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Abstract
Tributyltin (TBT) is one of the most disagreeable pollutants globally.

Development of a biomarker for TBT detection is a pressing problem for
environmental scientists. In this project, we investigated the effect of TBT exposure
on the concentration of malondialdehyde (MDA) and the activity levels of the
superoxide dismutase (SOD), catalase (CAT), and acid and alkaline phosphatase (ACP
and AKP) enzymes in the small abalone, Haliotis diversicolor. We collected samples
of the hepatopancreas and hemolymph at 2, 6, 24, 48, 96, and 192 h after exposure to
0.35 pg (Sn)/L TBT. To analyze the transcriptome response to TBT of small abalone,
a normalized cDNA library of TBT-exposed hepatopancreas was constructed. 3048
high quality expressed sequence tags (ESTs) were generated and annotated. After that,
a cDNA microarray containing 3648 related ESTs of TBT exposure was fabricated.
Following cDNA microarray hybridization and data analysis, a set of ESTs related to
TBT exposure was compiled. Finally, real time PCR was performed to confirm the
results from EST and cDNA screening.

Our results showed that in the hepatopancreas, ACP activity was significantly
higher in animals exposed to TBT 2, 24, and 96 h post-exposure compared with the
control animals. AKP activity was also higher after 2 h post-exposure, but SOD and
CAT activity was unchanged. The concentration of MDA in the hemolymph was
significantly higher than the control animals at 2 and 6 h post-exposure. In the
hemolymph of animals exposed to TBT, ACP activity was significantly lower than in
the control animals 192 h post-exposure, whereas AKP activity was significantly
lower at 2 and 192 h post-exposure. Hemolymph SOD activity and levels of MDA
were significantly lower than in the control animals at 24 h after exposure but
significantly higher after 96 h. Our results demonstrate that exposure to TBT cause
rapid changes in ACP and AKP activity as well as altering the concentration of MDA
in the hepatopancreas and hemolymph. SOD and CAT do not appear to be involved in
the detoxification of TBT in the hepatopancreas of small abalone.

After EST annotation, a total of 2473 uni-transcripts comprising 370 contigs and
2103 singlets were acquired. BLAST identified 1108 clones (45%) as known genes.
Kyoto Encyclopedia of Genes and Genomes (KEGG) and Simple Sequence Repeat
(SSR) identification were also carried out to acquire more information on pathway

and EST-SSR. According to GO categories, the total ESTs distribute across the
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various functional categories. In addition, 43 potential toxicology-related clusters
were identified.

107 up-regulated genes and 41 down-regulated genes related to TBT exposure
were founed after microarray hybridization and data analysis. 25 differentially
expressed genes were further comfirmed by using real time PCR.

This work provides the first set of genetic data for small abalone that is of significant
value for the further exploitation of this species in functional genomics,
toxicogenomics and ecotoxicology. Furthermore, the results will be useful to establish
biomarkers for TBT assessment.

Keywords: Haliotis diversicolor; Tributyltin; expressed sequence tag; microarray;

biomarker
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H_Eia 60 SEACHRIILIKR, =T 345 (tributyltin, TBT)ME A 575 1 BHA I
R 2 N A D R R R IR A Lo el LA kb 1 A
ARV EIIN A, T LB A M R BR AN ), B ReRE. T =T
St Hbr K& AR B R R EAIRRSEH , 24N B K L2l AR R =T
SN =TSSR A eI E AT, RO, E 80 AR, KZ
MREEFH O 7T =T GRS, HeakH44 AMO) T 2003 4EHl
T T AN =T RGNS, B CE B SIANE F R IR RS A4 R
AFS A%y, HFRZET 2008 4ETFU, 251 =T a2 BRIGIH N N TiREs A ¢
Tl B AR A A AT RO W AR 2 ANZ IR A S (1) ) SOE A 4k
AT = T8, Qb E A IR 2 HOR R P B K, IR IR SR =
TIEBI R A, e =T 3B R R AR B B e DR e
AR 22 b7 (1 7KOREC e A #08 mT ARSI 31 e e B 1y = T 6451010
1.1 BEFER=ZTEHTERR

1985 “EA A A WU AL A= 40 40000 I, 1996 4EH 4 50000 Hit',
1E 2004 4£, AT 70-80% I MEAIMRAT & = T 3B R iRl =T 3%
BITEMGE PG 10~ ZE SR o A AT AR AN 7], FEHE K R F 210 4-19 K,
E RV RIURE 110 21 2 SRR L8 AR ) m] K JLAS U2, A G v 3L g T m) Kk
JUERDUH4E, FEIEE KA K AR R e , =T B b s 4 ik
87 AL, Rk, REIRET R =T I YA K B ] P 8 L AN
%o
L11 SKRERP=T EHTLARK

M 1-1 RIS 1-2 ] UG BIFEHE FUEHE A, AR 20 1 A g KRR e
S ORI B = T IR A, WK =T BRI AR 5 500 ng Sn/L, i
Jerh =T IR e ik 16816 ng Sn/g, JEYEH — T 3L & iz iz = TRk,
WEYE 2 = T IR E B A7 A . 77 50 /b —Se Skl h, = T IR ki
BT FTA, WERE IR T = T3S R AlA 17500 ng Sn/g™, ZEHLA
AN (¥ R R, FLR e o = T 354 & B 453 340000 ng Sn/g'™), 75264k
Gk /K, BEEUB TR, =T SR P B AN SR, e R R



B RFHEFERL %k

#1000 km (R K TP =T B 584 266 ng S/LU'®, Bk IX e A NI
SEAIE 2290 ng Sn/gtl,

11 HFHXKEKP=TEHSTE (AL ng Sn/L)

Table 1-1 Tributyltin compounds in seawater reported for several regions in

the world (ng Sn/L)

FE Sl SR AR H FE 5 B
2|
PR, RilEEA, INEKR 1995 <d.1.-500
W
5 5] 1997-1998 <d.l-4.5
H AR AL R i 2003 3.9-27
el
VOB VY B v i 1993 9.1-79
B R R v 1998 0.015-0.12
7 N i 1998-1999 <d.1-70
PYHEF AR AL Ui 2006 0.4-196.6

PRl A Antizar-Ladislao, 2008, <d.l: /DN THRIHER, #: FEMAEM RL
H, AR SCRES

SR 0 LEFFTRY], 2000 4 LURLE ISR 2 R K p AU e b = T 385
MR e T LR R, R B = TR R AR
100 ng/L 71070, SRS S BE I E N = T SEB R BA A T O B, R,
S S R MR o e, H =TI A T NN S AR,
7B = T AL O i, B D 1 Tl [ 50 e 2
(1]

F 13 0l LUEH, e E KR = T3R8 e B h e 1, S
SEHh . =TIEBIKREETE 0-977 ng Sn/L 2 (8], JUANEEE DI 0E . RE,
T8y R RIE KA =T R IR AR LT SR Y R A AN A
W BRI Yt L B dbiE M, X 977 ng Sn/L.
TSI IR R = T I IR A (90-1000 ng/L), Ry == B i ) S iy
SR 7 SAINPe 3 v

FEGYNRN U, 2002 S HJEYe b = T JBIK N 354 ng/gl?Y, 1T 1991
USRIV T = T B A R A 1160 ng/e), FXKHRIRE T = T Sk
A S v T P R R X, BT SR R B T DI e h =T SRR B R
0.3 2| 174.7 ng/g. S HIHLIX, oyl , YT, BRYIC ISR =T 3%

5
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B RFIL S, FEIR 1-40 BACkTE, FRIEMEURYE T =T IR IR AR T
S XA LEAIR N . (HVAZE B, EREEAT YL P REE 7500 M,
HHE H R I AR SR BAT YU AT G OGEM, P BB AR AT WS A B
(RRFSERE NN, DU 58 PR35 (K A 5 0 1 2 ok ™ 22,

K12 HABOMXERT=TEHTE (L ngSn/g)
Table 1-2 Tributyltin compounds in sediments reported for several regions

in the world(ng Sn/(g dw) unless indicated otherwise)

B it R Hb i FE b A 5 B
EM
VUi, RiEgE, IEX 1995 <d.1.-5100"
5 [ B F 2001-2003 1.5-14000°
AR EEH
H AR Bos 1995-1996 10-2100°
TR VG VI 1997-1998 2.8-1100°°
PR RN K AR A4 1999 <d.l-1275
Bl R R HE 2000-2001 16.4-16816°
EJ g i S HE 2000-2001 4.5-1193°
EJE g 2002-2003 5-2384°
H A UERL R i 2003 1.2-19*
68 T Y I 2003 8.3-51°
H A Sanricu ¥5#F 2005 2-14,000*
RR M
T2 VY RV 1993 7-30°
e [ 2R W 3] 1994 1-60°
UYL Ph R il 1998 1.2-130"
I B 1998-1999 5.4-35¢
FPHEZ I 1998-1999 100-5000°
RORAIPE AL PG T il 1999-2000 3-27°
PUYES R ALyt 1995-2000 51-7673"
I it 19992000 3.8-12.4°
PHHEA AL v it 2000 50-5480°
¥ I VY R S 2001 <d.1.-89*
UL L2 s 2002 98-4702°
VUL VY A6 v 2005 0.6-303"

k5| [ Antizar-Ladislao, 2008, <d.l: /N TR HPE.a: T8, b: WE, c:
BT K nglg.
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F1-3 RESHKEP=ZTEEHSE (AL ng Sn/L)

Table 1-3 Distribution of tributyltin in waters in various locations in China

(ng Sn/L)

P it R Hb i FE b A T B
it 1989 <90-1000"
J5Z 1Tk 2002 0.7
ki 2001-2002 0.74"
HBH M 2002 3.4"
) VT 3 2002 0-14.7
VS 2002" Ry
HH ] 2R R WA 2002" 93.8
BRYT = A9 1996 21-39°
R4 2003 e
— K g 2003 8.5
V] L 2002 FH H-14.23
BT K 2000 FR
K GE 2000 e
KIEHIEN) 1998 18.8-203.7
Ze 5 Ik 1999 A
ZE 5 /N 1999 5.6
L IE M) 1999 222
R IE M) 1998 17.2
PN Sy 1998 322.4
WA IE M 1998 976.9
JH B BRI SRk 1999 28.0
i 1998 14.8
JUEPRSES 1999 K
7 AR AN b 1999 10.0
W I =tk 1999 0.8
T 1999 Koot
UM PG A R YA Sk 1999 3.7
e PG 1999 R
oM BRI B G Sk 1999 e
UM BT = 280 Sk 1999 0.6
e L A Sk 1999 10.6
LR DR Bk 1999 4253
FIVEE 1999 6.2
T AL b 1999 A
= 1999 37.6
Je KA b 1999 Fekor
B | g N 1999 ek

ORLSIF] Cao, 200972, *: AL ng/L, #: FERMEGIRIIFNA H, hib X
RIAEG) -
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R 1-4 PESHERF=TESHETE (AL ng/g)

Table 1-4 Distribution of tributyltin in sediments in various locations in

China (ng/g)

P it R Hb i FE b A T B
EYIAN it 2002" 354
s 1988 14-1160
JZ 15 2002 77
ks 2001-2002 3.45
HFHHS 2002 6.3
IR 2003 Ry He
JUEITL 1996-1999 FkorHi-24.03"
YT 1996 A H-0.02
BT 1996 T He
FrisgE 2 F) W Hs 1994 KKrH-0.91
BRYL =409 2003" 1.7-379.7
54 H) el At 34 2001" 0.46

RIS Cao, 200912, *. M7k ng Sn/g, #: FENEMARBIFIZH, A
WK R .

1.1.2 @FEEYMERZT EHSRIR

Y TC A ME N P A 2 R0 —— St 8] DLE 5 o S B ROR AR A B
R =T RS, —Se R AT SR, AR IR NS R =T R, T
SRR A A = T A58 & B A0 MIC/CP b, B =T 568 n] DL A4
JEORARE 8 421200 72 BRI A ) — S s i 0 o, B2y = T 56480 7 Rt bl
F =T IR PR AR P T RE AT WA R AR R SR A0 X U K
HORT H = T R IR VS I 2 0k 0-1500 ng/g A7, TEWLEER 1-5.

FERHE LRSIl WoRIE, H R, WSS K Wk, =T
LIRS AR R, LR RIS K AT B TS G Rk %, %3t
XEIRZIE M) s Tk, =T 3805 AR, £ 1-6 548 T AR
LR R 53T VR TR E I RS R Py = T I & & . Bl A v LB
=T G A R IR SR AN A (R B BRRE o (EAHE R R O X =T
B AR TR A e X B S P, =T RS R O B X ) 30 21 100
Y, 2001 SFM— VR AR RN, AERGERX U= T IS R L 61%7,
{E 2003 4F 55— T TTH, AI4T 20%I00E 7 Sl R T = TR R Y, g
(FIREPE AR A = T SE8 o ) FOFTE R vh = T IR B 1) 3 51212,
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RZ TR =T I RIS A S 5 A2 MR IS v (1 8 1 4127
EER, FAGEE T, M =TRBAEYEER (BCF) M BIRAK A,

i, WLAPY. BAEBERRY, AL b R SAR T I e A R
P Syt s A R =T S A i TR AR, DO

= TSR A R,

xR 1-5 AR EFEEYT =T EHEE (AL ng Sn/g)
Table 1-5 Tributyltin compounds in biological tissues (ng Sn/(g dw) unless

indicated otherwise)

FE SRR i Y FE S A4y T =
EH
IR i D1 1995 20-1198°
PN SE i (o TR I L 1996 1440>¢
HFIAEH
BN PR e 1991 2.2-6.4°
) IEDA i 1994 0.47-3°¢
H A #& i 1996 <d.1.-240°
i [ Y i i 1997-1998 16-1610°
i [B v R 1997-1998 7-323%
T R VG Y A it ) 1998 2.4-190°¢
H A 5t # AL B v i & Ul 2003 0.8-11°
68 T A I it 2003 3.8-15°
H A Sanricu Y5 i Ut 2005 3-287°
oA
VU Hh g pE 6 R 1996 1.0-52°
A AL il 1993 66-490°°
fif 2% il 1993 9.2-67°¢
PUHESF 74 B ik SR 1993-1994 269+96°
¥ 22 B Mk Uk I 1997 200-300°
W =20 B it 4 Il 1998 2.2-39°
PHHE T VY B s i H.trunculus 1999 48?
2 o U i 4 1999-2000 5.7-489"
= DT | iU 5 H.trunculus 1999-2000 d.1-91°
% VR I I L 2000 1-789"
A it %2 55t ek 2001-2003 d.1.-109*
VUL VY Aty i -5 2005 74-193*
PUHEA PR ALy i i D1 2005 52.8-96

k5| [ Antizar-Ladislao, 2008, <d.l: /NTRHBE,a: T, b: WE, c:
AT K ng/g.
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R 1-6 THEMMXEERERT=TEHEE (B ngSn/g (BE))
Table 1-6 Average values of tributyltin s found in aquatic gastropods in

different Chinese cities (ng Sn/g)

B it R AR Hb FE b A T =
K& 2003 102.64
B 2003 24.58
BN 2003 30.81
il 2003 48.18
Lok 2003 45.28
Jb s 2003 72.70
R 2003 64.05
¢ 2003 10.03
yAN 2003 53.75
S 2003 32.03
B 2003 34.02
HE 2003 26.09
JEfE 2003 38.68
Jbat 2001 37.24
K& 2001 3538.75
Zy 2001 74.50
Kt 2001 38.71
5 2001 52.02
e 2001 36.72
ERHE 2001 97.76
2] 2002 17.30
sk 2001 3.55
I 2002 5.80
IR 2004 43.6"
s 2002" 500°
a5 1997-1998 236-2501°
HILAZE 1998 91-1658°
VS 2 1998 99-763¢

PRSI Cao, 200922, *. Hf7h ng Sn/g, #: FEMEGARUIFZ T, AiEC
RARFAY, a: "PAN ng Sn/g (T-HE), b: HALM ng/g, c*BA74 ng/g (1),

Zi B RTA, et FUR 2 107 RS o i S A DI B T =T SR
B, AR Z 7 s =T R S OO T i, Ty HE A AT
JFIETCIRA R R o = T 254, WG B A e,

1.2 =TEGHESSH

= I A A 1k N A PR R T EUK SR AN K A B R 1
Ktk iz B2,
121 STESMEEESRETELEMNRE

10
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SR 2, SRS A IR, BARFRE
WrEE, NIRRT S R AR 32 AT R 2 ). I 17 e DU
H =T R S 0 P SR, P BOOEHR B B T ik 300 pg/LBY,
B AR VISRt = T IS MR URE . — ROk Uk, R4 g o =
T TR A R e R 95, S A DL 5l SRR AR 1 2 B0 TR B A 2 K

[34,35]

o

R 17 =T EBX ALV

Table 1-7 Results of TBT toxicity tests for marine organisms

Y i % W W (ng/L)
ot
=N 72-h Growth reduction 1 (TBT)
i Wr & ( Enteromorpha  5-d ECsg: growth reduction of spores 1 (TBTO)
intestinalis)
Yk T £ Yk 5 (Ankistrodesmus ECso: primary productivity and 5000 (TBTO)
falcatus) reproduction
21 ¥ (Porphyra yezoensis) 4-d ECs: population changes 8000 (TBTO)

6-d ECsq: population changes 4000 (TBTO)

B Eh4Y
MR (Palaemonetes pugio) 96-h LCs 20000 (TBTO)
HI (Carcinus maenas) %] 96-h LCs 10,000 (TBT)
22}
Metamysidapsis elongate %14 96-h LCs 500-1000 (TBT)
Balanus amphitrite 24-h LCs 300000 (TBTO)
S
fid: £ 96-h LCs 800 (TBTO)
(Oncorhynchus tshawytscha)
£t ( Cyprinodon variegatus) 14-d, 21-d, LCsq 400 (TBTO)
NE-S
HLW5 (Crassostrea giga) 24-h LOEC developmental 1800 (TBTO)

24-h ECg developmental

3000 (TBTO)

24-h LCs 7000, 15000 (TBTO)
48-h LCsy 35,000 (TBTO)
NOEC (abnormal calcification) 1.0(TBTO)
KIH UL (Mytilus edulis) 96-h LCs 38000 (TBTO)
NG UL (Mytilus edulis) %M 15-d LCs 40 (TBTO)
i DL Growth reduction 200-400 (TBT)
NOEC (growth) 80 (TBT)

%EIE| H Yamamoto, 200997,

122 =TEHHAS TSN
=T DA AT A 4 W T (endocrine disrupting chemicals,
EDCs). iK% Ing/L — T 58T LA 350 50 385 JEE Mg T R 5 | AR JE A S8 1Pk i A 55

11
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