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Strain with High Level Xylanase Activity and Its
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Abstract: A Streptomyces rameus strain with high yeild in xylanase activity was identified. Its capac-
ity to produce xylanase and the characteristics of its hydrolysates were also investigated. A new strain
of Streptomyces sp. L2001 was isolated from soil samples and was identified using morphological,
cultural, physiological and biochemical characterisctics. The total length of 16S rDNA fragment was
1429 bp through PCR amplification. Our results showed that 16S rRNA sequence of Streptomyces sp.
L2001 homologied up to 99.16% with that of Streptomyces rameus NBRC3782. Combining the tradi-
tional characteristics from physiological and biochemical tests, the strain L2001 was identified as
Streptomyces rameus. As the firstly-reported strain to be capable of producing xylanase, its maximal
yield could reach to 842.0 U/mL within 6 days’ cultivation under submerged fermentation condition.
Using HPLC analysis, the total contents of xylobiose, xylotriose and xylotetraose constituted 93.5% of
the hydrolysates of the xylanase from Streptomyces sp. L2001. Our results suggested that the xylanase
is applicable to industrial production of functional xylo-oligosaccharides.
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AREEMEIE AR AR T 4R 9 15 i ml 7
AR, Bl B-D-AEME R ICSE B-1,4-HE H R
B R GE, THE AR A OB PR A A
RT3 0 Wl B 2 2 22 A [R] ) IR, e Rl o S 7
JEE AN T B4 S0 5 5 A [] ) BB G [ g i 4y 52 2%
M2 FERARREE 7, & MR ILF 2 54
AE o AR U)K RS AN B AR T
AREHELHE, BEMS ™ LR AR B AR SEHE R /b B Y
AN, AR R A il 2 e S O T, (R I 2
FRTOETE R« A Z AR VB Al . AR
BERETEACIR B | TELMEE | ARDRE Tk 55 J5 T A 1
JH I ) 7 2 A0 4 I, R i I A 7 T e
RRAME Tk P A PERIE A2 . IREPEARER
AW S A A K i B b 7= A AR SR W, 2 —Fh
SR AT AR YRR, BA 35 B B T 0 A e
T, e RE ARG By SR L, R R AT 1 A
Bl RIS JHEE A0 5 I JI A S5 R R AR 75 225 T
i, DHREPEARRAR A B AR A SR . B4 14 pH
(8 S R B R e S0 R AR BT, R 38 & 1
TR TR, M E R BT R E
TEARR A ) 22 Fh A 7= 07 36, WK iRk BT SO
L—VEsk, By T HOK s e R, HOT A
Y0 18 BORG Bh 25 5 SO AR, TR Iz il o 2B 7
ol SR AR B EET A, B 2 AT Tl ik
AR BRI, A2 AR 1 K R AR 7 T AR SR
BEREAF AR S22 L Pl B 2E | AR RORAR . R
AR R, BMETRR ST . BORE L & A Tkl
A7 B AR SR Tl iR R I PR ) S o AR I AR
B e g ) — PR T AR, AR R AN RERS e
A SRR, 10 EL I 7 A SROBE Al 7K A A SR 7 1 2 0%
DAARTZHE . AR =0 RPN 3, 3 R IR & i
5 90%LA b, ARHIE 5 I Tl 5 D REPE AR R AR,
HATEA R T IO B, ASBEFER R AT 1
BEE, I T WA O S OK e AT R,
REVEMR R A A Tl A 2R ™ S ARl Bt e 2%

1 MRS

1.1 &tk

TR L2001, MOFrsE R L) 4358 p o B 45 2],
R T PDA &5, 1F 38°C—40°C 353 3-4 d
Ja R AR
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1.2 RF

T AEA BB LS 15 kg FOKSEHM
0.5% (LA NaClo 212 h, R)5 5 E
g1 Ho U BE S 10% 19 S0 S04k AR W D T L 101078
G, A HEE S, M 2 100°C f£$F90 min,
R, HEERIE I pH Bk, I ASER
MR B TFK, HEIERBIANEERRN, L
TR J5 2 F R L BT BE, 5 0 B AR K A
R, DUVETESOCC FHET, Mo 5l o a5 o H
BRI W Lo HEARARRNE | AR AR
Bl HEZ ARRME ARG B R F AR 4 R S5 W T Sigma
ONE] EERHEEIE E Oxiod 23], BEEHZE . 4+
PR E . 25 (MRS I 1 b 5T UG el A 4 5 77 6 1
J75 AR A F bR A URE S (R A W ks R
JIT): 14.4-97.4 kD; Ho A3 324 [ 77 434 4l
1.3 HH#HEE
1.3.1 BEFR4FME: AESSINIG R . WA RA RN
IR HIM R AR BRI OHLER Ve Ry B 7 3L L 1SP-2
BRIk | MR SR AL . MRS R
Rk 8 PP FR 3 | 38°C—40°C 15557 7-10 d J5 M%<
gk
1.3.2 I 4FME: SOk [7-81% R bk T4
AR E .
1.3.3 16S rRNA EFFFIRIME: PCR P H54):
Primer A: 5'-GGTTACCTTGTTACGACTT-3’; Primer
B: 5'-AGAGTTGACCCTGGCTCAG-3', i &1k

94°C 4 min; 94°C 30 s, 52°C 80 s, 72°C 90 s, 30 M
¥F; 72°C 8 min, PCR =¥y £ RARAE LR AL
TOA FRAF 58 B
134 RFEELBHH: WIENFLER, /£ NCBI L
{di F§ BLAST F2J% M GenBank $#i iz i 245 6 Fil
2NN 16S rRNA FrifE 751 50d, H ClustalX 1.8 i
12 P 5%t 2, M MEGA 3.1 1Y Neighbor-
joining B HERGEKEW -
1.4 RIKEEEIES
1.4.1 EFRE: PHIEFREL: EREARERRE 10 g
fERHRHE 2 g, AWM 3 g, KH,PO, 7.5 g, K,HPO,
1.5 g, MgSO,-7H,0 0.5 g, 3fIE 20 g MK ERZE1L,
1 x 10° Pa K4 20 min % .

WA R SR 5L RERKE 15 g, BERHRE S g,
H B 10 g KH,PO, 7.5 g, K,HPO, 1.5 g,
MgSO47H,0 0.5 g, MIKEAZE 1L, 1 x 10° Pa K
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20 min 451 -
1.4.2 EFEMH: 250 mL = MR 50 mL, #%
A 0.5 em® FAREF SR A K 3-4 d IR 2210k, B
LB 38°C, %3 140 r/min, 535 8 d, 8000 r/min &
> 10 min, B VI 2 A SRME BTG ) .
1.5 AREHERTEHBNE

A T it 05 1 19 I %E 2 B DNS 35 0.1 mL
UM R, AR 0.9 mL FHWkEN
0.05 mol/L . pH 6.5 #7145 FR 44 5% 1 T il (%) Jo &2 494K
H 1% HEAR R R H, 55°C KW 5 min,
JH DN'S 3210 5 A5 04030 DS i, [ B AACHREVE A v
Wy o AR BOBHEFIE 1B U 8 SUh: 8 EIRAER,
A3 Bh K i A FOME A AR 1 ol ACHE BT T A i
1.6 BRRGERZ B Bk S EE

SDS-PAGE ##18 Laemmlil'fy 5 k47, 705
JEHFE 12.5%, WAa R 4.5%, K7 FEbnifEE
F15 RS FE ) — S5 T AT e vk, B S s =
R-250 et W% TR AE 50 BB TR A I 0.1% 4
ARARKE, RAFR#E SDS-PAGE ik kg, H&
25%5E AIBER) 50 mmol, pH 7.0 BEFRZE iR AE 4°C
T2 VBRI M 25 1 B, 40°C 1R IR B I B 5 42 0.5%K1
WRoT et g BB AT
1.7 EBREEMSHAE

fiti i 244 50 mmol/L . pH 5.3 ¥ R %% ih ik £
T, YN BRI 2% RE AR AR B, i A B
fifg 1% J73K %] 10 U/mL, 50°C /K fi# 8 h, ERHEUEE, R
i HPLC AT B 790 73 B, ARRABEFE Sl &
0.22 um e I8, B 20 pL BERE T, (O
O3S A B RO 3 A (Waters HPLC); &

WA A Sugar KS-802; ¥t shAH b s 4liK; &,
1.0 mL/min, i, 80°C; /RIS [FIAS LA
AN AR FOEVERRHED) o

2 HRG4W
2.1 EHMLEB

S0 R F O W R, MR A e K LAY 4
it — ik BH B B K I BE B T TR AR Streptomyces
sp. L2001, #ERDRHATRE SR A 38°C—40°C 557 3-4 d
JERFETEN . IR MRTE R A T 25 T 22 KK
AR BT T 4 KRR SRR &, RETE
800 U/mL LA L, A0 SC6 R b X He it — AP A 7 e
B s Lo A
2.2 FTSHIE

W Bk Streptomyces sp. L2001 FE N B 22 % B K 4f,
SAERZFR, T2 A28 EE, e
R MFREAIE . . #®22kfmresmE 1
i
2.3 BEHRIE

Ik Streptomyces sp. L2001 7 8 Fhifs 375 1Y
ARGRIE 1. ZRIERZEIGFRE FAERKRL,
R FRANEE AR A, UERE RIS
B EARKEAES AR EAR . FRTEAE S
FeAEE LA RARZ FEER A6, FELRE
Frhk | HAMERA R TR IR R IR
IR — SRR RIBICE R LR A6, KX
R 22 D0 S L o e | AR IR AN SR SRS R
NGRS

1 E#k Streptomyces sp. L2001 B 22 (A) B8 FH75(B) (x 8000)
Fig. 1 Morphological (A) and sporotrichial (B) characteristics of Streptomyces sp. L2001 (x 8000)

© PEMERMEMFRITEATIEESHEESER http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



794 wehGEHR 2010, Vol.37, No.6

K1 Tk Streptomyces sp. L2001 B 3545 E F 2 K Streptomyces sp. L2001 B4 24 V45 1E

Table 2 Physiological and biochemical characterisctic
of Streptomyces sp. L2001

Table 1 The culture characteristic of Streptomyces sp. L2001

e WY HEARZ AERGER :
N? di Aerial Substrate Soluble HEIH Hig
edium mycelium mycelium pigment Test item Result
?}?Eﬁi%lﬁ%ﬁ . - ik s, = JLEE Inositel +
Czapek'’s medium H§2 /2 Mannitol N
AR R B AL -
Glucose asparagine = T Jc IK# % Salicin +
agar 874 Raffinose +
R AR IR e s
Glycerol asparagine B Ry ) X R IR *
agar (ISPS) JEH Starch +
TCHLER VE by B 77 4 LI Z4EE Sorbitol =
Mineral salt RGO e L) ¥
starch agar HEWE Sucrose -~
ISP-2 35553t 25— Melibiose 4
Yeast extract-malt ERRME REREGEE x L B% Fructose +
agar (ISP2)
SHE = 0 g H#E M +
e HEEHE WG FAE Mannose
Oat agar (ISP3) % 25 B Maltose +
R — SRR .
Gause's synthetic ] BARHE & A% Inulin -
agar Hil Glycerin +
RIS =R L2y R ) 1, HIFIBETR M Sodium gluconic +
Santa's agar
2L FLBE Galactose +
2.4 HIES(L4SAE PR H Sodium citrate +
HE Streptomyces sp. L2001 A PR A A AR AE R S BEFAR 4N Sodium succinate +
ek IR ULER 2. BAK Streptomyces sp. L2001 4= U5 SFARIRHN Sodium malate +
fo. VEMKMR . FYER AR MBE R R iy FTHRE Celloblose .
ANy B, WIRW P KR R AR S5 iy ity T Sodium malonate -
2 ] —rr e e | SR N - g =T - g
AR A AT . HEME . B UL PR HR Li{T“Am%m '
J ey r o1 ey sl ol WA Laetril -
SRR M. KR, FUBE. M RE. CEIURE. @gwmi“
" 1 odium tartrate -
FebE . BUHE. MR L. HEREE. KR I —
352y TETIN . N ™ 4 - -glucose —+
TEMT . ATASTREN . BRIAEREN . SPORIREN . LPRPAM N .
i . s o e I pRTR 4N Sodium hippurate -
PR, RO, e A, )
7 T[T 2 2 ] e L
DIRE BTRRE, TR, AR WA, g )
SR AL BRI B B AR TE, B0 CBE e wreoitone .
B S8 TN ) AT AT, X bR SRR R LB G #¥ L-arabinose _
Streptomyces rameus FEARFLF 177 i Melampyrit -
2.5 16S rRNA FHI45Hh FR#EE Erythritol _
ik Streptomyces sp. L2001 f) PCR §" 34 P~ 4 H, ZFR#H Sodium acetate +
TKEE A 2 B PR 4M Sodium propionate +
W Bk Streptomyces sp. L2001 f#) 16S rRNA & [H 1% 2 R I Tyrosinase "
BATBIT 4K 1429 bp, %5525 GU143806, TERER Amylase >
5 GenBank ZHEE T LS R FHEDR 16S rRNA 415 ff 4k Milk peptonization +

LR 3 347 Fe 8, A ClustalX 1.8 F1 MEGA 3.1
B AF AT 50 B, Neighbor-joining ¥ #) # R G & FH,

Wik Gelatine liquefication

AR £ 8 J5 Nitrate reduction
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2 E ¥k Streptomyces sp. L2001 B PCR =4 #2 ;K [E]
Fig. 2 Electrophoresis pattern PCR product of Streptomy-
ces sp. L2001

7£: 1: DNA ladder marker; 2: PCR #4774

Note: 1: DNA ladder marker; 2: PCR product.

1000 YR FfEALAHFE T4 Bootstrap {H, 4 R4 4 &5 4
e 3 fiis,

1% MR 5 KB 2 TR (Streptomyces  rameus) TE I
WA TR -4k, BSERSHN
AB184798 TR R JRMETS 99.16%. 255 TB A 4F
fiE . BEFRRRAE AR BRA AL AR ME SR 5 LU B, 0 T PR
Streptomyces sp. L2001 R 4555 14 .

2.6 BEHKESIFR

K 4 2tk Streptomyces rameus 12001 F|FHA
[F] SF R P AR SRR Ay B — B U, FERRIR G IR 5500 T
KW T d Byt AR L . X PR RRAE A 2 R R
RUEE IR, S25rh v B AN [R R R 1 AR SR BE Y
REVS R A AR RS, IF H R H A RS~
L FRA AL, M3 A, AR A RO S P
FHIRRIESR N, 6 d RBIE(E, SRIGHEA TR, Uil
DARRAE VAR R B 55T, AR MEBG I K= A 0F &R
FRBTE LB W . ioh, ANRFEARREESE S &
B 25 AR K F KSR AN AR R BE 9175 4L
Refh W2, BHE ik 842.0 U/mL; PEARAZE
WEFH IR 2, W& J1°h 781.1 U/mL; HE#d AR R
BEA IR 42 757.8 U/mL WY AR SBEBGIS J7; £oK
O K EAR RS RO & 22, 77 AR ERNG J1{UCHh
KU AN MR RWEAE R 175 5 0 T 7 B T Y
17.2%. AP AR RBEBE —Fhif S0, L6 i
FRLAD o3 WA AR 1Y 5 RV AATE IR 0L T Ak
A, T ) SR D5 ) A SR 41 B 75 Al A D 4 i A
IFHAN A T A

67 | Streptomyces corchorusii NBRC 13032 (AB184267)
60 [ Streptomyces hygroscopicus NBRC 16557 (AB184725)
82 Streptomyces chrestomyceticus NRRLB-3310 (AY999795)
Streptomyces canarius NBRC 13431 (AB184396)

29

Streptomyces sp. L2001

66 Streptomyces olivaceoviridis NBRC 13066 (AB184288)
Streptomyces coeruleorubidus NBRC 12761 (AB184841)

T Streptomyces bungoensis NBRC 15711 (AB184696)
L ﬂreptomyces longwoodensis LMG 20096 (AJ781356)

99 “— Streptomyces galbus NBRC 12864 (AB184201)
Streptomyces roseogriseus NBRC 13681 (AB184461)

_ 21,— Streptomyces spinichromogenes NBRC 13856 (AB184534)
4l L—————————— Streptomyces kagawaensis NBRC 13805 (AB184496)

42 Streptomyces cellostaticus NBRC 12849 (AB184192)
76 [ )

Streptomyces globifer NBRC 13775 (AB184472
99 | Streptomyces griseochromogenes NBRC 13776 (AB184473)

L
78 '———————— Streptomyces rameus NBRC 3782 (AB184798)
Streptomyces lanatus NBRC 12787 (AB184845)
92 | Streptomyces psammoticus NBRC 13971 (AB184554)

100! Streptomyces miharaensis NBRC 13791 (AB184482)

0.005

3  ET 16S rRNA MBI E Bk Streptomyces sp. L2001 54 B K
Fig. 3 Phylogenetic tree based on the polygenetic analysis of 16S rRNA sequences showing the position of strain
Streptomyces sp. L2001
Note: The tree was evaluated by bootstrap analysis of the neighbor-joining method based on 1000 resamplings. Numbers in brackets are Gen-
Bank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequence of the type strains. Numbers in banches are the length of a branch
denotes the genetic distance between the two taxa it connects. 0.005 is the length of scale bar.
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900  —o— Oat spelt xylan
—— Beechwood xylan
800 - _ Birchwood xylan
700 | —x— Bagasse xylan
600 | —*— Corncob xylan (Soluble)

—e— Corncob xylan (Insoluble)
500

400
300
200
100

Xylanase activity (U/mL)

1(d)

4 EHk L2001 M ARERBEARELE~HIE
Fig. 4 Fermentation time-course for xylanase by strain
L2001 with different xylans under submerged fermentation
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43.0
31.0
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20.1
14.4 —

KR Streptomyces rameus 12001 DL E KK A
Vi PR R SRR Ry 5 S R AT RO R I8 Y i O AR
SDS-PAGE K i s A inl&l 5 s, M SDS-PAGE
FEGE IS5 B o] AR B b Y, RO AN MR
AR TS SR, R 23000 14 R SR il £ 11 i
T 1 3 T it A % T o T 1 S0 < S22 300 3 25 B i i) 24
P, WHEHT(E SB)ER B, Wk L2001 DLEK
TR NV A SR Ay 75 5 00 (0 R A A T 2%
AR BBEBGE EAF . % SDS-PAGE (& 5A) AT A8 i,
X P ST T AR VR X A F IR 29 39.4 kD
M 21.1 kD,

5 EXRDARBFSEKTEITIEZ SDS-PAGE (A)FAEGIE 5 47 (B)
Fig. 5 Time course of xylanase production by Streptomyces rameus L2001 cultivated in medium containing water-insoluble
corncob xylan under submerged fermentation: SDS-PAGE (A) and zymogram analysis (B)

e M: R T EARER H; 0-6: 0-6 d PR BEW; Z0-Z6: 0—6 X R 14 A MR % 7347 .

Note: M: Low molecular weight calibration kit; 0—6: The culture superna
zymogram of the culture supernatants after 0—6 days of fermentation.

2.7 ARBHEEGKEEFY

5% 25 1 (Streptomyces rameus) L2001 TEFEIR A&
BESAE T, AR IR SR 7 R R MG . 124 Mk,
[l PN A0 347 o L 30 i 5 B T 7 AR AR SR Il 1) AH DG 4k
16, BT, P OE R R R RS K2
AR, WA (O 4E B (Streptomyces  albus) 754K
B OWE RS S AL A 45.66 UmLM™ i BBk
Streptomyces sp. L2001 AL~ fig 775, i HH:
il B A BT W K R PE o R R R T R SR N Tl
7£ 50 mmol/L , pH 5.3 #FIE MR & A R T, /KT
L 2% I HEAR AR RBENR Y, 775 s R i 6 fir
7N o TEEEAIK s A v Wy v LT 30 Rl s K,
AR W5 2 AR TS & 20 AR R L, R R AR
W AR =00 B R0 L A9 — B K e o ) S T 3 A

http://journals.im.ac.cn/wswxtbcn

tants after 0—6 days of fermentation, respectively; Z1-7Z6: Xylanase

W
S
ILIIIIIILS
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N

(=}
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L2777

 VAVAVAVAVAVAVAVAD.
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(=1
KX XXX XX

[]

[ %3
(=}
-

composition (%)

—_
(=1

Xylooligosaccharide

>X5

6 Bk L2001 AR EFEESKAEMEAR AR TR HEZ PR 4R A
Fig. 6 The xylooligosaccharides composition from birch-
wood xylan hydrolyzed by the xylanase from L2001
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PLK st 6] 1 h i 7= 8 28 HPLC A 45 5 ] f51), 7K fift
PP OR B (22.9%) . R B (49.7%) . K PO B
(20.9%) 3 PP ERME S 2 Z AR 93.5%, TMiX 3 Ff:
R SR 389 Ay R AT T 1 B A5 R B d, 2B B R
AR SR MERN S, PR 03 T ol 2R P IR
AWE, TEA 7 i B Re A SR T T 2 A AR Y
o A {E

3 4w

ZILABFRAE . REFRAFAE . Az BRA AL RRAE 7 5]
G0, HAT B R E TR R TR L2001 W24
TE N RBE TS (Streptomyces rameus) . FARF]FH E K
WS TK AN A B R A e e 2 7= A AR 43 T 24
4 39.4 kD 1 21.1 kD PYARRNERG, KBE 6 d B EE
JIAT 35 842.0 U/mL., BEkk L2001 Fif = A SO g ) 7K
R REPE RS, FLAK R MEAR AR RME I 7= Py T AU A
A, T E AR R R = BOK DU B 2 A
93.5%, %M 53id TR AR Tolkfe A==, Jt
FIRTE 5 b JoT D) RE PR AR SR A 9 26 7= 0 Tl A AR &
R 1 R A

2 % X M
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feitH SR

WX PIHHERTLE RT]E
AR AT I 55 B R AT (OR TAERR B G — 3671 THE AL A i ) AR, T SR LR B A5 54 [ R R M
Jey kA i CREAEAL ) GB3100-3102-93 ST o FAALAT 5 2 JISE /NG (IEAA), A Fe v RS ST 5 R4 7 18 i . B A

T R BARAF S A G, FRBEESIRIT.

Al HH d; /e by 2050 ming BV s SRR

W ] mol/L, AHI M (30 T AN N CH IR ) SR VR L 0 o

W : ] v/min, A rpm.
FEIRES: H Pa g kPa. MPa #/n.
St 1 oD (BHA)FER .

YRS Ty TR BB D kD, B bp 5L kb ER .
P 2 Hh B (L A B B W B AT S R RV, B T E MO AR S 458, fln: ¢ (h) (GRoRIHE], FAR
ANED) o P EUE AT B THE SRR RE A I, BRECT 2 A — 23 A% (%BRAP), B0 20 cm x 0.3 cm, ARAET AL 20 x

0.3 cm; 3 °C-5 °C AA[ B 3-5 °C; 3%—6% A il B i¥, 3-6%%%
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