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XA BEHEE AH2E-2, BN, REEH
FESES 93.97 XMEFERTG A

H ¥ 8§ ( p-diphenol oxygen oxidereductase, EC1.10.3.2)
RHEMARAEEZ - HEIFHRED. ERELRL
BMEHGORZBE LB FRETF.ERAAE, FEE
AEAERBLEAPER . aTHEAZRB LYWW
RAWEN EREMHRERLAEYBES /EAE
EMAENANE EFEIRTEHNIZE EXE, 2
WA EHESEEASHERTR"". BKK
HAREEMBNMrEN ARASEREEREREER
REKBRAR . BEEEFLEHELBLERERN. BEL
APHEORMHAMNARNERSEE BRI EN MK
HEHBER, BW.AANMARABEMILHAERE
THR.ESETHFEEHL, ERRARAKREAIANXRE R
ELAKNSEEMKERE, AL, FREFLE ~BH
K EAMRERERKAMSRAEOERE T L HERE
N TREREEAS BRESTREAEER L,

ERAH AR EEIFEATHEREMATEMBE

BEM, PRI EN EOEREEARERT, . LEME

BFH 15~ 16 X5 B R ok, 1 e 3 55 75 7T 66 B 5 0 MR 4R AT
ERS-6 K HEEBARKRE SEFHENE . £49
HEABRZRFAAERESROENEESTRATE
WA, AXRRTEFEZFREENM TGO
I FUP AH28-2 ol bk L 41 ¥ B8 & 0L 98 0 LA, O o B o 4
REFTT TR,

1 MH5k%E

1.1 WH

BMEE AR M (e RS EFEATERZER
LB A ARG AR 15 AL LETE 4 C R T CPDA #1 M,
1.2 %X
1.2.1 HEFRESFEE ZE4638FIEFHRE(CPDA) (g/L):
R% B 20, MgSO, - 7TH, O 1.5, KH, PO, 3,VB1 0.002, I #

W B B 2001-02-13, 8 [ H ¥ : 2001-06-20,

X # &S 1000-3061{2001)05-0579-05

15,20% + 5 if 1000mL,

1.2.2 HEEREEAEAE(YL) - AEF 0. X5HE
2.5,MgS0, *7TH, 0 0.5,FeS0, * 7H, 0 0.01,MnS0, -4H, 0 0,001,
ZnS0, - TH, 0 0.001, CuSO, - 5H,0 0.002, Na, HPQ, - H,0 0.1,
KH,PO, 1.0, CaCl, 0.01, VB 0. 05, Adenosine 0. 275, Kraft
Lognin 1,

1.3 &FAE

1.3.1 FoME AR al o R B 22 e D T 150mL M 4%
PR somlL MEBFHE), T 28T, 1500min £ FHHF
ad, URHEEREH.

1.3.2 REENF.BMERNS%, A &8I #HF 57 300ml
ZRERYHET RETERTRRRG

1.4 H#iAE

1.4.1 HMBEAWNE AEESGYES T IR, BE T 4T,
12 000/ mind% 3 T B.G 0min M EW B, EERBEHTE
EME.

1.4.2 F 8 (Laccase); I 2,2'- 78 ¥~ —-(3-Z X 3K 3 o i -6-
PR (F S A ABTS) A K P et, B 55 AT 3min 1N K Y
EA20nm AL BOEEA MMM, ELE S E L 1pmol ABTS
FEOEEY - HE ARG, BRRAELHINTEL,
ERBERVFHEE FEREDT 0% (TR,

1.4.3 & i % 4L ¥ 8§ ( Manganese peroxidase ) : ¥§ 3.4mL
110mmol/ L 3B H LR pb @ (pH4.5),0. tmL 40mmolfL MnSO,
BEOAnL BEHSBHREMARMEE S, WA 0.1l
1.6mmol/L H,0, ¥ &3l /T &, M 2 238nm AL W 3% {6 B 3%
to, 3 BB L 0.1mL 28 M AU EF MoSO, . B EL
Tgemol Mo®™* 4 Mo* B MOS8 5 — RIS ™™,
1.4.4 AFTHILY M (Lignin peroxidase) : R W B WA H
0.125mal/L W A B G925 B0 28 o A (pH3.5),2. Smmol/L
B .0 Smmol/L i EAL B HE B A 4E 310nm AL M E R K

ELWH E8E AL P E (98212411 M B FE A K H 324 57 B E (2000]1013)
» i ffE 3 , Tel : 86-551-5107341 ~ B00S, 5107354 ; Fax: 86-551-5107354 ; F-mail : yzxiao @ mars . ahu . edu.cn, xiaoyazh @ sina.com
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1.4.5 B % BN Tyrosinase): 2 B, CWR[10].

1.4.6 BHNE - EAEM- B, ISR IEERR,
H%ﬁj'ﬁj'ﬁﬁﬁmﬁﬁiﬁ Al HHFERS DA E.

147 EHEFRSBEERG K" . SHERKE N
12% . BREFRRKESEFS SDS.DIT X EHH KA FAEH
AtE, {8 BIO-RAD % B 2§ [ & 3k M ( Mini-Protean I sys-
tem), A G HITRYEERA,

1.4.83 APENME. EEBRYSTEEK AEEKKE
2WEBE TR 80°C 0 EH T 2h 5, 0 F A K
FMEHsETE.

2 £ R

2.1 AXRBMEMEBAEMR
MEWERRBERE A FED Kaft Lignn(BEAE)R
SER EHARES S X 0,0.05,0.1,0.5,1.0 f1 2.0g/L,
ERARSRAKRERSREROTS, WHE 1 R, Y
EREFEE R AR Kralt Lignin B, JLF 8 W 4 205 8 15
i 0-2.0/L FEE P, P B Kraft Lignin & £ 58490, BE N5 RG
EARAMA & B YED 1.0/l L AE SR
oL EEMMETRD, RUAENE AHS2 Btk EE
— 26 B8, Keaft Lignin fF 038250 X B M A0 7= AR 4 O

HE,
s == OKraftlignin —
—a— 0.05
g —v— {1 \'\.
E —+- 05
- —— 100 /\+
2wk —x—200 ) N
% .
,
m
0 ]
2 4 6 8 10
t/d
B0 B R Kraft lignin & 8 % S
AH28-2 MR RS REmR
Fig.1 Effecis of culture time and quantity of kraft
lignin on laccase production in suspension cultures
of white-rot fungns AH28-2
22 IS TFREUEGPENEBAEKRELEKHEN

SHAMAR FER . CREEETERS M o
FHELSHALE S0 RAFABMELREEFHE S
Kraft Lignin 7}, S M EHERABER ST RAER, 53
MELEERSR), GOAR 35" REIHFE AR,
PHEE E=RANTERNZABEMSASARERE
R.YPXENTERATARES R FRM0LHE 80 2
HEMERERSHE, W _FENMEEEER, AHF
2. S

2.3 G RENERSHENOER

Co™ WEFERT AH2S-2 BBk =B M E S XX W(LE2),
REEEFEPAREM G’ Y, RS R AE 7€ 0 ~ Sumdl/L
FEA BEAKTHE G RENEMAERA " KEE
5 ~ 10pmol/L A PY, 7= B W8 5 B ; 25 K F 10mol/L BF,
MAEMENDKERMER. AARMAEY—FIHENE
MEAB BREPTAEZREMN O HEFEMNSERE
HELATLN BIEM o’ INHEEERELL B,
EEn HEtkr- BT 7 AR, iR A S SRS,
HEARS> FE&AHS P ERRAE, AT EMBRETHOR
BEOERSBIME).

151

101

Enzyme activity/(x10%w/L)

6 1‘0 2I0 3I0 4I0 SID
Concentration of Cu®*/{ umol/L)
? RETHERERSRERNGERN
Fig.2 Effects of the concentration of Cu®* on enzyme activity

in culture of white-rot fungus AH28-2

2.4 M HERESBENER

BREER M FEHE N AHXS-2 Btk B LA HER
Wi (AP 3), MRS E P Mo I AT MR
AMe” HBHRGHEE BEXTRERME, 5 Mo &
BERINB] 20pmol/L B, FL MG {E (L 9 %4 BUAY 72% , TR T i
U3 EE R Mo W, MR B, B2 Md FFEE
AHFEHRTEER EFEWEEER,

151

Enzyme activity/(x10%/L)

0 50100 150 200 250
Concentration of Mn?*/( pmol/L)
B3 EETHEREE-EMHER
Fig.3 Effects of Mn®* on enzyme activity in culture of
white-rot fungns AH28-2

2.5 EREMAVNERWELEKESROER
HEAEFREITREAEESREAHEO) 22 45N
+ 12mmol/L X5 BB (2)2% M &M + 1. 2mmol/L X & Bl
(3)0.2% MHMH + 12mmol/L XABEH (4)0.2% W EH K +
1.2mmol/L XA BEREECH , RIS HME L FE L 2% 0%
B + 20mmol/L X 4 EME Ay 9 B4, Bl o 00 B bk o AT R BRI
F MAAKEYRAN L BBEESME, SRME4, hA
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MUBH ERAGNAMAEASE AR BHERKEERS
RENEE, YARERBTEHRFINBREN, HES
A R L e R T 2 A0, 4 1 T 20mmol/L () 3% R
RERA 128 1 2omo/ L BB O RIRE T 2.1 57 6.5
#EE BHEARTA TERASESEE  kEBREH
REKAEMSEARMNER ERARMNRENTERR
iy HAEReNFNBEEEYENERTR.,

25 .
—a—2
—v—3

——
—e &

Enzyme activity/(=10°wL)
= > ]
T T T T T

A
T

t/d
B4 BEREHVMTREHERTANOER
Fig.4 Effects of nutrition conditions on laccase activity
in culture of white-rot fungus AH28-2
1. 2% CGlucose + 20mmol/L L-Asparagine;
2. 2% Glucose + 12mmol/L L-Asparagine;
3. 2% Glucose + 1.2mmol/L L-Asparagine;
4. 0.2% Glucose + 12mmol/L L- Asparagine ;
5. 0.2% Glucose + 1.2mmol/L L-Asparagine

—
o
T

Wl Enzyme activity
[ Biomass 425

—
-
T T

Enzyme activity/(x10°w/L)
Biomass/(g/L)

0
10 11

o1 2 3 4 5 6 7 8 9
Nitrogen sources

B ARARMNEREGEMBREERCANER
Fig.5 Effects of different nitrogen sources on the
biomass and laccase activity
1.NH,NO, :2.{NH, ),50,:3. (NH, ), HPO; ;

4. (NH ), -tartrate 5. (NH, ), -citrate;

6. L-Aspargine; 7. L-Lysine; 8 . L-Phenylalanin;

9. Yeast extract; 10. Tryptone

26 MANREHSEKERKNERARNOEN

AN HEREY AN NoRENHRES R
EREBREAEFEEFTHRELBE. FATENKE(2%)
MEF XL (H ¥ 33 3mmol/L), R H M EBSRAE W,
£REx(ES) BEABEIr-BEEAERE, Ml8E ik
15805 9w/L; fE IS B K AR AR g (e

BB T R TS (4 91 10564 .4,8866.0,8933 .4w/L), THL A
W LL(NH, ), HPO, X 887 A AR RER~ /AR, X
NERSE TEAEFESISR S Z A, T NHNO, .
(NIL),SO, FhmmE ML MEAEERIBDP NHH
E AR pHEREREE2.5~3.5. 7 TEMSRSE
5E o

Enzyme activity/(x10%w/L}
Biomass/(g/L)

Carbon sources

He ARBEMEREBEREERERNES
Fig.6 Effects of different carbon sources on the biomass

and laccase activity
1, Glycerol(19% ) ;2, Xylose(1.67% ) ;
3,Glucose(2% ) 54, Sorbose{2% ) ;
5, Cellobiose{2% )} ;6, Sucruse(2% ) ;
7, Melitose(2% ) ; 8, Dextrin(1% )

100p 20

250F -
5]8()- \ 155
~200F2 5
2 [ Eel H
Ts0F & b
R 05
£ 100} S 40f )
P g E
= g 8
= 50 g20f 1% €
o &

<

L T . s — n ry n
0 2 4 6 8 0 12 14 16 0
t/d

B7 GMER AHR2 BkERR M B0
Fig.7 The course of growth and enzyme production
of white-rot fungus AH28-2

A 8 AR E R E S AR B REE, E
EHREAAZE, SREHRESH A H MW 1.0% ,D-KH
1.67% MK 1.0% Haih 200 BEHERE# SER
Mkl mAlnEn, FREAE6), LI
BRI -REN. EEMEEKRKTREXRER, &
48288 . 2u0/L, LA BB 0 —BRIBET B 2.4 FE LU H AR T
W, B iE L 28370 4w/ L, RE BB IR EE B 1.4 5. Bk,
HE_BITRERSEEMNBEEIHRE . L2 —FER
HRHRE:BRABR BTE. ERTHESERRMNEKLE
KR AURMASEANEREE FEATEREKE
221

LA — 48 59 6% B, Tryptone N B B ATHEMBE™,28C
W0min BB T EABERES -6 KRNEMANLAHEE,
LL ABTS 24 Ji5 #r et 9 5 K15 2 82923 . 7u/L, 55 L F) Y, 3% 37 K
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B2 % # 1K

PTHRBEARER AORETES. B4 BRIEDPE
BN - EZHENETEAYREREE 7)) BRRAKXE
RSB IRERESYE,
3 i #®
ARR-KMFAREETEIBRNK- RBEELS
METHES FREY RAVHR AR THERNRF
BHEEMNASG. KRG HLRAREYSRERH
REE L LA AERELAGYNITH LRI
RAFMEVBES., CHARRARFPRAENAR
RERERCAE D HAMRSE L AR EERE A RRMEE P> &
MARERMATE REAFMNARENELESBAR
MG TR BERFEANRTIHADM (Lp) TR
LY 8 (Mnp) 7 B8 (Laccase) R R B E MR KR8,
RITEHET A AE AH8-2 Bk E R FR A FHEK
M REE AR R, AT PR B, B R 1 W R
ROEBEARBEENESAGERABEFE LS LEF
B EMAINARMEMM M, A FEMS 15~ 16d
BB R ARBEER, TUHETRAN LR,
R A R, - P RETEER BARTE
RAEKABOEMERRHERAARRERLES,
XEME—RARERHESHEMOAHEFEFLS
MRAKERSERGERESN, FEEEAN |
WX BT WE AT AR A T MR IR & B b W BR (il g &
M R SRR EEEEFEROEEERY,
AT THRBARERER. FEEE AH8-2 Wbk
MR FAETEMS W B Kaft Lignin #1 — &/ 5
FHEELADIFET .5 Pyenoporus cinnabarinus FH™ , THMR
09 B K I ) R O A B O RO SR TS
PR 3432 HMERKER). ol 80 F ¥ AT M
MR EEE, BAEERETH TR MRANS R
H R (B REAR G o bR MRS 3 P B VT LA IR O B R
AREMBRERSN . LWBEMS AN ET YRR, M
FATR AN EEEY R OB AT, 3 SR
WMERATRRBRTHRAOEY R BHRBAREH
Col A MUGEE S b 5T 3 S AL P A L P
FREMGWES KEERBEEHEAR, THERS
HWARH 4 TRE TR R IHER BT, -
BN, KR, T 2#EHb T 7E 600nm £ F F bW T
EEGER O, WEPIRRY EREPHEEEEHR T
BFEFEXT AH28-2 R IR M G HER L A1 M), T B Spmol/L
SR {E , BT v R G 16.4 15, {H X T 10pmol/L B R
FITHREBAOBEMEEKY, XMHHEHE T X Aspergillus
nidulans FIBEME A WA HAIE R, Kotz S H U NTRE
BERANKRAAEMEONTEHE T EMREHE
FFHENE R — e 10 R ok ™ AR R
EAERR R MR, 2 Dichomitus squalens , 5% 11 ¥ 1L ¥ B 89 7§
EREKBETF NER T AHAEREMA T B

B e B F IR TN B Phiebia remetlosa A % 71 AL BN
oMM RS AR S HER, S EEFHE
RREGKESSEAESTABNHEE(NLE D, B4 AR
HEMABREREREKBBROMERLHHE,

BERAHEARERNSEOYHER, AREHE LN
BAESFRED BEEAERBHTHTRSALERN
4 L. &0 Kantelinen % A R F {5 B85 7 & {5 £ 47 Phlibia radia-
w WEREE BREREUERORMHS T HEEE,
REHERENERRAARN, BEL I EREMS - ERY
. EHHEERAEERNMERENM KA TEROER"
B, IREN. . IREKSRERERHERERES,
JELL Tryptone FHULE B RN E(ES), ERXROAHER
R TR MRS R R, AR
Bz aff M EEMERORIFHEE. HLARER
AR REERR(E ). REKLHBRERRE 28T,
100r/min & F FHITEBE™, UL ABIS AED M T BER
HB29 . TWL MR EREFTRET 30 28, Lt EF
FIREREAOB T EHE Pyenoporus cinnabarinus ss3 KERS
BUKF# 2.9 5,

ERWE AH28-2 A KR, FUS RN R, BN
KR B AY, AR EN BRI TS RESS,
AHE—-EHMPHESHEEN E—BBEHINERE
FEE AT AIZEERR TN A REEE Rt TH
W .
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Factors of Laccase Producing and Fermentation Conditions
by A New White-rot Fungus AH28-2

XIAO Ya-Zhong'?* ZHANG Min' WU Juan' WANG Yi-Ping'
HANG Jun® ZENG Wang-Yong® SHI Yun-Yu’
' ( School of Life Sciences . Anhui University , Hefei 230039, Chine )
2( School of Life Sciences , University of Science and Technology of China , Hefei 230026, China )

Abstract White-rot fungus AH28-2,a newly isolated strain, produced effectively laccase by induction when grown on a synthetic
medium . Aromatic compounds of low molecular weight had an inducing influence on laccase production and its isoenzyme compo-
sitions . The using of o-toluidine or syringic acid had the best inducing effect. Cu®* concentration in medium had distinguished ef-
fect on laccase production. Enzyme activity was notably increased by Cu®* and reached the maximum when Cu** final concentra-
tion was Spmol/L. Mn’* inhibited the synthesis of laccase . Carbon and nitrogen limitation were not beneficial to laccase synthe-
sis, while high nutrent organic medium was beneficial to the growth of cell and the synthesis of laccase. Using cellobiose as the
sole carbon source, the highest level enzyme activity reached 82923 . 7u/L under the condition of optimum fermentation with ABTS

as substrate . This enzyme activity was 2.9-fold higher compared to the reporied data on international references in recent years.

Key words white-rot fungus AH28-2, laccase, fermentation conditions
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