[CGRYEZ

Acta Microbiologica Sinica

2017, 57(12): 1806-1816
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20160527

51

Research Article

REREMFEBERN D B R ERERE RS IER BT e
WA, AL MR W mR, wak, ket Fae
Fisk "

VRO A AR B, AR B ST R B LRI L, AR KA
PEMAON RAE IR SRR, EAk K& 130118

130118

WE: [ B9 ] MWike AR RN, JER LR AR AR R R ERE . [ Jrik ]
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W W2 (Irpex lacteus W2), ZHARTE 4-8 d N7 A4 I 4R 8 L) i (Manganese peroxidase) & b F &
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FEPIEAIERZE, & HYH RO A E R
PR S HOR BT Wi A T 1S, AN Phanerochaete
chrysosporium . Trametes versicolor . Aspergillus
flavus FECC BT R T RFEAT AT 3 1 BT T
PRI T IGE F D, EHAFAERSHT B 3 A w5t |
S50 2R Tt e VK1 ] ), el DA S RS 1l 2
PR BT, A SO RS FE A LA R OR AR
PN, 08 HH — RS AR A A B0 2 88 A AT 8 o TS
PERYFLR AR, DARRRRSATES M, SRS AT
FIRBESC RS RIRE

AR LA e AT R EC R H AR SR A A
ft, FECRIEXIGON ZAEFOKRFEFT IR L . 24F
AR REHANKE B DO R4,
e, IR, k. . PEE, R 70
AR 3R LR AR i IR AT R B T 1B 5 00
ALY 200 RIRETE . X HAE KFRE L AR
KM R G S AL IR s FIFARS A 2
BIRIEAT SSF KBS MEBOR, REHITMN
5 BRTA B 10 B B o R B S R OO RS AR ET
YK WK BRI, R e ) EORFE AT
A AR 2 B LA

LR
11 et

1.1.1  FEFP: Rk W2, F8-5. F4-6. Baill, F5-1
ARSI 4B E] . AR B4 F (Phanerochaete
chrysosporium AB361645. 1) A H & Tl A= 9
A, fEFR: P. chrysosporium, FFiidtr= A
J5T 2R Tl LT 0T BT

1.1.2 FEBEFFNES: 2R Marker, dNTPs, H
TR PEIAGH] £ A PCR =W afife Gl &, S4:4 1
FE(CKi#)HBRZA ] ; ANTPs. FastPfu DNA R4,

e XS AEYHARARR A, ABTS, I,
IR A RO R F) s AR B
A TEL

HDL 75 TAER, AU ARBS SR AR il i A
FRAF]; RXZ-300A BUREFRAE, TUITRIIER)
UVmini-1240, HASH/AH; DK-8D A i #iufE
TKAE,  FHEERME SR A R A H] . HZQ-S200
SEROBUZR R IR G, R TR HOR T
BA PR W] s BSA124S-CW , FEZ ARl A U (L
TOARRAF
1.2 BEFRE
1.2.1 BTREFRE@L): B3GR,
s #i%8E 10.00, KH,PO, 1.00, MgSO, 0.50,
MG 5.00, dmhigr 0.33, ddH,0 1 L, $iifEdy
SIEIAZEREHS 18 g, 120 °C K 20 min, F5 %
0.33 g KT RR/KIFA FIRRE IR E A MLH
1.2.2 Gu-PDA EFI/AB-PDA 55383, JililfE
PDA 1730 KH 20 min JFAIA 0.4%H 618
AW (Guaiacol)/ZE R} i (Aniline blue).
1.2.3 BEREEEESRR. TRREF307=73, o
40 B, BHLTIRAFFH 3 g TAHAIE S,
(NH,),804=1% (W/V), KH,PO,=0.2% (W/ V)il i &
FEW, BHHINA 15 mL, 121 °C K4 40 min LA |,
1.3 HEHRDE

W55 8+ RAERESR I 1 g INAZ) 9 mL oI
K, BT 28°C. 120 r/min AHIFIEE I 30 min,
FTCRUKBEEERRE 3-5 DFRREEE . R FE Sh R
BEWE 200 pL IRATE S T [REEFR AR

JEEAKE it BB 1 3R j ) il T 5 T IR AR
5, JFHCm MR TR s, (SIS
Oy HEf R B BRI FR AL T 28 °C KA
H, B HWEEE ARG, KA 0 B
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PR BGE AL T R FR I
1.4 BREGAE ™ TE M9

o TR R P IR S, 50l A
AB-PDA };7# 5581 Gu-PDA }53: 35, 2 d J5JFEA M
TGS AN . AR LR 5 B w7
A ELTR T AR W 4E T A R £ 8 2
W MK, FOREE RS A BEE
RS P 3] PDA K5 973 28 °C H 5- B 221K
HA% 3-7 cm Ji 4 °C IR
15 BEEEE

PR BB 57 A bR, #80T PDA P-4l | 25 °C
iR 4 d, WEEHTETRIEA, T R o Wgmitk A4
X BB, &5 (CERSE TP EE,
1.6 Bk ITS 5447

PEEUEC P SE R 41 DNA ;K 07 12 1 BC B 43 BIAE
PDA it iR 1 A, EEIJHHEEEI% 50 mg,
TR AEITES, SR XA RA R
PRIZH DNA S0 RIS HLR ITS1-5.8S-1TS2 X B2

B 10 uL PCR §34 7= W45 1.0%35 B 68 i
KRN, ARSI SE A5 Y PCR W28 i AE TR
YRR B AT R A W .

RGE L F WAL Bl 2 B A ITS rDNA
FHFS Y GenBank #4711 BLAST AN
P A, e BB S TR AR R 4 OC R BT Y T B
KO BB Bio Edit #{FEA TSI LN, SR
MEGA 5.1 T RGEK T 54T, RGBT .
1.7 FHEFFREA R EE

TGS R AERNBHTRY PDA Hr, 28 °C T
Big% 3-5 d JE R 1k, 53R s d 2, T 5 mm
FIALARTE LRSI 3 A BDF T A & e i 7 Ak
H, TESEFRAR T 28 °C WREIGSR, AITESS 2. 4.
6. 8. 10, 12, 14 RIFE, BREFEE 3 7.
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1.8 AN BERR &

B E R B R L 15 g A 100 mL JCH K,
120 t/min, 28 °C #&/K 3 h J5, B RiEW T .08
H 7500 r/min B5.0> 3 min, SRJ5H 0.45 pm JE A
R, FTAS R R M S R IO . TR 2
RIEREEEN, B4R E 3 P17,

1.9 A5

KT 3 A ALY (Lip) Fo & R E . R
PR ARV A, AR h
AL 1 pmol ZZ P IR A 1 pmol 22 75 1 Fir 75 1Y B
H 1 AN 1 HAL(TU)

ot AL YT (MnP) IS 7 B0 E « R AR B
FRAE O Rk A, LA AL
JE R 1 nmol Mn®™Hy 1 ANEEE J1 BAL(1U).

VR (Lac) Ho i J7 f95E : SR ABTS & AkEE!
GGG E AN, R BRI E LIS ABTS,
E XAEEAL 1 umol ABTS Fras il A 1 MBS /1
FAE(TU),

SFERE SR 2-14 d BUFEIE LiP. MnP. Lac
=PI TG ), BB R A Y Y (R T
%n=3), X Student’s ¢ K1 /37 .

2 ERFpH

2.1 HEHRHIE

PAR) — AR R, AR i 6 i A e
R P B R, AR T 7 R S RS, AL
Gu-PDA $5373% , YEHUA I i\ £ 11 R A e i 430
Bigpdk bAER S AE N EBEIEE 1), P2k
e 5 ANERERE T TAR, IR 4 d R TETE
HARED)HE OB ERG2), £ 1 A LB Ik
PRIY d1/d2 /T 1. 8551 1 Mgk 1, BT
BIPRTE 4 d WPEEE - SR . W2>Bail 1>F8-5>
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1. WMABEWEREFELRETEE

Part of the strains produce brown discoloration circles in selection medium. A: Phanerochaete

Figure 1.

chrysosporium; B: strain W2; C: strain F8-5; D: strain F4-6; E: strain Baill; F: strain F5-1.

F1. VHEEFIdERLEERZW). TEEW@)ERZLILE

Table 1.
plates of 6 strains after 4 days of culture

Diameter and ratio of colony (d1) and color-zone formed (d2) by six fungal strains on the screening

Discoloration circle Colony diameter/color

Strains Collection location Colony diameter (d1)/cm diameter (d2)/em circle diameter (d1/d2)
W2 Dunhua, China (#(1k)  3.824+0.287 4.501+0.469 0.851+0.030
F8-5 Fuyu, China ($:4%) 1.903+0.082 3.110+0.212 0.613+0.021
F4-6 Siping, China (P4F) 2.633+0.319 3.015+0.567 0.883+0.087
F5-1 Fuyu, China ($£4%) 1.287+0.018 1.572+0.056 0.819+0.019
Baill Baicheng, China ([13%)  2.745+0.087 2.706+0.049 0.6980+0.0317
P. chrysosporium  CICC 1.327+0.115 3.623+1.172 0.367+0.445

F4-6>F5-1>P. chrysosporium, T HASIEHHZ 3
it . L) A B AR Wy B2, RV AR B AN
AR B TR A AN

FIFH AB-PDA B5FRHE, MR E R R R 15
FRMLA A @S DL, X EE MnP Hl LiP 4514 4k
Yol e e e, KGR FERBTE B, TR R
1k AL G PG . XTRIRER 5 PRECRET TR
o AR e, N LR Y B A SliC sk
2, HIAPRTE AB-PDA Hi7RJk B3GR 8 d i), Hi5¢
HER AL IR 2. A5G 2 MR 2, Wi TR
PRER AL IEE 8 d AR W2>Baill>P.
chrysosporium>F8-5>F5-1>F4-6, 5 AR EEFREE
PEXTIR, AT LU A [] S0 A7 (7 3% S B A (0 g i 1]
AR, LA i Al AR T R AR
AR

22 BEFEE

X} W2, Baill, F8-5, F4-6., F5-1 #Ef7HFh
Y SR EREIEAE 3)RTE 40<f5 B BIEE T
HAEA 7 XA (A 4), A TR % T ) 1

% 2. HBEHRE AB-PDA 1EFxETIRE &AL
Table 2. Discoloration reaction of advantage strains
in AB-PDA medium

Days culture/d

Strains

2 4 6 8
w2 + + FH+ e+
F8-5 - — + +
F4-6 - _ + 4
F5-1 - - + ++
Baill + + +4++ ++4++
P. chrysosporium - + ++ 44+

+: shows that discoloration reaction just starts; +, ++, +++, ++++:
show that discoloration reaction is continuously strengthening; —:
shows that discoloration reaction does not happen.
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B2 AREE{EFRRE-PDAEFREREHER
Figure 2. Different fungi discolored PDA medium with Aniline blue. A: Phanerochaete chrysosporium; B: strain
W2; C: strain Baill; D: strain F5-1; E: strain F8-5; F: strain F4-6; G: control.

| . ]. C. D. ].
B 3. EHEES
Figure 3. Fungi morphology. A: strain W2; B: strain Baill; C: strain F8-5; D: strain F5-1; E: strain F4-6.

E 4. FERMETETHEE00x)
Figure 4. Spore morphology under 400x inverted microscope. A: strain W2; B: strain Baill; C: strain F8-5; D:
strain F5-1; E: strain F4-6.

FHEATENE. W2 WA B 250, W R, WP %E N BXRE; F8-5: Wik O
BORER, AT 4 A, R EE kR %, mATIRNE, A TR, fATEd,
J&; Baill: WVEIREEOHZYML, WENA>  WIPEENERE; F4-6 Ml F5-1: @WivEh AP
HIg i, PR wa®R, WHAT, B mUEY R, J5 AR T g4 R 5 A e Rk
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O, BN EXAR HAran, w1205 E bk
B AR EE o
2.3 ITS #5145

FEBULE DNA, 2 I E R 51 81 A T
PCR T-Btse B W TR AY ITS 541, #555 GenBank
FEARERF S ELR . TS S AR R 5 K
F I T R B AR OO0 BT AR A 7 7 51 bEX, 4
HAZEFWIE 5). Btk W2 i) rDNA-ITS J3#41
5 Irpex lacteus strain KUC8958 (JX311924.1)J?§'J
FPES 99%, HALTREGKERIE—532,
S5 58 5 PR AR R L2 5 Oy 1 9 RS A TR (Irpex
lacteus). # PR Baill (1) tDNA-ITS 7415 Chaetomium
globosum isolate OTU470 (GU934507.1) . Chaetomium
elatum strain P10-17a (KT354986.1) # {0l 14 13
B 99%, HERERGELRFEME—2, &G
i 75 2 5 i K 3L H B 56 1 (Chaetomium

globosum). F8-5 5 Myrothecium verrucaria strain 11

100

(KT803061.1)F1 Albifimbra viridis (KU845899.1)4
RERR 97%, HALTRGERBRAF DL, Fr
PAASBERR 2 HRE , oA ISR mT B H 5080 7
ISR, (L ME EARE T HE— 2R
BRRR I %52 G . BIBR F4-6 1 F5-1 1) rDNA-ITS
A5 Trichoderma atroviride voucher NFCF408
(KT852831.1) /& Trichoderma viride 1.1 (KT95855)
FARIER A 100%, H-5HAERGR FHIFE-—)
X, AT LY AR B (Trichoderma
spp.)o

2.4 FEFFEA LB R BEE LT

2.4.1 HESMEBSBA ST N TEEN., HA
DA b 0 £ A S5 2R i AR Ak, [ S R B AR FE S A 3
SR RS AT TIE , LSRR R
AR BRBTR B BB, BRI AT A K
MRtk AER RS 2. 4. 6. 8. 10, 12,
14 KEFENE LiP . MnP , Lac =Fh AR TR BHTE 77 .

F4-6

99| Trichodrema viride (KT958551.1)

Trichodrema atroviride (KT852831.1)
F5-1

Trichodrema asperellum (KR856224.1)

Xepicula jollymannii (KU847248.1)

7511 Albifimbria viridis (KU845899.1)
99! Myrothecium verrucaria (KT803061.1)

—Cosmospora viridescens (KU058393.1)
99— Fusarium larvarum (AB586985.1)

Chaetomium murorum (KT192199.1)

Chaetomium globosum (GU934507.1)
Baill

9\ Chaetomium elatum (KT354986.1)

Trametes versicolor (FJ234208.1)
Phanerochaete chrysosporium (AB361645.1)

97 Flavodon flavus (KF856505.1)
0.05 497,:W2
—

97 Irpex lacteus (JX311924.1)

B 5. RIFEKE rDNA-ITS XFFIEIRMEHERGE L EH

Figure 5.

Phylogenetic tree of the strains based on rDNA-ITS sequences homology. The number in parentheses is

accession number in GenBank, node number represents the confidence level of relatives, the length of branches

represents the evolutionary distance and the coefficient is 0.05.

http://journals.im.ac.cn/actamicrocn
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ME 6. 7. 8 ATLITH T, 6 PRI MnP ., Lac,
LiP ()= F A [0 AR i 2R 75 10 d DUE BT FERR,
HTE 10 d WERIE &A1 DIE(E, BUEARA kA
WG IR KB, 40 W2 I MnP 3§ J1fE 4 8 d 2 |
FHias, JFHAE 8 d ikF|IEfH 86.31 U/mL; P.
chrysosporium ) Mnp 1§ i KIE R 6 K

100 —®—P. chrysosporium

—— W2
——Baill
——F5-1

——F4-6
——F8-5

x®
(e}

MnP activity/(U/mL)
IS o
(el (el

[\
(=]

2 4 6 8 10 12 14
t/d

B 6. sETAWYEERIEETE N EFERRFEFT T IE B pE R
(8] B 2 1L
Figure 6. Specific activity of manganese peroxidase

with time in the process of fungi degrading corn stover.

251 —=—P. chrysosporium
——W2
—+—Bail

20t ——F5-1
E ——F4-6
) ——F8-5
2 15
E
1=
2 10
S
=

5

0

2 4 6 8 100 12 14
t/d

B 7. FEERIERIE NTEFEMRSFT T IE PR B ATl

Figure 7. Specific activity of laccase peroxidase with

time in the process of fungi degrading corn stover.

actamicro@im.ac.cn

1.8, —=—P. chrysosporium
16 ——W2
: ——Baill
14} ——F5-1
= ——F4-6
\\:i 1.2+ _5-F8-5
= 10
£ 08
3
e 0.6
=
0.4
0.2

0

2 4 6 § 10 12 14
t/d

& 8. AREWFNYEEHIESTE HEPEMBFIEFTIIIE PRE
AFiE) By S 1k

Figure 8. Specific activity of lignin peroxidase with

time in the process of fungi degrading corn stover.

45.86 U/mL. H. 6 £ & ) MnP 5 J) 4%t 5 F Lac
1 LiP 1977 5 (& 6), 0] MnP 7E3X TR
e EEAER
242 RERMHTEREEMWSHT: TEHIM
Wi 20 o I HE il |, BV R AR 14 d Wik
{ERHE 1., P. chrysosporium {E %) BB 722 5%
FNEHT(E 9), DIPEAN AR EL AL B 25 52
45K 2, P. chrysosporium \ W2, Baill \F5-1,
F8-5 Fll F4-6 iX 6 PRI AT MnP BEE S AHXS B0
UHH MnP 763X JUBR TR R MRS A b o 2R .
H, W2 & MnP 3§ R R{E N 86.31 U/mL, 5
B Mnp & 710K ME
45.86 U/mL AL, 23 & T4 R 88.20% (P<0.01,
 9-A). F4-6 % Baill i MnP H =BG 1 R AR
F P. chrysosporium [¥] MnP 3 J1 . 2K, Lac (1%
JITRIRE R M A5 2R B9 90 # , P. chrysosporium [ Lac
I& /12 14.82 U/mL, 1fi W2 1§ Lac i J1 5 R MH
iK% 20.60 UmL, W2 & T P. chrysosporium
40.76% (P<0.05, K 9-B).

P. chrysosporium 1] W2
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(A) 2 100 _# (B) ’g 25, © ’g 0.8
2 80 S 20 S 0.6
Z 60 < =
£ =15 £ 0.4
5 40 Z 10 B
2 0.2
i AN > N
T N O et @ e ek s e Ok o
Al RPN . g i g A A & i . b . ;
5?0‘{\“ « > KT . A < ‘2)‘2’\\ LR AR . 0‘{\“\ < %,z,\\ LA
s0 0
o o o
Strains Strains Strains
9. ABEEPAEAEEMEENST
Figure 9. Analysis of enzyme activity of different fungi in fermentation process. A: Mnp activity; B: Lac activity;

C: LiP activity. The data represent the average of three biological replicates=SD, asterisks indicate significant

differences applying Student’s ¢ test. *P<0.05, **P<0.01.

3 W

AR SC LG S50 AT £ 200 ik BT R H R R SR A
it DA 70 A0y 138 DR BE A il R A 7 T PR ) U 12
5oy, JARRIZY 200 RAREER M. FHRS AT
Il 25 L AR UM SR Bl S O B T v, R4
HPEHY 5 ¥R B M P. chrysosporium B B R i 25 il &
607, LR & 19 R OKRAE AT A P A AR B < il
AR £ A R AR S OK S AT 4R 45 A2
XA IE EENT AR AR R
AR ) A B TAME.

ABIFFE L T 1 MR e SR AR AR AT A FL TR W2
PR v L OEUE 229005, BB U SEA, AR A
F 45 5 Irpex lacteus strain JX311924.1, Irpex
lacteus strain JX290578.1 J& Irpex lacteus strain
JX290573.1 SR THRATTA 1TS e SISy
KE] 99%LUA |, g GRS IS SR al A fir
UIEEY Ly OSISE Filiog e

HREAL A 8 T E I, A B 1 e PR
fiR/NEREFFAR TR RORT, X GAM I b R
W W2 ARG A R A BE D4 R — 2 .
BT 7T BRI L REAT K R W2 LE KRR RN

EERRYIEIRI 5 8 d IKF MnP I4{E 86.31 U/mL,
5 P. chrysosporium W) 6 d Bk 2 5w WE 7
45.86 U/mL # L, = T 88.20% (P<0.01); AMf
FP ALK W2 B9 Lac 15150 8 Kik#|
20.60 U/mL, HXFIEE 40.76% (P<0.05). S5AHF
G R 2 SR ATER T, Sl 2245 PO P e |

LR RmIZARBAE NG S WIS AN TR A Y
Lac Il MnP (& PR R TAMESE, 704 B mT AE
JEARP R TUER FE e TG AT, S S T 22 0
IR o ik #2255 P. chrysosporium [ % 1
FEFF, 12 d 195 MnP J§75 0.9 U/mL, Lac fiff
W 1.4 U/mL, HE55E MnP 5 Lac 1§ 1 ¥(K T4
58, FIRe SRR R R AR O . i
k1B Ganoderma WEfEFSEFF IR H MnP . Lac 1Y
I 1 00 AERE IR 5 RO 2R 4 RANHS 10 Kk B e
fti, 42504 85.77 U/mL #1 1.87 U/mL, H: MnP 5
Lac PRHRES FJWAR T AR FE G A A58 HBEAL
VT W2 A T R G 25 R TR AR AR 5
T8 WY [E A& BRI 58 Alternaria sp. . Penicillium sp.
Cephalosporium sp.. Tricherderma sp.. Pestalotiopsis
sp.fl Aspergillus fumigatus i B %0 i
FErp 1Y Lac & MnP B, P, A6F5E 50
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BRI B T REREIA T W2 AR RS AT IR AR Y (in Chinese)
FEAK R RE i(ﬁlﬁ) SrLll %ﬁiﬁéﬂﬂiﬁﬁ%ﬁﬁ%:‘&%. MK ~E B, 2011,

[F]EF AT I, ZEREFE A I A% [ 285 A&, MnP
B E AT R B A h il FZE/E T . Fackler 4577H]
3 PP FUB AR BCRIEAI A, MnP & F2AE
2R POV 1 B G A 7 R S R IR oD LiP TR PERRAIR,
Lac I MnP AHX L, SAPFE 45 R —2, 5 Pinto
SFPTHGEY Lac 78 B KB LR85 RAR
SIAT IR AT R AS ] A R i 22 PR

L R Y 7 Wl RE I TEAS R G SR 31y 251
ANTA], R ORFE AT B B 38 Ay = 2 i 35 3% 450
T, IRV W2 XL R . R R
Fﬁﬁiﬁléjj@ﬂ?ﬁj\i P. chrysosporium. K, #RHEL
iR A LM E VAT W2 R AR
ﬁ?ﬁ%ﬁ?ﬁ@ﬁ%ﬂi VS IYE S N it K
BHE 77 LA B2 TR R A A i P i 4 3
TR Y R R AT A LB 2S5 T R AP
FHefilh

2 % M
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Isolation of lignin-degrading strain and its enzyme producing
characteristics in corn stover degradation

Xiaowei Guo', Xiuran Wang', Changrui Xie', Dan Sun', Huan Chen', Hongtao Gao',
Chao Zhang?, Mingtang Li*", Haiyan Li'""

" College of Life Sciences, Ministry of Education Engineering Research Center of Bioreactor and Pharmaceutical Development,
Jilin Agricultural University, Changchun 130118, Jilin Province, China
? College of Resources and Environment, Jilin Agricultural University, Changchun 130118, Jilin Province, China

Abstract: [Objective] The objective of this study was to screen lignin-degrading fungi and study their
lignin-degrading enzyme using corn stover as substrate. [Methods] Lignin-degrading fungi were isolated from
decayed corn stover from different latitude and longitude of Jilin Province by using guaiacol and aniline blue
culture medium. Strains were identified by morphological screening followed by the phylogenetic analysis of ITS
sequences deciphering their taxonomic status. Through the analysis of the activity of extracellular ligninase
produced during the solid-state fermentation of corn stover, the most efficient stover-degrading fungi were selected.
[Results] A highly efficient corn stover degrading fungus was isolated and named as W2 (Irpex lacteus W2).
Manganese peroxidase produced after 4 to 8 days showed an ascending trend, and reached the peak value of
86.31 U/mL at 8 d, which was 88.20% higher than that of Phanerochaete chrysosporium (P<0.01). Laccase activity
of this fungus was higher than that of Phanerochaete chrysosporium (45.86 U/mL) and reached 20.60 U/mL at 8 d,
which was 40.76% higher than the control (P<0.05). [Conclusion] An efficient corn stover degrading fungus was
isolated and identified as Ilrpex lacteus W2, with high activity of peroxidase and laccase during the degradation

process.

Keywords: corn stover, ligninase, screening, manganese peroxidase, laccase
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