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Primary screening of effective Trametes strains with high
laccase-productivity and optimization of conditions on
laccase production
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Abstract: Screening of effective Trametes strains with high laccase-productivity and optimization of
conditions on laccase production by the diameters of colored rings by adding guaiacol to the solid medium
and assaying the diameters of colored rings, we got the target strain Trametes orientalis Cui 6300. Mean-
while, the optimal conditions of strain Cui 6300 for laccase production were obtained by means of single
factor analysis, orthogonal test and ABTS method: maltose 15 g/L, peptone 3 g/L, pH 4.8, Cu** 2.0 mmol/L,
culture temperature 28 °C, inoculum 1.5 cm in diameter, then the highest activity was 19.923 U/mL. Be-
sides, the influences of Cu”" concentration and adding time on biomass and laccase activity were tested,
and the optimal concentration and adding time were 2.0 mmol/L and on day 3 of culturing, respectively.
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1.1.2 ®X3: ABTS [2,2'-azino-bis(3-ethylbenzothia-
zoline-6-sulfonic)] (Sigma); H & {H ¥k Hr= 4
Mrédi .

113 EFE: BRI (/L) ZFER 20.0,
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%8 10.0, FE A 3.0, KH,PO, 3.0, ZnSO,47H,0
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Table 1 Strains for this study

Thk LS R4 A FE

Species Strains Localities Hosts
Trametes elegans Cui 7783 Jiangxi: Mt. Dagang Fallen trunk of Cyclobalanopsis sp.
HES i AL Dai 10748 Hainan: Danzhou Angiosperm stump
Trametes gibbosa Cui 7748 Jiangxi: Mt. Dagang Fallen trunk of A/nus sp.
WEREALA Cui 8658 Sichuan: Mianyang Fallen trunk of Camptotheca sp.
Trametes modesta Cui 6452 Hainan: Res. Bawangling Fallen trunk of Sapium discolor
et Fe AL Cui 8364 Yunnan: Mengla Fallen angiosperm trunk
Trametes ochracea Dai 5900 Hubei: Shennongjia Fallen trunk of Fagaceae
i Cui 6888 Hebei: Mt. Wuling Fallen trunk of Populus sp.
Trametes orientalis Cui 6300 Hainan: Danzhou Stump of Acacia sp.
I AL Dai 10735 Hainan: Haikou Fallen angiosperm trunk
Trametes pubescens Cui 6015 Jiangxi: Lushan Fallen trunk of Abies sp.
HeALiE Cui 7571 Guangdong: Res. Chebaling Fallen angiosperm trunk
Trametes suaveolens Cui 6092 Jiangxi: Jiujiang Fallen angiosperm trunk
AL Cui 7202 Beijing: Miyun Stump of Populus sp.
Trametes velutina Cui 5620 Liaoning: Mt. Tianhua Fallen trunk of Betula sp.
BERALE Dai 10149 Jilin: Mt. Changbai Fallen trunk of Betula sp.
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1.2.1 GEUKRIES: TREIEPRIGTREE FE, 28 °C
fE IR IE FRAR R 57 5-6 d &
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FMA A TR, ABTS Jy kil figG ; SR 5 xR 57
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1.2.4 FAEGKIREL: B 250 mL =705 100 mL
SEAH R B EE FR AL, HEREAR 1 om BVE, 28 °C fHIR

HRE SR, TR 2 d WERES . Bl mL 53R T
L, 4 °C fiKIR 12 000 r/min &.0> 15 min, 5
NERAR ISR N3
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BER-WE MR R 22 mh (pH. 5.0), 50 uL Fi e A B A
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AL E W GRS, IARNN ABTS [AAFR Y SN TR 4
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2 5R505W
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Table 2 The diameter changes of colored rings after adding guaiacol
Fr2 o K TR IR/ £ P LA
S F PR Incubation period (d)/Diameter of colored ring (mm)
Species Strains
0 1 2 3 4 5 6 7 8 9 10

Cui 7783 0 8 18 30 33 37 42 46 50 55 52
T. elegans

Dai 10748 0 11 20 27 31 35 40 45 49 56 51

Cui 7748 0 13 26 33 38 43 50 55 52 49 44
T. gibbosa

Cui 8658 0 9 24 30 35 41 46 52 48 45 41

Cui 6452 0 14 24 33 38 46 48 53 57 54 47
T. modesta

Cui 8364 0 11 25 34 37 43 46 54 56 50 44

Dai 5900 0 5 10 15 22 26 30 37 40 33 27
T. ochracea

Cui 6888 0 7 13 18 24 29 33 35 37 31 26

Cui 6300 0 13 26 35 40 46 49 54 58 53 45
T. orientalis

Dai 10735 0 11 21 32 39 44 47 52 55 52 46

Cui 6015 0 6 18 28 36 41 46 51 47 44 40
T. pubescens

Cui 7571 0 11 21 26 33 37 41 46 48 43 36

Cui 6092 0 3 7 10 12 15 19 21 23 18 15
T. suaveolens

Cui 7202 0 5 8 11 15 18 21 24 25 22 19

Cui 5620 0 5 9 16 19 22 25 28 32 29 25
T. velutina

Dai 10149 0 9 17 22 28 35 38 42 45 44 38
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Table 3 The anova of colored rings’ diameter in plate
after adding guaiacol

AR5 R EA HmME B F A BENE
Variation Sum of df Mean  Fvalue Sig.
squares square
Between groups 6 318.312 15 421.221
Within groups 720.667 32 22.521 18.704 0.000
Total 7 038.979 47

T 22 AT 2 SR, AR T ST B £ T i
X 16 BRI RIS 0 22 5 B3, 16 RRIARRAY BB &
B, R T 0 A I e P R R E
22 BHFRERETFRE
221 iR BAMRANEE, BRI ZERE . TER .
IR M. OAHE . RBEE AR S 7R B
Cui 6300, 7 (4 IS I I (B2 U/mL) WL IR 1.

—A— Fructose

—&— Xylose

—e—Maltose ~ —#— Glucose
—— Amylum —e— Sucrose

Laccase activity (U/mL)
S ©

Laccase activity (U/mL)

0 2 4 6 8 10 12 14
Incubation period (d)

El1 14d AFRBREFHTRREEE DT
Fig. 1 The variation curve of laccase activities with dif-
ferent carbon sources during 14 days
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Table 4 The anova of carbon sources

78 75 R R SEA HBE B FE BEE
Variation Sum of df Mean  Fvalue Sig.
squares square
Between groups  199.843 5 39.969
Within groups 3.326 12 0.277 144.211 0.000
Total 203.169 17

J5 250K 25 3, 6 il AR 1 Ach BHR 1y 32 6 R Ak
Cui 6300 =~ ER B 200 25 5 W 3, SRR A B
222 FiR: ZZFMEONIE, 0 BI IR AR B
TN RE . IR . IR E Rk AR
SRR Cui 6300, T2 AR S 77 (B2 U/mL) I
K2,

—e— Peptone —=— Beef extract —=— Ammonium sulfate

—— Yeast extract —e— Carbamide —&— Nitrate of potash

18
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S
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Fig. 2 The variation curve of laccase activities with dif-
ferent nitrogen sources during 14 days
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Table 5 The anova of nitrogen sources

7B 75 R R PR AmE B FE BEH
Variation Sum of daf Mean  F value Sig.
squares square
Between groups 192.308 5 38.462
Within groups 3.759 12 0.313  122.774 0.000
Total 196.067 17

T3 253 W 5 R 2 W, 6 i 0T 1 A B 7 3 % AT Ak

Cui 6300 "~ EREGAYRZ I 25 57 0 2, BEHUEC A3
223 EEBEF: L0, B, &I, L
2 >4 1.5 mmol/L f#) NaCl, KCI. CaCl,. MnSOy.
FeCly . CuSO,1E A5 FHITR R H XS Wtk Cui 6300 7
AREERE T MR, IF AR TR I 4 I8 B 7 09 e R R s
FRIEAE X R, I A RS 7 (A0 U/mL) DL 3
—— Sodion

—— Calciumion = —&— Ferric ion

—e— Potassium ion —&— Manganese ion —e— Copper ion
—=— Control

18 -
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14 +

12+

10 +

Laccase activity (U/mL)

S N A~ O
T
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Incubation period (d)
3
k53

Fig. 3 The variation curve of laccase activities with dif-
ferent metal ions during 14 days
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MEER, JCHGE P’
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Table 6 The anova of metal ions

78 75 R R SEA HmE BT FE BEN
Variation Sum of df Mean  Fvalue Sig.
squares square
Between groups  486.640 6 81.107
Within groups 4.636 14 0.331 244.932 0.000
Total 491.276 20

TT 2T R EK M, 6 Fh & Jm B T i B 7k
XTI FE Cui 6300 7= ¥ i i) 52 M 22 5 1 3%, BRI
G
2.2.4 EFEANME pH E: DIEERE . EANE R .
RIE, 30lHR%E 3.6, 4.0, 46. 5.0, 5.6. 6.0, 6.6,
7.0 VEMHI 4G pH ELX B FE Cui 6300 7= B HERE 11 152
e, D )R TS 7 (L2 U/mL) WL 4.

——pH3.6 —=#—pH46 —4—pHS56 —=—pH6.6
——pH40 ——pHS50 —+—pH6.0 ——pH7.0

16 r

/nL)
i

Laccdse actiy ity (U,

g

0 2 4 6 8 10 12 14
Incubation period (d)

4 14d AFE pH EFHTHZEFE TN
Fig. 4 The variation curve of laccase activities with dif-
ferent pH values during 14 days
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WE 4 PR, pH AEXT B R Cui 6300 P AR A
B s2 e, — A Ry B R Bk b ) AU T A SRR
B A W R e R R Y, B SRR T AR AR T
it B8 1) 559 TR 553 i, T2 i 7 3 sk 4 M R 1 U0 5 S
A, FEHAT S 5MHR S FEESE, i m
FERAY A KB A . 76 pH 4.0-6.0 Z[8], Pk
Cui 6300 B %, HrhJtLh pH 5.0 B 3l
%, W7E pH 3.0 &% 6.6-7.0 B}, PR EAL, BA
AT AR P i v B AR pH X R Cui 6300 1Y
AR AR B, il =B 4G pH E24 5.0

R 8 A pH {E AL FRXT B Bk Cui 6300 7= 48 i
B EA ARSI, 1IF pH B &b, 1t
IR 5 A B RAE RIS 6 RFTINE 25 Rt 11 5 22
o3, AR 7,

=7 pHEARERH

Table 7 The anova of pH values

7B 72 R R EE HmE By F A BEMN
Variation Sum of df Mean  Fvalue Sig.
squares square
Between groups  343.705 7 49.101
Within groups 4.207 16 0.263 186.752 0.000
Total 347912 23

T3 2250 BT SRR W, 8 4> pH (R &b B 77 B0 T
PR Cui 6300 774 B 15210 25 5 0 2, BEHUAS 5 2

ZE B, BEFRERE Cui 6300 PRI, e
b . B ARE Bl . AR, CuttL Mt R R
TR, 5.0E NG pHAE R A BN ESE, T —
I IE 2SR B B
23 BHRFHEETFIRE
23.1 GRE: DEFW. SRk, AE, T
20°C, 24°C, 28°C. 32°C, 36 °C 5 PMaE FIEH
PR Cui 6300, W5 (1933 B 7 (507 U/mL) WL IEL 5.

T S A A A Y A KA AR AR R R
Z—, IR BT R, A ) A R P R Ak R
N A AR A S B A T, AR 2 AR A O R PR,
R —E MR, . AR A M 5323
ZRRNT R, APLRE S SR N RERIE K S
Jr7Rs, BEBE Cui 6300 74 i (1Y) ik i B Ry 28 °C. Y
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I BEART 24 °C B T 32 °C B, Bidk Cui 6300 /7%
it 55 PR A2 B, R I 22 2R Rz B o b
JEL DAL AT s PR A T3 e g e AR 240 AN ) J /1 i 114
RN, RS Rk B BRI

——20°C —4—24°C ——28°C —=—32°C —4—36°C

ol VN
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Fig. 5 The variation curve of laccase activities with dif-
ferent temperature during 14 days

DRI 5 A EE AR PR BT AR Cui 6300 7™ 3 il 2
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Table 8 The anova of temperature

AR FE R A HBE BT FE BEE
Variation Sum of df Mean  Fvalue Sig.
squares square
Between groups 130.947 4 32.737
Within groups 2.246 10 0.225 145.727 0.000
Total 133.193 14

T 2553 B A5 SR W, 5 N T BE 1 Ak B8 7 2 o) TR PR
Cui 6300 BRI SZ I 22 5 W3, UG 3
232 EMER: AW, E0lkovk. B2, K
H#AM05cm, 1.0cm, 1.5cm, 2.0 cm, 2.5 cm,
3.0 cm B PR Cui 6300 F& G435l 4 3] 7= A8 B85 57
Ferb, I B B (B2 U/mL) WU 6
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Laccase activity (U/mlL)
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>
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Fig. 6 The variation curve of laccase activities with dif-
ferent inoculums during 14 days

Table 9 The anova of inoculums
75 22 K YR FF HBE ¥ FH BEE
Variation Sum of df Mean  Fvalue Sig.
squares square

ﬂﬂl§l 6 Fﬁﬁ_\" Tﬁﬁ/ﬂ)"jfﬁfﬁé 1.0-2.0 cm H‘J‘@ﬁ{ﬁj} Befw#en groups 266.569 5 53.314
B, SLIRM RS BRAEUE K, R TR e S 0T TR
PR B R R K, B AR B A ) 2 K RE I,
(XTI MR HI A, U, 6P 15 om 24 SRR SRL
B2 AT B O b B, FRAE DL I 5 F 300 P T I 2 e, DU B
SR 6 b B B A AR I B B Cui 6300 70 URAGEE . pH A . CuXWRIEE BT, AT IR T
BER 7 ELAT R A0, RUEHR A I AT KPR EACRE, 4% 10 Bk,

F10 MEF=KTFERIRE

Table 10 Orthogonal test of Lo (34)

bSSR
RN ez Factor Jit 1%
Test number LRk AN pH {H A B8 1 Laccase activity (U/mL)
Maltose (g/L) (A) Peptone (g/L) (B) pH value (C) Cu’* (mmol/L) (D)

1 5.0 1.0 4.8 1.0 7.556

2 5.0 3.0 5.0 1.5 3.715

3 5.0 5.0 5.2 2.0 5.931

4 10.0 1.0 5.0 2.0 10.388

5 10.0 3.0 5.2 1.0 10.499

6 10.0 5.0 4.8 1.5 4.958

7 15.0 1.0 5.2 1.5 12.980

8 15.0 3.0 4.8 2.0 19.923

9 15.0 5.0 5.0 1.0 17.556
K, 17.202 30.924 32.437 35.611 =
K, 25.845 34.137 31.659 21.653 =
K; 50.459 28.445 29.410 36.242 =
X 5.734 000 10.308 000 10.812 330 11.870 330 =
X 8.615 000 11.379 000 10.553 000 7.217 667 =
X3 16.819 670 9.481 667 9.803 333 12.080 670 -
R 11.085 670 1.897 333 0.259 333 4.963 000 =
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M 10 PR R ATLLE I, EWEE Cui
6300 773 EEAE J1 0 I Z SR IR U BRIFE>Cu™ >R
P>pH {E . I HA55, 28 °C FHE#k Cui 6300 f=i%
fiff () B Ol 1% 9 FE 41 A& A3B2CID3, R 2 b
15.0 g/L, B4 3.0 g/L, pH 4.8, Cu*" 2.0 mmol/L,
W, AEFEETE P35 %) 19.923 U/mL, 8RB,

X LA BT AR B A R AT O 2= b, A5 AR L
# 11,

HER 11 AT, &80 22 55 0, B8 T e &
WA, RIRA R pH (& Cu M H Y, 45 R
SR
2.5 Cu’'IKEFIRINET 8 X 5 24 4 ¥ 8 705 8E5E
kA

DL ZERE . R e . AR, 5 EV 6
pH 4.8, Zr5l THERMAT . LRSS 2. 3 KIMA 0.5,
1.0.1.5.2.0.2.5 mmol/L Cu**, 28 °C F#& 7%,
8 HO A 22 2 ) i TR TS 1 (B2 % . U/mL) WK 7,

WA 7 s, B Cu® S Ml g2k m A&, 1
I Cu” M BE 250 /D B 242 R R AL R . T Ak
RV, e IR o A R, S LI,
T R AR, e BE R S % AR W A 2 AR
BEE Cu® v B A3 I 22 Uk A W i /b, Cu™
S e ] R, PR 22 AR T AR R DA
A Cu™ Bz [ IR e, nTaRE] 7.74%; 1
FE—ETU BN, RIS I BEE Cu™ vk B A3 i 48

o A, AR TR RSS2, 3 RIR
Jincu®, HLLHE 2.0 mmol/L I 1348 il ) J5 e,
{B2Y4 Cu* e BE K 2.5 mmol/L I, FEI&G AL R, %
TG SRR R AR 3 KU Cu™ Bt dRers, JRLAd
2.0 mmol/L Cu*'fi§% ik %) 17.628 U/mL, WA
g MR TR 22 R A KA TR RO, AR R, A —
FE A RAR, RETEINE A5 S R0 — o W
Cu” (754 B 138 8 e 5 o i Be mT 0, 7 A 22
S5 553 REHERAN 2.0 mmol/L i Cu® 1 Kifs S i
PR Cui 6300 5 LA, LG S5 380 A0 TG 488 1 o

A 4 A~ Cu AR Nk B AL BN B A Cui 6300
PRI 22 A A A R 7= R il A5 B A R [R5, B0 3L
VEBUR) A B, e BB 22 4 Kk B e KAE AR 14
K. AR R RMENEE 6 KT E Y 25 Rk 17
522550, HEE R R Wk 12, 13, 14 fi5k 15,
16, 17,

J5 2253 HTah W, SREL 4 A~ Cu™ We i b 21
DB X BE Cui 6300 TR 22K | 7= BRI 52 ) 22
SE, ERERA .

ARG 3 A~ Cu® VS st ) b BEXS B BR Cui 6300
P22 AR A K P BRI 5 LA R [R5 e, 36k 3L
VEHU A B, BEECRH 22 4E Kk B e/ IME L BTG A
B Fe KA I I 22 1 25 A AT 7 22 0 A, LG5 SR 4303
L 18, 19,

Z1I EXAKBAESN

Table 11 The anova of Orthogonal test

AR 2R 11 2F-J5 Al F 5 FfH B
Source Type III sum of squares df Mean square F value Sig.

Corrected model 501.852% 8 62.732 13 109.124 0.000
Intercept 1 942.972 1 1 942.972 406 026.379 0.000
Carbon 397.017 2 198.509 41 482.736 0.000
Nitrogen 10.859 2 5.430 1 134.663 0.000
pH 3.295 2 1.647 344.247 0.000
cu™ 90.681 2 45.340 9 474.850 0.000
Error 0.043 9 0.005 - -
Total 2 444 867 18 = = =
Corrected total 501.895 17 = = =

Note: a: R?=1.000 (Adjusted R*=1.000).
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B 7 0.5.1.0. 1.5, 2.0 mmol/L Cu®* % 5 FHEMAI(A), HEMEE 2 X(B). 3 X(CO)FMAIEH Cui 6300 H L %Y 2 (%)
iR EE 1 (U/mL)E L
Fig. 7 Variations of biomass (%) and laccase activity (U/mL) of strain Cui 6300 at the control test, adding 0.5, 1.0, 1.5,
2.0 mmol/L Cu** before inoculation (A), inoculated two days (B) and inoculated three days (C)
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£ 12 EMERM CHENERESN

Table 12 The anova of biomass with the addition of Cu>*

before inoculation

R17T EMEIRFM CRREBIENFESN

Table 17 The anova of laccase activity with the addition o
Cu’* on the third day of culturing

7B 75 R R PR AmE B FH BEH 7B 75 R R IR AmE B P BEMNE
Variation Sum of daf Mean  F value Sig. Variation Sum of df Mean  Fvalue Sig.
squares square squares square
Between groups 17.302 5 3.460 Between groups 97.428 5 19.486
Within groups 0.131 12 0.011  316.508 0.000 Within groups 0.028 12 0.002 8 432.896 0.000
Total 17.434 17 Total 97.456 17

K13 HEFE 2 XHM CuVHENETESH

Table 13 The anova of biomass with the addition of Cu®"
on the second day of culturing

£ 18 CuiRMAEEMEYEZ A E D

Table 18 The anova of influences of Cu’ adding time on
biomass

AR N R PR AWM ¥ FH REE A8 2 AR FOrRL O HmE ¥ FH BFENE
Variation Sum of df Mean  Fvalue Sig. Variation Sum of df Mean  Fvalue Sig.
squares square squares square
Between groups 13.061 5 2.612 Between groups 2.350 2 1.175
Within groups 0.161 12 0.013  194.934 0.000 Within groups 0.029 6 0.005  239.776 0.000
Total 13.221 17 Total 2.379 8

F14 BMEIXRNCHENEFTESH

Table 14 The anova of biomass with the addition of Cu®*

£ 19 Cu* RNk A3 KB E N EMAH =D
Table 19 The anova of influences of Cu’* adding time on
laccase activity

on the third day of culturing

78 2% R YR FrF HmE By FE REN A8 ZE R ELA O HME B F{H BER
Variation Sum of df Mean  Fvalue Sig. Variation Sum of df Mean  Fvalue Sig.
squares square squares square
Between groups 6.451 5 1.290 Between groups  13.407 2 6.704
Within groups 0.131 12 0.011 - 118.545 0.000 Within groups 0.004 6 0.001 10981.530 0.000
Uizl BSEL L Total 13.411 8

£ 15 EMELRM CMREBE N AESTN

Table 15 The anova of laccase activity with the addition o
Cu’* before inoculation

A8 2 AR EIIA HBE 5 F{H REE
Variation Sum of df Mean  Fvalue Sig.
squares square
Between groups  35.089 5 7.018
Within groups 0.039 12 0.003 2 185.208 0.000
Total 35.128 17

£ 16 IEME 2 XRM CHIREETENAEDH

Table 16 The anova of laccase activity with the addition o
Cu’" on the second day of culturing

78 75 R R SEF O HmE ¥ FH O BEM
Variation Sum of df Mean  Fvalue Sig.
squares square
Between groups 67.521 5 13.504
Within groups 0.036 12 0.003 4 498.645 0.000
Total 67.557 17

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