% 52 56
LR AR B4 3 A FAT, &K 07:00 F117:00
Fig HEOUT IO, ¢ 55 0 8 R A 7 4K, S 0 (R A48 1
122 HEREfu EMA 0, 6. 12, 24 F
48 h i), MRS PATHH REPLPRIE 3 BRI,
HFSIRATEE . FFEEARALZY, PR 0.2 g, BYRE
JEIA 1 = 9 T A= R K, HE I vk R, 4°CAI%
& 4000 r/min &5.0> 20 min, B EWEW, & T-80°Cuk
FAPRAE, FTEEEIE . FRALULTF 1.5 mL EP 48
BABE G4, T HKE mRNA ik #7541
1.2.3 HRALEELS R R A K B E MR 2 Eirgilc]
B A ) T AR 9 TR & e B B 2 T-AOC |
SOD. GS. GDH. GOT. XOD [ /1 #1 LPO %,

1.3 EHE mRNA BRIESHT

131 Fl4pikst MRIEES AR H AR cDNA 7
), FASI ¥kt Primer Premier 5.0 %1t
qRT-PCR 5|4, LR51W A TAEY TR () AR
R, HIPHIILE 1,

1.3.2 RNARE  ffi A RNA F2EUAH &4 ik
PS040 RNA, IR E R RNA W, 1.5%F
PP BN R P DK S DN L S e 1
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Tab.1 Primers used in this study

ik ESLE G
Gene Forward and reverse primers (5'~3')
GDH F: ACATTAACGCTGGAGGTGTGACTG

R: CGAATCGCCGCTCAAGAGACTC
GOT F: GTCTTGAATCTCCTCGGGCAGAAC

R: CATCTCCACGCCATTCCACCAC

PS-actin F: TTCCTCATGCTATCCTCCGTCTGG
R: GCTCGGCGGTGGTTGTGAAG
1.3.3 cDNA % — 4k 69 & M M4 RNA %t

RNA-free /) DNA Fiifb)5, i HiScript® Il Q RT
superMix for qPCR(+g DNA wiper )it 7] & 717 S 5% 5%
AL cDNA %5 —5%, 20 CIRAF&H].

134 %AEZFPCR¥ ¥ &M ChamQ™ SYBR"
Color qPCR master mix il 43iE1T PCR ¥4, S
&FL 10 uL: 5.0 uL SYBR color qPCR master mix (2x),
4.0 uL cDNA, 0.2 pL Rox reference dyell (50x), [~
WS4 0.4 pL (10 umol/L), ¥ FRIAFITE 1.5 mL
BOENIRAG, /%A 96 FL PCR M b, W FE ¥
95°C 30s; 95°C 10s, 60°C 30s, 40 MMEH; 95C
155, 60C 1min, 95°C 15s, B 3 NEHE,
rA
d  »n=3;x+SD 1 mg/L

[ 10 mg/L
20 mg/L

C

0.15

0.10

BRI A BRI
GS activity/[umol/(h-mg prot)]

o
S
v

(=)

12
ifja] Time/h

B 1
Fig.1

X} HE2H Control

BRI A U P

GS activity/[umol/(h-mg prot)]

TR 5E B BRSO, R AR TE 4SS, 7E ABI 7500
Fast ¢ G2 7 PCR AXHEATY 1S, ffi ] 222 415 H
W GDH. GOT ByAEXTF+RiAH

1.4 HHESH

A 5 HTR A SPSS 18.0.0 B4R A TR R 3 7 2247
HT(one-way ANOVA), fifi H OriginPro 2016 1R,

2 HBRE5HH

21 AEPEXRE LR ANGEXEE LRI

2.1.1  AT4h S5 R KT 42 A0 IF MR GS TE 8 R n
B, & B 2 2 Ik e B B (GS) T M AR b A I
F(P>0.05), ABFEAC., Sk A B FAFER GS &
75 B TN R4 (P<0.05), FMREELH GS 5
16 48 h 23 W E M (P<0.05), AS[A]He B 41 i 2H 21
GS G 2 T R AR AR bk 3, BR 24 h Bk
20 5%} BRZH G W 35 22 S5 AN (P>0.05), FLAh IS i) S5 4 A
2R (P<0.05), AL GS i 17
12 h 3k Bl i R AE, BifJ5 IRV B4l To I s AR e a3, v
SR RSN G RN

0.30rB _ C_IX+HRZH Control
n=3; x+SD 1 mg/L
0.25

0.20

0.15

Af)E] Time/h
B 25 R R S 7] 21 21 4 Ik P ol 9t 1 ot 2 e Il s 1] ) 2 1

Change of GS activity in different P. ornatus tissues after acute ammonia stress

A B85 B JHFBER. ANEIFHFRRAFRLZ 0 E R B EP<0.05), FIAE

A: Gill; B: Hepatopancreas. Different letters indicate significant difference in different groups (P<0.05). The same as below

2.1.2 484 R SreRfe iR GDH e ¥re A
F 2 iR, BEEMRARTEIER, d mik B SRR
B 4 2 IR I A GDH)IE ) 25T s R FIR AR 1
s, TR BEEE GDH 1% J17E 12 h K2R K H 2%
o THAMAL(P<0.05), FEREELHTE 48 h B i IR T X HE
H(P<0.05), "', FHEELLITIFAR GDH i 15 K AE 55
HBLAE 6 h Al 12 h, SXFIELUA H A B35 22 574(P<0.05),
2.1.3 4845 RIFERART AL GOT 7E 6% an
B3 s, IR E A AL E W (GOT)IE JI7E 6~
48 h AL AN i, (H 5 X A B & 2 7 (P<

0.05). "Ik EEA S TR G TR, Sk H
IR SE FR AR5 T i AR A e YR AR A, e KA 4 H
7E 12 h H 235 T X4 (P<0.05), 48 h =k i 4 fi
GOT 1% 1152 3 i F M (P<0.05) ., Hh e B 41 T JB i
GOT i J1 e T i 5 B P T s i B TR =X AR 4k

T A e T R T R AR R A

2.1.4 S48 RIFELATIEAR XOD F g %5 o
4 FioR, Bt s e 1) A E A, 45 2 L o
FAALBFXOD)TE H1 25 A TR Ak, .

B4 XOD I 1 T, M HITE 120 24 h 36
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5 T X B ZH (P<0.05), 48 h

R 6~24 h i3
AP AR XOD 7 1 32 3 I 2 i (P<0.05).

111 =3

FXF BR4H (P<0.05), ik, WPz

o
=]
1)

EEC NI RERTE S

TxRZH (P<0.05).

=n
=

A I ] s TP AR XOD 1 73 i 3%

C X%} F84H Control

1 mg/L

0 10 mg/L

3; X+SD

—
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18] Time/h
JWlp3E e 7] AR 4k

c
Fig.2 Change of GDH activity in different P. ornatus tissues after acute ammonia stress
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Fig.3 Change of GOT activity in different P. ornatus tissues after acute ammonia stress

18] Time/h

A

F 3 HERIFARAH GOT iE TR

82 B. HHE

A: Gill; B: Hepatopancreas

A:

[
<

CI%}H#82H Control

N1 mg/L

C

N

3; x+SD

—

n

(101d 3/n)/AnAne QOX
T S B I B

%} BR4H Control

N1 mg/L

3; ¥£SD

n=

(v0xd 3/n)/Ananoe @OX
TS S S B

18] Time/h

i} /E] Time/h

RO ey A P NCEE]

Fig.4 Change of XOD activity in different P. ornatus tissues after acute ammonia stress
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22 IEMEXRFEEZBRBENPEXEERIER

A

221 sH48S R IFELF T AL T GDH A B £k 9%
" HIE 5 BN, 4% 4 8 40 S5OR0 T Il iR 5 018 i

fifi (GDH)FE R AR X 15 2 R B 0 S A il ik I .
WS B2 GDH X Rk s 2 B B THE T R
TR AT, B 6 h b, AR IE] S T
MR (P<0.05). T e BELH BT 2] GDH FIX Rk
W RS B FHE TR @R ANRMEAER GDH
MXFFRB BRI LTHE TR, Bk 48 h

5

rA C_ It AR4H Control
| n=3;¥+SD Y1 mgL
S 4 et
Yy .
e,
pol c
£85 t b N
e <
2. \
Q3 | §
RN "
S N
2| § I
oL | N AR
0 6 12 24 48
A} [&] Time/h
& 5

GDHAPIMX R R

Relative expression of GDH

Al AR 5 5 5% B B 3 25 7 (P<0.05).

222 S4GRITEEATFRIR T GOT AW R k6%
v WA 6 Fron AR Pk i 240 6 45 B L A i (GOT)

B PR A AR R 2 8 e 5 4 T IS BRI P T e Y SR X
AL, e L B TR S R R AR, BR
6 h4h, HAKIE] S 6 GOT FIX ik B ES T
Xf BB ZH (P<0.05). Bl WO aE i, o, sk
MM GOT M Rk RMEBIAE 12 h, 5
XF RZAH b HAT .35 22 53 (P<0.05), [& 48 h &b, £ 1)

(] 5,347 5 %) HR A I 35 22 57(P<0.05) .
5rB C_I%+H#4H Control
L n=3; x+SD Y1 mg/L
4 110 mg/L

0 mg/L

§
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Fig.5 Relative gene expression of GDH in different P. ornatus tissues after acute ammonia stress

A: B B PR
A: Gill; B: Hepatopancreas
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Fig.6 Relative gene expression of GOT in different P. ornatus tissues after acute ammonia stress
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231 X4 RIFEAITFIAAE T-AOC FHa#rm
Bl 7 Frs, B e B ) A 4, IRk B 4 6 T-AOC
T B ST E RS, with . s EA YR SETHE
JE PR E, BORE A 12 h AR E S
TXTHRZH(P<0.05) H . fm ik B R AR T-AOC I %

AR PIHEIAE 12h Al 6 h, SXFRAMMLE S T
F(P<0.05), K. FHEH 48 h T-AOC TE AL &5
FXT R (P<0.05), = e B 2 )t f 35 41 il (P<0.05)
232 TR RIFELAATIEAR SOD g3 an
Kl 8 i, fEpad Ry, UL SOD i 4 b i
STERi D ORI S ol o o il N 310 < - (i R
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6h, HIJH3E T XL (P<0.05), k.t B4 AT
JiEAR SOD 1 MEf KM B PLAE 12 h, S5XFHRAA
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Fig.8 Change of SOD activity in different P. ornatus tissues after acute ammonia stress
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3.1 SEMERTEESE R IR B HLE 80

SR, KRG 2 A B i R A R R,
KA AR T Xt 2 e A, PR HEE 5 3 0
(Chen et al, 1995), TEME N 25 mmol/L A&l T,
WSS (Clarias magur) 2 2 BRI AR R 5 i &1
e, AR HAE = KT TR S R IR R A
GRS RE N AT F B N TN — 2D 5 Ak R PR 3R HE i Ok 22 i
% A 55 Mk (Bodhisattwa et al, 2018), 4:ffi(Carassius
auratus)TEH N 3.6 mmol/L W& ZKFET, P4
AL TN 4 35 (Wilkie ef al, 2015) ABFFR 45 5 B,
AAMET, K. kB4 GS M EZZHE 12 h
WamTlE, FE7E 24 h B TR, A TR A
FERN AR, HLIAR T g iE T 3 2032 ko3 9k s ik
1 R 2R A, RIS S G LS, %
HIER S e i A —E A AT 2 RE T . {H 48 h I,
VR A GS BEE 52 2], < a) 22 &R LA
VERER I .S ST E I A AN NSRS RO A0l S Ne 2 31(]
0 40 AH 5C WS 7, A O WF 5 AL UL T v A 1 g i
(Bostrichthys sinensis) (Anderson et al, 2002), —PEts
TR SE, 2015)7% . A AMHA 4] GDH % 1 19 ik
F IS R AR (2016) Y SE B 45 A — 2, KW
TEZ A0 TR A B | O A AR R R S
JedF o E A AR AR . BEE M IR I, HR S
Jeir AN E ARG R, HARM X B, 6 h
J& GOT Rkt b LR, IR A b 2 s A
WRITARARS 5IREC RIS BIRRMIREIE
BT EFERE R, s EEHR AR AL
BEWME, GOT RikwmfR TiH, AEMET, 4%
WEEZH XOD THPE i 3 TXTIRA, JFRB —E W
FIEEN, 24 hJ5, XOD itk T, nlaEEm
T HT A B R ER A XOD i M2 Bl . A e b 2
41 48 h XOD M HA RFH 2R, TEAFBIRALIHIL
F G R BEA] XOD IR R B R, B
FART X R "R R TR R AR E SR,
20 7 B BIR B Sl SR TERE(1993) B, A Ak
JET T 10.44 mg/L S, o [ X 8 AR it i ) b A 24
FRLES 3 A R S WA L, -2 i A A, A5 %) 24
AR R I R o ) it AR 35 25 R ME AR T S8 A6 40 22
RUME T 0G5 e 23 5 R A% R 43 i AR AR
B AN IRTR

GDH & — 7 15 Bl i il S B Ay 2 W A= 06 i
BTG, AF S 2 W AR AT e i IR S R R

(adenosinetriphosphate, ATP)AY #1545, GDH {1k
RV R RIS A82R , e A fE
R AEEEAE (TS5, 2011), GOT 1 Ry #5 20U v 1Y
R, BN AR AE BRI i (pyrodoxamine
photophate, PMP)FI# 2 Mt M [ (pyridoxal phosphate,
PLP)Z [ i AH B2 4 52 IR B e i (™ W A%, 2004)

ABFSE KB, S AT AR R A 50 B2 H i SR
RAmHEANR2ZS, SREHSIC. hAM,

GDH FI GOT J R AR XS Fek it J5 191 R W &, mlg
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Abstract

In this study, in order to explore the effects of acute ammonia stress on the antioxidant and

ammonia-nitrogen metabolism systems of Panulirus ornatus, lobsters were exposed to different
concentrations of ammonia (0.24+0.07, 1.04+0.08, 9.75+0.21, and 19.87+0.46 mg/L) for up to 48 h. The
activity of antioxidant and ammonia-nitrogen metabolizing enzymes and related gene expression were

assessed in the gills and hepatopancreas at 0, 6, 12, 24, and 48 h after ammonia stress. From 6 to 12 h,

total antioxidant capacity (T-AOC) and superoxide dismutase (SOD) activity in the gills and

hepatopancreas of P. ornatus under ammonia nitrogen stress increased to varying degrees, and was

significantly higher than that of the control group (P<0.05). In the high-concentration group, T-AOC and

SOD activity was inhibited for 48 h. The LPO content gradually increased with prolonged stress and was

significantly higher than that of the control group (P<0.05) at 48 h. The activities of the ammonia

metabolism enzymes glutamine synthetase (GS), glutamate dehydrogenase (GDH), glutamic-oxalacetic

transaminase (GOT), and xanthine oxidoreductase (XOD) were all up-regulated to varying degrees under

ammonia stress compared with those of the control group, indicating that they are jointly involved in the
metabolic transport of NH;. Additionally, from 12 to 24 h, the expression of GDH and GOT genes in the

hepatopancreas was significantly higher than that of the control group (P<0.05); the same trend was

identified in gill tissue. In brief, different concentrations of ammonia stress induce different levels of

antioxidant enzyme activity. Panulirus ornatus mainly synthesizes glutamine under the combined action

of hepatopancreas GS, GDH, and other metabolic enzymes to avoid excessive ammonia in the body.
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