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Acute Toxicity of Cadmium on Gene Expression Profiling of Fleshy
Shrimp, Fenneropenaeus Chinensis Postlarvae Using a cDNA Microarray
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b Department of Aquaculture, National Fisheries Research & Development Institute, Taecan 357-945, Korea
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Abstract

Microarray technology provides a unique tool for the determination of gene expression at the level of messenger RNA
(mRNA). This study, the mRNA expression profiles provide insight into the mechanism of action of cadmium in Fleshy
shrimp (Fenneropenaeus chinensis). The ability of genomic technologies was contributed decisively to development of new
molecular biomarkers and to the determination of new possible gene targets. Also, it can be approach for monitoring of trace
metal using oligo-chip microarray-based in potential model marine user level organisms.

15K oligo-chip for F. chinensis that include mostly unique sets of genes from cDNA sequences was developed. A total of
13,971 spots (1,181 mRNAs up- regulated and 996 down regulated) were identified to be significantly expressed on
microarray by hierarchical clustering of genes after exposure to cadmium for different conditions (Cd24-5000 and
Cd48-1000). Most of the changes of mRNA expression were observed at the long time and low concentration exposure of
Cd48-1000. But, gene ontology analysis (GO annotation) were no significant different between experiments groups. It was
observed that mRNA expression of main genes involved in metabolism, cell component, molecular binding and catalytic
function. It was suggested that cadmium inhibited metabolism and growth of F. chinensis .
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2| WTO7}9) 5 Z7}et GDPe} vlelstol chste] of
B 2000135 ofF- 7k S46RkES] ABrkde 7155}
=6 2%t Ministry of Oceans and Fisheries, 2013).
Tt QI7HES] B0 Qe Ao R fRIEE 5
T oprict o o] Sao] 2dgtae] ol 7]
o]l 4|(Eysink 5, 1988a, 1988b) HZEE|AL 7]
of MBIl Q= siPEES] A= HEESITH
(Carvalho -, 2000, 2001). YeFA o2 @ HE]x] kS
Sf=0] it 7= s 97 0.05 pg CA/L o] A9k, X
o ol QI Altoll= ST SAIE Ho1 0.1 pg
Cd/L oV 41|01 10 pg CA/L & 7153k= A% I
tKSoegianto 5, 1999). 7}=H-M oz} ofdx} 7o
T FEE4-800 pg Zn/IT PSR FER 2
ATHWu 2} Chen, 2004) .

FE4 B S 7FEBL ] T 2122 sfeft oloh
of] AAleh= AEEN AT SAFFS X =E=
2 & A Q) o (Papathanassion, 1983; Wu ¢} Chen,
2004), 53] H|o| 23l Afei= ot ke u} 7 A
ARl 7oz AdeA Qlrt (Mance, 1987). 53] 121419
HAZPoIL} AIete] 3 7he. AleiEel o) 1
Hhofl Fake vix= Ae® UEA ¢la(Maroni
1986), 7750l tARES HISE B2 AjefeA]
Hol dojutal R w3 QIckBarbieri 5, 20035;
Barbieri, 2009) .

AFoIR, AARE ol83 Tk R0 F74 B
2ol gt =487 o] e AFH AE=EAL glo
], P EUE|F]of| o8-=]11 §ItiBenjamin £} Carols,
2011; Kim <5, 2010). 124 Sa5E20] Aol
A ZAEARE B} BEe  ofoja|] opsris
EAIS(Eimers 5, 2001; Landrum 5; 1990; Reynoldon,
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ot SHHoA tiRke] FIAE2] HELE ghelel| &
seom Aefsier] Solst 7loleti B 4 gl
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21, A
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U7t AR A7 IRE LEmlokE Hol sk,
wjd B35tk Buikema 5, 1982). = 11} &2
ofap], 221 7RERIAIEE (100, 50 )& ©1-8510] L
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S0 Zulolich ISR AR 33} 550l
A3 F=E(CdCl,, Sigma- Aldrich, USA)E ¥ 891
S A@gloR olgaiirk 2k g 10ujzle] &
A oelE WL ik S Ak 24 g
= ol8ste] AASIAL 12, 24, 48, 72, 96 AP =
SAR ] w2 AE 7NA| 5 15k
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APEER eFE AT (Cd24- 5000)9F HEPRIARES
= Gzl (Cd48- 1000)°]] =54 F+ AlRs 217 24
3lck Z A3 Sule] 3¥HE-S 1 ml RNA later”™
(Qiagen, Valencia, CA, USA)7} £019)=2 ml B
1 s}od, -80 o 541 17 mkslck

22.RNA 22
A2 HE RNAE Trizol ® regent (Invitrogen,
CA, USA)E o} gslo] 22319t Hallet 2218 Trizol®
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Regent®} E3510] gafid wj71A] 4ol 7, 1 mlE
1.5 ml nlo]=2 EHo] B2510] 13000 rpmCi, 105
2 2] ST ARLS Hefsiol A ol W,
chloroform 200 plE Z7lste] 2 Aojs H th
13000 rpm:z: 102+ 914 Helsto] Hae: 251ck
FRRE Wl 75% offgksR AlFsio] AxAX &
DEPC (0.1%) A% &5l &=tk microarray 4
32 95l &% RNA Al=+=Bioanalyzer 2100 (Agilent
Technologies Inc, CA, USA)E o]-85}10] RNA =&
Z745}9c) Bioanalyzer 21002 £3]] ojx]= 288/
18S rRNAY] integrity 7| 2ol 4] 2&3F RNA Q] 72-$-
o= 1.3 olAel 2L ARG BHITE

2.3 cDNA oligo—microarray Xt U £

2 AAoA A BRSEL Q= 16,600712] sk
cDNA djo]gjHo|2E o] gsto] 2531 13,971712] &
2l zte] &7 A Be ET)E 50bp2] 15K microarray
£ ARFsIKTable 1, Microarray. com, NJ, USA).

Table 1. Selection of sequence for 15K F. chinensis oligo

microarray

Characteristics Number
Total Sequence pool (isotigs) 16600
Total Probe number 13971
Chip format 3x 15K
Overlapped isotigs 0
Probes per sequence (replication) 1
Probe length About 50 bases

Tzl A E2]3 RNA+= cyanine 3-labeled (Cy 3,
reference) =4 FF3EA| SIGlaL, Avllolx] ZelE
RNA<*= cyanine 5-labeled (Cy 5, target) 22 &43E
A] 319tk RNA amplification @ labeling HF3-2
AgilentA}2] Low RNA Input Linear Amplification kit
(Agilent Technologies Inc, CA, USA)& AMESISICE

A S 2.204 5T RNA Al 1 gt
T7 promoter primer 1.2 pgZ Z315131, 65 CoflA] 10
B2 Hke & 71710] wke-87)o] cDNA master mix
(5X First strand buffer, 0.IM DTT, 10mM dNTP

mix, RNaseOut, and MMLVRT)o]| £3}5}37, T}A] 40
CollA 2A17F ¥k&A1ZIT) Transcription master mix
(4X Transcription buffer, 0.1M DTT, NTP mix, 50%
PEG, RNaseOut, Inorganic pyrophosphatase, T7/RNA
polymerase, Cyanine 3/5-CTP)¢] dsDNAES &35}
31 40 TollA] 2AKF AARES A)7Ick Amplification 2!
labeling%] cRNA+=RNase mini column (Qiagen, USA)
£ ol&sto] AA61as, ND-1000 #-3°3%=A| (NanoDrop
Technologies, Inc., Wilmington, DE)E- ¢]-85}0] 5=
of B £RE 2ASI). LS 24 5750
nge] Cy 3 1 Cy 5 CRNAE o}g3jo] FAJ2) 74 4
¥5c} (10X blocking 2! 25X fragmentation, 60 C,
30 min). HEgo] 1 & 2X hybridization buffer
(Microarray. com, NJ, USA)E 715t 3, slo|glog
ZF AlojE T, Agilent Hybridization oven (Agilent
Technologies Inc, CA, USA)-2- ©]-85}¢4, Oligo micro
-array chip®]] 65 CoA] 17A17F 525 rpm&EE =2 =35}
HkS(hybridization)S AAJEE F 42 CoA] 24417} HE
SAXIEE Hhgo] Et 3242 T AlA-8A1(2X SSC,
0.1% SDS)ol|A] 5+, 4l20lx] A28 2(0.1X SSC,
0.1% SDS)ollA 1042, 12jaL mpAefe=z, ARofA
0.1X SSC -g-Ho] 14 &2t 43]of| AA AIZZHct AlH
o] Bt 2650 rpm O = SEIF A x5
2 GenePix Pro 6.0 software (Axon Instrument, Union
City, CA)E ol-85lo] eFHofA 27lstkal, egd|olE
3} gtk 2t spotof] theh Bat4le e} v B e
local background F}2 A|2J8}al, Feature Extraction
Software (Agilent Technologies Inc, CA, USA)E ©]
-&sto] Atk

2.4 Hjo|g & SHZEAM

Microarray H|o]E|E2 GeneSpring 7.3.1 (Silicon
Genetics, Redwood, CA, USA)S o|835l0] 53k &
Al 4 " FHEAS AlYs3IcE LOWESS (Locally
Weighted Scatter plot Smoothing, Cleveland, 1979)
Aa1E}ES o-8sle] EFESHE AT EES} 1
2 Cross-gene error modelo] 23] AlEE 7H2 085}
o] AIEARLS Sah ol T S BT
5, A $HAE ol 851o] AHLE (Seatter PlonE
2gstoint. AR S 91gt Fold change= Thaatt 2
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Table 2. 96-hr LC50 values (xg cd/L) of total Cd. For several crustacean species

concentration

Species Stage (s cd/L) Reference
L. vannamei 7.13 1,070 Wu 2} Chen, 2004
L. vannamei PL 12 1,500 Fr1’as-Espericueta -, 2001
M. japonicus PL1 1,297 Bambang -5, 1994
M. japonicus PL10 3,405 Bambang -5, 1994
P. penicillatus PL 1,000 Munshi 5, 1996
F. chinensis PL 20 794.3 This study
= Aoz ARl 48AIZIEE] AFSZHAIE TEE]] ARSEEA, R Al
96 A1k e T AYER0] 40% ek, £ 7t
Fold change £ iR WAt ses ARRE A sk

= AW F 71 (Cy 5) / MG R 7% (Cy 3)

7} 20| Wk fold change ] H]S-& ZF HE-S A4t
3}o] up-regulated -3-21x}= 1.5-fold, down-regulate
GAA= 0.66-fold changeE 7]&o 2 AHslal, 4
AE0] §0] 28 p<0.058 31o] T-AARLS E3al] G2
X %S sloirh w1 24 AETER folsk St
(up, down regulate) -3-HAA=S AW (euclidean) &
NEfES ol8slo] A 1 Al A8kl o
BA1e 2SI MultiExperiment Viewer, MA, USA).

2.5 QXX} 7|5 MOl (Gene Ontology Annotation)

SR = 71558 A9)(Gene ontology annotation)2-
ol A Az, e 1 1Al Al
2oz H2Ecihttp: Geneontology.org). o=, A&
a2 A|AR1S o] gahzs] EkAel o 1 Qo]
AR 2t @71 Aole] At S 7] 919) blast
(http:/ftp.ncbi.nih.gov/blast/db/) S 5=345}1e] 713 =
& YA ZhS ol F2lo] $H7} 71 AlglS et
By
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7o) ThE A9 FE0) ARG vieko s B vk
A} 35 1000 g cd/L (Cd48-1000) 7|20 5 TISHF.
chinensis) /2] AlZto] wE &g R At
e ARV daTeh olg Holx) gigtont,

chinensis) G2 7 1= XA 5 =(LC50)= 794.3
g cd/L O = LpEPyTt.

TR AR 7HEE s S5O R AR
& $Iok AT WAL e AHE FRAEOR B,
AT 1 AT 1T o] FFEE(Cd24-5000) AlE
Trof| =E tislrt 301K 20% A& RN,
HAF A Sf7E ARARIS SI) AR S Fasioic

3.2 Microarray Cl|O|E|2] ME|An} Bisd kAl
7I=g A0 o3t A W HalafE

2 Sop
7) 1ol e, g G 5 ERe) gl dhet

RS AAfeIsich A WA= Cd24-50004 %<}
Cd48-1000 A&TLol| A ZF2 35t ths} (F. chinensis)
ANE2HE 53 RNAE A3l Ktarget) = o]-§5}1L,
2 (reference) = 2+ g 9] 27121 dfi=ollA] A
S AIRE o883l 7 A I Z2ale
AT G 8 ia(logl0) oz Wglsio] nleal
Al2o] A7]e) gt S FdEE ARE B4
3 AFeE {5k THEE =E F5F 5000 pg
cd/LojlA] 1000 g cd/LOR H7t 4ol w74
AE0] B 7t HolAle= A& & o AUtFig. 1 a, b).
AR B Sl s AY] F AdE RS
ol A4S Fol DAskE faRe dast R
= BESH 1P, A, A s AP Al
= HE5)99Table 3a, b).

R 7P =2 e ek Hol= A3 7) 4
2 Cd24-5000x} Cd48-1000 Al =71= 8%}
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Table 3. Gene annotation of Fenneropenaeus chinensis 15K microarray showing proportion of genes involved in biological

process, cellular components and molecular function. A total of ~14000 genes were annotated

(a) Up-regulated

Cd24-5000 Cd48-1000
GO Category
Genes Up-regulated Genes Up- regulated
Unclassified 11.2 Unclassified 12.1
Biological process metabolic process 20.6 metabolic process 17.8
cellular process 23.8 cellular process 21.8
Unclassified 13.8 Unclassified 15.4
Cellular component organelle 17.2 organelle 17.1
cell part 37.5 cell part 35.9
Unclassified 15.7 transcription regulator activity 16.5
Molecular function catalytic activity 27.7 structural molecule activity 21.6
binding 37.8 catalytic activity 38.1
(b) Down-regulated
Cd24-5000 Cd48-1000
GO Category
Genes Down- regulated Genes Down- regulated
biological regulation 9.13 Unclassified 9.93
Biological process metabolic process 15.85 metabolic process 19.02
cellular process 20.23 cellular process 20.70
organelle part 13.74 Unclassified 15.15
Cellular component organelle 14.72 organelle 16.60
cell part 36.69 cell part 37.03
structural molecule activity 12.23 Unclassified 14.15
Molecular function catalytic activity 21.44 catalytic activity 26.12
binding 41.49 binding 39.28
a W09 nirdi Jangl@ 2 : Hormalization Global Loess : CD24 b 0908 nfrdl JanglG 2 : Normalization Giobal Loess : CD48
" - = -
= ==
- . i -
- . R it 5 o '
- 1
mn = e -
Fig. 1. Reproducibility of hybridizations and independent experiments. a) RNAs from the control and Cd24-5000 were

labeled with CH2 (Cy3) and CH1 (Cy5) hybridized to the same microarray. b) RNAs from the control and
Cd48-1000 were labeled with CH2 (Cy3) and CHI (Cy5) hybridized to the same microarray. A scatter plot
comparing the log10 raw fluorescent signal intensities of CH2 (Cy3) and CH1 (Cy5) is shown, indicating that 99.8%
of the ESTs were within a 2-fold range.
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Fig. 2. Hierarchical clustering of expressed genes (13,971 spots) over the concentration/time in Cd-exposed shrimps for
Cd24-5000 and Cd48-1000. (a) Spots representing down-regulated genes, (b) spots representing up-regulated genes

and (c) total spots.
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B AAEL Cd24-5000T} Cd48-1000 AF LA 0]
£ K=, Cd24-5000004 A5 dhe AR
0] 37.8%= F2701 HHH, Cd48-10000f4= Zuf
255 ke AREC] 38.1%= s Elth 4
W (down-regulated) H3FE Hol= 312371 59
Cd24-50002} Cd48-1000 & AlG7F 2 2jo|2 Ho|
A oFoet. A= ol A] Al At d e 3t
AHs}o] 20%, 17%E A 71t F-24 2T} FARSE
o, BA st WS FARF Eet At s Sl
Shsat TRIsto] 27} 40, 20% = Hlsstt HekS Helct
(Table 3b).

The2 HolE Bl F3AE1] ARE AsiAlE
B3 B8t Anke & 13,9711 844} 2 Cd24-5000
A|&TLol| 4] 9347), Cd48-1000 AJEToNA] 1,1817) &
WAL 242 57H>1.5 fold)51 %L, 831, 9967 5414}
7} 22+ 742x(<0.66 fold)H= 78RS ¥ FrH(Fig. 2).

=t
=

2 A Aol w2 oSt (F. chinensis)f82] 7}
TR U2A} 5527943 g cd/LE, 94 Gt B
A3 Penaeid), ST Litopenaeus vannamei)
GRU(1,500 pgcd/L), R X Marsupenaeus japonicus)
48 (3,405 pg cd/L) o) WA} mieo]| Bsf| 22t 172,
/4wl W2 ap2]01aL, SANQI Panulirus) 7HAIEEAY
HPanulirus penicillatus)o] BIS|AE ErcHTable
2). Bambang %5 (1994)] Zjo] wh Hel(M,
Japonicus)= 7F=50]| tht =50 WA} Aol
wet @ 271k AR Belon, oleid ke )
A7 17F AR|AL B 7R] ARte] dojRl= 71 Ae]
Tge] aao| ek ol sieic) Tt 2 e
of| o183t S F. chinensisy=-3*37] 2072, Bambang
5(1994)0] Aslst B XNM. japonicus) SRR}
107] o] % SAIGZO = Bkl B W2 71w 5
oflA ApgSIATE. WA, tHSKF. chinensis) 7871 T
Alell TAIZe] thE Ae-Foll Bl 7E=g /g0l Wikt
Ao At

7Y =730l SJ3t T E. chinensis)82] 74
A} RS 27] 913t Microarray 2412 217] ot
2 2710] RS 710] A ] SR sl

4,

kd

35 SAgoke Zlom, A9 Ausl glolee] Al
‘Jo] $AA O = S Eojof gtk AT #4412 ol
2t dlolE o] A2l dS H551] IRk A=A A= o]
ShcK(Irizarry 5, 2003; Tusher 5, 1998). 1 ¢Lof|A]
APEE BAAT Cd24-5000 A7} Cd48-1000 Al
70l el SAAEe) B} B el A8 2
o1&k 4= Q11 3N(Fig. 1), tWSHF. chinensis)-GAYo] 1
0] EERelN TR B EAS o) o] B 704
So] §oja e Wakch 212 o 4= U3ek

e, RolEh wWElE wel fEAE % b
(up-regulated) = 7+ (down-regulated) 7S Ho|
= RS Higk 7154 & Adt Cd24-5000,
Cd48-1000 A3+ A4 thrlZEsa} A2 = 4
718 Yok 7= S A=l AR
20 ~ 40% 20 o5FS- HES. 71 0 & Ukehth (Table 3b).
olet AvlE £ uff, 71=5 =4do] tislF. chinensis)--
Aye] SR} AR Tolhs mRNA $700]
@ olor] 4Rl 7V 9 ki) dae 1)
Aoz melrh of opH Tkeg 4 Peier At
S YX|5kal QJciBarbieri 5, 2005; Barbieri,
2009; Maroni 5, 1986).
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&ste] tlofeo]AE 75 & 4= Sl S 7K
It Geard?} Wiles, 2005; Ki 5, 2009). &2% A1
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B 5ol el AL e BARE AAHAIE E9
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2011). 12, ofA] A5 BIERE sl el R
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