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Figure 1. Degradation pathway of biphenyl'”.
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Figure 2. SDS-PAGE analysis of MnP. M: marker.

2.2 G EAYEEEI/LHOPDAS

AWFFEd, FA17E300-550 nmifk K 7 Bl O
e 4 i B AL P X1 0T HOPD A 4k . BF
G I o SE A BT U FTHOPD AR (L4 hy
#, 10-F HOPDAFI3,10-2F HOPDA435II7£15 min .
19 minJ5 8t nl DL 2 b(E3-A . B). SFH M4
A AL 5E 4 55 AL HOPD AN 7522 26 min (13-
G), 8-Cl, 10-CIl19, 10-2-Cl HOPDA K#j21-
76 minA fE5E & AL(K3-C. DRIH), #Rifi, 4hid
FALYIMEAL10-Br, 10-Me (1 3E). 3,8,10-3CIF
8,9,10, 11-4C1 HOPDA NI RXE, HH110-Br
HOPDATE % 3.5 hii, 424 nmAbWOGIE RS EH
0.03; 10-Me HOPDA & W 3 K RIME, £ NS h
J&i, 426 nmAb WS AR A R0.02 5 i Ak
W Ak3, 8, 10-3C1 HOPDA NI 55352 57 K- [ i) ]
KR 9.6 h g A JL-FHeAk5e 4 1M08,9,10,11-4C1
HOPDAWITESZ I 11 h J5A LT 5E 4 (KI3-E.
F. TR, SCHk#RGE, 7EBphD/#{LHOPDASs il F2
1, HOPDASsH3 {407 &R F oAt Sl
BphD Y& PE™ 7 Ak, 3OS A R A
BN 25 Ik BphD (95 46350% . BphDX 3 A7 Bt
HHOPDASKEf#AE S F R H>F > Cl>Me'", B
55 FW], 7EX10F HOPDAs 7, 43 5lin A %5 Ay
A LG, SIS HOPDA W] LA 58 4
Ak, 1% 8-Cl. 10-Cl. 9, 10-2CI1F18, 9, 10, 11-4Cl
HOPDA R IR AR EE I 1 ATl 21~ S i 4 U
G, A A W B T 3L A e O 58 T
HOPDA . X 4625 R EE 1 A AW XT 3, 10-2F
HOPDA W5 Abg e, XHERT B A H AR 1Y
HOPDAsHALTFI LA Y, BlAE &R+ 20 H /3
Jin, C1-HOPDA MK b sk A, B A B 1 i3
H: H>Cl>2Cl>3Cl>4Cl, XAl fE k5 %5
THCH B sE N T CI-HOPDA W 2 [A 454y, [
R S50 AL R SRR T, X SR8 i
ST R — B3 1) s A A EEXS 10-C1

http://journals.im.ac.cn/actamicrocn



1048

Xiuqing Yang et al. | Acta Microbiologica Sinica, 2016, 56(6)

(A) 12

1.0
3
=08
206
0.4
02

D

Absorptio

300 350 400 450 500 550
Anm

(C) 0.40
0.35

S 0.30

5025

‘go.zo

20.15

< 0.10

0.05

(E) 0.19
0.17
20.15
o
20.13
§0.11
O
< 0.09
0.07

0.05
300 350 400 450 500 550

A/mm

1.2
1.0
0.8
0.6
0.4
0.2

0

300 350 400 450 500 550

e

Absorption/OD

A/nm
(M 0.10
S
=
.2
©.0.05
2
el
<
0
300 350 400 450 500 550
Amm

B) 030
0.25
S
=020
RS
2.0.15
g
£0.10
0.05
0
300 350 400 450 500 550

Anm

D .19
Q017
3
Fo.s
£0.13
=011
£0.09

0.07
0.05

300 350 400 450 500 550

(F) 0.10
0.09
S 0.08
5007
2.0.06
=]
20.05
< 0.04
0.03

0.02
300 350 400 450 500 550

A/mm

(H) 0.50

0.45

a 0.40
S 0.35
§0.30
%’0.25
20.20
20.15
0.10
0.05

0

300 350 400 450 500 550

J/nm
) 025
So.zo
£0.15
e
20.10
=
0.05
0
300 350 400 450 500 550
A/nm

& 3. {Ed EWEEE (L HOPDASLIE I

actamicro@im.ac.cn



WMFEES | MEYEER, 2016, 56(6) 1049

Figure 3. Spectra of HOPDAs transformed by manganese peroxidase. Indicates the changing direction of absorption
spectra curves. Solid line: HOPDAs added with MnP. A: 10-F HOPDA, MnP 0.1 U, time between scans=15 min; B:
3, 10-2F HOPDA, MnP 0.1 U, time between scans=19 min; C: 8§-C1 HOPDA, MnP 0.1 U, time between scans=43
min; D: 10-C1 HOPDA, MnP 0.1 U, time between scans=51 min; E: 10-Br HOPDA, MnP 0.1 U, time between
scans=3.5 h; F: 10-Me HOPDA, MnP0.1 U, time between scans=5 h; G: HOPDA, MnP 0.1U, time between scans=26
min; H: 9, 10-2C1 HOPDA, MnP 0.1 U, time between scans=76 min; I: 3, 8, 11-3C1 HOPDA, MnP 0.1 U, time

between scans=9.6 h; J: 8, 9, 10, 11-4C1 HOPDA, MnP 0.1 U, time between scans=11 h.
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Wit 22 S8 B R ok PR P HOPD A s it AR BN 23 A1
R ff %, T IS S BES 2 SR AR 1%,
i 2 RNEEME B 52 0 b FEBIETEREA#2,4",5-
CBid#£H13,8,11-3C1 HOPDATR 5 724 I K R
R, M HEEFRS dJa A E TR SRS, BphD

S Rhodococcus sp. ROAJL-F-AEEF41L3,8,11-3Cl
HOPDA™", {HRAEAMFTH, BRI A Y
X13,8,11-3C1 HOPDARYEALRE 14055, (HIRE
ALY T LAAE9.6 )54 3,8,11-3C1 HOPDASE
i, MR, Ed E Y EEXTHOPD AsHY
5 ALRE ) S BphDAH LA —E 22 5. A Gl 4R
A ALY BT HOPD A s i % A S 36 A ALIEB] T
Pasti% MY . MnP B A FH TRV RE AT L& fige 22 Fif
ARSI RT5 9, i HoA A SO g B RAR
Wit B HOPDAsHY A 2R n) @ £ 1 —Ff i 1Y
T
2.3 ML HTBphD, LacHIMnPi{k
HOPDA

W5 & B ESRBphD . Lac FIMnP#S A LL%%
{LHOPDA, {HJZ = {LHOPDA %4 A] WO
TEEHAE AR B WA X B, AEBAE AT WOBIX
A 2251, T HAE220-280 nmIE I F Y 92510
X220 AEw B B, K 4-AFrR, 24BphD {4k
HOPDA W UGG, e RMIIE435 nmih i
BB FEAS,  H e R WS i I BTk ;- AN

1. ETFNAEEEL HOPDASHIRSHNESH
Table 1. Steady-state kinetic parameters of manganese- dependent peroxidase with HOPDAs

HOPDA substituent &/[mmol/(L-cm )] K,/(nmol/L) kea /5 [kea/ Ken(107)]/[mol/(L-5)]
None 25.7% 8.13£0.89 0.700.02 0.86+0.07
8-Cl 403" 11.15+0.07 0.64+0.06 0.57+0.19
10-Cl 26.3" 9.1140.69 0.53+0.09 0.58+0.20
9,10-2C1 37.9% 21.94+0.53 0.49+0.02 0.22+0.06
3,10-2F 27.52 10.85+0.63 2.05+0.18 1.90+0.01

*ko values of HOPDAs were calculated with the substrate concentration 5 umol/L.

http://journals.im.ac.cn/actamicrocn



1050 Xiuqing Yang et al. | Acta Microbiologica Sinica, 2016, 56(6)

AT LLR IR, BARTE LA AR AR A 400.20; El4-ATHIEE TR 2R DA
Wi, fHE IR OCIEAR BRA AL 7R3N SO H, 7E220-280 nmif K70 Bl Y T 85 95 4387 1) Iz L
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4. JtiEF3$ BphD. MnPFlLacis1t HOPDA
Figure 4. Spectra of HOPDA transformed by BphD, MnP and Lac. ““| ”indicates the changing direction of absorption
spectra curves. A: HOPDA catalyzed by BphD, 600 s, the inset shows the difference spectrum resulting from the
subtraction of the HOPDA spectrum (added with inactive BphD) from the time sequence spectra at 60, 120, 180, 240,
300, 360 , 420, 480, 540, 600 s(added with active BphD). B: HOPDA catalyzed by manganese peroxidase, 12min, the
inset shows the difference spectrum resulting from the subtraction of the HOPDA spectrum (added with inactive
manganese peroxidase) from the time sequence spectra at the start, 1,2, 3,4,5,6,7,8,9, 10, 11 and 12 min (added
with active manganese peroxidase). C: HOPDA catalyzed by laccase, 10min, the inset shows the difference spectrum

resulting from the subtraction of the HOPDA spectrum (added with inactive laccase) from the time sequence spectra
at the start, 1, 2, 4, 6, 8 and 10 min (added with active laccase)[w].
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C1 HOPD A it 4 Bsf i 1 420 £6 0 il 1) K (L AHEE
H#JKRTFHOPDA, H4%3,10-2F HOPDAF-AE4f i3
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Figure 6. Putative mechanism of HOPDA reaction catalyzed by manganese peroxidase.
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Transformation of biphenyl intermediate metabolite by
manganese peroxidase from a white rot fungus SQ01

. . * . .
Xiuging Yang , Xinxian Zhang
Key Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education, Institute of Biotechnology, Shanxi
University, Taiyuan 030006, Shanxi Province, China

Abstract: [Objective] To understand the biochemical role of white rot fungus Trametes sp. SQ01 manganese
peroxidase (MnP) towards 2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoates (HOPDA)/HOPDA derivatives and to reveal
the new catalytic features of MnP, white rot fungus Trametes sp. SQ01 MnP was extracted, and the purified enzymes
were used in the oxidation of HOPDAs. [Methods] UV-vis spectrophotometry was used to study the transformation
of 10 substituted HOPDAs by manganese peroxidase and measure the steady-state kinetics parameters of manganese
peroxidase against parts of HOPDAs. The molecular structures of HOPDA and HOPDA oxidation product were
analyzed by infrared spectroscopy. [Results] Manganese peroxidase exhibited catalytic activity towards both HOPDA
and halogenated HOPDA. Especially, our manganese peroxidase used 3,8,11-3C1 HOPDA as substrate, while
biphenyl hydrolase (2-hydroxy-6-o0xo0-6-phenylhexa-2,4-dienoate hydrolase) and Rhodococcus sp. R04 showed
negligible activity towards this substrate. The steady-state kinetic analysis indicated that HOPDA displayed the lowest
K., among 5 HOPDAs, the catalytic efficiency (k,/K,,) of 3, 10-2F HOPDA was the highest. UV-visible spectroscopy
analysis indicated that the maximum absorption of products of HOPDA showed blue-shift with increasing the reaction
time in the visible region. Infrared analysis showed that MnP converted conjugated diene of HOPDA to
monoethylenically, and cause hydroxyl on Cg to disappear. [Conclusion] Manganese peroxidase can effectively
degrade HOPDA and its derivatives. Such catalytic properties of manganese peroxidase provide a new strategy for

successfully degrading biphenyl and its intermediate metabolites.

Keywords: HOPDA (2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoates), manganese peroxidase, white rot fungi,
Trametes

(Rt %: KBxm)

Supported by the National Natural Science Foundation of China (3080030) and by the National Natural Science Foundation of
Shanxi Province (2014011030-3)

"Corresponding author. Tel/Fax: +86-351-7010215, E-mail: xiugyang@sxu.edu.cn
Received: 6 November 2015; Revised: 11 January 2016; Published online: 13 January 2016

http://journals.im.ac.cn/actamicrocn



