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Expression of Seven Genes Involved in Salinity Adaption
in Apostichopus japonicus under Low Salinity Stress
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(Key Laboratory of Mariculture & Stock Enhancement in North China Sea, Ministry of Agriculture and Rural Affairs;

College of Fisheries and Life Science, Dalian Ocean University; Liaoning Dalian 116023, China)

Abstract ; Seven genes involved in salinity adaption, including Tenascin-R1 ( TN-R1), Tenascin-R2 ( TN-R2) ,
Neuronal acetylcholine receptor subunit alpha-3 ( CHRNA3 ), Faity acid-binding protein 6 ( FABPG6 ),
Monocarboxylate transporter 2 (SLC16A7) , Ficolin-1( FCN1) , and Melanotransferrin ( Mfi2) were selected based on
salty transcriptome database of Apostichopus japonicus. The expression profiles of these 7 genes in different tissues and
different periods under low salt stress were analyzed by qRT-PCR. The results showed that the expression levels of
TN-RI, SLC16A7, FABP6 and Fcnl was the highest in the coelomic fluid, followed by respiratory tree and intestinal
tissue. No expression of TN-R2 was detected in respiratory tree. The expression levels of CHRNA3 and Mfi2 were the
highest in coelomic fluid, followed by intestinal tissue and respiratory tree. The expression levels of these 7 genes
increased or decreased during low salt stress. Gene Mfi2 was up-regulated in the coelomic fluid and significantly
down-regulated in the respiratory tree and intestinal tissue. The expression of FCNI in the coelomic fluid reached the
highest level after low salt stress for 1.5 h, 669 times higher than that of the control group. The changes of these 7
genes under low salt stress showed that these genes were either directly involved in the metabolic regulation as
functional proteins or as a regulated protein to regulate the expression and activity of functional proteins to improve

adaption to low salt stress. The results suggest that the salinity adaptation process of sea cucumber is a stress response
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signal transduction network requiring multiple genes. These results laid a foundation for studying the salinity

adaptation mechanism of Apostichpus japonicus.

Key words : Apostichpus japonicus; low salinity stress; salinity related gene; expression analysis
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Table 1  Primers of osmoregulation related genes in Apostichopus japonicus.

Anti-sense primer sequence (5'—3")

TEGIPIFS(5'—3") PR (bp)

Product length (bp)

HE A WG IPIFS(5'—3")
Gene name Sense primer sequence (5'—3")
TN-R1 GTTGCGATCACTGCCAGGTA
TN-R2 GTTGCGATCACTGCCAGGTA
CHRNA3 GAAGAAGGCCATGCAGGATA
FABP6 GCAATGCACGAATGTTCACT
SLCI16A7 CGCCGATACTCGAAGAGACT
Fenl ATGACCGTCCATCCTCCTGT
Mfi2 GCTCGTGTCACTGCGATACC
B-actin CGGCTGTGGTGGTGAAGGAGTA

TGCCTGGTGGTACGTTGATT 72
TGCCTGGTGGTACGTTGATT 72
TCTCACGGTTCAGAGTGTGG 80
CAATCCAGCTCCGCTCTTAC 90
ATTCCATGCTGATTGCCATT 80
TGTCGAGATGTCCAACGTCA 91
GCAGACCTTATCACGCTGGA 88
TCATGGACTCAGGAGACGGTGTG 144
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60°C 1 min,95°C 5 s,60°C 15 s, fEH 1 1K,

1.5 HEAE

PA B-actin VE RN ZILH 318 H 093 AH
POE Sy igs

X FRIEH =

FIHISPSS 16. 05K {4 %t £ 48 547 1 & VRS 55
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Fig.1 Gene expression of TN-R1 in different issues of
different time under low salinity stress.

TE: o« RRTEYH 53 R 2 0] 22 57 L 3 (P<0.05) .
Note: * indicates the significant difference at P<0.05 level between

control and experiment groups.
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Fig.2 Gene expression of TN-R2 in different issues of
different time under low salinity stress.

TE: o« RORTEYH 53 R 2 0] 2 57 L 3 (P<0.05) .
Note: * indicates the significant difference at P<0.05 level between

control and experiment groups.
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Fig.3 Gene expression of CHRNA3 in different issues of
different time under low salinity stress.
W+ FRORSLIR A 5% IR 2 (B 25 5 3 (P<0.05)
Note: #* indicates the significant difference at P<0.05 level between

control and experiment groups.
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Fig.4 Gene expression of FABP6 in different issues of different time under low salinity stress.
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Note: A.Coelomic fluid; B.Intestinal; C.Respiratory tree. * indicates the significant difference at P<0.05 level between control and experiment

groups.
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Fig.7 Gene expression of Mfi2 in different
issues of different time under low salinity stress.
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Note: * indicates the significant difference at P<0.05 level between

control and experiment groups.

sCURG B AR A0 R R B AR
Zhao %[19] ?’fjﬂv—ﬁé#ﬂ}ﬁ( Crassostrea gigas) [SOETIA
FERE ARER NI RE A5 5 5 0 S AN RS 15 554
S LB A R N A I S R e AR SRR
IS AR N A A 5 RO AW R 5 25 R —
B, D7 S 32 BMRER REEUS |, VE 0 40 B0 v 44t
TR B B4y 7 TN-RI FI TN-R2 , #4304
] e Tk 1 (1A 1 A& 2) , #E TN-R ] fig it
L) ()R 5 BAE RS 5502 0 3 B IS N
i, AWFIHRIE TN-R VE R 40 M AP 41 5 6h
WA A A, TEANIE I AT M R SCEVE AT,
FET TR ENETE B W IR D RE IR0 ot g
2 R G T S ST T B A4 2 ARG
gLy TN-R1 AN TN-R2 7605 3 S K Eh il T 1
AR EEF A (E 1R 2)  HEd TN-R 7l RES:
SRS 3 B A A O 7E FE N R R R
FPEE SR . (H & TN-R J2 38 1 20 it ) i 2 51
KHEEME RS SWESEG RS 5HHZS0
b RS o AR W B S S g i — A BRIE
CHRNA3 J2= X6, £ e AR B 32 R 5 i 1 1 B 2
e el LN R N E T A S R E R e W N E
B Fm NG s A CEERRAS , CHRNA3 38 it
¥ 5 A8 AL S 3505F O 0 R Y B A% S8 G 1Y T
W ARETELGE R CHRNA3 78 £ FE 38 Ja A



114 FIHAMS A5 - 12 7 A Eh BEAR OGN TEAR SR ka3 Ik 151

(7] ][] AN ] 2H 2 rh 34 3Rk i HL 52 BEAS [R] 1Y
We i, HED CHRNA3 WI RE38  # Z 1 i A8 5
B 2 8 T PR AR AL T 25 05 R 2 10 6 B 5
IV N

FABPG6 S22 A 240 i J5 i s 1 &4 45 % 1Y)
E EORSF LY 5 IR THRR , K BEAR TR FhH A,
BiKFECIR ) IFRESS & 25 B AN B I 1) 2 D) R
B2 0 A A AL A R D R AR 3 i A
1R, A5 R FABP6 i AT P8 AL E T,
A LLSE 2k I 5 1 AR 2 W 5RO B A Y 52
#pET Fiol 4R g8 % AR 4 ( Oreochromis
mossambicus ) 5 FE N 30 N 43F HLE A 5T, &
PR 5 e 0 A f0 R 3R A T DLZH I — >
FONVAR T M 2 M4 m 5 11 AT P e
A I FABP6 BE[A FT REAE 2 (3 8 B0
PR DA 4 i R S 5 6 52 6 B2 75 S i 5 40 vh
RIFVER . ARSLE G521 FABPG6 e 05 il 2 #h &
Jp B 5T T A A R AR B 2R3k B W 0 2 1Y
RN T FABPS 95 5

SLCI6A7 J& THEALFAIR IR £h 1 Il 18 e 12
SR AMEAVE 2 BORMRER (N7 A A AR |
SERTRAN S8 ZIR I FLIR L NI R | SCHE AR |
PLK TR 21 BRI | L FRIE A B-F2 56 T MR R )
AR PR B 58 12, S VR 2 A M 5 AR O T Ry G
B0 RS T SLCI6AT7 FEARER W38t I 15 ol
Z IR FE BRI I AR v Xy A A T 8 B ) v 3k
SR (77 00 2 00 R B 1 o) A P e 5 840 il 2 IR
AR ERB R RN RRRE I ZEAS
Y, SLCI6A7 TE i A h R B A B 3%, Ul U]
SLCI6A7 AT REAFAELH RS S0

Endo %[31] K IRAT 4 e B (ficolins) J&—
FPRMAEOE 737, JB T B R I I A L 50, RES
YU S AR T 1) o SRR, ik T BE B R A
TR A2 JOF A 5 U B AR A AR L A,
Honore %%! | Jensen %1% Fl Kuraya %5 JEB T
2T 2 Ji 5k 25 1 RE A% T R A6 T 40 AN 40 LR R
Genster 55 TNl Fenl J2 56 K G 53 1 3E N 1 4
PEZ B HTE R 22 . ANBFTEER R S Al G
K5 Fenl TEARERMEE T 2 H LB m Rk WFTE4E
W5 ER A T ARG ELIE ( Eriocheir sinensis) FIF
ES=PoLING Litopenaeus vannamei ) RO 25 AL,
HE GRS R R 26 MR ZEARER BE hE T S K fa i
R B SR EN LI AT, 5 A JC M 5h

Yr—e 7RIS 2 36 NEPE S R GE, IR A Fh
SRS F S IR AR Z Rk
VRORIV AT M 2 305 1 e e REHLAR (0 -, X 2
SERIRW R T REWOR O W 2 e K Ay, kT
M O AR e AR DG PRI DR 3 I BE e

Suryo 25V BF Y K B MA2 LR PR
Z 5k IE R B R AL A S A . e
Mfi2 W =B 45 S a1 B WER 5L 5
(ABCBS) RE 6 15 A% £ R 55 10 o8 155 55 5% 5 4 1A
WNE B A HEAEH], X SR 4s R
Mfi2 TERRIER T i AR A — B, AP R, 1E
J R AR ZH L rh | TR R IS 2% I ) SR R0
PR N, I B A S X A B3 22 5
Mfi2 1) Rk B 2R 5+ %, iX 5 Nakamasu
SEHOTHE AR /N RAS AL 2L Mfi2 kR UK ]
— B, JUHGETE B AN AR B AR K- Rk
TEOE, B, B AP A SRIA

L5 LR, a7 SRR AR AR R U5 W an
AN AR Rk, BT R 2 1 3
AR B MR I N S 5 RS S
T 2% A R 28, 35 AR B U3 D RE A UL 25
1, A FLAMECAR 1458 B 30 3 16 PR R AR 1) 4258 15
TR CHRNA3 NS R 45 32 i F0AX 4
HRRINRIIRES S EH , YR E A AU
BEAR FIAMATOS 7 M2 5 Iz i R R R
HZMETZ 51,

XF FO5 4S8R B 3 I R R BT 45 R A A A
[ & W, Binyon ") 11 Walter™™ #F 58NN, K L5
TRE S AR H A Ta 5 5e 5 B B W RE T,
(EEESEAREL M mERAN B AT — E R B3
P AE ST, Vidolin 251 338 |, JK 2 ( Holothuria
grisea) HE Y I I8 57 HAK W 198 1% e, Wang
LM Dong 45 iR, HSP70 , HSP9O . SOD 1y
EIRFRIA T e Sl i OB AR AR A R AT
Bk 2 AL i, TEARWTSE T, 7 R
JER I R w0k, H 2 BLH ETHANT B
M shFak ., e AN N TR 2 BA —
AR RE IR 1 M R RE ST . AAWTFE S AR A B T B
AT AR 2 )R B 5 0 3k AR Ry 5 0 2 Y R ik A
PP B A,

& % x #t

[1] Kang K H, Kwon J Y, Yong M K. A beneficial coculture:



152

o R B BT

20 &

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

charm abalone Haliotis discus hannai and sea cucumber
Stichopus japonicus [ J]. Aquaculture , 2003, 216(1) ; 87-93.
W ML, R, R E X5 S (Apostichopus
Japonicus) W FIHEME B 52 0E [ J]. 5 W13, 2006, 37
(4) . 348-354.

Yuan X T, Yang H S, Zhou Y, et al.. Salinity effect on
respitation and excretion of sea cucumber Apostichopus japonicus
Selenka [ J]. Oceanol. Limnol. Sin., 2006, 37(4) : 348-354.
Wang Q L, Yu S S, Qin C X, et al.. Combined effects of
acute thermal and hypo-osmotic stresses on osmolality and
hsp70, hsp90 and sod expression in the sea cucumber
Apostichopus japonicus Selenka [ J]. Aquacult. Int., 2014, 22
(3): 1149-1161.

BERME, TTEOL, BEE, F S E T AREEN TS 45
A1 S OE U HEE p s [ 0], b KRR, 2009, 16
(6): 975-980.

Xue SY, Fang ] G, Mao Y Z, et al.. Effects of salinity on the
respiration and ammonia excretion of sea cucumber Apostichopus
Jjaponicus under high temperature [ J]. J. Fish. Sci. China,
2009,16(6) : 975-980.

PRI, 3Kz 08 X 077 500 2 00 AL BT ) sl ()] )
kL,2009 (24) . 28-31.

Sun S S,Zhang Y. Effect of salinity on digestive enzyme activity
of sea cucumber Apostichopus japonicus [ J]. China Feed, 2009
(24) . 28-31.

Thuggle £ B2 07 ) 2 A KORAT R s R [ 0] op K,
2012(9) : 70-71.

Ma J F. Effect of salinity on growth and behavior of sea
cucumber [ J]. China Fish., 2012(9) : 70-71.

T ooh BRI, A5 R B X 0 2 AR R S e
FERREIR [ 1] P E A R S92, 2013(3) + 163-168.
Wang C, Tian Y, Chang Y Q, et al.. Effect of salinity stress
on immune enzyme activity of sea cucumber ( Apostichopus
Japonicus) [J]. J. Agric. Sci. Technol., 2013(3) . 163-168.
Geng C, Tian Y, Shang Y, et al.. Effect of acute salinity stress
on ion homeostasis, Na*/K*-ATPase and histological structure
in sea cucumber Apostichopus japonicus [ J]. Springerplus,
2016, 5(1): 1977.

Wang F, Yang H, Gao F, et al.. Effects of acute temperature
or salinity stress on the immune response in sea cucumber,
Apostichopus japonicus [ J ]. Comp. Biochem. Physiol. A,
2008, 151(4) . 491-498.

%, SO, % W ARERIMA T (5412 DD104 H e
HERIR BT [J] ORI MRV R 4, 2013, 28(3) ¢ 236
-240.

Tian Y, Mo H B, Chang Y Q. Expression of DDI104 gene in
sea cucumber Apostichopus japonicus under salinity stress [ J].
J. Dalian Ocean U., 2013, 28(3) . 236-240.

Tian Y, Jiang Y, Shang Y, et al.. Establishment of lysozyme
gene RNA interference system and its involvement in salinity
tolerance in sea cucumber ( Apostichopus japonicus) [J]. Fish
Shellfish Immun., 2017(65) : 71-79.

WO AR E, WOBR, 46 £ A2 21 14-3-3a NKCCla,
Apo-14 I Na*-K*-ATPase B % [ % 3k Xt £h B 25k (1 i )i
[J]. fEZs2R2Ri, 2014, 33(9) ; 2429-2435.

[14]

[15]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Jiang M, Li L, Shen X Q, et al.. Effects of abrupt salinity
stress on gill 14-3-3a, NKCCla, Apo-14 and Na®-K*-ATPase
B [J]. Chin. J. Ecol., 2014, 33(9) . 2429-2435.

T, A5, oS, 5 b PR X R 2 hsp70 B
hsp90 FEPFRAYRAN [ J]. H R K2 24 ( A SRR
M), 2012, 42(9) : 22-27.

Yu S S, Wang Q L, Meng X L, et al.. Effects of salinity
fluctuation on the expression of hsp70 and hsp90s genes in sea
cucumber, Apostichopus japonicus Selenka [ J]. Periodical
Ocean Univ. China, 2012, 42(9) .22-27.

IS, T M, AR, S B R BE X T G Bk BE DL AR
Hsp70 FER IR HRYIBS RO [ 1], B A 25240, 2012,
23(12) ; 3467-3473.

Wang Y N, Wang H, Zhu X W, et al.. Joint effects of water
temperature and salinity on the expression of gill Hsp70 gene in
Pinctada martensii ( Dunker) [ J]. Chin. J. Appl. Ecol.,
2012, 23(12): 3467-3473.

Zhang L. B, Feng Q, Sun L, et al.. Differential gene expression
in the intestine of sea cucumber ( Apostichopus japonicus) under
low and high salinity conditions [ J]. Comp. Biochem. Physiol.
D, 2018,3(25): 34-41.

Morganti M C, Taylor J, Pesheva P, et al.. Oligodendrocyte-
derived J1-160/180 extracellular matrix glycoproteins are
adhesive or repulsive depending on the partner cell type and
time of interaction [ J]. Exp. Neurol., 1990, 109 (1) 98
-110.

Peseva P, Gennarini G, Goridis C, et al.. The F3/11 cell
adhesion molecule mediates the repulsion of neurons by the
extracellular matrix glycoprotein J1-160/180 [ J].
1993, 10(1) : 69-82.

Scachnep M. Neural recognition molecules in disease and
regeneration [ J]. Curr. Opin. Neurobiol., 1994, 4(5): 726
=734.

Neuron,

Zhao X, Yu H, Kong L, et al.. Transcriptomic responses to
salinity stress in the Pacific oyster Crassostrea gigas [ J]. Plos
One, 2012, 7(9) : e46244.

Srinivasan J, Schachner M, Catterall W A. Interaction of
voltage-gated sodium channels with the extracellular matrix
molecules tenascin-C and tenascin-R [ J]. Proc. Natl. Acad.
Sci. USA, 1998, 95(26) : 15753-15757.

Xiao Z C, Ragsdale D S, Malhotra] D, et al.. Tenascin-R is a
functional modulator of sodium channel beta subunits [ J]. J.
Biol. Chem., 1999, 274(37) . 26511-26517.

Brenneke F, Bukalo O, Dityatev A, et al.. Mice deficient for
the extracellular matrix  glycoprotein  tenascin-R  show
physiological and structural hallmarks of increased hippocampal
excitability, but no increased susceptibility to seizures in the
pilocarpine model of epilepsy [ J]. Neuroscience, 2004, 124
(4): 841-855.

Saghatelyan A K, Dityatev A, Schmidt S, et al.. Reduced
perisomatic inhibition, increased excitatory transmission, and
impaired long-term potentiation in mice deficient for the
extracellular matrix glycoprotein tenascin-R [ J]. Mol. Cell.
Neurosci., 2001, 17(1) : 226—240.

Petrovsky N, Ettinger U, Kessler H, et al.. The effect of



11

FIHAMS A5 - 12 7 A Eh BEAR OGN TEAR SR ka3 Ik

153

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

nicotine on sensorimotor gating is modulated by a CHRNA3
polymorphism [ J]. Psychopharmacology, 2013, 229 (1) . 31
-40.

Da B, Ma S, Av H, et al.. Intracellular lipid-binding proteins
and their genes [ J]. Annu. Rev. Nutr., 1997, 17(1); 277
-303.

Rassart E, Bedirian A, Doc S, et al.. Apolipoprotein D [ J].
BBA-Protein Struct. M., 2000, 1482(1-2) . 185-198.
Bennaarsiden A, Higgins L, Herrizel A V, et al.. Covalent
modification of epithelial fatty acid-binding protein by 4-
hydroxynonenal in wvitro and in vivo. Evidence for a role in
antioxidant biology [ J]. J. Biol. Chem., 2002, 277 (52):
50693-50702.

Fiol D F, Chan S Y, Kltz D. Identification and pathway
analysis of immediate hyperosmotic stress responsive molecular
mechanisms in tilapia ( Oreochromis mossambicus ) gill [J].
Comp. Biochem. Physiol. D, 2006, 1(3) . 344-356.
Halestrap A P. The SLC16 gene family-structure, role and
regulation in health and disease [ J]. Mol. Aspects Med.,
2013, 34(2-3): 337-349.

You G, Morris M E. Overview of Drug Transporter Families
[A]. In:
Role in Drug Disposition [ M]. John Wiley & Sons, Inc.,
2006, 1-10.

Endo Y, Matsushita M, Fujita T. Role of ficolin in innate

Drug Transporters; Molecular Characterization and

immunity and its molecular basis [ J]. Immunobiology, 2007,
212(4-5): 371-379.

Honor C, Hummelshoj T, Hansen B E, et al.. The innate
immune component ficolin 3 ( Hakata antigen) mediates the
clearance of late apoptotic cells [ J]. Arthritis Rheumatol.,
2007, 56(5) : 1598-1607.

Jensen M L., Honor C, Hummelsh J T, et al.. Ficolin-2
recognizes DNA and participates in the clearance of dying host
cells [ J]. Mol. Immunol., 2007, 44(5) : 856—865.

Kuraya M, Ming Z, Liu X, et al.. Specific binding of L-ficolin
and H-ficolin to apoptotic cells leads to complement activation
[J]. Immunobiology, 2005, 209(9) : 689-697.

Genster N, Ma Y J, Munthe-Fog L, et al.. The pattern
recognition molecule ficolin-1 exhibits differential binding to

lymphocyte subsets, providing a novel link between innate and

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[45]

adaptive immunity [ J]. Mol. Immunol., 2014, 57(2); 181
-190.

Li E, Wang S, Li C, et al.. Transcriptome sequencing revealed
the genes and pathways involved in salinity stress of Chinese
mitten crab, Eriocheir sinensis [ J ]. Physiol. Genomices,
2014, 46(5) . 177-190.

Li F, Xiang J. Recent advances in researches on the innate
immunity of shrimp in China [J].
2013, 39(1-2): 11-26.

Li F, Xiang J. Signaling pathways regulating innate immune
responses in shrimp [ J]. Fish Shellfish Immun., 2013, 34
(4): 973-980.

Suryo Rahmanto Y, Dunn L L, Richardson D R. Identification

Dev. Comp. Immunol.,

of distinct changes in gene expression after modulation of
melanoma tumor antigen p97 ( melanotransferrin) in multiple
models in vitro and in vivo [ J]. Carcinogenesis, 2007, 28
(10) : 2172-2183.

Nakamasu K, Kawamoto T, Shen M, et al.. Membrane-bound
(Mtf) .
selective expression during chondrogenic differentiation of
mouse embryonic cells [ J]. BBA-Gene Struct. Expr., 1999,
1447(2-3) ; 258-264.
Physiology  of

transferrin-like protein structure, evolution and

LI

Binyon J. echinoderms Physiol.
Echinoderms, 1972 200-240.

Walter J. Diehl. Osmoregulation in echinoderms ¥ [ J].Comp.
Biochem. Physiol. A, 1986, 84(2) . 199-205.

Vidolin D, Santos-Gouvea IA, Freire CA, Osmotic stability of
the coelomic fluids of a sea-cucumber ( Holothuria grisea) and
a starfish ( Asterina stellifera) exposed to the air during low
tide : a field study [J]. Acta Biol. Par., 2002, 31(1-2) . 113
—-121.

Wang Q L, Yu S S, Qin C X, et al.. Combined effects of
acute thermal and hypo-osmotic stresses on osmolality and
hsp70, hsp90 and sod expression in the sea cucumber
Apostichopus japonicus Selenka [ J]. Aquacult. Int., 2014, 22
(3):1149-1161.

Dong Y, Dong S, Meng X. Effects of thermal and osmotic
stress on growth, osmoregulation and Hsp70 in sea cucumber
(Apostichopus japonicus Selenka) [ J]. Aquaculture, 2008,
276(1-4) : 179-186.

(KERTE . BIA,ZER)





