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R BEEZEEE K Trametes sp. LYW-1 1y
NEEELFHBEHFEIT

xOF B A E DER R R 8
CLARM A2 20 1 0 B T A 50 00 % A 350108
2 AEEAH K EOMRR 2 BE A 350002
5. 24 1 S A O S IR OT R T SR A SN 362000)

W E OAFRIALEBATEEIHARATR AARATEAA L TMFEAE—RR ANBAREF 2 B iR
BIMB G L EHBBGERLYW-1, sz B4R F A5 ITS #4375 3 fe il 55 .42 3 NCBL 5 5 Anig y # ITS 5
AT F W LT ELEAMELRLALFTM., B ITSDNARTFTHFIA K S E RS BEFNRLE RME
ST R R IZRAMRE THE B (Trametes) , AHBET RS R F ik ks, KA 3757 - 8 K K4 i (DNS) &%l
UM EN oM pHOBERRAATRARR AR ZE A hTHmENAYm., SRV, B4 LYW-1
EpHT7.037T CURmpARBFLBEEARREARERAEH LHEHILIRK,

KR AW E; HFE; BEN; LM

hESEE Q815 XEHS 1007-4333(2018)10-0096-07 MEKFRERS A

Isolation and identification of cellulase-producing Trametes sp.
LYW-1 and its enzyme-producing conditions

GUAN Yi'", YIN Di', DU Xi', SHA Yichen?, LAI Shanshan?, ZHAO Chao* *"
(1. Fujian Key Laboratory of Marine Enzyme Engineering, Fuzhou University, Fuzhou, 350116 China;
2. College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002 China;

3. Fujian Province Key Laboratory for the Development of Bioactive Material from Marine Algae,

Quanzhou Normal University, Quanzhou 362000 China)

Abstract To find new cellulase-producing microbial resource, fungus LYW-1 was isolated from wet wood chips by
selection medium with CMC (Carboxyl methyl cellulose) as sole carbon source. Conserved ITS (lInternal transcribed
spacer) sequence of LYW-1 was amplified from genome and sequenced at Invitrogen. The verified ITS sequence was
subjected to online BLAST analysis with other selected fungi. Phylogenetic analysis was then performed by MEGA 4.0.
Combining the results of molecular analysis with morphological observation, LYW-1 was identified as a fungus belongs
to Trametes. The cellulose activity of LYW-1 was assayed by 3",5 -dinitrosalicylic acid (DNS) method. The effect of
different pH, temperature and carbon or nitrogen source on enzyme activity was assayed. The result showed that enzyme
activity reached maximum when the fungus was cultured in fluid medium by using starch as carbon source and ammonium
acetate as nitrogen source. The optimal pH and temperature for enzyme producing was pH 7.0 and 37 C , respectively.
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KAGAE: PR MWK Trametes sp. LYW-1 [958 %2 5 Ko™ B 26 A 0 B 97

R EEYE R E SN KRG B EE
HEREE RO AT A BRI . AE 2 A
Yy 240 P BE Y R B WA G AR R R R S,
FHeE G 500 L B YRR H p— 1.4 BT
AT 22 A B D — N R 2 B A IR B b LA
BTRKMESTRAEY. B4 2 mF H RN
I p SN SR A S R R R (B k= A
TR AR R A AR i NE A L 4 KER A F R
A RHER WA Sy 1 0 i K Be Bk G BRI W] O 5] R
JRE R PR TS Y R, HOET . £F 4E R R RS
T2 P vk s B . bk L AP 4k R
it fife 1 R EL A 2 I 4% 2 Tl R L R I Ao R B IR RS 4
SR Z BN T I ST A

£ Y 3R W — 2Rl i P R VR K S 21 e R S H
T A=) i i 1R B PR o AR 8 AR TR A I A6 s F0
A2 L) s AT D g3 UAIM U SR T L N ) R R T A
R— A B = 25T L AN ROk R Y 2T 4k K Bl LA AT
4 F Pk (Cellulosomes) (B A AFET . BB K T 1Y
o 4t RO A5 E Wl B i b X (Catalytic
domain) F1 £ 48 £ 45 & X ( Cellulose dinding
domain) , -4k 3 45 & X 7 57 il 8 AR 4E R 2 1R
A A Ak X 58 R LA AL T RET . 4T 4k R AE 2 A
AR Y54 R V5 K A BN A W) OB A R R I 2
R b RN S o g 3 IS N S = A S 0 S o = R

WAV RRIR A AR EEORIE., HETC M
A E H RS FUE A JE 55 22 R R 5 b 4y B 3RS
2h o K 00 R A W, AR LT R I (Clostridium
thermocellum) | £ B Ml % ( Halomonas caseinilytica .
H. muralis) % BEFFH (Gluconacetobacter sp. ) 25 4H
W LA S B B (Aspergillus) 5 % J& (Pencillium) |
B 1 B @ (Fusarium) F178 %G 7@ J& (Botrytis cinerea ) %
B, B AR K H BB R R Y 2T 4
B DL 2 55 A WS M R R 2 Bz N
SRR B R 7 AT R R AR RE O LR & O AR
RAFFE R AR AR N [ AR AR el AR
TIEWOARE h oy B AR AT — MR AT R B E W &
TS Y& N or 1 A ) 27 o0 s Wl E R T 1 i s
(Trametes) , 3§ % Hop= Mg 25 R EAT W) 2L o0 s B AE R
ST 2T 4 R AR 7 T R S H T e A

1 HBSH®

1.1 ##
L1 #H&%
G S S R EPL P E oy N R N U STRE RN

JA .
1.1.2 B HFRA

E. coli DH5a.#{& pMD18— T.Ex Taq DNA
polymerase ,dNTP mixture.dTTP.dCTP.,T4 DNA
Ligase(TaKaRa) ; 35t fig B &F ¢ DNA 51 i 57 &
Plasmid Mini Kit, PCR 7= ¥ 4 {1k i 7 &
(TIANGEN) ; CMC-Na(Sigma) ,

1.1.3 #45%

CMC-Na fifi 3 8 3% 3. CMC-Na, 5 g/L,
(NH,),S0,, 2 g/L,MgS0,.0.5 g/L, KH,PO, ,
1 g/L,NaCl,0.5 g/L,MnSO, « H,O, 0.002 5 g/L,
FeSO, « 7TH,0O, 0. 007 5 g/L,B&%,0.5 g/L, &
HFR.1.0 g/L. 3R, 15 g/L.pH 7.0,

LB R ek 0 ik, 10 g/L. B &EH .5 g/L,
NaCl,10 g/L.pH 7. 0; & Wi 77 5 . B L 30E . HoAth
5L,

1.2 FHi&
1.2.1 fpiksk

FERE S IR AT T CMC-Na K32 5 |, 37 ‘CH & 3
F% 24~48 h, YRR E IE WL Atk 2 aiw I% . ¥
B9 3 4l R FR IR 1 mg/mL ) WIS 2T T
60 min, #4305 H 1 mol/L NaCl # i i
60 min, W55 B 18]

1.2.2 WHEE
DIE AW H4 bk 4 Bl 3] CMC-Na ¥ i =

B g% 3 d JE WS Ve 1 RRAE  AE S B Pk R T D
VPR TEB A B8 T BN,

2) B N SR BB X (ITS) R4 3 18 K 43 #r

@ & DNA $EH B K AL i i & TR IR
WA 2 00y K 5 O B0 L A DNA 2 i
W 600 pL,F 65 C/KiB 1 h, & 10 min $£5] 1 K,
A pH 8.0 M 05« 57 BE Ry 25 ¢ 24 ¢
1)600 pL,J#%4]J5 12 000 r/min &> 10 min, B I
THWB L MASE IR &7 ¢ 5 e (RFR L 24 = D)
1R%),12 000 r/min &0 5 min, B W 0 A S
AR NER S .12 000 rpm .0 10 min, F F i
W MA 1 mL 70 % Z BT BEUTIE S - 12 000 r/min
BjLS min, HEOBEWEUEL R 1 IR FFE LI,
UUVE TS5 T 50 pL MK b & H . BlR o s Uk
MEE DNA fli#2 R

@ ITS " 14 . JH K T8 A% MK DNA 5 5% a] F X
(TS 59 (5-TCCGTAGGTGAACCTGCGG-3'
F1 5'-TCCTCCGCTTATTGATATGC -3") # 17 PCR
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P38, PCRY G RIAA RN K DNA Bifl pL,
DNA B4 8 Taq B 0.2 pL, 5% ITS1 Ml ITS4 4%
1 pL.dNTP: (2.5 mmol/L) 2 pl.,10 X PCR 2 #fiif
2 pL, JCRK 12.8 plo RNARFRIL20 pl, 3784 K07
R :94 °C 5 min, k)5 94 °C 1 min, 55 C 1 min,
72 °C 1.5 min £ 30 MEH , - 72 °C 10 min., JZ )W 58
BB Ay SIS L HEAT BB W B A L DK AGH U

3)ITS 41 o ki iy A4 2 Fn %5 2 . fifi /il Takara
pMD18—T ligation Kit ¥ ITS J§%1 ) PCR F B i%
R w2 A pMD18 — T vector |-, FAE5EREF
P T A TR i) e A8 BR 2N /%
1.2.3 FHEFHBAKRRARLT FoN

K H NCBI 8 2k T 5 3F 17 77 41 W] 5 44 He X, Of:
FIAEAE MEGA 4. 0 X AH B3k R 91 4 2 3R 4t iF
et . A Clustal W i 47 o XF, B J5 R H
Neighbor-joining 75 ¥ & 57 #F LA, [R] 6 ¢ 5 i) 7 &
P i B 28 {H (bootstrap) 47 3EAL (1 000 IRE &)
1.2.4 % ZiBE0HNE

D) il AR A AR A I 4. B 7 32 20 mIL HLZE %1 i
WG, #R 1M A& E R 1 mg/mL
)46 2 BB o 2K A 3.5~ TRl R /K 4 R (DNS)
TR o TC B A [) 8 A U B P S R . B A R AT
FEW KA T 5 min B R E B0 HZRIB K
FEAZE 20 mL, i 2E 5 BRENR 2 L 78 466 T Bk
i, PP 540 nm, JH 0 S5 R AL I 1~
6 AL AR . DA (B R N A A L A B
R AR AR AR . 25 R E 1 TR,

R1 AEESEHRRSESH

Table 1 Parameter of glucose standard curve ml.

ES AR K 3.5- AR KA R
No.  Glucose solution ddH, O DNS

0 0 2.0 1.5

1 0.2 1.8 1.5

2 0.4 1.6 1.5

3 0.6 1.4 1.5

4 0.8 1.2 1.5

5 1.0 1.0 1.5

6 1.2 0.8 1.5

DM KRB SR E  AE 20 mL Z)
L L 1.5 mL 1% R W B 4 RGBT A IEY N
0.5 mLE§W »37 CA£ IR 30 min, R FM A 1.0 mL

y = 1.428 6x-0.007 1
0.8 R?*=0.998 9

01 02 03 04 05 06
I ST ik / (mg/m L)

Glucose content

1 BE RN

Fig. 1 Glucose standard curve

DNS ¥ ¥ /K& 5 min AR5 & T UK h e H £ %
e 2 FE5) . KGR AE 20 mIL 2] B A o A
1.5 mL 1052 LA 4E 2R W FE A 0.5 mL (1
HLBE W . 3520 T3 K 7K 30 min, FEAIA 1. 0 mL
DNS %, il 7K & 5 min, B 5 57 BVE T koK
HEEW . BEE T BAL0E LA —E pH (H
W) R 5T s B /NBS B IR A 26 8 1 pmol /L 4 %
Wl i e B A e R 1 AN ETE ) AL, Ul F
FEARTR] pH R EE 55 B 42 a8 85 %o i 7% 19 5% 1) Xof
IZ TR 7 I 2F Y 2 W 2E R SR EA T T . BE 1T REA
% P U/ (pmol » h) J= 1 000 nC /MT
2 C oy S S5 A DU B 6 25 B i mgs MR
] 7] WE I B K 5T £ 180 g/mol; n Sk i W 1) i B A
;T oK st ia,0. 5 b
1.2.5 FR &2t & o3 m

DIEFRE 4G pH AR m . LU 1% (V/V)
FERN W TR ARG pH AN R AR K 19 B 77
H,37 °C,100 rpm 4R 55573 d, J5 BURE DN H 27 2 R
it 1% 77 .

2)BE SRR X P W SE . DL 1 0 B R N TR
e AR e B 1 95 i v AE R [RRLEE R 5 100 1/ min
PG 5% 3 d, 5 WUORE I L 41 2 KBTS T

D FEFRHER R (FERD) & X B SR, B AR
e & s W/ V)45 0.5% . 1% F 1. 5%,
pH 7.0, DL 17645 Fh 5845 B Fp 82 A LR K 3% 3,
37 °C 100 r/min $R 15 F% 3 d, ORI 2F 4L 2 1l 0% )

4) 555 B R VR X 7l R FE ) . KR IR L G R
TR B (W/V) 435 0.5%, 1. 024 LI &
1.5%, pH 7.0, DA 1% 2 Fh 58 08 Rl 42 A L 38 35
FRHr,37 °CL100 r/min PR35 85373 d, BURE I H 27
HEZ WG T7 .
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2 ZBRE5SMH

2.1 BEHIFE

FHNISR 21 G €8, 35 % 4l 4 T8 Pk 25 17 90 07 . bk
LYW-1 i B R 3R (] 2(a)) o % i i AR 2E 47 W
PRFEMR A 5% 72 h H Gy 0. 44 U/mL, BAT 84>
U EET.

2.2 BEHETE

2% [ A 355 5 R TR % AR K0 I ol oK L B 5
2~3 dJEArEh A h R 2R A WEANEY @
2L FRTE N G . UL SR A B R I TR TR O EK
W RBIRB A WL AR PR AR /N TE R
Bi P HA R

PR R LYW-1 A9 240 DNACE 2(b)) ., F]
FHECT ITS rDNA 38 51 9 #5147 PCR &3, 315 24
630 bp K/NEY RS DNA (B 2(0)), ¥4 A
BrriE %] pMD—18T # Ak I, Bk 3E BH M s b+ )7
1R HK/NA 628 bp 3L F 751, $2 32 31 NCBI 54
E 345 2 51438 GenBank No. KC847085. 1,

22 PCR ¥ #8 4815 W Bk LYW-1 fi ITS rDNA
FH P41, >k H] Neighbor-joining #4 # 1TS J K &
SRBW, W E M ITS RIS Trametes hirsuta
SYBC-L19 &b F[F—43 32 (& 3), 5 LYW-1 (1 ITS
rDNA Kt [6] J5 1% B 5 B3 W bk 8 T, hirsuta

95

95

SYBC-L19. T. wversicolor GZST1 # T. willosa
FP86588sp ., H:FE 8 AR PE S A 99 %6 , 400 4 1 o2 T Bk
LYW-1 B TR EE (Trametes)

(a)

(b)
bp

23 000

Ca) DI SR £ Y 0, 375 1] B WL 43¢ 4 S i 75 o o7 T BT 5 () T o i X1 2
SONE B RIS LUK BT s (o TTS rDNA 51 Sl Wi B I v 0k B . 1 g %
ML 2 S Hm &,

(a) The observation of transparent zone with Congo red
staining, the arrow shows transparent zone; (b) Agarose gel
electrophoresis of genome of LYW-1; (c) Agarose gel electrophoresis
of LYW-1 ITS rDNA sequence. 1, CKj; 2, Targer fragment.

2 HHKLYW-1HERD FEMELEESN

Fig.2 Selection and molecular identification of the LYW-1

Trametes suaveolens FP102529T (JN164967.1)
Trametes ochracea HHB13445sp (JN164954.1 )

Phellinus igniarius wb434 (AF455434.1)
Pleurotus eryngii var. ferulae PF882 (F1572245.1 )

Trametes ectypa FP81034R (JN164930.1)
Trametes pubescens X2207 (KF573016.1)

93 ————— Trametes conchifer FP102251sp (JN164987.1)

100) LYW-1 (KC847085.1)
Trametes hirsuta SYBC-L19 (JX861099.1)

77
83 Trametes versicolor GZST1 (KF054739.1)

Trametes villosa FP86588sp (IN164970.1)

— —75‘—— Polyporus grammocephalus CaITENN11259 (AF516563.1)

Trametes membranacea CRM125 (IN164956.1)

—

Lenzites betulinus MQN024 (AB811866.1)
Trametes cinnabarina DHS97 310 (KF573022.1)

87

Pycnoporus coccineus IUM0049 (KP255840.1)
[ Trametes polyzona CNRMA14.240 ( LT629241.1)

100 L—Tricholoma robustum F9-M (MF037416.1)

—
0.005

PRIRK 0. 5% FEH) 43I B, Scale bar, 0.5% sequence divergence.
W A0, A 32 56 75 25 TR Mk 44 FR . The candidate highlight with blue is the strain isolated in this study.

B 3 #|F Neighbor-joining E# L3 E#k LYW-1 REX TR O

Fig. 3 Unrooted neighbor-joining tree of strain LYW-1 and related genera based on ITS gene sequences
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2.3 AR &M E R EEE 20
2.3.1 3z5inds pH A R AT R Ak T B 09 % vh
RN 4, % e aE e B pH7. 0, pH & T ak

0.18

o
=

Bt/ (U/mL)
Enzyme activity
o
>

o
O
e

o
=

B /(UfmL)
Enzyme activity

pH

T 7.0 AT Y™ M P 2 A . T B ARl ™ i
JE 37 °C LR T u IR T 37 “C iz i i 7 Mg i 4y
PR

0.19 (b)

e
)

o
=

e
)

o
O

o
=

30 35 40 45 50 55
G

Temperature

N
W

B4 EFEXNS pH(a) FIEFEE (b) XN B4k~ BN
Fig. 4 Effects of pH (a) and temperature (b) on enzyme activity

2.3.2 RIS ERAE R B YR

PAASTR] & i E 0y 0 Bk UL 8% F LY W-1, 85 2R 12
7S TR A T A T P R S A A B
T34 00 AT P A A R TP 2 2 3R A D% TR Y
IR P 5 Cad) o LA [A] 35 105 1 TR B o & TR B

RIRKE IR LYW-1, 25 5 8w, i i 19 7= i 12 BE T A
i 5 Sk (0 44 g R B (I 5 (b)) S TP A R B AN ELAR
L TR 0 A R 2 TR R RO . T TR A 7 e B 2 TR
el B B I TT BS n CF 5 o)) L WA W E T R
e AR R A D i T ) R

35¢ (a) 0.604 0.43 ©
30F 0.55
5 %‘ 2.5 = %‘ 0.50 =5 .E‘ 0.42
ek 22 2
<20 < 045 < g
B B B
=515t =5 040 =5 041
1.0F 0.35
0.5 ¢ . ) 0.30 L I 0.40 L !
0 1 2 0.5 1.0 1.5 0.5 1.0 1.5
S A L) R gL BT A gL
Starch content Ammonium tartrate content Ammonium acetate content
BS5 AEAEFERDEH(a), BAEE(D)MZERE (o)X EH =AM
Fig. 5 Effects of different carbon or nitrogen source starch(a), ammonium tartrate (b)
and ammonium acetate (¢) on enzyme activities
3 W B MAF B (Bacillus cereus) (CB8) 1 £F 4 & Wil 11 £ i
* e

SRAER WG 2 W H T B Dl FR R B K&
W) LA PR AR L2 T A T & R AT Y E il
A W R R AT 9T £F 4k 2 0 77 B A5 K
Ui b R 2T 4 26 il 4 AIE B AR O . 3 20Uk R
TEREAT P AF e R TG J7 . AEANTA 7T, 7 RGA
LEHIFF B (Bacillus subtilis) (CB3 Fl CB4) Fl b #f 4

pH ¥ 7. feil S B 20 %k 40,30 1 40 CHY L i
Ah, B BRI # ( Pseudomonas sp.) M 1 5 K &
(Serratia sp. )W HAT 7= £F 4 Z B L. HE T
T T30k 1 MR £ T R T ) 4T 4E R i Y T
PEJRAS 20 AT . X B AE pHS. 0, 40 °C B il 15
e e > I HLAE 50 "C R ORI 3 h AT RBLRAF 90 20 F8 4% fifg
TV AR Tl AR TR o A R M AT (1 22 R T
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K% P4 KB AR Trametes sp.

LYW-1 B9 53 55 5 58 2™ Wi 2% AF 20 101

Mt W e W B = e Z /S . R
(Trametes) © BB IA Ry i BA 77 21 4t 2 Wi e 1 1 1k
AW, 9 BROR A HE LA 5 AR AR Y AR T R LT P
HA G R ES . 1 %5 8 CGMMC —
4587 B (T. hirsuta) B W) £ 4 E F | 5h
DIEF 24 R A 5 — 0 4 W 1 G I 0% R R BE L LU O3
Hi5 %] 55.00.0. 28 #1 5. 00 U/mg., £ A [F] 5 J5 A
RURSAETT 3 Bl (4 7= i 05 M 4 R AR R AR
SRR S A R LYW-1, 45 8B 8%
A E AN O R R B R R
FRFAT LR B AE 7 B pH 7.0, d5 il 7l R R
D37 °C o LATER R IR £ R B kg IR I AT 3k F)
B B S RENG 7, B R O S i E e L. S
S5 Re A 7 2 4 3 Tl 114 B PR 5 B e ik S HLGE 1] B
T 07 T HEAT WIS S O 98 7 AT 4 IR T O W B IR
FOIF S 7 4 AR 4
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