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F1 AMEMIFSERATHEXEERNESSY 1 ,NKA o NKA B
Tab.1 gRT-PCR primers of osmoregulation related
genesin Litopenaeus vannamei ¢4
qRT primer (5"-3') sequence (5-3') perdltl}Clt SO S10 (P<0.05); CLC
eng
NKA 0-F  GCCTGCCATTTCCCTTGC . (P>0.05) VHA I  FHA I
NKA a-R  TTGATGGCCTTGCTGTCCC R S10 ,
NKA B-F  GTCTCTCAATGAGTTCATCAAGCC 270 S4 (P<0.0 1) AQP 4
NKA B-R  GACTGGGACATATCTGCGGG
P (P<0.01)
CA-F CTTCGCTCAGTTCCACTTCCA 152
CA-R GACCGTCGGCCTTCTTCAC
NHE-F GCGTCTGCCAAAGATGTCC 248 2
NHE-R TTCAGCGAACTGTTAGCCTCA ‘E)
CLC-F CTGAGTCCTAGAGCCCCTGTG 146 ﬂg E
« ©
CLC-R AAGTGAGCTCTCCCAATACGC ﬁ _E
< &
VHA 1-F  CGATTCCTTGTTTGCGTTGG 178 3?3 g
VHA 1-R  CATGCACTTCCTCTGTGGCTG % =
>
FHA 1-F AGGTAGGGCAAGAGCTAGTGTTA 146 2 ;
FHA 1-R  CTTTATTAGGTTCATCTCATTTTGG %
AQP 4-F TCATGGGAATGGGAGGACC s B
AQP 4-R  GGGACAGCCGCATACAACA
ALT-F TGATACGAAAACCCACAAACG HES,
184 gene name
ALT-R CCGCCATCTCCTTCTCCA
AMT-F TCCAAGACCAGCAAGGTGAAC 7 !
7
AMT-R GAGACGCCGAACTCGAAATC
*
PDH-F CAACCTCAACTCGGGTCAGAT S0 (P<0.05),
176 ** (P<0.01).
PDH-R GACGGGAAATGGCTGGCT
Fig. 1 Relative expression level of ion channel and aquaporin
. related genes of Litopenaeus vannamei under different
> p-actin salinity fluctuation amplitudes
* stands for significant difference compared with SO group
’ ) (P<0.05), while ** stands for highly significant
5 P-actin difference compared with SO group (P<0.01).
[16]
. 22 EHEKIHMXNAEIE FAA 2280
16 HIBHESHH = ’
e FAA 2
b
_ 0
[17] 4 (T +SE) >
.. 4 10 , FAA 206.98 pumol/
., Origin9.0 SPSS13.0 Hmove
FAA 209.77 umol/g ~ 215.71 pmol/g
FAA
(ANOVA)  Duncan ’ ’
P>0.
, P<0.05 (P>0.05)
FAA , R
Z 8 E
2. R 55 FAA (P<0.05)
21 EEREHXLMEI S FRERKEE
HEXEEREZEN I (P<0.05), FAA

, (P>0.05)
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*2 TRBEMNEETNHENTMATBBRERERFAANEE
Tab.2 Freeamino acid concentrationsin muscle of Litopenaeus vannamei under different salinity fluctuation amplitude
¥ +SE; pumol-g”' (Z # wet weight)

group
amino acid SO S4 S10
muscle gill muscle gill muscle gill
Asp 0.74+0.12 0 0.78+0.04 0 0.81+0.04 0
Thr 5.98+0.13" 4.29+0.03° 8.66+0.39° 4.58+0.12° 9.56+0.52° 5.97+0.15°
Ser 5.09+0.12° 4.104£0.02° 6.39+0.84" 4.84+0.14° 7.33+0.45° 4.85+0.26"
Glu 8.54+0.77° 9.89+0.27 10.80+0.28° 9.62+0.25 11.32+0.25° 9.56+0.06
Gly 111.35+1.21° 39.33+1.17° 98.25+0.96° 44.51+0.28° 104.31+2.20° 47.75+1.43°
Ala 14.33+1.83 27.12+1.00 11.37+0.28 28.07+0.17 15.06+0.79 29.12:+0.82
Cys 0.55+0.09 1.31£0.01° 0.80+0.07 1.12+0.03 0.78+0.13 1.62+0.07°
Val 1.86+0.08" 3.32+0.02 2.82+0.26" 3.30+0.09 2.80+0.18° 3.51+0.09
Met 0.45+0.08 1.15+0.01° 0.58+0.11 1.25+0.03° 0.39+0.01 1.75+0.08"
Ile 0.730.07 2.04+0.09° 0.92+0.18 1.53+0.04° 0.94+0.05 2.63+0.12°
Leu 1.36+0.15 3.66£0.37% 1.75+0.38 2.50+0.31° 1.95+0.14 4.58+0.62"
Tyr 1.28+0.13 1.32+0.01° 1.34+0.19 1.67+0.05 1.45+0.08 2.16+0.10°
Phe 0.99+0.15 2.28+0.02° 1.13+0.19 2.12+0.06° 1.11+0.04 2.94+0.13
Lys 1.69+0.33 5.96+0.16" 2.25+0.22 4.71+0.13 1.56£0.17 6.14+0.08"
His 1.71£0.16 1.51+0.01° 1.91+0.24 1.3140.04° 1.9240.05 1.77+0.03¢
Arg 30.45+0.68" 9.19+0.05 33.86+0.39" 9.69+0.57 32.16+0.26° 10.09+0.33
Pro 19.89+0.85° 5.03£0.14° 26.15+1.85° 6.24+0.29" 22.26+1.31% 6.44+0.04°
TAA 206.98+4.93 120.39+1.22° 209.77+3.89 128.11+1.21° 215.71+3.44 140.47+0.76°
(P<0.05).
Note: Different letters in the same row denote significant differences at 0.05 level.
FAA - S0
(P<0.05), FAA Sisf 10
FAA g 2 |
23 HEMHMAMRIME FAA RigERER 27 T
3% BRI R 5
2 , %0.5 -
FAA (P<0.01) , S10 #
ALT ; 00 AMT PDH
sS4 S10 PDH AMT #H% gene name
S0 (P<0.01) 2 FAA
3. iTig *k S0 (P<0.01).

[18-20]

Fig. 2 Relative expression level of FAA related genes under
different salinity fluctuation amplitudes
** stands for highly significant difference compared
with SO group (P<0.01).



23
NKA , , FAA
%1 Dalla Vvial'? ,
(18] , NKA « (Penaeus japonicus) ,
U NKAB
221 NKA Fang (4]
[19-20]
) , FAA
CA CO, H,0O HCO; )
H' , FAA ,
HCO; H', Na"  c1® , ; FAA
, (Penaeus monodon)m]
(Carcinus maenas)*" , CA
VHA  FHA ,
ATP , , FAA
, VHA 1 FHA1 , FAA
l FAA
,NHE CLC ;
(8, 26] ,NKAa NKA FAA
p CA VHAI ,
FAA FAA
FHA 1 , ALT
S4 : RS AMT ,
. PDH [30]
, , , ALT
S4 1 cLc  NHE , AMT PDH ,
) ) FAA
(8]
AQPs
[11, 27] [28]
,AQP4 , > )
AQP 4 , ) ,
, (Crassostrea gigas) [28] ) 10
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Effects of periodic salinity fluctuations on free amino acid contents
and transcription patter ns of osmo-related genesin Litopenaeus
vannamei

ZHANG Dan"*, WANG Fang"? DONG Shuanglin"*

1. The Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266071, China

Abstract: Pacific white shrimp, Litopenaeus vannamei, is one of the most important commercially farmed species
worldwide because of its rapid growth and osmoregulatory capacity. Abiotic factors such as freshwater inflow,
rainfall, and seasonal variations result in fluctuations in water salinity in various aquaculture environments such as
ponds and estuaries. To determine the response of L. vannamei to periodic salinity fluctuations, a 30-day experi-
ment was conducted in the laboratory. In this experiment, two salinity fluctuation amplitudes of 4 (S4 group) and
10 (S10 group) were designed, using constant salinity of 30 (SO group) as the control. The free amino acids (FAA)
content, and the transcript levels of genes related to water, ion channels and FAA metablism were determined.
Fluctuations in salinity strongly affected the transcript levels of genes related to ion and water channels. With in-
creasing amplitude of salinity fluctuations, the transcript levels of genes encoding Na'/K'-ATPase o and P, car-
bonic anhydrase, and V-H'-ATPase | significantly increased, while the transcript levels of the gene encoding ag-
uaporin 4 significantly decreased (P<0.01). The highest transcript levels of the genes encoding F-H'-ATPase 1 and
the Na'/H" exchanger were in the S4 group (P<0.05). The transcript level of the gene encoding chloride channel
protein did not differ significantly among the three groups (P>0.05), nor did the FAA total contents in muscle
(P>0.05). However, the FAA total content in the gill was significantly increased by increasing salinity fluctuations
(P<0.05). Compared with the control shrimps (salinity of 30; SO group), those in the S10 group showed signifi-
cantly increased transcript levels of the gene encoding alanine transaminase, and significantly decreased transcript
levels of the genes encoding aminomethyltransferase and proline dehydrogenase (P<0.01). These results indicate
that L. vannamei generates an active response to salinity fluctuations at the transcriptional level. With the increas-
ing amplitude of salinity fluctuations, the osmoregulation capacity can increase. These results provide a scientific
reference for further research on the osmoregulation of shrimps in stressful environments and also for the regula-
tion of water quality in aquaculture.

Key words: Litopenaeus vannamei; periodical salinity fluctuation; osmo-related gene; ion channel; water channel; FAA;
gene expression
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