30 . 11 Vol 30,Na 11.pp3119-3123
2010 11 Spectroscopy and Spectral Analysis November, 2010

- NADH 0,/H;0,

1.2 2 2% 1 3
b b b b
1. s 300072
2. s B 100190
3. s 114021
HRP-NADH-0O, /H, O, HRP s
s Il » . DMPO  POBN s
(EPR) HRP-+NADH 0O, H. O, (03.)
(+«OH), 10 min I > HRP,
- OH, O, + OH H, O, 4
(SOD Zn-Cu) HRP-+NADH+O, NADH 0O, O;. - OH . HRP
+NADH 20% , -
HRP+NADH-+H, O, HRP+NADH+H, 0, + 0O,
24. 6% 48 2%, 1 42%.,
: 0433 3 A DOI: 10. 3964/j issn. 1000-0593(2010)11-3119-05
”_I b ].l.l
(- OH 2.8V)
1-3]
+ FerreylHeme [ Fe ([V) = O] ( 1) FerreylHeme
[Fe(IV)=01( 1,
[4-8]
ezl NADH ; ,
s HRP
: 2009-10-14, : 2010-04-08
(20607023) (2007AA06Z2327)
, 1981

* e-mail; lihaitao103904(@126. com



30

3120
)
1 - ,
s 2 3
L1 2 3 s 1 min 418 nm
(HRP) (CAD s 452 nm s
(SOD) Sigma ; 1 HRP s I ,
(NADH) Roche ; DMPO ( Aladding 11 . 3 s 1
)3 POBN( Sigma ) 4 (4-AAP) . ~5 min I , 5 min
N N . H,0, (30%) . K,HPO,. KH,PO, ., s
H; PO, . Na; PO, , EPR
, Milli-Q 20 min  HRP 402, 498 640 nm
L2 s 418 452 nm
Lab Tech (UV-2000) s I HRP,
s 190 ~800 nm; Bruker E-500 60 min HRP.
(EPR) , X s 100 kHz, 1.2
100 G, 20 mW, 0. 040 96 s, 1.0- n 0169
3 434~3530 G, 3 480 Gj; (Metelit- .
S 0.8 0.124
za, D1, 1991) N 4-AAP E ‘
. g 061
, 510 nm s £ 0084 \
(10 pH7. 4 25°C 1 min 1 pmol H; O, 0.4
HRP ( 10 mmol « L' V24 024 0.04 4
mmol + L ! 4-AAP 0, 2 mmol + L ' H,O,), '
0 T 1 T T !
350 400 450 500 600 700
2 Wavelength/nm
Fig 2 UV-Vis spectroscopy of HRP with reaction time (0,
21 _ HRP 0.5,1, 5, 10, 20, 30, 60 min) in the presence of
1 NADH and H,0, (10 pmol « L™" HRP. 1 mmol « L™
. HRP- ; Comp [ - [ (10 pmol « L NADH, 100 pmol - L™" H;0,, 0. 02 mol - L' PBS,
H,O, 10 pmol » L' HRP 5 min); Comp I[ - pH 6. 0)
[ (100 pmol « L™ H,O, 10 pmol « L™' HRP 5
min) ; Comp [l - Il (0. 5mmol « L' NADH 0.16
10 umol « L' HRP ). HRP E 0.12
402, 498 640 nm; 1 600~650 nm -5
2 0.08 —l— 452nm
; 11 418, 530 554 nm; -j’: —y— 498nm
I 418, 544 578 nm. 0.041 P e
452 nm I ( 0+— : . ,
1.4 7 5 104
2
1.2 1 3
rg 0.8 1 —»— 402nm
1.0 4 -:? —4— 418nm
© 0.6
2 081 ‘ ‘ . ‘
-.g 0 20 40 60
2 067 Time/min
< o Fig 3 Special wavelength of HRP with reaction time in the
presence of NADH and H,0, (10 pmol «+ L™' HRP, 1
027 mmol + L™' NADH. 100 pmol - L™' H,0,. 0. 02 mol
0.0 « L™!' PBS, pH 6. 0)
350 400 450 500 600 700
Wavelength/nm
Fig 1 UV-Vis spectroscopy of different HRP states 2.2 _ ESR

1. HRP native state; 2: Compound [ ;
3: Compound ]| ; 4: Compound [l

4 DMPO
ESR .

5 min

, HRP-NADH-H, O,



11 3121
1:1:1:1 ( b, ., HRP-NADH-H, O, -0
1:2:2:1 ( a) 2~8 min , 10 min
, 5 a 1 2 ) . NADH ,
s . 20 , HRP
min  ( ) s I,
R HRP ) | ;
IIr » s H, 0O, . « OH
. 3 s 5 min .
I HRP , o
HRP-H, O, ( d) , a
I 1 s g
o e - @
g b
(SOD, H,0, O, e
vl
) ESR , s
) .
3420 3440 3460 3480 3500 3520 3540
g Field/G
Fig 5 EPR spectroscopy for hydroxyl radical determination
o
w Ly 2 . with POBN as spin-trapper
g Condition; 0. 5 mL 10 mg + L~10, Cor 1 mmol * L= Hy0,) in 0. 02
« - " Wi e N ¢ mol « L™ PBS (pH 6. 0), 0. 2 mL 10 mmol « L™! POBN (in 0. 2 mol
d + 7! ethanol solution), 0. 2 mLL 4 mg * mL~' HRP(or 0. 5 mmol «

3420 3450 3480 3510 3540
Field/G
Fig 4 EPR spectroscopy for radicals determination

with DMPO as a spin-trapper

Conditon: 0. 5 mLL 1 mmol » L™' H,O, (0. 02 mol « L' PBS, pH
6.0), 0. 2 mL 0. 4 mol « L”! DMPO, 0. 2 mL 2 mg * mLL- ' HRP(or
0. 5mM Fe?"-EDTA), 0. 2 mL 2 mg « mL~! NADH. room tempera-
ture.

a: Fenton (H;Oy-Fe?"-EDTA, 1 min); b: HRP-NADH-H,0,, 5
min; ¢: HRP-NADH-H;0;, 20 min; d: HRP-H;O;, 5 min; e: ad-
dition 0. 2 mg « mL~!' SOD in HRP-NADH-H;O;, 5 min

DMPO
. POBN )
) . S
POBN ESR . , HRP-
NADH-H, O, 2 min
ESR ( b) Fenton
( as )
, DMPO
. c s 10 mg+ L' R
., HRP-NADH-H, O,-0, HRP-
NADH-H, O, 4, ESR

L' Fe?"-EDTA), 0. 2 mL 7 mg » mL.~! NADH, 2 min, room tem~
perature
a: Fenton (HO0,-Fe?™ ); b: HRP-NADH-H;0:; ¢: HRP-NADH-
H;0,-0,

2.3 -
. NADH HRP
, 6 . R 20%

0.8
E 061
=
2 HRP+NADH ~
z
5 04 <
& HRP
2

0.2

0 T T 1
0 100 200 300

Time/s

Fig 6 Effect of NADH on enzymatic activity
for phenolic substrates removal
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Abstract The mechanism of radical generation in HRP-NADH-0O,/H, O, systems and state-change of horseradish peroxidase
(HRP) was investigated by using ESR and UV measurements, and the novel enzyme-coenzymatic systems were performed to de-
grade chlorobenzene as a non-phenolic persistent organic pollutants. The UV results showed that compound [l was produced
from HRP oxidized by hydrogen peroxide with the catalysis of NADH, which would generate hydroxyl radical. The ESR results
demonstrated the production of « OH and O;. in enzyme-coenzymatic system in the presence of O, or H, O, with DMPO and

POBN as spin-trappers, respectively. In HRP-NADH-H, O, system, compound [[| was the main state of HRP in the initial 10
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min, and then converted to HRP with generating hydroxyl radical; and after the addition of oxygen, the production of hydroxyl
radical was promoted rapidly, as 4 times as that of the system in absence of oxygen. The addition of SOD(Zn-Cu) decreased the
production of hydroxyl radical significantly, resulting from that SOD eli minated O, reduction to O;. by NADH and then inhibi-
ted » OH formation. The results showed that NADH could improve by about 20% enzyme activity of HRP for phenol removal.
The removal of chlorobenzene with HRP-NADH-H, O, and HRP-NADH-H, O,-0, systems reached 24. 6% and 48. 2% , respec-
tively, which was much higher than that with traditional enzymatic system (1. 42%), showing a promising prospect in proposal

of other non-phenol POPs in wastewater.
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