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K= s B A O _ LIE T EAIFT G 1 201306)

HE KEHRE N S AT AR R E A ER 5 T A M e st JL4Y ¥ 3t EF (Litopenaeus vannamei)
Ak G REENP I, AR RE SN EAHE R IRE 4050, 090, 1.70, 3.20 f7 6.00 mg/L)Fn
Xt P& 41(0.05 mg/L), A oA T T A B 2h M 40 d B FLANIE IR R R A K BEVE . T ZEE(MDA)
SEURRE M EKARERREN TN, ERET, JUHE X HF 0= F M T A0 BR 2h R & 09 38 Ao i
F&E, 6.00 mg/L K JE AR i E K F(WGR)Fr R K 3 K % (LGR) ¥ & 15 T x4t 8 41(P<0.05)., #4
R T A R e LA R S AR AT R R e P e e AR K BEE AR — B RIER, A, ST
B ER h R I8 T 0.50 mg/L BF, TR IR AL E ML A 5 fh B (SOD) 7 M B 2 & T T B 41(P<0.05); 0.50.
0.90 71 1.70 mg/L % & 41 th 1t &, 1t S B (CAT) % M 8 % 5 T %7 B 41(P<0.05); 1% & CAT #2 SOD &
PR R R A B R KR e B KR % 0.90 mg/L IR E 418 AT R AR e o v o B
Ve 5k B B (ACP) s M 5% B% B (AKP) V& 15 3 B 2 & T %t B 41(P<0.05). MDA & &% LT B,
WA, i vE B AT A B (GPT)E 1 B 2 71 (P<0.05), L LE & PCR 4R 87, % 0.50 mg/L
W E LA, E AR E 418 mn-sod 1 hsp70 3 % 3k & § % A5 (P<0.05); & K JE 418 cat, trx | tgase
trypsin 1 chitinase 3= R &3k & & F 1K T *TFE 41(P<0.05), 2 P # B ikt 40d 5, &R 54 LW E
XTEF B A K R T Ak X B B B R AR 5 AT, A F PR LA IR X A R,
F A B #h ok 45 ) 78 0.50 mg/L DA o

KR ALAvExE; TR, BENE; FEE

hESES S9174 TEIRFEEE A XEHRS  2095-9869(2022)04-0180-10

FLYH I X U (Litopenaeus vannamei) &= 3% F AE & 2 AR E SR FE K AR s L b= i, 2 A
EEMAKTLT Y, AT ARE LK, SRS FENVASACAE T A8 WS R &L . 25 38 2k il A A FH 5%
Wry K, Bl TE RS E . (B FR5 S b AR NAEIRES o (B AHARAE 5 A AR — M ek ik 3
P i TR R A T il £ LA U % O 72 b e e 1Y) o A, P, WASRRER A ) fEK R TP R E . AR L
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D7 AR AN]SR R I S M3 X LA X R A K S D RE F) R 181

Al REAREAE KA T 55, 6w 2 Bk 1S hn(Tseng
et al, 2004; JAEFY4E, 1996; Mallasen et al, 2006), Ff
ST L — e R W A o — o VR I A R R T
fiff bk 2 5 4545 5 B T BEIK(Chen er al, 1995), %
TFREAFELIT . HIRFQO0IFT LB, LA
XPHRTE S A AR ER K R rh 325 14 d J5, HAEK
MEBZE T HRANE . 51 k55 2005)0H 58 & 3L,
UGS X R 22 S R 3 3 s 4% P I 248 P i 20> , 4
B IRAS A0 32 B I S5 o SR rh AR AE (199998 A 3,
W AERRER 2 P38 25 F T, X AR (Fenneropenaeus
chinensis) #4123 5% B AN [R) B BE 052 M, He v i
BREALUHRBH N E . Cheng 55 (2000)WF 58 KB, B
i X HR (Penaeus monodon)Z LA R £ Wr8 J& , 1 iR
s PR ER R RELZ . Zhang F(2015)HF 58K
M, HELARAMVMREEAWE 24 h 5, PIRHEA
WR(Macrobrachium rosenbergii) .M B H 1% P8 T 5
PUE AT IS T2 B 52 m . B2 B A (2014) 5 & B,
FLAR R MR AEAS ] v B S i R b /K AR rp 2 88 20 d )5
Xt &l ¥ 15K & (Vibrio parahaemolyticus) B 5 JE& P $2
o AMVATITT, — VR B Y A R R T X LGS Xof MR
1) Fo 95 T R A AR R 3 A I W iy B AR T . IEAE R,
KT A R 6 A BF 5% 3 2 A b T S A 1R R X R 2 1)
SRR, 2SR I A PR 38 5 AR A
U B S T . SRR DL RO B S 1 AR Ak
488 20 A e %o NIV i 12 6 %ok L A Ve o R NI 2 1 5 M 1Y)
WS o ARSI AT LN XTERAE 5 AN (6] S0 fiF PR 2k ok
FE B KR SR5E 40 d 5 A PN A G S5 A O il I 1
BB AR KR DG TR N R R AR A AE O, LAIN A R #h
MV 2P JBip 3B F LA S XoT R 7 52 e 2 1 2 AR A

1 #HREH%E
1.1 KIewr#t

S FHURE [ B R RO A BRA R Pk
fathE . AR H(7.45£0.21) em., KT & (4.75£0.51) g
14 FLAN I X R 5 K et v

1.2 ErEER I 2 MR8 K18

JUYRTEXTURE 5% 1 G FF AR 200 . i it ssge 15
H, JLAEXTER 96 h 2 BB BE (96h-LCso) 4 N
30 mg/L, BUZHPE) 20% 5t i e B I3 28 5% %3]
PR 5 ASASRER RS, 405120 0.50. 0.90. 1.70.
3.20 f1 6.00 mg/L., A MEELE 3 VAT, BAFAT
Jit 30 AR o X ARAL A PR ER WK BE £°h 0.05 mg/L. S

B 7 o B R AT KRR ERCH 100 L, B H 4K 172,
H A 43 606 B T A5 K A v S i Ak ik B2, I8
FH 10 g/L NaNO, ¥ ¥ 4 il 7K 1A v i S il i 2k 3k 2
SLge ], R REHIAE 26°C~27°C, thEN S,
MR <05 mg/L, dEE T2 <0.02 mg/L, pH ¥l
7 7.840.2, 24 h BB, B HARME 3 R TARDEN ok
23%. BEREMY 4% . KO8R 4%. T8 20% . f64EH]
7.4%5), B H R MIMATT R 11%~16%. & H
IESRURABET ARG o FRFE SEER AT 40 d )5 ORFERT#5
T 24 by, BEASTATHC 3 REME TR A O R,
FERCT—80°C VKA , il 136 DU 7 F1 RNA $2HL, 5351,
A 1 mL A AESS 2 1 P SE B 4l LA U X R 1Y
MR, IR B L h . Mk AT 4CUKEE, i
B 24 h JFEL.OBC RIS, CE T-80°CrkAs, TR
T
1.3 HEKIEFRHINE

i DL 2 KA RIS [R] ik B R 1 SE T
H(MR), T K SR (WGR)FA K1 K & (LGR).,
BETZHR (MR, %)=D1/Nyx100% (1)
IR R (WGR, %)=(W—Wo)/ Wex100% (2)
PRI K AR(LGR, %)=(Lr—Lo)/Lex100%  (3)
K, No AWITREE s Dy NI ES R ST 40
Wo Rl Wy 43 590 SR 0 0~ 24 A o e R S 36 48 o P 2 4R
it s Lo M Ly 4350 R0 06T A I SE 40 235 e if
N R
1.4 #HmELE. KEEFEN MDA SEMNE

KB ALY ALEE(SOD) . 1t &4k A BF(CAT) .
ek 14 W PR T (AKP) . MR ME W 2 il (ACP) . TN 1%
(MDA) . 4 % % i (GPT) Fl 45 B % 42 W (GOT) i 7
B (P s AR ) TR B B0 )0 5 LA Y2 X B T
PR AL 37 1 A B AR AR AR R
1.5 S RNA RJ3RER

i H§ RNA Easy Fast sh#¢H21/40 0 5 RNA $2HL
R & (DP45 1) (Jb 5t K AR A AL B2 A7 BR 2 =) 3 U
JERARZH 21 RNA o SR FHAZ R £ 11 00 2 {36 %2 1) RNA K
Bt Y OD2go nm A1 ODago o fH, #ffiE HME R, FFiTH —
HHAE DI RNA B4R, 0.8%I IR 6 i L Uk K
I RNA ik,

1.6 RERESIMigt

i /8 PrimeScript " Ist Strand cDNA Synthesis Kit
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Ui W] 45 (TaKaRa) ¥ Z Hif BT 42 BUAY . RNA 17 [ %
S, 55K cDNA fETF-20C kA . RIE NCBI
BOWE B b LA U XS8R mn-sod (DQO05531) . cat
(AY518322). hsp70 (AY645906)% KK A {5 <1 X 3 AN
B-actin FEF I THERYES I MI(GE 1),

x1 XBHETASIMFET

Sequences of the primers in this study

J¥%1 Sequences (5'~3")

Tab.1
5% Primer

mn-sod F CTGGTTCCGTTGCTTGGC
mn-sod R CGCTCATTCACGTTCTCCC
cat F TCAGCGTTTGGTGGAGAA
cat R GCCTGGCTCATCTTTATC
hsp70 F AGGAGACCGCTGAGGCTTAC
hsp70 R AGCACATTCAGACCCGAGAT
trx F TTAACGAGGCTGGAAACA
trx R AACGACATCGCTCATAGA
tgase F TTAACGAGGCTGGAAACA
tgase R AACGACATCGCTCATAGA
trypsin F ACGGTCATCCTCTCCAAG
trypsin R GTCCTCAATGTCGCTCTG
chitinase F GGTCTCTACGCTCATCCTCTC
chitinase R TCATCCACTACGGTCCATTCC
ctsb F CCTCTGTGGTTTTGGATGTA
ctsb R GATGCTGTATGCTTTGCCTC
p-actin F GCCCATCTACGAGGGATA
p-actin R GGTGGTCGTGAAGGTGTAG

1.7 WHEE PCR

ffi F§ ABI PRISM® 7900 Sequence Detection
System ¥ #%, ##E SYBR"™ Green Real-time PCR
Master Mix i G Ut H 45, XT 45 4 SC g0 i 1 B v 3t
HFI B-actin £ cDNA #4752 2 . ABI PRISM®
7900 Sequence Detection System (1) EL 44 2 i 2 5 58 &
94 CHIAME: 30 s, 94°CAEE S s, 60°CiR K 25 s,
T2°CHERR 30 s, 40 DEIR . HefE R AR L)
Hr PCR P24 I f o SR 1) 2724C T80 0 4% 2ELARE i 45
1) 5 PR B R A 7 B T
1.8 HIELZIT 54

JIr A B Ad HF {65 1 2% (Mean+SD) %R o
% F SPSS 17.0 #1 Excel 2010 4»r#r%#E , f# M

Duncan’s multiple range test Ki 451125 5%, P<0.05 A
2N

2 R 43 4
2 #R
21 ARREMLHEERIEXTLAEINIFIETEMEK
A

2% 2 FIAT, PLYRTE T MR AE T 5% bifl VI i iR 46 vk 32
OB T =S 73 T <SS R T = PO 2
(P<0.05), 6.00 mg/L ¥k HIET-5 F fix # (P<0.05).

LA T MR AR 5 et 14 4 S AR K 1 K 3R AR |
W IV i 2 s o ) 1 2 R AR 95 . 6.00 mg/L ik
JEE 2 R It 1 R R B R R IR, I e KT
Xf BEZH (P<0.05),  JHoAh e J3 2 A 38 5 RAR ot et 1
KR Y W] JC . 3% 25 55(P>0.05) 6

F2 AEIRELHEERE X FLAEXTERTE TR ERKAF
Tab.2 Effect of different concentrations of nitrite on
growth performance and mortality rate of L. vannamei

ez

Concentration T REEMKR AR EKER
/ng/L) MR/% WGR/% LGR/%

0.05 1.67+2.82%  34.43£0.63*  8.21+0.14°
0.50 26.54+4.60° 25.33+4.71%  6.32+0.11°
0.90 33.33+3.62°  30.46£6.31*°  6.15+2.83°
1.70 63.00+3.73°  20.13+6.22%  5.4242.12°
3.20 51.67+2.78°  26.42+1.44%  7.05+1.40%
6.00 75.00+1.82¢  13.23+1.61°  5.21+0.33°

2.2 A[ER FE L AR BR Eh X3 L 20K X iR P | AL B iR
1 MDA &€&/

% 0.50 mg/L MR EEZH A, Atk B 40 1l % SOD
HI CAT {5 PRy TXF R4, Hidr, SOD Fil CAT itk
43 AIAE 3.20 F10.90 mg/L ik BEALIR B i & T
%o BRZH (P<0.05)(&] 1a. &l 1b), % 0.50 mg/L ¥ EE4H
Ah, ol vk B 4L AP IEAR SOD i P34 % BB 4,
0.90 mg/L ¥ FE4H SOD i 14 by i = (P<0.05)(] 1c)s
WE 1d fras, 0.50, 0.90 F1 1.70 mg/L ¥ & 4H T B iR
CAT 3 M . 2 785 T X HR 41 (P<0.05) . 3.20 £ 6.00 mg/L
WRE A CAT 5P BT RHRA, HAS A7 B
% 5(P<0.05)( 1d).

I3 o AKP FIT ACP 375 1 Fifd SV s R 56 14 B8 0 384
SR T R, e AT A ) S sh AR A
3.20 mg/L WRIEHINTE AKP Fl ACP iMEiA i
(P<0.05)(E 1e. & 1), TiiATHEAEH ACP 1 AKP 7%
PETE 0.90 mg/L ¥k B 2H 4y Fe i (P<0.05) (] 1g. ] 1h).

MDA & i SRR 8284k, o, 3.20 mg/L W
ALILTEH MDA #8270 BR41(P<0.05), HoAhik
2H 55 %F BEZH TG Wk 35 2% 5+ (P>0.05)(& 1i). & 0.50 mg/L
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/(U/mL)
O=NWAULNAI0\O

I 3% H SODF P
SOD activity in serum
/(U/mL)

ML FCATHE
CAT activity in serum

0
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O~ N WA LS
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CAT activity in hepatopancreas
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S = = NN
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AKRP activity in hepatopancreas
o L o hh o W

TWEAHAREE R
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@) b
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I )
S H 0O N N O
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PE1 AN [ o 82 Ui T 56 Xk LA 35 %) R0 S A Tl PE D MDA 5 fE Y 520

Fig.1 Effects of different concentrations of nitrite on antioxidant enzyme activity and MDA content of L. vannamei

AR PR AR B3 25 5%(P<0.05), T 1A

Different letters indicate significant difference (P<0.05). The same as below.

e B 20, HoAth e B ZH T B MDA 5 15 78 T R 26,
Hrr, 0.90, 1.70 F1 6.00 mg/L V& 3 4H 5 35 5 T % R4
(P<0.05) (A 1j),
2.3 A[ERETEREES £ XF R 4 i %ot 4R 4K 159 Bl 7 14k A4
A
Bk 0.50 mg/L MR BEZH A, HAWR L4 GPT {51444

LT BB (P<0.05) . 453K B4 GPT 3P0 i 3
2% 5 (P>0.05)(Kl 2a), 3.20 F1 6.00 mg/L ¥4 GOT

T 2 R T AR B 2 (P<0.05), HAth ik B 2 (|) T
i 25 5(P>0.05)(# 2b).

2.4 AR FE I RH ER 2k X L 49 35 X MR BT R BR P S
AR ERRIZHIZIT

Bk 0.50 mg/L HkBEA S, HALHKREEL mn-sod Fil
hsp70 K&K ik it o 2 5 T X R4 (P<0.05) o mn-sod
Fl hsp70 FE R RK 54 HITE 6.00 F1 3.20 mg/L ¥ B 4H
KB = (P<0.05)(¥ 3a. & 3b). cat. trx Fil tgase &
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A
s

a3

DR 47 I I i R 56 e 2 S A S AR A A 3, %Wk E 4

A 38 S AR B S AR S T B . AW LAY
trypsin ZENFR ) AR T X

R 4

A=

(P<0.05), H#%

We 4 B 3 25 5 (P>0.05), 6.00 mg/L ¥ JE 41K

chitinase FEHFIXFETHE, B E & TIHAMEKELH
(P<0.05)(¥l 4a. [¥l 4b),

e A Rk 2 IR T X B (P<0.05) (] 3¢~ 3e)o
25 AEREILREER X NLAGEXT SRR P K
HXEFERERNZM
trypsin F chitinase & [H 335 1 Bl Al BR 5 v B
Y 3
o E 40 s E
£ 830 S 2
O 5 O g
Eg )
= % 10 = %
= 0 =
% 0.05 050 090 170 320 6.00 8 0.05
EAHAREL M B

Concentration of nitrite/(mg/L)

& 2

ctsb FE PN 1 TR VA TR £ e E A 3 0 B 0 B

0.50 0.90 1.70

W AH PR VR BE

320 6.00

Concentration of nitrite/(mg/L)

AT BE A FR AR X FLAATEXT R GOT 1 GPT B 14 A 52 i)

Fig.2 Activity changes of GOT and GPT of L. vannamei after being challenged by different concentrations of nitrite

e o i o 40, e
=]
) 2 5 ] g 35 X g
#®.S o K2 03.0 £
= e g 4= 8 'H'% wn O
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<28 JE2<1.0 W5
S & 1 D] 8=
28 8o 05 SICH
2 0 e oo
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: SHRUE
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Ke B &y 08
% 8 Tefos
(= §°§ 0.4 b
5 S 02 by p
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Fig.3 Changes of expression of immune-related genes in hepatopancreas of L. vannamei after
being challenged by different concentrations of nitrite
=k R T 18
e HNeo g 16
Rz g KZgL0 K5 o 14
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B Es 806 = g0
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Tg g i 25 04 £2°06
8 =802 8§88 04
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Fig.4 Changes of expression of growth-related genes in hepatopancreas of L. vannamei
after being challenged by different concentrations of nitrite
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Ak, 0.50 mg/L Wk EEALE BIRARI BN X IRAL B, A0 2 i gk B i R AR o S (1 2 DR AR,

(P<0.05), 0.90 1 6.00 mg/L V¥ 4H f 3 25 T B4
(P<0.05), 1.70 F1 3.20 mg/L ¥k 2H 5 %) R4 JC . 3%
5 (P>0.05)(A 4c).

3 ifip

Feshre 25 pH . H 48 SFAR 5 H T b,
SRR AL R DI T FE(EE S, 2016;
Lyu et al, 2014; JAH%E, 2015), S AR 218 AFH
AL 03 (Kultz, 2005) 71 5 245 2040 M D) fie o 30 o
g, BT A ARG A B LIRS B 240 A Bk, A
LA 32 AL 5. SOD Hl CAT 2 FLAN I X R4
W2 FREZABTEALEE, PTEMEE bR H IR
45 2007), Zhang Z5(2015)% % [CIBUF AT T 4 A A
W AE R ER A Sk e S50, M EIRE N 0 mg/L
W, BE SRR ER R TR, P RIBERILE h SOD
T SCRRARE THR . B RS QO1HHIFE T AR M
WHEERER (2. 4. 6 F1 10 mg/L)2 M Wi % FLgh 35 Xt iR
B2 AH DTG PRS2, b 6 1 10 mg/L iR B 4H %)
25 TS} 1) 3% 8 0 S AR T P A T A B i oAt
WREAA R, AR, B 0.50 mg/L WEEAH S,
Hk g4 SoOD HH BT e, Hep 0.90 1
1.70 mg/L WFEA CAT Wtk E T, Bk iEd
(3.20 Fi1 6.00 mg/L) CAT ¥EtEA —EFEN N, X
5 EalfFsr el A —2, R AT RE S 24 5 A R 5 vk
ACARRS H B REVERLAT RN, A VAR T A IV A PR
£ PR B 8P Il %) 1E K T VS . MDA SR 4R
fat R B Y (Liu e al, 2011), FHofr & 0] i pebL &
T 3% (0 B A I 05 B2 B o ASBIF 9 R B B o 4% Mk B 4
MDA TRt SOD {EPEtAIR T, Ui LA
T T AL BT R 23 Bl MDA & 1728 4k kA ol
DI K B 35 BIMLIAR TS B I i3k . ACP Fil AKP 2 2 Ff
KA, 7E Bk R R E R, IS5l
AR B FE (T B4, 1992), TRBLS (2019158 &
P, BRI A AT FLA XS AR N B ACP 6 1 i 3
The, SR T 45 J5, ACP IS VEEMT, 22458
Q0185 KL, ACP Hl AKP 1% VEBE & A M it
(]G e TH & 5 B AG . AW, AKP 5 ACP i
PEBR R T AR, Rz 2 BB IE, R TR
AKP Fl ACP {5 7E 3547 i 5 VE FH ELD AR Eh vk BE & A
HB i ACP Fl AKP MYIEH P55/ . 1A, GOT F1
GPT i 1 0l s WAL AT 4L LR R A T RE , T i
Ditie 50 . ARBAERE 1 BB ARG, X R Ak T R
ARZSEE, 17 o G D AR ;S IR 20 37 46

2006), ABFFEH, B 0.50 mg/L Mk EELH A1, Hifth ik B
2 Hp A S PR Y S v T B, U EH B R T
RETT REZ 2 W 52

JHF I R MLy i o R s B g kR e, HA MR
W AR R S E R IIRR( R, 2009), KL, JF
I B S o MR A7 B R BE Jhlp a5 ) BSR4 . Wang
%5 (2009) 5% & B0, pH e X PL 44 6 % 0 B A
mn-sod FEH [ FEGHEFAEH AW, B 0.50 mg/L
WREALAN, HABWREE TR mn-sod FEH kw1
WEFE, 5 Wang Z£(2009) 45 FAHML, FHIFET
ifRER 38 40 d J5, HFBEAR Y SOD nl BEATE & 44
VERT, ELBE YRS AR EE v B B934 00, mn-sod FER ik
T DA SR ST LB 1 . Zheng 5 (2016)/F 58 & FH,
H A& X (Marsupenaeus japonicus) FFRARH cat FEH
IR A R VR B A R R (20 mg/L) R RE MR T, S st [
SR Th, (ERER R AN, car FEPHFRIA R BT
AR, AP, car FEDR3 35 Bl Al R £5 e B 1Y)
HEN o RRA, DR AT K At ] B I i Rk 3 £
X} cat 3Pk 7= A W VE T, AT 2 CAT (7= 4z o
(EHAERM IS, CAT s/, (HH85 e B 45 AT
e, WRURAE SRR A RS . ARG, mn-sod
RN FOR R BT, 1 car FERMIAER, FEMA LN
XFURAE SOD I 147 T X A FRER e A 553 oy 7

B S04 B 1 (TRX) A2 B AL RS M & A
I, JE T it B LR PRX) K % . PRX | IZEAE T 45 Fh
I AP RSB HESh Y b, B 2R A FRE,
HAEVSEML. PrEiRZfE(Radyuk et al, 2003), 1E
TCEMHES YR, PRX I EBRHLIAN H0, %S5k
WHLEALI Y . P4 017)FF R IL, RS FR L
TELFE S T T PLAN I X R A R R g FEP R E
ARTFFTA W BE LAY trx FE DN R Th HE3Y 0 5 WA, 1EPH
T B a] A0 S0 A R R e, IR R RS TRX 7E 4T
VA R £ e e R R N T AR, HLIE N Rk 2 F
il

A 5, Wk e B 7 Tt (TGASE) 76 % Ry Dy g vh B
HEEZANEH . Fagutao FF(2012)WF58 LI, K H A X IF
tgase FEIUTERIG , WA P (%) 100 40 Bf A5 B i 2 B ALK
T 47 7 JOR R 75 T 114 5 PR ik I S PR AT, 2 s
FHEr ;s Yao ZEQ01BFFT A B, LN TEXTUF Il ¥ 2
Al 5 TGASE B A BEAEAIFA W HRK, DL EAFSR
FW, TGASE & 5Nk, dFRZERYAR
WF, A2 TGASE F9F A i 3¢ & F1(Maningas
et al, 2008), FTIEFEQ018)M A, ¥ I (Vibrio
alginolyticus) V] TER NS T tgase FE I FRIK 1M BE
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FFEIIE: , tgase FEPH IR mFFLEFEAC, BRI A [E]
SR8 25 T8 tgase FER IR Z BHH . X 5A
T 5% 235 SR AR — 50, SR AN V52 X6F A fr) 458 1L ) 6 7T B
22 B — 5 TR A5

PR H HSPYE N —Fhor AR, AT & A
AP FRN S R A i AT A RIB R, TFTERRZE Y
JOF 8 N 5l R A 98 2 Bt v & E A P (7 B A 4,
2008), IR F R FE A B B JT AL
AIEBR BRI RE )G, BRSO B AR R S s Sk
ik Q0N AL, MUE AN iESY
[RVRER Asp70 FEPI KR E . AW, B 0.50 mg/L
WeRELH AN, HAb M R4 hsp70 N F XY B ES T
XL, B L XT IR AN A 3 S P E L R 5
Al RERA , KT EE R A S Rk IS SR E
2o G, gt in sk A B G e T g
ZFHNE], (HFE SOD W M Jy i 22 80 H o 1 3 1y e o

BEAN, AHFSE KB, AN FR 2 2 4 i) FLAN v
XPUR A A o B A R Eh vk B2 H 38 m , IR B
BRI ROR Y R US55 EE(2020)1)
SEIL—F, ARWFFEAINAY 4 FhA KA S FE 38 5 FLh
EXIF AR EBAIEEEVINCR, Hi, A4
i B (CTSBYEBEMHYTIREZ, ©S5ZH/
AEFRTIRE, WAL | e R 450 AR (Wang et al,
2008; Stephen et al, 2012), JL T 5 X Hi AR R 7e 24,
ST B R E R — . BARSE
QOI)RE, JLT FIBGE s e 8 — e E M.
AN B T Ak W AR i R AR T g o ASBFSE
H 25 VA 2 R R P 2 R, 1 il DR R L T o il R A
Y RRAR, R LGN X AR B A T gz 2 T
il o WRSTE 1 52 S0 S R AR B W = 28 0, IR Y BE
SRS R, BTN B, RN
P, AU A N R N, AL DNA RIS 4
B4 . AR A SR T, I AN AR AR KRS
U2 A0 M 18 IR (Kultz, 2005), X 26t 26
Kapes, MIsEmidR A . ARFoE T, RN
R 2 1 il PR RLTL T ol il e PR 9 3k i b SRR AR, TT
5L EXTEMA N R B RE i 2 5 e s S 4478
BEFAA . 2RINSEQ2DIFFT A B, WASHREE
AT FLAN TN U4 P TG R B e R AR, F
— S5 50 B T 2 4 ) LR IR AR R R SRR
LFQROITISE LB, WAHRREL T B 515'F crsb FEH Y
Fik, ZHTEESFQ013)H i KIL, CTSB AIHES 541
MIPET . AW, cesh FERNFA I B LA, T EE
M iZ A R I RE B A AR, ARk we ZEAE#E— 2P TSR

4 it

TEWAS IR R VR B2 4351 0.50, 0.90, 1.70, 3.20
1 6.00 mg/L, ERREEH 5 KIEF IR 40d J5, FLAA
TEXTURAS M BE L FE T35 0 2 T i, AE KM RE s 1)
AEZFIPHIE , (HAE SOD I i 22 B HH 45 i A1) i 7
PR o AU BE A AR R AR DG SE IR 3Rk it W 3 R AIG, FLa
TEXTER I L DI REZ 2N PD 1 o LEAh, YRS R &k Mk B K
F 0.9 mg/L B, FLANTE X IR T g i Th e vT i 52 21 B &5
SO, FEEREEN 5 AT, S ORUIE FLAA T T AR A ft B
FREE, AR R B N 45 I 7E 0.50 mg/L LAF .

& £ X

CHEN J C, CHENG S Y. Hemolymph oxygen content,
oxyhemocyanin, protein levels and ammonia excretion in the
shrimp Penaeus monodon exposed to ambient nitrite. Journal
of Comparative Physiology B Biochemical Systems and
Environmental Physiology, 1995, 164(7): 530-535

CHENG S Y, CHEN J C. Accumulation of nitrite in the tissues of
Penaeus monodon exposed to elevated ambient nitrite after
different time periods. Archives of Environmental
Contamination and Toxicology, 2000, 39(2): 183-192

DONG X X. Stress response of Macrobrachium rosenbergii to
ammonia-N and its environmental effects in different culture
patterns. Doctoral Dissertation of Shanghai Ocean University,
2019 [, B IRTRER X2 AU 3 mi S HAS [R) 375
EEWUEIS ¥V VN s 33 SN L R R 1 PR DA &
2019]

FAGUTAO F F, MANINGAS M B, KONDO H, et al
Transglutaminase regulates immune-related genes in shrimp.
Fish and Shellfish Immunology, 2012, 32(5): 711-715

GE H X, LI J, CHEN P, et al. Susceptibility of Litopenaeus
vannamei to Vibrio parahaemolyticus: The influence of
environmental nitrite nitrogen. Journal of Fishery Sciences
of China, 2014, 21(3): 629-636 [H£LA, Z56E, MR, 4.
S FiF§ R R RN 3T LN T X X 1 5 1 51 R ) ) e
W EKERNE, 2014, 21(3): 629-636]

GUO H, TAN C T, YOU LY, et al. Effects of nitrite stress on
gene expression of antioxidant enzymes, heat shock protein
and cathepsin B in hepatopancreas of Litopenaeus vannamei.
Journal of Guangdong Ocean University, 2017, 37(3):
117-122 [FR5E, SUREE, WebkE, 5. WAHRRERMMA X ;L
ANIERTIPT BRI A AR . R FIHSUE i B
SRR . )T AR R AR, 2017, 37(3):
117-122]

GUO H, XIAN J A, LI B, et al. Gene expression of
apoptosis-related genes, stress protein and antioxidant
enzymes in hemocytes of white shrimp Litopenaeus

vannamei under nitrite stress. Comparative Biochemistry
and Physiology Part C: Toxicology and Pharmacology,



D7 AR AN]SR R I S M3 X LA X R A K S D RE F) R 187

2013, 157: 366371

HE H Q, SUN F. Studies on the characteristics of acid and
alkaline phosphatases in Chinese shrimp Penaeus chinensis.
Oceanologia et Limnologia Sinica, 1992, 23(5): 555-560
(TR B, PR, T AR A A A8 T I ) R BT 5
TEPESATH, 1992, 23(5): 555-560]

HONG M L, CHEN L Q, GU S Z, et al. Effects of ammonia
exposure on immunity indicators of haemolymph and
histological structure of hepatopancreas in Chinese mitten
crab (Eriocheir sinensis). Journal of Fishery Sciences of
China, 2007, 14(3): 412418 [Ht3E¥, BRI HF, JHUNRS,
S5 B AA X RSB AR bR SRR 2 21 5
HIsZm. I EZKRRE, 2007, 14(3): 412-418]

HU Y B, WANG Y, JIANG N C. Effects of ammonia-N and
nitrite-N on the hemocyte count and ultrastructure of
Macrobrachium rosenbergii. Journal of Zhejiang University
(Science Edition), 2005, 32(6): 691—697 [& 3%, £, %
To¥. FASE RS ER P TIH HF I 20 S s A i
SEMA. WL R ZE2E R SRR, 2005, 32(6): 691-697]

JIANG H. Comparative proteomic profiles of the hepatopancreas
in Fenneropenaeus chinensis response to stresses. Doctoral
Dissertation of Chinese Academy of Sciences (Institute of
Oceanology), 2009 [ 5. HEBAXTURLERIA 5514 T FFHE
JE B 22 5 2 LS E0EFE. b R EBERE A Be (T
FEIT RS20 3, 2009]

KULTZ D. Molecular and evolutionary basis of the cellular
stress response. Annual Review of Physiology, 2005, 67:
225-257

LEI AY, ZENG D G. Effects of compound Chinese herbal on the
expression of heat stress protein 70 gene in white shrimp
(Litopenaeus vannamei). Journal of Southern Agriculture,
2008, 39(6): 830-833 [FHEZE, WK B HRZN ML
YRUEEXTIRRANAE 1 70 FEPRIRIAASEI. ) PER R,
2008, 39(6): 830-833]

LI Z S, MA S, SHAN H W, et al. Accumulation of nitrite and
responses of energy metabolism exposed to nitrite stress in
Litopenaeus vannamei. Journal of Fisheries of China, 2021,
45(11): 1825-1834 [4=00ih, Dh¥E, Htfh, 45 WAHAR
JHE T PLAA I AT A A P S A 2 U FR 2R 5 e e A R i
IKFEEER, 2021, 45(11): 1825-1834]

LIUL X, XI QY, YANG L, et al. The effect of dietary Panax
ginseng polysaccharide extract on the immune responses in
white shrimp, Litopenaeus vannamei. Fish and Shellfish
Immunology, 2011, 30(2): 495-500

LU ZC,XULIJ LUWY, et al. Effects of Vibrio alginolyticus
on hemocytes toxicity, apoptosis and immune-related genes
in Litopenaeus vannamei. Journal of Southern Agriculture,
2018, 49(12): 2559-2565 [/itfe, WZREE, 30T, 45
VARG ML T X 1 200 5 1 % 200 L 0 R e 2 A
FKEEF SR, B RL2ER, 2018, 49(12): 2559-2565]

LU L, NING Q J. Research progress on the structure and
function of chitinase gene in crustacean. Progress in

Physiological Sciences, 2011, 42(6): 457-459 [H %, T¥
. WIS LT B R 254 S D) RE BT i R AR
HRLEBERE, 2011, 42(6): 457-459]

LYU K, ZHU X X, Chen R, et al. Molecular cloning of
manganese superoxide dismutase gene in the cladoceran
Daphnia magna: Effects of microcystin, nitrite, and cadmium
on gene expression profiles. Aquatic Toxicology, 2014, 148(1):
55-64

MALLASEN M, WAGNER C V. Effect of nitrite on larval
development of giant river prawn Macrobrachium rosenbergii.
Aquaculture, 2006, 261(4): 1292-1298

MANINGAS M, KONDO H, HIRONO 1, er al. Essential
function of transglutaminase and clotting protein in shrimp
immunity. Molecular Immunology, 2008, 45(5): 1269-1275

PENG J H, CHEN L Y, CHENG C H, et al. Acute toxicity of
ammonia nitrogen to Scylla paramamosain and its influence
on immune factors in serum. Progress in Fishery Sciences,
2018, 39(5): 114-121 [ZEHE, BRINDE, FRCHE, 45 & A
X DL 1 A A R BRI Y SR B A DG T g 4 5
. ol RREFER, 2018, 39(5): 114-121]

PENG Z R, ZANG W L, GAOYY, et al. Toxic effects of ammonia
and nitrite on Penaeus vannamei juvenile. Journal of
Shanghai Fisheries University, 2004, 13(3): 274-278 [
SR, TRAES, wb, & AT AERRER X FLATE XS IR IR
FIFEMERZI. iK™ RK2E224], 2004, 13(3): 274-278]

RADYUK S N, SOHAL R S, ORR W C. Thioredoxin
peroxidases can foster cytoprotection or cell death in
response to different stressors: Over- and under- expression
of thioredoxin peroxidase in Drosophila cells. Biochemical
Journal, 2003, 371(3): 743-752

SHEN M, ZHAO Y C, LING T, et al. Effects of high-salt abrupt
on growth and related enzyme activities in Lifopenaeus
vannamei. Oceanologia et Limnologia Sinica, 2019, 50(1):
204209 [Voh, BEFH, W, S R LT
YR (Litopenaeus vannamei) =g KAHICHHT I #5210,
HERE S HIVE, 2019, 50(1): 204-209]

STEPHEN A, ROJO L, ARAUJO-BERNAL S, et al. Cathepsin
B from the white shrimp Litopenaeus vannamei: cDNA
sequence analysis, tissues-specific expression and biological
activity. Comparative Biochemistry and Physiology Part B:
Biochemistry and Molecular Biology, 2012, 161(1): 32-40

TSENG I T, CHEN J C. The immune response of white shrimp
Litopenaeus vannamei and its susceptibility to Vibrio
alginolyticus under nitrite stress. Fish and Shellfish
Immunology, 2004, 17(4): 325-333

WANG L, ZHANG X X, ZHENG P H, et al. Effects of sulfide
stress on expressions of antioxidant enzymes in Litopenaeus
vannamei haemocytes. Sichuan Journal of Zoology, 2016,
35(6): 884-888 VL%, ikFEEE, Aute, 4. mikyyiia
Xof PLA I X A 1 40 e S A ik DR sk i sy 1)1 5
M1, 2016, 35(6): 884-888]

WANG W N, ZHOU J, WANG P, et al. Oxidative stress, DNA



188 ook B

543 &

damage and antioxidant enzyme gene expression in the

pacific white shrimp, Litopenaeus vannamei when exposed

to acute pH stress. Comparative Biochemistry and
Physiology Part C: Toxicology and Pharmacology, 2009,
150(4): 428435

WANG X M, LIU B Z, WANG G D, et al. Molecular cloning
and functional analysis of cathepsin B in nutrient
metabolism during larval development in Meretrix meretrix.
Aquaculture, 2008, 282(1/2/3/4): 41-46

WU Z H, LIU C B, LIU C R, et al. Histopathological research on
chronic poisoning of Penaeus chinensis by nitrite and
ammonia. Journal of Central China Normal University
(Natural Sciences), 1999, 33(1): 119-122 [ 4, X E M,
XUAFA=, . vl X A0 1 IV A R 5 2 5 9 2 2
AR, SRR AR (H AR, 1999, 33(1):
119-122]

XIAO W, SHAN H W, MA S, et al. Effects of chronic nitrite
stress on body composition and glucose metabolism of
Litopenaeus vannamei. Progress in Fishery Sciences, 2020,
41(6): 74-81 [HE, Futfh, Do, % WAHSE L
JEXT LA X WA 1 A3 FUBEAE AR 2 el Bk g,
2020, 41(6): 74-81]

XV H Q, CUL Y H, LI J, et al. Effects of cadmium on some
biochemical indexes in the serum of Procambarus clarkii.
Reservoir Fisheries, 2006, 26(5): 6-7, 20 [I4% K, # H1E,
R, A, B e FQ IS A 0 rh AR AR R 5.

JKFHL, 2006, 26(5): 6-7, 20]

YAO D, WANG Z, WEI M, et al. Analysis of Litopenaeus
vannamei hemocyanin interacting proteins reveals its role in
hemolymph clotting. Journal of Proteomics, 2019, 201: 57—
64

ZANG W L, JIANG M, ZHANG ] D, et al. The toxic effects of
NO, -N and NH;-N on Macrobrachium rosenbergii larva.
Journal of Shanghai Fisheries University, 1996, 5(1): 15-22
DBAERS, VLAL kdtik, . WASRRERAZN % IR IR
PRIRENE. IR, 1996, 5(1): 15-22]

ZHANG Y F, YE C X, WANG A L, et al. Isolated and combined
exposure to ammonia and nitrite in giant freshwater pawn
(Macrobrachium rosenbergii): Effects on the oxidative
stress, antioxidant enzymatic activities and apoptosis in
haemocytes. Ecotoxicology, 2015, 24: 1601-1610

ZHENG ] B, MAO Y, SU Y Q, et al. Effects of nitrite stress on
mRNA expression of antioxidant enzymes, immune-related
genes and apoptosis-related proteins in Marsupenaeus
Jjaponicus. Fish and Shellfish Immunology, 2016, 58: 239—

252
ZHOU M, WU Z H, LIANG R S, et al. Biochemical and cellular
immunological responses of Pacific white shrimp,

Litopenaeus vannamei to cold shock. Guangdong Agricultural
Sciences, 2015, 24: 134-139 [JE#H, SAbm, PHER, 4.
VPERAIRT PLA XA L A T b b A S R B i
. TR ERE, 2015, 24: 134-139]

(3 LH#)



55 4 D7 AR AN]SR R I S M3 X LA X R A K S D RE F) R 189

Changesin Immune System and Growth Performance of Litopenaeus vannamei
after 40-Day Challenge with Different Concentrations of Nitrite

FANG Cheng, LI Lanshi, LIANG Zhenyu, CHENG Liangfeng, DAI Xilin”

(Shanghai Ocean University, National Experimental Teaching Demonstration Center of Fisheries Science, Ministry of
Agriculture and Rural Affairs, Key Laboratory of Freshwater Aquatic Germplasm Resources, Aquatic Animal Genetic Breeding
Center Shanghai Collaborative Innovation Center, Shanghai 201306, China)

Abstract After 40 days of exposure to different concentrations of nitrate at a salinity of 5, the effect
of nitrite on the immune system and growth performance of Litopenaeus vannamei was explored to
provide a theoretical basis for constraining the effect of nitrite subacute stress on the species. Five nitrite
concentration groups (0.50, 0.90, 1.70, 3.20, and 6.00 mg/L) and a control group (0.05 mg/L) were used in
this experiment. Furthermore, we detected the activity of immune-related enzymes, malondialdehyde
(MDA) content, and relative expression of immune- and growth-related genes. Results showed that the
mortality rate of L. vannamei increased with an increasing nitrite concentration, and the weight gain rate
(WGR) and length gain rate (LGR) in the 6.00 mg/L group were significantly lower than those in the
control group (P<0.05). The activity of superoxide dismutase (SOD), catalase (CAT), acid phosphatase
(ACP), and alkaline phosphatase (AKP) in the serum and hepatopancreas increased under the influence of
nitrite in 0.90 and 3.20 mg/L groups. The activity of SOD in the hepatopancreas was significantly higher
than those in the control group when the concentration was higher than 0.50 mg/L (P<0.05). CAT
activities in the 0.50, 0.90, and 1.70 mg/L groups were significantly higher than those in the control group.
The activity of SOD and CAT in the serum first decreased, then increased, and then decreased again with
an increasing concentration of nitrite. The activities of AKP and ACP in the serum and hepatopancreas in
the 0.90 mg/L group were significantly higher than those in the control group (P<0.05). There was no
obvious change in MDA content across groups. In addition, serum glutamic-pyruvic transaminase (GPT)
activity was significantly higher in the serum than in the control group (P<0.05). The results of
quantitative real-time PCR showed that the relative expression of mn-sod and hsp70 genes in the
hepatopancreas was significantly higher than that in the control group, except in the 0.50 mg/L
concentration group (P<0.05). The relative expression of cat, trx, tgase, trypsin, and chitinase genes in the
hepatopancreas was significantly lower than that in the control group (P<0.05). After 40 days of challenge
with different concentrations of nitrite, the growth and immune function of L. vamnamei clearly
diminished. The concentration of nitrite should be controlled below 0.50 mg/L in the production process
at a salinity of 5 to ensure the healthy farming of L. vannamei.

Key words Litopenaeus vannamei; Nitrite; Enzyme activity; Environmental stress
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