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Improvement of Extracellular Laccase Production by Paecilomyces sp. S152

LIU Zhi-yu"?, ZHANG Dong-xu"?, DU Guo-cheng*"*?, CHEN Jian'?
(1. Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, China;
2. School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract;: The culture medium containing maltose (20 g/L), bean peptone (10 g/L) and yeast
extract (1 g/L) was found to favor laccase production by Paecilomyces sp. S152 with an enzyme
activity of 5064 U/L. The intra- and extra- cellular location of laccases were detected in the cells
of Paecilomyces sp. S152. To improve cell permeability, Tween 80 (1.5 g/L) was added to
culture broth and an enhanced extracellular laccase activity was detected with the shortened
fermentation period (6 days) and improved (946 U/(L * d).
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fLE (Polyporus species) & J % F. B ( Pycnoporus
species )0 580870 M FHTE MR Y B R,
BEMERR YR ER LT RIAEET LM
MEHS| TEEREZHRE, AN, ZHAHER
REEFREAK . 7 BR B, B H TR Tl
GATE R

HERMABRRE - EEEXANIE, ERS
A B BB RE A, R B 2 BB SR AR
SRR EES 0, BERBIAERH, RFE¥
BMERRMY ABEREABRNFT REERK
EREme e EmE R A RE IR T A
VIR K RS IR RS R B 7, R X g ) T gAY
FhRFS LB RS E A B EF R, it
S TEREBRB—BRERRABHBEEH,
REEFVRK, R EBAR, Hn T ReFEF R BE AL
A, NIRRT EREMETMN . & Termito-
myces clypeatus KB B ELEBIEFRMB, &
fE 0 240 B P BT ) 30 R A S A A AE L (R B Ab
B RSB YEYHEARBRBE, b T4H
R, L BR B R B S AR SRR R M A
BEMEMEERSY ., HE IR BESN
REL AP B 8 oL, 39 T S50 40 PO A 1 6 R P R AR
HWEIE AR, FERSRINEREE, &
BMERERMN. FNERTiH—-SHELL, Y
REEMBERERH,

TERTHIMBI R S, B AR FIEARE T K
B—HPTEBRLEK Paecilomyces sp.
S152M78, HAIAIE X FUE B EBHOR FK
AU T &R 7B R, B 9T H P B AR AE A0
WS 3 B — IR R AR, I KA
RS, fEEEHMNENEARMARNTE
HE, MR EMLIRE S, EBGEEM Paecilo-
myces sp. S152 BREG R BERVE R 5. [T, 54
EBRBLE Paecilomyces sp. S152 4+ & i By 5
ffi b, FRIAT Paecilomyces sp. S152 4@ 5
B 3R R A NER B A A T SR

1 #MH5F*%

1.1 B

Paecilomyces sp. S152: HVEH e 5000 & I
EEL, FRBETHPERBMEDRE L
(CCTCCM209240) ,
L2 58
1.2.1 &4 # ABTS: T Sigma /A d]; SDS
PAGE B E RN & WHBZRAEYE AR

P REAG KEER R B S0 ERK
BWEE . T DR E B EXROH R E A
W e e i el W F R A £ H ik
A ARAR(LE.

1.2.2 &ME HEFKHAKEBEREY UP200H,
Dr. hiescher GembH #2 {it; B 25 ¥ 4 4 (BPH-
6123LC) : ¥ —fERHA PR Al il 1 5 2 H s KA
K GelDoc 828 4R 7 4t : % B Bio-Rad 2 ] 11 5
ST B2 6ok BE i (UV2450) . A & I A 7]
.

L3 #EFE

1.3.1 #&32#4(PDA) LAERHE 200
g/L’%ﬁﬁ 20 g/L9f};—":HE 20 g/Lo

L3.2 FEait HERE20 gL BEARKS
g/L, B & # 2 g/L, CuSO, 100 umol/L, LI 2
mol/L. NaOH 8§ 2 mol/L HCl IA# E #7145 pH 6.5
JE 44,8 250 mL = ARMAA 100 mL B3R,
L4 EFEH

L4.1 #&@%f BMHEAREERE, 30 CH
R3S 6 d,4 CREERA.

L4.2 #ff BERTFOMET HXEER
KB F B (10°~10"4/mL) . B2 mL #
TRBEA TS & RED, MEBRKE®E
150 r/min, 30 ‘C3%3¢,

1.5 Paecilomyces sp. S152 ZEEHADHELL
L5.1 feshgssesseal  REEW 8 000 g .0 10
min 5 , W& b E WA 0 SN B .

L5.2 BAABGER RBRELCE. WER
B, HEBFKEDERE BT 0.1 mol/L B
MREFZ R (pH 7.0,0. 4 g MK/ mL) , AL E
AED, THOKBTEEEERARREGBE S
60%%, TAE 1 s,4% 1 s, THERTE 10 min) , SHHIRRE
W 8 000 g B> 10 min, W& HFER, B RAF~
.
1.6 i85 Paecilomyces sp. S152 40 R i Fm Xt F
[y 4300 A

1.6.1 REATEWMNRSEEsTmi @ ENR
FEEBREEN Y Paecilomyces sp. S152 4 M8
BT LU M A R B O R B 4R T SR
BRERIE. RTEEAFMAENRE SR
NaCl %} Paecilomyces sp. S152 20 M8 E MM
WATER KB 8 000 g B> 10 min &7, IWEE
K AEBTFKEMER, 2B TERBERD,E
BIEFAR WERRTEBBIEN T, KR P
BGRG IE B R W, Paecilomyces sp. S152 2R
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EHME, A THRARBBHRIERNE S, U
AR LB FKRRER A X,

T 75 8K [ R T ¥R A1 NaCl 98 W5t
Paecilomyces sp. S152 B BEEE IS B3R , 15 A
HERRHREEER R NaCl BHRR A, ZRIT
FRB MR PR M I E A, X BRI A %
EREETK,

1.6.2 RE&@ERNRSLEET Paecilomyces
sp. S152 5 Be 5 b8 # ¥ Paecilomyces sp.
SI152 HM 3 R BEE e B (F M 20 g/L, KE&EH
B 10 /L, BERHE 1 g/L,CuSO, 100 pmol /L 414
pH 6.5, F 30 °C.150 r/min %% 3 d 54
IESIAREEEER Triton 100, Tween 80, SDS
1 NaCl ¥, SR8 5%, % B BURE SF 0 8 R BE W
BREGETE

1.7 Native-PAGE Hjk

Native-PAGE B3k 2 WL3CER[15], R 10 g/
dL )7 B AN 5 g/dL MMk 48 . MUk R A pH
8.8 i) Tris HEMREMWIKR . BmIK/G, B 5I LU
4 0.2 mmol/L ABTS ) 0. 1 mol/L #7588 2% rh ¥k
(pH 3. HTEHL A,

1.8 SHAE

1.8.1 #EmEiEan e RALEENERMBEE
P, BF 0.1 mol/L A7 MR & v (pH 3.4), 1
mmol/L ABTS REBH @, BS¥SE,EF 30
‘CRRE 3 min, F 420 nm 4bHE W RE LI,
E X HE R EA 1 pmol ABTS B R & H—
MEE AU,

182 HAhLk#Nr XAFIRTER
(DCW), REEB A gt i85, BAEE T 70
CHTZ2EERE,

2 #ZX5x#%

2.1 WRIEXt Paecilomyces sp. S152 £ B =)
A0

BKERE RSB E SBRNEEYFRRR, £
FWEEERKNRB=YERNXERE. AT
BRERE XA EERE, THAARRE W IERE,
R E B AR BRIEXT Paecilomyces sp. S152 4
KA BEE T Mt B T R R i
B RN RPN DG H A S R S BT
ARETERENEEBEE . ERER B R XA
¥ BT Paecilomyces sp. S152 Bk K H
BMaRMEm, SR LA 1,

12

oS 152@ k4 &k
[ B2 855 110
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BB FGE: EMBHE

B1 FRE#HEBIEX Paecilomyces sp. S152 Bik4%
KMZRWE B R m

Fig. 1 Effect of carbon source on cell growth and laccase
production by Paecilomyces sp. S152

5 Hao Z#EAAPN, 7 Paecilomyces sp.
SI52 B KBS B AR E TN
BRUE AMUE R FRAEY AR, i H ol 53R
SHBHIRE ST B R BEIE 23 713K 8] 3 127.3 380 U/L,
HRTE50R 6. 35.6. 44 g/L, MR FIH A F
TEEMERK,BHHEB T Paecilomyces sp. S152
BB M5 VR K B R R KGR W R Al
EWZ e, EYMERZWH, BJLE LR
B, HERTREER TEREHNEZ, BH
TREEAR, T 2B B R,

EH—-PRERT, 2R HREERER 10~
80 g/L MR EIREANE M A BRIR . 5 B PP B IR R
BREX RS RAZW, WA 2, YEFHRE
WEH 20 g/L #1140 g/L i}, kB Paecilomy-
ces sp. S152 REEMHER = . GAZIRRYFELE
FERHMAHE 5 20 g/L M2 ZEME A BoE R .
2.2 RIEX Paecilomyces sp. S152 & R =g
i

RBRMRELEARY EMES A BN
MERTCRZ— HMEMERKRENEHRB L
ERMAEEERW. AENERAUTLUEYE
HREH W, Rt SE N EERBE
TR RN, T NIOCC # 2a $59%52
B, BMARMENER, RARXBER TR T
HIRhR KRB BALE BT A i W8 % 75 K B AR
BERTY . HTARRM AN R B RT
BN RBMFRAR, Bk, § 58T ARM
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Fig. 2  Effect of glucose and maltose concentration on

laccase production by Paecilomyces sp. S152

KRB IEXT Paecilomyces sp. S152 A K HIF=#EH)
o, WE 3. AUEAKRGEREAK. KEEBK
Fetaih) hte—RIRE, RS TR, P
ARG E A i — Z IR, &R T Paecilomyces
sp. S152 BEERIAT M BE MY A NE  EXK KT
P EARE & THEMNA K, BRE S RERK;
5 %% & (Ganoderma lucidum) A [F, Paecilo-
myces sp. S152 ANFEA B A R AR AR
%, A4 K RBEMaRSZE T BEH.

oS 1528 k£ 10
nEME
1000 | 1[ EWE
_l_ 18
o Q
2 )
& 500 J42
Q
& A
250 |+‘.2
0

TP BP FP YE BE CSL SBP AT
R
TP. BEAM; BP. KEEAMK; FP; &8; YE: BEiH;
BE: £ ; CSL. EX¥; SBP: Ehtl; AT. BARY
B3 FEFHKEEEX Paecilomyces sp. S152 Bk 4%E
KHRBS MR

Fig. 3 Effect of nitrogen source on the cell growth and

laccase production by Paecilomyces sp. S152

HTEFHTREREK S KB ™8, 7L 20
g/L MEFRIBRBOZET . EREGHE —
KEE G BR A B 80 78 A 7] B 2 ok B2 0 L F %
Paecilomyces sp. S152 KEEF-HEHIRE N, R WK
1. REHFTE IR, BEHBRBERNAHTARER

BB AR E A B R IE SRR B AR
BRER &G T A RKBEERAREREE".
YeE %I AE Paecilomyces sp. S152 B B &k BEHE F¢
SRS BEEMARKEERK 10 ¢/L. B Y
1 g/LYEFITF Paecilomyces sp. S152 BEBFHIE L
MAERALKET (0.5 /L B ANUPRH T #k4
K, R B B A I A

F1 E4HEY Paecilomyces sp. S152 FEA M HEM
Tab.1 Effect of complex nitrogen on the synthesis of laccase

by Paecilomyces sp. S152

A%
SHE koEAE  MAR  on
REWRE (/L) FREE/ (/L)

1 5.0 : 1.0 4 272

2 5.0 2.0 4 496

3 5.0 4.0 3236

4 10.0 1.0 5 064

5 10,0 2.0 4 217

6 10.0 4.0 3 143

7 15.0 Lo 3 980

8 15. 0 2.0 3098

9 15.0 4.0 2 654

2.3 Paecilomyces sp. S152 ZEAEMETHIELL
Hel, X TREBAEARTHEMLHATLE
¥, MREZBAREEBHEL CREARER. 2
SR FHRS, B E5ARRENREFE T, AERLY
Pt LR 2L T 4 M b T ) g
FEFEAREE BHEREBEY B R
0 4 k31920 Bose % AN AN Termitomyces
clypeatus BFHELIRNE T RGE  ERBEEFR
. B TARNEBRREEFRINE DY Neurospo-
ra crassa Fl Pleurotus ostreatus ZEEETE A FIAE ST
YA 434 2 Cryptococcus neo formans B BN #F
TR 3N S MM R RE S A
TEARRITF, Paecilomyces sp. S152 KB L1
VBRI £ BB R B VR VR P Y T A B R R R L R
BBEFE Paecilomyces sp. S152 MiAM A B E 4
fi. HTHANERESWERR, Bt #—5%
BT Paecilomyces sp. S152 40 i@ # 1 #) 7
B, IR 3 Paecilomyces sp. S152 LN BB K B
B R EMINERS - B A R
2.4 Paecilomyces sp. S152 APREEMKIBT
HNEAE SN T REEENEN . R
EIEER A B BEE R B BE,
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HTFGREMER BEA S EMED TR LEF
SCHL, WAMERTBE R h R LA VLB 2 BEE A F
FTHRBOESHR, A, & ETEXH T ARKRERE
HERIFN B B R X) Paecilomyces sp. S152 41 fi 8
FEWERAT

2.4.1 REA@EMH RS E R0 d E A
REEREGF R & E IR YRR T
ANSUEL R AT DA 5 AR 440 L BE P 40 U REE F) 08 i RE IR 4
PR PR B, R B X B A S AN R A
MEER, W2 2,

2 TEFREEMER/NaCl 41 B iE E 08 T 0% B

A % B R i
Tab,2 Effect of surfactants and NaCl on cell permeability

and laccase activity

i 1E

kn PR e mew
(U/g BEX) X%

15 2,01 100,67

Triton 100 3.0 2.87  115.83
P 6.0 0.60 1025
1 7 15 0.54  102.19
Tween80 3.0 1L16  113.59

6.0 L10  106.02

0.15 0.69 10068

%EE; DS 0.30 0.91  97.34
0. 60 0.95  96.43

0.03 0.09 106,24

gg;g CTAB  0.06 0.05  98.68
0,12 0.04  97.21

5 0.43 8834

BEE  NaCl 10 .29 89.35
15 L2 9176

- — 0.03 100

MREEREET LS REEETRARBORRER
RAE; PLAMAZ AR E BT R AR

TERTE R 4 K00, JE B F R E TS
BRESFRE TN FHE 3R 557 & NaCl 3%
Wt Paecilomyces sp. S152 B IE ¥ LH B 10
HYER , BB BTERAT Paecilomyces sp. S152 48
ME B AR H AR . HE TR
S PR CTAB X 4 f 18 25 4 09 7 57 7 FF A8 X 3¢
z, RS FREESRA SR RA BN RE
T B AR A KA, F R FEEER
THEEFREGESEN AR FREEENREE

A R BESE SR B X} Paecilomyces sp. S152
AR AR AR

2.4.2 KRB AGEWNASHEES Paecilomyces
sp. SI152 p B X M ¥a EMNLHMED LN,
Paecilomyces sp. S152 40 MIH K 3 R IE K BERE 5%
Bl 3 KB R 5 d i, RN B BB A B &
FHARBERT RN, RAVEBIERERS. A
TR IS M F A NaCl 3 4 g 4 K AR a0 &
EER EREEENEEEERNREA —EN
BMERFGEFE 3 K, A AMAR R E R Triton
100, Tween 80,SDS 1 NaCl {51 , £ 2% LR & #4)
FiXt Paecilomyces sp. S152 BEEE R BRI, 45 R
W3, TEHHER 4 MY BHEF, M Triton 100
M NaCl J5 , ik & FI B B A TS 3 T .38 ; SDS
VR DX B A A A 5 R B M I R B B 5 R
fil Tween 80 J5, Paecilomyces sp. S152 B4 Kl
BREGHIEHRRNE, Y Tween 80 MK &
R 1.5 g/L B, BREEEEIE B, 4 5 676 U/L,
Gtk BAMHEEE 6 LATRERSE 946
Uu/(L+d,

®3 TEFRADEEFMBEEX Paecilomyces sp. S152

RERARNEW
Tab, 3 Effect of surfactants and NaCl on the laccase produc-

tion by Paecilomyces sp. S152

AR RM ., AE ES
Bk Wi/ o) R/ @/
(g/L) (U/Ly & d  (U/(Led)

0.75 4558 7.75 7 651. 14
Triton 100 1.5 4718  7.92 7 674
3 4600 7.86 6 766. 67
0.75 5176  8.73 6 862. 67
Tween 80 1.5 5 676 8. 94 6 946
3 5125  9.36 6 854. 17
0.15 1913 538 6 318.83
SDS 0.3 1275 509 5 255
0.6 980  4.49 5 196
5 4742 7.86 8 592.75
NaCl 10 4577  7.35 8 572,12
15 4814 6.9 7 687,72
Xt ER® 0 5036  8.67 7 629

R BT 1 B B R {EL N BT X R B B8 3R R G P LA TR N
FEIE MR NaCl ¥ B AORES: o0t BE

2.4.3 Tween 80 #f Paecilomyces sp. S152 fLA .
M4 BEF LB sty o Paecilomyces sp.
SI152 N MISMEREIR TR EE S WA 4, &
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B8, Paecilomyces sp. S152 MINBEH T EFEERF
Al T#§:Lac 1 fl Lac 3, ZERBEREFTEH, Lac 1
B BRI, FE)E Lac 3 B WE R EER .
5% BA, 350 Tween 80 J5, N BEEE Lac 1 #
Lac 3 s H R B W EMIL . HINEBEEN R
BERB B EEBAR, FFE M AR T8 Lac 1 1 Lac
3;¥5% 4 dJ,Lac 1 Fl Lac 3 &Y B IR, 5
Xt BRAR B ¥ N Tween 80 f5, 4P R TE§ Lac 1 H;
B3 K, AT EE 2 T7E Tween 80 MAERT , B
B Lac 1 REBMZEMRINFBGHESF 6~8 d,Lac 1
1 Lac 3 iEHE4REEHE N, R IR Native-PAGE i
FL YK 2 BN, [ B AT LAYRAR B[R] T#§ Lac 2 &%
Gid:0ReE:

H@V\Jl‘éﬁlﬂiﬁi

2d 4d 6d 8&d 4d 6d 8d

Lacl _

Lac3 , .

(ai e &b)

(2) %N Tween 80; (b) AR¥FEN Tween 80
B4 Paecilomyces sp. S152 BN Jash EERE T By

o
Fig.4 Zymogram analysis of intracellular and extracel-
lular laccase from Paecilomyces sp. S152

& Z Lk (References) :

& 4 7] W, &N Tween 80 5, B . MSMNA
THEARZFHEEMLMY, R Tween 80 7
—ERE LW T AMEEE, B T RANERY
B, (BRI EH, FERAPES Native PAGE B
Bl R X IF THE Lac 2 FHHFE, Lac 2 {VEX
BRBARE EER PRI, B ENE LB
A, MLA BB RIS I L T R A OUR B T 40 3 A
FRARBEREEFTET I, R WFES
Paecilomyces sp. S152 MIAMNERERYE .

3 & &

D) Z & T AR KR BEX Paecilomyces sp.
S152 BT WIEW ., HLL 20 g/L MEFHE. 10
g/LBYRGEHEM 1 g/L KB AR,
Paecilomyces sp. S152 BEEIEERE, 85064 U/
L,

2)7E Paecilomyces sp. S152 40} 4 F1 48 B 4
WHEEE . B 1.5 g/L #) Tween 80 HF|F
REHINERERETE , K BEE ST 6 d, MR BEREIE &
35676 U/L,AFFBREREZRE 946 U/(L » d),
Paecilomyces sp. S152 F PN F1 jd 71 B8 B B 1% 4 47
R, B Tween 80 ] LAE RUAR i M N B BF IO B
B A FTE Lac 1 BABREERINES; KB
EFREY MR BEENREREERH TRAR
BB AN B B R EL
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