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Abstract; Polybrominated diphenyl ethers and their hydroxyl metabolites (OH-BDEs) are considered to be endo-
crine disruptors. They are found in human serum and particularly involved in the regulation of thyroid hormones.
The effects of BDE-99 and 5-OH-BDE-99 on the thyroxine receptors were investigated and compared in this study.
Zebrafish embryos were exposed to different concentrations of BDE-99 and 5-OH-BDE-99. The results showed
that exposure to BDE-99 and 5-OH-BDE-99 resulted in reduced pigmentation in the eyes of zebrafish embryos. In
situ hybridization and quantitative PCR analyses revealed that THRB was expressed in the forebrain and its tran-

scriptional expression was significantly suppressed by the two chemicals. In addition, in vitro experiments demon-
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strated that BDE-99 and 5-OH-BDE-99 successfully bound to the THRf receptor. This study indicates that BDE-99
and 5-OH-BDE-99 can disturb the thyroid endocrine system by altering the the expression of THRB in zebrafish.
This study helps better understand the mechanisms of the toxicity of BDE-99 and 5-OH-BDE-99 in zebrafish.
Keywords: PBDE; zebrafish embryos; pigmentation; THRB; BDE-99; 5-OH-BDE-99

Z IR Rk (PBDESs) J& — 28 2 IR - 1Y 05 5 ik
=7/ S L YR R €0 7 N ) M AW VA 1 R ]
ANI], ZIRBREEILAT 209 FhlRl o> S2A0 1A, BT IHh
FEFRAL P T, PBDESs J2& thE 5t b F 4532 A BEA
Mz —W FE Tl il 35 3 72 o PBDEs # A\ A s Jin £
AR A Y ke, H T, PBDEs #) 1
NP T H RS AS | A Sl as S UM LR
2L B ) s R B AR PBDEs A S BELA ) 4
BAIC R, (R F A R85 v A 5 I i i K A7 A
HB RSN B B R AR AT WL Ye ™ 4R
>k, PBDEs JIT it il 5% M 4 B ok 18 22 1) [ PN /T 5
HEA, LSRN KR5S A - g b A A
PBDEs W47, Brown %5 7E 38 [ fin A 4% JE WM 1
V7K I fe A N RS 1 43 Fh PBDESs, W BE A F) T
302 ng-g ', FEYEE ALK A PBDEs B HY
IR E] T 8 ng-kg ' P, BT AEAKAE A Y HRAS I HY
PBDEs, 7F fifi 4= 4= 9y 1 Hp kG I+ AS [] 3k B %) PB-
DEs % i, Guo 45" 76 8 25 1L W vh 45 I 4 BDE-
209 #ik 715 pg-g ' ;Boyles il Nielsen” 7E A [F]4F %
PE () 35E RERF A L0 21 bt & $ T # PBDEs AYAFTE
LB A WETE AR B A REAN IR P A T PB-
DEs MIFEAES . fERoBifF5EH  PBDEs 78 FEFL ok
Rl k™ PBDEs 1 by B A5 HILT5 Ye W fE SR 85 v
MIFFALELE , AT BB A AT LRI L A fa

E A WFsE %, PBDEs A — &5 8 P4
RN WAL B R M AR
PECTHRU R BB Baleh AFM AR R YN TCRE
RN 5T BDE-47 . BDE-99 DA & DE-71, & 3 3 Ff
Yy o 2R AR Bz Bk (8 R U0 A 2, JF B2
A= AR 25 R 5 I 7E I 6 1 4 BDE-47 \BDE-99 L J%
DE-71 J5 &AM MHLEHI T Re S R IR R 5
Ha AN A A X, TE Macaulay 5 A i 5%
FEE] R BRI TR0 5 50 T A AR A A TR
A1t BDE(OH-BDEs) & 38 HUIR AR AU 15 50 5, K
M AELEBE LY (0 & T, A B ) fr B3 £ 6 ) (1 3%
D& =AW, 7F Macaulay S5 9 5 — T ¢ F
OH-BDEs M#fF5¢H , Bt & £ if i 7% #%% T 6-OH-BDE
J&i % ¥R ,6-OH-BDE {3 h 161 HR 3 6 Z UL 5 G, OF

ffi THRB mRNA ik [%(%, %8 6-OH-BDE 2% Bt
DA W R BRI, Zezza SR E] T
BDE-47 .BDE-99 #l BDE-209 4:{#i THRB mRNA
TR AN SBR S M0LE 5%, BHErE PR
225 A FE - F S AN BDE-99 F1 5-OH-BDE-
99 X BiF 1 £ IR 8 € 28 A FH R R 98 2R 1% 52 ) B HEAH

Bt S e sh iRl B e U2
Sy BRAEAE R A, B R SR P, R
R, S ARG PEM PBDE A9 & H A
FHBLE], EA MR, AR5, 51 %F BDE-99 #
5-OH-BDE-99 #4171 X FL 5T, VA% — & X 3 o £
AR £ 2 DL R AR OC HAR AR SZ AR (9 5% ), 0T IR 3 £
# 5 THRB )51k, & BDE-99 K 5-OH-BDE-99 [
BEPEF ST R — i I S 5

1 ##l577% (Materials and methods)
1.1 Bl

WA AB R B Ll (Danio rerio) , TEAG M /K 37 51
ARG AT B E At B AR R RS A, M I £
AP IFHEATIRIME 45K 14 h:10 h AYOG I FE 3  35 51 R
JE28+1) °C,pHH 7.0 ~7.6, S5 PEIE H P i i
R A RE 4 M I B £ 1:2 19 L A
ZHECEL T, RN 2 KRB EIFAT, BE £ WG iR
FEBR USRI B BE 1 15 R (ZR )R, I
BCETE 28 C R FEA TRk,

1.2 Rk

BDE-99 #1 5-OH-BDE-99 43K F Accustandard,
4fiF>99.5% il 3 — H1 3 7 AN (DMSO) 74 i 5K il £
WBE R 1 mmol - L™ BB A IS WAE R R, R 58 I
VR I FH 0 28 3R 2R S8 /K MR A TR AR R
DMSO By A W E<0.1% , MR RRET 1,
10 1 100 nmol - L™" 3 Fi ¥ &£ ) BDE-99 #il 5-OH-
BDE-99, 7% M 4 hpf JF A & #IWWEEH 1,

1.3 THRB HEAHHEHMH &

W B I 1 FROIR R AZ 4R THRB-LBD i i 41 & g
FRCIE (A N-AK i His ARiC R 1), I 98 [
#| pET-21b, 1£ K I3 #F # BL21 4 jfg v i 3% ik
(Rosetta (DE3)pLysS cells (Novagen)), 7 500 mL LB
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B E 52 (100 wg - mL™ A2 S PE AR 34 pg -
mL ™ EER), B HITE 18 °C, A 1 mmol- L™
IPTG % S8 45227 18 C FRiFE£20 h, 4 000 g
B30 30 min YAENML, AT 7E-80 CHRZRIRFF, M5
mL 2% 2% it BB A0 (50 mmol-L™" Tris .pH 8.0,
300 mmol-L™" NaCl .12 mmol-L™" 2-#i3k 2 FE 10%
HIMAURE EDTA 19 85 (B i 770) I 76 vk B AT
AL PR(15 s HA 4 ). RFRYITE 14 000 g 4 C
T EG 10 min, ZJEH EIE W INEF] Ni-NTA B 5
(Qiagen) I, FIR AR 3Z 7 H 250 mmol - L™ BRI A
T A B it Bradford 43471 (BioRad) il 72 . i i
SDS-PAGE il Western blot(¥. 7% [ 1A C3 , Covance)
DAL AR 2 2 R4 (8 1),
75 o9 @ o X et g alll|

FIH Levy-Bimbot 25" {5 1k, ffi FH JZ01 #R4%f
(0.5 nmol - L™ )FIHUIR BRI R AZ K (TRYZ &, W LA
$230 13 % O (fluorescence polarization, FP) 45l FP
SREES THRB VR OC R, JZ01 $2 4t 1 —Fh i fifl
) AR FE SRR TE P LB, TR 1R RGN 45 & 1 Y
ficfa, F JZ01 7€ DMSO H ()i , il 45 0.7 mmol -
L™ (1 it A T, K 0 28 W3 (50 mmol - L™ B R 44 |
150 mmol-L™" NaCl.1 mmol-L™" DTT.l mmol-L™
EDTA .0.01% Nonidet P-40 1 10% H il ; pH 7.2) %
B, TRIFMECH A 0.3 ~1 000 nmol - L™ iy AN [F]
WIZ, 90 wL TR WK A 55 3 AE 5 10 wL 19 0.5
nmol-L™" JZ01 ¥R G, W F#FHE | h, @it 96
FULARIEA ARG, AN S 647 3 AR, w6

JEATE Fusion 32X I & (Perkin-Elmer, excitation
(485 nmol-L™"), emission (535 nmol-L™")), £ 1
nmol-L™" ~1 wmol-L™" (81 FH &5 FEWAE I XTBE
1.5 BRI 238

B T £ Vi 3 B S0 50 T B R B I B R
HFETE 4% (w/ V)2 R P (™ 59 158127 -
500G, Sigma) B R £ 2% w5 Y (PBS) Y (pH. 7.4) 13
7%, FH PBS i ¥ 5 12 i T 100% H B A, AT ik B T
=20°C VKA A A, AR E A Z% 22 (WISH) J2 #% i
Dong SEP Wk AT, AR R BE S NG S
1 161 /MRS BE T BRI 3 3 32 1k B(THRB) I
R L HseskE S G o SRIE LT 51T sk It H
% THRB H4EF(QEI 5140 57 -ATGTCAGAGCAAG-
CAGACAAATGC-3" ; 2 [a] 51 ¥ i 5 -TTCCTG-
GAAGTGTTTGAAGAC-3), 7E 64 C 2«32t )=,
ARG FH 2xSSC(300 mmol-L ™" NaCl(7= & 45 S7653-
5KG,Sigma), 30 mmol - L™ #7 1 BR 4l (7= i 4t 5
71497-250G , Sigma), pH 7.0), 2 J5 Ji 0.2xSSC 43 4]
Y63 K, BIR 30 min, 5T ORIYICIRIZE T 2% My E
P45 &f I (Roche, Mannheim, Germany; = /i %% =
10057177103), f#iFH2 mL 10% F5FPH 2% i fin 8 mL
s R IC RS A ¥, % DIG HiiR7E4T 3 000 <7 B,
SRIGTE 4 °CH 3 000 xH B DIG A 5 it i 1R
fiff {55 BX (Roche, Mannheim, Germany; 5= fi %% >
11082736103), #x /i # 47 & (4 2 by, 8 i 5 BM-
Purple Ji£ #J (Roche, Mannheim, Germany ; /™= i\ 4 >
11442074001)% {4, ,

pET32-THR beta -LBD

@ 77 promoter NspV

Xhol

(b) SF FT \% El 187 E3

(c) SF FT % El E2 E3

M xp)

H H H H H H Stop

M (kD)

-

E1 THRB-LBD #& & il
¥ :(a) THRB-LBD %11 ;(b) SDS-page;(c) Hif ENilk , i sk # ik THRB,
Fig. 1 Preparation and confirmation for THRB-LBD
Note: (a) THRB-LBD design; (b) SDS-page; (c) Western blot, arrows indicate purified THRB.



184 s #F

ooz 4R 15 &

1.6 (AFSREEMNE

JI OLYMPUS St 27 & il 85 (1X73 ), K0 #H AL
(DP80) A1 1% %% 1 (cellSens Standard) it 5¢ THRB
mRNA ik, 5% ) W {55 /. 98 75 i BN THRB
FIBNL A, I HAE Zish B4R L B £530 X 48 i 1 B
I 4#1 (http://zfatlas. psu. edu/progress. php) . N T &1L
THRB FRik 3 i , i1 Image J 43 H74#X£(National In-
stitutes of Health Bethesda, USA)4 #1775 21| 5 i 1) S
Fl, H2T ok B30 A% B R 4B 1Y X /20 41, ff 7 o
BE Ll REREERR DL RO G R AL, B R
1.7/ RNA #EHU cDNA Az RIS R #ak 40 #r

fifi I TRIzol 257 4b 3 56 B IR JIf | AR B 5
ik fif A 3 B S RNA (Grand Island; 72 5 2 5
12183-555), RNA A i % Jit &3 13 1 i 260/280 nm
AW R 44K Y B RNA S7 BT cDNA &
I, cDNA B2 HlE 785 cDNA i skl &
(Applied Biosystems Inc; =i 45 4368814)34T,
AT RGBS 51T, cDNA FEAS(H F Aipks =LA
FEIE-20 C¥2 ¥R, fdiH] TaqMan #E475E K 23500
FNFE R 3¢ 35 43 M7 (Applied Biosystems Inc; /™= it 4 5
4331182), JXHESEMNA 02 ng cDNA J& #EFT 2 5
TagMan Universal PCR Master Mix & &, 7:{d FH Ap-
plied Biosystems 7900HT #17 PCR i, H Sequence
Detection System 2.0 {443 #r., #£ 5 1) THRB 3K
(Em 519k 57 -TGTCTCTTCGAGCAGCAGTG-3
K 51818 57 -GCCACCTCTGAATCGTCCAA-3’ )3
K] 18s RNA VA S ZEN E M 5141 57 -
TCGCTAGTTGGCATCGTTTATG-3" , K [m5|#)h 5 -
CGGAGGTTCGAAGACGATCA-3"), LA I 4P B2 75 i
iz [6] RNA 12 19 INFE2E ek
1.8 Sits#r

AT 2% 3K B s 34 3R R R F $4{H + SEM, i H
GraphPad Prism software #1748 11041, 2557 5
EVEME I T 22 53 BT, P<0.05 BT &0 T #A A
BT LN ER R E

2 Z55 (Results)

BDE-99 F1 5-OH-BDE-99 X i & £ JJf it HR #5 ¢7
FAREMEIER, AT SRR LS, B e
T RS AR AR R Z F T T I R AR
FEARAOER N, £ &S = MR IR R E R (T3) 4%
R HUR IR ZR 32 14 THRB Y Ehie R e F 2 5 2
— Horp | —FhJF R & BDE-99 8{ 5-OH-BDE-99 #
5 T3 74 PE4 A THRB, WAL T3 DiferyZEHL, 19—

5K BDE-99 1{ 5-OH-BDE-99 #R 1] LA i THRB
LR F IR,
2.1 BDE-99 Fl 5-OH-BDE-99 % B & ff1 i 35 (2, %%
HOEE IR (ESEE!

TESLI AT, IR H B A0 IR 6 R U5 T
I T 22 hpf, Z G R UUE KB g i, £ 96 hpf
KB KA, EHE 36 hpf £F il & A s i 2%
Mo FEXTMFFE Y 235 R W) e PR B R R 5 3%
o i (R IANE R AR € R U5 B iRy
5,45 5 e AR SRR T MR EAE IR (AR U
BDE-99 11 5-OH-BDE-99 %t 7% i & &K T IR Jii 36
hpf B BRI (6 K D05 (F 2), AHXFFXF 4L, 1 .10 A
100 nmol-L™" ) BDE-99 4 41 rft R fiff (8 R Ui 47
S/ 18 2% (P>0.5) 31.3% (P<0.05)F1 32.3% (P<
0.05)(l 2(a) ~ Kl 2(d)), [FIFE,1.10 #1100 nmol-L™
5-OH-BDE-99 % & th nJ & 2 i /D IR i . R UL , 43
BIFEAR T 9% (P>0.05).36.3% (P<0.05)F1 46.1% (P<
0.05)(l 2(e) ~ Bl 2(g)). MMNE R F F 60 hpf, IR
R IIFEVRE 36 hpf A DI,
2.2 THRB 5 BDE-99 #il5-OH-BDE-99 H)4541/EH

6 BDE-99 Fi1 5-OH-BDE-99 5 THRB (135
HEgESRE Y JZ01 VR NERES THRB 456 &
AR G B S THRG MR B S BLIEAR G, i 3e
GrPERCIR T3 BEA% L 3P 1G58 1) e iR G FE AR (18] 3
(b)), ZEfBiH1, BDE-99 F1 5-OH-BDE-99 tLAE %l
PRICREAR , It H S 5-OH-BDE-99 5 T3 ELA # HiAH
I h £ %, W] 5-OH-BDE-99 ELA 5 T3 #HH.
e T BETE
2.3 BDE-99 #il 5-OH-BDE-99 Xf THRB #t[H ik
(1) 5 ]

K BDE-99 #1 5-OH-BDE-99 Xif B & 1 it
W& THRB B0, 4 4 hpf BE L fa iR Jif % 2% T BDE-
99 F1 5-OH-BDE-99 ¥ H B & I i & & % 30 hpf
5 60 hpf 5 SEHALBE 4353 ] WISH 1 RT-PCR
Fzill T THRB mRNA FRik, WISH Jy ik (e il 25 2%
WEB T %5 T 1.10 #1100 nmol-L™" BDE-99 #il 5-
OH-BDE-99 W% i it fify, H: THRB mRNA FRik i
A, Ak B AT T 2= A R X3 (A A
RT-PCR & 5 K il 45 5 i 7~ , THRB mRNA 3 ik bl
BDE-99 #il 5-OH-BDE-99 % 2 ¢ J& [ 38 fin 1 B A (1
10 #1100 nmol-L™"), 7E30 hpf iif 2 FikSH#RFE I
ki AU (P<0.05)( 4(h)), THRB mRNA ik
KRR 2 70.6% LR (P<0.05), 1E 60 hpf (& 4(i)),
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100 nmol-L! gE z 400 SO0k ®
£ E & 3000000 x
$TS : .
o8
@ SHE 200000
< £ 100 000F
£
OControl_1__ 10 100 10 100
BDE-99i )& 5-OH-BDE-99#¢ J&F
/(nmol-L") /(nmol-L")
BDE-99 concentration 5-OH-BDE-99
/(nmol-L") concentration
/(nmol-L"")

2 ZIREAEN (PBDEs) RERIFERNERE
TE:IRfif 5 8% T BDE-99 ¥ 5-OH-BDE-99(4 ~ 36 hpf); Tl Image] % RS2 2 Ui /K P34 7 1Ak 5 (a) X R4, (b) ~ (d) BDE-99 B:## 41,
()~ (2) 5-OH-BDE-® %z, (h) 434 30 MR (OB GRS 3 EDRAEIRIE  * BRI B 733 S0 IR L ZE S i (<0 05),
Fig. 2 Polybrominated diphenyl ethers (PBDEs) decrease pigmentation intensity in eyes
Note: Embryos were exposed to BDE-99 or 5-OH-BDE-99 from 4 to 36 hpf; eye pigmentation levels were quantified by Imagel;
(a) control group, (b) ~(d) BDE-99 exposure groups, (¢) ~(g) 5S-OH-BDE-99 exposure groups; (h) histograms of pigment
intensity (integrated density) established from quantification of 30 embryos per group; * indicate significant differences (P<0.05).

® THRA-LBD
= a . . [} 260 (b)
?';/ 300f @ + JPIEE A Ovalbumin s e T3
= 23
~.8 <
&;‘5 250 Eé
=s =8 20
52 200 =s
B 8 =g
= 5] R 3
€2 150t £z
5 £ 2 1s0f
-— =
= 100 1 1 1 1 1 1 1 1 1 1 1 ] _3 I
-14 -13 -12 -11-10 -9 -8 -7 -6 -5 -4 -3 =2 [
IOgCTHRI*LBD ligand 14 I IR NN NN TR NN NN N N R T
-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1
© OBDE-99 logCTHR[i—LBD ligand
. A5-OH-BDE-99
a2’ 240}
&
=
=2
€8
g 210}
5%
= § 180
[}
3
=
[

oL
~13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1

logC,,

HRB-LBD ligand

3 THRB 5 BDE-99 #1 5-OH-BDE-99 H1% & 1EH
Ui :(a) JT THRB HIGN IS 1 % HEXT JZ01(0.5 nmol - L™ ) AR IGIHAE 5 (b) ~ (¢) JH =ML FUAR AR ZRR(T3) (10 nmol-L™),
BDE-99 (10 nmol-L™")F1 5-OH-BDE-99(10 nmol-L~")i#£47 JZ01 (0.1 nmol-L™")F1 THRB (20 nmol-L™")\3E 41L& ;
LBD /R BifALs 438, THRB -LBD ligand ¥ & 84 9 mol-L™"
Fig. 3 Binding effect of THRB with BDE-99 and 5-OH-BDE-99
Note: (a) fluorescence polarization titration of JZ01 (0.5 nmol-L™") with THRB and ovalbumin control; (b) ~ (c) competitive titration
of JZ01 (0.1 nmol-L™") and THRB (20 nmol-L™") with triiodothyronine (T3) (10 nmol-L™"), BDE-99 (10 nmol-L™"),
and 5-OH-BDE-99 (10 nmol-L™"); LBD stands for ligand binding domain; the unit of THRB -LBD ligand concentration is mol-L™'.
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Z:5% T BDE-99 [} 5 5 i IR ]l , THRB mRNA ik
Bt e BEREAIN(1 10 F11 100 nmol - L™ YRR LA, B
AGTEE L (P<0.05), ¥IRRIRE 722% LIF . £ 60
hpf I, %2 8 T 5-OH-BDE-99 (1) B & 111 It )i, THRB
mRNA F5A7E 10 nmol-L ™" 1 100 nmol - L™ 5 & T i
FRER(P<0.05), 50 BRZAH vk BE R AR &2 53.7%
PUF L1 1 nmol - L™ Fli N %A B3 25 5(P>0.05),

3 1118 (Discussion)

AU EE R B, BE 5 4 016 2 5% T BDE-99
5% 5-OH-BDE-99, T BBt 15 a1 R 4 €0 2 Ui & i
THRB %35 %A%, St H 2 5-OH-BDE-99 7 1A 4MGEMNE
5 THRB A #4454, X W BDE-99 Fl 5-OH-BDE-
99 A REAEIRIN G T3 A se RS A i = A A FIE
FH 510 3 1 H R B U 2R R i e R HOIR IR R
(THs) 2% 20 —FER | BE I8 17 177 2 40 i 2
AE® ) THs AMUZHEHES YA TE A7, X ok

M RGRINEXLEEMEHS, THRa 5 THRB
/5 THs BT, THRB mRNA ik SR IKEUE THs
GYUID | T LR & B R 2R DL R A2 e P
3.1 MREERTUERIT

Arbogast P RIE T THRB mRNA 7E /) AR K
FEE R IA  Ho T DR R IR 3R AT 0k 3 fif L 1)
2z 52 m e 2 R0 N A AE . kA, THRB
mRNA £ WG V7 314 it 19 40 D) 5 A A2 J22 o 2 50
Dong %52Mgi F] 6-OH-BDE-47 X B b fa i 47 % 5%,
R T ERBEMRATZSRIBL G, 33X AT fe 2 0 59 A5 41 i
PAT- AR A, I F— 25 ) W 98 T- ML AT E & PBDE
F3( THRB mRNA Fik i Tk, @RI
E"Jﬁ%ﬁﬁﬁﬁﬂﬁﬂi,\ﬁ{wﬁ%‘ﬂ]a‘éﬂ% ARG
HESE 73X — 45, THRB mRNA 23k &1 T [ Al fig J&
IR R DIE AR 2 — SAETUE 5 T
C-BDE-99(¥5E Wt 51 49 Ci, B 1 813 GBq - (mol -
L") 5 BDE-99),1.5 d JFZEM MR A K )2 &

(a) Control (b) BDE-99 () BDE-99 (d) BDE-99 (e) 5-OH-BDE-99 (f) 5-OH-BDE-99 (g) S5-OH-BDE-99
” ‘. ol L nmol-L" 6‘0 I-L ol-L-! .olLl 100 nmol-L
£ ‘
100_ um
- (y 0
=2 105 %
2= 2T Lo
= & * %* d z Z s ok
ZZos > <05
= s E<
& EZ
Qa @ X
£ E = E
e Ea
= =
00Conmol 1 10 100 1 __ 10 100 00l 110 100 110 100
BDE-99¥¢ ¥ 5-OH-BDE-997%¢ % BDE-99i i 5-OH-BDE-997 &
/(nmol-L") /(nmol-L") /(nmol-L") /(nmol-L")
BDE-99 concentration 5-OH-BDE-99 BDE-99 concentration 5-OH-BDE-99
/(nmol-L") concentration /(nmol-L") concentration
/(nmol-L") /(nmol-L-1)

4 BDE-99 #15-OH-BDE-99 1K 7 bt 5 £ BERG Kfidi 1 THRB mRNA HIRiIE
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Fig. 4 BDE-99 and 5-OH-BDE-99 decreased THRB mRNA expression in the brain of zebrafish embryo
Note: Embryos were exposed from 4 hpf to 30 hpf or 60 hpf to BDE-99 or 5-OH-BDE-99; (a) ~ (g) shows the zebrafish embryo at 30 hpf;

(a) is control group, (b) ~(g) are exposure groups; compared to control group,

the prominent blue coloration was observed in the brain of embryos exposed to BDE-99 or 5-OH-BDE-99, showing that the THRB mRNA

expression was decreased at 1, 10 and 100 nmol-L™" respectively; red arrows indicate localization of expression; (h), (i) show histogram

of the quantitative PCR (qQRT-PCR) for THRB at 30 hpf and 60 hpf, respectively; the results of the 1, 10 and 100 nmol-L™!

BDE-99 and 5-OH-BDE-99 exposure groups were significantly different from the control;

* P<0.05 indicates the significant differences from the control; 3 replicates of 20 embryos each were used.
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