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BphAE oo X DDTs HIMEALACHTAE 1 1SS BE R SRR AR FE , & vl LA A 98] 9 S W A I 55 fRE A 0 (9 B
AR AEAR I B R/ NS MR R R S o ASIRWTFERE— 2B B T 283 (i 2 SRR IR FE RS WAL, S B4 2L

1852 DDTs {5 Y S AL MR G AR S0Fr

87 DDTs, BORXUINA S, Burkholderia xenovorans LB400, WS4k

DDTs (dichlorodiphenyltrichloroethane, 1,1,1-
TR22-NUARIE Lt ) S B bt WL AR A AL
ADLER IR Z—, B 1945 ELCkR— B TK
BT, S T S A B 4
i, 2001 4, DDTs SR AR RBEA L HEL
A 12 P AEA LTS R Z—, dETigR 2%
FE AL . SR, HEFTLAE 4HZUHE 2006 4F fo
VRAE— 28007 [F F 51 A DDTs, DA U
R PR T IR DAL 2 M, R
IR IR 30 A Y2 T (755 DDTs 4506 I g 2 245
RGNS R B ) 4§ DDTs A
1983 4R 7E i AR I VRO AL S b, (B4
FEREE A e P AR I3 1 = EEAY DDTs. Chen 55
2014 AFXF S IEAL TR I A PRI I A R BB 23 K
KSR N DDTs & et & PR HE(200 ng/gd-w)
2 51 HoAth LI B UE B T TR B B i
Hi) DDTs 5k f AR &, 9f ELFE N DDTs HATHTHY
BAJRUO, R, DDTs Frih s B3R 5E 15 Y fn] it
IS IERESSE

DDTs 1§28 Tol AL B ™4, 76 AR A=A
M E RS . TEd ERJLHER, Rieske B
7 A 2 A RN A B (RHDs , rieske-type aryl
hydroxylating dioxygenases)J&: 75 7 1k ¥ K% fif 40
AR . Rieske T35 A 2 A0 DU AU Bl (U 5 1R
BIN4E B(BPDO, biphenyl dioxygenase). %X
A lff(NDO, naphthalene dioxygenase)3§, iXLbfiff
I 2 M AMEAT LTS Yoy 2R R P T A8 AR RS 063
fif# 1 . Nadeau 5718 i 7 BT 18 AS 4F %A %A% DDTs
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BT AT R R R IRAR, 7E AS BRRUIN A e
EF, 1E DDTs &BAEIMA B AR TR R 2,3-—
A _FE-DDT (Bl 1), fF& it — LR R 4-E 08
iz, £ Kamanavalli Al Ninekar it —IUAF5T
K BBCA MR nT AFEAS N T 0.05% (W/V) DDTs fY
oA K iZBK DDTs FEffA: R 2,3-— 555k
DDT, FRilad Ay 2 iRe Al 4-F0R R
MREZWREY], DDTs 5 2 @A LF AR AR 1 b
O IRAREEAARI] , AT LU 2 TR A U 4 Pl e 1 e
figtt=14,

Burkholderia xenovorans LB400 BKZ U4,
fiiF(1# 2) 2 IPyaH )/ RHD Z—. BEZ&hAR
Ui AL B (BphAE) . £k 5L & [1(BphF, Mr=12000)
FIER UL TR A I B (BphG, Mr=43000)2H LY £
om0 Horh, R AL BphAE HIKYH
FAHEAE, AR ALY . Pandoraea
pnomenusa B356 Y Burkholderia xenovorans
LBA400 HK Z 50U 48 il #1082 i 400 10 FRL 0 ) e fie
fitf, AL ER L LIET R PR BphAEgsse 1
DDTs Ffi# J5 1l b BphAE gaoo AL o 33X Pl
HRABUIN 48 W 7 DDTs R fifpaod 72 v i R 20 4 19 22
Sl e S R A AR ER o WA 6. ZRIMTFZE
WFSE A, S 30 RN DX R Sk 2l v TR
ISR A o e C RImigsRIE TR e, B3I 4 4>
I, A2 E XL, IV IX SR 2 3 R 1 D e kA T
THEGE, BEATX T, I XIS R % L ) s
FERD o W R R IR 231 A AT A
MRER AL, T AR LA IR, A7 Bl R HA IR XL
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The oxidation of DDTs catalyzed by biphenyl dioxygenase.

xenovorans LBA400 (1% 55 R WU 4t 1 Ay BF 5 %
B, Il SRS R AT E AL T AL A A
F1 AR 1T X381 283 {37 2 B B2 5% 1) BphAE paoo 5
DDTs 4 & W) 2 FE MR 5% L , ¥ BphAE pago 283
i1 Ser 2875 41 BphAEp3s6283 {1/ Met, 3k4% T
fit 52 {& BphAEsasswo i3 L BphAE ps00 FI
BphAEggsv 735 A p,p’-DDT Fil 0,p'-DDT R JiKY)
A Y . Bl 1SR A HT LA S )
TR, B EERTIBRASUIN 4B % DDTs (1)
HEACHLRE RN 283 o7 28 BEFR Fk L 14 52 i AL D) ot
215 BphAEiss HIKYMLFE X DDTs HyfiEfk
FUBBE 1o RIS S dnfaf 7 K HAl BPDO By R YY)
00 PR G o o i B ML A 0T 5 B BRI KA,
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1 AT
1.1 ARGk

FIFHW AL E M 225 )7 5, ) BphAE a0
NIEA, L Ser283Met BATARHY AT, R
AR R R R3S 1) a (5 GAGCCGGG
CACGCTCCTGGCG 3)HZEAE5|H b (5" GGGGTA
CCCCCTAGAAGAACATGCT 3" &4 5848 fir
MR FWEFSIR DNA F B FIFREESIY) d
(5'CGGGATCCGATGAGTTCAGCAATCA3")HIZE 75
5197 ¢ ("\GGGGTACCCCCTAGAAGAA CATGCT 3)
P985 SN R IR IEF S8 DNA B #ll
A FHF51%0 a FIRWES 1Y) d X FaRy 38 Fr Belf A7
% 3 X PCR, 192|HIRSAEREN R0 Bir
GEAS BN i BOMIR IR B4 pET14b 43 5l i#E4 T XUl
YI(Mlu 1N Avr 1), B2 19 R Btk g 7 idf—
A ali AU KRS B AR 8 AR L R B
pET14b #17i%E 2, JE G ANIEZ A Escherichia
coli CA1 I AT SRR

ARG AR T, B A R AU Escherichia
coli CA1 MAEARYCHA TG AL I G EEFR A IPTG 175
TG, BRAET-80 °C MY TREAHERI 2 100 mL 1%
AR LB AR A TG, RERIEAL
AR TRERET F7(37 °C, 200 r/min). £55% 12 h
J& , B 7-8 mL B 2 500 mL H A& A &R LB
WARRE TR QR SL AT g G 5% . B 3 h .
A 1 mmol/L IPTG #5743k 16-18 h (K 20 °C,
B3R R 120 t/min). HREEHE, 4 °C KT
B4.0(8000 r/min, 15 min) B EIK, WAE)E B H
&M Hepes ZZ WP (pH 7.0, 50 mmol/L)¥# ¥t
2 UK RSV TR Tl 5 , R P B AR A B 4
7E 11000 r/min 1 4 °C 5 F .0 1 h, REH E
B2 50 mL 208, IABREE, FITEREE

actamicro@im.ac.cn

AT (4 °C, 1 h), JEE.0(4 °C, 2000 r/min)
WeAERRAE . A9 20 mmol/L F1 40 mmol/L Bk
FEMP AL, 5 300 mmol/L BRMRUES TR o
W AR R R, — 385353448 PCR &,
DI J5 2 S 1 5 73— 3 64T SDS-PAGE 52K
1.2 ARB=Y e

FES A 500 nmol JEEHII) 50 mmol/L AHh kit iR
[MES , 2-(N-Morpholino)
hydrate] 2% il PR AN A 4.8 nmol FeSO4(NH,), .
400 nmol NADH. 1.2 nmol BphG. 2.4 nmol BphF
DL K 2.4 nmol LK His #RiCHY BphAE, #Mi
MES ZZ i, 28K 1 mL, SEER2 Hfin AAH
I P PN A D JES 0 0o BRI A TR B A o B
B s L AN IR B T 37 °C IR P 18 ik
JEE 30 min, WEE EHUT , K EP E IR B R
SmL BEESIAE P, HOMROEEZEI 3 K, Rt
LR CTRABOR TARSMIRAE T H A, ARz
500 uL. WHL 500 pL LFR BRI GG RS BREA N
HER GRS, ZURERE TRt R m
AT HOIA 250 uL AERAT 10 uL 25 mmol/L fiY
TR 7, 20 N RR IR P A8 L e 1 h!",
AR RASCKE N E R T, A 50 pL IECKE,
BERAM, FJ5, FIF GC-TOF-MS FIEtEfe
7890A AR IEHEA TR 537
1.3 E3IESHENE

ER AR BN AUt P K A B 1 R R . R
AR S AR = . AR RN,
NADH fE L F A, B 54K i BphG F1 BphF
f#%%] BphAE, HEIMi4s &8 5k EMA
IE o ARG P RORE 4 R AR D 7 6 R U e A
Al B v X ST AR, AT I BB 2 U 4
HIEh J12EB50, H5% Michel ZRF o8P0 T

ethanesulfonic acid
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SRR ST A SO A NGRS DDTs Y4 51 e
Hxt 0, RS 1 Oxygraph J I 2 il
R TR T A R 0 SO, 3 e YRR 4 R AR
FALIR IR N S, BRI, . 2% Oxygraph
I3, HEETKIREE, REHER. FmREd
TGRS , 3N 25 R BB 1% 900 r/min,
frfaedfeis, WLk, My EPRE
AR, BESHTRER 10 AT FRL,
PRAFRLIESE R . P R VAR AR MES |
Fe’". NADH, &R 1R I . 2k A R )5 R
AR, WEESE; fRfETEERE, id
SR KRR, I 2R A [ IS 4k 3 00 5 1Y
Hie RSN 3 26 R K EG Oy B Sk TR 3 ) 2 S 8
Vinax F1 K2 ZEBUMAE BRI R, 1 mol FYJIE
Y 5RO RGN, FHTHAE 1 mol IR, Ik,
A LA o VRORE AR AR W AU T RE L ke
U7 R S N R

1.4 XM

F B4 A FCR RN K S, L BphAE s
(PDB:2XRX) ) 1k AB X #8045 . A H
PRODRG server (http://davapcl.bioch.dundee.ac.uk/
prodrg/) - ) IME #m4E 45221 T DDTs, FXFH4Z,
FHEAT T AR, 78 AutoDockTools 1, FifA
LN SRR 78] (I RCIR X VAR (SF o L DA
B MR RS R LA L, x. y. z
D7 AEE K 1.8 nm (18 A2, SR )5 v
1B (LGA, lamarckian genetic algo-rithm)ff &
%Ik, 1F Autodock4.2 BT H Xt [H]
IFE N LGA iz T8, LA 20 XS4k
AT ie— gty o3t . FIHEAT Pymol HE#H%
T Fe*'i BphAEs =445y e, F R4k ¢:
Discovery Studio 2019 #E&JFEY) DDTs ) = 42544
S, % BphAEs HIZEH IR —HELS S

DoGSiteScorer 1" H.(https://proteins.plus/#dogsite), T
. BphAE paoo A1 BphAEggan FOHEALIE PEZS BEIATH

2 ERAAMN

2.1 REAKHEMEELAL

¥ # 4 pETI14b[LB400-S283M-bphAE] ()
Escherichia coli C41 ¥ 35 & il W, iR AT %
ik, Atk WHalifbny & E R 30 R, A
JH SDS-PAGE 73#fr, &5RUNKl 3. 45RZEH], bt
IR AETEW 252571, BN S o TEAE(BphA,
Mr=51000)F1 B I 3E(BphE, Mr=22000)FH%} 5 . 75
b, 4y # A pET14b[LB400-S283M-bphAE]
pET14b[LB400-bphG] 1 pET14b[LB400-bphF] I
Escherichia coli C41 £ 2R FRIE, HARRKH
WEaE, XRAMBNSH bphAE. bphF. bphG
#J Escherichia coli C41 W] LA 5 &5 K i v k27 5%
AR ALOREE . [RIR), AR SEER 45 5 Mahmood 45
H  Escherichia coli C41 Ll AH[A] ;7 #: & ik W
BphAEp,;. BphAEgrsi. BphAErissaremmiisg 5 K
AR S5 K/INFEARL . 3% R B E TPTG 17551 Jie
A IR IXLEGRR RK G vekE, BphAE 1)
FIRAKFARL

[4)

P T T TS
kDa @‘I’ XX X X R KX R
116.0 — «
66.2 —  w— .

-« O

150 P o o
35.0 — w—
250 — — e o e o Gu» <[}
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[ 3. BphAE; g X ERTEH SDS-PAGE &
Figure 3. SDS-PAGE of BphAE;g4o and

BphAEszg3M.
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2.2 RBET=YNE 55

AL H 3 HI L p,p'-DDT il 0,p’-DDT N JiE
Y, 8BS A S B4 B 7 ) 3 o i e K
W 4 7~ o 1E BphAEpaoo MZEAE & BphAEsassm
Xf p.p’-DDT (K& ) @5 BTG R b, Rk
TREL YRR B U R G fR B I T Y 53
W, X5 Z A SR —8, W orF A
RIKE, pp-DDT WAZRIFN DL =@ L HEHE,
X WA A TR DL R ZE WK, pp'-DDT X
B AE AL AR IR FRER B TR 2ok . B oh, o8
I TE 2 E IRl R v & B Bk 6 4 1) B
AF TR, XL p,p'-DDT M LA R AT A
5 H X AR PE L % VI A ¢ . X T op'-DDT,
BphAEisio /5 88 TG ¥k K& %, #A T & AE K
BphAEsssm AT LA A 2 Bl Z3FE 0= H 2 Fp™
Y FRIEAA ] . X5 C. oxalaticus AS Xt
DDTs MREA#R IR, %R DDTs A4 X

z

Ax103 ¢
2x103 ¢
0x10°
.0x10% b
.0x102
Ox102p

Abundance

N £ O\ 00—

P — AR RO X PR T A A
RIAE m/z=454 oA —A0r T 10, YR
ARATT A= 1 Y T R B U E 335 42 M-HCCl;
299 4tk M-HCCl,. 235 4ty M-HCCl;-nBuBO,
199 4t M-HCCly-nBuBO,. Ui 1 4 B i%4FAE
S AR AL, (HHE GC R B RIAE
i1 Bruno L’ Abbée %X} BphAEg;se [/ DDTs Ky
WFFEY, nT DA 1 SR 1 EoA T
PEXT A4
2.3 EESNHFESENE 554

BphAE; psg0 M H AR 1N T DDTs (35 7)
e 25 B0 1 AR AR R X AR B T AR R T E
BphAE a0 M ILRABE X 0,p'-DDT W3l )12 %
e RIS TR 1, LRERER,
o,p’-DDT AJEEYIHT, FEAX BphAE paoo FH A BEI TS
FRZEL, U] BphAE paoo AN REFERE 0,p-DDT B
B HL s, X ST A R B &

— BphAEgy,to.p-DDT
- - -BphAE, ,to.p’-DDT

- BphAEg g5, +p.,p-DDT
BphAE, ,,tp.p-DDT

.0x102

E

5%10°

4x10° 165
3x10° 19
2x10°

1x10°
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335

299
282

384 454
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4. DDTs Riff =¥ RIEFESE
Figure 4. Total ion chromatograms and mass spectra of metabolites produced from DDTs. A: Chromatogram of
metabolites: BphAEsyg3m-p,p"-DDT, BphAEszs3m-0,p-DDT, BphAE| goo-p,p’-DDT, BphAE| psgo-0,p"-DDT; B: Mass

spectrum of metabolites: BphAEgyg3m-0,p'-DDT.
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Ser283Met Bt (R AE A K, (HZ°H 4.6 pmol/L,
kea fE 0.1/, BEHIZEARIKY DDTs [H] Y454 RE )
s, RIS T AR A SRR s IR ko/ Ko
KE, AR N 24.3 Li(pmol-s) (F 1), X 7EH
283 i (2 ARG SR T R XU A X 0,p'-DDT )
HEARACITRE J1. 4N, Dhindwal 1 Bruno L’Abbée
2T FH 2878 1A BphAE 11 711 BphAE 115, F#fi#% DDTs i},
WMFF ke Ko (533129 2.2 F1 6 Li(pmol-s)™*", %
{EILfE T 24.3 L/(umol's), BphAEsysm #[FZ444
ERG ARG U] 283 i ER
5 A2 BphAE paoo fiE 10U DDTs (1 G2 IR
R HE

2.4 SrFXTEEMZH T

A BphAEypaoo H Al ARZEFA iR, 18 2o Ao

A EE BphAEsyssu B9 =450, 455040 5 fr
/o BphAE 21 3 4 a WA (Mr=51000)F1 3 /> B
7 HE (Mr=22000)2H B 1 5 5 22 AR )it ey e
H, 3 PR ] % B 1 3R TET A 2 AL T B S R
SCAITIA , o M7 FE A AR 2% 52 1 RS A0 S e 4 S B Y
JEo BHPIAN IR, —4 &M BphF £z
1) 2Fe-28S Rieske 548, ) — A & ik
JEFARE AL RO B AL S5 R 38

[l IR A 45 R, BphAE fitfb H4SWEl 6
7 o Kumar 288858 % 38 BphAE  gago ) Thr335 7]
DA 3 4 o 5 A4 o ) 2K 1 R A S R AR SR s
[F1] 43 A A PR 2 i ] DA 4RU A 1) 22 SRR 199 L
¥4 Thr335 28788 Ala fi#lR T X5 Gly321 BRI, fH
XFP R IEAE Y SRS G it R AE A, AT RS i

1. BphAEs %t o,p’-DDT IS HF SR
Table 1. Steady-state kinetic parameters of BphAE o,p’-DDT
Substrate/Enzymes K/(upmol/L) kea/ (1/5) (kea/ Kin)/(L/(umol-s))
BphAE; 400 ND ND ND
BphAEgs3um 4.6£0.9 0.10.0 24.3+0.5
BphAE pis,* 16£1? 0.1+0.01° 6+2°
BphAE 1e° - - 2.240.5°

ND: not determined; *: The kinetic parameters were from [24]; °: The kinetic parameters were from [27]; —: means no corresponding data.

(A)

5.
Figure 5.

(B)

BphAEcss3m 32 H 5% B8 2 [E] A0 BphAEsys3m-0,p'-DDT R & 15 Y [E]
The electrostatic potential diagram and model diagram of BphAEg,s;u. A: The electrostatic

potential diagram of BphAEg,s3v; B: The model of o,p’-DDT-bounded forms of BphAEg,g3m.
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Figure 6.

T RN RN 2,6- SIS 23 ]IS i
B 338 v AT LA o R M 2 1 A A2
BRI ARSI NS, ABRIE 2, 283
BT A8 A Ab, Ser283Met (12845 AT fE 5
DDTs S 8 S i Ak b oC B g, JE T 5 i R
U4 B & — 1

REAN R U A SR i, B
NAD(P)H 14 % BphG, 5 BphG 1% % BphF i)
4% BphAE"™, (AMEEME, EFR—1 ol
NEB, Rieske Z5A4/ S A AL 4514 1 iy T B 2 5
M ICTEAE EAE R, DRI A AR S () HL 55 R 2 A
BRAUE B 1 BIIBRBUIN A i — > o0l HE Y Rieske 45
PR, SR T B SR T ol FE A AL 285 R 3. X TR
LT L P A o S 1 BT EA TR R, (R EEE
3K Rieske 45 F4 35 1 5 7 Il S A 200 5 48 3 A Ak
5 P S8 SN I SR LE T U TEAS IR S
FXFE AT, XESK DDTs 43 F A0S Al g
5 R IR TG

M4 p,p'-DDT E BN LG 1) BphAELpaoo
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The catalytic chamber entrance of BphAE. A: BphAE [ g400; B: BphAE s283Mm.

B, FEAEAR A N MR RIS R, BT
AIEOLT, ST b Fe i SR 2R A B )
5 SRARZERE PR S W PRI B AN R, (B 7-A
SR T XHELE BphAE gago Y DDT 43 FFIEUH o
TEI oy A RS R 4 rb, k¥ F p.p'-DDT
1) S0 PR S B OR 43— SN B R L 450 £
HEhmE s bt m =& 23w 3 AR
FHREMEP.O, X1 BphAE s A REACHT
p.p'-DDT. [RIEF K p,p’-DDT 8 1 X 24 A 2 Bk
G551 BphAEsyssm o S EATT#Z N B IHROR S,
41 BphAEgyssm [T, p,p’-DDT B FR SR
SRR NI AES, WE 7-B.

SR, 2430 0,p'-DDT &N B BEA L 4 1)
BphAEsys;u FIF, TEHER FERTAIAE 5> T A 5 h
() S RS SRR SO B, (R B AL
HRC 5 i) B4 S g A 1 R A 08 30 ke D 5 B A Ak i
FAHEAL RO RIREE 439108 0.44 nm (4.4 A)FI10.46 nm
(4.6 A) (Bl 8-B). ik i e A Ak 52 by or it 4 9 3 HL
PR A SR Bk i 5 A% B D i Ak o0 B B
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Figure 7.
p,p’-DDT—BphAEszg:;M.
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Superposition of catalytic center residues of the p,p’-DDT-docked. A: p,p’-DDT-BphAEg40; B:

®)
Met-231

8 o,p'-DDT 53 FXHED

Figure 8.
0,p'-DDT—BphAE5233M.

B WA/, WL o,p-DDT BhIFIK AL 4
BphAE a0 BT, AT LIMLEL R KR | 1) S 15
W2, 3 LA EEEAL R (K 8-A), XA
BphAE; paoo /18R L1 f# 0,p’-DDT,

i#1d DoGSiteScorer T.HiT5 BphAE g4 Al
BphAEsos3w AL TG PE 25 AT . BphAE A6
SERERWE 9, R HE s, Mk T
BphAE 400 (1 9-A), BphAEgssm (Bl 9-B)UfiAL
e AR ARG A A DA IR RR B G A B T
BphAEsysav 286 AN ] 73 T BUECE 73 TR R P
23 ()RR IIE ) o IR U 4R T 8 A S vz
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The degradation of DDTs by Burkholderia xenovorans 1.B400
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Abstract: Dicholodiphenyltrichloroethanes (DDTs) is probably the best known and typical persistent organic pollutant in
the world, which has been widely used in malaria control and agricultural deworming. They are still detected in various
environmental matrices and has new input sources although their usage in agriculture has been banned in China and
others. Numerous concerns have arisen over the past decades about the adverse environmental impacts(including harm to
offshore ecosystem and human health) of DDTs. There has been a considerable interest over the last decades for the
Rieske-type arylhydroxylating dioxygenases (RHDs) as they are seen as potentially capable of initiating their degradation.
[Objective] In order to explore the degradation characteristics and mechanism of biphenyl dioxygenase(BPDO) on DDTs,
we selected Burkholderia xenovorans LB400 biphenyl dioxygenase and its mutants to explore the degradation process of
p,p-DDT and o0,p'-DDT. [Methods] Using BphAE g4 as parent, the mutant BphAEgg3v1 was obtained by two-step
site-directed mutagenesis from Ser to Met. The degradation characteristics and mechanism of wild type and mutant were
explored by comparing the catalytic performance of wild type and mutant to DDTs, simulating the structure of mutant
protein and molecular docking. [Results] The data showed that BphAE g4 and BphAEg,g3y could not be degraded
p.p'-DDT, but BphAEg,s3m metabolized o,p-DDT and produced two stereoisomers. The structural analysis of
BphAE| 4o and BphAEg,s3m showed that the reaction ring of p,p’-DDT did not coincide with the biphenyl reaction ring
in the original crystal structure. In the o,p’-DDT- BphAEg;s3m conformation, the proximal ring did not fit the biphenyl
reactive ring as well, but its orientation toward the catalytic Fe*" places two vicinal atoms at a distance(within 0.5 nm)
that would allow a catalytic reaction. In addition, the surface area and volume of the catalytic cavity of BphAEgygsy is
larger than that of BphAE g4, which is likely to contribute to the combination of BphAEsysym and o,p'-DDT.
[Conclusion] 283 is the key amino acid residue that affects the catalytic metabolism of BPDO to DDTs. It can affect the
substrate specificity by adjusting the distance between the reaction carbon atom and the catalytic center and the size of
the catalytic cavity. This will provide better insights about the bases for BPDO broad substrate range and about the

mechanisms by which the enzyme evolves to change or expand its substrate range and its stereo- and regiospecificity.
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