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R RIS A LW R T BRE BN, 3 & IAT £ SRR
R Fots 4l 37 L w2, K BITEBADFEF 7 %, 7 UE KT 0 F T b
WRAMFEER . REEMREE. KRR 2 TEIN G G E R A-T LRKOE
W ROERTE R R LI Ak, PR T AR A AT L 42,244 T4 R B
KB (BDE-47) 5 #1182 B pS53 8 51 7 X 3% i B (pS3-DNA) By A B4 A LA 4 FHE Bl ok 45
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FHEH ML R BDE-475p53-DNAK 4 3 & 8 5L, [7 it BDE-47 8 i A\ {# EB-p53-DNA &
RREFHSTNHER, U ABDE-AT 5% 4 M 3 8k 56 \p53-DNA B A F xt o, [6] B BE A ) 1
b, G EHKNT.24 x 10° Limol. A#F % N4 F A-F Lt [# ¥ 7 BDE-47 5 p53-DNA |
WA AR R LA, T hFEENGFEREELAEEE L.

1155 7 ¥ %% (computational toxicology) /& — [ 1#T
Py S BUBZS: X (e I o R A C e I SR N
HAYSEYERFMAGAEY N, KA
SRSV ) O ¥ VE A Ak 2 5 G ) DAHE TR 7= A A= 3k
N4 R 20024F DIk, S E TR R
A SE, IR AE S E AR R o T E 5O
2B O (http://www.epa.gov/comptox/). KR Y S
FIREACHIE R, LK 3 1 1b 5 i 9 <42 1/ B il 3k
R % (Integrative/Intelligent Testing Strategy, ITS)”K
RBALE SR 2 5 B Hdr, in silico(GH AR
PO F AR EITS B #% .0 N 2 (http://www.osiris.ufz.de/).
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g LR pS3 e 4 A 1 2 BRI 5 vy A 56
FIHYFEIN, 50% Y g 5 pS3FE N A8 A KB ps3Y
T T BE A W40 3 K L DNA R S22 M, 440 i
% 'EDNASGEE, pS3 Rl 54 i & AE G U BH A,
il 40 L 5, M DNAR G ik B R, pS3nli@id £
PR 25 FANMIA 117, 25 pS3BLN Z B 15 K %
A DU AT A o8 200 RO 5 1E R B R, B 4 AR AR 1)
JUSRBL 35 Ye /N oy 1 DA 1 4 FH 0 G 37 18
s N 45 5) S DNAZE A, 1T HIHIDNARY & il 5% 5%
ol T B DNAS il B & A= LA e, DT 5] 2 DNA p
AL L, BRI Y S ps3Jn s KRR A
B2 (p53-DNA) Y AH BLAE IR, i B s A5 2 A
BUl, BA T+ amEErE L.

2,2',4,4"- U 78 Bt 2K ik (2,2',4,4'-tetrabromodiphenyl
ether, BDE-47)/FE B 17p MR (35 A A HLIS YL, 9k
WONSE i) TR IR b S . AR
YR T B 1 2 TR X 2K it (polybrominated diphenyl
ethers, PBDEs)[i] &4 —" 1 ¥ 5h i X 38 1Y TR
Wy | PR ) B N A R R I 2 BDE-47 A A7 A
2 [ [ K 3B AR R 20104F 25 A 1 8 2 45 45 1
BDE-47 /2 A\ 21 21 42 78 (1) 570 3 ZE PBDEs[A] & ¥
z—U [ t, BDE-47H) e A 23] T E N
SN B2 . B A WS HGE, BDE-47HA
PRZEEE . B REE . AR BB SN i TR,
I 0T 5 A 20 L PN A DNASR 45117 (B A8 45 ML
A Rt — .

K B S 56 T B e Ah-n] WL OIS . 2
i 2otk | AT, BENE MR A B X
NG TFI5 Y S DNAZ (8] /R SEAT A . {HGE i
SEYG R kAR EAE R, RERTER O, HE WY
Fa FAE AT — %E 9 R R, AN T P s 700 Ak 27
HIREE 2 A5 B B 24 i o3 F A T ik, X il
AT BE A AR BLVE B, S RIAS 0 B2 A W i 245 4 Ry
fEHAG R AR 3. AR BE5E DL pS3-DNA K i 58
X5, RS FRFSE T BDE-47 5 p53-DNA ) AH

HAERMLE, 487 T T RE R A pS3FE R, I
i ER AN -] WL S T B G T R AN S 5 I s T
BDE-475p533: K i BE 245 & F 8, UE T 4> T8
LRSS, Tl S i JRURS: i A A A% B AL T 7 ik
WA
1 Jith

(1) Pl s X% p53-DNAF) = 4E4h
¥4 38 i make-na I 55 #% 3K 45 (http://structure.usc.edu/
make-na/server.html). % & 55 #% 3 T Nucleic Acid
Builder(NAB)F2 /7 &, HHTC ) 2 W H T A% iR
(DNA, RNA) Y = 4t 25 #5201 A 5% R FH ik 5 15
Discovery Studio 2.5(fij#XDS 2.5)" #Dock Ligands
(CDOCKER) # £ 3 £ #£l BDE-47 43 T 55 p53-DNA[f]
B A1 5 /E . CDOCKER J& 3 T"CHARMm /1 3% () &
PEXT R E, BCAAR S T i b 4 2 8] 2k A s IR
B SR R, IR HBAR S 2ok 45
GAESZ IR TG AL ST Ok, DT T B2 285 3R s
K. o PR e 101 A%, HAbSHCR B
NBEE, 45 R L REE X E 4T 36 s, Xt
T BE Y 17 4 SHEBOAR, IE B 52 44 5 T W il 4 556 A
TR TSR, 4B TR BDE47 Y
p53-DNAJR] (1) G5 AH BAE .

¥ 15 o F B 1 2 B (molecular dy-
namics, MD)fi JHDS 2.5F%)% 1 () CHARMm / 37 #%
L. HEFR ATIPIP/K AR, &2 & Wik 2 76 % T 40 il
_E7 ARK T2, LMESIEA L0 1A G A8 fk 25 ]
] BR80T 35 = AN S TR TR R P 2 A
fr DMRIER R A e rp . 278 il 2z wir, XA
2R B BE T B A AT LR BE Ak (B KAk 4 5k
S60004), FHRIH bR 40 8] A 25 RE AR . MDA 43
J2E: EEHEAT T20 psifp5S3-DNASF MDA,
TR BE 50 K22 FHEFI300 K; SR A T 2y
SR X BEAMA R PEFT500 pshYE FEAE IR (NPT)MD
HAMDEEEH, MDA KB HR2 fs, THFEERIH
SRR PR FH A R BT(E (cutofH) R BN 14 AL #E
FA500 psHIMDIEFEH, A0.5 psfiE LIRE AWk
A =4

(ii) p53-DNA. 25 H AU HEEDNAI B i
A THEYEARFRAE, HF5HR: 5-CCTCCTCC-
CCAACTCC-3"; 3'-GGAGGAGGGGTTGAGG-5'.
TSI 1 9% PR F N W R AR 2% v (PBS, 0.1 mol/L,
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pH 7.4), MBS 0 MR — A AN B . f p53-
DNA# 24 HAMAFEDNAE TPBSZ P (1 x 107
mol/L), B F85CH#12 min, ZEAHNEFIR, B
754 XU p53-DNAVE (S x 107" mol/L).

(iii) M BDE-47% #& . BDE-47( [ Chem
Service/A &, 4l 599.5%) % T — F 3£ i (DMSO,
EEMP Biomedicals/A A, 4> 99%), Ml B E N
1 mol/LIY L. HE4T ik 52 55 R FH PBS B il A [7]
e ) BDE-475 K.

(V) S50-A1 WL S Rl . T AN () v
IBDE-475p53-DNAIR G 5, W2 h, 2K HU3900H
R AN AT L4360 B (H AR XS4t B 57 il 4E )
I 5E p5S3-DNARY A1 AT W OGS . BDE-4711) i 4
WSRO0, 1,2, 4, 6,8, 10 x 107 mol/L, p53-DNAF %
LRI A1 x 107° mol/L. 3 LI T N PBSZE .

(V) ZOeismE. w58 EB, i
T ARA AT, 265> 99%)VE A2 64T,
TSl Al K BL B W E A1 x 107 mol/LEYEBIA T,
51 x 107° mol/L p53-DNAVRA 30 min, fiiZ 554345
4, fFIEB-pS3-DNAKR. 2 J5 K AR ik i 1) BDE-
475EB-p53-DNAIR &5, W2 h, RHLS558150
11 K 6 Y66 T (3 E Perlin Elmer /A 7))l 2 2%
R, BRI 480 nm, & HHGREF G Bl N
500~800 nm. BDE-47/W 4 & 10, 1, 2, 4, 6, 8, 10
x 107® mol/L.

(Vi) pS3-DNAK S, it 2 4hnl W4yt
JETFEAT IR 525, B4 1 x 107 mol/L BDE-4751 x
107° mol/L p53-DNAIRA N2 h, ZJ5 8T,
FE AN TR I E (25~95 °C) T 3 W AE 260 nm Ak Y W2 't i
(A260 nm)-

2 #ER5PHE
2.1 BDE-475p53-DNAFH HAEM

15 W)/ 5 DNA R 3 2230 o AR e 0 4%
A, HEX FE N3F: B s IO aE A Kirdd
gEAPY Mo A AN B SRR, VAR Kk
4GB X DNAGT T I 38 il — A8 1k, X
DLt e 45 A V8 F 0 dei P22 aEad oy e, 3R
BDE-475p53-DNAME WIS, RJax kg &
4 HE4T 17200 psHIMDHFSE. MDA J5, BDE-475
p53-DNAAHEAE IR V-4 4540 WL 1. 3l o ik £
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Bl 1 BDE-47 5pS53-DNARIZSGHIR. O LL En—nff, SEME
R, RO T, LRI T

Figure 1 The binding mode of BDE-47 and p53-DNA. Solid yellow
lines stand for m—m interactions, dashed green lines stand for hydrogen
bonds, gray spheres stand for carbon atoms and red spheres stand for
bromine atoms

SR - 3407 25 M (RMSD) B I [] i 28 4k, iR &
RERCEHE. W Tp53-DNAMIBDE-47HIKZ, 100
ps/i RMSD ¥ T -5, i & 5 W45 ks T Fa0E (F
2). WEITA DL Y, BDE-47 i #4335 7 ¥t 4 3
p53-DNAXUIZHE o, 5 p53-DNA B 3 (1) 5 7 BRI i
R 58 B n—nHE BUVE I, A Al F BDE-477R 2R M 45 & 78
p53-DNA |. [A]if, BDE-47 H: 43 %84 76 16 4l o 1
PR I B SR AR R, LA R 4 A 1R Ok — A R S
p53-DNAMEE 4.
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Figure 2 The RMSD changing trend of BDE-47 and p53-DNA
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Figure 3 The ultraviolet absorption spectra of BDE-47 with pS3-DNA.
The concerntration groups of BDE-47 from 1 to 7 are 0, 1, 2, 4, 6, 8, 10
x 107 mol/L
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Figure 4 The fluorescence spectra of BDE-47 with EB-p53-DNA. The

concerntration groups of BDE-47 from 1 to 7 are O, 1, 2, 4, 6, 8, 10 x
107 mol/L

MR 22.0 x 10" L/(mol s), AHF5E i Kt K
T AE, A A BT BDE-47 %7 EB-p53-DNA A % i
KA SRS RP), X PR EER SR, RAM
X5 #2P44575 H BDE-47 5 p53-DNA M 45 4 $U K,
}97.24 x 10° L/mol, 45407 5 %040.95.
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A4k, S EB#HT .
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W SLIE 1 . DNARY I a A BUIR TS5 48 2% 25 50 % )
AL EE (Tn). /NG 8% 2 A FH R 8 filf RS e 285 44 T
nfasE, WM T8 ns~8C, Hibsh A AIFA SR
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DL 3 e S 00 48 B 5 ok 43 AR B 1 S5 18— 3K
Vi B 2 23 B80T DL B BDE-47 5 p53-DNA) £
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Figure 5 Melting curves of p53-DNA in the absence and presence of
BDE-47
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Molecular simulation and validation of the interaction between typical
persistent organic pollutants and a tumor suppressor gene

WU HuiFeng', CAO LuLu'?, LI Fei', LI XueHua® & ZHAO JianMin'

! Key Laboratory of Coastal Zone Environmental Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research (YIC), Chinese
Academy of Sciences,Yantai 264003, China;

% University of Chinese Academy of Sciences, Beijing 100049, China;

* Key Laboratory of Industrial Ecology and Environmental Engineering of Ministry of Education, School of Environmental Science & Technology,
Dalian University of Technology, Dalian 116024, China

Synthetic organic chemical pollutants are a serious problem to human welfare and the environment. Ecological risk assessment of
synthetic organic compounds offers a precautionary approach that assesses the potential danger of these pollutants. The development
of a computational toxicology model based on the mechanism should be able to predict the risks of chemicals efficiently and prioritize
pollutants. Molecular simulations and spectroscopic techniques were used to study the interaction between 2,2',4,4'-tetra-
bromodiphenyl ether (BDE-47) and the promoter region segment of the p53 gene (pS3-DNA). The spectroscopic methods included
ultraviolet-visible absorption spectrophotometry, fluorescence spectroscopy using ethidium bromide (EB) as the fluorescent probe, and
measurement of the melting point. As revealed by molecular docking, BDE-47 intercalated partially with p53-DNA, and n—-n and
groove binding interactions between BDE-47 and p53-DNA were observed. Spectroscopic results showed that as the concentration of
BDE-47 increased, p53-DNA produced a hyperchromic effect and the fluorescence system of EB-p53-DNA had a static quenching
effect. This suggests that the binding mode of BDE-47 with p53-DNA involved partial intercalation accompanied by groove binding
interactions. Thus, the spectroscopic results are congruent with the molecular simulations. The binding constant was calculated to be
7.24 x 10° L/mol. The mechanism of the interaction between BDE-47 and pS3-DNA was elucidated at atomic resolution, which
provides the molecular basis for risk screening and management of chemicals.

persistent organic pollutants, BDE-47, p53, molecular simulation, spectroscopy
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