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Fermentation techonology of Fomes fomentarius SO3
producing laccase and partial enzymatic properties

XIE Yu-qing'? ,CHEN Jin'* ,DAI Jin-ping'*, YANG Xin-ping',
GuliAhmat'> ,WANG Zhi-fang'> , WANG Xiao-wu'? ,FENG Lei'*"

! Institute of Microbiology , Xinjiang Academy of Agricultural Sciences;
*Xinjiang Key Laboratory of Special Enviromental Microbiology , Urumgi 830091 , China

Abstract ; Strain Fomes fomentarius SO3 with high-yield laccase was screened from the Alter Mountains in Xinjiang. We opti-
mized the fermentation technology and studied the partial enzymatic properties. The experimental result showed that the opti-
mal carbon and nitrogen sources were wheat bran and yeast extract powder. Adding Mn®* ,Ca’* ,Zn’" and Mg’* could pro-
mote the yield of laccase ,the effect of Cu®* was adverse. Gallic acid and tannic acid made enzyme production peak two days
ahead and ABTS may increase enzyme activity from 6 736 U/L to 8 470 U/L, orthogonal experiment L, (3*) proved that opti-
mum medium consists of 0. 5% yeast extract powder,2.5 % wheat bran,0.5 % glucose and 0.5 % (NH, ) H,PO, ,in this
case,enzyme activity could reach to 10 863 U/L. The study of enzymatic properties showed optimal reaction temperature of
laccase is 50 C and there was still activity at 80 °C ,optimal reaction pH was 3.0 and enzyme activity was stable when pH
was 4.0-5.0 and temperature was under 40 °C. At the same time,Co>* ,Cd** ,Cr** and Ph** could damage enzyme stability.
Bidirectional electrophoresis was performed on the bacteria and fementation liquid in which isoelectric point of laccase was de-
termined to be 4. 1. A pure enzyme protein sequcence was obtained by mass spectrometry that showed the protein to be Lacca-
seE ( Trames sp.420).

Key words : Fomes fomentarius SO3;laccase ;optimizing fermentation technology ;enzymatic properties ;mass spectrometry sequencing
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FE L KRB ALEIR I T RN A
BEBERETE 2D AWBE A R
58 A R BRI A R 8, Tl A= 7 B AR DLV AR 1
Ry 3 T e S i T T 20 B e Ak K i i AR i M ) ot
e Tolb A AR P2 Wi PR OGRS o AR HIF 55 X i 3k ]
1% 11 DX 53 5 0 2 8 1) — R A BB )2 FL 7T ( Fomees fo-
mentarius ) SO3 T 7 4 il 1) & T 2% A S0 O3 Tl 2
PEBEATOTSE, Sy TRV il P AR A 7 B LAl
1 #R5FE=E
11 SRHESEH
1.1.1 SFEIFA

AKIEEZFLH ( Fomes fomentarius ) SO3 A= 52 1
5 R [ 5 ] 40y 2% L % TR R v 3 B T R AR A
1.1.2 ¥=#A

FERSERIT SR HE MEY 2 4k 25 o, A4 10
o WFTRYE 1.84 ¢,NaCl 1.0 g KH,PO, 2 g, BEHIMR
H11.18 &, VB, 10 mg, B ILAIE-80 0.5 o, M0 2
VW 70 mL, Ak 228 % 1 000 mL,pH B E 5.5,

T C R 4H % : MgSO, + 7H,0 3.0 g, MnSO, -
H,0,.5 g,7ZnS0, - 7H,0 0.1 g, CuSO, - 7H,0 0. 1
¢ CaCl, - 2H,0 0.1 g, KAI(SO,), - 12H,0 10 mg,
H,BO, 10 mg, NaMnO, - 2H,0 10 mg, lI/KE K E
1 000 mL,

1.1.3  Eaibm X A

0.1 mol/L NaAc-HAc ZZ ¥ (pH 4.0),0. 5
mmol/L 2, 2-Hk - (3- £, FE- 7R I WE e -6-f iR ) —
4L (ABTS) |, @il (laccase ) o
1.2 LEHE
1.2.1 FBE NN E

% ABTS[ 2, 2-azino-bis ( 3-ethylbenzthiazoline-
6-sulfonic acid ) ] 3" 0 R AR R 4R K. 0. 1

mol/L. NaAc-HAc Z& #h ¥ (pH4. 0) 1. 95 mL. 0. 5
mmol/ L ¥ - —.(3- £, 5 2R I WEME-6-if /i ) (ABTS)
2. 00 mL FI3E Y75 B 1Y B 50 L, 28 C g3l
FFAF 3 min PRSI E 2% W 420 nm (e =3.6 x 10
mol/L/cm) bW AR (38 A . ZAMFT, 1535
fii 1 pmol/L () ABTS %4k Jir 75 i il 2 7 LR 1 4>
WHIRAL(U)

GRS 13 A X B EEE /1 (U/L) = (n x
AAX10°xV,)/(3.6 x10* x3 x V,)

Horbron SRR R BEASEL V) b OB SRRV,
NN BERRAR R ; AA R 3 min P IEAE 420 nm
AbWESGRE AR AL (B ;3. 6 x 10* Sy ABTS 44k 25 fi Jig
IR ZH (mol/ L/ em)

1.2.2  FhBEEA B HR
1.2.2.1  R[RIEXT A I 7 e Tl ) 52 i)

R BN AR B 7R LR R 2L MF Y
FEhil AT PR 4, 23 i D 0. 5% 1) 22 ZFRE R
W CH I R AR R B AT A R ey R ERE N
WU, W i 50 mL/fl, BRI 5 K, R
5% ,pH P82 5.5, K1 T KI5 Kl A w4
1.2.2.2  IR[R R XS A T 7 R Tl ) 52 Ml

KRR R BT, 76 HE Al AR 5L MEF (9 5
filh AT AR e, 3 LA 0. 5% 18 2= B RE R
W HIR L SRR W Ak WA TREAE N
R, W 50 mL/ i, B PR 5 K, R
5% ,pH P8 % 5.5, KW 7 K kil B sk
1.2.2.3  R[A) 48 B U IORT 2 Ty it 1) 52 i)

DL MF Ay 7 i S Al 55 75 25, 0 ) S o vk 2y
0.0.1.0.5.1.0.2.0 mmol/L fJ Cu®* Mg’* Fe’* |
Mn®* Zn** [Ca®" [Co™" [ B537% 6 K, I a2 78 i 0 6
(U/L),
1.2.2.4  R[EVE SR B RS PR

DL MF Sy Befili = B 52 5L, pH 2 5.5, 26
it 50 mL/Jf, AP EIE S 5 R RN 5% HERN R
55 IR U IS TR) 5 5 3, 5 5 3R 43 i) oA A
ABTS J& & TR . 5.7 1R Mo /i O R Wy, 28V B2
0.025 mmol/L, 4337655 3.5.7.9 11 K 5 i o
1.2.2.5  IEAZLIibas et

TE MF Al g 35 77 36 FE Al L, 4% 358 5 0 b e
it  RIEIA TG, B IE S 92, e Ly (3%)
IEAR S , R A sk 1,
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Table 1 Orthogonal of medium component
KA T A BERERY B 2 %k C AR D i — =8
Level factor Yeast powder( % ) Wheat bran( % ) Glucose( % ) (NH,)H,PO, (%)
1 0 0 0.5 0.2
2 0.5 1.0 1.0 0.5
3 1.0 2.5 2.0 1.0

1.2.3 B Be3r 8 34 AR
1.2.3.1  SO3 Ft ) fpead S50y et 3 R ARG e

£ pH4. 0 ) NaAc-HAc % #hifg v, 76 Ui 96 3
fih I, 43 57E 20 .30 .40 .50 .60 .70 80 °C &4 il
JilEIG B TE 50 °C 4514 M a2 19 SO3 8 il 1 14 Ky
100% , Bff 7 % Bt 5 3 S 0 I 3 5 A b A ) B vy Vi
JE R RS 10 min J5 , PRGN E RS, ARV
TR AR 0t B THRER BA R , e R ek
1.2.3.2  SO3 A il . pH

A pH 42.0.3.0.4.0.5.0.6.0.7.0.8.0
(1) Na, HPO,, -#745¢ 2 5% g T il 52 0 Ve 490, 100 e 4 i
e
1.2.3.3  SO3 & pH fasE

PR A pH 535124 3.0.4.0.5.0.6.0.7.0,
8.0 ) Na, HPO, -F 15 iR 2% i e il R IS0, T A 40
C HKIB R IR 24 b, T 5E BT .
1.2.3.4  R[A &) B 1% SO3 B figha e M 52

JH pH4. 0 ) NaAc-HAc 2% i Bic il FeCl, ,Mn-
SO, .NaCl , CoCl, . ZnSO, . CaCl, ,\MgSO, . CuSO, .KCI ,
CdCl, .CrCl, \PbCl, AgNO, BaSO, 7k, i L2k i
k4 mmol/ L, 7 fc 3 W IR T, LRI 34 4
JE B F B S N R AE R X B TR R B AGA S T
1.2.4 803 #4Bs7%& G HRAT R
1.2.4.1 SO03 4% SDS-PAGE 4347

Fie s AU 1 4 T 25 A 3R A5 48 Tl & W, 10 000
rpm 4 C B0 20 min, 453 T 30% ~80% W) HiFREL
53 B ERAT  Macro-Prep DEAE 55 [9] 85 -3¢ 4 )2 #7 Al
Bio-Gel P-60 %1t 8 28T R A4k, alifb =Wyttt T
SDS-PAGE Ha 3k 4 #71-"
1.2.4.2  SO3 Z3Wp%E A OBLI] HELJK 148 T 55 FL A 0 5
K EEE A S

K Bio-Rad & [ 5t W) HL Yk 58 G600 2 A B4 )2
fLEE (F. fomentarius ) SO3 7 i 1 55 HL 80, 15 R g &
T 254 10 000 rpm 4 °C 5.0 20 min J5, 43 5lUK
B EIWEWCFITTEE , {4 pH7. 5,20 mmol/L ) Tris -

HCL ZZ v W0R UVE Mok 4 ~ 5 K, SRR A Tris -
HCI 22 ppifdh 47 8 A I e e (V2 203k 47) J= , 10 000
rpm 4 C B0 10 min, B VE AT AT 4 vk
a5 TR RBREN AT o b VRO AT B AT O ot
AR A R, S SR H] T Bio-Rad
[ IPG Tkl e 4% , pH 24 3.0 ~ 10, pH 6 J2 o 2k A
J¥ 38 1 Bio-Rad PDQuest 2-D Analysis software {4
SRR AR 155 pLo 5 1m) SDS-PAGE HiJk
XF AH = L (F. fomentarius ) SO3 K 1 7 il vy W
(R T A B R REBGHEAT EAER IR LA . Rk
Tt e R Bl A 1 R U0 HEA T B U 4 B (4L
HEREFRABEEM) o
2 HRESW
2.1 FREEBFHENHAR
2.1.1 RREARX SO3 =480 %

LA Tl A 6 LA 22 2K T ) 4 0 ( CKO) B B
2 WEHE AR, 2 10 966 U/LL, 22 2k 7™ B 144
1326 U/L, 22 2F 057 BTG A 313 U/L; BRI e 1
TR R T T YR SN TE p AR, B A
HP R R IR A S ARG B T (181 1), ey e o
LRSS MF v 22 SN0 A 0 i IR A5 e

10000
R§ 8000
HT >
& £ 6000
B P 4000+
é 2000
A 1
0o+—m
1 2 3 4 5 6 7 CK
Bl 1 RE CIEX SO3 = ZREgH %5
Fig. 1  Effect of different carbon sources on the

production of SO3 laccase
TE 1. 222002, M 3. T 4. 490 S SR SELT LR R 494
6. JEMY;T. FEK:8. XTI,
4. Glucose ;5. Carboxymethylcellulose sodium;

6. Starch ;7. Wheatbran ;8. CK.

Note: 1. Maltose ;2. Sucrose ;3. Glycerin;
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2.1.2 RERIRAF SO3 =Bt 3w

N TR Ry AR DR 25 35 v T A TR T
W d i, A 7 566 U/L RO iR — 28k, G 4
994 U/L; PN E R, BTG R 3 312 U/L; BNl
i i R R % 75 35 v TS A R B, S A 1 224
U/ L 78 TN IR i R 1 i 2 8 AR 1 73 B v 1
PRI, W% 205 9 1155 F1 1 080 U/L; ifij LA £4
fi i (CK) 1B AR BT, B 9% 24 1 113 U/L, L
SE ,SO3 74 il 1) d5e HE VIR R BB A9, FEUCh (NH,, )
H,PO, (& 2),

8000
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Enzyme activity (U/L)
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Fig. 2 Effect of different nitrogen sources
on the production of SO3 laccase
TE:L TEER (0.5%) ;2. WEREHRY ;3. SR 4. IR LS. SR
6. BEER — S 8 (0.5%) ;7. W9 f1 FR # . Note: 1. Casein
(0.5% ) ;2. Yeast extract powder;3. Pepton ;4. Ammonium nitrate ;
5. Ammonium sulfate ;6. Ammonium dihydrogen phosphate ;

7. Ammonium tartrate( CK) .

2.1.3 RE&E BT R R0

DI N 43 )& 75 - 2H (0 mmol/L) Sy Xif A
3), Mg®" Mn®" Zn®* [Ca’" FYBINXF SO3 7= B Ay
R AR, Hir 0. 1 mmol/L By Mg®* 0. 1
mmol/L Al 2 mmol/L. Zn** . 0. 2 mmol/L F1 0. 5
mmol/L Ca’* AR 5 Bo Ui 0. 1 mmol/L
Mg " ZE45 7 d BTl A5 0 I Fh oot REZELAG 761 U/L
hnZ 7983 U/L, 0.1 mmol/L Zn** 7E45 7 d fril 45
BTG e 4 809 U/L #44n%] 9 870 U/L,Zn** Y FETE
2 mmol/L I+ il 1 4 809 U/L ¥4 %] 9 774 U/L;
Fe’ il Co™* WU, 78 Wi 7 ek A1, XoF 7™ 2 W) R
BA 5 AN TRk B Cu® ™ B s A (T B 8 %, 06
W Cu®* X = W EL A 1 A
2.1.4 REHEFH* SO3 = ihbheg Heh

FH & 4 RN, WS I B IR RIS T R R o ™ il
TR I R 6 BRI 5 7 AR AT RIS 5 K5 W ABTS
AIFERTG 6 736 U/L #8555 8 470 U/L; IMiZE i it
PP Bt A A B )™ B G PH 520

10000
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Fig. 3  Effect of different metallic ion

= @AIKH Guaiacol

14000 4 = E R TR Gallic acid
o - BZME Veratryl alcohol
=) 120007 _,. 7% Tannic acid,
R 5 10000 4 —+ Mhif Tween 80
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& 5 60007
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5
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HIE I i)
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Fig. 4 Effect of different inducer
2.1.5 BEARKGEXT TR

MFE 2 FF 3 1Y 1 58 52 50 45 2R A I 22 73 vl
LR ACBERERY) (58 AN KB, N B( &
) A = A KRR, IR C R4 HE) 1 D (R
TR ) B AT R S RS R R B
Fr AW 5y A A,BC,D,, BV BE#) 0. 5% | % %k
2.5% %W 0.5% WER —E 8% 0.5% . 22 (R)
WY AN [ PR 2R ) il 1% 52 Wl 4 R 2, SR DU Sy
A(BERERY) > DR — &%) > B(&#k) > C(#i%
BE) o 8Okt B 3R B — 2B A e, R B )= AL
( Fomes fomentarius ) SO3 iG55 10 863 U/L,
2.2 FEBETEFIFEHR
2.2.1 SO3 H 4ty kit R 58 E

e AL A b, B AR S0 C &4 T I E iy
SO3 FERFE A 100% ,20 ) 80 °C i3 X [a] Py il &
F9 5 87 U Tk 16 O 0l O 60. 7% (79. 6% | 88. 4% |
100% 91% 98% . 74% (K 5) .

2.2.2 SO3 B B o AL T

SO3 il S W AR SE LR i 10 min J5, X LG AH [H]
RS TR LA TG , TR AR TG @ o L, 5 R R,
40 CHFaE R (K 6) o
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Table 2 The L,(3*) orthogonal results of Fomes fomentarius SO3 medium composition

N A FEEER B %k C A D Bife — Ak .
e M A ik DR A
N Yeast powder Wheat bran Glucose Ammonium tartrate Enzyme activity (U/L)
o. (%) (%) (%) (%) inzyme activity .
1 1 1 1 1 0
2 1 2 2 2 920
3 1 3 3 3 1289
4 2 1 2 3 6 765
5 2 2 3 1 0
6 2 3 1 2 10 863
7 3 1 3 2 0
8 3 2 1 3 0
9 3 3 2 1 0
K1 2 209 6 765 10 863 0
K2 17 628 920 7 685 11 783
K3 0 12 152 1289 8 054
K1 736.3 2 255 3621 0
K2 5 876 306.7 2561.7 3927.7
K3 0 4 050.7 429.7 2 684.7
R 5876 3 744 3191.3 3927.7
F /K Optimal level 2 3 1 2
404 Optimal combination A,B;C,D,
R3 HESWER
Table 3 Variance analysis
IPAK EFFIR frilisE . . R
Variance Sum of squares df Significance
A 92 228 604 2 3.87 868 <0.05 B3
B 31 556 936 2 1.32 713 <0.05 B
C 23 778 329 2 1.00 000
D 36 268 574 2 1.52 529 <0.05 iTES
~ 100 . = 1004
S — N ”
)
2 9 - & 80 /\
RE : ~E /o
s g 58 60 /
s 80 . & e \
=g = E / \
Ex B & 40 / \
s =5 - \
2 q>) 20 / \
g g \
P e s o \
2 : : : r :
20 30 40 50 60 70 20 30 40 50 60
SR S A FRR

B 5 SO3 REERiERMNEE

The optimum reaction temperature of SO3

Fig. 5

Reaction tempetature(C)

Processing temperature (°C)

E6 SO3 ZHEFMIREM
Fig. 6 Thermal stability of SO3
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2.2.3 SO3 ¥i4dsth%iE R pH

SIS AERARW] , pH S 2.0 F 3.0 WA AE (1Y) il
TG AR, pH Ry 2.0 B IE S 1295 U/L,pH4. 0
Ay Y A 897 U/L, pH Ky 6.0 LU I B Fr i % K O
(E7).

14004

= ] .
2 1200 \
200+ \

0+ T T ;

B 7 SO3 %Bg&Ri&ER M pH
Fig. 7  Effect of optimal pH on SO3 laccase
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(=3
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ARG 7
Enzyme activity(U
& o ®
S 3 S
s ss

2.2.4 SO3 F48 pH &2

TIRLE R, B 40 C AR 24 h,pH4. 0
~5.0 WA B RE , pH3. O B AT BTG O 42.1%
pH4.0 By 73. 6% , pH5. O B, i 15 1k 2] 55 K O
97.8% ki & pH {H B Tt 5 B 1% 3 i % A%, i
pH6. O I 5% B Al 9 O ([ 8) o

100+

/ .\\

80+ y \

60- \
o \\

40 \
/ \

204 " \\

AHX B /1
Relative enzyme activity (%)

0+— T T T -—

B8 SO3 #Fighy pH IR EH
Fig. 8 Effect of pH on SO3 laccase stability

2.2.5 FRRE&EBTEEBAT G A
ZELGEH] Mn® " 1 Zn® " XPHEERE E A — B 4L
HVER, Hidh e &4 Zn®" %) pH4. 0 1) NaAc-HAc 2%
PR SN AR ZR R T IS A 955 U/ZL, Sk Xt BE )
102% ,Mg** . Cu®*  Ba™" i fa & 5 Wi A Ky Co™ ™
Cd** Cx** 1 Pb>* Xl A 1k EL A B S A e B4
L, H A A Co™™ B BTSN 28% , Cd** Sl 47%
Pb** by 54% ;i Fe " X} EFE M52 24 (1 9) o
2.3 S03 FEEEHEMERMR
2.3.1 RFE#AF By SDS-PAGE & 5k
SDS-PAGE Hiyk &5 R anE 10 Fror , A ks 77 2k

100

80

60

AR R

Relative enzyme activity (%)

40

20

0

o & O o O o &Y YO O Y
& S M E S S S R v‘$ &

B9 FARELEZEFX S03 Rt 2
Fig. 9  Effect of different metal ion on SO3

A 2R EA K ZIK, KB I 61 KD 24
AR BRI A, Gt BT ACHUZ T 5 R AR B
— Sk, et BENE L U8 Z M S , SDS-PAGE HLJk 7R
Hf—FEAW. @i — RN E A D& aifbs
U5, RSB C 28 B T Ik g, L Bio-
RAD quantity one Z}Hr i E " AR 408 A v 2 1 AH X
O P A B 2 AL B S 2 61,5
KD,

972 KD
664 KD

443 KD

29.0 KD

20.1 KD
143 KD

10 E¥AE LS RE SDS-PAGE &

Fig. 10 SDS-PAGE of purification steps of F. fomentarius
TE M. 3 FXT 2 AR s 1 BRI B AT (60% ) 52. B 132 i
JEHT ;3. AR B AT (80% ) 5 4. BENL I UEE M. Note: M. protein
markers; 1. Ammonium sulfate salting-out (60% ) ; 2. lon-exchang
chromatography ;3. Ammonium sulfate salting-out(80% ) ;4. Gel

filtration chromatography.

2.3.2 K% EILE (F. fomentarius) SO3 4B &
F 3y 8, K R A b

A3 5B LU EFLTE (F. fomentarius ) SO3 & I
77 it e D S 11 T A R R IRV AR A R i ] pHL 2y 3. 0-
10 Y5 I TPG AR 2k i 4k AT 45 i R A, AR R
12% 1) SDS-PAGE B I #EAT 55 —1n] 43 15, 45 R 3R
B TR A S PRGN o 58 22 2 1 B T A VAR A )
W) 3= B4 [A]— S5 5 X 3k, 3 3 Bio-Rad PDQuest 2-
D Analysis software /40, B 1 pl m 4.1, B
A N e AR 3 3k v 1) ) — 2 1 B el B0 A 7 B i
3T o
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Fig. 11

Protein two-dimensional electrophoresis

U a. BR;b. BB . Note:a. Ulirasonic disintegration sample cell ;b. Upernatant of fermentation liquor.

2.3.3
2HT

Xt £ BRI H (T MALDI TOF/TOF J5i% 73
Br(E 1) R GPS Explor PFBEAT 73 4, MAS-

A3 B 3L (F. fomentarius) SO3 % B Ji &

COT #:% NCBI Nr 4 I B8 2, i %5 1 A
F (BRE BSR40 > 50, ATfERE >90) (£ 4) , % 5E
B8 1M LaccaseE ( Trametes sp. 420) , H kg SC A
WA 8 KT 41 LaccaseE 8 DL .

R4 AKEEFLE(F. fomentarius) SO3 FBEFIE 5347 B A5 R0 LT L i ik B 51

Table 4 The basic information and match peptide sequences in mass spectrometry analysis of the laccase of F. fomentarius SO3

RAIERR R I 51

£l Kk MW TRERM TR 15 The comespondence

Start End Observed Mr( expt) Mr( cale) Score sequence of amino acid
9 102 721.339 1 440. 66 1 440. 67 51.5 R. GPMVVYDPSDPHK. S
16 214 855.741 2 564.20 2 564.20 64.5 R. SLYDVDDDSTIITLADWSHTAAR. L
14 158 890.4178 1 778.821 1 778.832 72 TDLTIADGDVSPDGFTR
23 156 935.0186 1 868.022 1 868.015 130 LGPAFPLGADSTLINGLGR
14 168 949. 0291 1 896.043 1 896.046 89 AAILVNNQFPSPLITGNK
26 206 1011.471 2 020.927 2 020.996 138 ANPNFGTTGFADGVNSAILR
19 206 674. 6668 2 020.978 2 020.996 110 ANPNFGTTGFADGVNSAILR
14 160 1 024.004 2 045.994 2 045.984 103 YSFVLTADQDVGNYWIR
46 208 742.4021 2 224.184 2 224.196 101 AAILVNNQFPSPLITGNKGDR
36 208 1 113.103 2 224.192 2 224.196 111 AAILVNNQFPSPLITGNKGDR
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