sarolwstsl7] AB6A A2E (2023)
J. Fish Pathol., 36(2) : 361~368

www.ksfp.org
pISSN 1226-0819, eISSN 2233-5412
http://dx.doi.org/10.7847/jp.2023.36.2.361

OF&IAE L-=0| EICI2|MSR, Litopenaeus vannamei@l

o =L =
MEE A = Me2|o ojxl= F&
7=I_¢_7o:l* . 7I:l£I|E21>OUO<'=O==O==‘<—7-

Effects of nitrite exposure on survival and physiology
of white leg shrimp, Litopenaeus vannamei

Su Kyoung Kim" and Seok-Ryel Kim"****'

‘West Sea Fisheries Research Institute, National Institute of Fisheries Science,
Taean, 32132, Republic of Korea
“Dept. of Smart Fisheries Resources Science, Kongju National University, Yesan, 32439, Korea
" Agriculture and Fisheries Life Science Research Institute

Juveniles of the white leg shrimp Litopenaeus vannamei (Weight 0.18+0.08 g) were exposed to
nitrite-N at 0, 25, 50, 100, 200 and 400 mg/L for 72 hours, and the lethal concentration, heamolymph
and genes regulation were evaluated. The lethal concentration 50 (LCsy) of L. vannamei exposed
to nitrite-N was 141.2 mg/L at 25°C and 33 psu. In Total protein, total cholesterol, and BUN in
heamolymph temporarily increased after the start of the experiment and then stabilized, but glucose,
an indicator of stress, decreased over time in the entire experimental group, and creatines, an indicator
of tissue damage, decreased with nitrite concentration until the first 12 hours. The genes of immune-re-
lated showed that masquerade-like serine proteinase(Mas) increased at 50 and 400 ppm for 24 hours,
and then gradually decreased depending on concentration. In the case of prophenoloxidase, it was
highest at 400 ppm for 40 hours, and other genes(Ras-related nuclear protein, Masquerade-like serine
proteinase, proPO-activating enzyme) showed a response for 48 hours and then gradually decreased.
The results of this study indicate that exposure to nitrite can affect the survival and hematological
physiology of L. vannamei.
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2016; Kim et al., 2014). BFT+= " &2 d 3774
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A F tH(Zhang et al., 2022; Moon et al., 2015). 71
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wZo| A, Litopenaeus vannamei2] HEE

2 =54

MEs 32 53 At
AF71Z A FARSE 2, 98, 54t
£(D0), pHE FAZA7](YSI EXO 2, Yellow EAXal

Springs Instrument Co., Inc., USA)Z "l A 3}%
ot oA A FFTAHAAAH S ol &3t 43

AT

Mo A QMK 2

F A A El= SPSS(Statistical Package for Social
Science, version 13. software) BAIZZ 1o 2 A
7] I E4HEA (one-way ANOVA, Turkey’s
honest test(p<0.05))o A A3 AZE HAASAT

quantitative Real-Time PCRZ 7} =¥ HH#% Zq} 4 pEt

A FAe] BH S vwslr] 913 primer} probe

£ AlAstda, £4 322k GenBank accession AP HS|

HS = Table 109 HERHA T Alae A3l 4 AA7IZE F AP AT 53-55 my
AR =4} N@;Low 3ulg] o] A= Yy L, €92 33.1-334 psu, pHE 8.0-8.1, 5+ 25.5-
ANF st WA HA] DI RNA FE0) A8 o 268°C WSl = Ao AE s HAE #A
7kA] -80°Co E#o};ﬁ‘u} RNeasy Mini Kit(Qiagen, AL, =¥ FART FE Table 20 EAISHA
Valencia, CA, USA)Z & RNAZ FE&3% & DNase o A AE 7 Moo xR E
I(Qiagen, Valencia, CA, USA)Z A3} template A% A2 28°Co] 1L, 3] RO F 13°Co|
2 A3t TagMan qRT-PCRE S ©] &3} A A, HoldEH fFdTE 2 HARE olofH
prophenoloxidase(proPO), masquerade-like serine pro- T J= 0] 3(Wang et al., 2019), F2°] o}
teinase(Mas), ras-related nuclear protein(Ran)$} proPO- A AWl A= 7] EHIAEZ Fof Fa)7}
activating enzyme(PPAE) 47 WY o3 {-H A9 A S7FstaL, Al Wizde] SEH, AalA 2
mRNA & Fe ALY THKim et al., 2014). 4 Zol grotAl =, F5 oA AAFL7HA &2
2] THLE Bactin Bl G| Afo]F WM A AR oY A B BT AYTEL
method, Livak and Schmittgen, 2001)l w2} 243} 2 3 Ego] ERFHY, A= 94 79

Table 1. Immune related genes primers and probes sequences

Primers Primer sequence(5°—3”) Accession No. & Remarks
proPO1-RT- F CGAGGGTGGAGAAGCTAGACA JX644447, present study
proPO1-RT- R CCGGAGTTGCTGATAGTCAGTTT JX644447, present study
proPO1-RT- P* TGGCGCATTCCCATCAAGGACG JX644447, present study

Ran-RT- F CCAAGAGAAATTGGGAGGTCTTC JX644455, Kim et al., 2014
Ran-RT- R GGGAACATTCTTGTACGTGACTCTAG JX644455, Kim et al., 2014
Ran-RT- P* ATGGTTACTACATCCAGGCCCACTGTGC JX644455, Kim et al., 2014
Mas-RT- F TGGGATTGCTCCGCACA JX644444, present study
Mas-RT- R ATTTCCGCCCCTGGAAGAT JX644444, present study
Mas-RT- P* CCCCGTCTGCTTGCCTTCTCAGG JX644444, present study
PPAE-RT- F GGTGACGGTGCCCATCTG JX644446, present study
PPAE-RT- R CGCACAGCTGCTTGTCGAT JX644446, present study
PPAE-RT- P* CTTGCGACGACGCCTACGAACAGAA JX644446, present study
B-actin-RT- F CCGAGCGTGGCTACACCTT present study
p-actin-RT- R GCACAGCTTCTCCTTGATGTCA present study

B-actin-RT- P*

CCACCGCCGAGCGAGAAATCG

present study

*probe
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Table 2. Water quality in trial tanks for lethal concen-
tration 50% druring 72 h

Concentration DO Salinity Temperature

(NO, mg/L) (mg/L) (psu) (°O)

0 55 33.1 8.0 25.6

25 55 333 8.1 255

50 54 333 8.1 25.7

100 53 333 8.1 26.3

200 53 334 8.1 26.7

400 53 33.2 8.1 26.8
5 WEel AY F glgol AU A
Z7AME 332 psuZbAl AS & 5 QAL et al,
SFA]

2008), pHE 6.65-9.81 W 7HA A& 7Hs
2] pHi 8.14-8.31°] W (Han et al,, 2018a), &
2 0.8~35 mg/L Helold AZstALY o=
AT AsE ds 7 U3, B &34
$E 6.4~7.5 mg/L(Han et al., 2018b)2 #| Al
ALk B AFoA e SAxAL A AT

A FAERSS FAT F Aok

N

B oy
2 oE i ©

i

MEZ0 HhEXAS E(LCso)

oldit Fxo e =F 72h F AYEE-2 100 mg/
L NOx-N o]}l A= 95%2] AEE-E, 200 mg/L
NO,-N &= A& 31%, 400 mg/L NO,-N =0
e 2% AEES HA(Fig 1) A EE
6h-e 437.7 mg/L, 12h-S 402.9 mg/L, 24h-& 285.7
mg/L, 48h-2 244.3 mg/L, 72h-> 180.2 mg/L=Z Table
3o GERSITE 25 2 MA(3~52)2] 24h HEFA]
AFE S 848 mg/LE of&sbel] tigk WA o] 3u)A
5 =7 YEh(Data not shown), 37 w} o}
Abol] th&k WA o] A YEFS T Lin? Chen(2003)
o AFelA AAIZE ATk Al -2 ofdsbol gk
WX AR = GEo] 15,259 35 psu ¥ o] G&

Table 3. Lethal concentration 50% of L. vannamei ex-
posed to nitrite (NO>).

Exposure time NO; concentration (mg/L)

6 h 437.7
12 h 402.9
24 h 285.7
48 h 2443
72 h 180.2

il

o] FT71&FF opdtel tE wEAAE R} &
Al JEREAL, Z717F 56£9.6 mm(3.96+1.42 )2] 73
$-, 35 psuoll A 24h, 48h & 72h LCsp= 2+t 521,
424 9 375 mgLE AR A3E BT £ AT
oA opEikedel T AThE]Al$- 72 h LCsoe 1802
mgL R, ol AvkeA¢rt tish, a4

S AN $-(Penaeus monodon), =M S-(Penaeus pen-

icillatus), R &2 %3N Metapenaeus ensis) & °l
H|3)| o}z 4t el gk Wdo] o gk AL 2 e}
W TH(Table 4, Chen and Lei, 1990; Chen et al., 1990a,
Chen et al., 1990b; Chen and Lin, 1991). ©]& Z3}

Fgstel Aokl S Ao] ARAl o} A4

5 Ay o]2H& E4A3 K 9]
22 T, AZPE o] 27t AFol= YERA] &9
o, YZ U Na', CI'& AlZte] AR FE =
oAlE FAE Bon xR & s B
Ha, 72417 400 ppmEZANA A AT HASE
FTh(Fig. 1, 2). BB -(P. japonicus)S] 73-F o}&
2] Fxol ¥l Eete] Na'ef CI o] 5+
rasts AgS Bty B1E 0 (Cheng
and Chen, 1998), ¥ A7 3 hE]Al - A& Na'2}
CI 7} obd4t s 5ol vlg st Z71skal 400 mg/L
o A= M7 FAFSte] Aol Na'et CI #ZFol 7}
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Fig. 1. Survival rate of L. vannamei (B.W 0.11~0.29
g) under different nitrite (NO;) concentration (0, 25, 50,
100, 200 and 400 mg/L).
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Table 4. The 96-h LCsy of nitrite-N on several species of penaeid juveniles

54 A vX s 9% 365

Salinity (psu) Nitrite-N (mg/L)

Reference

Species(size)
Fenneropenaeus chinensis (39.6 mm) 33
Penaeus monodon (35.4 mm) 20
Penaeus penicillatus (38.5-47.5 mm) 25
Metapenaeus ensis (14.0 mm) 25
Litopenaeus vannamei (56 mm) 35
Litopenaeus vannamei (3.3 g) 30
Litopenaeus vannamei (0.18+0.08 g), (72h) 33

37.71
54.76
38.52
50.71
321.7

10.6
180.2

Chen et al.(1990a)

Chen and Lei(1990)

Chen and Lin(1991)

Chen at al.(1990b)

Lin and Chen(2003)
Valencia- Castaneda et al.(2019)
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— 5 5
D 4 o 4
3 3 s
w2 L 2
Z ] 1
0 0
0 6 12 24 48 72 0
Exposure time (h)
Fig. 2. Ions changes (Na',
SpEA A Ale] FeE TR A0 AR HTFg 2)

AN EM = Fig 30 YerTH & &
(TP), FZ & 2=HE(TCH), EF 24224 (BUN)

L AYAL F YAH R FolH Tt s o
012 - 10 -
010 8
o
Zo08 - Y
£ E 6 -
2006 | =
4 g 4 -
=004 - g
= 3
2 002 | © 2
0.00 0
20 - 90 0
_ 18 07 -
D 16 - i
~ 0.6
o 1_4 |
£ - 05
< 12 - =
2 10 - ;_-“ 04 -
5 08 -
g > 03
] Z
_; 0.6 5 02 |
= 04 - m -
= 3‘3 1 01
: 00 -
0 6 12 24 48 72

Exposure time (h)

6

ATk 2B 2 AwS Z
Az¥o] Aol what
27
Aol & mol 7| ¢

< creatinee

o) %

Exposure time (h)

12 24 48 72
Exposure time (h)

Cl- (g/9)

This study
w0 m25 m50 w100 =200 w400
7
6
5
4
3
2
1
0

Total cholesterol (mg/g)

Creatinine {(mg/q)

6 12 24 48 72
Exposure time (h)

0

K" and CI') in hemolymph of L. vannamei exposed to different NO, concentrations.
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Fig. 3. Changes of hemolymph compositions (TP, TCH, GLU, TG, BUN, CRE) of L. vannamei exposed to different
NO, concentrations. The error bars represents the standard deviation. The use of a small letter denotes significant

differences between experimental groups (p<0.05).
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obd4 Fxol HlEst] VA P. japonicus
o] A$ olAAF Y] Fxof WY 3t Ay F
@A total free amino acidl: 2381931, Ureats
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% ‘%LOH&JE}(Fig 4). B AFolA AAH proPO,
PPAE, Mas 2 Ran 47]] 34 A= A $-2] H|E0] A
Hgukg-a Aol 9= Aoz A A 9 TthH(Fran-
cisco & Gloria, 2000; Lee et al., 2002; Han & Zhang,
2007). A% A Y-S A PPAEE proPOE A=
3t POE &4 A17]13 PO phenolS quinone -2
HEA A Fepbd-S At T WA o of-$
3= AL E ¢HA It Amparyup et al., 2013).
E AT XX PPAES} proPO7} -5 Al up-regulation
He s B ol obdAkd ol Zﬂlﬁ o &
7Vt A o] BEAE 1AEtal HHNEES Bl A
© 2 AR T PPAEE proPO A ~Hlo] F
Z d8A deH, proPOE Al el st
o] MAUZANA wl¢- F8g IS 3t
Z B 3Eo] At Amparyup & Charoensapsri, 2009).
Jang 5(2011) 2 L. vannamei®] PPAEE &4 23}
P. monodon®] PPAE} 94% rA+g+3} PPAE & o]
H B2 Q ZFARS] oprtrlol A folstAl F7tst
3 FgegE AS Byt oe Ald 7Y
of W& Aj%- A HYREZo| IE A0 E )45}
%t} Cerenius®} Soderhall(2004)2 HIZA proPO
zymogen©] PPAEZ}1 3} clip domain serine pro-
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Fig. 4. Expression of immune related genes(proPO, RAN, MAS, PPAE) in different NO, concentrations. The tran-
scription levels were detected by TagMan qRT-PCR. Gene expression level was normalized to B-actin (£SD, N=9,

P<0.05).
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teinase(Clip-SP)°ll 2]3l] active phenoloxidase(PO)=
A= AS s o] AAHEL 253
ZVRo] WY#AA pathwayol 2 HHH o] Jot
(Kwon et al., 2000; Sritunyalucksana & Soderhall,
2000; Wang et al., 2001). Mast= <% PPAF(N-Z T+
9 =9l 9 2w A g B a4 FAF
sl 724 B4 gFEES 7H A= A
A 2dd B84 FFAE dEA A, Al
A WS #Ho T Amparyup at al., 2007).
WSSVl Z9E M. japonicus| Al Ran 7 A7}
up-regulate = A Z HIEAOH, o= Ran
Tl o] Af-9-9] Futolef 2~ WY FAFS Al
AF&}9THHan & Zhang, 2007). oFEAF 5o wje}
Yol % A proPO, PPAE, Mas 2 Ran 3 A}
9] up-regulation> o} &4 =& FHA oA T E Y
ot olH %t AA= L vannamei®] oFEA =5 S
o] Wy #AH FHA2] ¥H-S up-regulationo]
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