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Abstract: Phthalate esters (PAEs), which are widely used in industrial chemicals that serve as important additives to
impart flexibility to polyvinyl chloride resins and have become widely diffused in the environment, are considered to be
endocrine disrupting chemicals (EDCs). In order to assess the toxicity of PAE to aquatic crustacean, after shrimps
(Neocaridina denticulate) were short-term exposed to a sublethal concentration (50 mg/L) of dipropyl phthalate (DPrP),
the differential expression genes were isolated and identified using suppression subtractive hybridization (SSH) on the
samples prepared from the whole individual. There were 71 unique expressed sequence tags (ESTs) which were identi-
fied by homology with data-based sequences, including 23 ESTs corresponded to known genes and 48 ESTs with un-
known function. The known genes could be divided into nine classes on the basis of physiological function: genes re-
lated to ribosomal, metabolism, immune and structural molecules, concerning the translation-related molecules, in-
volved respiration and signaling, and responding to signaling and vision. By comparing the level of gene transcription
in DPrP-treated group vs. non-treated group using semi-quantitative RT-PCR, we found that six of twelve selected
genes were significantly up-regulated following exposure to DPrP at high concentration (50 mg/L), including two im-
mune-related genes, one metabolism-related gene and 3 unknown genes. There were eight genes which are significantly
responding to DPrP treatment at 1.0 mg/L, including five up-regulated genes (four known genes and one unknown gene)
and three down-regulated unknown genes. After exposure to 0.5 mg/L of DPrP, only four genes (three known genes and
one unknown gene) were affected and their mRNA levels increased significantly. These results suggest that N. denticu-
late may be harmed via the change of the globally physiological function following exposure in non-lethal
PAE-polluted aquatic environment; in addition, the ESTs derived from N. denticulate can be used for studying the
ecotoxicological effect of other pollutants in the aquatic environment.
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Crustacean; Differential Gene Expression; Suppression Subtractive Hybridization (SSH)

LAFEE B T E — BB — /fis(Dipropyl Phthalate) Z i%7K
5 KAR(Neocaridina denticulata) i £ S SEEFEEY
FRAE4

Bepdh, Ry

RERZEWENE R, Gl

Email: "hhsung@scu.edu.tw

Wk HW: 2013 4E8 H 5 H: &RIEHM: 201349 A 10 H: S HB: 201349 F 26 H

R .

38 Open Access



ARE 7 % #5141 2K — R — A BH(Dipropy] Phthalate) 2 ¥% 7K 2 1 B K IR
(Neocaridina denticulata) i 37 4 25 2 FL 5L R 4 2R Wi 4

W AR HIRERZAL &P (phthalate esters; PABEs)A2) 12 H T Bl i 2 B0 75 A i PR 358 15 GBS mT WL
N3 i T HEYE . ASHIF 5 LA 22 14735 K R (Neocaridina denticulata) % & T /X BU5E71 (50 mg/L)Z. — & PAE——4F 2K
— FiR — A lis(dipropyl phthalate; DPrP)Ji5 1 K, FI FHAM b1 sk A 22 v r — B FE R A 4845, PRI H A H 1
RIS . SIS 71 ANHURR IR IA T 5145 %5 (expressed sequence tages; ESTs), 4% 23 Bt ESTs X ST
KNThREIL IR Je 48 Bt ESTs NARKThAE . RAEAEFIGE, CRITIREIER /A5 o FAMC, AR, P, Bt
WA Gethfh, Bve, AL, I 5450, RT3 88 T =ik DPrP (50 mg/L)I, 3 A4 S AR 5C i) 2k K]
3 ASKRENTHEEIL N, 3E 6 NEER mRNA RIEH R N, BETIESEHE 1.0 mg/L i, 3t 8 MNERAZF|
M, BFEIETAT0 4 AN CANTHEER] 1 ANRENTHAEIEE, LLA 3 RENTHREIEE M 0 . WFF 25 T AR &
0.5 mg/L J&, 1N 4 NEEFAZEFEM, AFE 3 ANCAIIREA 1| MRIINEER K 2 mRNA RUEFE BT, 261X

Lo 25 SRIG 7R, £0.45 DPrP 7E N Z AEBEIKE PAES 15 44 /K38 AT B H 520 22 VB KR IR A 21 D B BB HeA 75 «
BEAt, YR E 2 U ETOKER ) ESTs W7 a] FFE /K AR R Hh HoAt1 i G 2 AR 252 P S8R RO BIF 9

X KR NBR(DPrP); WMB TN ZRHORER, KAERSER, 2R RN

FRE SRR A2 i

Ik

1. 3]

W 43T #4 Jii (Endocrine disrupting chemicals;
EDCs)se Ni& 224, & H et N MR IE
BT /R 5, AEgR R AU RS, IR
EIEE R RGN W FRIE AR, sz
AR AT A AR T R A S A A
1X g6 Sh A 14 ) 5T (xenobiotic compounds) 146 14 £ %
&, EMBEH G IR, S EY R Ak
i R EE T P KA S A R R
;1% (acute toxicity), {H2x FEUSPE A EE TS S0 20k
A2 . AR ZHIRMESRAL 5 V) (Phthalate esters; PAEs) Ay
il BRI i T A I 2R, A 2 H 4w T4
EUAE, MAMEFRBRERESE, B Esre
FhRE B P SR A P, 7E A, PAEs TZ AT
FETWIK, Ve Lagrh™, R I RAE ik
[5]

VFLSLIG KB, PAEs [K7KI 14 (solubility) A1 % fiF
PR, H 2% 5 7% (hydrophobicity) A B4 &y, AT DLYE
i S N 7K R85 () S P v R AR AR AR, R
B IR 8 AN B AL AR 5 ) R 1T 0 B B AR A K
NI Autian BEFTHEH, 4 RHAPN RES 2 IREK)
PAE 2> i i B YERR ) LIEPE LI R U B 2 1k i
FORIN, HLE PAEs X SR A I L 3h 7 A
JEAN G B A Y PAEs S 2Rl T i, KT
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fieg 11 S5 O A AR A E R, B BARE AR N
JEWIE, KA N RS IE oK AP AL 1R AR AR
Viikms I AEESREAEUSP. HAT PAEs S 2 M
KA SE — P AR H B A7 E HAR S8 2148 12 1 1 s G
¥)F1 EDC.

VR 00 MES W35 P I 0 A A
FERE BN, kKSR B/ 20,
BFFEVFZ/KIRA S R e EZE B M)
R EA T A HAESRI =R R IRk KH
T2 H AT A FTE IR SE 5 ek, 2 4530
KR (Neocaridina denticulata) fE FRAHF, I 12 0 fifE S
B, BAVFZ R TAE 9 I RS TE G m A
AFEAKAL 2 2 3 om. BE TTF. G ERETH.
H &% E iR 5/ AR 745 # (metamorphosis stage). F 2005
AL, BIEHELORYE B AKER y—Fh S 2N E 1)
TabrA, DAVEAL o B AR BT H UK PR . 4R
M, AT A HE 70 ) FH R DL e A& 24 (n AL
B, BRI, SR, SRR, BREREH R EMEIRIE
F}(Chlordane) &% R £} (Lindane) i #f EDCs X A4 K F4:
VELE0E- 2 eI NG e A b LS S0 R i B e
—AE8(Dipropyl phthalate; DPrP)J&, {5l 7SFhAS R 1
A2 5 R G BT A AT — b e AR S B R R I AR AL, K
PR EFEFR 2K DPrP %KEE%*HEI"JEJ@T%(SMCW—
tibility)®", HEMITCBBCHE M PAEs 15 0] xS KA
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BREWRBELEIL. Fk, PHEEEH PAEs HI75 4
M B R AR BER). JRMEX PAEs X 7/KAEAY)
2 T A 3 2 50 5L PRI AH AT T2

ITAESR, DAFEIRI4H 2 (genomics). #%5% 2H % (trans-
criptomics) 2 [ Jii 2H 2% (proteomics) M A i 2H 2% (meta-
bolomics) 5 5 FH R KUAR 77 20 LWL 58 A ) 1 P B A4 AR
A HEAT R FE RSBl L, RN 72 77 e i
BAE G R . ZSERIER AN FE S TR
YA N A FE R R IR, R LR G
VR AR B2 2 Rz . B TR RO E R
FO 1) 14 $10 ek 2% 32 V2% (suppressive  subtractive hybridiza-
tion; SSH), =% Ji #LZ K PR FE A mRNA 5%
B cDNA JE#T 4G, FIRA G AR YR
75 AR R, 4235 DL PCR UK R INA 22 Fe 1 3 PR HLAM
HilE HFREERIITBOR, IE BRI 8OR . e T7 kRe i
i H R B 2 IR D 3 (K22, Sung 25 LAE AL R AR AL
FERFEARPEAE AN E R E DPrP A FKARAS 5] i 18] J5 1
AEFEA B I, RIBE R RIS DPrP R & B
HREER T AATETERY . IR HE IR I g 256 R 41 AR
AT BE A VR KA 2 PG FR bR 109 7T

AHtICH MAEKENEEE T DPrP f5, @y —8H
R FEbR, TR0 DPrP Ab38 5 KR 4 Th S ] ) 2 AR
o sEBGHh, H DPrP ALBRANR B F AR, A
JH 01 1 93R 2 28 2 0 e 9 4 ) 22 S R I 11 ik [
Fr B, BRIk 7 51 k%% (expressed sequence tags; ESTSs);
P, O B ARIER, FIA RT-PCR ¥4I DPrP
X AR A B T R RS20 RRE, - PEAS IR B KR ) ESTs
HKAEN PAEs 15 38R AT B

2. MRlT*E
2.1. SEI&FAMRK 5

TAFRIR T B EL(30 A5 = 30 A4 30 A47)
JEE VR 3 A0 BISRAIRD, FENTRIE KRR B
AR eSS, DL BEF (150 L/, = H S, i
ANIKEL, FFEAME I BB 4, K AR H OGN
— R G, HE — K% TR R 2 U8R K IF
(Neocaridina denticulata) i % & #% 56 K o, 7258
LB T AR 150~200 JE, 5 A4 H R
THEAF L—, YIFF=RJGA AT LS.
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2.2. SPE_EERZABE(dipropyl phthalate)#J
&

AW R AE )\ PAEs SLIRIUERH, AF7K
R — TN BiE (DPrP) % 7% 7K & J#l K (Macrobrachium
rosenbergii) %% I FE I B O R K IRE S R R
TANFE & DPrP 1) 10 KRIAE, TS & 50 m/L
AEFR S 1 RO A I 4 58 S A B AH DR 776 A S R 5
R R AR 7Tk BB KA 2T 50 mg/L 2
DPrP, F T o 8252360 AR o BE 1l 25900, FEEL 2500
mg [f) DPrP, ¥ 25 mL (AR ; P71 R5HR,
fHIRFE RN 10° mg/L A1 10° mg/L, BT =R N &M,
SCOHT, AR RS N 2 x 10° mg/L A1 10° mg/L
J&i, FELAFREE/K A% DPrP #%4 50 mg/L. 1 mg/L
J% 0.5 mg/L; Feds LA=FPuR BE 17K 43 A HEAT 5 84N
[F) ) S5

2.3. KAMHYRIMALIE

N TR RNHEAL A F I ) 22 e R R, g
AT PR A /T, KEFSEIRIET 50 mg/L (1) DPrP
H 2 NI S, B TR A DPrP IR S 12 /NI,
HEATHZR RNA [ZER. AksE ARV FE DPrP X KR
ABRIHRERIFEIR, KR N =H SRR A, 43 R T
50 mg/L. 1 mg/L %% 0.5 mg/L, X}HEZHKARNR T
AE DPrP K. R KRG, ZBUKIFHZ RNA.

2.4. RNA ZER 54

BT oKUR I, — RURXE DASCER 2% i 2 2R DA
AT, FrDAARSCIGH] % RNA FEART, HUMH R
HEH 10 FOKER Y —MFEAR . DURAS R I T/5,
BE BSOR IR I ZH 2N 1 2+ Trizol (Invitrogen, USA)
v, =R RER S s #2E, A 0.2 ZTHEN
(chloroform), JHIZUE ¥ 20 75, T\ FHE 10 708,
T 4CTF, PUEE 12,000 x g, B0 15 208, Bl
R N 1 =T+ 7 N (isopropanol), 3415118 £
TEIRTHE 10 708, HUL4C, 5o 15 5. =
Bk B3EWUE, N 1 ZTF 75%I0K, JERI0EY),
T 4CTF, LAFLIH 7500 x g 2500 5 438 {5145 I,
KT 10 4385, B 20 pL 2 DEPC AR /K PLE
FRVIEYD, FFT 55°CKM 10 %0, fJa, LMZERTT
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4% (GeneQuant II, Phamacia Biotech, UK)’E & RNA
/&E; ‘é,l Ongo/zgoy‘j 1.8~2.0 ETJ‘, %U% mRNA ?@Pﬁﬁﬁ
Ffl(Invitrogen) LA 44k, mRNA.,

2.5. HPEIMEFNR F3Z (suppression subtractive
hybridization; SSH)

P S50 2 A% 2L 73 20/ mRNA FEAS, F
FH Clontech PCR-Select™ cDNA 19 1387 Al AR 41 S 96:
T HEAT S0 1 ek 2 S (SSH) SR 56, BAEE S, — N1
JRE) cDNA FEKH FE(library). FESERIRMN. B
Jedb AT — AN % cDNA HI& K, 15 3 XK
cDNA. #%, UL Rsal FRFIFIHFIXUE cDNA # 3 Bl
Bliv(blunt end), RIEHATH:E FI0IELS . L1 uL DI
JE I DPrP AbHE 2 5286 4H cDNA, Fiké)a 0B 2 uL &
TP ERE IR0 T3 — A 2 uL 145
F adaptor 1, 2 "N adaptor 2R. 7EFE 735l N
AN TH(T4 DNA Ligase) A HR &S5, 5 16
CHRAER . fEHJEREA A 20X EDTA/Glycogen £
1B, T 72°Cm#k s %k, AF ligase 2 2iE P
S ZHFE AR % e R, HRIR AT A RN
(Hybridization), i F& FP L FE BT IR 8 & S o B G,
A AN ERES TR REA R 1.5 ul, 23N
AR Rea T V)& JG 2 X HRAL cDNA FEAAT 1 ul 2
REZMIKSE, PLI9SCHEH 90 7, #:%& T 68°CHEH
8 /NI, BUSERCGE—IRAeE. B, WUIE|jE i
cDNA FEALL 98°CHEA 90 #bJ5, A —KI &1
PRI A B & FREAS, IR SRR O G, LL 68
CRBAIERH . RBJEFEAIA 200 uL BT
(Clontech), PL 68°CYEFR 7 4r&h)m, RISRIFIEG
cDNA.

AN cDNA LK ZERT, $0ikS cDNA 755t
AT P IR B AZ IR B 8 s S PR JSCR (PCR Amplification) o
Z— UM PCR 5]F 1. Taq DNA polymerase~ 10 mM
dNTP mixes F1 50 mM MgCl, AT . 55—k
K PCR P29 7 LLE 20 RCR (nested PCR)5| ¥ 1 Fll &
3L PCR 5|F 2R, #EATH —IK PCR K. AL DL
B-actin NS % £ [K|(GenBank accession no. AY947402)
RO NI R B e MR . B, o PCR
PSSR pGEM-T TA JRAKJG, I AT 41 i

Open Access

Escherischia coli IM109, - 37°C, ## 225rpm T,
B R 1.5 /NS, B 100 uL RS T & H
X-gal . IPTG [ & % % (ampicillin; 50 pg/mL)[¥) LB
KR, ST cDNA 3 [A JF (subtracted cDNA
library). 9 1 KriEE IR B HETE A S A s BA
HMKAZIR B, ASEEG R #30 PCR 517 1 A
PCR 51 2R, % PCR J&, JEKHILA 2%BRME 1A
PR EHRINR

T4, s e R D) 0 B 3 b ik DL AN [ 4%
AT A FISNRALIR B B o A58 FH L =Tl R 1) g
EcoRI. BamHI A1 HimdIII (Biolabs)Z 547 &1 5 4448,
28 1% i A Lk B A3 2 R Al i P o PR B
KN R A A A — o 76 A —BF P B AL £
A, 3% %5 BH B 22 IR A AR R AT RS R A B IR e
F¥*» 15 LA DNAStar BA-RA 3 0r 52 7 S BET AT G
I BIHES ) B4 . B4 S5 7 41T NCBI #5331
LA BLASTN #1 BLASTX #HTAZ IR 741 &R 7 %)
Eext . Loxtit, EA(E/NFEEET 10720 %, A
75 ON RIS 45

2.6. EE RT-PCR &t

N T PS5 R BLS DPrP AR FE R AH
Keftk,  HH LRSS Sk ) \AS S e K PUAS R En T
REFY) ESTs (B DIE AT B AR EE A o i35 A [7] ESTs
A, it Ml — R 5 7GR 2), D E R
3% PCR %70 Hr DPrP AR5 0F 5 2 AN [F) 3 A /) mRNA
KIUMELH., BT ARWKE DPrP Z KIFHZH
mRNA J&5, A4 cDNA 511, 70°CEH 2 485,
B dNTP 1 RNase 1 7)(Fermentas) T+ 37°C{EH 5
38, NN 35 3K(20 units/uL; Fermentas), - 42
CYEF 1 /M, BISERL cDNA &, BIRIHEATHOKR.
ARG L B-actin MENNESEHIA . BOKE = MdkT
1%f] DNA BEfig i ik I A S, BABT Image
Quant 5.1 3B =4 2 WG AR R, DARH X IR e B 7
(relative absorbance units)3R~. [F—FEARFAF Hix
JE DR R I B 1) 2 8 S AUE DAL A (a ratio) R, RIEEH
P 25 DT R W ST BT B DA Rl —FE A1) B-actin AR ST HRL
RLo AT FT45 S IR B0 ) DA RE 6 R 7 S0 20 1) L
B BR DAFE 2 ) 2L 1) LA 2 7~ (BRI a ratio of control).
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Table 1. Characteristics of functional EST identified in subtractive libraries from DPrP-treated shrimp

3R 1. DPrP AbTRF T 548 3 (KT BH i h LA T RE BN RIS B i B2 T IR

EST ID Gene identified (Accession No.) F;':’CJ;)O: Species fr;er:ggz ?t:p) E value
Rel 16S rRNA (AY708114.1) 4 Caridina pristis FLIEUF 1425 0
Re2 16S rRNA (DQ463703.2) 4 Chloroflexi bacterium 425 312 6.00E-41
Re4 Trypsin (X86369.1) 2 Litopenaeus vannamei 7§32 R 766 2.00E-96
Re5 Trypsin (AY596945.1) 2 Neocaridina denticulata sinensis FH4F 350 3.00E-77
Re6 Chymotrypsin 1 (X66415.1) 2 L. vannamei Fg3% 4R 306 8.00E-33
Re9 Hemocyanin (AF431737.1) 34 Penaeus monodon i 760 1.00E-63

Rel2 Opsin (Rh) gene (DQ852595.1) 5 Neomysis americana 1 # #f 5 i UF 326 2.00E-92
Rel3 Sarcoplasmic Ca(l[c)l(;g;z;r;;nﬁ protein (SCP1) 6 Procambarus clarkii ¢ [ J5 2T 645 1.00E-78
Rel4 Calcified cuticle protein (DQ288151.1) 7 Callinectes sapidus 1 % 608 4.00E-27
Rel7 Elongation factor 1-alpha (AY117542.1) 8 Litopenaeus stylirostris 7§ /5 ¥ I~ 794 2.00E-59
Rel8 Mitoc}londri:lllbcu ?t%e(nzéggg};;o;.?;ome oxidase 4 N. denticulata sinensis B(EE4F 693 9.00E-73
Rel9 Collagenolytic serine protease (AF461035.1) 7 Paralithodes camtschaticus £ 364 2.00E-42
Re20 Cathepsin-L-like cysteine peptidase (AY332270.1) 2 Metapenaeus ensis JJ&iHT X iF 466 7.00E-36

DPrP1 Chromosome 4 (NW001263854.1) 9 Dictyostelium discoideum % B 846 8.00E-32

DPrP9 QM protein (EU004069.1) 3 Marsupenaeus japonicus H A< i 398 1.00E-114

DPIP10 Ph°Sphoen‘zl:j’lr;‘;gtgo‘fi‘;boxykinase 2 Nephrops norvegicus g f2 iF 259 3.00E-43

DPrP11 Mitochondrion (EF584003.1) 4 L. vannamei 3% (1R 612 1.00E-69

DPrP15 Myosin light chain (HM034314.1) 7 Penaeus monodon i 507 5.00E-37

DPrP16 MitOChondI(izlgﬁt)ofAhggzzgg;éf)se subunit 2 4 Hemipyrellia ligurriens J& 7 2R 270 5.00E-47

DPrP21 Preamylase 1 (X77318.1) 2 L. vannamei #5335 (iR 251 8.00E-32

DPrP24 ribosomal protein 4 (AY829788.1) 1 Lonomia oblique KA %) H 254 4.00E-42

DPrP27 ribosomal protein L8 (DQ316258.1) 1 L. vannamei 3% (IR 236 7.00E-64

DPrP31 S2 ribosomal protein (AY292479.1) 1 Eleginus gracilis £L{¢fi% 125 5.00E-30

The number in the third column indicates functional groups. 1: Ribosomal, 2: Metabolism, 3: Immune response, 4: Respiration, 5: Vision, 6: Signaling, 7: Structure, 8:

Translation, 9: Chromosome.

2.7. Gt

TR AR R4l & (outbred)Zh), MAZ (A1 FR 8L
R S22 R, BT DU — A Bl D k4T 5 &
8, B—EEZE/PMH 5 R, Pl one-way ANOVA
F1 Duncan BHATAFREEAEA 2 M A LA, 8T )E
A W& ZR7#HP <0.05).

3. &R

3.1. EFRIF R A$0REEE EE (subtracted
cDNA library)B93 31

N T 152 DPrP LB AR 27 PRI

42

DR, ASHF 90 E SR 20 B 32 i ZH R -, R0 FE 00 o
AR A G B BT B 2k, R FH S5 PCR A )5
i 3RAT 431 NMERIRR . WD HIAR N Z SR A B
FEAE, LL=FhPR 8 EcoRI. BamHI A1 HimdIII3E
FTU0E], LLr BT % cDNA [ R i1 % f5 , JLBkigss 226
ANEETIRE, BIAS 3 —NMN0HUS cDNA [ FE .

3.2. EEFREHREERS

BEIH R AT HE R B BOE 47 IR UL DNAStar #44
KA E) B 51 o R 43 R AT S R B R )
NMEM, TGRSR 71 AR R IE T SR
% (expressed sequence tages; ESTs). #%3%, #JH NCBI
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=16612120&dopt=GenBank&RID=1KRASS5D016&log$=nucltop&blast_rank=1
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Table 2. The specific primers of ESTs used in this study
&R 2. EREFRZFEFIIFERNE—EIIFFT

EST ID Sequence for primers (5’—3’) Size (bp)
Re9 L:CAGCCCAAATGTCCGTTACT 600
R:CCTTGAAGCTTGGCACATC
Rel7 L:CGTGAGCACGTCTTGCTTT 701
R:TGAGCAGTGTGGCAGTCAA
Relg L:GGCTCGTGTGTCAACATCC 520
R:CCCCCATTAGCAAGAGGAA
R20 L:CTTCAACCCAGCCAATGTG 337
R:GGTAGCAATGCCGCAGTTA

DPrP9 L:GCC TTGTTACGGTCGTGAGT 330
R:GGGAAGAAAGAAGGCTGACG

DPP10 L:CTCATGTCCCAGAAACCAA 248
R:CCCAGGTAAAGAAGGAGTCA

— L:CACACCTCGCGGGTAGTAGT 510
r R:ACCAAGCTGCTGCTTCAAA

DPrP15 L:CCTCCAGGTCTTCTGGTGAG 375
R:GAAGCGCTTGAGTGTCACAG

uDPP4 L:ATGTCGAGTGCCAGCTCAG 315
R:GTGTTGGCAGTGACGACTCA

S L:CTTCAGCAACTGCAAGTCCA 356
u R:GCATGACTGTGAGGGCTTTT

DPP13 L:CACTAGGCGAGTTAAGGATG vsa
! R:GTTTCCTTTATGGTGCGAGT

uDPrP14 L:GCCGATGTCACGGATAAGTC 304
R:GGAGTCTGT GCCCAAGTCAT

EST, expressed sequence tag; uDPrP denotes ESTs had not be identified in the
public databases and are regarded as function unknown genes.

f*] BLASTN Fl BLASTX 43 Bl #EAT R B2 P 51 I i HE IR
FE B LERT, $ 3 iz iR 7 41 LU iR 2. E (B (B
SEFH107 HL L B p P R ol JE B MESh 2 B R
B, SO A TR LEXE15 3] 23 Bt ESTs Xf
A C TR R (R 1) & 48 Bt ESTs AARMITIRE.

CURIDIRE ESTs KEAI 70 5 /LR A BTN REAHOC, AL
R R A 2H B (1A% B8 44 25 1 (ribosomal proteins; DPrP24,
DPrP27 J% DPrP31); A AH 5 3 PR FA 1B 2 A Wl (try psin;
Re4 [ Re5). M7 & H B (chymotrypsin; Re6). JEH)
Ji§ J& (preamylase; DPrP21) . ¥ i 1k 4 41 & (4
(cathepsin-L-like cysteine peptidase; Re20)FM i g ) I
2 TA B PR #R I ¥ (Phosphoenolpyruvate carboxykinase;
DPrP10);: B5fEIAH IS H) L F 2K (hemocyanin; Re9). QM
% H(QM protein; DPrP9); WM AH I ¥ RL 28 1 J&
(DPrP11). FiZkfk 16S rRNA (Rel M Re2). IMEX
(Re9). %A ILI# 2 COI (cytochrome oxidase subunit
I; Rel8) & COII (cytochrome oxidase subunit II;
DPrP16); W5 AH I 48 & F (opsin; Rel2); 5 4%
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I FF 5% [ #5455 85 1 (sarcoplasmic calcium-binding pro-
tein; Rel3); 2 A2 23 435 4 AH 0K 10 Jisd S5 V2 il 22 2 I
25 F % (Collagenolytic serine protease; Rel9)FILER &5
1% %% (Myosin light chain; DPrP15); #51FAHIC 1 2E K
“F(elongation factor 1-alpha; Rel7)5 Je oM It
[Al(Chromosome 4; DPrP1)%5:(£ 1).

3.3. AREKRE DPrP 3 BirEE Y20

A IR A3 30 ) ESTs 42 75 K] DPrP &b 38 1 % BLA
A2, KPR E S AR ESTs MPIA K
HIVJEE ESTs, LA RT-PCR € &%, W 2&HE T AR
JE DPrP [FKAR, 347X 8% H bR JE K 2 mRNA & E
[ 53 47 . DPrP 5N G B AH L DR (1 45 & 1 o,
WEEN 0.5~1.0 mg/L 2 B 2 3 33 1 75 3 5 A (he)
mRNA &, Xf MQ F:[H(mq)ll LW B0, DPrP ¥k
FERER A 50 mg/L B LM AN LR L 5% . XA
WHHIEA, DPrP F 0.5 A1 1.0 mg/L I 2 3k 4
HAUR A NEFEEA catl [IRIL, W JE N 50 mg/L (1) DPrP
XL BRI TCREMA s AR, Jo DRIl 1 s 1 =X A i P %
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30 emocy
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254 . .
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£ 201 : *
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Q
s 15 . .
=} b . *
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& :
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Figure 1. Messenger RNA expression of immunity-related genes of
Neocaridina denticulate treated with various concentrations of
dipropyl phthalate (DPrP) for one day
1. RKIFBETARREZNE PR _ARE—XERBEXE
EfHLE RNA RIE
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IS TR TSR RPN

(Neocaridina denticulata) & 32 A 25

iy pepck (X AEKIF 2 75 T 50 mg/L i 52 FF2IH, mRNA
IR (B 2). DPrP Bk 115 1 mg/L 2388k £k 4k
FEIR] mit (RIS, FA IR S 5 NI IR 9 JEE R mit
AT cosl 7o B & 520 (K] 3) . th4h, DPrP - 0.5 #111.0 mg/L

R B 23 I 4 B B 2 AH DG 2E Rl mic 2 mRNA 5 =4
AN TR FEE AN 2 52 i i S AH DR JE TR ef 1- ) 2 L (]
4).

Z TR FN T RE I R RIS R Bl S Fos,
KIFRFET 0.5 f1 1.0 mg/L () DPrP — K5, Hp—
AR SN K (uDPrP4) ) mRNA £ L& I 248, =1
HAth =AML H (uDPrP12. uDPrP13 & uDPrP14), ¥4k
R 2 5 TR (0.5 mg/L)DPrP I () mRNA & 5%
HEAREES, HEET 1.0 F1 50 mg/L [¥] DPrP
J&, mRNA R &= E N,

4. i

W E AR E F PAEs IS ERASHEERK
AW ST B R B RN, (H RS A RAEH
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. " N
2.5 . R
E 2.0
= 1.5 : . :
.2 ° .
5 1.0
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Figure 2. Messenger RNA expression of metabolism-related genes
of Neocaridina denticulate treated with various concentrations of
dipropyl phthalate (DPrP) for one day
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Figure 3. Messenger RNA expression of respiration-related genes
of Neocaridina denticulate treated with various concentrations of
dipropyl phthalate (DPrP) for one day
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Figure 4. Messenger RNA expression of transcription- and cy-
toskeleton-related genes of Neocaridina denticulate treated with
various concentrations of dipropyl phthalate (DPrP) for one day
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Figure 5. Messenger RNA expression of unknown genes of Neocaridina denticulate treated with various concentrations of dipropyl phthalate
(DPrP) for one day
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Ja, XA T IS B G R AN BRI, G
V2 I/KIBZ 3] PAEs 154, MWK SR AE 25 1) e 4
P, DOMESTHE PRl A4 52 B PA B i AL 2 P o 52 i 1R 1
ERAEFEER . T2 AN SCE
FR b A P 7 M A B IR, LR K T FE AR R
NIEWTCEHES Y, L5 /KIBUR e Mg o 22 BLAE
A, B A] PL7E 3 ) S AR 3 RIS Yt T, Bl 2
i 37 KR (Neocaridina denticulate)!' 2, fij#RKiF . 7
G, SKEF SRR E R Y2 —, FHRAVEAS
FRKARB L HEBOK BT R . ASHIT 5T 3 WK oK AR 22
& T4 %M (nonylphenol; NP)j5, @i —EEFMHER
I3 [ 4% R (differentially expression gene pattern)
NP il R4t , KILTCEIEHI T NP A5 2= FE i KR )
VF2 AR BIRE, XOREF B A EER RS BT
KM 5 75 T T BOHE 77 40 4 — W R — T4 i (Dipropyl
phthalate; DPrP)J %} 505 Ji7 1] 55 JBE (susceptibility) 1
T, B R BB E R PAEs 7] BEX K IAE &S Rt
FIBAE SN L. L, AW AR S = 4R A L T
BN — AN DU RS N BE il 2 WP (1 DPeP Al &
o
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HToKERT NCBI A BREE FE b I AIIRA R, &
AR EH AR D, A& SR LR (gene array)
KGR EEPPAE BT 5 B B . HET AV
Z W FUNG S M T A 28 VE (TR R SSH) T 19 3] 7 Bt
R, DASEDRI B 7 ORI, DAk 0k i) 2P 3R 5 s
Bl PR ASHE FUE ] SSH LIRS 22 %] DPrP 52
Wi f S TR 2 M N s T B B IR Fr B, BIERIE 7 41
ZE(TRIFR ESTs). BT H Al H 7638 78 BUE 7 [ £ A
%, TEFHILS oA, FEE B {H LASAH R
(Identities), VAPRE)CENThREIE R . 05K E
/T 107 BLEH IR R A e S N e
O AR IR I E 23 AT AThRE
(172 7k ESTs, X 822 R 43 J L 28 A= B ) e, A0 3
PRER A B I R R B L RIS BfAR oG, 1T
WA IS ALSEAHDG . RS AREEAH G, S AN 2454
FHOG B A O 5 YL LR AR DR IR B BRI (3R 1) IX 2l
WEH, DPrP 42 1)K 2 BB K 2 510 2 ARE R
(non-estrogenic action)JA S FE. SR HEH 12 4
H AR B RIEAT DPrP s s il g, R IEER
(50 mg/L)ff] DPrP H 2 50%1) HARKER, {HEL N
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1] " 1 5 %% N (down-regulation effect), {7 X KHFAE
HAER A Y0R8 . 5 R R P E BB
1 1 mg/L B, 67%H brFk[ 32 F) DPrP i s R
W, ENEMRER AR A SR T AR
0.5 mg/L B, ¥ 33%H britR 2 25m, Hiyk Hif
34N (up-regulation effect). 1X LETLEHEF & DPrP %K
I 35 ER] ) 52 i 45 SR I 72k A BT A2 5 S0 KM 1) A B T
HAEEME, i 0et. ok, KEFEFEIEAL
oA I = PR BOE B AR E 2 DPrP J5, 7E 12
ANIEE R HAREEE S, RS AEEAE G efl-aFIIFIR
FHIRIE cosl AN LR 58 A AN 52 3 o) (H L Ath 32 22
Lg% (he, gm 1 cath AR (catl AT pepck)AH % 1) 2
BRL UG AN R FE DPrP A AN A [ B3R 3). AR 52
#& T REULH &AL DPrP J5 1) 5 &% (susceptibility ) 3
TN, gE L AHIE TS R, KA H BTSSR
PAEs 7] B8 3 ZE 2 b 57 1E B0A U 36 450 5 1 K IR JR B 11
aana

XRZHII RN T, 75 RP05E A5 7
ABLT 2 5] S G 7 B B R R I N B BN T 2
— D728 SE BT AT R, PAEs 2 BRECKUR AR KK
PV AR £ G 28 3 1 R o B 230 AT 7 E B he
K qm FIR U525 DPrP /1, JCHEWRE DPrP
SR ERMEDN . EWEsw, iR
(hemocyanin; He)#& 7 AT AT & >, HANER AR
(hexamer) {1482k 4 (oxygen carrier). F& T #5417
ThResr, VEZUHFiEs] He BAAPMThEE, Bl
Wik (Eurypelma californicum)®!'=#1% (Tachypleus-
tridentatus)*>f) He 2% & A FUKMR G A BE ML
I 2 (phenoloxidase)vi 14, H 7K He £HE AR
oy fl a7 AR BB W iE R T BB A R K
(antimicrobial peptides)***"!, 5 — M HI L FEK gm
=4 QM H 5T, AN LIS AN B 1R 20 i A2 — b
ik E AR AR AL, QM KEA
(QM-like protein)fE 4 A= K 1731 56 ) BA B A 42 b
IR E R LAAM ThREHOT, Xu 4 A\ LA SSH 7 20 #r
350, H AR ERERYL 2 H A iR (Penaeus  japonicas)
PP QM RIUKER N, HAgs 5 He MINERE G
(myosin)JE R AWM S 5 IR E A0 2= R Gu(fH R
proPO R0 FIFT He By SELEEZRIGTE, B8 QM
1515 I Bh A 8 2R G0 LA RE IR Th BB ASHIF 0 = S 1T
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Table 3.The summary of the effect of dipropyl phthalate (DPrP) on
the EST expression of Neocaridina denticulata

& 3. FRIRENHE =R BB KITREFIRER IR

W R 2 R
DPrP (mg/L)
EST ID Target genes
0.5 1.0 50
Immunity
Re9 Hemocyanin (hc) E E D
DPrP9 QM protein (qm) N N D
Metabolism

o Copnbllensens g g
preio Mhemheeinmex

Translation
Rel7 Elongation factor 1-alpha (efl-o) N N N

Respiration
ST < ston trsc SR
DPrP11 Mitochondrion (mit) N E N

Cytoskeleton
DPrP15 Myosin light chain (mlc) E E N

Unknown function

uDPrP4 E E N
uDPrP12 N D D
uDPrP13 N D D
uDPrP14 N D D

Abbreviations are as follows: E = an enhancement effect of NP on gene expres-
sion; D = a reduction effect of NP gene expression; and N = no difference of gene
expression in DPrP-treated individuals from that in corresponding control.

W7 4E tH, DPrP 23 52 Mi KU i) 4 A0 % 2% (super-
oxide dismutase; SOD)FJi By %8 . 2 (prophenoloxi-
dase) - s I BE PECY . AR UL AN, DPrP
Al REIE L 20 he 1 gm IR I 2 5 proPO 54t LA
VKRR S )

Y1 ff 75 2 (cathepsin L; CatL)JE Tz A K A
Ji 57 i T 3% (cysteine protease) Kk, ZAFIET MU
& (lysosome) ', Tz TIEHHLR, ERET
BmwEEm O, FES50b0. FEIRRRL Bk &
USRI AR A MY, REER (1R
ORI 2 5 I P R 1 R A A A R0, R R SRR,
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CatlL FEAAETIHIENE, 5N aE, BlanrgsE
[ iR (Litopenaeus  vannamei)t® VR 71 457 4 HF (Meta-
penaeus ensis)*? . TR FIUER, Catl 25 ¥ HEz)
I e R 7, LG TE 38 PRI o [ xR
(Fenneropenaeus chinensis)l®. 1 #£44 # (Eriocheir
sinensis)> A& i 2k £} Ul (Pinctada fucata)®®1%5 . HiE
TXLGHEFEHEN] , DPrP X AU [ 77180 5 87 s A i vt 1 L
f 2 57528 (multi-modulating effect). AH [F] L 5
R ALE NP G KAR RIFEM,  E 2 5 S AH 2

Tl 198 s Tt =X 7 A B2 32 ¥ 8% (Phosphoenolpyruvate
carboxykinase) A& i J7 8 /£ (gluconeogenesis) it F [ #
TR, 750K ES R (oxaloacetate) 5% i il filf R 45 %
2 (phosphoenolpyruvate) fl — 48 46k, LA 5 224%
BRI EIE . ESE LR E I 2 23 B4 M rhop 2 B
N M A R A B DA B A O — R R
Ui, a0 DA OB A G R
PERAERF IR A . AW R I 2 B[R] pepek (1)
FIAAE B FE I 2 52 2], AN R B 7 & ] e
BALKRAY O EVETIPS P N S d A= £ 54 ) A S 8

S5 UL R BREET DPrP J5 2 S MR I R R I
45 TIE W, DPrP 3228 ) 2 55 A4 31 D 6 ) e 38 e oRlR
FEAE AN B ) (ectotoxigenicity), HEMITCEILTH PAE
(5 GeATT AT e S 3 BREF IR B A A7 . i T BB R
Ba AP B A KR DU I K AR 2 a1tk 456 AW
R &s R, OKERA S8 T AR A 7K 84 £ 2 4t (aquatic
indicator system) L vFiti KT Gext 7K A SR B s A= 1 1)
AR, HoK JE BOKURI 22 Rt R B ESTs AR N AT
1 L R AE W bs & (genomic biomarkers) i /1. H
TARWTFIRIG I R ESTs FhEA R, Bk AR FRA 50
TR S H 2V A G & — R N, PG HE 2
R XA E R R 2 R RBAE S, DA — 25 A R
FE R AT A FEE ) M AR 504

5. Bt

AR TR G T 1) E X R R iR A
FHF(NSC96-2745-B-031-003-URD).
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