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Life Cycle, Morphology and Gene Expression of Harpacticoid Copepod, Tigriopus japonicus
s.1. Exposed to 4-nonylphenol. Bang, Hyun Woo, Wonchoel Lee!, Seunghan Lee! and inn-Sil
Kwak* (Division of Marine Technology, Chonnam National University, Yeosu 550-749, Korea;
'Department of Life Science, Hanyang University, Seoul 133-791, Korea)

The eco-toxicological effects of endocrine disrupter, 4-nonylphenol (4NP) were observ-
ed and detected on the harpacticoid copepod, Tigriopus japonicus s.l. obtained and
cultur-ed from our coast. There were no significant differences survival rate, sex
ratio, and fecundity on T. japonicus s.1. at as low as 30 ug L of 4 NP exposure. Whereas,
4NP induced developmental delay, decreasing biomass and body size of nauplius
and copepodite. Also, Differentially Expressed Gene (DEG) was conducted to detect-
ing gene expression for potential biomarkers response to 4NP. As a result, full life-
cycle research on morphology and gene expression of T. japonicus s.l. suggested poten-
tial bioindicators or biomarkers for environmental monitoring and assessments.

Key words : 4-nonylphenol, copepod, Tigriopus japonicus s.l., developmental delay,
gene expression
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A oA FF9 FAFFEE] B4 A BE2K
o451 glor 87 f HAl kgt Felz Al A}
€532 9iv}. Hutchinson ez al. (1994)0] A4 o7t&
Tisbe battagliaiE ©]4-8t A 7R FF-&o) 3k =4
AgE 53 483 A =% B3] Cyprinodon varie-
gates AR WY ¥ & WHEE wUE wyD AL
Aoz, Azole bt 7N 27 Fg 54
AE2A o)438a 9o} (Bechmann, 1994; Baldwin et
al., 1995; Andersen et al., 2001; Barata et al., 2002; Hut-
chinson, 2002; Breitholtz and Wollenberger, 2003; Brei-
tholtz et al., 2003; Brown et al., 2003; Marcial et al.,

A%

2003; Wollenberger et al., 2003; Chandler et al., 2004;
Kwak et al., 2005; Wollenberger, 2005).

E35] ISO (International Organization for Standard,
1997)2} ASTM (American Society for Testing and Mater-
ials, 2004)°14] si<F 94 ¥4 SA4H7 2E2AY 4
o 27478 AY AE=R AABE 9l o] #lel = OECD
(Organization for Economic Cooperation and Develop-
ment, 2005)o A B}eHE AR A7 A|F &<l &
A5 AR AARE ol gale e AN %
RH7) £2AY o) LARE o431 ol A
A Welx ARBFIES olF Aol F2T A
AR, Wogo) A AFA W oge) 44, A5z
Al (cannibalism)o] ¢35, BE 23 A x| &2 AGALE

Bo)7] wolrt. =gt FAAAS st wlwA A&
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A= A Feleo] 7538, 442 AE 78] 4,
A A FAEA ] A% ash, Ao s A4
bsHAl whgEta, mEAY whe] slew, A/
E4A3 o] =% JhsE7] wlEolv}t(DeFur et al., 1999;
Kusk and Wollenberger, 2007).

dEEe] A A o o3 AEe) ARAE
T3] A8 o] R AFEL Ae), Eap Bl
wke 2 A= glet. e A 7x] QA Yol A
FH e o] FAFFES FeFA W3lE T 4 4l
e RuE A Hoglx] ok} (Kwak and Lee, 2007).
vt T34 ol xZ2¥ AN THEEE, Aur
& 7719 FRA 7]8E f=3che 2 1 (Hamil-
ton and Saether, 1971)2}, V24 w=HExRlo] A4z
§Te) T8¢ FEPt @ W) B3 (Kwak and
Lee, 2005; 20077} 91 eleh. Hefed wols o83
A A H7hRe vl Algsta hEse] A7 EE vy ol
o} | ZA o]l (Americamysis bahia)E o]-438F jHH]
A ZRED AP Fened v =98EE A
% (Verslycke et al., 2007) ¢} 202 0] 28 A= (Kwak
and Lee, 2005; 2007) S-o] o]Fo]Xx]a1 glor} o}
3 0% FAREES 18T Ao, adwe 2
29 AQAE YA WolE B B AR
T 23 vl oloh 73 vlel o] eARE B4
#H AER O e 23 7] Wil AR &
S0 2458 o183 N 2R 4T 79}
HoPd Q7E WAYTE B} e Agte) B
WS B ¢ 9l 7SS A 2 4 AE Aol

E A7 FAH SN AEEA 2 AHEE 7}
A3 e AN 247 F SEviel dadelA] {4A 2
A% 4 Y+ Tigriopus japonicus s.. 2 o]-£3le] Y&
H|A HEA<] 4-nonlyphenole] 3 P2, A}, QA
52w gelskAel o Fde) 7)Fe] @ 5 U=
9% W3}, 1237 DEG(Differentially Expressed Gene)
£ )48 g 2uY WsE Felske, BF uch wh
23 97 274 W3E X 5 e 34 9694
Jrh A 2FAY AEEA A4 7PsAS dolna)

sjaaet.
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1. 23 AE AL 24572 &4

AMA 22 Tigriopus -2 B9AE Ad 2 oy

g, A MAF oz Rxata, Aeke] 24 ol 4]
A AR 4 slom, AL 73, A o HF
o] 7Fgslm, AA W wlcke] L-o)slaL, -3 pHel
A wg W2 WA qAE e Aer 2 dEA gl
o} (Ito, 1970; Koga, 1970; Hagiwara et al., 1995; Forget-
Leray et al., 1998; Marcial et al., 2003). Tigriopus japoni-
cuse 65HA 2] nauplius -4 412} 654 2] copepodite
4 A AZFIE 7FAH, vk 6HA] cope-
podite A7} AT 437 RS TS A1%7
5AA Fod#| 9] oz FE & 4 Ut (Ito, 1970).

2. 343 # Wt =23

Tigriopus japonicus s.l.= Azd® o451 A )
58 2 24 3ol 48 A=) (33 7] 63
mm) o2 AT T wjFaget vt ow AL 8
$r= 12} 2549 9F 344 (Crystal Sea Marine Mix,
Crystal Sea®)& o] 83led = 25psuz A|=3}9ic} A
3 717t & 42 20°C, DO 80% °)A}, pH 8+0.3, light/
dark=16/8 Z7 A 3+27](Sanyo incubator MIR-553)
Well A wleksleltt Mol Tetramin (Tetra-Werke,
Melle, Germany)& =ldsb] A8 F et Az
FFsdT ool Mo 2A8 1508 EEAY PHE
Fa845] oS0, 1997).

3. 49 %4 273

EA AY ER= od~ezA4 A 3324l 4-nonylphe-
nol (4NP; Sigma-Aldrich, cas no. 104-40-5)-& A}£3}4.2
v, Carrier solvent® dimetyl sulfoxide (DMSO)Z A&
et HF =7 AW 0.01% W) o3} H g g
om, A BAL Y273 solvent 2L Esle]
0.1, 1,10, 30, 100pg L =2 A#sian).

454 x2 9 3y 32

EE xEB3AEL wif 273 22 370 A
on A3 27|21 60X 15 cm petri-dish (Arambra)$}
6-well, 24-well cell culture plate (SPL)E o]-23}9it} &
AP 1809 =F&AE e Fxdtd 42 s
AAE Aoz AAEHEEIS0, 1997). 82 23l &
12417t o] 2] nauplius -4 1A, A= 343 o
ZL BAAE ol 43ldrh & U MAE & = 2 F
4 570AH 63] o)) HEEAIYE AAslgen, &g,
A7 E, i, 53 5& 24717 PR 0= Fssid Al
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71 3 54 249 wg
2 ARE wAs 344

2| At €X4 > NAE 5
dol gl= A e F 2447} o] Fo)
g & 7‘4'5]""4 AEEE 7%@@932“4, copepodite S
Aol H Al71& md B2l copepodite 23 Y-S A
A3t +7 23dL A 70 DAL A=
3 gdsiglon, A © AAE daes zht 4
B}, 2y, Eﬂ% 5 Fddgn-

12

5% &
2 A nol-s;l— o=

AR F 2E AL 70% dlghe2 1Aste] Baksle]
2, 3|8 n)7 (Olympus SZX12), 33} 814 (Olym-

pus BX-51) 5-& AL&-3led A=} AA
W 52 34 RS D AR Pojs) o
)73} e v o] 239 sheks o] 43t o)u]
A BA Zg 7% (MetaMorph 6.0)0]] 4] A Absle) om,
A A 2F (biomass) &7 Feller and Warwick?] Volume-
tric method (Higgins and Thiel, 1988)% o]4-3}9qc}.

7 35A9) 95

5. Az W

T2 2E e #41317] $)8] DEG (Differential-
ly Expressed Genes) B & o] £-3}9ch 2t iz} A
- H2 500704 o)A T. japonicusS 96A)7F Haob
&A1l F total RNAE 2Z3)9ch. 223 RNA-
GeneFishing™ DEG Kits (Seegene, Korea)E o]-83}]
FAAL wH o) g F9lelgick. DEGR wwt)y As
7ol mRNAS| L& a}ol g Hol xS vl A
v &l & 4 9l W otk DEG: primerte] regu-
lator#-9-& 7zt= ACP (annealing control primer)g}=
E4% primerE o] 8302 specificity”} o} false
positive7} glom, zjdAdo] Hojujc}. w3 B 7)&
& 22 34 Yol 1A Felo| s, v @A
w27 Ag FAE 4= 903, PAGEZ) B8 ¢lo] aga-
rose gel3to.2 FH3| ol 7bssldl: A o] ¢ld}. DEG
£ 53] 23 =}o)r) Feld A= NCBI blast2] bla-
stx search & X3 Folslgc)

6. 54 £4

747-}31 %"é Aol HF AEEe] A2, AAE, T
¥4 98] SPSS Z= 1 (ver. 12.0)%
°l-%-ﬂ951°} 7NEAHeR RE FH BAL ttestE 7|2
o2 shgont Aule XPAS Bole EAMsgon,
2E 4L #29F p<0.05404 AR5

Table 1. Survival rates and developments of Tigriopus
Japonicus s.l. exposed to different concentrations
of 4-nonylphenol.

NS CS CE ME
(%) (%) (day) (day)

Mean 96.55 97.86 520 10.33

n

Control 145

SD 936 607 065 049

Mean 96.67 100.00 511 11.05

Solvent C 120 o 761 000 063 3.05
010 4o Mean 9667 10000 6.31% 12.61*
SD 816 000 071 050

100 5o Mean 80.00 10000 6.42% 12.50*
SD 2530  0.00 058 052

Mean 87.50 9643 7.54% 13.00%

10.00 30 ¢p 998 816 123 091
Mean 90.00 9259 7.22% 12.46*

30.00 30 sp 1095 1033 101 052
* £ E3

100.00 go Mean 4333* 8462 6.80% 1490

SD 49.67 23.09 164 3.72

n: number of individuals

NS: nauplius survival rate

C8: copepodite survival rate

CE: copepodite emergence day; periods from birth to copepodite
stage

ME: adult male emergence day; periods from birth to adult male
SD: standard deviation

*: asterisks denote a significant difference from control by t-test
(p<0.05)
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4NP 100ug L& A 98 2E FxoA gz A
o AEE Fol= Ve A goloy nE =4 3
] TEeA FA9 A7) dxol ws) 3 Ae=
ehten, st wobdas Aol £ 4
Bt} (Table 1). Th2F nauplius S0 MW=L (NS)L
96.5549.36%, copepodite -4 (CS)-S 97.86+6.07% 2.
vebh (Table 1). Nauplius $-43-2 5dm)%E] 2 §
el copepodite §-Al o7 AAsled, WHF 520+0.65
do] LeRdeh A HY F 1094 H ErE A
Ao FAH7] Al on, BE A £ 11Y oy
of AA7E Hol A7 £71 A £3U-L 10.33+£049 L
2 e} Carrier solvent$] dimetyl sulfoxide (DMSO)
o 38 nauplius §-49] PEEL 96.67+7.61%, cope-
podite F-3 E&-2 100.00%, copepodite 2322 5.11
10.63Y, A 2L 11.05£3.0592 RE Al
Al 23 folg AelE Mol ggith(Table 1). 30



84 T EE

ug L' ¢]3}9} =o)X nauplius 442 4E&o} 80.00
~96.67%2 WEZFH T AolE Ro|x] Ystond, 100
ng L7'olA 43.3+49.67%2] e P2£-& ¥} (Table
D. A7t w2 AEgE Avrg 2y F 6Y o)dH7t
A 30ug L'o)3} FxollXt 90% o4 nulmd e
AEEE Bylovt TIRRE 1,10, 30 pg LA 90%
o3tz AEEo] "ol 1, 100 ug Lol M e Ay A=
2 FHE 50% o3 g e =g wolu)
Copepodite 4> ZE FxolA oF 85% o]4ke] nlw
A ¥ AEEE 29k Copepodite 23 A (CE)E &
A% A7) 5o} wobile) ulel Aol EiEE Aske
Holx Aoz yehgti(Table 1). A%5x3l 0.1pug Lo
*12] copepodite §-4) 23U PF 6.31+0.719= T
Zz BlE oF 1194 & Aoz AFFYod, )
Fobxlel wel AR A9 &3 34 vehd, 10ug Lloll
ME HF 754412342 dYrzFag oF 239 A dE
Aok AA 70 29 A7) (ME)E A2 A3} 0.1pg
L9 AE=olr IHF 12.61+£05092 zZRe} of
2.3d AR AQ &9E ¥gom, 100 ug LlA= J7
14.90+3.729 2 vf& 3 AAke ¥ ejZeic}(Table 1).

L 2EF 25 AY] (sex ratio: SR), T
(brooding success rate: BR) ¥ 3z Tdd
(first brooding day: FB)

AR (SRS A4 AAH o 2r wxv} Z/14pE S
Ao Zde] e AIE Bol} BE Exoi E
Aoz 23 2ol Holx] @stch(Table 2). 2T
AANAE 7o) 61.48%F 2A|s19). o], ANP X )&
9] F=d A £7 v 1ug L9} 30ug Lloj|A] gF
ol dxre Adzezs go] 233l= Aoz Yl
WL 10 ug L9} 100 pg L7'ellA] 527 0] wko] ekl

EZE BRI FEo] ulE Aol RHolx] ggtor}
54 =7t F71el we) Hx =BG (FB)e] A=
T el FEEHA JeldtH(Table 2). tlz2 ¢
FZE-L 98.08+5.0%, Hzx 22U (FB)S B 13.64+
06792 vielgdel 4NP A2 g4 AAE zaho)
R Agslgen, Hx 31U (FB)E =7 2715l
met A AE e o] T3 Vel 0.1 ug Lo A
i 156.91+0.704 2 27K} o 239 3o =
=7t yoldel wel Hz z2hd (FB)e R 9=e], 100
ug L7'ollAe] =2he 37 1870405892 dazrch
o 519 =3 Zlog eyl

& . 0|&8t - 2tolal

— =

Table 2. Sex ratio, brooding success rates and brooding
days of Tigriopus japonicus s.l. exposed to differ-
ent concentrations of 4-nonylphenol.

. SR BR FB
(M%) (%) (day)
Control 140 IS\’/Igan 61;48 f1)(8;8(8) 1(3)(63?{
Solvent C 30 g/[lgan 63;33 10838 1‘1133
0.10 2 oot T e
1.00 24 ls\dgan p0.00 103133 11132*
10.00 26 gdgan 6€'67 108:88 lgﬁgg*
30.00 7 g e 1
100.00 13 g{};an 72;73 108:88 1(?:;2*

n: number of individuals

SR: sex ratio; percentage of male in population

BR: brooding success rate

FB: first brooding day; periods from birth to female borne egg sac
SD: standard deviation

*: asterisks denote a significant difference from control by t-test
(p<0.05)

T : crosses denote a significant difference from control by X?-test
(p<0.05)

3. 52 k3 & T7) W3}

4NP2] 5=7} Foldlel wet A9 Z o] (length)9}
Z (width), A) A 2 (biomass)e] Zre}A = Aoz 3elF gl
th(Table 3). 22 FFle] SRR A, F, QA
o] ¥ & Zo= vepyth(Table 3). A A AA-&
1034.25+61.89 um, -2 355.38+13.06 um, A F
5.90£0.45pgC2 veldet. A 79 AA, &, YA
2 7z}z} 858.19436.90 um, 322.49+11.47 um, 4.04+
038 ugC2 &A=, stzle] 7ol w8 A2 1.21,
22 110 YA L 14607} o Z Aoz el

ANPel =29 79 AR, F, YA FE 4NP 0.1pug
L%} 1ug Lo Hzgs) Afo]E Holx] ggrony
10pg L' o] el A $-2l3t zbo]lE Br) 5l A9
AL T2}t ol $F Fhadhe S 2o, 100pg
LlellA} 946.43+38.65 um= 7ol w8 ul-$- ZA
et (p<0.05). $719) AAL 0.1pug L7'3) 100 ug
Lol Mat xjol& ngl ot Ao Zxb YA|gke A%
ZAMNEE 7R BE FEA X}o)F B 5
7L A7 30ug L7 A3fe] dox|v} tha] golx
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Table 3. Morphological characters of Tigriopus Japonicus s.l. in relation to different concentrations of 4-nonylphenol.

Concen. Female Ma]e
tratiO{lls n Length Width Biomass n Length Width Biomass
(gL (um) (um) (ugC) (um) (um) (ngC)
Mean 1034.25 355.38 5.90 858.19 322.49 4.04
Control 1
ontre SD 10 61.89 13.06 0.45 0 36.90 11.47 0.38
01 Mean 10 1011.85 336.25 5.23 10 781.81% 297.33*% 3.13*
’ SD 84.46 22.36 1.03 41.06 12.28 0.35
1 Mean 10 1011.38 346.44 5.55 10 847.78 290.48* 3.24%
SD 48.03 26.50 1.09 24.27 10.76 0.30
Mean 1005.29 326.60* 4.86% 869.69 284.03* 3.17*
4ANP 10
SD 8 9.97 19.96 0.58 10 21.38 10.44 0.18
30 Mean 7 997.15 330.21 4.96% 1 857.59 276.35% 2.96*
SD 39.01 27.54 0.92 - - -
100 Mean 3 946.43* 309.85% 4.11*% 6 799.29* 261.36* 2.48*
SD 38.65 3.04 0.21 42.36 18.33 0.39
*: asterisks denote a significant difference from control (p< 0.05)
Table 4. DEGs sequence analysis using NCBI blast search.
GP No.  Size (bp) Sequence homology search
GP1 477 No significant similarity found
GP 2 478 No significant similarity found
GP2 253 No significant similarity found
GP 4 437 No significant similarity found

- CAA60129 trypsin [Litopenaeus vannamei] Length=266, Score=127 bits (320), Expect=2e—28, Iden-
GP5 452 tities=77/141(54%), Positives=90/141(63%), Gaps=8/141 (5%)
CAH61460 trypsin [Lepeophtheirus salmonis] Length=249, Score=120 bits (300), Expect=23¢ —26,
Identities=73/134 (564%), Positives=89/134 (66%), Gaps=3/134 (2%)

-~ BAD91181 putative mitochondrial adenylate transporter [Mesembryanthemum crystallinum] Length
=388, Score=313 bits (802), Expect=9e -84, Identities=156/221 (70%), Positives=175/221 (79%),
Gaps=2/221 (0%)

AAAT75627 rhodesiense ADP/ATP carrier [Trypanosoma brucei rhodesiense] Length=307, Score
=312 bits (799), Expect=2e—83, Identities=166/253 (65%), Positives=203/253 (80%), Gaps=3/253
(1%)

GP 7 971

!

NP001003596 dolichyl-phosphate mannosyltransferase polypeptide 1, catalytic subunit [Danio
rerio] Length=250, Score=212 bits (539), Expect=6e—54, Identities=104/125 (83%), Positives
GP 15 413 =113/125 (90%), Gaps=0/125 (0%)

NP001089465 hypothetical protein LOC734516 [Xeropus laevis) Length=247, Score=210 bits (535),
Expect=2e—53, Identities=102/125 (81%), Positives=114/125(91%), Gaps=0/125 (0%)

GP 15 385 No significant similarity found
=9 2 Zrase] 423 Aols Bk
=28 AL gt £ mRA B px 2}
o2} Fasde GAY AAFE AmdE gzt 4. 837} wa
&} A7 Aol & WX ggtort 10ug Lt o)Al A=
229 T0~85% = FrAasls Ao et ANP x % 207 ACP™ primerZ o]43}e} DEG AL 3

Z P AAFL 25~3.2p8C W92 H 29 60~80% A3} 2001 Q9] FAA HEke gdatgdeh(Fig. 1.2
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Fig. 1. Differentially expressed genes from Tigriopus
Japonicus s.l. exposed to 4-nonylphenol. (a) control,
(b) 4NP 10ug L, (c) 4NP 100 pug L%,

H fAA 25 ANP XA Byle] ZolHE Aoz v
ERtom, R3] fHA = NP 10ug Lol A] ghe] ut
el w27k 100pg L2 EFolxd wa ko] Zha
=t} o) F W3lr) =83 8/ $-A A= blast search
& B3t A3 3709 fAE gelslglen, v
A vEe] a2 HPE i) (Table 4). 2l $4
A= GP5, GP7, GP159)A] 7242} trypsin, mitochondrial
carrier protein, dolichyl-phosphate mannosyltransferase
polypeptide 1 catalytic subunit e 2 e}t

=
T
E
ot
ne
e
oft
Lo
2

AL sheh} ke

WEnlA mhEd s #elshs A7) GARE o]Fo]
A gk} Nonylphenol®] 7-9- o33 3} 9 180
pug L'o] A&H7|= 3}¢).er (Blackburn and Waldock,
1995), 7)¢Qe M= Hd) 52~58ug L'e] HEFUv
(Blackburn et al., 1999). =8}~ = FHo) 7.2pg L™
(Ahel et al., 1996), =9, gk oM = 9| oF 0.5ug L™
7} A&l e (Bolz et al., 2001, Isobe et al., 2001), X
#Helo A& 52 600ug L™ 4] nonylphenole] 7&
H71% 3dh(Sole et al., 2000). B]Z-L 7|54 0.4
ug L1 (Ferguson ez al., 2001), Q&) A2-0) 313 o)A
ok 1.1pg L' (Fenet et al., 2003), 78] 32 $avielolr]) =
1999xd ZAJoA] ZH| 5.9ug L%, 20040 ZHo 1.13ug
L 7 ZA&H 9o (F3 873 13-, 2005).

17B-estradiol, bisphenol A, 4-nonylphenol, p-t-octyl-
phenolel] =8t 275 Tigriopus japonicus®] F(Mar-
cial et al., 2003)2}, nonlyphenol, 17B-estradiol, benzo(a)
pyrene, atrazine, DEHP¢| W8} Eurytemora affinis®)
& F (Forget-Leray et al., 2005)9 & AEEL gzt
Z} zlol7} vehA] ekslow, T japonicus7} ANP 30 ug
L olgelie dzzuct 4580 delgorh 10ug
L olstel e dzest A58 Aol mol o
} (Kwak et al., 2005). 2.7+ Tisbe battagliai* nonyl-
phenol 31pg L'ell xZHGE of AEE, A, Z3Hg,
H3}g Boll s FA) Bl Aoz JEhghon](Bech-
mann, 1999), A9/8A AAe=zA HA| T. battagliai
Ao J8FE w1 A vk §49] 3 (Hutchinson ef
al., 1999a,b), A% PA, =& A28 (149, 21Y) 54
Aol dfgt ukg- Ao AYE 7 *el7}t gk sl
o} (Kovatch et al., 1999). 2\t T. battagliaid A=
nonylphenol %7} 62ug L7 o)4}e) | H&go] F
%357 "elA 1, 125 ug L' oAl M= 25 X|AbshH
(Bechmann, 1999), T. japonicus®] 4NP<|| 23} LC5009)
510ug L'2 ¥ 313}9d} (Marcial et al., 2003). wrehr] =]
A AR =] EA aEEAd =&
= o QL] HoRA = AL HoiFglon, dutxgl
s 2 ek o A9 dutAel Fxoae AE2E
Qe WA g Aow epgeh

4ANP A2] A¥F2 100ug L oA nauplius7} ¢F 40%
o ve A4EEe vge UeA S gz
28 Aol Bolx] Qskom, copepodite FAHNE
2 pudld deeh Aol wolx Qe 1et
T. japonicus nauplius 543} copepodite 542 A% &
Ex RE FEAM dagEd o] AdEe Aoz
velyton, o] A= Marcial et al. (2003)2] A7}

o
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Chandler et al. (2004)2] As}el® Y3}t A2
Fipronilo] A. tenuiremis®] @452 A7, 2=
S|4 $710) A pHL o=k » s} gl
] (Chandler et al., 2004), Eurytemora affinis= IR
A ZREA] 23 nauplius $-489] o] reixih=
B31E 313 vh(Forget-Leray et al., 2005). 281} g
AT sl mARA] AAS) A%, D, 2
3 Aele 3 vARE v BRaw 9 A
= 9Jo}(Bejarano and Chandler, 2003).

Cary et al. (2004)-2 A. tenuiremis7} *3=%2] steroid
o =& Al 719 vitellogenino] $1F=Em, A A% o]
&g B 18l 1, Chandler ef al. (2004)L A%=2]
AN mRE) £ A e Fejmaciy
Stk Wlsl T, japonicush 4 A4 4% Bryo-
HEHA atEdol] o) Zehg,
¥5He 5 ANSE AP o2 4 21215 Bro-
wn et al., 2003; Marcial et al., 2003).

FAA L ofake) Wzke Awny) 98] A14E Gene-
Fishing™ PCR GP5e)A] W8 <}ibo] thaA Yehd 4
AR 71X 27% Litopenaeus vannamei®] E.2A
(trypsin)¥} §-A18F A ez JERIT (Genbank accession
n0.=CAA60129). YH Aol EAle] 1 =X
AF Mzt WY AAAARGE dF7F wad np
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