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Inhibitory Effect of Quercetin on the Expression of HSP70 Gene Induced by
High Water Temperature in Tilapia

Joon Yeong Kwon"' and Su-Mi Kim’
'Dept. of Aquatic Life Medical Sciences, Sunmoon University, Asan 336-708, Korea

’West Sea Fisheries Research Institute, National Fisheries Research & Development Institute, Incheon 400-420, Korea

ABSTRACT : Water temperature governs various biological events in many aquatic animals including fish. Temperature
changes the rates of gametogenesis and development, in some cases, is even capable of reversing fish sex. Treatments of
fish with unusually high temperature are known to induce the expression of HSP70 gene. Development of an effective
inhibitor for HSP70 gene expression is, thus, crucial to study the role of HSP70 in the temperature sensitive biological
events. We have investigated the inhibitory effect of quercetin, 3,3'4',5,7-pentahydroxyflavon, a natural flavonid, on the
expressions of HSP70 gene induced by high temperature (36C) in the Nile tilapia, Oreochromis niloticus, larvae and
juveniles (10~13 cm in total length). The expression of HSP 70 gene was significantly decreased in tilapia larvae immersed
in 50 #M or 100 #M quercetin solution for 6 hours before the exposure to high temperature (P<0.05). In particular, the
level of HSP70 expression in fish treated with 100 #M was as low as that of fish without high temperature treatment.
Juveniles of tilapia were individually injected with 0.1 m{ of either 0.5 mM, 5 mM or 20 mM of quercetin solution before
the exposure to high temperature. As the results, the expression of HSP70 gene in the gonad and brain of juvenile fish
was significantly inhibited by the injection of 0.5 mM quercetin solution (P<0.05), but not by higher concentrations. We
report, for the first time in the fish, that quercetin effectively inhibits the expression of HSP70 gene induced by high
temperature and 100 #M for the immersion of larvae and 0.5 mM for the injection to juvenile can be used for the effective
concentrations for the study of temperature sensitive biological events in tilapia.
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Oreochromis niloticus
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mM¢]| querceting FAFSH 2| o] ] A2 Ao} M| A BE Fo51A 7aE ATHP<0.05). 2 A2 AF+= quercetin®] o]
FollA 2o 93 FE=H HSP70 F44 2dE 83
o2 A £ Jon, detyol 2t} A9 A £

"HAAA: AFY, FATE oMM BAW 2 100 AR 5% 100 M TR Ao} FAE A5 R FE 05
S A S () 336-708, () 041-530-2284, () 041-530- mME Y3t EFE IS F Y& AN

2917, E-mail: jykwon@sunmoon.ac.kr



366

i
AN

o} F7F AL S
Hshsl lom, WEEdl offe] A FH 7o M)
of wz} $A Wsksict. webA, 2 UMsl(daily changes)
4 A A4 WH3l(seasonal changes)= o179 v, A4 W

A, Aol T A9 5o F28 ABHH Aol 49
STE BYST G AT ol PSS B AT
% REE APH B Tahel 7 PN AT BB
HAAFE, AZIAFE 52 el gk 193 52
o AA4el 2L Eahe WANE 2AET dH

(Chang et al., 2001), Ao} = A 9] A3-S § % (Abucay et
al. 1999; Kwon et al., 2002)3}717k4] st th. 18U, =
o] 7k Ao Ui B Aol BT, obA A
o] o AEH /A ArE AA A, AW
2 5ol ¥stE 2 ste Ae Aol olslHA Xty Stk

Heat Shock Protein(8574 @4, HSP)Z 19629 €%
2 2EH 20| EH ZugdA HEE HiEold o|F
(Ritossa, 1962), *EA+F(Hunt & Morimoto, 1985; Hunt &
Calderwood, 1990)9} o] 5(Oda et al., 1991)5 ¥ 3k T}

gt thFek SHAAEH 2ol whete] AE AWM A
o] 2 Bt ol 2} (Iwama et al., 1998), steroid hormone
receptor H9A ¢ 8 AEA DNAG] 2% A4S =
o] =(Schowalter et al., 1991; Smith & Toft, 1993) #°S.Z
W Aok T3 72l (Xenopus laevis)o| A= HSP 5 sht
QI HSP70¢] A% @ d fx7 W o] o] Fo] &5} Al
710 B30 AA F7HFH S, Akatsuka et al.(2004)< ©]
Aot AFAF 55 v O E HSP7L o] £9] Awst 340
Aol A 7FeA = Al7IsATh

Nile tilapia(Wt © 2} o} Oreochromis niloticus)= Al
AMCRE F9st oo 244 FHHL e o3 HE
olF 9 stuE, st B AHF7F 29 JFE A
W= o} Fo|th( = 9EA A8} temperature dependent sex
determination: TSD)(Abucay et al., 1999; Kwon et al., 2002).
F Kwon & Kim(2010)2 w4 €2tz oe] HSP703+ HSP9O
FAAE cloningstd @71MEE Wel, Y5 & H
gdelojobe] A2a g 7 2 A HSP70 Ak Leo] 4

A S7FeRES AAEA SR Nd AL £33

%] e

W] HSP700] 588 938 & & d&S Altst
Je, 229 9% HSP70 A 2d fErt 87 2~
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o 4 W3lel HSP70 f-AA) 2y
AHALE Be]7] 9AsiA = HSP70 &
T2 Wt g AEs 2 s

3] A= HSP70 &4 7

(3

Quercetin(3,3',4',5,7-pentahydroxyflavon) =1}
obxfoll gHf-wo] & flavonoids® shvtolw, 733k gFaks)
Al o] th(Kiihnau, 1976). ©] flavonid= COLO320 DM A ¥
9} HeLa M| 25 ©]€-3 in vitro 2 &l A “heat shockel 23]
5 HSP70 9472 AAst= 8] g<l¥ (Hosokawa et
al,, 1990) °%, 79 o] T EANM FAF 337t
A& 5] 9 ©.™ (Hosokawa et al., 1992; Nagai et al., 1995;
Hansen et al., 1997; Jakubowicz-Gil et al., 2002; Nonaka
et al., 2003), 7|72 AN HEAME FL3 A EH7}t
FZ5 9tk Manwell & Heikkila, 2007). & Ao A& o
T+ Aol A HSP70 44 Hd& a4 o8 Adet 4 9l
WS 8Y57] 95k quercetin®] B2t o} 2] B X
AME FLg A4l &5 Hepl A, 183 2T F
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3 w58 TEST HSP70 §44 28 S AT & e
& quercetin FE=F ostr] f1ste] 6719 &71 747t
500 miA o] A 45 ©I quercetin stock solutions %7}
ste] 7479 quercetin X 0, 0, 10, 50, 100, 500 pMZ %
Attt o] W, quercetin 0 MS! F 7]€] €71l quercetin
€ xo)=d o438 1 M NaOHYF 200 pl® ol FAth. 1
ok ZH2te] &1l 107kl 9] gty Ao & 85t
o] 28 CollA 6A17F FoF AAAZ T A A4 $ 72+ A
T AFolE ARG ASFE &7 th, vehicleT ¥
AN AZF sk AlEsiA 28T E A8 M (28T
vehicle), vehicle?t ¥ 1 AAAIZI th2 3K (36C vehicle)
= =522 293 quercetin £ AA3 o2 v fe A
9} 7 36T g2 =Z A% th(quercetin 10 #M:
36 C+Q10, quercetin 50 ¢M: 36 C+Q50, quercetin 100 1M:
36 C+Q100, quercetin 500 £M: 36 C+Q500). XLF2 &
AP 2 oF 1A 2 A 28TolA 36 TE 454
ZomH, o]F o] Lo A 2A17F T o A A sHGth
IFE AY FTE AT EE AP TN AFoE ok
oA E w4 WAt AL E total RNAS FZ3}
o A7 40 ARgatsith

TRI reagent(MRC Inc.)E ©]-&3te] 7HAEE 7 o] A of A
total RNAS FZsI3oH, 353 7719 RNAQ2 (g =+
E] M-MLV reverse transcriptase(Promega)E ©|-835}%] ¢cDNA
£ FASHATE dolxl cDNA(I 1h)E templateZ 3}o] HSP70
FAR9 B-actin AR (control) LEHE FA}sl7] $)F
PCRS 3313tk PCRE 918 HSP70 7 2k(forward:
AGATGTCTGCAGCTAAAGGT, reverse: CGCTGGGAG
TCGTTGAAGTA, 5—3’, product size 472 bp)9} S -actin
$7 A(forward: AATCGTGCGTGACATCAAGG, reverse:
AGTATTTACGCTCAGGTGGG, 5°—3’, product size 392
bp)2] primerE-< A3 AF(Kwon & Kim, 2010)0l A4 A}-&
gt A% Lot A&kl ALg-stith HSP70 3k ddd
ZAME 913 PCR 2702 94Tl A 24, 60CllA 132, 72°C
oAl 184 JHEAIA 1 cycle F, THA 94TollA 14, 60Tl
A 303, 72°CollA 14 ¥H3AI1A 24 cycledt T, PHA
o2 72TCoAA 657 1 cycle ¥H-&-A1FAth Control gene?!
B-actin 372 B FAE 913 PCR 270 94CellA 2
i, 57CAA 138, 72CollA 184 wE3AIA 1 cycle ¥, T
Al 94ToIA 13, 57CollA 30%, 72TollA 184 wHgAIA

[
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24 cycledt Ty, A9 o2 72T 657F 1 cycle ¥Hs-
AlATE PCRE 913 reagents= SungeneticsAo] A &-& T
dste] o] &3ith

PCR A4 &2 1x TBE buffer®} 1% agarose gels o]
ato] 771953812, UV transilluminator} gel documentation
system(Kodak 1D)< ©]-&3le] DNA band?] intensity & =
Aate] FHA B S sofelh HSP70 F42ke]
# YT B-actin A EE ol oS A ahS Astste]
a3tk dojA EE dataE meantSEM(n=4)2. 2 %339
o1, Kruskal-Wallis test &A1 $ control(36 C vehicle)3}
7t AT Atele] oA -5 HIEFA HlIE Fal A%

A THP<0.05).
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HSP70 32} T gko] o3l =UTHP<0.05)(Fig. 1).
Iy 22 =& Ao 50 uM ]9 quercetin £ 6]
b sk AP JAE AP Fell e HSPT0 A o]
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Fig. 1. Changes of HSP70 gene expression in the larvae of Nile
tilapia at two water temperatures (28°C and 36C) after
the immersion either in the vehicle alone or in the
quercetin (Q) solutions (10, 50, 100 #M). The expressions
of HSP70 gene and B-actin gene (as a control) were
examined by using semi-quantitative RT-PCR analysis
(n=4). PCR products were run in a 1% agarose gel. *
indicates significant difference from control (36 C vehicle).
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Fig. 2. Changes of HSP70 gene expression in the gonad (a) and
brain (b) of young Nile tilapia after the injection of either
vehicle alone or quercetin (Q) with different concentra-
tions (0.5, 5, 20 mM) at two water temperatures (28 C
and 36C). The expressions of HSP70 gene and J-actin
gene (as a control) were examined by using semi-
quantitative RT-PCR analysis (n=4). PCR products were
run in a 1% agarose gel. * indicates significant difference
from control (36C vehicle).
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(P<0.05), T =2 559 5 mMZ 20 mM9] quercetins
Abgk AJofol X e AR Fogt oA T3t YERA
2k THP>0.05).

o &
gy} zpoj9} o] Lo kZ3te] HSP70 +-4A+
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£ AR Agdth N A AEE o] §3 AFedAE -
in vitro 0]} A4 vl W= oHATE - 100 M| quercetin®]
HSP709] &S a314 0 & A3l thManwell & Heikkila,
2007).

Quercetin®] Aol thg 54 & ZelA] o= Ao E &4
Atk HSPS} A& A= oY AA T Plakas et al.(1985)E
FA)71 40](rainbow trout, Oncorhynchus mykiss)oll 7717}
quercetin®] 23¥ ALEE el EF ZA84 HWEE A}
g A3 Fo SARHE AT v Hiskgl
3, FAN Fole] TAEE querceting HIET oA 7HA]
flavonoidsell %2 F%(25 uM)Z =EA7 A3}, quercetin
o AE AL tE flavoidsd] BT o FAE & IS
AEZ AT Tsuji & Walle, 2008). 121} quercetine &
7 2 offF M XA aromatase s B 7HA L U=
Ao 2 AL SlojX(Kellis & Vickery, 1984; Pelissero
et al.,, 1996), ZH Zo|T T2 FolL} AHZOE A G4
o #HE A7E AP = 5Eg Fort ayETh &
3] querceting 657+ 471402 A2]3 Japanese medaka
(Oryzias latipes)N A= &2 o] 37 s 425
AhE A% QI th(Weber et al., 2002).

gdetajol Alofel thEh quercetin FAFE AR A=
O o 248 Bt FALGANAME quercetin = 5
7bell w2} HSP70 -2k ‘:”?i AA &H7F F7FeAAIRE
Ao} FAl A = T2l 0.5 mM A2l ATt
Folgk A E37F e ﬁ = F5% 5 mMF 20
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7}X1‘ 1o o
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A Zatth A7 Y] AFE T8 B, quercetin®] A
= 122 A2 Al CK2(casein kinase 2)2} CamKII(calcium/
calmodulin kinase II) 59 &4 A4S Adlsty, 1 234,
2ol 93 =% = HSF1(heat shock transcription factor
1)9] 214k3} BH-2(phosphorylation)S #13j 3ke] HSP70 4
A d g gAE AAlste A0 E FAE AL 9t Wang et
al., 2009). °]= quercetin®] TH3} kinase 842 A&l 3l
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