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Screening of fungal strains with laccase and optimization and
identification of the strain with high-yield laccase
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Abstract: [Objective] To obtain the fungal stain with high-yield laccase. [Methods] Strains pro-
ducing laccase were screened out by the guaiacol method. Then the strain with the high-yield laccase
screened was optimized by the orthogonal experiment design and identified using the morphological
characters and the molecular systematics. [Results] Four strains could produce laccase in these 26
fungal strains, and the strain H52.1 was the best high-yield strain, and its optimal medium compo-
nents and conditions were as follows, the optimal carbon source was soluble starch, nitrogen source
was ammonium nitrate, pH value was 8 and metal ion was Ca>". The result of identification showed
that the strain H52.1 was Taifanglania major. [Conclusion] Taifanglania major has been worth doing
further research and exploitation in the laccase development.
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FP . B RN b, PR AR
TR FRRETSCERIEESFITR, 7l
SR R AR 2 WA AR R
AP AEYERE . BRI A K ki |
AT BT REIR 1 2 07 A & F 2 i W A
51, AR A SQ R I I B 5 MOk 7 B
R, 22 B U VR A 5 1 S TR A, A
0543 T TR AR e 3 52 oy I P A R, AL LR B i A
AN HAR BB IS A0 ) B AR i E AN
%, Jordaan ZGHE PRI B B AR TP AS 20
T 725 R4S T 60 °C 3L 9 h T3 AT 52 il ™, Coll
LM BT PM1 (CECT2971)% 5 60 °C {7 1 h
RS R AR TCA 4 Y DR i 7 T ) 2 7 P 91 LA
XiF FLART , ASCR R H 3 A8 XA AR A A 5
T BB 26 AR ITIR TRBEIEAT T 7 it e TR g 1T
PRIFE , X A TR TR S 2, DA
Shy TR VAR R P AT 2 R g FH B AT 1) PR B U

1 MRS5S

1.1 ##

111 FEERRIE: [ RN =g AL AR R T
B AT IR 43 B AR 26 PRETTA AR, o
R TR AR 12 PR IE A RKIREE 40 °C A£47), Hift
IR 14 $RORE A KR 25 °C Z247) . BRI IR

FET 5 M R B B RS T (GZAC)
1.1.2 RFIGEE: 70 % ZEE, HEWE, wimaih,
HIZTHE, PRI ILLTAE RGN, AT ETE R, BRI,
AR, STREN, MR B R AP S0 BT 1 JCHLER
S&RE T4, S51¥. Tag W . ANTPs 2504 H |1
YIRS SRAMOEEETE, B UV2450,
113 EFE

T CH F 3 (g/L): NaNOs 2, K,HPO, 1, KClI

0.5, MgS04 0.5, FeSO, 0.01, FERE 30, Bifl§ 17-20,
K 1000 mL, pH AR, KEHM: 1x10° Pa KK
30 min, AR EFREEKR S5 0F 5 AR TR
PDA }557 5k (g/L): SEE W) 200, FHKE
W 30 min, HOIEWK, INHiZEHE 20, s 20, AKAR
J£1000mL, pH HAR,
PRI P AR R (g/L): PDA B SREEH
Tl 0.04%3¢ JBE (5 2 AR EL) B4 i AC
7R A 0 B T35 95 B (/L) : BB 2, NH4NO;
1, K,HPO, 1, KC10.5, MgSO, 0.5, FeS040.01,
CuS0,0.01, Vg, 0.015, 7K 1000 mL, pH F4X.,
IEREAR E FR 3L . DAY R SR 5L 0 SL Rt 1 %
B, AP R & sy . BARILEE 1,
12 HiE
121 PERBEEPRAYIFIE: (1) PRI ERABI -

F1 LA ERRBEEZFAE

Table 1 Factors and levels in orthogonal experiment (Lo4°)

i BRUR(A) AIA(B) pH fE(C) &8 E T (D)
Group Carbon source (20 g/L) Nitrogen source (2.84 g/L) pH Metal ion (0.5 mmol/L)

1 I Atk 5.0 Fe*

2 ke TRk 6.5 Ca’’

3 kL T AR 8.0 cu*’

4 FEFE FRiass 6.5 Cu*’

5 HEHE TRk 8.0 Fe*

6 TERE TR Eh 5.0 Ca®

7 AT A 8.0 Ca’

8 AR fi iRk 5.0 Cu**

9 AR T AR 6.5 Fe’'

http://journals.im.ac.cn/wswxtbcn
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W53 B AR 26 F L TR PR AR TG fb S5 B2 b 21 7 R il
IR R b, SRR A AR BT 40 °C, TR ATE
HRETF 25 °C, fEEKEFE 3 do MESID SR T5 )
FEP AR SRR R i o

() FTERBEH PRI . K RITHARAT 07 R il
MR, HERITE PDA JEFRIEAEAR b, R R Ak
BT 40°C, PRBERE T 25 °C, {HEKGSR, 7§
AR RTE K RS A RN, FFTILA R R
19 1 em® K/ N 22 SRt 3 & K B 50 mL &
TR IR L0 250 mL AT, FEEE 3 g
3, B3 AEE, A0ET 40 °C Fl 25 °C %
IREESE 7 do BRI R T 4 000 r/min 2500
15 min, EIEREI MBI H RS 0

(3) TG 10 52 B G 715 X2 5 mL W iR
AW, 50 mmol/L (%5 1 mmol/L A AEN)IEFAMR
ZZM(pH 5.2) 4 mL, 1 mL @& SFBRAEER, &
F 40 °C /K5I 30 min, T 465 nm &b 5E YK
WOME, DA S5 500 K38 i B BN TR A TR X B
RN SR, SR A SCM 1 min AL
A4k 1 pmol AAIAE R 1 AFEHE FAL(U).
465 nm Ab A A 3 EE JR T G R AL

€465 = 1.21x10% mol /(L-cm).
122 E# H52.1 BIEILIESR: HE MR &
FRERMEAE H52.1 RIAk, HeFPFE 5 4> PDA Kotk
AFAR B, T 40 °C 1597, RRPARIREVE K SIS S
KNG, FIATALER KA 1 em® K/ H 22
PiEfh B K E AR 50 mL #2361 53 HIESR

AL A B FE 3L 0 250 mL =, AHHEE 3 4
Wz, B 3 ANER, 40 °CHEREEFR 7 d, M
LA LI R R MR IR o S A e EE T
A S LML 1) ODaes 15, TR o XF 45256
2 TG 285 SRR A T AT L A5 R AR AL RS 7R 10 e
EV e

1.2.3 E# H52.1 B E: 7EAREFRE L 40 °C
B3t 7 d, SRR sl RS, W
FEICER A T FRAE I B A W8 | D A REAOUL
FEES I TS . [, 7EAR IREEIRIE I 40 °C
9% 14 d, BRBUHBER 22, Hkn) CTAB 'Y
P2 B S DNA . R M H 51 ¥ ITS4
(5-TCCTCCGCTTATTGATATGC-3") 1  ITS5
(5'-GGTGAGAGATTTCTGTGC-3")i/F4T PCR Y"1,
PR U S A R A BR A R HEA I
15 2 ) J7 4 2 K X 5 28 GenBank  (No.
KF719172), XfHp4I#E7 x50, 37 MEGA
5.0 14 Neighbor-Joining (N)IEM R G A B -

2 BR545h
2.1 PEREBEKRHIVITE

IS 26 AR LI R AR FE 7 BRI EE IR 2 B
VR JE B, Hidk H52.1 . BFHS .FMM4 F1 H57.2
AL En) AT A (8 1), H bR L
0B AR AT 7 A L 4 BRTAE R, H52.1 . BFHS il H57.2
JBFEIRNE, FMM4 8P A o 1
AR PR /NI 25T, 3X 4 BR T 17 BRI g
JIKECKH H52.1>H57.2>BFH8>FMM4,,

B 1 #92HEEBERSZREBIERG
Figure 1 Preliminary screening of part of fungal strains
TE: A, B: H52.1 HREVAMTFIER ; C, D: H57.2 BRREVA YT IE .

Note: A, B: Reverse side and surface of H52.1 strain; C, D: Reverse side and surface of H57.2 strain.

http://journals.im.ac.cn/wswxtbcn
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22 PREBEKEETT

H52.1, BFH8, FMM4 Fll H57.2 iX 4 k=%l
WRAE B E TR g 3 b a5 7 d 5, D & 18
MRAHB ODaes (BT TT IR ERTE o & TRIAR IS W%
2, HESWEW, EE H52.1 fil H57.2 5HE K
FMM4 #1 BFH8 22 57 i % (P<0.05), ARk H52.1
SRtk H57.2 2R A8, (HH P=0.051, 455
AT PO TS (A, TERE FEAR H52.1 AU T 3 1)
7GR 71 f e Y TR

*2 EREKEEE

Table 2 Enzyme activity of further screening strains

LS itHE

Strain Enzyme activity (U/L)
FMM4 110.74 £ 23.74
BFHS8 134.99 + 15.52
H57.2 249.04 + 15.81
H52.1 316.53 +25.98
""""" P o044  oo0st

23 BEFERMBE H52.1 MIER M

X e BB AR HS52.1 B45 LB 4 1E A8 5L g0 2
RV 2E T (R 3), &5 e F W5 = R T P ok
H52.1 P EEEPER 4 IR, FEEREmE,
WORRIE, RIGEEREE T, Ra& pH, HZm
WIKJT R A>B>D>C, F=EEHRAER SR A G
A3ByC3Dyo [RIET, XL Z, R4 T I 200 i (R
4), ZERFRWY, 4 TR0 BRI T 1 52 e S d
2 SIAFREE K/ ASB>D>C; 4 MEZE A BIE
K B AT O R, £ R 1 3 AN K Z R 2
518 (P<0.05), &P FRAKF Fie RIS G R
FE A, B AsBoCsDao Jr 250 M al R S 25 0 #r
G5R—%0 b, SR bR HS52.1 PRI
B 7 R ) B 3 A T VPR TE R | Fedd AU A fiF R
B, feiE pH N 8, RIESJBE TN Ca™ . T
Bige F BARAETE L L IEAS SR, P p bk 42
FIAEIZ L G 155 5 T kA T I 6 3, DUAS: () TS Sy
792.81+8.06 U/L, 5 LI ZrHras RAHST

%3 B H52.1 EXKRIRESH

Table 3 Extreme difference analysis of H52.1 orthogonal experiment

’3‘_’ i g v
e A B C D %(E
Group Enzyme activity (U/L)
1 1 1 1 1 155.9243.18
2 1 2 2 2 333.61+4.11
3 1 3 3 3 3.86+0.99
4 2 1 2 3 109.92+3.82
5 2 2 3 1 421.49+9.65
6 2 3 1 2 136.91+5.69
7 3 1 3 2 674.66+16.60
8 3 2 1 3 598.35+9.86
9 3 3 2 1 497.24+6.35
K, 493.39 940.50 891.18 1 074.65

K 668.32 1353.45 940.77 1145.18

K 1770.25 638.01 1 100.01 712.13

ki 164.46 313.50 297.06 358.22

k> 222.77 451.15 313.59 381.73

ks 590.08 212.67 366.67 237.38

R 425.62 238.48 69.61 144.35

http://journals.im.ac.cn/wswxtbcn
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F4 B H52.1 EXIWAHEN

Table 4 Variance analysis of H52.1 orthogonal experiment

T ZEARUR B2 B

Y57

Source Type III sum of squares df Mean square F P
A 958 399.884 2 479 199.942 2 473.143 0.000
B 257 951.226 2 128 975.613 665.641 0.000
C 23 807.446 2 11 903.723 61.435 0.000
D 107 977.791 2 53 988.896 278.636 0.000
Error 3 487.707 18 193.762

Note: R*=0.997 (Adjust R*= 0.996).

N T XA T 2P RS oA, A
FIIZ AR IE 0 73 S AT, ORI R MR TR 2SR
ARG G BT BT T e .

2.4 EHRHS2.1H93HIA 5L E

AICHEFRAE E, 40 °C, 7 d, WK EAZ WIS
40 mm/A Ay, BB, PR, Bk, HiEkEs
@, BgNAE, BHKAG, PEBEER.
2250, B, OB, 9E1.2-2.5 pm. JAEERAE,
NI F) A A TR A T 22 BRUSURURE |, SRR 43
AR b, K ZH0R(5.0-20.0) pmx(2.0-5.5) pm,
FEFRAEAR L EBRIE | U R RS R BUHEIE 5 Tt 58
SRAFNBOZ WA, £2.5-12.0 pm. SMEHFHE
W, WL RKMEE, (5.5-9.0) umx(2.5-4.5) um,
RAEMFOIR, 72 84 PR Fm & 22 TS
R IL R I s L IR bR
H s A

XPIZ R AR SEI TDNASE I, PCRY G FIT , A
GenBank " 17 BLAST T 2 HH UL EE K T 80% ) il
DL S — SR AL R 174 K, DL Cookeina
venezuelae }4MNEE , FClustalX 1.83%k {41817 2 ¥4
HXS, HIMEGA 5084 EENDI R RS L B
R(E2). WAREE thRARHS2. 15 38 IS 2 & Aot A
99% M 3 FF R R A — &, IF 5 KRB IKE
Taifanglania majorV) 86% M SZ F R BIE—iL ., T
B R IRGE 7104 Fh, Horh i1 2 ARTE A I K E
RET. inflata, &)IEIKFET. hechuanensis KA
R, (A KR E AT (3-4) umx(2-3) umAlG

N R E AT (4.3-7.3) pmx(2.1-3.5) um#&/h. %
BRSO R R SRR EAR L. PG, BB
HS52. 1% W KW RS Taifanglania major (Z. Q.
Liang, H. L. Chu & Y. F. Han) Z. Q. Liang, Y. F.
Han & H. L. Chu,

3 e

HUCA R 2 i Liang Z. Q4™ F20094E €07 11y
BE , WS E R b 0 BRI R . H
HF K I h A T AR AR 4R, il
i R B I35 (24 W2 K35 85 Paecilomyces  infla-
tus), X REET. furcata(J7 45 X3 H B P, furcatus)
ENEEREJRAEINIEFFEP. hechuanensis)FK
s KBRS KW FEP. major), HAPXTREK
WRE MR P L, AERRE" %R
9B A A B2 )& (Phialemonium), 44N
Phialemonium inflatum, AN AR A A8
BTN . XSGR | )13 RS AR A A I
BEIIBEFERAT S . SO RE PR RHL104-1, #F
S8 T K55 55 A X8 TR PR 7™ VA T P 52 M R B A ™ g 435
FeAE, LARL VAR X 4- ORI (4-CP) i B AL
ROBL SN R E h T RRHOS-1, 1% R HL2F 4
R , SR FH A A 3 12 e P A 0 2 T s AT
A BE AN, AR R KA T
5 HAgEZMCMCHEE™, Boh, XX —k
PR EF A AR Paecilomyces sp. WSH-LO73EAT T &7
FRBEAIE ST OY, MR E T TR R 75 0 T T R 0
R LR AH B B, I Rk G R 1Y 9 TR RR
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971 Taifanglania curticatenata (EU004811)
GSJ_[Taifanglania biformis (DQ191963)

\ Taifanglania hechuanensis (DQ185070)

99

7 IW' Taifanglania jiangsuensis (KF719171)
Taifanglania sp. (H52.1)

100

86 - Taifanglania major (DQ243696)

{ Taifanglania cinerea (DQ243694)
100 Taifanglania furcata (DQ243695)

100

r Humicola grisea (JQ724514)
100"~ Humicola insolens (EF550968)

IEA1AR

99

100

70
1

10

Phiatermoniamobovatum (HE610368)

Phialemonium globosum (HE610358)

83 |— Phialemonium inflatum (KC285890)

100 Phialemonium inflatum (AB099943)

Phialophora mustea (AB190404)
———Phialophora bubakii (AB190386)

Phialophora alba (AB190382)
00" Phialophora atrovirens (AB19038)
Cooekeina venezuelae (AF394042)

2 H52.1 EHRFIHEINE A9 —LEFhE T rDNA ITS-5.85-1TS2 FFIHEZM A KL E#t
Figure 2 Phylogenetic tree based on analysis of rDNA ITS-5.8S-1TS2 sequences of H52.1 and some related species

ITS-5.8S tDNA (/¥ 81i#47 HUXt 04, EHINAIZ
E Rk Paecilomyces sp. WSH-L07 i KAL#H [CF . H
F, EHSER 3 FhER IR ERRE AR, PR RE AT
i

M REE FE PR H104-1 BI0E 905 BERGIES
T 2 5%, A EEG rTHE 6 5 KIS
%5 I# Mk (Paecilomyces sp. WSH-LO7)ININE S WG
BRMGRRE B T 2 45, AR A IS BTG L R B kR
T 35 AR TR LA S B EO R DA R
7 4%, [R5 AR RO BE A pH R 52 MR
PRAE M AT Brde s ) AR S ) K R G
Wtk H52.1 WL R RHEH 1 2.5 7%, iz
HELL B P FPE (R B AL, i — 200 AR R 55 5%
HRPARIE R, SERR A IEE Y . WIS
GFB, MEHEREG T — 2 E. FeF, R
Baldrian %5 fOfF 5™, TR TR 8% 55 Ak 025 15 1 V2 G
T OE A TR DA RS 55 5 TR I e B8 1 S 36 A Rk 1)
g TG AN S — 2 AT A T HEAS 5 IR IR . T35k,
SEE R H57.2 (B4 N RIEIRE:, 7 A
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