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(AR R E BRI BT 2 Be, J7 M 510642)
(2 FERLF B 5B AEE, T ARMEM 514015)
(3 gl R EARFRE, T 510642)

W = TREEEEE ( BDE-209 ) J&— 2B B A MER LS 4o 4y, v B4 R G AR B K
BEZMAMEEN . AL FRFFL R ( Caenorhabditis elegans ) BIEY), 38 i3 40 7 VR Bk
ZRHk (BDE-209 ) XA | Fay . AT DL AR oy i S A AL S Bl sod -3 . Zp-53ER L H
cep—1. AL EZREPASOFEF cyp35a2h A W H IR RL B L Rl gst— 1195200, SRIFHrBDE-20919 £ 3 | 21
M B4y FoKEFE T, IRIREE RN, S5 AL, BDE-209KHI & (5 mg kg™ ) JERT I 2EE, Xt
F5 Wik AN PR T S = IR AN S VR B RN R R R (30 mg kg ') SRR N BT R =R AR H
TR, Fdas, AT, Real-time PCRIXHEFM, MAIE (5 mg kg™ ) BEEMHsod-3. cep-1.
cyp35a2 LK Fk LAERIIN ;. B AR (30 mg kg™ ), HSRsod-3FIE W FERN, EH iR EE AR TG
WRIE R, cep—1. cyp35a25L[H Feik 2 Z B0 . LK B A R E (30 mg kg™') TUREK
Pt I b, S (R0 55 R BT 2 = AR A AR N SO R, 5 T T 48 R o I 45 A S B AU AR R TR R ok

SRS, T Ve EE R BDE-209 23 3 i HALIAR S A4 4 . A I 12 ™ B i R I

K HEiA

FEISES X171.5 Xk tRiZEg

HRBEAREE (BDE-209 ) [KHA B & i BH R
PERE, BTz AmB R, B BMYiAY .
FEAR S @SR . X FBDE-2091 4 ) # b,
38 TA Ay S LR 11 AR T 0 1 I i 0 AEG VR 400 o T 3
g R (B ROk BT SR W], BDE-209
HEBMAEYFEEBATZM, Ba 58NS
SRR, MR R AT Y axbp
PR E A BT I A e (GPX) . At
JRFEL B (GST ) 4Bk H KA 5B ( GR)
MM B TR A R A AT AN R A
DRI A = A R T . H AT S BDE-209 7 1
SRR G R EAE PR YT e Y ks
Pyl kO R B R O A
Jrr, LA IR HL ( Caenorhabditis elegans,

* TR HARBEEES T (S2013010013809 ) %k

TIIBORRE s FuNERATA R B PR s LRI

C. elgans ) A EY BRI EEAHS .

3 T I BR AR AL, LSRR, R AR
B, KB, 30% MR SILshY R
HFEIR, HAFRIEE T, Tl T4
MRS FEIOE ST L L B WA E S
JB LA JEFEME . D5 RS . A LA 25 55 A LTS Y xt
75 B AT U FE B AT ST e ) ) R Y
AR AR g i BN B AR, s Ye W B R AL 4t
PG ARYE o AWFIE LA T W B AP RO X 5, 40 Bt
BDE-209%F H = BI =32 | Fi DL S AR N A AL B Ak
il (sod-3) | Kp-538HHIEA (cep-1) |
M ZEP4503E K (eyp35a2) . 2B H KR i
FEH (gst—1) B, LA MBDE-2094:%14 . 4H
JiL K 5 F KT BE A T SR S 2 B0

TR Rk (1964—) , 53, WL, HR, TR N FREE R
E#TRIY . Al (1974—) , 2, W FEA, WAL, SR Iam, RN SE TR . E-mail: livy@

jyu. edu. cn

Wk HH: 2015-01-14; WEESR HI: 2015-04-14
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1.1 iR

FHW R (DUF AR e ) DL KR KT
W (OP50 ) 34y A Al R 2 AH 1 2k iF 9 == 42
fit, IRBCAEE (BDE-209) Afhgia, —HET
B (DMSO ) SEiR 52k = 4 4l
1.2 WA E

75 B AT 2 g 3% . L Uil (20°C) ik
T%AHOP50INGM ( Nematode Growth Medium )
gt BN PR BRI, 7E R ik
B (Olympusex-21F51, HA) THkH2055m 4 E
TURA OPSORYHT L8P, 2 himf 2l ki,
UN RS IRt AR s R LA, R

FRME . B BDE-209 I DMSO B % 5
BLi5. 10, 20, 30 mg kg '"MINGMIEEFH 5L, 56
FHZS ANGME; F: 3L . DMSOR; FR 3L N X R4 . %
RER SRR SR ERAATIE, 35°CH 58 hiE,
W AL 55 7 B LA e ( LUT il 560 2 HE B 1
o) PkBEARIREE R IEFRE F, BIL55%, 20CTH
Bk, b= s, H24 hWEIL—k, iR
WH, HE/SWER, Sib=mEsE oM, i
REAL R IEE, BB EIANER,
oA 2548 ( Parental generation, P) k= ppE
FEORIEfL K = L4AMART, F2 2 AH RV B YBDE-209
HIRA KB E MR SR B, =R, &S
%, HE3R, WHTF M (F1) Lly=ops, L
B, M A0 (F2) . F=40 (F3) 725

K ANE " R ELA L R E
WA OPSORY ARl e FEBDE-209 9 15 32 3 [+, &I
1045, R:24 hWLERZ dBUE B0 X . 77 B0 T4
24 W IL—K, JOPf5, 48 hWBIL—Ik, B4k
i A 3K,

AP TIIE . B2 M GumiennyZE Y JF
e, FWCIERS (AO ) Yoo iy Jy vk Al 75 i 42 R 4
Mg T KR B LA Bk E0. 10,
20, 30 mg kg”' BDE-209% Wi+, HRIF1004,
IRIMOP50, #EG20°CTIRFF24 h, FRkiligd,
FAMOB WG vEIG . FE L EWINCMEE SR Fk =
10 min, EHIEH L UHL: 1009 H M, Kk bk
ZHrh, L, ESOL BB TSR R
OIS 1S nm, WG

K 4488 nm,

SRS R . ICERFIBDE-209% & T
R LA R 2520 w1, = Minvitrogen’ & Y
Trizol Reagentiﬁ%%ﬁ%%ﬂiE\RNAo M Rever
Tra Ace qPCR RT Kit i{# & (TOYOBO) MJ5k
& WieDNA, #HGoTaq® 2-Step RT-qPCR System
KA & (Promega) TETAKARASZH & £ PCRAY
AT YO S A AN . 2O S R = 1 5
W) 2 M8 Zhang 1 BBt DL 3Bl R H O
AW (gpd-1) NPAR, 3 BOHE A L) 1 ik
fFE A (sod=3) . Kp-53HHIEH (cep-1) .
i AL AR (ctl-2) | 418 EP450H
(cyp35a2) #FATIE, e FRIBME MR TR
M ACHE (24¢Y) |, T8I ) . B4R
S E 3K,

1.3 HuEE

K H Excel FISAS9. 04K 1 b ¥ 50 B0 405 - i 47

ARG B 22 S PERG 56 .

2 45 R

2.1 BDE-209%f %k H 7= 5} Z B9 S M

%5 (DMSO ) KBDE-209%F4k 5, F—
REF=RI=IRMEM I EL, HRITLUES,
Has P AL, SERLRERIA (DMSO) |
KHEBDE-209 (5 mg kg™ ') ik 5 2 2 52 xF £&
HP= PR C B 3 22 5% (p>0.05) , Tl
B (10 mg kg™, 20 mg kg™') DA EFIEBDE-
209 (30 mg kg™') ZEFAMAFL B =R E T
FE (p<0.05) o F—FRZk Byl 4l o A8 fh A
W2, M BDE-2093 55 4 ™ O R ¥y 2 T FE
(p<0.05) ; Hrh5 mg kg ' F110 mg kg i35 2H 2 [A]
ZRANBE (p>0.05) , 20 mg kg ' FI30 mg kg it
HZMZERARE (p>0.05) , F AL A
2H K AR E U BDE-209 56 20 5 2% 14 % B 2H AH
o, ORI B TR (p<0.05) , S5 mg kg™
10 mg kg RIA 2% FARLE, 20 mg kg™
30 mg kg A Z M EF B E (p<0.05) , T
R 2% HUE R A SO TR B2 Y BD E-209 % 58 24 fifi 15 28
IR E T (p<0.05) o F7% T A1 E e 5 1
BDE-209H, BfidE B A AYRER, SR H ™R B T
. S2s Xt IAM L, IR (5 mg kg™') 5B
=B FNRE3.8%, T ="K TR T55.3%;
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AL (20 me kg™ ) FRAIRA FHE29.2%, T
SRTFHTS6.7 %; w4l (30 mg kg™ ) FAL
PR R T23.1%, T =AGIE FHE 7817 %,
FH], BDE-200fRWKIE (5 mg kg™ ) AN 5255
T 75 4 107 5 RS W /0 L %

8 23 41 ] 75 B 2 U™ B BDE-209 7 %
(30 mg kg™ ) i H] 5% 58 B AT Ik 2 400 1 & oft ) B
o IR P WA B, R AR R 20 75 A U B
PR, B A T BDE-209/ 0, a5 N
TERE IR

F1 AEREBDE-2098ZE M & RN RPN

Table 1 Brood size for worms exposed to different concentrations of BDE-209 ( eggs worm™")
BDE-209
! 0 5 20 30 DMSO
(mg L")
P 217 £ 17a 209 + 31ab 151 £41b 152 + 34b 165 +33h 185+ 21ab
Fl1 198 £ 11a 161 +£27b 143 £ 47h 95 + 13¢ 114 £42¢ 176 + 10ab
F2 223 + 10a 163 + 26b 112+ 18hb 143 + 6¢ 92 +36d 169 + 18b
F3 221+ 13a 100 = 9b 93 £27hb 95+ 19b 40 + l4c¢ 123 £32b

w. P, EA; F, A F—Arh AN R R EER (p<0.05) Note: P, Parental generation; F, Filial generation.

Different lowercase letters in the same column mean significant difference (p<0.05)

2.2 BDE-209%}%; 1 55 6y & ttH X B 5E R (8] B9 21
BDE-209 %} £k 7 iy B[] (1) 52 e DL BT 1.
BIVAT AL, SR AL, B TS meg kg™'L 10
mg kg™ BDE-2093 55, £k U P35 5 A AR (b AN
B (p>0.05) ; B#ET20 mg kg ' 130 mg kg™
BDE-2093 i, iy V%4 (16.3+1.5 dfl
15.0+1.0d) ¥R EL4RE (p<0.05)
LBAE20C T A KL H3.5~4.0 d,
TEBDE-209 % £ (9 R By B, 2 oo H 48 25 i 1]
KAz Em, (HREEWEN TS, 2300
Waohn, AR SR K BR300 mg kg

25

o a

20 I I ab .
. T
= T T b
§15 . 1 T
&
3 10 A
&
&

5 .

L 0 5 10 20 30

BDE-209 (mg L™")

NG FEEAR R R AP E] 5 22 5, p <0.05 Note:
Different lowercase letters mean significant difference at 0.05 level
Fl1 AV EBDE-209 F 75 il £kt 4 % 6
Fig.1 Mean life span of C. elgans exposed to BDE-209 relative

to concentration of the substance

BDE-209 % 58 i 154 it — AU HAQ S5 A i) A2 4 %2
4.0~55d, Z2F =, mEE SR TR, 7
R A SE K 526.1 ~ 7.0 do
2.3 LZHRHAMATIER

ARG R T Y W 8 G €2 7 2 P A DU 55 o 4k L 7Y
AT RSO, Ye)n, DNAWTZLUE T 40 M i N
SR E (A, T I AN IR SR, R T AN
W JEHIBDE-2097A W tH24 hlm, Ay iEn
WK%

X (B3 A) ML, %8 T10 mg kg™’
BDE-209 ( 13 C) AyZk HUM R ke @,
BT ORLE , 20 mg kg™ BDE-209403 (K3 E)
0 A B B T b S IR AR, AN TR B
30 mg kg™ BDE-2094bF (K13 G ) 2k AL AL o iy
[ AS SERS7 Y =3 Nl o R SENEN i
o, KW EWERKBDE-209 (30 mg kg™') A HES:
34T5 A R A A AR A e AR R T
2.4 BDE-209XFZ&k A S EERTIZ MY

AWM T BDE-209%f 75 il 4k H1sod-3 .
cep—1. cyp35a2. gst—1FEHKIEM M, 451
K3, AT H, S5AXRAE (CK) Mk, B
gst—lﬁf‘, W5 Xt sod=3 . cep—1. cypSSaZ%éijjTﬂ]
TIERAA % . 28 TIE (5 mg kg™ ) BDE-
2095 T4k Hsod =3 Fllcep—1 58 A W il 35 184
M (p<0.01) , RFETHEWKE (10 mg kg™

http: //pedologica. issas. ac. cn
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(A, B) : WA FROXIRAIZE: (. D)« BHABHFHI10 mg kg RBAILH; (B, F) : BRI F 20 mg kg
RIMHLR; (G, H) : BHAMIIE T30 mg kg SBHL

(A, B) : Apoptosis of worms in control group under dark field and lighted field; (C, D) : Apoptosis of worms exposed to 10 mg

kgfl of BDE-209 under dark field and lighted field; (E, F) : Apoptosis of worms exposed to 20 mg kgil of BDE-209 under dark field

and lighted field; (G, H) :

Apoptosis of worms exposed to 30 mg kg™ of BDE-209 under dark field and lighted field

K2 A EEBDE-209% 85 T 75 il £k Ho 40 i i 1175

Fig.2 Cell apoptosis of C. elegans exposed to BDE-209 relative to concentration of the substance

B
o
=0
&
ms E
=.E
2o = O CK
EIE% 0 DMSO
Bgg .
iy SE 4 B5mglL’!
223 E10mgL
.o =3
53 B @30mgL"!
222
HE>~ 2 B
.DQ (5]
=7E Ap
"K:‘; - BC
0 B &
cep-1 cyp35a2 gst-1
FEH (Genes)

e BIPIRZEL A bRER . RS FREAN R FOR 22 50 %
p<0.01 Note: Bars represent standard deviation. Different capital
letters mean significant difference at 0.01 level
K13 BDE-209%% 5 X £ Ht 5 K 3 1K 1) 0
Fig.3 Gene expressions of C. elegans exposed to different

concentrations of BDE-209

30 mg kgfI ) ﬂ‘fﬂﬂ’ﬂsod—3*ﬂcep—l%§iﬁiﬁumﬁ%

(p>0.05) . X Teyp35a2, (KW (5 mg kg™ )
BDE-209 4k H 20 75 i 2 1 cyp35a 2t 1 2 3% fin
(p<0.01) , TiFE#EEBDE-209 (30 mg kg™') Ab
P2 cyp35a2 Kk WA B & T R (p<0.01) . gst-1
FE 3R FE AL PR H4 e 0 3 TR (p<0.01) , LB
BB, TR

3 W

2k U R TR AU BDE-209 ( Smgkg ')
hEEH 2R AR E (CRIC) |, (BREE RN
A AE K, 2R A= I ECE T A TR, HRf %
DBE-209 ¥ & 1) 384 Jin A1 5 &5 B (| 1, 5 A ™ o
BaETFELE., THESKREA (30 mg kgfl)
2 F =R, O H SRR T 81.7%, Won
10 R B BDE-209 X £ i) 258 A A B BE ) A —
SEMHIER . TR, BE T30 mg kg '

http: //pedologica. issas. ac. cn
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BDE-2097 W 124 h, 2k Hu /B 5 dR AL 40 i A I T
ML,

sod =32 A= Yy 1A 5 32 40 F il BE R IR 1Y T 2T
SEALEE, 42 B R AL AR, sod-3Ry KL T
wRERA, BHAE—E REE N5 20 M 38 2 B2 AR
K PR R Z BIBDE-47 8
MF, AR T 2K /N BR 3 A A A A B TR P T
VR BE IR EZ M, Bell 6 525 2 WS T RIS
fi¥ (BDE-99 ) Xf/NERAYSEm, A0 & 30 = v BT /1
BN sod 3 1k T R AR, 53 A1 kL2t 20 par
Gk AL ) ABFFE XS, skEEAE L IR
TEMAF AN BRI IERT S, B R Hsodif HEAEBDE-
209 /E R BSOS S M B % . ARSI
BB R, ML RE TIKEBDE-209 (5
mg kg_l) HEE, sod-33R3k B E M (p<0.01) ,
MIEFET10 mg kg™, 30 mg kg™ BDE-209 1},
sod-3FRIKIG MR B2 & T (p<0.01) , BIBEE
BDE-209%€ B 135 i 1 BE ek 5 i B4

554 Wy 240 M O T B DDA OG RY 2p 53 4R 1 BRI
cep—1 1220 | U RIGNEIHIAMT, cep—1 B3 L,
R P 200 6 0 T LR s A SR AR AR R R A T
AR, ARMER (5 mg kg™ ) cep-11 %
W (p<0.01) , EHER (30 mg kg™ ) cep—1H i
EREAL (p<0.01) , sod-3FEH Tk Heep-1FRika
P—F, RETBDE-209M T I &, K
WHEET AU, ST AR Z R, £
e TR I 5 ] RE R R U AR B A G e, X SRR
4 18 TR ge e ( BDE-20943 i 22 1K LI A= 4
KE) —H.

AMH5Esod-3 ., cep-1IEHENFWKERIBDE-
209Mpi8 T ¥ BEEOL JE RIS, X 5BDE-
209X JEH B2 UG AT AN A B S AL DO o S
JEBDE-20915 54 = Az AU N, LA a]
A 2 B, (HBEE BDE-2093K B2 1y 3
B HEAEHIE S L R A BPURRETTRE S, B
PERRAS, 40RO T A 5 A AR DGy 3t
Heyp35a2th B ek 5 RS, ml R 3
MBS, BRI T A UK N Y 4 i 6 5 il
P yp3Sa2, {FLH) [ e HE B 2 A 1 24 1 52
Fil, TTES 5N R, AR, &E
“thae” 4., BMHIRERE (GSTs) 2wk
OGS 2Rl , © LA F Y B, s m
FCH K, DA A 38 o 40 B AR A 0

ARG, gst-13RIK I 2], R R Tk
XFBDE-209 AT fE A M2 i 75 o 4G 2 Hu iy = R e )
HAR T H RE , M5 TR EZEBDE-209
(5 mg kg™") ™, 2R 325 S PH Fsod-35& H £
Kok X A A s (H BE G 5 58 I E] Y SE K DL K
BDE-209%¢ FE Y3, 2 M Jo i X A S A BTk A7
IR B, sER A FRIBE haE 0, N FE
MURSZ 88, AT DL =R | K H iy
Fe b F R, 4 CBDE-209%F 75 i 28 i 25 AL EE
LR Ay —FBILI O T RIS o AN B, AR IR A
AT .

4 ik

T TR HEBDE-209 (5 mg kg™ ) ¥HEih,
S BoF [) % 75 T SR A /)N, AELRE S B A 38 o LA
T 2 T3 O (B A K, 75 0 4k L= D AR T R,
KA amde s, BB a A 2, R A 7 3
il . Real-time PCRIAI 3R], K& BDE-209
(5 mg kg™ ) ZHE, FHWLkRnTBEE LM Fsod-3 .
cep—1LL Keyp35a2 5 [ 3R 35 DL X A4k i, 0
HWE R (30 mg kg™ ), ATRERMLIAZ I, F
Mgk P E L EE A (sod-3, Cep—l) L AR R A
(cyp35a2) DLRS#HER A (gst—1) =2
TR E (30 mg kg™’ ) BDE-209%% 5% il fE 2>
9L HOIC B 2 Ak g S 8 T, I
R A AR R R E R

BB RMEHRLRXFHNE RFRES
&1

Abh B AT AT E KA B TR RS 155
S X L #k
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TOXICITY OF DECA-BROMINATED DIPHENYL ETHER TO CAENORHABDITIS
ELEGANS
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Deca-brominated diphenyl ether ( BDE-209 ) is a new kind of persistent organic pollutant,

which may have multi-physiological toxic effects on the nervous system, reproduction, development,

etc. of an organism . In the present study to assess toxicity of BDE-209 at the molecular, biochemical and
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physiological levels Caenorhabditis elegans ( C. elegans ) was chosen as a model organism. The physiological
experiment performed in this study was to determine effects of the substance on spawning rate of parental
generations and filial generations of C. elegans, and life span and cell apoptosis of the parental generations;
the biochemical experiment was to monitor cell apoptosis of C. elegans with the acridine staining method;
and the molecular-level experiment was to determine changes in antioxidation genes, such as superoxide
dismutase—3 gene (sod-3) and quasi p53—1 protein gene ( cep—1) , and xenobiotic metabolism enzyme,
such as cytochrome P450 35a2 gene ( cyp35a2 ) and glutathione-s-transferase gene ( gst—1) with the Real-
Time PCR method, so as to evaluate toxicity of BDE-209 at the physiological and molecular levels. Results
show that compared with control group, exposure to a low dosage (5 mg kg™ ) of BDE-209 did not have much
effect on spawning rate of the parental generation, but did on that of the filial generations, particularly on
that of the third filial generation, which dropped by 61.5%. Exposure to medium (20 mg kg™ ) and high (30
mg kg™') dosage of BDE-209 did inhibit their spawning rate ( p<0.05 ) significantly, reducing that of the
third filial generation by 66.7% and 89.3%, respectively. It is clearly shown that both long-time exposure to
a low dosage (5 mg kg™') and short-time exposure to a high dosage (30 mg kg™' ) of BDE-209 could affect
brood size of C. elegans. The experiments on life span and cell apoptosis demonstrate that exposure to a low
dosage (5 mg kg™ ) did not have much effect, but exposure to medium (20 mg kg™ ) and high (30 mg kg™")
dosages of BDE-209 did reduce mean life span of C. elegans; and exposure to a high dosage cause apoptosis
around the gential area. Real-time PCR reveals that exposure to a low dosage (5 mg kg™') of BDE-209
significantly induced the expression of stress-related genes such as sod-3, cep—1 and xenobiotic metabolism
enzyme cyp35a2 genes, but inhibited the expression of xenobiotic metabolism enzyme gst—1 genes, while
exposure to a high dosage (30 mg kg™' ) inhibited the expression of cep—1, cyp35a2 and gst—1, but increased
the expression of sod-3 to an extent that was not so high as the former. However, it is quite obvious that the
expression of gst—1 was always inhibited in either case. These findings indicate that, when exposed to a low
dosage of BDE-209 (5 mg kg™') for a short time, C. elegans would react to oxidative stress, trying to repair
the damage through regulating the expression of related anti-oxidation genes. In this case, C. elegans would
be much affected in life span and spawning rate, however with the exposure going on, a low dosage (5 mg
kg™') of BDE-209 would significantly reduce the spawning rate of C. elegans and a high dosage of BDE-209
(30 mg kg™ ) would cause oxidative injury and cell apoptosis to organs of of the C. elegans, and reduce its
oviposition capacity.

Key words Deca-brominated diphenyl ether; Caenorhabditis elegans; Reproduction; Antioxidant

enzymes, Gene expression
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