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W E:. WEMSZ B 163 (Pestalotiopsis sp. J63)/& MR I IFMERESR ool 23 29 10— Bk 0B . BF9T% 5% 7 00Lh
X% B RR 7 R, AR Ko AR A A e A RN I € AR SRS R R BE RS 15 o 45 IR WIS D H3BOs+ SrCly-6H,ONaF
KBr. MnCl-4H,0 Fl ZnSO4 7H,O X MK 7 £ A7 W] S AL REAE T, Horh H3BOs AR Y B W) tak, w5 44 0 221.8%.
TR EAL R D) SOV, BR 1 mmol. L™ FeSO47H,0 RENSHMHIERBERE G, RO SR80 Bvs A (L /EH o 14 mmol. L™
KAI(SOu), X FEE I A F 0 4, (AR S X B 124.9%. 3 mmol.L™' KBr AN BEFTIA ] 116.7%, 5 IHAB BT
PRS2 3] KBr M R EA B A% %I 14 mmol.L™" KAI(SO4), M 3 mmol.L™" KBr Jri MR [t a2 A% T
97.3%H1 75.6%, i T X HRA 64% M (A2 . [RIIN O T 3 B bk =R B I FE AN pHL, ISR 26 °C, pH 2K 6.0 I
Wt de v, 5% 3280.6 UL
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Effect of Inorganic Salts on Laccase Production by Marine-Derived Pestalotiopsis sp.
J63 and on Azo Dye Decolorization

FENG Xiao-yu, CHEN Hui-ying, XUE Dong-sheng, YAO Shan-jing
(Key Laboratory of Biomass Chemical Engineering of Ministry of Education, Department of Chemical and
Biological Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Pestalotiopsis sp. J63 is a fungus isolated from the oceanic sediment of the East China Sea. The
effect of inorganic salts on laccase production, laccase activity and azo dye (methyl orange) decolorization was
investigated in this work. The results suggest that the additions of H;BO;, SrCl,:6H,0, NaF, KBr, MnCl,-4H,0
and ZnSO4 7H,0 have the positive effect on laccase production. Among them, H;BO; enhances laccase activity
by 221.8% which is the most effective one. In the catalytic reaction process, all salts increase laccase activity
except for FeSO,7H,0 of 1 mmol-L™'. Moreover, 14 mmol-L™ KAI(SO,), and 3 mmol- L™ KBr increase
laccase activity to 124.9% and 116.7% in comparison with the control, respectively. Corresponding
decolorization rates also enhance to 97.3% and 75.6%, which are much higher than that of the control sample
(64%). Then, the appropriate temperature and pH for laccase formation were tested in fermentation, and it was
found that 26°C and pH 6.0 give the highest laccase activity (3280.6 U-L™).
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FL R FE Y A0 D& T~ 0 R IR S b, 2 RS B E AE ) mT REMIRF IR, DRIRIRN T it
IR R (1 B T ARAT 2L

PrARE, <G 1 HAT U TR RGN R R A I T g, Horh Cu®'s M ek R Bk AT (R BEAE T
il Co™"\ Zn*'. Fe*'. Hg® 454 Jm B Wl r= e A4/ S ¥ palkoe s Bro CIMAE XM Al e
AR, 2R U e S A AR 8 5 00 R AT W AR 0 R B e T BRI
w2, IR E YA AR EBEAL I IERE R R T R LT LR IO, DL TC LR X T
PR R R R R BEAN TR TR AR

TENLERAL ARG 5wt A v, T EL AR A 5 i i e A Ry T PO RS s R T2
SEHIDEE S S SRS L/ S O S SV N R L AR P 0 e SN 0] G B L I S L/ V3L K S P VAR E 2 3
AT R K Tt E00 I ol 25K 4 W B 0 A O L R 50 R R I ) I A R (K A S o TR A ) i
M0t € JRHIT R TR 2, ELR AL TN R AP LE (R R IE o % G2 i 14 I3 € iy A7 10

AR SO LUMNEMEMER BT 0 1 R — AR S — A B 2 B A J63 MEAWIII 5, WY H 1%
WRPR BRI pH LR, HE B ST LER X R R, IR SR R M A A S At}
P €L (R R

2 MRIFNAE
2.1 Eh

S0 TR R AR DR B ZH A T [ AR U P MR v B HISR IR . 22 18S rRNA B %5 b W AE I
Z B, 40 J63, 1L 18S rRNA 7t NCBI H1(1))7 415 4 HQ339955, 1Al i A S 46 2 fRg, TSR
T EE MR, WGBS A8 CCTCCM2010300.

22 EHE

Fh-F 573 (PDA £59735): AR5 200 g VIS I HyO 1000 mL #0361 h, ZbAnidgss, I %4
20g, R 20g, #MAE/KZE 1000 mL, pHEA 5.6 0.2, 115CIEHKIE 30 min.

KRB FRIE: BT R IR TP S 3 g 220 HE, 20 g FHEKY, 8 g (NH,),S04, 2 g KH,PO,, 100 pmol
CuSO,45H,0, 1.5gNaCl, 0.037 gKCl, 0.54 g MgCl,:6H,0, 0.27 g MgSO47H,0, 0.042 g CaCl, 1 10 mL
MESBE T ILRR. BIEEMETRRESE 02 g FeSO,7H,0, 0.01 g ZnSO47H,0, 0.003 g
MnCly-4H,0, 0.03 g HiBOy, 0.02 g CoCl,-6H,0 FI 0.001 g CuCl,-2H,0. /T 2 mol-L™' NaOH i pH i % 5.0,
B FRIET 115°C KB 30 mine %8R [H pH (X AU 2 B 163 P21 5 ma i, H 2 mol-.L™' NaOH
2 mol-L™"  HCI % H#5 pH.

23 EFEH

WAERIAL 2 BB A PDA 5953k BT 28°CHi9% 5 d Ja JHIT AL 8 AE RS 3-8 I AR B V) R AN ELAR N 5
mm B2, R 50 mL REEREFEIEN) 100 mL =AM, 7 160 rmin™' 28°C IS4 MR 5 d.
24 FTHEMAEREZ EBE J63 FiRBEFHY 2N

R R R R R LN 3 g 32 280, 20 g FE Ry, 8 g (NH4),S04, 2 g KH,PO,, 100 umol CuSO,-5H,0
R EREF TSR, WRFERFIEN, 3.4 5% 1, HRTHERIIARM.

RIEWAE 4°CL 10000 r-min”" (K 452F R B0 10 min B 25522, W b i T-BH5 I &

2.5 FTHEMREEEGEAIR N

MR B TR AR R AR 2 B J63, RIS I T 25 O WA A . I o A i T V% T S 4k 3%
B BN )% 1 mmol L™ SrClLr6H,0. FeSO47H,0+ MnCly4H,O. ZnSO,7H,0. CoCly6H,0
KAI(SOy), 12H,0. CuSO,45H,0+ NaF 1 KBr, & 25 mmol-L™". 50 mmol-L™" A 10 mmol-L™" NaCl. MgSO,-
CaCl,.

2.6 THLEREGH BB R AL B EENZIN
JH pH 4.5, 0.2 mmol-L™" [t R - IR 44 22 P i C bl 2x JCHLER ISV, JH 2808 /K L 10x LR, 526
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AP A 3 mL 2xEHLERE M, 60 pL 10x ARSI G kl, TSI S PRI 3 mL SEREHAGW, T 25°C,
200 rrmin~' fE% 24 h G IWRIEAE 4. XA A 3 mL B EEFHBFEUT 3 mL 100°C i kiS 15 min [9BSR
R, FTIEWILERICAE doo KA JCHLER AN FBERS 10— 5 4E I ¥ X . SrCly6H,0 MnCly-4H,0.
ZnS047H,0. CoCly-6H,0 KAI(SO,),'12H,0. CuSO,-5H,0 . NaF #1 KBr I JZ %% 1 mmol- L™, NaCl.
MgSO,. CaCl, (KI5 524 25 mmol-L™', 50 mmol-L™" Al 10 mmol-L™". HIIEFE (2K E 4 50 mg-L™'s
R TR B 11 o 24 TGl 1600 UL
e = (4-A)/ Ao (1)

2.7 FESRIME S E

VA I P 0 35 00 2 S R I 3 min Y ARAR TR 2, 2R3 £ L A I E MR- 6- i R ) 4% £ (ABTS)
£ 420 nm (e420 = 36,000 (mol-L ™"y -em™) ALFT =2 IR YEAH A A o« — AN 307 58 SO AR 8
At 1 umol ABTS FT 5 Il = .
2.8 JET B R IGEL AR EE R B ik (Native-PAGE)

Native-PAGE K 10% (w/v)[H 5 B AT 5% (w/v)iRAi I, 160 V JEAT HLPK, FLK I FE4E RS 4°C.
HLVK GBI 46 B T 1 mmol-L™' ABTS (W% T~ 0.2 mol-L™" pH 4.5 [fB &-% 2 9 22 i) b &5 £4 30 min.

3 &RGUE
3.1 EERERS S ERE J63 FFRERRIF B #HIE

WrE N AU 2 B AR 163 (2R K IR J =R i I R AR A0 I 1 Brose el BRI, iR P e R I
5 6 RIEEE IR A 2311.1 UL BERSIAREE, BEREZREAR, (HAE 11 RAPRIREE T 85.8%I1
Wi o PR AR S DU RIL B KAE, RS TTAR TR, RO RS S IU R 25 IR RN T 50%. X
DA A AR DU R T G B A AR K dE N e B, R A X R IR IR AR =), ARz BER R AR, I LA TS
KUEFESE . MBS NKIG, PRI TUR N, BRAREE N E T, B AT 2 A4 40 M oAy 2 6 (1348
BRI AL, DRSS A RS BT . 2 )5, B RGN 5 = M AR SR AN R TR 88, Tl TG PRI

2500 3500+
] A {10
» E\E\E\i 3000+
2000+ ~ - %
o . s 18 7 = 2500-
) = =]
= 15004 ! <
> 16 2 £ 2000
= 1 = k=
S 1000- Z £ 1500
o | \x#‘\ 14 & :
: 2 g 1000
g 500 <
5 —m— laccase activity 12 H
—a— biomass 500
0 40
T O T T T T T 1
() 2 4 6 8 10 12 10 15 20 25 30 35 40
Time / d Temperature / C
1 WA Z B 163 S mE 1 I A BEFE P2 TR AR 2 A 163 7R I 5%
Fig.1 Time course of laccase production by Fig.2 Effect of temperature on laccase production by
Pestalotiopsis sp. 163 Pestalotiopsis sp. 163

32 REMEFNENEZ EME J63 FmiREEHIR N

Bl 2 s T SR REE N AR B 2 AR J63 FEIREEISE . R 2 WA, B RS R )
WIE N 26°C, 1E 22°CH| 28°C YL lH ARG BT i . 76 18°C IR B IO BEIG 1 e ik 2 655.6 U-L™, W
AR A — 8 I AR .
33 #% pH EXEFRENE S EME J63 FiREEHIR MY

K 3 o THIEG pH EXHZ BB 0, pH N 6 WG IA 25 KME 3280.6 UL, HEAT
Native-PAGE JfiGPEGe (0 & B, (£ pH S FlpH 6 Al P2 E W0 [ Tl (laccasel, laccase 2).
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Q
2 Laccase 1
§ 1500+ Laccase 2 ' -
i
10004
1 2
500 T T T T T T
o34 0 6 7 8 B4 0l pH {3k 5 A 6 BER /RIS Bt
P 163 7 g T
B3 AFEAYILE pH 0 N AR 2 B Fig.4 When initial pH were 5 and 6,
163 7 BRI (1) 5% ) laccaseisozyme patterns produced by Pestalotiopsis
Fig.3 Effect of initial pH on laccase production by sp. J63. Lane 1: laccaseisozyme obtained at pH 5;
Pestalotiopsis sp. J63 lane 2: laccaseisozyme obtained at pH 6
3.4 RHEMEBFRENES EME J63 PRI
® 1A T AR F1 TREEHEHNRERS ERE J63 7= 5REHH I
HL %) W AR pity ZEH Table 1 Effect of different concentrations of salts on laccase activity produced by
N Pestalotiopsis sp. J63
T N Y,
J63 ;= @E E/J w l][ﬂ ° EE Concentration 1 Relative laccase Concentration 2 Relative laccase
£ 1 WJLLEH, %ﬂ]% / mmol-L™" activity 1/ %" / mmol- L™ activity 2 / %"
. . H;BO; 0.5 221.8+2.3 1.5 120+£24
R RNE (S oy A ) StCly-6H,0 0.1 2013+34 0.3 11584423
NN g NaF 0.07 200.1+0.2 0.21 160.8 +£5.2
PR A AN, KBr 1.7 203.4+2.1 5.1 1313441
N JE AT I S %Eé Na,Si0;9H,0 0.007 185.1+1.3 0.021 139.5+3.5
E * i s FeSO47H,0 0.005 184.8+0.8 0.016 1445+2.7
51 . NaCl, CaCl, Fil MgCl, MnCl,-4H,0 0.01 198.6+3.3 0.03 148.7+ 4.4
ZnSO4 7TH,0 0.02 1959+5.1 0.06 135.1+3.1
= NS N%
ﬁiﬁ@ﬂ:fg7kqj ’ é{ Na;MoOy4 0.004 184.4+2.3 0.012 150.2 £ 0.6
oA Ft 171 CoCl,"6H,0 0.5 156.6 4.9 1.5 87.7+3.9
R A KAI(SO4),12H,0 0.02 1483 +1.7 0.06 143.7+5.1
mmol-L" NaCl . 9 NaCl 171 1562425 512 10£03
1 CaCl, 9 1343+33 27 1274 +3.8
mmol-L™ CaCl, Al 21 MgCl, 21 181.1 £ 1.6 63 1722+ 1.1
mm Ol-L_l M gc12 Eﬂ' 1% %U Laccase activity relative to the control assay containing no salts
’

TR MRS 42 5o By Sty FL Br it i B 20K, KPS &AL 1 mg DL H;BO;. SrCly-6H,0.
NaF J KBr (NN, {FEEEREE 2 B35 T 221.8%. 201.3%. 200.1%F1 203.4%. 5 CRIRIE <tk g
gAMb/ 5 4 8 (Marasmius quercophilus)@BEIIBEIED, 1 A5 &5 FE3R W & A5 -1 K o 1) 5 1 e 2656t
AR PR A R EH

SrL Fe*'. Zn®'. Mn®" J AP FERBARMRRE 0 Py A L 2 B AR J63 Rl MBS L o, ik g
BN P W R AR P B . bbb mT DU R I S8 N5 Bl OCHLER B9 73 e 12 E R 19 7= 2
3.5 FHlERXFREEEER SN

TEMLER A 2 2 e R rb P A S, ORI AL S N [l B A S, Dbt b 52 T
TCHUER X WA S o7 P RS RIS . 36 2 T, B 1 mmol- L' FeSO,-7H,0 ML Ax i 4 )& B 71
FE A 30 A I HE VR T o 4 SCRRIRIE Fe % 2 gl 4R A7 MBI VE T, W AE RS 30 R 2 (Ganodermalucidum)
(IR BTG O o [R N MR HE AL S N JEAE pH 4.5 TS BR- IS BR AN 2 pP il R 3EA T, Fe® IR VE IR BE b 25 5 2%
Z—AHTF RN F, Lk Fe? 58l i 711 i AR 2 RAH HLAE T, BILAS Fi T MR84S 0,5 T
O TS . Zn®t L AUTUTEEE RO REVE A o W b, X & L AR B (Trameteshirsuta) I AT SL
] 2 A, T T IX AR B T IR AR R AR B = e b, B e 45 A BB EEPE L RS
S O, AT HER B YR i (o 45 0 ALTHE 3 AN TEHLAT, 80 1 1 Ha fr 0 550 m0 0 B it
HL ) Cu* AT HL A3, b4 e e,
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Fz 2 ARETN I REBEERS M -
Table 2 Effect of different concentrations of salts on o\o
laccase activity §
Concentration Relative laccase g
/ mmol-L™" activity / %" ‘é
SrCl,-6H,0 1 1129+2.4 'g
FeSO47H,0O 1 0 E
MnCl,-4H,0 1 113.5+1.2 5
ZnS0O47H,0 1 1209 +3.2
CoCl'6H,0O 1 113£2.1
KAI(SO4),:12H,0 1 115.8+0.8
CuSO45H,0 1 110 £4.1
NaCl 25 102.6 +£2.1
MgSO4 10 1114+1.6
CaCl, 50 101.4£2.5 BI5 TR mRLARE €5 PP B85 0 5
NaF 1 111.8+1.8 R L
KBr 1 114.6 + 0.4 Fig.5 Effect of salts on decolorization of

“Laccase activity relative to the control assay containing no salts methyl orange by laccase of Pestalotiopsis sp. J63

3.6 FAlERIRERH B RL LN P EENTIN
FEWEFE T JCHLER XA Ve R m (S b, 2D 2558 7 oML 4 Wi €00 A8 S 28 ) FF DR (1) 5%
Wi H1& 5 AT, 1 mmol- L™ SrCl-6H,0 MnCly4H,0. ZnSO47H,0. CoCly'6H,0. CuSO45H,0. NaF.
KBr 1 50 mmol-L™" MgSO, X Al it (4 Y R4 (b1 A o 452 I 1 mmol-L™' KAI(SO,), 12H,0 Ji
24 h A TEF] 82.3% 03X — 45 5 KAI(SO4), FE M4 i B (1 45 A — 20 SR 1M, 445 SCHRIGE 1 mmol L'
Co**s Mn*'. K'.  Zn®" Ml Na"t} R Z(Ganodermalucidum) 7= i i (0 LR A 0 U AR
I8 (Y B R = 2E R 4 W I A e 22 5, NZE R 2 BAUTE J63 ok FlgE, /KR ArfE 2 FehlE, A
SRUEAL R =2 T RERE T 52 JCHLER I E5 48, T LA R AR 20 TR R WAL T JE ML ERAZ AE RS IS, A
SRAEHS DR FFIEIGPE o IX — R PR R AT RO R S Gkl LA N B € ) B K (5 it
K24 KAI(SO4), 12H,0 X &R M (A W AR HEAE T, Br 4 by 10 1 G 35 TR 4 Qg x4 i B €t A (i B A
BTk — 0 58T AN EE R IX P FP IO SR X0 R i 7% P S0t e PR B RS R s i, 45 il 6 s e
WSE N 0.5~20 mmol- L™ YE [ Py, KAIL(SO4), 12H,0 BEUS L HEAEEME (5, E 14 mmol-L™" I i 53 F i K
i 97.3%. FEXT Y (I JE R I E BT, K IL KAISO.), 12H,0 X B (15 00 55 X6 ek i €0 1) 5% i e A< —
2, RIS I o R SCHRIRIE, 10 mmol- L™ AP X K B B (Trameteshirsuta) BT 3 A7 MHIE T,
fE I AP B R ALAT] 40%, LA AR IR ALH e o B i mt™ . A A U £ B J63
PEAE IR AE 14 mmol-L™" AP 7775 R PR BT Hh St FH RS A5 1A I €556 M\ 64% 32 151 31 97.3% o B[] FERERS (L k%
BB R S g BB €%, I 3 mmol- L™ Br {43 FERS (B (0K T4 75.6%. R g h Bk
2575 0.84 mmol-L™", BT LAAFAEH 43 28 H 1F P ZE BB 22 B AL 163 7= 2E (R IEX Br B — & 0T 32,
RERSLE o T Broil B (R R BE Hp AL A

1251 H 110 1207 1"
— !
120+ "}’i/i 1151 T~
S s 100 2 I
> ] ’4/}\ S S
£ 1104 3 2 180 £
2 e \ 0 2 S 105 2
£ 105 = g /{ E
172 =] - - =
Z 100 VAN 80 g % 100 u 1 75 '5
& 5 S 95 ! g
] = < T =
2 95 g‘ —m— relative laccase activity 70 < E) / J % 170 s
= 904 o Lo 3 5 904 S
2 N A— decolorization rate J60 A é —m— relative laccase activity 165 A
E 854 —A— decolorization rate
80 T T T T T 50
0 5 10 15 20 80 60

KAI(SO4), concentration / mmol-L™!

Bl 6 AN IR EE) KAL(SOu), Ao 4 MR A It £, FF L 88 (1) 5 0
Fig.6 Effect of different concentrations of KAI(SO4), on laccase

activity and decolorization of methyl orange

7 AR B2 B9 KBr oA G At (0 Y LR e S
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3 4 5

KBr concentration / mmol-L™!

Fig.7 Effect of different concentrations of KBr on

laccase activity and decolorization of methyl orange
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4 & R®

WERAE 2 BALR J63(Pestalotiopsis sp. J63)i& BLAEMMRYEZAF R A K, pH 6.0, 26°C /L% BN
Wi, TAF) 3280.6 U-L™' e ASSCH G 14 FhOCHL R 7RG B FEVE B 9B 10 = AR A (R EE . 2
R ST, BR 1 mmol-L™! FeSO47H,0 b, JURTLHL A1 RERS UL TGN K (58 S8 e b
FHIERE OB (% . 4752 14 mmol- L™ KAI(SO4), A1 3 mmol-L™" KBr {1 it (4 53 5iliL 31 97.3%F1 75.6%,
e TR R ALY 64%.
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