Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/K AIS.2012.13.8.3785
cooperation Society
Vol. 13, No. 8 pp. 3785-3791, 2012

SZAA (Strongylocentrotus nudus)®] 533 7| wjitAle)
vz = HlAk2-o] J3F

0174, BRI, WX, UST, BAB, WK, ojh2”

) ! = ool— y OL—
AHZ St *Aathstm MSTetnt ‘HHO| QO IO S stHTA

Effects of Hypoxia on the Fertilization and Early Development of
Sea Urchin, Strongylocentrotus nudus

Gunsup Lee', Jinik Hwang', Youngjae Chung’, Donggiun Kim® Sang Hyun Moh’,
Man Chang' and Taek-Kyun Lee"
'South Sea Environment Research Department, Korea Ocean Research and Development Institute
’Department of Life Science and Biotechnology, Shin Gyeong University

*Department of Biological Science, Silla University
*Anti-aging Research Institute of BIO-FD&C Co.,Ltd.

8 o §Euew SUREC) RS 2UE 1Y FRT R4 £ shfolth AL WAL 28 mg OJL
OL4 mMI} B3 of5te] BEALR MOl wehA] MARE Sl sjepdeAelA Azt BAE oble 4 Utk
2 SR A R SRSl WOREA (4 S W) SR S| SIlol S Srongyocenons
nudus) S -FZEAk4 7.6 mg O,/L (normoxia)¥} 1.8 mg O»/L (hypoxia)o| 4] 2, 15°C & 33 %0l =% 5]—011:]— S AR
=5 A oA el AEH A TH-G AR HSP70} sFAKSE T -§-74 =3¢l l glutathlone reductase 2] &S immunoblotting
assaySh RTPCRS E5te] SRelstolth. Q1727 i go] AAshl 1astach BARA At wikio] w28 47
7} AAATEI Q] Ao B8] HSP70 THHae oF 5.5u) glutathione reductase= ©F 2.79v} Z7}5l9ich & o] A=
WAk A Bl spAS fEste, AEe A RS RS AU 5 USE =5 Bk

S

Abstract Dissolved oxygen is one of the most important factors controlling growth in aquatic organisms. Hypoxia
is generally defined as dissolved oxygen less than 2.8 mg O,/L (equivalent to 2 mL Oy/L or 91.4 mM). Therefore,
hypoxia zone can cause a serious problem in marine ecosystem. In this study, to investigate embryotoxic (fertilization
and embryo development rates) effects of hypoxia on sea urchin Strongylocentrotus nudus were exposed to dissolved
oxygen levels of 7.6 mg O,/L (normoxia) and 1.8 mg O»/L (hypoxia) for 2 days at 15°C and 33 %o. Also, Expression
levels of stress related gene (HSP70) and antioxidant related gene (glutathione reductase) in the sea urchins exposed
to hypoxia were confirmed by Immunoblotting and RT-PCR analysis. In results, we showed that developmental rates
were dramatically reduced in hypoxia condition. Molecular analysis demonstrated that higher HSP70 (5.5 fold) and
gilutathione reductase gene (2.79 fold) were present in the sea urchin exposed to hypoxia. Our results suggested that
hypoxia can cause the abnormal development and elicits a stress and antioxidant response on sea urchin.

Key Words : Hypoxia, Strongylocentrotus nudus, HSP70, Glutathione reductase

2 =2 FEHYR(PIT200461)9} o F28l7| < A(PEIST53)2] AFTAR =]
*Corresponding Author : Taek-Kyun Lee

Tel: +82-55-639-8630 email: tklee@kiost.ac

HAed 126 069 264 A 1249 079 239 AZAETAL 12 08 09U

3785



43813 =22] #1348 A|8E, 2012

1. M2

Hypoxia (oxygen depletion)+= DO (dissolved oxygen)
2217} 28 mg OJL o]3h2 ZolE sjoF delxe] @
AFS Wit ka7l D7) g Aobrl] FE B
Q1 hypoxia zone> 1960 ] o] 2 X|&HAH o2 Z7}5}
I glon, AAHA-L 245,000 km’o]| o] 2} [1]. Raquel
Vaquer-sunyer?} Carlos M. Duarter= 2008 =3tof 4]
hypoxia zone®] 3fjulc} 5.54% oA} Z7}skal 9lon, of

F-29] hypoxia zoneo] Lafjofl 4] o] Folx|aL, sl AYE]
AE AdsHA W7 S-S Harstqirh2]. g
olF, FU5E, AR dAEE, AxsE FolA oy
A =25 EE hypoxia oA Fat 50%7F FH=
lethal time 2 2 116A]710] ZLQ.HU% =415+ A A 1hy)
o] 29 golog WISl 2

‘A= 5H°ki°d & HIERE OH eHstE fEE=
Eg2o] gt @713 A8 Al 7}

sopaygel A

% At AR Fo) shfoleh. 4 Mok $-83t Al
st melAAgloln] Syl 27] WA Eere] Al
9 Astela) Zwo] 2 olalEaL Qlek. Hloht $-4417]
o) 47l ajse} EH ol tat whgo] ule- wiztel|

uhzo] ARle] B3l SlerEdEatE Botsked
glo] gt [5.6] 53] Aol HebAo] that A
A7k sk Aol WAEAS} HofolA ﬂw
eata] A7k ksl AWHD Qs Aol 7

olsalzol that sapazel vhe-g BAs) %’4‘8}@]
cjofst vlo|eulA ) E-8-x|o] gl E3] 70 kDa heat
shock protein (HSP70)3} glutathione reductase (GR, EC
1.64.2)= 242 duba] 9 Absh] AEg Ao REgSh=
8 chalgolr} [8-10]. HSP702 W& AEH A chalg
T 7P Rt NEHor HEFo] §low [11-13],
AsPEe] WE 2o AU 7o) ZAET A A
EFOoRFH A5 B3dte 7lss dste 2EF
2 ol F0] shifolrt [14-16]. RbA Oz AEFHA
A ARpA Rl W72t Fof stz °WEI" M=
AE# 2 oA F HSP702 Al A

£ Fiste F-83% =72 AREE fith ?01 6H
FHFFEolA HSP709] HE-S edEdol gt =
of AAAR ol B-gH L QlTt [17-19].

GRZ 71 F5¢ 43 24 59 shtoln, A&
Agy e 583 7so] Hoshes 2oz &l
glutathione @] Aol Holdle FRARSIA Lolth [20,21
GR2 reduced glutathione?] A|ZU| =5 24 ;jh_ilk]
e o] JRE . 4bel 2 AsAg] 2
g5 gstA et [22,23].

o] A}

HHN' o2 <>¢

ot

S A= strongylocentrotidaeX}of| £31= A A 24

a5t kel diRio] A ol &74L 20100
mm ZHeth AP 623t 8o, TS ¢IF 3
e} el F5o] golsha, 4ure] WA W uhala

4 B 93 Pio] 6}@1 ojna sEdo o
T 2714 472 USSR o8 79T Y
2 7T ek & Bl 1% AAke Abgol A o] F2
A S R A 2 ESIeh A4 (gonad)el 4
9] HSP70x} GRO] W& W3S HAs)e], d /}_I—/\Oﬂ ==
° 9] uhe-e 2Askag sgleh £ AT olAt

A Sl B o} gl WAkl g Hzel 4
A urgeel Aoz ek

2. M=z A EHE

ﬂzﬂ A
At ‘E}%H L:ru\ FAIZ O] 2ZolA] TA|u}E Ho|&E
stol Wleretsich

ofr

2.2 HRH Y UXt 35 W

AREZ19 Gl A7 SR TN KOl g0 438
ol A S AAE FEAH A T U 9
2 3h1 ¢ F919] o FAIZ B KOl §ohg 3]
T YR A AATOIA ok SRS A4S 9
2E2 gjgos myrtt gAe] FET o A

oFA o] 1 N KCI& FY35}a s &7] v o] ARZ
e B ¥ *g TN ESE 2 U mok
th oF 308 ek WS B2 &k atele] Foid
715 gl8) A ARSI 24),

Aoe #elsto]
oF 108 F AR SHE

1*0*54 %ZVP goll e o



S2AA (Strongylocentrotus nudus)2)

T 27] iAol v

rlr
‘L
>,
b
1o
of
A

Ak wEG SATOR AGYOR, AT 200
cellimL o] AAUER 3|4skelch. SAo] Agww
o] Al AAHDE WiAkho] B AA WAEE 3
Yk BYBS BT L SO W] WBH 3
AT A S0 FEPOR, B4 A W
Aol WAL Aetslo] L] L Gul7|7kA] wals)

2.5 Western blot

A7) A A WAk o
203 A7 LS AT Wikl e
HAE o et spanla SN AALE
b =] AJAlAE= protein extract solution (Intron)2-
ARgEA T ES &5, &% BEE nano
drop (Thermo scientific)2 ARE3NA A5t =3t
Tl Z-S- SDS-PAGE®] 7] F&3t F stacking gel& A
ATt o]% 3 M paper?} SDS-PAGE gel2 cassetteo]|
Z33t & transfers}$it) Transfer’} T4 & TBSE 3 M
paper< 1557F 23] AlASE & 5 % skip milke] 30 %
oF rhEGlon, ofF TBSE ThA] 287 AlAsHE
primary antibody (HSP70) (Sigma)2} secondary antibody
(mouse-TgG)oll 1A|7H4) HESAIZIT 3 M paper®] whz)
< PFEHE ECL solution ARgsto] dFog 2<ls)
Ak [25].

2.6 RT-PCR

AA RAALE AYFBFaL trizol reagentS ©]-8-35}o]
total RNAE #£H|5}%tt. Housekeeping % A}Q1 actin
{-74A} (Forward: CGGATTCGCCGGAGA CGATGC, Reverse:
AGGGCGTAACCCTCGTAGA TGG)E ARE3}o] glutathion
reductase (Forward: ATGGAACAAGGCAGAGCATCTC,
Reverse: TT GACTTCAGCTTCCGCGCCTT) G72#}<]
RS Hlwskgith [26]. PCR 5% W& 10X
reaction buffer 2 pL, 2.5 mM dNTPs 2 pL, Taq DNA
polymerase 0.5 uL, cDNA 5 pLE &3}l 435}
HES- 2L 94To| A 20%, 55Tof|A] 20% 128]a 72T
oM 1524 217k 25 Afo|2S Zadakalct.

3. Fat W m

Helst) gpe 1E-L tfETOR stol S ukE At
gom), WMAAS As BT w5 R 4Ye
Botol AUE vwsg (F 1), 22 B9 Bit
97.85 %] & FHES Hglom, HPLIAHE 9568
%e] M o SRS ST 4 Agich uebd W
Abzol) o3l 4B Wake T WakshA gk A

& % 9ok

(2 1] WiAkaof o3 dizaat d3Te] ¢4 2l vlal
[Table 1] Comparison of fertilization rates by hypoxia
condition
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[Fig. 1] Morphological changes in the embryogenesis of sea urchin embryo exposed to normoxia or hypoxia

conditions.
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[Fig. 3] Expression of glutathione reductase gene in the
sea urchin gonad exposed to hypoxia.
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