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Characterization and Xylanase Productivity of Streptomyces sp. WL-2. Lee, Eun-Hee, Chang-Jin Kim',
and Ki-Hong Yoon*. School of Food Science & Biotechnology, Woosong University, Daejeon 300-718, 'KRIBB,
Daejeon 305-600, Korea - A strain WL-2 was isolated from soil as a producer of the extracellular xylanase,
which catalyzes the hydrolysis of oat spelt xylan. The strain WL-2 was identified as Streptonmyces sp. on the
basis of its 16S rRNA sequence, morphology, cultural and physiological properties. The xylanase of culture
filtrate was the most active at 60°C and pH 6.0, and retained 90% of its maximum activity at range of pH
4.5~6.5. In order to optimize the culture medium for xylanase production, ingredients of G.S.S medium were
replaced by several carbohydrates. The carbohydrates such as a-cellulose, oat spelt xylan and maltose
increased dramatically the xylanase productivity of Strepromyces sp. WL-2. The maximum xylanase produc-
tivity was reached to 120 U/ml in the modified medium containing 1% a-cellulose and 1% maltose.
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Trichoderma reesei[ 18101 2|8 AAFE xylanaseZ} We]
FHglom, B3] T reesei= xylanase?] JAbA o] =2 7
oz ok}, vkl M= Bacillus®t Clostridiums T
F2 FAo 2 tjoksl EAe] xylanaseZ} WZAE 2 [17],
xylanase XA ANZ3E B, subtilis7} =L ot g
Streptomyces albus[1], S. lividans[7], S. galbus[8]%} S.
halstedii[14] & T Streptomyces sp. ¥-=1F(3, 5, 11]&
A2 xylanase2] F31AF, &, AR B Azg FF
o} AzF Hhol oFt Q7o FE] AgH. B AT
dME = EoFe2 FE xylan F3FHe] $p3t wHAIT
& H2)3le] o] F FTAFL xylanase Al B A wiA]
459 gk Akl : :
Mz o 24y

DjYE2| ikat ALZHEX|

ukd o] Balslr] 213k vA| 2% humic acid vitamin 3
sl A] (humic acid 1.0 g/L, MgSO4 - 7TH,O 0.05 g/L,
Na,HPO4 0.5 g/L, FeSO4 + 7TH,O 0.01 g/, CaCO; 0.02
g/L, KCl 1.7 g/L, thiamine-HCl 0.5 mg/L, riboflavin 0.5
mg/L, niacin 0.5 mg/L, inositol 0.5 mg/L, pyridoxin-HC]
0.5 mg/L, Ca-pantothenate 0.5 mg/L, biotin 0.25 mg/L,
aminobenzoic acid 0.5 mg/L, cycloheximide 50 mg/L,
nalidixic acid 50 mg/L, agar 18 g/L (pH 7.2))8 AMH&-3}
o BB E Aejrld gl dEtsle] =t § 28°Cel
A 747t wieFalsith. Xylanase AN S A7) $18iA]
= GS.S wlA|(soluble starch 10 g/L, K;HPO, 0.25 g/L,
soybean meal 25 g/L, beef extract 1 g/L, yeast extract 4



g/L, NaCl 2 g/L, glucose 20 g/L, CaCO; 2 g/L(pH 7.2))
2 7Rl AMgsled 1 AR MBI WX E Ags}
Aok HFH R A AYARS HiA A3 viRQl GS.S-
la2] GS.S-1XE= GS.S wix|AdE F soybean meals 1%%
3} soluble starch YAl 1% a-cellulose =¥ 1.5% oat
spelt xylang 7247+ 2718k wiA| ol

=2|2F 83

HaldFe FA L Bergey's Manual of Systematic
bacteriology[6]¢} International Streptomyces Project (ISP)
MR (15, 19]1] E3hed AAlEldet. miF 542 AR ISP
vl o] whz} ISP ¥ T x| (Difco, USA) No. 2, 3, 4, 5, 7
%} glucose asparagine ¥l z] W Bennett 3Hu)=] o A
F 5 28°CM 79, 149, 219 AR SRl A,
a7 R AR TR A A T R
ghd i A f7E AN e o] $A2
arabinose, xylose, rhamnose, fructose, sucrose, inositol,
mannitol, raffinose 52 Y7etAa.02 #7}8 Bennett 3
ghal Aol wiokst F AAAEE vlwste] AAsldv &
glaFe] JeH A2 A AR, TR, 23}
3% Fo #EE T3 AAEG o AT
oatmeal TR Z o]-8-5led 28°CellA] 21U 7F vt F-
= |

=
)

165 rRNA REX H7 (M 24

F2] 9] 16S rRNA §37F 93-S FHEL A3k
(PCR)®Y &3 ZFs17) sl Al2] 16S tRNA 4 #12]
BEH 299 ¢971449 5-TGCCAGCAGCCGCCCTA-3'
(Escherchia coli 168 rRNA F-4A} |G7|A1€2] 515~531 #]
), 5-TTGTACACACCGCCCGTC-3(£. coli 16S rRNA
A2 G714 92) 1389~1406 A1) primersZ ARS8}
o, Streptomyces sp. WL2ZFE EE]g & A A
DNAZ #3522 AM3lgich. PCR ¥R template DNA
(20 ng), 10 mM Tris(pH 8.3), 50 mM KCI, 1.5 mM
MgCl,, 0.2 mM each dNTP, 50 pmol primers®} 2.5 U
Tag polymerase® FAJ3lo] 94°Cell A 30%, 55°CellA 30
Z, 72°CelAM 5027t HH8-8 303] whEsle] 16S rRNAS
F =31 DNA DS 553190} 553 16S RNA
Az dHE A7 Est] FE3 F FFA AL
oligonucleotidesE primers2 AHS-8te] F7|AM QL AA s}
At

Xylanase =& 49 H|=

B FES GS.S A HEshe] 28°Cel A 49 Bk A

e} u kgl ¥ YAl RE)ste] A& wiokgsdS ddle
SFAFE=Alo]| 15~70% ammonium sulfateZ 223} 12,000
rpmeflA] 305 E<t WAlEE] g 5 FAES F3k] 20 mM
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sodium phosphate buffer(pH 6.0)el] *°]3 5 bufferell
Tl ZEAN S Al ZHH

Xylanase &4 &%

Xylanase 42 oat spelt xylanS 7| A2 dfo] &4 uh
< Zo) fulgl IS 3,5-dinitrosalicylic acid(DNS) #
H[13]1e2 o33} o] AFghozy A SHT
o #ekAZl 1.0%(w/v) oat spelt xylan €8 0.5 mi} 200
mM sodium phosphate buffer(pH 6.0) 025 mlE &4
4o 0.25 mieh £k 50°CelA 158 F< WhEAI3 T
. DNS Al®F 3 ml& #H7bste] 9b&-& AAAI L FEe =
oA 5B FF WAFte] WAL F 540 nmel| A FEE

240 o] E glucoses EFAIRE AME3le] T =
stoll A} AA| A ZAReE 3 vlughe =y fel™
sheltdo) okS AAsldrt. E4 FAHE 1.0 units 9 =
At A 18 B¢t xylan®Z FE] 1 umol®] xyloseol] A
S BAGE A3 ALY ko= Ao
Xylanase Aol #)x|= WhE &= 9J3kE A 9
dlo] 30°C~70°C7HA1S] Lol ZH2h A A4S EA)
Aqow, FAell wX|= pHO o8 delir] $lsiM= pH
3.5904 pH 10.07F<12] #$]ellA] xylanase 84S Zb2 &
Aslodet.

% 2,

o X ¢

23 o o3

Xylanase dikaFe| it SH

chekgt Bl A e A 8F A AR 345k
humic acid vitamin 3 i x]e]] =2-s}31 28°Cell A 7L 7}
meFsldct. et M2 o2 ZleE ddEs asRe] W
A F2EUE GS.S 57 Aol HEste] 28°CellA 5
AZF At wiekste] A2 wiFFsA & AME-Ele] oat spelt
xylan®] F3|&A-E ZAMSIIEr. o Ad o] FEFTE
xylanaseE Akl o2 #ERIFG 2, olF F oat spelt
xylang Faste] 72 ARshes A2 Ad xylanase .
o] Aol & 5 WL-2EF A3t

Al WL-29] el EAS AR 23 Fig. oM B
= vbe} o] Al 3l wjm e Aol 1 3
7)1 0.7~0.8x0.8~1.0 pme|sivt. EAR= 10~207] o]de] <
x|} AMY FE2E o|Fx AR IIFUT. WL-29]
v s 5448 Felsly] sl ISP MRS E3sE 9%
B x| A 2] AR, 7| AR A, wijEe] A 8-
Aol A 58 I3 A=} Table 13 2] glycerol-
asparagine®} tyrosine x| E- | 2|8 L wiA|M T
o} Aol fmslgiet. 84 NAE AAEHA] o, F
2o o] A 22 3PS g3 F2y] wim > wiA
o wpe} xpol7} olsiet. E3F Feld WL-2% 35°C o432
S EME lelR] E3le] Ot 10°Cel A 30°C7HAI = A A
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Fig. 1. Scanning electron microscopic photogram (1.68x10

fold) of the isolate WL-2 grown on oatmeal agar medium for 2

days.

Al Ao e} A 2ol|A A sl BAS VepiglH

WL-2 52 A2|sbebs 5492 a3 A3 Table 200
Al Bolutel zho] &hx|fre} A Fe] 74l 5S Helr &
AHE AT Ao S FlE L melanoid HAE A
AskA] ookt =3t ZHE whepslE-S 1%} H 25 Arlsl
w22} o] F H7bekA| 2 wiA|AM Felie] AAAHES
v A3} WL-22 o 43237} cellulose A 9]3 o1
T 2 o A o]g3lgi). sk Helare] Al
Fdof #£2)38= diaminopiemelic acid?] FHE TLCE &

Table 1. Cultural characteristics of Streptomyces sp. WL-2.

3 FAM3Ek Ax) WL-22= L1329 diaminopiemelic acidS *]
Y32 glo] Streptomycese] d-FE I}, =3 PCRZE
ZE5 1494bp 2712 16S RNA A7 97144
(GenBank accession No. DQ167410)S- 7 # 8l BLAST
ZAb L2733 % F NCBI databases} ¥ 23 A=
Streptomyces%s T-(GenBank accession No. AY996829)2}
99% ol fAtEE Moot

Xylanasee| HHS %

Streptomyces  sp. WL-22] wjFAE S ammonium
sulfate® #-F3}e] 4L xylanase TEAMNE ARE5lo] oat
splet xylan®] 7}~i3] Whg-AdS ZARIICE uhe-2=9) pH
g 2ej3le] xylanase F4S SAHToZMN w29} pH
HAEA | v A= 33 ZALRE AT Fig. 2004 e}
vkel zho] uk-g-2-% 60°CS}t pH 6.001A &) EAEA
Hgdom pH 4.504 pH 6.57FA12] W Hellx 90% oA
o} 84S et Srepromyces sp. K37[1113 S38[5]¢]
AJAFER= xylanase®™ WL-22] FA9} 5U3E 7oA 0
S Hol= 7o g ¥yd vl glow S galbus NR[8]
2] xylanasex= HHg- A 227} 50°Ce] 2, Bk-§- & pHE
S. albus{119] EAe} T3 6.52 deizich wepr oF-
29| Streptomycesd 57} WA= xylanase: $AIF-Z
o) pHellA} Eagol ok A% ok 4 ek g WL

29] xylanase & AM-2 para-nitrophenyl-p-xylosideE

tlo & 3 df

Media Growth Aerial mycelium color Reverse side color Soluble pigment
Yeast extract-malt extract agar (ISP No.2) Good Gray Dark brown None
Oatmeal agar (ISP No.3) Good Gray Dark brown None
Inorganic salt-starch agar (ISP no.4) Good Pinkish gray Dark brown None
Glycerol-asparagine agar (ISP No.5) Poor Light gray Light faint yellow . None
Peptone-yeast extract-iron agar (ISP No.6) Good Gray Faint yellow None
Tyrosine agar (ISP No.7) Poor Light gray Poor None
Glucose-asparagine agar Good Gray Brown None
Bennet®°s agar Good Gray Brown None
Nutrient agar Moderate Gray Faint yellow None

Table 2. Physiological characteristics of Streptomyces sp. WL-2.

Unit character Description Unit character Description
Melanoid pigment i Carbohydrate utilization
. D-Glucose +
Soluble pigment - .
. . L-Arabinose +
Coagulation of milk +
N . D-Xylose +
Peptonization of milk - :
. Inositol -
Hydrolysis of starch + .
Hydrolysis of skim milk + D-Mannitol -
yaroly D-Fructose +
- +
Cell chemistry L-Rhamnose
Diaminopimelic acid LL type Sucrose i
Raffinose +

+, positive; -, negative
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Fig, 2, Effects of reaction temperature and pH on the xylanase

activity. Temperature profile (-@-) was obtained by measuring the
xylanase activities at pH 6.0 and different temperatures. The

reactions were done at 50°C and various pHs for determining the

pH profile (-O-). The following buffer systems were used: pH 3.5
to 6.0, 50 mM citrate; pH 6.0 to 8.0, 50 mM sodium phosphate;

pH 8.0 to 10.0, 50 mM KCl-borate.

38} Estg = o] Z X}l Streptomyces sp. WL-2% B-
xylosidaseZ A 2|2 AR Zdle= 70 E oI 7%

G.S.S HiX| Mol w2 S ik

GS.S WA E 7]5 x| 2 Slod xylanase Aol m]=j=
WA 2AE A3 e A oAt uhE Ba A
A3 S ZA BTt Strepromyces sp. WL-2 #FE GS.S
vfR)el] Z3le] 28°C, 180 rpmS2 baffled flaskell A #et
wfekslm A wjokAbEle)] EA)sl= xylanase?] FAS =3
g Az} wjoF 4ol Eh WARel 71 =9t} GS.S
WA S ojud gk AJRe] xylanase®] AM3 & S
u)x)=7} 2A1517] ¢ GS.S wiAA R F SR RS A
Azt wizell WL-2 8575 27 447 wieksted vl g5l
o F48AS 2435l9E 9 soybean meal F3= soluble
starch® A 2|8}k vl x|o|A] xylanase /o] 7Faslodrt. g
glucoseZ AA8IAE W= LA o] FA Fasisdedl
ol 2] AAkel Ao dolubr] Kt WlEo=2 ElFT

ul2lA] GS.S. ¥iAAE Z soluble starch®} soybean
mealo] B4 AJAtel] Fog AAE-O 2 AFo] v AL
TAB}I o] & A2 HUE A 0~5% W 2E7
wjlellA EA AEE AESIS 2 A9 7R AR
A4 1%T A7 S o 7P &a AR o] Egken,
0.5% °3F == 3.0% °o)d& A7Fisle He & YA
ol 1% A7FstalE it 50%e = A A Xshdv
Soybean meal®] Z-+-= 1%5 H7siE o 7 E4 A
AP o] ok 7 AR fAket S o oA
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Eoa] 2= S lividanss peptone®]t} soybean meal©]
a4 PAKE A 7P HeE B vt gloT]

Xylanase &ttdoll OlXl= 1A} B-&tEo| 98

1) w| g Eell A ThRR Rl EAE vk F sl
o osll 1 AAabAdo] °38ke WH= 73§} wher, Swepromyces
sp. QG-11-30] F84R-°2 WU7|23} eucalyptus kraft pulp
= gR-at Z3ulA| oM xylanase A ] 2 o R oF
A3l 2322 1% soybean meals 3 GS.S
(GS.S-1) wi=]e]] soluble starch TEi= 7 ¥j41 arabinoxylan,
filter paper, microcrystallin cellulose, oat spelt xylan, %
A, W71, a-cellulose® 1% 22 2l #H7iste] wiokst 5
xylanase A& ZAFslgoh 2 A3 oat spelt xyland}
a-celluloseZ- 713k v z]ellA] &AM 0] soluble starch
= Arlslig diet o el A= e, &S
A7 e ASoll= o 50% Ax S8 AL, A ¢
= b4 zrAslgl e BolstA BlAE Hbsi S o
xylanase®] AJAkA o] FAF] Fhasled 7o) AAIEHA] ksket.

webx] mjA W a-cellulose®t oat spelt xylang] 3 7}afo]
Streptomyces sp. WL-29] xylanase AJAH3o) v)xj= oJ3kE
AEFGT. GS.S-1 HAS hxF2 3)aL 718A AR o
4l a-cellulose ¥E3= oat spelt xylan®] 5=5 2t 223}
of H7hgk YA iAol xylanase®] A S FAbsE A
Table 3ol vebdl wle} zrol o-cellulosed] 7-$- A7}eFo]
1.0%3] wiz|ellA] A AAbd o] 71 ghem Fa AAk
Z7b= 2T gufoll ket oat spelt xylan®] 73-5-l
E 1.5%2 A78I0E o dhz7e] oullell Hehe RavH A
azbeis

S. halstedii IM82] xylanase A Exwdol o) A

Table 3. Effects of various amounts of oat spelt xylan and o-
cellulose on the xylanase production.

Addiional — Amoune Y
0,
carbohydrate (%) (U/ml) (fold)
None 8.5 1.0
0.5 399 4.7
1.0 67.7 8.0
a-Cellulose® 1.5 63.7 7.5
2.0 50.1 5.9
3.0 36.2 43
0.5 26.6 3.2
1.0 58.0 6.8
Xyblan 15 77.3 9.1
2.0 40.4 4.8
3.0 29.7 2.1

*a-Cellulose was substituted for soluble starch of G.S.S-1 medium.
®Oat spelt xylan was substituted for soluble starch of GS.S-1
medium,
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Table 4. Effects of maltose concentration on xylanase produc-
tion.

Xylanase Relative
. Maltose* . .
Medium conc. (%) production productivity
AP (U/ml) (fold)
G.S.S-1 0.0 8.5 1.0
0.5 11.0 1.4
GS.S-1e 1.0 117.3 13.8
2.0 47.9 5.6
3.0 17.9 2.1
0.5 99.4 11.7
GS'S-1X 1.0 105.4 12.4
2.0 45.0 5.3
3.0 19.6 23

*Maltose was substituted for glucose of both G.S.S-1a and G.S.S-
1X medium.

Ak keld Qlei[14], A1e) Azl 2risked 7184 A
F-& AAs GS.S-1 wiAlel] 718 AR-E AAlste] 1% o-
cellulose(GS.S-1o. Wl A]) ¥E4= 1.5% oat spelt xylan(GS.S-
IX WA BN WAE BT B3 GSS- WA
Q Tk Al B, o1, olehvlies, et enS 2%t
1% A7}k vl Aol A WL-22) xylanase AM & ZAFSFS
o} 2 Az Qg wiRlel A71sE # xylanase A
o] 714 Z7kgheh= Aol Eelwle] ] Arieks de
slo] B A S TAMSIAEE. Table 4ol RQlupel Zro]
odde] vkl wiel Ea4 Akl 2 Zol7t e A&
o 4= glom, ddo] 1%} A7 wiRleM A Ea A

120
100 |
80
60 |
40

20 |

2.0 25 3.0 3.5 4.0 4.5 5.0 5.5

Xylanase productivity (U/ml)

Culture time (day)

Fig. 3. Xylanase production of Streptomyces sp. WL-2.
Streptomyces sp. WL-2 was grown respectively in G.S.S-1 medium
(-@-) and its modified media, G.S.S-1a (-¥-) and GS.S-1X (-O-)
containing 1% maltose instead of glucose at 28°C with vigorous
shaking. Xylanase activities were determined with the culture
filtrates.

AHA o] =gkt a-Cellulose & &8 iAol A& A%
(1%) A7kl &3 F4 AAke] F7F7} oat spelt xylans: 3
f3k iAo A B} Egkom tfzTol vlE] oF 14w F7t

stk

HHFAIZH0ll [HE xylanase 44t

otof| A] A%l wiR|el A Streptomyces sp. WL-29
xylanase 2§43 & ZAFSH] 93l A7 1%E 244 T3
G.S.S-l1o MA9} GS.S-1X wiA]ol] WL-2F A E3le] 28°C
oA} 597t Rleduekalm A woFA| kel whE wi R g o
xylanase 43S EA8IITH(Fig. 3). wiskAIZke] 108A]7ke]
2 w7bA] wiekl o] xylanase ATl F718l91 2 11 o
Fofli= o7} ZHAsle 7102 Vet o) xylanase ABAF
AL GS.S-1X WA el A 100 U/ml, GS.S-1a ¥l Aol A=
ol B} o] &2 120 UmlE gel= gl

ol 23 EA& MA L st ALY LE oat spelt
xylan} yeast extracts -3t wi|ol|A] xylanase | AYAH
o] 12 U/mlel 8. albus ATCC 3005[17 vl w9 &2
Holc}, w8} Srepromyces sp. QG-11-3%= A u ol 2] oF
80 U/mie] EAE AArsiA|qE, TAluiA] M= A A
o] oF 200 U/mlE Z7}5vh= Alalo] Hug) vl glovwe
[3] Streptomyces sp. WL-22] TAlwie} 27& HES A4
xylanase?] AAMS o ST % 9l ZloR ARIH.

o ok
I =

Eofo 2 E] A ELZ xylanaseE F0] AYAFSH= WAT
WL-27} Fej=gl e, Belide] 16S rRNA 714197 3
e - wjek - Ae)A BEAS ZARE AR Srepromyces & I
F2 FlH it EelFe] w5 S8 xylanase
= pH 6.0% 60°C) ¥Rg-ZA oA wk-g-Ado] 71 Eorow,
pH 4.5~6.5 W9l A Hf B 90% o] S vretwlet
Xylanase®] Ak 9131 wiA1 S HA38)7] £181M GS.S Wi
AREE o 7] eeEEE RAsTE a-Cellulose,
oat spelt xylan#} R} 22 bp3l2-2 Srepromyces sp.
WL-29] xylanase A3 w43] 71712 Zo= &3l
H 9}, a-Cellulose(1%)2h RF(1%)E -3 HFu=]ol
A} xylanase®] FuAAMAe] 120 UmIE El= gt
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