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Screening of Strain with High-Level of
Xylanase, Enzymatic Characters and Hydrolysis Application
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Abstract: Xylanase producing fungi was isolated and identified, and its optimum condition for solid state fermentation and
enzymatic properties were studied. The genealogical classification was analyzed by observation of colony morphology and
ITS gene sequence. The optimal xylanase-producing conditions were assayed by single factor experiments. The results
indicated that the isolated strain with high yielding xylanase was identified as Aspergillus niger. Its optimum xylanase
activity was 10 446.92 1U/g under conditions as follows: 1:3 as the ratio between corncob and wheat bran, urea as nitrogen
source, 5.0 as initial pH, 1:3.5 as ratio between solid and liquid, 10.0% as inoculum size. Study of xylanase charateristics
showed that enzymatic activity were the optimum at pH of 5.0 and temperature of 45°C. Addition of furfural (23.0 g/L) or
hydroxymethylfurfural (25.7 g/L) plays an activating effect with an increase of 15.9% and 18.4%, respectively. Therefore,
Aspergillus niger SM751 could to be a promising microorganism for the production of xylanase, which could be used in
the field of enzymatic hydrolysis of lignocellulose.
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TERARAL = R ) AR T, TR
IR S SO B BERAVEIE v, AR AE 4
BE, BWCEIRYIG TEAMIREIRGUR A, ARG
AT DU ORI, B EE i P, AR
T S TR T 4 2R TRl 10 T 3 T AP T 4 R g 1Y
IO FF AR R SR e 1o 8 i R TR AR SRR
AR AP 38 o 7 24 2 A 11 235 ) 52 BELPE 0L
PR, A SR A4 0L AT DM AR AT 4ER &
LA B e PRSI A i AR RS MR G K TR

NSRBI 0 BT A SR il o e 1 s 1
BB SR TR | B m i
T, AR RO G A e A B A ST 4 R g
BRI o BB AR SR PIELIR |
PSS-S P AR AN A e o I B TG AR IS 1
R BERE PR OB, CARIRHGERW], XK R
PR T P T B 2 X T A 2R 0 it e A B4 o)
PEFUOT, SR, ACH B DB B EGE T KA
PO s A (O R oy g
TN AE 2R B B0 AP0, 1 A DL/ AR = ot R iy
i AR SR AR 520 O TS 1

ABIFSE XS S 5 i 1 A 7 A SR A= TR R
AT 3T U8 R S R B R UL, IFRIZARE
WG G R BT R SE , LB 5 iR bk
R MU it PAck B0 Al 8 570 SRR (I AT A 512
Uihene i

1 SRRy

1.1 #gh RFIRIEE

HHERE R ATV R X T AT R R
WHARIT X,

AREHE (5 17E>90% ) W A Sigma A w5 D-AHE
(FrE>99% ) W H _HifFRRAEYARA R 3,5- 4
FAKIR ( F5>98% ) W [ ik [ 2548 A fh 2 i)
oSlo HARI A T 4t

LRH-250 A:fbiisesd ( i —fERHE AR
A ); HCQ-X 30°CiHIREZ G ( Lifi—HBH AR
v ); IG16-WS B 2R B O L C i SE 0 %
IESTT KA BR/S T ); BIOTECK-EON FiFRY ( JEH
AHFRAF] ); HH-S8 KR iR E (VT IR4 1R s
BHEABRAF] ),

1.2 1EHFE
RIS, + 5200 g/L, 724 20 /L, 3

fE 20 g/L. LR kK, YIMUA, FREC 200 g If Aok
1000 mL, & 30 min, 8 2 Midig, BUEHRITHb
/2 1000 mL, SRJEMABEFIEZENE, Bk, /5%
FFEKE

IR TR . ARZKE 10.0 g/L, KNO; 1.0 g/L,
MgSO, 0.5 g/L, NaCl 0.5 g/L, K,HPO,4 0.5 g/L, 3i
fi§ 20 g/L, pH 6.0,

BIREFRAE, F KIS 3.0 g/L, (NH,),S04 2.0 g/L,
KH,PO, 2.0 g/L, CaCl, 0.3 g/L, MgSOy4 0.3 g/L,
FeSO47H,0 5 mg/L, CoCl, 20 mg/L, MnSO4 1.6 mg/L,
ZnSO,4 1.4 mg/L, pH 5.6,

A KBRS, TR SE 3.6 g, WL
1 : 2.5, %N pH 5.6 1Y) Mandels & 35 #"'* .Mandels
BIRBONASIN TR B T s 3
1.3 TFiEFGE
1.3.1  FAnii

B 1.0 g FEEIMASEAR 50 mL JCHE A BRER KT
150 mL #E3HH, $EIRAET 60 min, HU 1 mL $E21H)
WARIMA 15 x 150308, 7 A 9 mL G A= #ER K
FEAYE AR ZE 107°, A5 107, 107, 107°,
1070 DU BRI AY B 0.25 mL IR A T 1 37
b, 30°CIRIE R R, 48 ~ 96 h MEL/K M bE K/,
TEREIK i B 5 B U AR LU (A K R A T4tk
K IG S 9E
1.3.2 AT

WA R Y R AR TR, 150 r/min,
30°CHEFE 72 hJE LA 2.5% Hefi i i 2 2 i R0
W, FAHIRIAE MR R 4d.5d.6d, 1 mL
R TR TR A B30 A 50 AR SRR AR )

14 DFENFELEERZE

KRR s ke 3 = B R (cetyl
trimethyl ammonium bromide, CTAB ) 242 BB #k &L
M E %R ( deoxyribonucleic acid, DNA ), %+
Py B N SR AIRRIX. (Internal Transcribed Spacer,
ITS ) 4938 FH 514 1TS1: 5°-TCC GTA GGT GAA
CCT GCG CG-3’#l ITS4: 5°-TCC TCC GCT TAT
TGA TAT GC-3'%F % SM751 &4 DNA #4751
Y4, BEEEESUN (polymerase chain reaction,
PCR) #4444 K. 95°CHIZEPE 3 min; 94°C78H:
1 min, 52°CiEk 50s, 72°CHEfH 50 s, 35 PG,
72°CHEfH 10 min, PCR ¥4 /=#)K Ffl DNA BEfiE 7]
WERF G AT EIR R, FFRT . KT e S L
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it BT

F AW AR5 B 0 ( National Center for
Biotechnology Information, NCBI ) 4%+ i E2 41
FE AN HEAT R BB F S HE LA 2R (basic local alignment
search tool, BLAST ) Lb#70#T, FRA5AHFE AT 18S
A DNA( ribosome deoxyribonucleic acid, rDNA )
JPA, WERZRKEW.

1.5 BEZRMKKFE

TEVIIR A R W R (TR S5k S
3.6 g R EL A 12 2.5 4K pH 5.6 ) Mandels
BEIR ) WEAL b, R FK 5 8k B L i
(9:1.7:1.5:1,3:1,1:1,1:3,1:5,1:7,
19 &F KIS 28k )X Aspergillus niger SM751
PR RBER RS 520 . B EOAR R AR (RERRE |
BN IR ) X AR R RE 00 . 5 5N )

fipH{H (3.5, 40, 45, 5.0, 55, 6.0 F16.5) Xf
PRSI, HERREIKIL (115, 1:25
A1 3.5) XPEARRBERGEA 2, B AR =
(2.5%. 5.0%. 7.5%F1 10.0% ) X /=20

1.6 ARERYEEEERIENE 5%

T 15 mL R RZEZ B A T mL B 1%AK
MR 0.2 M, pH 4.8 ISR ZE thiR i ).0.5 mL
FEMRZZ thiR A 0.1 mL & YRR T 50°C 414
128 30 min JGAIA 2 mL [ 3,5- - fl3K A7 RIA
RS 10 min, EAF] 15 mL T 540 nm Rl
SEWERE(E . 23 11 R KT A e Q)
PG B S FE IR E ST, B 1 mL K
V1 min ZKARP=AE 1 wmol JERH T 1) Bl 2 — 1l
1554 (international unit, TU ),

2 #iREUHE

FARBREMMEINFESEE
TE LA RME Ry e — B Y5 A0 O pE 1 7R 3 1, &
ZK R (22 mm ) 5 7%1E (18 mm ) LU {E AT
R & B T, WP AR XML E AR A
SRARAPTIX A v 3 81— R A SR il 1 2 v T T
Pk (1001.33 IU/mL ), #H w5 h SM751. #d ITS
FEA s AL R AT bR SM751 FO RN B S . Tk
SM751 1Y ITS JFAIgd Ay, H44f7FF NCBI
FEHEE (B05 K KI194466 ). FIJH BLAST %)
AN T e, IR MEGA 6.0 B 245
KEW. 7B 1 RELEW L, LERS Aspergillus

2.1

niger RIS 98% I ARUM: o 1% I AR PRt T+ [ i A
P T o DR R A B 2 B 2 %l B AR ) b0 ( China
General Microbiological Culture Collection Center,
CGMCC), H4i'5 >l CGMCC No. 8670,

A. tubigensis strain CBS 134.48

A. tubigensis isolate CBS 127

A. piperis CBS 112811

97 | A. tubigensis strain ATCC MYA 4879

A. costaricensis CBS 115574

34 A. costaricensis strain CBS 5
SM751
8 A. tubigensis strain CBS 161.79

A. niger isolate NRRL 35172
A. niger strain ATCC 64973
21| 4. niger strain NRRL 6411

A. niger strain CBS 113.46

( A. niger strain ATCC 1015

A. brasiliensis isolate NRRL 26652

98’ 4. brasiliensis strain ATCC MYA 4553

Penicillium sp CBS 113147

E—

0.01
B 1 TRk Aspergillus niger SM751 RG 5% B W
Fig. 1 The phylogenetic tree of ITS rRNA sequences of
Aspergillus niger SM751

22 EREEIFKEAFEELGIXT ~EH S0

B TSP 73578 i i i e 4! JRa ey P 82
Yo e 2 o DUEKE AR, AR A
1 172.82 WU/g. LAEK KRBT, AR 5
R 7367.83 TU/g, 42 T KU M I B S 1 6.28 1%
BEE BB TR (9: 1, 7:1,5:1,3:1,
1 1), RBWERGREE 2 LA (2077.16 1U/g.
2 688.10 IU/g. 3201.28 IU/g. 3 531.18 IU/g.
7331.1710/g )o 1 = 1 BRSO RS & oA e
BTG A 3] =% o Bl R LB B (1 1
1:3,1:5,1:7,1:9), KEHERGEEE S5 H
7331.171U/g. 8125381U/g.7551.11 1U/g. 7 868.79 TU/g
F17050.14 1U/g. X% Aspergillus niger SM751 W
WA RO IR A P ALt i 4, |
LSRN HER B AR A RRIE . 78 T Kot S5k LA
12 30F, HARRME TS I 8 12538 IU/g, L
T HAIR A A A A RBE RGBS , PR FOROE
SERZ LB 1 2 3 1R E SR BERR TR
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Fig. 2 Effect of ratio between corncob and wheat bran on the
xylanase activity of strain SM751

23 WIRXTEEERYS M0

SR 1.4 g BORSEREL . IR . JRZE . AR A
TRE L WRIREE . RIRER . FALEEFER IR 2.0 ¢
FIRRRREE . 7EIE 3w, LIRZEMEARIR, HARN
T s (8 113.16 1U/g ). BERRHRY A BRA il 1l
TGN AR (5962.69 1U/g ). KL, EFEIRZE MictE

Xylanase Activity / (IU/g)

8500 -

[
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K3 AFEEIEXTE R SMT751 7 B 5200
Fig. 3 Effect of various nitrogen sources on the xylanase
activity of strain SM751

2.4  #E pH X EREERYFZ 0

WIth pH BERERZ M S P A BN e 2 AR R
VERGRES , 7E& 4 B, 96 h, 120 h il 144 h AR
I I 20 )2 8 772.97 TU/g. 8 601.91 TU/g Al
6 720.40 1U/g, AHMASAERIGS pH (EJE 3.5, 3.5 F
5.0, wAEMILG pH (HFEE I AR A8k, 78
96 h, 120 h Fll 144 h, AREWEBEFREE S ALPI4G pH
HBAZ 4.5, X AT e i TR pH4.5 AHEFHAL G

Xylanase Activity / (IU/g)

D
(=3
(=3
(=]

pH A& & T Aspergillus niger SM751 K EEF= 1§, 15
120 h,pH 6.0 Eﬁﬁ%%@@@ﬁiﬁlrﬁ\? pH 3.5 MR,
X UL R Aspergillus niger TEARBRVESRAF T AT L
B Hb . 354 pH 3.5 Vﬁjﬂﬂi&lﬁﬁ%ﬂﬁn pH

8800 - 7 ?g;‘h
0 8400 - ——144h
2
= 8000 -
2z e
= 7600 - 4\
5
< 7200 |
2
S 6800
>
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6000 -
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Kl 4 K[EWIEG pH X EBR SM751 7B 50
Fig. 4 Effect of various initial pH on the xylanase activity of
strain SM751

2.5 AEIEMHEXTEKEERN R

TERME T A, SR — D EE W N R
K5, 96h, 120 h FI 144 h 5 AR SROBERERETS
4302 8 504.16 TU/g .9 567.18 TU/g i1 7 123.46 TU/g,
HAHR ) AR B 202 10% . 10%F1 7.5%. TE
96 h 1 120 h, 2.5% it i AR RBERGREE = T 5.0%
F 7 5% RN R A B . SRS, B BRI AE
AH R i A A SRWH G S22 T Bt 35, FEEefh it
4 10%F5F, 120 h (P ARZRBEBERHG KT 144 h BIARE
WEBGBEG . XULEH, BRI HEERN AU AR AL AR
VEEGBGS , 0T ELRBNS4E R BT (], 1E8E 10%1E
PSR QERINES 2 N

10000 - 9 1
o 9500t I 5‘2 }}i Vs
2 9000k
=
£ 8500
b5
< 8000
2 /
2 ,
£ 7500 \
> ~E
= 7000 e
— h Y
6500 \\T
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K5 R[RREREEXT FibR SM751 7 B 52

Fig. 5 Effect of inoculum on the xylanase activity of strain
SM751



322

E.—"'H‘}
>
[\

52
il

O

2.6 AEIRIKEE X E kBB 2200

e KR, BK R — A A 5
28, K6 s, 96h, 120h Fl 144 h R KRR
Y it B 0% 40 002 9 090.66 TU/g . 8 663.00 TU/g #il
8 235.35 IU/g, FHNIAELK LR 1 2 3.5, ZEAHRIA A
PRERSF ), A SR R it Rk K LE A3 s
JFHBKILTE 1:2.5, 1:3.5 BRISMET, KRB
Fifg g ALK 1 0 1.5 B9 2 4% X ULBH R Aspergillus
niger SM751 [EZ5 & B , 7K 43X 7= B A A K ) 52
WVER ., BRI, FEERIER, KRBT
fili i 2 T RS BEEERK L 1 3.5 RN tER
BK
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Ko AFREUKHEAFERE SM751 7 BE R
Fig. 6 Effect of various ratio between solid and liquid on the
xylanase activity of strain SM751

1:1.5

RS GELLHIN 1:3, 1.4 g RERIA
U5, w146 pHAE A 3.5, RUKEE R 12 3.5, HfbhEh
10.0 %A F AT A K BE, 120 h J5 AR RVERGREG
57174 10 446.92 1U/g.,

2.7 AREEHBIEZFT

feiE pH Fldpeid iR e A b, P
THEERN S, 16 S0°CA&M T, T pHAEN 3.0,
3.5, 4.0, 45, 50, 55, 6.0, 6.5 &M FHE
ARFRWERGRES S DA R BIBERG A 100%, HoAth pH
ZMF NG S B KRG I E 80N Y i, RO Bk
AR, EF 7 1, ZARRIEA WA R pH
B, —1R3.0~45, 5—1HN50~6.0, 7FpH
TR 3.0 ~ 4.5, BHTEFRE SRR 95% ~ 97%, X1
0 [T PR v P BTG 3% B 3 B T A B R B 41 4
KPR RE#) fE pH S 5.0~ 6.0 4,
il 1% 5% BA R 5 98% ~ 100%, 3% 72 B % Bl 7 R M A1
Ttk 2540 BA R AT o

—

(=3

[=}
T

95
90 -

85

Percentage of residual activity / %
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K7 A[E) pH X HbR SM751 A SRMEBERE S 45201
Fig. 7 Effect of pH on the xylanase activity of strain SM751

fEfE pHS5.0 T, 43000 37°C. 45°C. 50C.,
55°C. 60°C. 65CHM T ARFMERMHE . D
TG 7128 100% AR BE T BADSETS 77 , 45
ULIE 8. FHIEIRIHN, HeidiilBE R 45°C, S0CHTHGE
FREAFR N 97%, AU, 45 ~ 50°C3d & A B £ s
R, MIREE T 50°C, ARG 5% R R
LRI, AR T RAEIREE, 55°CH 60 °C A RIS 5%
BRIy 42.78%F1 3.87%,

100-—
80-—
60-—
40-—

20

Percentage of residual acitivity / %

45 50 55 60 65
Tempature / °C

Bl 8  NEIREE X PR SM751 A BRARBERGEE 500

Fig. 8 Effect of temperature on the xylanase activity of strain

SM751

2.8 REEPEEEXTHIHIIAOT 52 14 58
KIRL R LIS FRAN B | Bdih B uk 2 SRR S
IKALBRJE , 4 e — ey 75 EAE P A 1 1O
XA BT AR A Y OB . 5-7%
RS ). O, Bk (B . BT8R ).,
T TG R T 22 T2 I ik 110 R A M 2 7 A T R
A WX IR E R AR SR B P T TR
FEREL 9 b, rb i R v B2 PRI T AT AR
R, HISE R0k 7.63%H 15.88%; 1Mk
VI B 1R R T T 555 b 41 ) A SR G, LA A R R

35 40
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0.82% o H ik B FIERHR BE 1) 5-54 P BRI i) AC SR
fitg, HAMEI 250K 7.01%F0 27.83%; 1T fen e 5 1)
5-F% F L MRS G AR R R, LSRR RNk
18.35%. HEEMFEIE T LIS 3,5- s SKigiR I b,
DRI B8 T RO P e R L 9 9k Aol 5 7 g g7
UEAh, WA SRR I, RS e 5-4 H JAgems
A DL CHS A 5O I 4 1 05 U . Aspergillus niger
SM751 JT 7™ B A SR it Xof A T 5-555 R S0 L
A RIFITZPERE . CRRFEMRIREE . ok B A vk
JEXT A R LA R G VR, M R 45 5]
9 0.2%. 0.21%F1 3.92%,

Wb AY (s . FIERER ) Rl VR AR
b, T A RBER RS (5 i d A R U A R
FEARVR R, HXTARRBEREA AN HIN 4.54%, 1M
T B R e FE IS, O A SROB T (1) 40355 2R 40 3
J& 1.65%F1 7.84% , BT B MR A AR MR 4 B X6 AR SR il
WA R, AR R RN B, A AR il
(TS AR 3.00%F1 5.16%., L1 2520 iss4h
R ) 2 P A 2 R ] 5 P A1 ) A SRR Bl P il 0 4K
M, AAFTEER R, PR AT LA A S
AtHG P,

Low concentration
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Fig. 9 Effect of inhibitory compound on the xylanase activity
of strain SM751

CTEAE T B2 IS X AR SR WE RIS PR 5, SR
T AEAR A B I v B AT AR AR e A SRb it it
W, HOOH RN 1.44%F1 3.92%, VAN DYK 2522
FRAIF I 45 SR 8.7 A ) A SR it 1) RS o

FIH Aspergillus niger SM751 Fr =) A S
it it v TR S K B B 2 J i H R o TR K
ITFAL R R . BIKEE 12 20, 180°CHI 4 Mpa |
LB 20 min, FUEEEZS, fE 50°C. 150 r/min Fl

pH 4.0 TN 500 1U/g AR BEB AR 24 h, AHE
HFN 75.63%.

3 4 1w

WIE T itk Aspergillus niger SM751
AR ARBMERGOE T o A RRRE ™ A Bk
AR FNERG, I E ™ roR R EA R4 pH e
Mo ARRBEBGEHE Fem T3k 10 446.92 1U/g, ILAF,
LRI | 5-F W HLHREmE | ARl . B AR AN
CFEEA R A2, 23.0 g/L IBERERT 25.7 g/L
(1 5% AT o) A SRMHE 005 224 i3k 15.9%
H118.4%, Z MY Feid I | il pH AIHI S0
G R T 52 P A 7532 it A il i P A B JS A B4 428y
THEA R A W77 .
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