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The Expression of Hsp90 and Ferritin Genes under Thermal Stress
in the Sea Cucumber (Apostichopus japonicas)
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Abstract - The Apostichopus japonicus is an important species in some Asia countries including
Korea, China and Japan. The purpose of the present study was to investigate the differential gene
expression of heat shock protein90 (Hsp90) and ferritin as a biomarker for the thermal stress
during water temperature rising in the sea cucumber, A. japonicus. The A. japonicus (1.4 g) was
cultured in incubator of separate temperature (15°C, 20°C, 25°C and 30°C) for each 0, 3, 6, 12,
24, 48 hours. The mRNA expression levels of Hsp90 and ferritin were examined using RT-PCR
assay. Results showed that, the expression of Hsp90 mRNA was not significantly changed at 15°C.
The expression of Hsp90 mRNA was significantly increased at high temperature such as 20°C and
25°C. Furthermore, Hsp90 mRNA was early increased at 25°C than 20°C. The ferritin mRNA was
similar expression pattern with Hsp90. But, Hsp90 mRNA was more sensitive than ferritin mRNA
at high thermal stress. These results indicate that Hsp90 and ferritin mRNAs were involved in the

temperature changes response and may be play an important role in mediating the thermal stress
in A. japonicas.
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M 2 33, d& 2 FHAjoke] AAgith(Liao 1997). $-|uhetol A

il RS 7] ooz A S-S A ste] A

Sy} AgtollA ZEE= 34t (sea cucumber)> 2l Abshzd] dQtolte] S tol o7t Abgt 9 A Ao &
aolzt A= &84t (Apostichopus japonicus) 22 =, axof 7]Qlste] AYAkFo] sk FAlolth. ofof thEt
Aoz ALY TS FIdl °‘J~§R*§*P7l€«l 7HH‘—
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of AT 2L 8~15°Colut AW he Wol A
S $EE —2-30070I, 0] 20°C o 4G

3t AAES oA FE FH6kL,
A5t SFH 7] (aestivation stage)oﬂ Eo]7tth(Li et al. 1996;
Liu et al. 1996; Yang et al. 2006).

_/,\__‘9:_‘% /\g%g] Aﬂ/ﬂ 11] H;{Poﬂ Cg?ﬂ:—g— El] ‘]1—-‘- 2_9_?_]_—
oz B3] PR L S-eusiol vle uzelA v
st= AL =2 A QUth(Logue er al. 1995). 3jatoll A 4=
SR Al 9 s sl2e] G3e 2ol 4% 3 of
A AL Gk Atk B a7} QITh(Li et al. 2002; Yang
et al. 2006; Dong et al. 2008). T3t A oA 29 A4
2 superoxide dismutase @ catalase 52 FAISE A9
71 fESE 2171 Itk (Wang et al. 2008). €57
WAQl heat shock protein (Hsp)2 AEH A HH-g ohild
A 2r, dE 2 S5 59 I o3 Hd A
o2 Holx BEA FHAo|H, BiAE o) AXE 1t
Bt A R}o|th (Parsell and Lindquist 1993; Feder and
Hofmann 1999; Kregel 2002; Fangue et al. 2006; Colinet et
al. 2010; Xu and Qin 2012; You et al. 2013). Hsp= EASF
< 7]# 2.2 Hspl10, Hsp100, Hsp90, Hsp70, Hsp60 & A&
Z}=F Hsp 5°| 21th(Georgopoulos and Welch 1993; Parsell
and Lindquist 1993; Feder and Hofmann 1999). 37 291 &
Ed 2o ok e A Hate] whE FAAte] TR glofA
T29 s didolA Hsp70 FAAe TS SRt
L 217} 9lth(Dong er al. 2008). Hsp90-2 A|Z 83} 2wt
Aol grojsim], thFgt AEOA AEF A W A T Az
A, A A} (apoptosis) ] 2 W AT HEof Boghrt(Jacob
et al. 1995; Galea-Lauri et al. 1996; Imai and Yahara 2000;
Richter and Buchner 2001; Soetaert et al. 2006; Wu and Chu
2008; Li er al. 2009).

Ferritin® §&, A&, & 59 29 Az &4
St gARA, 22 7|52 AlZ W HEY Yo e
&l divlste, £ AE BF Al capturingS 3 2
g HF 5 AE Y é_%}iﬂ ?‘z}o*o 24L& 8t} (Theil 1987;
Picard et al. 1996; Picard et al. 1998; Konijn et al. 1999; Ka-
khlon et al. 2001). T3t /\‘“5’; Y 23459 5= &
W F342 ASole] PAAE SASHE 7150] Slt(Har-
rison and Arosio 1996). 2+ 2 @ 9150 &= W3lof 7|21%t
MZ AEFHAZF S|4 L Z(Crassostrea gigas) 52 F3

Az

L o oo o

o olN

o] 0o

FFEIN QY U WSS WA S Yot Kt
Q1th(Gagnaire et al. 2006; Wang et al. 2008). 2= AEH A
= NlEZ Y EAAAF (reactive oxygen species, ROS)S A
ko] At AEYAE = FozA WA 9t
AL U)LY ferritin AMSLE AEHASE 2ASE V)
o] glth= B3} Qleh(Tsuji er al. 2000). o] o= Ay
AE9l AW (Chironomus riparius)S ©]-83F0] Y&H] 4|
HoflEd2 &R A zA 2,4-D(2,4-dichlorophenoxyacetic
acid)E =ZAIZ S 9 ferritin 8] WHo] F7kgte] B
1o ferritin®] WEH|AZNED ZUEHH S gt A
A A A} (biomarker gene)ZA] 2] 7FHaAdS AASF EI®
Qlth (Park ef al. 2010). WehA] &%, AHS1A AEG A YR
HARANEE 2 F34 59 &7 9 wto] &3t ferritin®|
T e A Y 2EHA =S F7sHe ° dolA
T8 A 2R 2 BT

2 A 2] a7t s A7l A= Al
2EHA Frof B Ao YoE 2E AEYA AHE
FAAZ g%l Hsp90} ferritin 429 @ oFie] o
22 Fo Aol vAls 2EY A HeE AR g

F

2 AFE 53 BAE A= s Qojd HA
29 W E dAstE ¢ F83% 712AEY} Halg A4
1=
Mz e
1LAYSE
Q.

Aol AHES S T oF 14g A=Y A4tez =
s A st BEARS A AR Bl 2
o W2 AR 2L 15°C, 20°C, 25°C ¥ 30°CE 2 A5
on FraepAtista ARS A oA 48A17F ARSSERITE. A
2 fgt dleRE B ARSShE e A8 2
2L R & Ho]AE ARSI A2 o whet =7}
AR E A7) (multi incubator)of] =27 wet
A-8715 33] WhE AP YA Al717] HHsiA 2
ZF 30 A dAste] Hdaia] s U T 2479 AY
= AR-&7100 20mHE] o] A4S 85te] ARSSHTE ©
7HQ 297 & 48A7F A9 AR x2S

HE T F S 3 oL slols) 3
ol X420, 3,6, 12, 24, 48X 7 744 2
SAT VIS A1 22 AR Ssl) AT
o AHgL. 22 041719 HEAAE Z2te] A
2 25 wBA F FA AREV1NA 242 244N B

==
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RS £AT AL 2o Agaterh

2. Total RNA &

Total RNAS] &2 RNAiso Plus (TaKaRa Co.)A|9F &
g o]gdto] F&3HAT). Total RNAY &2 H3f A&
22 A S Aoz W BES AAA
05¢g Ax=9 &5 245 4%t ASIAY. F52
= AAeE ALSHA AA 2 AEeE AAT e, A
Ad o] FAAZ T FAAZ 22 vpo]g2 FHo| |
< Fof dddef ARES7] A7HAl -80°C 24 2YF Lol 2
53Ut Total RNAS] F5& A 2AZE EHSHL A ASH
ol whek AlYskqith 53 total RNAE HHANES
(Reverse Transcription: RT)Z7FA] —80°C A5
skt

3. JAAF

)
[

2444k (RT-PCR)

Total RNAE £33 =7 (NanoVue, GE Healthcare)E
o]-&3to] A7ZTE cDNATES % RT+= 1 pg9 total
RNA, oligo(dT)5(0.5 pug)2} AccuPower RT premix (Bioneer
Co)B ol§3te] 3% W3- 20 uLE 42°CA 1417 5
PRt SEEAAHHHS (Polymerase Chain Reaction:
PCR)2 RTE 53 &2 20 uLe cDNA F4 ¢cDNA
1 uL} Z+z+o] AR+ primergl Hsp90 (Accession No:
HQ689677.1, product size: 84 bp) forward (5'-TGGTGTT
GGCTTTTACTCTGCTT-3'), reverse (5'-CACCTGTAGCAT
TCGTCATCGT-3"), Ferritin (Accession No: JF796141.1,
product size: 135 bp) forward (5'-CGATGATGTCGCCC
TTCC-3'), reverse (5'-AGCCGTGATGTCCTTGAGC-3"),
ANEZGAAE AFEEE B-actin (Accession No: EU668024.1,
product size: 157 bp) primer forward (5'-ACAGAGGCTCC
ATTCAACCC-3"), reverse (5'-CGTCTCCTGAGTCCA
TGACG-3") ¥ AccuPower HotStart PCR premix (Bioneer
Co)E o]&ste] HF W3-8 20 uLZ AFstgich. z+
F74AFe] RT-PCR 272 Hsp90 ¥ ferritin®] ¢ pre-
denaturation 95°C, 5&; denaturation, annealing, extension
Z+7} 95°C 30%, 60°C 30%, 72°C 30%°)|A] 283]; extension
72°C, 102 39tk WAREEFHA B-actin®] PCR &
7L pre-denaturation 95°C, 5% ; denaturation, annealing,
extension Z+ZF 95°C 30%, 55°C 30%, 72°C 30%, 253];
extension 72°C, 102 43435} th. RT-PCRE 33] HHE 43}
3}t PCR AHE-2 ethidiumbromide (100 ng mL™")7} 3t
=l 2% NuSieve 3:1 (Lonza Co.) o}7}22A A7|95S &
3| 221319 2™ band intensity:= Gel Doc™ XR+ System

(Bio-Rad)& ol §te] 24 3h4r.

3 AT 394 AA2 Student’s -test= H]
o 0.05 oJ3tel ARt Fofgt Ao= walel

—

48 8 Azke] ATle] wE Agre] A

|4 AFS2E 15°C, 20°C 2 25°Col| A 48A]7F AHS-3}
o AR 100% AESGTE. Tejut 30°Col A AH&3h
A9 AEe A AAE 347 AT A 20%, 6417
AT A 65% W 12202t B3 A 100% AR ot
Hsp90 D ferritin 4787 W o] BEE 48 30°CHNA AS
3 ARl A o) AT BAHA7IH ERE

2 xR
o o >t

o)

2.2 9 A7k o] wE Hsp90 AR EE

A4S 42 15°CO A 48A17F A& Fof] A|7ke] 7 to]
T2 Hsp90 4347 @8 YA Am gl A7 AT} 15°C
Aol =&e A2 Hspoo S4%F B &
94 po|7k YrehhA] gkkth(Fig. 1). 15°CollA] 48A17F A}

Hsp 90

B-actin

Hsp 90

Con 3h 6h 12h 24 h 48 h

Time

Fig. 1. The expression of Hsp90 in cultured A. japonicas at 15°C.
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Con 3h 6h 12h 24h 48 h

Hsp 90
B-actin
3 -
2 *
g *
Z
st
1 -
0 1 1 1 1 1 J
Con 3h 6h 12h 24 h 48 h

Time

Fig. 2. The expression of Hsp90 in cultured A. japonicas at 20°C.
*Significant different from vehicle control by Student-z test
(*P<0.05,*%P<0.01).

Hsp 90

3h 6h 12h 24h 48 h
o _

I T
3F o w3k
= *
& 2f
1k
0 1 1 1 1 1 ]
Con 3h 6h 12h 24 h 48 h
Time

Fig. 3. The expression of Hsp90 in cultured A. japonicas at 25°C.
*Significant different from vehicle control by Student-¢ test
(*P<0.05,*P<0.01).

S8 AL oo BE AEGAL WX Pt Ao B
.

Ferritin

B-actin

Ferritin
T

Con 3h 6h 12h 24h 48h

Time

Fig. 4. The expression of ferritin in cultured A. japonicas at 15°C.

=2 20°Co)| A 48A|7F AFS-GF X Ao A Hsp90 A=} gk
A gzl ulstel 6417 AARE wdo] GolHon
] A]Xl—o].cq 12/\]{_} 781_1,]-1&“ 7].1]- _‘1—_0 H]—ﬁ ol:/ll—o
o}, e 3 24XZARE 48ATHATEA o] g
7435tk (Fig. 2).

25°C 2ol A AL&T AAEOIA Hepoo S2% BES
Y22 WL 3A% AT oo 25 Atet
of 6A17F TR 71 e W P YeriTt 12402
ATARE 48NATIA o802 ZFasteTt (Fig. 3),

3.4 9 A7 Ao mE ferritin F-379] TE

A& 15°C 2004 48A17F AR Fofl A7He A3
of wet ferritin A WA S-S AHE At 15°C A
oA ARSEE A& A ferritin F-AAF TAL F-2]F
Zpo|7k e A] ghgkth(Fig. 4). A& 15°CE A4dolA
B3 2= 2EH AR AZeHA| g Aor HzE

AR 20°Col A 48A17F AFSEE AAES e R
ferritin -2 L8 FAAS AHE A3} ferritin®] EL f
Z3to wlske] 48417 FAARE FoJHQd F7H s
7] Al &3kt (Fig. 5).

25°C 20| A AFSgt 7%, ferritin F-AAS] L&
ol Hlske] 12417 & 24A17F Ao EE {223
UER7] AlArste] 48417 Ao 71 &8 T Aol
YElt T} (Fig. 6).

T
o
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Ferritin

B-actin

kT
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Fig. 5. The expression of ferritin in cultured A. japonicas at 20°C.
*Significant different from vehicle control by Student-¢ test
(*P<0.05).

siakel He+ , , k7, 35
7|12 wroin. &E7ldle A% datds shar, st
de 4 2 255 9E sUdHE FARH olFA A
2717 FEEE 787 80 i foth 2]
6~12°C¢l /\171% BE7IRA F20] ke 393} 44

20| 17.5~19°C2l A]7|= 3tH
71, 24.5°C o101 S, +-2o] AR 4
= A71E EE7], 19°C o|3t2 W7t A E57|12 =
g,

sholeht S5 AR/ AT G shelA &

i

A2l Hsp90 ¥ ferritin m

=

A& 15°C, 20°C 2 25°CY] 204 AR & AJ7He
7ol w2 Hsp90 SAAF AL 15°C AF S0 A=
@] Zpol7k UettA] ottt o] g et At 15°CY ¢
2 A4te] AR TRste A H AEHAR 28R o
© Aes AR 4 Stk (Fig. 1). A4& 20°C % 25°CY]
F2o A AREE 4§ Hsp90 F-7AFe] HdL A2 =7t
EoW B2 A7t AR ddo] Frtskglch & A
Foll A 20°C2] S Hspo0 G-AAF LS 6A17F Ay

Con 3h 6h 12h 24h  48h

Ferritin

B-actin

4 r sk
3+
=) * *
‘é e
()
s
1k ’—X—‘ I
O 1 1 1 1 1 J
Con 3h 6h 12h 24 h 48 h

Time

Fig. 6. The expression of ferritin in cultured A. japonicas at 25°C.
*Significant different from vehicle control by Student-¢ test
(*P<0.05,*P<0.01).

[*]

B foH oz Frksto] 1241704 2o EEE UEhd &
Haskr] AFsHE o H (Fig. 2), AR4& 25°CY] B9-= 3
tBRARE FAH o2 FTIet A7 BAA e
& Uehd & Zastry] AlAbstith (Fig. 3). wheba] 24
ol A Hsp90 FAA= e 4ol g5 WEA
Hhg-sto] o] Yehhs Aoz AZHE s A
229 TRTE Hspo09] A& st 22 FAEFFE
H3|A A5 EQ] ojFo|A o] Bt (Palmisano et
al. 2000; Sathiyaa et al. 2001; Murtha and Keller 2003). £
A W01 (Oncorhynchus mykiss)?] 7HA|EE 0] 83t 2= A
Ef 29} Hsp909] dts AuiEd Mgt 55 3+
Hsp90 37 @ 2=of Hgste] Hdo] Fopxlon
AAA7F ZH3} & HHE o] Lolx|= FAMS oﬂTl]'(Sathiyaa
et al. 2001). o] (Oncorhynchus tshawytscha)«] ALT A}

420 =2 7% Hspo0d] Hd-2 =4 velgen, £3]
ARz A oA Hdo] A YEFHTH(Palmisano er al. 2000).
2 A (Danio rerio)?] A% & AEHAE FS AL
Hsp709] &&2 27|o] A Uehum] A7te] Fao] ot
o Z4she A% UEoth Hepoool e Kol 1}
ERubR] kTl (Murtha and Keller 2003). $AMS A @)
ol 2ARE A9 Hsp90 f-8A = 220 W1stA kg
SHA) P9k, Hsp70 AAHE &% AEH 2o) 2zbslA
$3H= A0 2 Ho} Hsp90d} Hsp70 G-AAHE AE Fof uh

N;
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A @2 2 AEH L =E HUE A9 AR HE
7Is& w¥she Aoz AZE. S (A. japonicas)ol| A

Aoz
Hsp909] @ Hilo] &5t 26°C 2= AEHAS W
73S AN A 7P w2 EES Bol 6AIA7HA] &
A8kl 1 o] AT RE sk A3 UERTH(Zhao
et al. 2011). Zhao et al.(2011)9] QFATE= 25°Co| A AR
gk & Ao Aot mf fARStTE 22 25°Co A ARSEE
A4 WA S XS] Hsp90 F-3A W& o] 3A17F ZHah H
FoRe R Frket7] A&t 6AIZE AR Y =2 8
A Ho|tprt o] F st AFI FASHY. B3 Xu er
al.(2014)0] 34t (A. japonicas)E AL R FLo] HE1}
o] AT{TAE AHE H3t 16°C E 32°Co| 4] 547 AHS3
A3t 16°ColA AR A A= AA Q] FFo] TEEA
AR 32°CollA AR THAIA = 6AIZF BHHEE &
< JhAIE0] HAE7| AZSte] 24A17F At Al 7P @&
AA7E Fom 1 F, 9647 AR A Fgo]
ZE YTt o] A Aol A BZo] 30°C o)) 422 3
4] AbSol| ARtstA] Fow, A 22 15~16°C =4
< & 4 Uk &2 AolA 30°Col A AR At 3A17HE A
g2 Zstar A AWA7F Sk Xu er al.(2014)9] A9} H]
wste] duHd, 2 Ao ARG AfAS] FF2 14g %
EQI Xu 59 Ao AHEE HAE 10g A2 A9
2719 W2 2o -3 W= A= Zpolat AYzhETt

At 9 FAEFEA Hsp90d} 2= AEH A0 7
g AT %A gt £ AFATLE HFFE oFY o
T2z 9 g8 it A AFAaE B nEe 2H
Hsp902 2% AEd Ao 933t T ol Hspo0S
o] &3t AGLAIE Fo AHEY sjito] 2= AEHAE
W2 o AEE 4= Sl FH Y 22 15°C AR A2t
Hr}. o] AZAd= a4k A E AREE 9% A
o] &57)9 2mo 2% AoR AEHA JH FAA
Hsp90 f37 &d FdE 33l 5 oz g

Ferritin f+744+8] 79~ 214H& 15°C, 20°C 9
24 ARSS & AI7HY] A abe] wE HAYEE 15°C 2
oA Aol7F UehhA] &gttt (Fig. 4). 18y 22t
H| 28k} 20°C ARGl A= 48417 A HE /94
o2 F7hetglem (Fig. 5), 25°C A2l A= 12417 4
AR FojHog F7lste] 4847 A o) IEE
e 9tk (Fig. 6). Ferritin §-82H= Hsp90T} oba7bA 2 A}
227t 2245 WE A7HY AR FolFl wE e
Z717F YrEbskth(Figs. 5, 6). Zhang et al.(2013)2] 2119 9]
A SN (A. japonicas) AFE4 2] &= AL 16°C2} 25°C
oA 7U7E AHFAIZ] F, ferritin mRNA 382 B8 FA4S
HH 16°Cof| vsf 25°Col|A] 1.28) F= L& o] =4 Yebyk

g & e&7]7ke] Afol= YT ferritin FHA
2EH Aof| kg5t HE YERA T wizt
©° 2 mEL Ferritin® 8 7|52 AEF
A AW SP4AFE AASHE A5
o] QUTh(Tsuji er al. 2000). Hsp90-L 4=L-0] ¥W3}ol| ZA] uh
ato] & FZ W2 2EH 20 FA] 331, ferriting]
S 2% 2EH 20 7] AolA AT B
T olE AAS = AR Bofstr]o] AEH A
2 W=+ Hspo0o] Hl3 W2 Ao 2 AZdrt

2 A7Z27% ¢ o)d A+ZAE v S E Hspo0t
ferritin mRNA 532 4&@-E vugh 21 Y AMSe2
ol A Hsp90©] ferritinol] B|&f &%= AEH 20 thgt ¥h-g-o]
Bo 0ist A2 Yerydth, o] ferritino]] B8] Hsp90
o] TY ARG A Bk w2 Aj7he] Aate] oAl
Wy o] 2717 Uehbe Ao Hol o 4= gt Hspoo U
ferritin mMRNA §-42=9 9d FS 2 a4ty 24
A2 15°C =7 AEH A glo] AAe Aog Azt
= Hsp90 ¥ ferritin §-AA4= si4te] A4 As2dS &
@& 4= = AAAEFAA; (biomarker gene)E Er-g-0] 7}
Stk Az

Eoft oo oo 2 [ K1 olo G

Ab A

=

B A7s ZY5ATt 109 HEEE S S
&Y Ao S B FHo] e £8E
Z AERYHAAE §2S WAl o] Aug F3 4

A g =Yy

I~
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