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Pearsai Khaibuddee 2014: Production, Partial Purification and Characterization of
Xylanase from Streptomyces mexicanus 901. Master of Science (Biotechnology),
Major Field: Biotechnology, Department of Biotechnology. Thesis Advisor: Associate

Professor Mangkorn Rodprapakorn, Ph.D. 92 pages.

Streptomyces mexicanus 901 was thermophilic actinomycete isolated from waste water in
paper industry and growth occured between pH 5.0-9.0. When actinomycetes were grown on
different medium it was found that S. mexicanus 901 grew well on ISP2 agar. Enzyme production
of S. mexicanus 901 on agar medium containing with 1.0% xylan, CMC and starch were
investigated. The result found that S. mexicanus 901 could produce xylanase, CMCase and
amylase. Optimum condition on xylanase production in ISP2 medium with various agricultural
waste as carbon sources at various concentrations (0.5-2.0%) was studied. The maximum level of
xylanase production by S. mexicanus 901 was observed when used 2.0% corncob as carbon
source at initial pH 7.0, 50° C in shaking condition at 250 rpm for 5 day. Crude xylanase was
partially purified by ultrafiltration and gel filtration chromatography. The result showed that
xylanase was purified 6.41 fold. Partial purified xylanase exhibited highest activity at pH 5.0 and
50°C. Stability was high at pH range 3.0-6.0 and 30-50°C. Xylanase activity was stimulated by
10 mM Mn"" and was inhibited by EDTA. The inhibitory effect of EDTA indicates that metal

ions are needed for xylanase activity.
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f3: Kuhad (1993); Howard et al. (2003); Kuhad et al. (2011)
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a a I . ] A a A v
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Dextran Sephadex G-50 1-30
Sephadex G-75 3-70
Sephadex G-100 4-150
Sephadex G-150 5-400
Polyacrylamide Bio-Gel P-6 1-5
Bio-Gel P-10 5-17
Bio-Gel P-30 20-50
Bio-Gel P-100 40-100
Bio-Gel P-150 50-150
Agarose Sepharose 6B 10-4000
Sepharose 4B 60-20000
Sepharose 2B 70-40000
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3199 3 ﬂmauu‘”ﬁmaﬂcﬁmmﬁmﬂ Streptomyces species

Optimum
Microorganism Xylanase =~ MW (kDa)  Final purification step N pl Reference
pH Temp ("C)
Streptomyces sp. T7 = 21.8 Sephadex G-50 4.5-5.5 60 7.8 Keskar et al. (1989)
Streptomyces sp. Tb - 30 CM-Sephadex 6.0 50 N.D Bajaj and Singh (2010)
S. roseiscleroticus - 22.6 Bio-Gel A 6.5-7.0 60 9.5 Grabski and Jeffries (1991)
S. rameus 1.2001 - 21.1 CM Sepharose 53 70 N.D Liet al. (2010)
Streptomyces sp. 3137 X-I 50 5.5-6.5 60-65 7.1
X-1I-A 25 Bio Gel P-100 5.0-6.0 60-65 10.1 Marui ez al. (1985)
X-1I-B 25.68 5.0-6.0 60-65 10.3
Streptomyces sp. EC10 Xia 32 7.0-8.0 60 6.8
X 22 Sephadex G-100 7.0-8.0 60 8.9 Lumba and Penninckx (1992)
X, 21 7.0-8.0 60 52
Streptomyces sp. A451 xyl I 22.8 5.6 50 8.6
Sephadex G-75 He et al. (1993)
xyl II 33.1 5.4 50 8.9

Ic



M351990 3 (AD)

Optimum
Microorganism Xylanase =~ MW (kDa)  Final purification step N pl Reference
pH Temp ("C)

S. cyaneus I 37.5 8.0 72 5.1

II 34 DEAE-Sepharose 6.5 65 5.2 Wang et al. (1993)
11 45 N.D N.D N.D
S. thermoviolaceus I 54 7.0 70 4.2

Sephadex G-75 Tsujibo et al. (1992)

OPC-520 I 33 7.0 60 8.0
S. actuosus A-151 FI-A 30 5.0-6.0 70 N.D
FI-B 45 5.0-6.0 60 N.D

CM-Sepharose CL-6B Wang et al. (2003)
FII-A 26 5.0-6.0 70 N.D
FII-B 20 4.0 70 N.D

=< n Y~ 4
WMEIHE N.D (not determined) 11809 T lagimsszay 13

C
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6.4. ianlas W3 Fe (electrophoresis)
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Beef extract 3.0 N
Peptone 5.0 NI
Agar 15.0 bty
Distilled water 1.0 ang

. Y
1.2 Berg’s medium sznoune

NaNO, 2.0 AW
K,HPO, 0.5 AW
MgS0,.7H,0 0.2 AW
MnS0,.H,0 0.02 AN
FeSO,.7H,0 0.02 N3y
CaCl,.2H,0 0.02 N3y
Oat spelt xylan 5.0 N
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1.3 Yeast extract - malt extract agar (ISP2) UsznpualY

Yeast extract 4.0 N3N
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Glucose 4.0 N3N
Agar 150 N3N
Distilled water 1.0 ans

YSuies it 7.0



1.4 Oatmeal agar (ISP3) Usznaume
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Trace salt solution
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Ysufieylvtiiu 7.2
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FeSO,.7H,0
MnCl,.4H,0
ZnS0,.7H,0
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o

20.0 NIU
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1.0 ang
0.1 N5y
0.1 NSW

0.1 N5y

1.5 Inorganic salts-starch agar (ISP4) Usznouale
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K,HPO,
MgSO,.7H,0
NaCl

(NH,),SO,

CaCo,
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USviies iy 7.2

1.0 N3N
1.0 N3N
1.0 N3N
1.0 N3N
20 AU
20 03U

1.0 yaaans

1.0 ang
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Glucose

Yeast extract
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Distilled water

YSuieslfiu 6.8

1.7 Xylan medium

1.8

Xylan
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KH,PO,
MgSO,.7H,0
Ca(l,
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CMC medium

Carboxyl Methyl Cellulose
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KH,PO,

MgSO,.7H,0
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150 A3y
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50 N3y
3.0 NI
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20 AU
0.3 N3N

0.3 N3N

150 N3N
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50 N3
50 N3
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0.5 NJu

150 n5u
1.0 ang
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[ Y I
Usuer iy 7.0
Y] d o v A ia d
2. e dmsudmaizyinanssnva el @152 Sorensen buffer
a ] 4
2.1 @rsazaresasniies

an Y 9 a a 14 @ a a
71902078 A: @15 2A1UNTAGANUNIY 50 Nﬁaiﬂﬁ’lﬁ L@%ﬂﬂiﬂﬂ"]ﬁﬂﬁﬂ%@ N

@ %l o 9 [ I a
10.51 5y azareluinauuarlsulsuesilu 1 ans

= Aa A a S A ] =
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NANEITATANY A 1A B MUAIND¥NAINT
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' Y ' A
Taesala Imdeulalasnuroaa 13.40 ndu azareluhnauudlsudsunasdlu 1 aas
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1.3 a1302a18 glycine-NaOH U103

a A 4 @
A13aza1e A: 810aza18 glycine-NaCl Anuidiudy 50 Jad lua1s wsoulao 4

= o = s o ¥ o v o I a
llﬂa"]fu 3.753 N3y Llagiclﬂﬂﬂuﬂﬁﬂllﬁﬂ 2.92 N34 aza'lf.l‘luu?ﬂau&la]ﬂiﬂﬂ%ll'lﬁﬁlﬂu 1 aag

4 Aa A I'4
myazale B: asazare Isaen laasen lodanududu 50 daa luas wieulag

] 4 i
“If\‘]j“lflat’mulﬁﬂiﬂﬂulcﬁﬁ) 2.0 N3 azawcl,uﬁmauué'aﬂiuﬂ?umuﬂu 1 a3

NAUETAZANY A 1A B Ui rNa0In s
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a d
1. MmInaaeuANNEMTalUmMHaney 4]
~ = 9
1.1 MInseuddon
1.1.1 @13a2a18 Congo red AU 0.01%

[

Congo red 0.1 NIY

Y v
UINau 100 Uaaans
a2a18 Congo red 0.1 n51 Tuinaulsuas 100 aqanas
1.1.2 asazane'le lodu
Crystal’s iodine 1.0 N3N
Potassium iodine 2.0 NIV
9
Wnay 300  Yaaans
fazaY Crystal’s iodine 1.0 ASY A2 Potassium iodine 2.0 5y 1t u Tag
1 Aa 2 & =\ A aa A Y XK Y < 9
Avee NN NIUNTIATATY 300 adans e ldkanazateviue MIMiuNUAITazane 13
4 1% < 1 o
Tuwads otlosnuua dunulinusuasazaretamase luadsiianly
1.2 MsmuIum Hydrolysis capacity (HC) aatiad11910 Lu et al. (2005)
a 4 1 a 1 [ ]
anuansa lumswaaeu laduaazatiassnunasyluglvesdnsiain
] 9 1 k4 1 ~ Y 1 J IS . .
seunuauruguananaulaseulnlatinerduniugudnaialalail (Hydrolysis capacity;

. o 2
HC) Tagmuianail

. . Y ' J J A A A
Hydrolysis capacity (HC) = taurugudnanaiulasoulalail (Waamwng)

1 o a A
idurugudnatsinladi (Haawas)
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a da
2. msam‘nzﬁnﬂnssumm"lmmma

2.1 MIMsguaITazale Dinitrosalicylic acid (DNS) aauasn191n Miller (1959)

3,5-Dinitrosalicylic acid 20 N3N
Sodium hydroxide 32 bty
Sodium potassium tartrate 600 bty

' Y Y
Taeq 3,5-Dinitrosalicylic acid 20 N51 aza1811 500 Yaaans MNUUAN Sodium
4 o a aa Y Y a . 4 o
hydroxide 9113% 300 Hadansaely auldila udnesq 1Ay Sodium potassium tartrate 314U

[ [ %l < Aa aa I~ 4
600 n5u YsSuasaeinauliasy 2,000 Haaaas taznulunia
- y
2.2 mamsounsmlasgiuvesiima leTad

~ ' Aa Yy 9 ' o
mﬁﬂﬂﬁ]’]ﬂﬂ’]ﬁiﬁﬁ’]iaZﬁTU hl“b'jﬁﬁﬂﬂﬂ’l’]ﬂlﬂlﬂﬂlﬂﬁgﬁ'NQ 0.0-3.0 “llIIﬂi NTNAND

a

Uadans U513 0.1 Tadans aaluraoanaaoadauslueunIuanguuginso sermuaaded

o =t

w1 5 Wi ududuaisazate DNS 0.2 Haaans i ldduuu 5 i udmgal §iseniui

] v Y < Y & A aa Y Y o 2 ¥yl A Ay
AIYNTITLY ULV NUHAVUUINAU 2.0 UAAaNT Wﬁileh’ilel']ﬂuuagﬂ\ﬂﬁlﬂi‘lﬂQﬂlﬁﬂﬂﬁ@ﬂ

U

e

ihmsazane liliammsganaunaesianuenay 540 W luwes hamsganauudsn e
= 1 [ = Y 9 [ 1
AU INTZHINAMIMIgAnAuIaIazANUdNTuYesasazate lxTaa (lulasnsuae

any)

L))}

ia
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1.0

Absorbance at 540 nm

0-0 T T T T T T
0 500 1000 1500 2000 2500 3000 3500

Xylose concentration (ng/ml)

' 4
Mupni v1 nslinasguianalelad
2.3 msannnanssuve leanua

a Ia [ any
MI AN NINTIVVO lyatua Aau1ladninIzued Saleem ez al. (2009) Iag
aol Y] 1 ] 14
wsnaIsazals lsaunNuTNIY 1.0% (hniinaelsuag) luasazaeeamlaiivivies
Y 9 a a d A PR o o Aa aa
ANUITUYU 50 Taa Tuas ey 7.0 1diudumasn ihasazae lsuanalSuas0.1 Hadans

o @ I A o J a A @ a aa
HIWINATUNY ’(,’ﬂiﬁZﬁ'l‘(’JL@uU]JG]ﬁJ‘VIﬁ]f]i]'l\?clu‘ﬂwljw@i%uﬂmfJ'Jﬂ‘LllFJlI'IG]i 0.1 yaaans VY

=)

a

YA 50 oI AITIE WUIU 30 W 1A @uasazals DNS US11a3 0.2 aaaas

Q U

o 9y = Y aan ] g < g‘; a %’ < A Aaa

i ldduuu s wit udmgalfaser Tasmsuslnhudoniuaminaulsnes 2.0 Hadaans
9 o w ] H [ g A A P 2 4

naulinnu ihdaed1en 1 lsatSnaihaasardnnadu TaglHases spectrophotometer

d' d’ =) 9/2 < a Aaa 1

NANNENADY 540 U TUINAT I9TeNaITaza1e blank lael¥iinay 2.0 Yaaans laluvaoa
a a aa g’; a 4 g’;

NAavdAANEITaZa1e DNS 131105 0.2 Uadans 1NUUNATIZHAUTUABUTNAY LAz

L) 5 SOl
ananssuued lsanud laafieununiminasgiuiieia leTaa



3. mamszfSinalilsau

A FY a 4
3.1 aseun g lumsaunsigy

3.1.1 @19aga1y A

Na,CO, 20 %
NaOH 0.1 Twa§
% NaOH 0.4 n5u azagluiinau 9nu@Y Na,Co, 2.0 n5u 151

Pas iy 100 Tadans
3.1.2 @15a2a18 B
CuSO,-5H,0 05 %

K,C,H,0, 10 %

' Y '
%1 K,C,H,0, 1.0 51 azaglutiinau iy CuSO,'5H,0 0.5 5y 51

51a3 150y 100 adans
3.1.3 a158%a18 C

Naua15aza1y A U51195 50 Haaaas uazaisazale B 1U5u1a5 1.0

3.1.4 @15aga1e D

Y Y 1
1999791582210 Folin-Ciocalteu Ae1inauludasidau 1:1 wseumn

80
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3.2 msm?auﬂﬁwmmgm bovine serum albumin (BSA)

1hlda13a2a1e bovine serum albumin NUANUAUTUTEHI 0-600 T TATATU-

1T Aa A a

9 ]
Aolianans Uswias 0.2 Jadans vuanasazate C U5uas 1.0 dadans il inguugiides

= g’/ a Aa Aaa 2 ald' a 9 = Yy o
10 W NnUUANEsazate D Usuas 0.1 Haaaas VNll’JV]Qﬂ!ﬁﬂiJﬁ’tN 20 N LA U

U

1 A

msazate lldamimsganauudsnanuenaau 750 wilwmas hmmsganauuaan 1d

1WeUNTM5ZHINANMIgANAUIAAZANUTNTUYDIA15AZA1Y  bovine serum albumin

y Y 1
(luTasnsudeiiaaans) wissnaisazaie blank Iasldinaulsuas 0.2 iaaans laluviasa

Y a J ) 9 Y
NAADNIINUUAUATICHATUUUADUUNAU
14
1.2 4

-
o
1

Absorbance at 750 nm

00 ,I T T T T T T
0 100 200 300 400 500 600 700
BSA concentration (ug/ml)

MNHUINT V2 ﬂ‘iW\IiJWI’ijaqu bovine serum albumin (BSA)



82

3.3 Mynaszrilsualdsau

o o 1

a 4 o
AR5 TUsAuA1875 ¥04 Lowry ef al. (1951) Tasirdiegigon las]

Y
a S

51105 0.2 Tadaas vuaNaIsaza1s C UY511a3 1.0 Haaans nainourniines 10 U1

Q G

g}/ a a Aaa Qy yd' a9y = 9 o [ 1
NnUUANEsaza1e D Ysuias 0.1 Yaaans Vlﬁll’lﬂfgﬂ!“l’i‘ﬂllﬁﬂ\i 20 UM LLﬁ’Ju'lul’]_]’JﬂﬂWﬂTi

U

A A A ' a o 1 A
ﬂﬂﬂaullﬁﬂﬂﬂj'lllﬂ’nﬂau 750 1“11!!;“%3 Llagﬁ']ﬂ']ﬂgll']ﬂliﬂﬁﬂu Iﬂﬂu1ﬂ1ﬂ1ﬁ@ﬂﬂautlﬁq

MeunulsualdsauannimuaigIu bovine serum albumin
4. 1anIns)WSBauuy SDS-PAGE aau1lad91n Laemmli (1970)
41 i lumsiased
4.1.1 @1582810 30.0% Acrylamide/Bis Tag1gad159 (BIO-RAD)

4.12 158218 SDS ANMTUIU 10.0%: twionTagwa SDS 10.0 N5y azateluiin

1199 10001 (deionized water) 131105 90 Faaans MU auasazaela YSuaSunas

=h.

ca

U 100 Haaans

4.1.3 a13aza1® Tris-HCl ANMTUTY 1.5 Tuars ey 8.8: tnsenTasazaie Tris
base 27.23 n3u lurhiimisa leseuiinas 8o fadans Ysudies ¥ 8.8 dreasazai
nsalalasnassn (HC) Arunduda 6.0 Tuard udnluiSiasily 150 Gaaans uinwi
QNN 4 DI AIT Y

4.1.4 a3aza18 Tris-HC ANududu 0.5 Tua1s ey 6.8: twsenTagazae Tris
base 6.0 31 luthiissa leseuizinas 60 faaans Usuierlisiu 6.8 drvmsazaronia
alasaanin (HCH) ANty 6.0 Tuans udnfinFanasdhu 100 fadans Musni

QNN 4 DI EAIT YT

= I o 9y 9 )
4.1.5 msazasuan ludisuiloidama (NH,),S,0, ANWINTY 10.0%: 191581

[

=\ J o % % A o A Aaa = Z, 1
Tagazarouen lutouosgama 0.1 nu Gll.lHW‘HﬂWﬂll@@@u 1 Haaaas MTguNNAIINDU

I



&3

4.1.6 TEMED (N, N, N’, N’-tetra ethylene diamine)

4.1.7 @13a¥a10 Running buffer 7it0% 8.3: 16581 Taoda Tris base 30.3 N5 Inadu

[ [ % { o [ 1] I~ a
144 P51 11azSDS 10.0 n5 azaneluihnmaaleoou waulidinu udrsudSunasdluo aas

S o { Aa
INUTNHINYUNY 4 DIFITAIT

4.1.8 Sample buffer (SDS reducing buffer) (BIO-RAD): dvsums gl
Sample buffer Y51103 950 adans MIHANAY B-mercaptoethanol Y5115 50 luTnsans

9

4.1.9 ®1582a10F Coomassie blue IaglFyaddoud s (BIO-RAD)
4.1.10 galilsauanasgrunnsuiinviinluana (10-250 kDa)

42 MAToNRA (slab gel)

42.1 MIMIBUEITAZAY Resolving gel W30 Running gel Taonduasazaie

A Aana d A

30.0% Acrylamide/Bis 13115 8 Haaans @15avane Tris-HCI ANNENTY 1.5 Tuans ey

Y d' o %

8.8 131103 5 1aaaaT a13aza1e SDS ANUEUTY 10.0% 131193 0.2 Hadans Lazinmaa
Y

losauisuas 6.8 Taaans whansazasluisanesorma (degas) Wau 15 WA MINUAY

=1 J v Y 9 A Aaa
msazareuen TudsulosFamlaanududy  10.0% USuas 0.1 ¥adans tay TEMED
1511035 10 TuTasaas waulmannulaslildivesorne taisazaremamaslugosng

1 1 A A ay F) <
JEWINUAUNTZINVDIYALATOIND m"l’mumaumm

422 ?1502a18 Stacking gel NasoN IANAUE1TAZA18 30.0% Acrylamide/Bis
151105 1.3 Haaans a13a2a1e Tris-HCl Aty 0.5 Tuans Wow 6.8 51103 2.5 iadans
Yy 9 A aa aol Ao o A aa
f1582a18SDS ANUTUIU10.0% 13119150.1 Haaaas uaziiinman leoeudSuns.1 iaaans
o o =\ 3}; a =\ d o
hasazaeldidanesonea w15 1A nduwauasazasuey Tudisunloisama
ANUTTU 10.0% US11as 50 luTasaas uaz TEMED U5u1a3 10 TuTlasans weulimdnu
19 YA g . A 3 o 1% 1 Yy
Tae'lilvinesorma MAUUNEITAZa180aa9UY  Resolving gel NAadd 2 390e1 145

a 2
Woso1mer o9 (well) d1isuladied1alaelan? (template comb) a3UW Stacking gel 74’13
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< o o a [ o o Y [ 3/ a .
ALUTIA H1ridoonznareId 1151 110619 910 UUIAN Running buffer 411 chamber

Taolnauseglutinives
ax o Aad a
43 2mM3noan 1as 1W5Fauy SDS-PAGE

° A ~ ' A A Y 9 a gy
ye lsaunasguazaioe1 1UsaunniuanududuuIauaIe - Sample
o [ g}z o 901 o <3 g}/ ) J
buffer Juonsrau 1:1 1w ldduluiideauu 4 i i ldiduas amininnlaaslu
[ ] a Aa Aa I'd [
uaazrodlasldSuns 20-25 lulasaas Taeldnszua i 35 Naaueuuals nazainnw
Vo o o g A a Y a A ~ A Ry
andnd 180 Thaa wganszua WilhuiiououdmihRunadounaswuneudsmulateves
A ° [ 4 0o I .
Resolving gel MINHUWHUIIADONIINYAIAT DI BUTOUR18YATONEUTY  Coomassie blue

[

A ay Xy oy ¥ F Ao 3 A a Ay o
UIU 50 UIN maﬂeumumaNm&ummﬁm"laaau%ummmumaﬂﬂmummmwmﬁm
1 :’ % Jd v
5. MIH NI UNB AT

Y a H v A ' =1 = ' A o
ﬂulﬁ?ﬂﬁu’]ﬁuﬂ‘ﬂ 10,000 39UADUIN UIU 20 UIN !,LEJﬂﬁDuGlﬁ (supernatant) (tWDHIN
A Ia P I oa ¥ < ° A ~ ' = =
?JLﬂSWzﬁﬂﬁ]ﬂiﬁJﬂJmL@ullmu %1ﬂuulﬁﬂu’]ﬂﬁul!ﬁuflﬂlﬁjﬂﬂﬂ 10,000 59 UADUIN UIU20 UIN
=3 gi 1 Qy o e’d’ 9Jq 1 ] Aa A (d‘ %’ [ Y o
BNAIN W]ﬁ?u{lﬁ‘ﬂ\‘] 1!’]@]3ﬂ@ul“lfﬁﬁﬂqﬂiﬁﬁﬁuullwuﬂg1]!1!ﬂlﬂ/‘l@ﬂﬂﬂﬂﬁ’]ﬂu1ﬁu’ﬂuﬁ%ta3u’]
A A ~ & Y =2 o \ A A ¢ 2 qua
Touguuini 105 ossusaod U 24 32 1us udruiwnueglitisunosduinaldioulu
4 < H v oA ? & 1 ° v 3 o '
Tﬂﬂﬂﬂ?’]ﬂ%u (desicator) G]fﬂﬁ’]uqﬁuﬂﬁlluu@llﬂTﬂUHUTWaﬁllf’gfllTﬂTHQmWTﬂTHTWuﬂLGﬁﬁaLLﬁ)\T

AIAUNIT

LI s Y v A 3 o ' aa ¢ s Y o LY ' aa ¢
IR UNYAALNN (ﬂiﬂ/aﬁi) = umummuagmuamﬂaﬂmmzmaaum (Nwy) — mwummuagmuﬂnW'aﬂa(ni:u)

153195v039020613 (iadans) X 10°
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Y a 4 a
ﬂ]’iNN‘M’Jﬂ‘ﬁ a1l mmmmsahmiwamaull«vﬁ”lmmmﬁ ﬂﬁ‘UE)ﬂ%LiJVIm“]fﬁgmﬁ

wazey luaaves Streptomyces mexicanus 901

9y ' J A A
UAIUAUINAN (Vaauas)

Hydrolysis capacity (HC)

o lad dwlasoulnlail TnTlail
loanue 51 13 3.92
Asvendiamagiad 30 10 3.00
oz luaa 25 10 1.67

H 2 9 1 a
MIEHINT A2 wammﬁmmmmumamimﬂﬂm Streptomyces mexicanus 901

ﬂ"lﬁl@“h’é‘hﬁ}u"l]@\?@'lﬂ'li ﬁmﬁm%aﬁuﬁ'@ (ﬂ%lllﬁlﬂa@ﬁ)
5.0 1.621+0.05
6.0 1.601+0.01
7.0 1.884+0.06
8.0 1.584+0.09
9.0 1.361+0.02

M31WUINT A3 WAVBIQUNANADNITIIYLAZMINAR T NUT VDS

Streptomyces mexicanus 901

gaungil (°C) dhinaduiis (nfudeans) Xylanase activity (U/ml)
30 3.765+0.02 0.543+0.07
40 4.062+0.21 0.632+0.22
50 1.987+0.09 1.878+0.19

60 1.829+0.03 1.248+0.21




MINNHINN A4 MIHAA LB NUTNN Streptomyces mexicanus 901 Taeld

o 2 < ' s
’Jﬁ'ﬂlﬁﬁﬂﬂ\‘lﬂﬂﬂWﬁlﬂHﬁﬁlﬂullﬁaﬂﬂWﬁUﬂu
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Xylanase activity (U/ml)

a1 ()
nlaendaTna Fat1aIne e 1nAY
1 0.84+0.14 0.59+0.01 0.57+£0.24 0.68+0.07
3 26.77+1.95 28.96+0.00 25.6442.20 25.32+1.50
5 42.45+0.00 46.16+0.66 36.97+0.62 35.53+0.46
7 43.03+0.53 43.80+0.25 35.60+3.65 34.02+1.48
9 44.20+£2.52 44.25+4.52 37.29+0.52 36.40+0.17
11 45.03+£3.15 44.66+0.58 38.62+1.07 37.99+3.25
ﬂ]i]ﬂﬂu]ﬂ‘ﬁ s WﬁﬂﬂTNL%ﬂJ%ﬂﬂJ@\?%ﬁﬂ%?TWﬂ@i@ﬂ'lﬁwaﬁvl“lfﬁ'lluﬁinﬂ
Streptomyces mexicanus 901
. Xylanase activity (U/ml)
1191 ()
0.5% 1.0% 1.5% 2.0%
0 0.28+0.14 0.20+0.01 0.36+0.03 0.13+0.03
1 0.85+0.00 0.89+0.02 0.82+0.23 0.66+0.33
2 46.75+1.32 44.174£3.71 35.32+3.48 27.57+2.87
3 59.71+4.60 62.86+5.22 63.27+4.74 62.79+1.41
4 70.37+£3.27 70.65+4.58 74.26+1.08 79.10+2.99
5 70.35+2.17 75.30+£2.69 76.57+£2.21 80.89+1.41
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MINNHIND A6 HavesfivTuAUARNMINEA Tsanuan Streptomyces mexicanus 901

Xylanase activity (U/ml)

a1 (Tu)
pH7 pH 8 pHO pH 10 pH 11
0 0.051+0.07 0.631+0.66 0.378+0.35 0.110+0.10 0.269+0.00
1 0.300+0.01 0.211£0.25 0.872+0.29 1.677+£1.49 0.943+0.00
2 51.20+0.16 50.14+1.67 44.32+1.65 25.1243.80 13.66+2.83
3 52.04+0.78 48.24+0.32 43.98+2.43 22.27+2.69 12.71£2.83
4 54.23+1.56 50.95+0.59 44.48+0.89 23.49+5.36 13.18+1.42
5 56.18+1.81 51.58+1.28 43.63+1.43 23.00+3.18 11.41+£2.31

MIEWHIND A7 wammqmwgﬁ@iamiwam"lcnmmﬁmﬂ Streptomyces mexicanus 901

Xylanase activity (U/ml)

a1 () = N -~
QNN 40°C NN 50°C NN 60°C
0 0.724+0.13 0.0+0.58 0.761£0.05
1 0.115+0.08 0.290+0.06 1.726+0.00
2 5.35443.05 46.72+0.66 39.02+3.98
3 17.28+2.39 52.604+2.25 50.99+1.01
4 21.73+1.19 55.62+1.38 52.16+0.05
5 25.38+1.67 59.47+1.41 52.94+1.78




! < [ a
ﬂ]’i]\‘lwuﬁﬂﬁ A8 Waﬂlﬂﬂﬂ']’lulﬁ']ﬁ@ﬂaluﬂ'lﬁﬂlfJ'l@l@ﬂ'lﬁWﬁ@lulclfanuﬁ%'lﬂ

Streptomyces mexicanus 901

89

Xylanase activity (U/ml)

a1 (M) — T A T A
200 S9UADUIN 250 9 UADUIN 300 59UNBUIN
0 0.00+0.67 0.00+0.58 1.280+0.80
1 0.036+0.10 0.290+0.03 0.652+0.66
2 0.72440.05 46.72+0.56 44.82+0.18
3 48.57£2.57 52.60+0.29 50.46+0.49
4 51.33+0.98 55.62+0.65 51.08+0.52
5 54.02+1.20 59.47+0.38 52.59+0.48
M31aHHINT A9 waﬂjmﬁu,aﬁmam51/?1@1umeﬂ%auuﬁﬁu§gw§wdau

pH Xylanase activity (U/ml) Relative activity (%)

3.0 71.324+2.57 71.49

4.0 76.40+1.24 76.61

4.5 81.87+0.90 82.08

5.0 99.74+1.62 100.00

5.5 95.74+1.60 96.00

6.0 85.31£1.02 85.54

7.0 50.46+0.82 50.60

8.0 48.89+0.80 49.02

9.0 33.76+6.02 33.80

10.0 13.70+0.91 13.74

11.0 7.98+0.13 8.00

12.0 7.69+0.13 7.71




'
a a J

AS19HUINT A10 Na"’UE]\‘lQﬂ!ﬁﬂ"ﬁﬁiEJfﬂiﬁ']\1']usllﬂxillclia']mﬁﬁﬂiﬁﬂ‘ﬁ‘iﬂﬂﬁ’)u

Q

’qm‘ngﬁ o) Xylanase activity (U/ml) Relative activity (%)
30 25.59+0.02 25.97
40 84.04+0.92 85.27
50 98.55+0.06 100.00
60 83.25+0.06 84.47
70 34.9442.68 35.45
80 0.290+0.00 0.294

a Q‘{ 1

MINUINA A1 HavDITHBYABANNIADITVR lyanuanusansueau

q

pH Xylanase activity (U/ml) Relative activity (%)
YANIUAY 100.89+3.37 100.00
3.0 87.61+4.75 86.84
4.0 97.474+2.38 96.60
5.0 99.435+0.74 98.56
6.0 88.95+0.66 88.16
7.0 80.41+2.65 79.71
8.0 77.22+1.80 76.54
9.0 64.78+1.30 64.21
10.0 58.78+0.72 58.26
11.0 54.4342.56 53.95

12.0 41.80+2.54 41.44




g
a a 1

AS19WUINT A12 Nﬁﬂl@ﬂ@ﬂ!ﬁﬂ"ﬁﬁiﬂﬂ’ﬂulﬁaﬂi‘ll@\ill“]iauuﬁﬁ‘ﬂﬁﬁﬂ‘ﬁ‘]flﬁﬁﬂu

q

’qm‘ngﬁ o) Xylanase activity (U/ml) Relative activity (%)
AN IR 93.76:+1.49 100.00
30 91.31£7.23 97.38
40 90.34+2.31 96.35
50 88.93+3.16 94.85
60 32.71+0.23 34.88
70 0.140+0.00 0.149
80 0.00£0.00 0.00

4
a a 1

M519WHINN 13 nseee lsauves lsanuanusgniueaiu

q

nan (‘Lﬂﬁ) Reducing sugar (mg/ml)

0 0.533+0.01

5 3.71+0.16

10 4.24+0.07

15 4.66+0.10

30 5.08+0.22

60 5.434+0.03

90 5.524+0.01
120 5.73+£0.14
150 5.70+0.03

180 5.70+0.13
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