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SEUG AL 5] PDB B3R 0 BRI T ABTS. BRMEARFI R HER. T &K,
SALBAIT T I KB 3E 26 A AL O INER RS (Lac) R4 A ALYIEE (MnP) (1)
B BLIEEE o B TR I 22 FXF AL XS Lacy MnP f70 i B A & 5m i 5 3L
N, Lac fx B 71 HILAE S 8d, MnP & =BG 71 HBESE 7d, MR TEA4
BEE 7 BIFE T T 8.6 5N 8.7 fifs & T & B S KERIG 45 Lac 1 MnP B IGH2
T 9.0 f5H0 5.3 £, Hm Mg IR 2d. &/ =R B FIRIRTEZE Lac Al
MnP FgiEHe R 7 9.6 50 6.9 £, il ig 150 m HELAESS 1d A 3d.
*EER: A EE; BN AUEAYE; 2R TER
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Optimization of Conditions of Submerged Liquid Culturation
of White Rot Fungi

Abstract: In this paper, we first make a brief review of the taxonomic status, research
status and research focus of Oyster mushroom, Oudemansiella radicata and Stropharia
rugosoannulata. The deep fermentation and culture conditions of Stropharia
rugosoannulata and Oudemansiella radicata were studied. In this experiment, the
effects of laccase and manganese peroxidase on the mushrooms of Stropharia
rugosoannulata and Oudemansiella radicata were studied by adding ABTS, basic
lignin, vanillin, permollin, and lanthanum lanthion to the PDB medium, respectively.It
was found that vanillin had the strongest inducing effect on the secretion of Lac and
MnP of the Oudemansiella radicata, the highest enzyme activity of Lac appeared in
the 8th d, the highest enzyme activity of MnP appeared in the 7" day, which was 8.6
times and 8.7 times higher than that of the blank group, respectively, and the Lac and
MnP activities of the Stropharia rugosoannulata Lac and MnP induced by
syperaldehyde were increased by 9.0 times and 5.3 times, and the highest enzyme
activity appeared in the 2"day. Vanillin-induced Stropharia rugosoannulata Lac and
MnP activity increased by 9.6-fold and 6.9-fold, with the highest enzyme activity
occurring in the 1%tday and 3™ day, respectively.

Key words: White rot fungus; laccase; manganese peroxidase; vanillin ;

Syringaldehyde
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TR e R IS A TR,

KRBt B w1, EWN, SR H, Gk, RGE, AalmaX
BRI 4G GABRTELEW ., DAk, RERER 4 R 2 IS e i 2 4, Horp
o HA HEERZ R Z R, HHEA RS, Jredt. fmw . e .
VT R E L BTG A AP 2 IR BR 5 1k AR PRI 75 LB () B FH B
BRI 06,

RO —MERNBEER, AR LETHETREN], mE, AE
BE, NEAEEET, NEBME AR AR, EEPR B R R RS,
JE RSN EF Z R0 NAEA 5o, andb s 2R, dbatSaR. EH
Bl AT AE OSBRI 9T 32 AR AR B 2235 5% . B FREENE . WM ESIR B K IS
J7 e,

W R, A AR R T, B 5 H AT RLdE R 5 96 22 i L A1 () Bl 0 2T 4 25
ARV VB K 55 7R B AR 27 48 253047 B0, H AT, H 5 B 15 i
HEXNVFZ S TEHE . SE5rE. & TR AR A VAR R0 R
ReJT, (2B A, X A EIEAE RIS G AR = 40
A &P EYE AR RN AT, HA%) Lacs MnP. AR Z i S ALY B 50 @i
Ao Lac & —2 MCO, H &t = 24O T8 )57 7. 58 284 1 2640 Lac &
NHERZIF A, BIW AR ON W  Lacl'?. Lac REBS 1AL Z P S FFERY 2210 &
YRk A AL, RIS AR 27 0E B oK U3, H AT Lac Bt il RV 2 LB, CA1
.2 Fh L B R e W # RN 2 T Lac 35 £,

EEBEE AN MAMET, Lac CAEW 2. EFaH oy Bis
€ 6 FANE P45 Lac [F] T8 : lacc10- lacc6- lacc2 . poxa3a. poxa3b. lacc12[!%],
MnP & 5 IE 70 W R AN R B, T ROR B3 R T IR B, WP R
fREIRFTH AR . CAZYmes & ZMEAXE, Hb AAs Ml GHs 25 74
AER ML YER I IEAE, XA R LT 4E R R NI T ENEY) .
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ADEAR N 5 ZER BARBAS (1B, 18 1) 771 2 A2 WD BRI — A 7 % 4
K 22 B 1) & 1 T R 2 R B (SMF) SR A2 7 lig el B2 A YA AL
WAz B R TV EE, (HIE SR SKBLRREAS E A R IR R P RIS, B
VPRI B PRARIESRAGIT FEAFAERYI ZHERITE DL T, R E YR RES ™
A AT AE R R, AT YER 0, R SR, DAt AL 1A R
fATTCAER], XA AR AR KRS IR T A i, bk, B iRk A
FRKAFIS,

2 BRERE

2.1 SLIGHHL

2.1.1 EH

45 (Pleurotus ostreatus) ~ KNERi%# (Stropharia rugosoannulata) . 2%
YGPAE (Oudemansiella radicata) , PA_EBEAPR H L 748 RS H E B 9250 %

2.1.2 X5

2, 2'-azino-bis(3-ethyLbenzothiazoLine-6-suLfonic acid) (ABTS) . N &
N ZRREN. . AR AR, IR, BiIRHT. KH2POs. 30%H20:.
KNEIR AR, HER. HER. BRFR. 2R, T HE. L. i
Br. HERE. ORISR, MRSTmOR . RS4RI, =5 2R (TCA) |
. ST ZZrii. DNA $2HUH . AAM, HEE (Met) . UT buffer.

2.1.3 1EHFRE

PDB };7#5E: 15 200 g/L, &M 20 g/L, ZAMKEH
PDA #5375k BB EWE HR K 46 g/L 728K ER .

2.1.4 N8
= 2.1 UEBAM
U E A FR A= %
H 2 72875 R K MLS-3750 HAR =AY R A

2
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HLUKAX DYY-12 e — T
IR B I 5E AX BioPhotometer plus i [ A N ]
SRR AR LT-CPS SAERE) (R RS
B HIRAH]
TR0 Jie Vi A X XW-80A B riGEs] HRA
Al
Flg R AX Synergy™4 3% ER AR A PR 2 7
& 3 A R B O TGL20M KWW B O A R A
Bl ]
e 1 2 2R EE AL RV(C2-25 R AT A A PR A ]
BBREABLES TissueLyser II FwEEE R EARA
AR i
EERIRC & A OSE-DB-02 R (bR HIR
]
(R W NDONE FPIAH PR A A
fEit

2.2 FLWTTIE
2.2.1 EMIEL

2.2.1.1 EREKL

THEHEE R, PREUE 25200 T PDA 35955 |, AN FAREEFRN 3~4 4 1 cm?
L, SR E AR 3 AT BPARCT 25 CREFEFERT IE. MWL K
W=y 2 PR, R BUAR B AR TS AL o
2.2.1.2 BIAEREEL

THEHE T, HATILEST LG MR 24 5T PDB AR F: 36, A E R
BF 2 9 200 mL PDB 25°C . 125 t/min $&R 5555, %95 7 REA, FTHFh.
2.2.2 FEfh

2.2.2.1 FEEIEM
FETCRH AT, AT 2E Bl g 2 PDB 59770, SR ER, F B BR1EH


https://www.instrument.com.cn/netshow/sh103396/
https://www.instrument.com.cn/netshow/sh103396/
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TWAIEYE 8, MASEERRETGEK, B REERITHENE. #ME 4%, 25°C.
125 rpm/min £57%.

2.2.2.2 dt5TIEHNIEF

FERHE AR, RHETR 7 RIS R B A BFEERA 50 mL &0
B, MR, KW ERITHE, &k SRR 8%, 25°C . 125 rpm/min 3%,

2.2.2.3 KIKETHEEM

EIEISRLTIN

2.2.3 FHEEFRZESML

2.2.2.1 PHEEIEFEIEFEZEIHIE

* 2.2 EFEOLHTHIE

H i Ui
XT R ZH HIZTRE 10 g/L, BEIR &80 1 o/L, BEFRE 40 1 g/L, BilkEE 0.3 /L,
WERREL 3 g/L, FALES 0.1 g/L
SEYGAH 1 HIERE 10 g/L, WERE S04 1 g/L, BRFREE 0.3 g/L, HIEMUA A A
SEERH 2 HIETRE 10 g/L, R A 1 g/L, BREREE 0.3 g/L, EIERRH S B
SCHRAH 3 AW 10 /L, B _E4 1 gL, BiRE: 03 gL, EHMAE C
S 4 AR 10 gL, B S48 1 gL, WREE 0.3 g/L, BEMRAA D

e (FRERAGIKER 2g/L)

HEA: FEHRARO0S gL, HEIR0.5g/L, AR 0.5¢gL, HEER 0.5¢gL.

HE B: KA 0.5 gL, A% 0.5 /L, ME 0.5 gL, NAMK 0.5¢g/L.

HE C: FHERE 0.5 g/L, A& 0.5g/L, WM 0.5 g/L, &M 0.5 gL .

HéD: HERE0.5g/L, WER 0.5g/L, WA 0.5gL, FHNEAM 0.5gL.
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2.2.2.2 FHEEEFRESYIHE

£R2.3 FSEnERS

47 5] B R HE BT
X} i 2 HERE 10 g/L, B A 1 gL, MRE 03 gL, FEMRAA A
SEIG A 1 HimIME 10 /L, WERR A 1 g/L, BEREE 03 g/L, @EMRAE A,

VER 2 g/L

LA A 2 HIEE 10 /L, IR A4 1 g/L, BilREE 0.3 gL, RHEMAA A,
PR 4ER 2 g/l
SIS 3 HEWE 10 /L, BERR A4 1 g/L, BRFREE 0.3 g/, FIERMULE A,

BPE AT ZR 2 g/L

SOG4 4 HimIME 10 /L, WERR A 1 g/L, BEREE 03 g/L, @EMRAE A,
TR REYD 2 g/L

SEIGH S HimIME 10 /L, WERR A 1 g/L, BERE 03 g/L, @EMRAE A,
WRFF SR WD 2 g/L

W EERAARE N2 gL, THERARN 0.5 gL KNEE, 0.5g/L HEEK, 0.5¢gL
&R, 0.5 /L H% .

R B 7 RIFATHA AN BRI E S Lac MnP. LiP 354 F5E .
2.2.3 JLFEABH\ . K¥k3= PDB 1EFFEAM L

2.2.3.1 LB, KIKEHEESF

| 1%

UL PDB 577 B 2RI 7R 0L, S A SCER, IEFELL ABTS R % .
2R THERE. SULTRE BT S5, WINED 58 ABTS 0.05 mM, BEA
JRE02¢g1. HFEHR02¢g1, T &M 021, FALH 02 g1, BRI HIWE 3
APAT, EEKE G, DA 8% MEEAh B Ah R BR & 2 AL 5O, BT 25°C. 125
rpm/min BRI EFFR, AR —RIFLRECRE, WA Lac. MnP. ARz %
WAl 77, 153 Mo EERE I [A] ) & 2281k
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2.2.3.2 HEZFRMEFARMETEHFR

ik RS N 0.2 g/l M ZFRJE, WA ZRIATIRERR LS, AR
WiEE T 0.1gl. 02g1. 0.5g1 =MKREFRE, FEINTT 0.2 g1 KIF =R EK
BRI (], ARSZISWHAESE 0 K. 58 3 K. 28 6 RIFIN 0.2 g/l & 22 Rk TsL
5, LRI TEGE A S A, 15 B S RN N ]

2.2. 4 FASNE B BRI BAK E N E

2.2.4.1 sShERER

B9 ml E3EHFIIAN 10% TCA, 4 CUliEil#.

B e R EIE B, 9,000 rpm/min, B0 15 min FRAVTIE, MO 1 mL
TIPS B AT B e R U, FEDTIE &Ik, I HAB B B UTie # % 2 1.5 ml SO0E H.
15,000 g &0 5 min, 3% FiG. EEIFK =K.

300 ul ST B E &, 95 CE&JBIRINFA 10 min 2 J5 ] FiREE D . 12,000
g &0 10 min, B HIE, BINMuAhE A

2.2.4.2 AAEBRE

1. B 0.5 g B 22AE BT RE, INANE] 2 mL [ & RE B 29 0

2. AN 2 K 5 mm /NRER, TN BRI 300 Hz 2 min;

3. KBS S R RS B 15 ml B0, MBS S AU I 2 mL
574 DNA $2HUB) .

4. WiiER 5 min.

5. IO 2mL ] TS-Phe, J®Ii€E 5 min. .

6. 4,000 g, 4 ‘CEL» 10 min, ¥ EE/NOIIEREE 2 ml BOEF.

7 IINEARFA T4 DNA 2 HUEY, JWHERE % 5 min.

8. 10,000 g, 4 CELr 10 min, K FIEHERE R H B O

9. MEANEOEPFIA S AR K AAM, #E-20°CUTE & .

10, 15,000 g, 4 C&E.L» 10 min, EFF Eif.

11, FIEUHERTE ORI 0.5 mL HiA K Met, BEREIEITREERE,
15000 g, 4°C&.0> 5 min, K bBiE bR, HEE YL 1.

12, FH 0.5 mL AR A ER3E 2 #d. 15000 g &0 10 min

13, SR NI R T%, B UTIEEFETF T 200 puL ST Buffer, i€ 30 s,
90 ‘C4 )&} 5 min

14, ¥AJiE 30 s %fE, 10,000 g &0 5 min, HUEJERIAMANEH.
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2.2.4.3 EARRENE

AL P4 A E B8 H SDS-PAGE iR 2 J5 18 H imagej #E47 K & 11 50 2 2K
R .

B. JdbatXEHA M AN R B A o R BCA B AW ENE A& CRASE TAY)
TR (Rl BMERAAE; 7=mds C503051)

2.2.5 EEMNZE

ELHEEM T, BREFRE FE®R 1 mL, 4 C, 9,000 rpm &0 3 min J5 X H Lac.
MnP. LiP BE 1 0 e g A7 5 PRI E

2.2.5.1 Lac SEMENE

%% 2.5 Lac Eg5ER K

aRTid R
100 mM P —FRZE ik 475 uL
0.5 mM ABTS 475 uL

Ry IBGR 50 uL

7E 420nm A0 W OEAE, 7E Omin A1 1min I 52 BOGAE .

Lac BiE AL A*B*1076/C

(A: "GAE ZEME/36,000 B:  BEERFINEER ) S AR C:BiF i ) AR R
2.2.5.2 MnP SEMENIE

2.6 MnP RBEZR

T PR
100 mM P —RZE MR 490 pL
10 mM MnSOs4 100 uL
10 mM 2,6-DMP 100 uL
Ry R 50 uL
K 250 pL
10 mM H,0, 10 uL

1F 468nm AL EWRGAE, F 0 min A1 1 min M & WROGAE .
MnP MG A= A*B*1076/C
(A: W GAE Z1E/49,600 B:  BEE AT DN BER ) B ARER C:BE R AR AR
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2.2.5. 3 KRET S HYEEEMENE
%27 LiP REIEE

oSl N
200 pM AR ZZ MR 490 pL
40 mM ZE P 100 pL
Ry IR 50 uL
K 350 uL
10 mM H,0, 10 uL

7E 315nm A R OEAE, £ 0 min AT 1 min U 2 W YGAH

Lip BHE A A*B*1076/C

(A: WOGAE 749,300 B: B AU NBER Y SR CRE RN /AR

2.2.5.5 LLERENIE
b Bl V=T 1 1 R A
2. 2. 6 B2R Mk B EERT B kA T

3 R -
+=28 nEREA
JRe R 12.5%
30%5 A M5 I e /mL 2.5mL
=7%7K/mL 2 mL
4X 43 HZ buffer/mL pH 8.8 1.5mL
10%(w/v) SDS/uL 60 L
10%(w/v) APS/uL 30 uL
Temed/pL 6 uL
AT /mL 6 mL
AR IR A -
£ 2.9 RAGERECH
JRek 12.5%
30% 2% N M I i /mL 0.38 mL
1.87 mL

= 7%7K/mL
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4X 5y B buffer/mL pH6.8 0.75 mL
10%(w/v)SDS/uL 30 uL
10%(w/v)APS/uL 15 uL

Temed/pL 3ul
SRR/ mL 3mL

SDS—PAGE %l Bk 5 B -
a. PBBEEEH. FEMAR. Spacer VR FIVEE, H ddH0 sk, HHL
FEER, BT

b.

AU BT [ 8 BRI, PRI 0 — € B 5T, Bl IR R B AR

1 2.8 OE7 it AT AE 5 B

a o

= @ oo

[F1) SR SRR ) E ) 0 B A, LB — R ELAOK

F3% 2.9 B R4 i -

e B LR AR WL, JEARET, FERIRAANL, SEARE .
BHF VKRG, ARG, BRI, B

Fa ks 200V, IR NI H 2 BRI, 5 Lk K

HIUKE R, et 0.5h, HEATH G, S5 R B I T B 1 25 452 LB
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3 &R

3.1 PHEBEEAFHSIRER

3.1.1 H&F&

| QA e
120 -
100 -
. 80
Qo
=
~— 60
I
= 40
20
O T T T T 1
1 2 3 4 5
Higrdk

B 3.1 NEFEFERELEKRTS

M 3.1 FTRAE M, SRR RN, BART HEAWREA 100 mg 247, X
AT 3570 B ERAE AT AN K

3.1.2 NEIEFEH T L Lacy MnP E§E /7

10
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1207 [ ey
| EFmuRaRiy)]: s
100
M g0
=
60 -
=
® 40
o
20 1 .
0 T T T
1 2 3 4 5

B IRAE

3.3 FEBEHRHAT Lac, TELYEEL
U4y Lac Al MnP (RS, JEHE 2 BHEFEIEME T SR 7 HO BRI )y

3.2 PEEEFIEFE LWL

3. 2.1 FAIINERE

Extracellular LAC
Extracellular MNP
Extracellular LIP

T T T T T ! —m— Intracellular LAC
-16 #- Intracellular MNP
L —m— Intracellular LIP
-14

j B "

= =2 \—_i

-] I =)

S
F10 >~

B ., B

> ° 3

t)_, r -

© 6 @

() i (0]

£ -4 E

> >

N I N

c -2 <

LU L
-0

T T T T T T
1 2 3 4 5 6
Medium

3.3 NENFH -S4 B AISMNEEE B F2 AT
Hi&l 3.3 fras, A4 ShBE S A B, INABREA B 2 (55 IR A ) Lac i
PEiz i T2 ALY Lac 361, HAHAR R 2K Lac itz m FInARL €13

11
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FRUBETE, Ul BIBRAE A 5T 2307 25 Lac B9 70l A e dtAF i .
W& 3.3 P, Al 4 i Py BE I, RAIMANIREZ N 2 g/l ek B IR i
Lac A1 MnP JEPERS = T 0 A, HORIMRT XS IR, 70 dr S5 A D 55 85 97 J v sk
LT IR T A, IATER IR 1SRRG IR BRIR A AL, (BT Lac A
MnP (3% PR S 5 BA SR . W ESLRA M Lac & MnP i& 1Y)
T, Pril s EHONIEHE R R .

3.2.2 MERINERIRENE
5 imagej V20 0 418 A EE

177 1.80
1.8
1.59
16 151
1.4 1.25 125
1.2
0. 0.92
0.8+
0.6
0.4+
iz @ 0.12 018 0.12 0.12
0 T T T T T
1 2 3 4 5 6

WS E e AN ES

3.4 FRIBERFH THREANNERRIRE

3.3 AREIFESFIFTILEIBIMN, KEkEEaINEE S B S2 00
3.3.1 dtZ=XEH#\ Lac. MnP fEiJE

3.3. 1.1 BEEFIFFIL T Lac 7SN

12
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oy fE ki
1,192.42

BREGHETE /7 (U/L)

i) (d)
WEE N ELE W TER WL
3.6 LRBNEAREIEFFHITH Lac B5E

H1& 3.6 Fron, Bl SAES 3 RGHBIE SRR, #SRECRIKIK
AL FSFAHS T FHEEEE TR, &2 R/ES S RIFEH I EE SR80,
HpF2RER 8 KiAH 1,33927 UL, MHETZARE T 8.6 ff, T HEME
AHRNT ARG Lac B2 WAL, T HBEAE 10 RIEVIR&HE IR, 28 10
RETE 7179 324.45 U/Lo SACHRRT AL Lac B 5 FAESE 9 KRB /)il B K
&, 7 387.41U/L.

3.3.1. 2 IEEFIXFILTIBI MnP 533 BI 520

AREZR N T ARSI

Hi

B AP B (U/L)

18.68 17.20 20.03

BFiE] (d)

3.7 ERBMERREIFEFFITH MnP Bg3E

13
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W 3.7 Frs, FF22 &AL Rt MnP (1703 LA St E SR, BEIE )
A EHIESE 7 K, 5 409.67 U/L. AHECT 25 E MnP BgiE /)4 1 8.7 fif. 1E
97 RIGHEZZA MoP 5 3IT4R T %, 25 10 REgIE /) T2 331.58 U/L.
FEMMAIE F7) 6 KRG, i B S0 MnP (35 77 5 B LR K 75 5 3L
R FALHHE T 0 MnP B miE /I IESS 9 K, ¥ 147.31 UL Z A BT T B
THEBEES ARG ZRMEAH, (HIEFE 10 RO T LTS 10 KEGE
7374 120.29 U/L.,

3.3.2 KIKELE Lac, MnP EfE

3.3.2.1 REIFEFFIXAEREL Lac RIIBFLER

160 -
- W [ W ABTS M 5d W BRI W AR W T A W
120 -
100 -

80 1 I

60

BEEE S (U/L

40

20+

iR (dD

3.8 REKEZEEAREIEFHITH Lac BiE

B 3.10 At s BTidk A 015 S 7005 KR B %5 Lac (100 IR RS A1 HERS 52 R %
. ABTS X KERSEAER 6 K5, Lac iG /1A Bl AME, N 25.00UL, ARG
M\ ABTS X% Lac I 43 WA BA TSR . TR 3 RIS 2EEH 7 K5,
Lac Jif /11X B 5 KAH , 4 23.89 U/L A 22 350 KBR35 45 (1) Lac 73 Wb HA P i,
EMAE R KRG, MG A% & RME, 9 100.00 U/L. T &R0 KBR o 46
Lac 73 W S o 75 RS U IRAE S 2 R, BEE )08 128.06 U/L, e AT HH %
o SACHH R =2 2L, Lac BEE 1 M BLAE I G — R 25, 9 25.83
U/L, ZJEBEE ITTAR S5 . SACRGMAREE, KRR ax L35 350 R0 5E
U,

14
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3.3.2.2 FFFUXIKIKELE MnP 53 bS2MEEE R

B EABTSH 5d BB E B &K B | & 8 &0

L A (U/1)

i
(93]
1
-—= -
e —
—
—
—
—

Ehodt
=
o
1
—
=
S
i
=
H

(53]
1
—

o
|

R (dD

3.11 REREFEENEFEF5T T MnP Bg7E

i 3.11 o, 25 H4H MoP BHEESS 6 KREgEIA P& NME, 11 U/L, B
JEIFUE R . NN ABTS 125 6 K MnP [IFFEE B RMHE, N 11.02 U/L; 755
5 KIMN ABTS 5 5 (MBS S8 AA KAEEE 0 AN IIBEE o IINTRA 5 2 (1 5
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