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Abstract The NH} -N, pheno] and quinoline were selected as cometabolisn substrates of indole The m etabolim process and kinetic analysi of he
different co-substraie systans degraded bywhite ot fungiin the culturem ed im of straw leaching liquidwere mvestigaied by hewhie ot fungus (BP) on
the degradation of the co substrate systans The effects of the different co-substrates on the production of hecase and the degradation process of indole

were also researched The results shoved thatmore than 9% of indolewas ran oved by whie rot fungi in the different degradation systans The activity

ofwhite ot fungi and the peak value of hccase activity could be m proved by the anple nitrogen sources Since phenol and quinoline were added nto the
indole degradation process more laccase of white 1ot fingiwas produced Therefore more elections were provided br he degradation of indole

M eanwhile phenol and quinoline could be degraded efficiently by white ot fingi The optimized (H was 6~ 8 br the degradation of ndo ke withwhie rot
fingus (BP) m the culure medum of strav laching liquid. A one-step of hydroxy htion could most possbly occur at 2 and 3 positon of the N-
heterocyclic (pymol) ring n the nitial degradation process of indo ke

Keywords white wot fingus indole co-substratg the activity of hccase
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Tabk 1 Kinetic results of different indoke bodegradation systans
K/ (mg L 4d") R?
C= - 0686t+ 0. 774 0. 686 0 985
C= - 1323+ 1. 617 1. 323 0 942
C=- 1518+ 2 035 1. 518 0 941
C= - 22351+ 2 826 2.235 0 944
32 SREFHIF A JE T B 90 AR ] R AR e )
® v ;
3 , B
( . 2006b).
3, | 2
500
P leurotus ostreatus ( BP) , ~ ool ST
1 (p-diphenol oxtlasg EC 3 —m— R
S 300 | —h— VRIS b
L 10 3 2), = —>— |
£ 200
2 2 g
" ( Johannes =100
1998). : 0
0 3 6 12 15
( Bt ) #/d
. 2006a).
2, 2
Fig 2 Changes of hccase activity of white ot fungi versus
? reacton tine in different degradation system s
) 3, , 3d
: ( , 2003). ;
2 ’ N
( . 2002), 4,
M H202 B Sd ’
, ( )
. 2005), : :



2 : 209

: , 2d 9% , 6 . H
: 154 7 (6 15~ 6 80),
: 2 : pH 6 45~ 7 76(
, ) 550~ 7 94( ) 5 78~ 7 72(
) 2( 1). ) : (
85 350 ) ’ 4d fH s
768 L 280 T ’
n n
2 s 210 £
i o e |10 g ( .
2L 1 g 1998); , 3d
0 I I 1 0 ,
0 3 6 9 12 15
Fit ] #/d . ’
e 5! (Swany et al, 1999 Tekere e al,
3 2001), , :
4 . S 6~ 8
Fig' 3  Changes of diffrent substrate concentrations i the
NH; -N and ndolk co-substrate systen versus reaction 9 — SR SRS
tin e —h— VG ——
2 T
85 7 150 i
~ W7
T, 68 1120 7 z
n - - e
[V T
g 51 —m— Wk —e— X 0 E 6
g 60 B 5 L L L L '
= 30 &= 0 3 6 9 12 15
= ® ] 1/d
0 0
0 2 4 6 8 6 pH
Hef ] 1/d
Fig 6 Changes of pH i the bidegradaton process versus
4 reaction tme

34 vk IERERE QAT

Fig 4 Changes of different substrate con centrations in the phenol

and ndole co-substrate systan versus reacton time

7 260~ 280nmm

80
7: —— Ik —— ’
B s 230~ 245 300mm :
= :
¥ 40 .
g (Rajendra et al, 1998).
g 20 s LCMS
® (8. HPLC
i 1 ' ’
6.5min(  8a). 8
5 5d , 4 4m n
S 2min 2
Fig 5 Changes of different substrate concentrations in the qunoline MS ’ P ( m Jx
ad indole co substrate systen versus reaction tine
165 146).m /z 165
33 BEAR HERN ( 8b), m/z 146

pH



27

210
90
80
- E
2 [
=
60
3 a
Z50F -
% 40 F i
30 F i
20 F
3 ol b
g 10F IEAYE /
= O O T T T OO T
0 1 2 3 4 5 6 7 8 9 10
&85t R] /min
8 HPLC (a ;b
5d)
Fig 8 HPLC spectra of ndoke (a the bhnk sanple of indole b
e ndok degraded by white rot fungi in the N-NH ; and indole
§ co substrate system after5 d)
OH
0 I L 1 I L I “ I |2 Oxidation A OH__,
240 260 280 300 320 340 N | I __( CO#H,0
Sk N NS0 P i
Indole I I
7 uv (a
;b ;e 9
, 313nm ) Fig 9 Initial degradation pathway of ndole by white 1ot fingi
B & p ) y g
Fig 7 UV spectra of different co-substrate systans (a the NHJ -
N and indole co substrate systam; b the phenol and ndol
cosubstrale systan; ¢ the quinoline and mdok co D
substrate systan, the peak of quinoline & at 313 nm) —OH —NH, (M unoz
etal, 1997), —OH.
9
3 . 2 3 '
2 2
4 (D iscusson) )
2
2 2
(1997)
2
2 2
2
; BP
’ ’ 2— (Wang et al, 2002), —OH
2
2
’ 2
Claus (1983) , ,
, 2 3
’ , , 2 3




211

s . Kanath
(Apargillus niger)
5 N— -

( 1990) ,

, 2 3

5 (Conclusions)

R AR PR A XS AHEINER KT Fy
HPLC# 3% o BUAE TAE, B 50 4 K 4 IR W B 34T 23] o oF 1] =
Wk, E| IR

CEBRAE (1946—), &, HE (E LA FIF). =
ERR Ay E R S RN A A AT R T
B,

References

ChusG, KutznerH J 1983 Degradation of indolk by A lcaligenes sp
[J]. SystAppIM bl 4 169—180

DengY J Lin I, Zhan H Y. 199. M echanisn and degradaton of
aomatic canpounds byw hite ot fungus [ J]. Environm ental Science
& Technobgy, 86(3): 8—12 ( in Chinese)

FuSY, YuH S 1998 Investigations related o biodegradation of lignin
n rice strav by Panus conchatus Characterzation of aomatic
acids n lovmolecularweight fraction of the lignin degradation
products [ J]. Joumal of Cellulbose Science and T echnology, 6(4):
50— 55 (in Chinese)

GoldM H, W arishiH, Bouthonnan R, et al 1992 Daen ethylation
Delignification of K raft Pulp by T ram etes V ersicobr Laccase in the
Presence of 2, 2-azinob o~ ( 3 ethylbenth am line-6- sulphonate) [ J].

AppIM bl Bitechnol 36 823—827

GuJD BerryD E 1991 D egradation of substituted indoles by an
ndoled egrading m ethanogenic consortum [ J]. Appl Envion
M iwbial 570 2622—2627

Han X L, YanLH, Zhou SE 2005 The nfluences on te production
and activity of hecase a review [ J]. Chemisty & Biengneering
7 10— 13 ( in Chinese)

He M, Zhang X ] Qu F P e al 1997 Study on mhbitory
characterstics of refractory organsms [ J]. Enviomental Science
18(3): 21—23 ( m Chmese)

Johannes P ] 1998 Oxidation acenaphthene and acenaphthylene by
hecase of T ran etes versicobr i a hccasemediator systen [ J]. ]
B otechnol 6L 151— 156

Kanah A V, Vaiyanathan C S 1990 Nev patway br the
bidegradaton of ndole in Aspergillus niger [ J]. Appl Environ
M cwbbl 56 275—280

Madson E L, Bollag ] M. 1989 Patway of indol metabolisn by
denitrifying m icrobial canmunity [ J]. Awxch Micobibl 15t
71—176

Mohan § Sistla GumR, etal 2003 M icrobnl degradation of pyridine
using Pseudanonas sp and isolaton of phsnid responsble for
degradation [ J]. WasteM anagement 23 167— 171

Munoz C, Guillen ¥, Martmez A T 1997 Induction and
characterzation of hecase in the lign nolytic fangus Pleurotus eryngii
[J]. CurrM icrobbl 34 1—5

Quan X C, Wang JL, QiY, et al 200l B bdegradation kinetics of a
miture containing quinoline and glicose by burkholderia p idiettii
strain [ J]. Acta Scientae Circumstantiae 21( 4): 416—419 ( in
Chinese)

RagpndraN G, NeerajK, Naveen K S 1998 Oxidation chen istry and
biochanistty of ndole and effect of its ox dation product n A bno
M ice [ J]. B belectrochan sty and Bioenergetics 45 47—53

RenD J ZhangX Y, YanK I, etal 2006a Degradation of ndole in
wastew ater fm cok ing plants by white ot fungi[ J]. JofHuazhong
Unw of Sci& Tech, 34(5): 121— 124 ( in Chinese)

RenD J ZhangX Y, YanK L, etal 2006b. Stdy on degradation of
quinoline i coking phnts wastewaler using white rot fungi [ J].
Environm ental Protection Science 32(1): 20—23 ( in Chinese)

Svany ] Ransay J A 1999 The evolution of white ot fingi in the
decobration of extile dyes[ J]. Enzyne and M icrobalT echnology,
24 130—137

TekereM, etal 2001 Growth dye degradation and ligninolytic activity
studies Zinbabwean whie ot fangi [ J].
Technobgy, 28 130— 137

Wang JL, QuanX C, Han L P, etal 2002 M icrobil degradation of

Enzme and M icrobial

quinoline by mmobilizd cells of Burkholderia p ckettii | J]. Water
Research 36: 2288—2296

WangJ I Fu SY, YuH S et al 197 Influences of nitrogen
concen tration and ammatic can pounds on production of lignnolytic
enzym es by Panus wndatws [ J]. Joumal of Cellubse Science and
Technobgy, 5(4): 25—32 ( n Chinese)

WangY Y, YuanY X, Tian R S 2004 Study on the bidegradation of



212 27
coke plant wastevater by white rot fingus [ J]. Industrial W ater s . 1997
Treament 24(2): 26—29 ( in Chinese) [J]. , 18(3), 21—23
YangY L, BaiX P. 2001 T echnologies and advances in the research on s s . 2001
coke plnt wastewater treament [ J ]  Industral W ater & [J]. , 21(4): 416—419
Wastewatery 32(3): 8—10 ( n Chinese) s s . 2006a
YuGC WenXH, QiY, etal 2003, Fomation of the lignmnolytic [J]. ( ), 34(5):
enzymes by P hanerochaete chry soporium under various anm onium 121— 124
nitrogen con centratons [ J]. ActaScientiae Circum stantine 23( 6): s s . 2006h.
802— 806 ( i Chinese) [J]. , 32(1): 20—23
Zhou X T, Wu ] Lmn L 2002 B bdegradaton patway of aomatic R R . 1997
can pounds by white wt fingus [J]. Techniques and Equipment for Panus condha s [ J].
Environm ental Pollution Control 3(12): 1—8 ( in Chinese) , 5(4): 25—32
s s . 2004
[J]. , 24(2): 2629
R R . 1999 s . 200L [J].
[J]. , 86(3): 812 , 32(3): 8—10
N . 1998 Panus conchats N N . 2003
() [J]. , 23(6): 802—806
[J]. , 6(4): 0—55 s R . 2002
s s 2005. []]. , 3(12): 1—8

[J]. , 7 10—13



