=R BB EF R R EL 3T PAHs SR 1%
i ERF LR
BowT U B Rt R HoR

(1 pE LIS R%IAIERI S5 TR, B 210097)
(2 R E R ARG S 55 s E E A= (R EEMRT), M 210008)

B B HEEMULUEEEZ IR (PAHS), B, PHEREEEE PAHS 15 4+ E Fik
LR AT 5 AR AR ALK @ QAR A L R TR, BT A 39 Hh 7 HH — R B 5 3 VAR 1Y) 3L
WHRE F-1, ¥4 8 1% APCHRERE (Myrothecium verrucaria). i#id Plackett-Burman 36 %) kK F-1
(R~ BERE JTHEAT 7 0 W7, RIS SE B 35 A PRALA DK JLBEVS 42 7000 300 fi, 1A 5628 U L™, RHAF-1 i
PG 52 SRS SR B S . R AR F-1 X PAHS 15 42 3 HEAT THBB B ERT, SREW, B
F-1xdE. 9080, B, 2890 () B JE. ZI9F (b WEL %I (o REL I (@ . 2K @h
B I (ghi) FE. BiEE (1,2,3-cd) HEE 11 F PAHs ¥ E ANEIREEERIBEMR, TR R E AL PAHS
T Y BB ST R R T

X IR (PAHs); HiESY; HEBHE; Bl

hESES  X53 XEFRIRES A

Z 3754 (Polycyclic aromatic hydrocarbons, PAHs) & —2K il /™ & AN DL _E A& T A
WAEY), Tz Tkl LiEd . EREREE. KIT=/AM. R = MAMNELRTFFTRE K
JEMIX L3grh, LREAFAESE PAHS 7554, S BAE R el M) BLsik 1 000~10 000 ppb LA E
031, PAHS Ju 2 2 T PAHSs fit ik DNA 4%, #5E “ =507 % . PAHs 3N R85 ,
FERIMEN RN R ETRS, kY i s e R N SR A, S A A R

PAHs ¥5 4%+ 581 SRS SR B2 BB . SUR 0] 20 W MO A AC i 22 AL (G4 LiP. MinP Al
RS, 4 PAHS AR B B AU B LA AL BE . BT U OB A AR TP PR R A s
O SmmE. hmEE. sase". 58, 2ER0YS, KoM TR TR ES mS N,
A LU =R B TR 2 Fh PAHSEL, (5K 0 2 R 3 RIEMIEL, B RTC4 51 PAHs
Beefife LR OB EE AR R A R, X PAHS FRAd FL 1R 1 40 B R 1398 B BB B E I L3Ry .

1E PAHSs B& AR FL R 0158 7% b, A2 885702 DL PAHS 1 N ME—BRIFEAT 7 1% , 1% 5 92251 X6 i,
HEITAERKR, MK, SEAR, HEEIREPFMH PAHSs, XT3 LU N R RISA — 8 %
SR FORIERIINY, SRy B B RS R RO, ATUAE L. A HIIREN PAHs B —E
FAfRBE T B k. 1B (benzenediol: oxygen oxidoreductase, EC 1.10.3.2) & T—4H kb0 &
R T I 2By R EE™, X PAHS BUEALEE ST OB Tz aEse™, BN EFE I E A
AT 5 R B 338 Hp 23 5 07 12 7 AR T L AT (1) SRS R P AR I s ) K Ty SR A R £ B R PR
HEAT B M R iRk, I R IR SR A RS Uy . A, I AT LIRS R S, W)
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L E A R PR 3 PAHS [FEARRE T RME R 264, 95 R idtAT PAHS 155 3B I 44
BERRAR K .

1 MREFHE

11 EFE

PR E IR R IR & 0.01% AIAKRE Y PDA B33,

WARFE ) Bg¥Eaedt: B LR EIRIT 2009, #EHE 209, K,HPO,39g, MgSO,7H,0 154,
7&K 1000 ml, pH H%R.
12 HEFRBMERNFESEE

FLRH IR BT EIER A R R a1l SRAERT SRR 2 L ETEM E, BGRE 0~5 em IR . Kt
BRI AT T 0.01% AIAREN 1) PDA 85773 FAR I, 28°CHE7%. KM IR AN
A NERL o, B B A RS P 0 B R PRI B VR R AT B A aliAk, g Al PR T R A
TAEEAIAR® 1) PDA FAR FREFR, MEE % A Bl R RS 1 I 21k, DUl s i &
75 N B T A B [ 6 T R A VAR T S

K DNA #REGKRF & (SK1375, i/ T) RECE B DNA, XA B 5% NS1
(GTAGTCATATGCTTGTCTC) /NS8 (TCCGCAGGTTCACCTACGGA) M, PCR #1945 1.6 kb
fJE B 18S rDNA J:[. PCR NS HUN: 94 ‘CAME 45s, 55°CiB-k 455, 72 CZEfH 1 min, 3t 30
BAEH . PCR F=&idtkdifh, Zit LilgoedtfEzt ARIY, DNA J¥5]4 BLAST LbxtE, R4k
Genbank H I 1 T HEAT B R 10 R Ge o0 S A HE I
1.3 REEMAINE

WP G EL AT 50 ml AR A R R, 28°C L 140 rmin T BRI IR . K ABTS-73
6B 52 B SR I RS, e e I DL R B P S . RS MR AR B
BREPE (ULY = (AA/36000) X20X10°% i1, AAgpg g 420 nm AR GAE 5404 AR A0
1U B SCAHAR B0 AL 1 pmol JEEW) BT 75 1S &
1.4 FEEEHHIHIL

PREC— PR B T MR RD T 50 mI A RE SR E, 28°C. 140 rmin RMIE IR 5d A4 . THFMT
NS IRE F BN S A, RS, TS SR 1k
141 AFERS BIRRIONT  BHTRRIEOATES, AR BERE 773k rh IR o ik A AT bE . FLRE. BE
B FTVATEVERY . RFILL4ERAN (CMC-Na), WKEYI N 20 gL, 254 50 ml (150 ml =ffik%
D, FEH A BN 2 ml A1 44K, 28°C . 140 r min FEMREFE, W5 Fo bR v Mg s 1 R EAT LR
BEATRIRAHTIE, S BRI KGR AN, JRE. (NHL)SO4 FHESERIR, WEHNSgLY,
B IRk
1.4.2 ZHREELWHTE S8 K Plackett-Burman (3520 4t BB 5 12 075 146 Bl v 1 e A R 1o %05
BRI R TR S, HARH R A R R X T i R AR (1) S 2 VR SR B R SRR BT . i Xt
AR UM 7K TSR E AT 73 A, e BT 36 B8] P 7K T 1) 222 S 5 AR 1) 22 e SR i e IR 1 (1) S 3 ko
FHEEATHREM G AN, EAHE 2 R RABRTIE T, A RIEsEm 7FH e . Fitbdd
RO P B A VIR 7, i — RYIREFREA S, DA AR IR AT T e B A i B
AR AT M, 0 R0 T R P ) A AT 0 I
15 TEREIIEE

BB H TR BVLI5 T8 At PAHS 5 QR E AL+ 38R 2+ (0~20 cm), HIEE KT,
YR, 1 2 mm i, FREAL 4°CRAF.



WO E : MR 100 g 3% (LLTED, SEAYSRE R, YR, VR
55Xt 4 FhALTE, AWk E R (e AS): ¥4 5 ml PEEREE Rk SRS R S 5 g TKRR
5], IINZE AR IRRES), ARt GE A BRI 5 ml PEBFRE AR S KK, ASIIAE
KM RPN GEN S): BIEFAUNN 5 g T8, AIF=EEEKSI A SR GEN CKD:
TP AN IUTATE TR S . AR 5 NES

AR K 2 B 25%~30% CRIEREANREECNN 30 ml /KD, Hyd B 4ERE K& EHREAAAR,
T 30°CHEAEE % 30 do ¥ HIERT. BEAH, 3L 0.9 mm 0%, 4°CIRAE, F53t—20 PAHs UHRELLL K &
BE5E
1.6 tiEh PAHs BIERNS & ENE

KR AR IO R B 3 i PAHSM, HY 2.0 g Wi F4R13%, F 60 ml 5 R 4e42HL 24 h,
PRI 7% T )5 F 2.00 ml 3R Cbeis i, B 0.50 ml i ik ficht, FHIE Cke- & b ERREE A 1:D)
TRATAERL, FE50T 1 ml el 5 FF LAY ss, UEE 2.00 ml WMt mrgliZ T, I A i i
B OIEER

1 F 225846 LC-1100 B i omiAH (i S0 & PAHSs & & . 70 BiFE A Zorbax ODS C18 (4.6>250
mm, ZHEAE), AR 30°C, WA ZERK (ALY 80%:20%), ¥k 1.5 ml min™, £ 4MG& ]
HAK 254 nm, wIGAEI Ex280 nm, Em428 nm.

17 BURALIEFSE
K FH SPSS 13.0 B K Minitab 14 it 8 45d SEse S 34T i it o

2 #REW®R

21 FEREBERERNFEREE

Bl AT AL QIR BER AL R G . AETHLE BT FRIE AN BIREY,  BIvE ] BBl TR Bk
2L A, T EEOU SR IR AL AR A IV R v (17 e g OB R R, D R AR R AT
W TR AR, R T IRIERROR . RAIX 7k, AR IERRAR LIRS T 7 BB
HEwk (B D, HAhREREEK F-1 ERRRE IR PRI S R 1, R i G AT 5 221K
T

A: PR LRSS B: iﬁ%ﬁ#ﬁi%ﬂéﬁk On the petri dish; B: On the incline
1 AR B A ) T A
Fig. 1 Fungi strains showing laccase activity
PR R F-1 18S rRNA E:[Hf¥] PCR ¥ 353545— Bt 1 662 bp DNA J7 Bt (Genbank /7515
HQ260599), £ BLAST LbX}, %75 5Bt E (Myrothecium verrucaria ATCC 9095) (1A



FRAEIL 100% . PEABBEE &% WL, IR R A RIS, HRIZAE AR NIE PAHS
TG LIEER PRI .
2.2 EIFk F-1 FERR MR

221 WRESFRIRKH RAAFRBRE GEERE. FLRE. B, rATERER . CMC-Na) AEJR
CREM . HEEMR. JRE (NHL)S04 AWE) IR F-1, 20l e B i s s 1k, 4558
WA 1o BT 0 T BEE rE R 802, R 5 0T &% DX (P AH B 2R & 5 MR fldt — 2 1) 23 i
5 J8 2 vt AL 5 AR A LUK B 00 52 BRI O f A4, 1B CMIC-Na A 3 R 3 A ) 8270 M
TR OB . R
R LUANFER BUEX BN LI
Table 1 Effect of different carbon and nitrogen sources on laccase production

TR B TE T IR GRS T
Carbon source Laccase activity (U L™) Nitrogen source Laccase activity (U L™)
&M% Glucose 54.1b KE¥ Sybean powder 169¢
FLHE Lactose 24.0d A HE Peptone 389b
HEWE Sucrose 26.4d JRZF Urea 177¢c
A MEVER Soluble starch 38.6¢ (NH,),SO, 0.69d
CMC-Na 261a 4WE Beef extract 3781a

222 HRSHT S E RS A, AR BURC &R BT (o Cu®t PR Mn®),
NS TSR Ry I ) W 2wl AP RmE A . R AR Ty
TREEAE G TR M R P RN e AR PP B R, N1 W0 WHTETEFEE K. Plackett-Burman J&—Fif
HAHTIR T, AT LA AR, X 2 AR T P BN AT A . AL RN P-B AT
bR F-1 PR B . 456 R BIRM A4 R, G B 77 B G T TR 52 1) AR R
(CMC-Na). &I CRAM). Cu*. MiZs (EOIRM). LB, REWEHER (HE 80). /<% 7
ANHRTF, Bit— R 16 NMEFRILA L, Ffh F-1 IR IR AL . 16 N5 IR 5 DL R &4 Bt
I EEE R R 2 Fos.
3 2 BRI L LA R R S

Table 2 Combination of media and respective laccase activities

, BV
& [k whAR  ZE uhiR 80 .
HE CMC-Na Cuso, . =) Laccase
o N Peptone N Guaiacol Ethanol Tween 80 o
Combination (gL™) L (mmol L™) L N Oxygen activity
(9L (mmol L7) (%) (9L )
(UL
1 5 10 1.0 0.1 0.5 0 1 592
2 5 5 1.0 0.5 2.0 0 0 55
3 10 5 1.0 0.1 0.5 1 0 100
4 10 10 1.0 0.1 2.0 0 0 96
5 10 5 0.2 0.1 2.0 0 1 3997
6 10 5 0.2 0.5 2.0 1 0 137
7 10 10 0.2 0.1 0.5 1 1 306

8 5 10 0.2 0.1 20 1 0 32



9 10 10 0.2 0.5 0.5 0 0 31

10 10 5 1.0 0.5 0.5 0 1 1226
11 5 10 1.0 0.5 0.5 1 0 19

12 5 5 0.2 0.1 0.5 0 0 101
13 5 5 1.0 0.1 2.0 1 1 1389
14 10 10 1.0 0.5 2.0 1 1 5628
15 5 5 0.2 0.5 0.5 1 1 2811
16 5 10 0.2 0.5 2.0 0 1 622

E: B —F, 0 RRFRERFE, 1 ARIEFRTFE Note: In the column of “oxygen” , “0” representing stillness

in incubation, “1” represengting shaking in incubation

ST, W TRREIS RIS, BREEHEA RN R (R 2). &5 (5628 U LD Bk
(19U LD mmANBERLL L, KU F-1 (RIS P32 SR B4 3R 2 5

PR e SRS, 4 i 43 VA A 75 A T 1. 000~10 000 U L™ I, E1 RS T vk st e 107 VA g i ke
an i, RIS R AR -1 B R BB AL TN i /Ko RIS ] e TS ek F-1, 3& 27
WRS CEERIE, UL —EmES 5 R HRES M, AR T - REE R iR S, W TRErE
—EREE _EISRGT PAHS IEEALRICR . 54k, 3 2 RIS ROV N S i vl Bex 7 B AR SEE o
2.3 TEBIBAEEYR

ANRIAE R AT ) IR R 2 30 d SR IR, e IR A B I PAHS & &, S5 R IR 3 .

4 MOARFEISAL B, AS. A ALFRE) PAHS & &8 DU SR SR A EAA A B2 5, 7T
DA NS BE ] LAk 358t PAHS BIFEfR. 1 AS 5 A PIFRALIE 2 18] 22 S AN BH 2, R BRHEF SR
F-1 2 38 h3% PAHSs B E 2R . seah, TN KIS Y2 3%, RIAFEAE— €
HAT BT RE i 25 e, T AN F- 7 51 A] DALE — € B2 fE B REOoF s L e o e, (it
b PAHSs 7 & 50 A A Lt AT Bir N R (3R 4D

FJ7 M, BEAR -1 REEE. WL B A9 (@)L . FIF (b)) REL FIF (k)RR
It (@) BB IRIE (ah) B 2RI (ghi) dE. BfiZE (1,2,3-cd) LT 11 Fh PAHSs. 1EFH I PAHS
THEBCNT 2, M FEZEES TR PAHs A8, UM B S @ 2 A R 5%
FFAE T o

TEVG B8, S50 7 & PAHS BUK /15 PAHS AT S BRI H K 1 R 2%, Aol R fd v 55
PRI RS H 3RS T8 PAHS FRRE BN, (EXF 500 T8 PAHSs, LR kRN i
BENIa]el, AT TR RIEEIR, SEOLEREMEE, MNERS PR AFE. 1
AW TR IR F-1 55 T 520 15 PAHS, JUHO@ XK I [a] tE 1 B ff 808 B 2. T4 T2 PAHS(GR
o B, EEHRAES ERLEEE T, Kl T 50 78 PAHs 5411, HA RIFHNHAH
HiS. MLAh, IE4IER WA RAERPE A T LI E WikiE . & T IRAwE &2 rerE, At
S RS FAT RS PRI LR R AR, A2 PAHS 5 Y b3 B S W AR Y B



F 3 A AL BRI 3 (1) PAHS 2 AR AR 2

Table 3 PAHs concentration and degradation rate in different microcosms

AW amAL AR R AR AW ot i
YILEIR Bioaugmentation/Biostimulation Bioaugmentation Biostimulation Control
Initial AS A S CK
PAHs . - - : . ; -
concentration W R fA WRE R R WRE PR R FEfiR R
(ng kg'l) Concentration Degradation Concentration Degradation Concentration Degradation Concentration Degradation
(ngkg™) (%) (ngkg™) (%) (ngkg™) (%) (ngkg?) (%)
JE Phe 245+ 6a 211+0ab 13.9#.5 195+5b 20.340.9 191H2b 22.140.2 228+21ab 6.9482.5
W FIUA 1 444429a 1261431b 12.740.5 1 249+9b 13.540.4 1 324448ab 8.3H.5 1393437a 3.640.6
e Pyr 1 4234203a 1 185499bc 16.745.0 1 028459¢ 27.846.3 1213426b 14.841.3 1192+ 24bc 16.243.3
It (Q)E+/E
745+2a 632+7¢ 15.240.7 610+16¢ 18.1#1.9 64719bc 13.241.0 692423b 7.1482.8
BaA/Chr
EH (b)) WHE
BbE 1 238465a 1 154426ab 6.942.8 1 066450b 13.940.5 1166+31ab 5.882.4 1150+ 6ab 7.243.6
FI (k) KHE
BKE 564+4a 485+19b 14.142.8 504+37ab 10.645.9 489#13b 13.3#.7 497422ab 11.643.3
FI (@)
Bap 1128+0a 908+15ab 19.640.6 848449b 24,9437 980+105ab 13.248.5 1043#61ab 7.644.6
a
ZFEIF (a,h)
& DbA 901+24a 736+33cd 18.3#1.5 661+21d 26.630.4 780428bc 13.540.8 837+17ab 7.040.6
S
3 (ghi) FE+
BfiZE (1,2,3-cd)
i ) 940456a 704441b 25.240.1 674+13b 28.312.9 752+34ab 20.0+.2 748+36ab 20.540.9
v BghiP and
In[1,2,3-cd]P
it Total 8 628+196a 7276488b 15.782.4 6 835449b 20.843.1 7 542438ab 12.64+.9 7 780464ab 9.8#.9




) FH R ity 2 A O AR Ty A £ B0 o, 30 0 B U 55 5 7 P 0 2 e DA 38 v 75 10 7 R Tl B
M 3RTF PAHS FEF LB, RIKE I PAHS =3 B i S0 B8 1140 9 i e B A R P LR, 7 VA T
AT o RIFZ A%, B IR iii t —PRAe 08 70 ARG . PR PAHS BB IR F-1, VD% E
Z NI . BT RS, SR AR F-1 PREREE AT T k. fE— RIS FRIEA A
o, EREEIETE TR ZE MR LA L, R F-1 1R S BB TR A I AR R, FEORTE I
BRI A E BN 2 G IRV IR RS R, AT TR F-1 X ik
) Z R PAHs OLHZ 721 PAHS) SE1EH, Fenlx T8 (a) ERIFEEZIL 24.9%,
TR T & PAHS, $ER BRI T VAAE PAHS 15 3 T3S 5 b 19 AE N FH o
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Screening for laccase-producing fungus and its potential in remediation of
PAHs-contaminated soil
Pan Cheng" % Mao Ting" Wu Yucheng? Shen Weishou® Zhong Wenhui*'
(1 Department of Environmental Science and Engineering, Nanjing Normal University, Nanjing 210097, China)

(2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, CAS, Nanjing 210008, China)

Abstract Fungal laccase can efficiently oxidize polycyclic aromatic hydrocarbons (PAHS), suggesting
the potential of laccase-producing fungi for application to remediation of PAHs-contaminated soil. Based on its
feature of being capable of oxidizing guaiacol into something red, a strain of laccase-producing fungus, F-1, was
isolated from soil. According the BLAST alignment of near full-length 18S rRNA gene sequence, this strain is
closely related to Myrothecium verrucaria. Both single factor and Plackett-Burman experiments were
performed to assess F-1’s laccase-producing capacity. The laccase activity was found to be greatly
increased by 2 orders of magnitude in specific culture medium, suggesting the significant effect of
environment factors on laccase activity of F-1. Soil microcosms were set up with or without inoculation of
F-1, and the PAHSs contents were determined after 30-days of incubation. Results show that PhA, FIuA, Pyr,
BaA, Chr, BbF, BKF, BaP, DbA, BghiP and In[1,2,3-cd]P were degraded to varying extent in fungus inoculated
microcosms, confirming the remedial potential of F-1 in PAHs-contaminated soil.

Key words Polycyclic aromatic hydrocarbons (PAHS); Soil pollution; Fungal remediation; Laccase



