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Chanaporn Trakunjae 2014: Induction of Xylanase in Bacillus pumilus DMKUB39 and Microbispora
siamensis DMKUA 245" and Production of Xylan-Degrading Enzymes by Bacillus pumilus DMKUB39
and Bacillus amyloliquefaciens DMKUB24 using Rice Straw as Raw Material. Master of Science
(Microbiology), Major Field: Microbiology, Department of Microbiology. Thesis Advisor: Associate

Professor Vichien Kitpreechavanich, Dr.Eng. 132 pages.

From 180 Gram’s positive spore forming bacteria, B. pumilus DMKUB39 and B. amyloliquefaciens
DMKUB24 were selected as its highest producers of B-xylanase (10.7 U/ml) and B-xylosidase (7.9 U/ml),
respectively idn the liquid medium containing alkaline treated rice straw. The effect of diffent carbon source on the
(-xylanase induction was investigated by the selected isolate of B. pumilus DMKUB39 and M. siamensis
DMKUA?245" which a novel specie of produced B-xylanase. Xylan was found to be the best inducer on the
B-xylanase production yielded 17.7 and 9.4 U/ml, respectively. The addition of glucose to the xylan medium
affected the increase of B-xylanase production with 1.1 fold increased by B. pumilus DMKUB39. While the
addition of manitol to the xylan medium affected an increase of B-xylanase production with 1.8 fold increased by
M. siamensis DMKUA245". In contrast, the addition of xylose to the xylan medium resulted in a decrease of
B-xylanase production with 1.3 and 1.1 fold by B. pumilus DMKUB39 and M. siamensis DMKUA245T,
respectively. To optimize the production of 3-xylosiase and B-xylanase, the mixed culture strains of B. pumilus
DMKUB39 and B. amyloliquefaciens DMKUB24 were investigated using Plackett-Burman (PB) experimental
design, central composite design (CCD) and response surface methodology (RSM). The optimized medium for
B-xylanase production consisted of (g/l): NaOH-pretreated rice straw, 18.7; peptone, 2.0; MgSO,.7H,0, 0.3 and
initial pH 8.3 could enhance B-xylanaseproduction to 21.1 U/ml. The optimized medium for B-xylosidase
production consisted of (g/I): NaOH-pretreated rice straw, 20.1; peptone, 2.0; MgSO,.7H,0, 0.28 and initial pH
8.03 could enhance B-xylosidase production to 31.2 U/ml. The maximal -xylanase and B-xylosidase production of
49.3 and 46.1 U/ml in a 1L stirrer fermentor were obtained from the optimized medium of each enzyme production.
The optimum temperatureof B-xylanase and B-xylosidase were 50 and 55°C, respectively. The optimum pH of
B-xylanase and B-xylosidase were 5.0 and 5.5, respectively. The B-xylanase and B-xylosidase were stable at
temperature of 65 and 60°C and pH of 5.0-11.0 and 4.5-11.0, respectively. However, the B-xylanase and

B-xylosidase activity remained when kept at 75 °C and 70 °C for 1 h.
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131 Bastawade (1992); Coughlan and Hazlewood (1993)
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(Sunna and Antranikian, 1997)
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nsangalstin Tagnanssuveaeaningylsimaasany ludeswaziunaiise
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B-D-xvlosidase

~ o A g 9 1 @ Y
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301 : Collins ef al. (2005)
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ﬂﬁi“]fﬂ]ﬁﬂlﬁﬁf]ﬂ\‘]“VINLﬂ‘]eWI‘iﬂiilll‘ﬂulm‘ﬁﬂ@Tﬁﬁﬁ’TﬁﬁJNﬁmﬂullclfhiﬂﬁlﬂqauﬂiﬂ
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(submerged fermentation) 1H0991INENITDIAMT 1AII8 SawdeasonIuguilete Mg

Y YA ' a 1
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a Cal 1 a A a v A a 4 9 Aa
YJAUNTYAN LFU LUANLTY 31 L!,ﬁzui’)ﬂﬁiullﬂﬁ‘ﬂ wamau"lwmmllmmmﬁwu

]
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s o " o
Cryptococcus abidus No4R15znovuveaeu lsinuana19nu (Knob e al, 2010; Sunna and

Antranikian, 1997)
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a A J
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Q

a a g ) o ! { 1 o
yHananIuasogesaateasUseney louauluduniainuana19nu (Wong ef al., 1998)
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. a tL 1 a ] 9 a 1 a 1
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3 1A 2 a Aa a @ o @ =
agaygUN W‘]J’ﬂlli‘].]i@]i! 3 %uﬂmmumimaqa 195, 44 uag 27 ﬂIﬂﬂTﬂ@]u AUAT AU BN
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o
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¥UA LA AN (2545) ﬁ1ﬂﬁﬁﬂ‘]&ﬂﬁﬂ1’)$“ﬁl‘l’m1$ﬁwﬁﬂﬂﬁﬂa@] Cellulase-
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YR ] 1 a 4 Y
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a o 14 J Y
7. ﬂ15!‘ﬁuﬂ?u‘]ﬂ‘liﬁi‘]\‘]!f‘)uﬂmulugl‘lulmi’n!uﬁ

¢ v < oA A 99 v X yyy ' ¢ =

mu'lcvmwn"lmauumﬂuLau"lcnwmmmmumuﬂwaﬂwu%mmmaemimlm

W2 ey (Lindner et al., 1994; Kyu ef al., 1994; Purkarthofer and Steiner, 1995) A15Mie1n

P ' < = J ' o ' ) s

mu”lcummn"l,cﬂmLuamuumi]g1Ju”lcml,ammﬂul,m’mmiUauuazuwmwawmmmwaa
1 a [ v A A o Y o

(Alam, 1994)wmmmmflmuauaﬂma@mnmjwaMmimummmiﬁimau"lqm"lm

2
ANUAVDUFDI (Kitpreechavanich ef al. 1984; Alam ef al., 1994)

a 4 1
Phuong et al. (1996) sriwaumspaney lsiud lyanuan B. polymyxa WU

J Y 3 , . ~ ) Yt A A Y A a
oulaiiud laauuailunuy constitutive azgitisnirlaangaiiold lyaunsoingau
A I 1 4 A 9 ?o’ ?:’ (=}
Maunanves lsuauilunrasmiveu luvazimsldihaang Inauazihanalo Tadalul

NaRoMINevouou lasl

9 4 dy J ~ a P g’/ 1
msadueulsiveade B. circulans B, Naunsonaaeu lasindos leuauiiu wun
] 4 (] 1 A ~ o a o 9
uraamsuouaa q iy lsTaanse louaw awisamdeniinisnaaou el lsanua’la
U a = A o 9 4 a a Y]
dauezs1d Tuanio lsuaudnsamienhinsaiiaeu ladoz s Tuys TuFmanaz 6
' o ¢ & ol o A gy "o
wunmsdanizion el laanuamilunuy constitutive (Fugald, 2541) wonvntdanninh
1 a a < ~ o
aauaazyia 1 lag 02910 lua nuanlaa voalaauas lsTaluToa ansomieniing
4 1 LY { 'c
afraeu el leatuald luminu TaslyTaauasz lsTaluTeananudududin a1uiso
{ o ] 1 4 {2 a <
menhmsadraeulsila uauvasmiveunidlu exsilua nudalng uazuealng doq
{ o 4 a a I~
Tdnnududugalumamiienimsadraeu led vagmsidu s Tagegs1d Tue nwadnlad
" o P Y
yoalaanselylaluTea asluonnshil lsuansh Ivinsadaeu lodunvy (Kyu e al,

1994)

P Y 1 Y
msaneImsasaen lasiveuse B. circulans AB16 110128411491%113 basal medium
]

nihaaglaa ezs1dTud woaIna lolad ndiwesea gnInauazng Iaa anmdudu 0.5

s I < < ' I v 3 ' 9 < = Aa
osimua umasmivou wuanhaiaas q azgnlsvnuanmelu 24 4279 nazlimsnaa

(] ] 1 A aa 9 H A I 1
oyl leanualugig 0.82-2.52 wiledeliadans wazmsldiaalwanadeniluuvas

mSvouaawaliumnaaou Tmiwd lsanualddosunyse liada (Ashita er al, 2000)
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A a £ . . 24 o qv v ¢
ou lal lyanuaninana1nide Bacillus sp. strain XE enunsamileniiIiadaen lod
% A a o A A < s s ~ ) a
TaTasansnmaanmsuandved lsuaunelsTalod Inudaais 1sa Tuvazi@ernuminiinig
a o N P E a o & ) @
azauvod lyTalod Inudnas 158 1luo SR uro A s anan1ssudInIs a3 19eu laaiua

catabolic repression 4 (Samain et al., 1997)

¥ ¢ 9 X . ) A o yw
msadrveulyiiud lsauuaue et Trichoderma reesei a1usaHiei 14 lag
a dy j’ A A ) 9y
m3an lsuaunay lsla'luTealuomsnoude Tuvaeh sophorose detmioimsasi
Y P A A ° 9
u'lnileanualdanineu lsdiagaa nazmsdn ls Taaawnsamilsnimsaiusog

mauaz lyanualaaly Aspergillus terreus (Hrmova et al., 1989)

v a Ay o A A
8. fn{l“]f!i’)uﬂ“ﬁm‘“a“uﬁ!!ag‘lmiam!ﬂﬁ!Wf’)ﬂ@ﬂul“”!!ﬁuiu?ﬁ@!‘ﬁa@ﬂﬁﬂ]ﬁﬂ]i!ﬂyﬂﬁ

[
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aguidonanemanyasnssulszinnan uaag Taalatinsihu 1dse Tea
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i o [ v ]

unate1s Ilsaudmsuillue1msdad (Meevotism er al., 2527; Han, 1978; George, 1983;

. Y ' @ £ g s
Laukevics et al., 1984; Lynch, 1988) u@ﬂﬂTﬂHUﬂ1iﬂﬂﬂﬁ'1iﬂWiIU]’l?_Il,ﬂiﬁ G]f\‘l!ﬂu@\?ﬂﬂﬁ$ﬂﬂll
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wanludaamaenuvanivldiiluasiaae lUadludnuuimenisvesms 14se Towian

» 1 a
Kitpreechavanich ez al. (1984) Jas1saumsnaniinaialsTaa 100 nfuasans 910 le
uauildnnld Tudgasenidszneudaelauauain’ll 100 nfudedns ouleileanuai

WAMN H. lanuginosa 480 wudeaeiaaansuaznanssuveaud lyladiaainanan 4.

=

[} 1 A Aaa 1 a I~
umigatus 16 MUWYABUAADAT UASVUNQUNNHU 55 IAIF AT DY 5.5 1fuan 24
. & cu

#2114
. vq ¥ s & )
Mbnica et al. (2004) 18 1tou lassiNnana e 7. lanuginosus 10C-4145 USurat 3000

a
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H a o L3 4 % = { 1
whma laTaagaga Aadlu 24 naz 52 nlefifud awdwy diefsuivlSualeTaaidon 14

%Wﬂﬂﬁﬂ'@ﬂg\}’wﬂiﬂ

a { a j}
WFe3 wazaae 2537) 1814w lsi lsanuainannndes A lanuginosus Tums

o v 9 A ! A a < & '
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a a v a g a ] o o

Uszansammsnenananailuilszuim 80 % vouslwag laafitioglusin Inananin
1 { I~ o a o P 1 <] a

MstuN 50 esraFeailuna 24 ¥2lue waanman laaulnaiulesTaled Tnusam

4 A o Y A (B v A @ a t4 d [ 4
l5q iegeadadna Inafidiumsusais 10 nfuiussyludalgnsaiouluinuvaeduiila
v 4 a aa {~a ] 1 a Aaa
iumsazatewoulyl  leauud 100 daaaasninenssuleanud 22.4 viledelianans
1 Y] Aa aa . A =< 4 Y a A A
$90AD 10 Tadansueea chitopearel BCW 2510 Nas wou laiiud la Tadgiadg Anaaain 4.

Aaa

{ S 1w ] 1 A Aaa [ ] I o
fumigatus ‘ﬁllﬂﬁ]ﬂiilll@l!ul‘ﬁillm”lﬂﬂ 4.3 g aNanang Meviaansauiluma 48 GH’JIIN

T8lsTaa 12 nSuaeans uadadllelaluToa Uszana 5 nSunodas

Shekiro ef al. (2012) laansin1sdoslauanuly com stover NHIUMITGDEAIINTADD

9 J 9 [l Y as J o 1 ] I Y

919 A28 U Tl HaUN1INITA1 MTEoea183 o U Triindainnssuaninazagie 1 1a
¥ 1] 1 =) H

haalsTaauazaamanaaisiis lded1aun wundszana 70 % vedlsTalea Inn ldvs e

Aa 1 A I ¥ = 4
80% o4 lyauitegannsagnudsuilmhmaluanaied 1a
9. NMIONUUUNITNAABY Plackett-Burman design (PBD)

é I A Ao a A o [ J
Plackett-Burman design (PBD) Wumaianulszanimmdmsumsmesnlsznou
A = YA A o Al A
voo 1INz ay 113 A6, 1946 R.L. Plackett 11a@2 J.P. Burman 19ANUNWNAIUNTY0IT 84

(399 “The Design of Optimal Multifactorial Experiments” 1415815 Biometrika (vol. 33)

lumsnaassniisuilsvietatondosmsanymatetlade seliglassanoanuds
Aad ° 1 Y o A 1Y A @ @
NAA0Y (treatment) NTUTILIUNIN 1Y AIVATINAADIVY 2n 3z WUNDNT978 8 TJadvaz

(33

]
a

~ad Y 2 g ¥ =2 & A o
UAINAADININUA 128 dINAADN Lﬂuﬂu %QHJuﬂ']ﬁﬂ']ﬂﬂ*ﬂ%ﬂ'lﬂﬁﬂﬂa@\‘lﬂﬁ 256 AINAao
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PNUY Plackett and Burman Design wlddmsumsanyunona@on (screening) IERTIATEY
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ANudAYKIolaninanemInaasinazAny nafenuNUMINAaedtazi vauise
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AATIZHOINANTENUHANVBIYIFINANHUMUU TIN5 NAa0WUUUTUTIUKLIV0IN1TIA
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Fanaaodnvuuraneisea (factorial experiment) nw3o0199a Iluuaneiseaurediu
4 @ I a 1 v y{ o @ Y

(fractional factorial) NiiM33alHiTludaseaenu (orthogonal) lHtiedadentadelumsiiau

A o Aax a = v Ay Y Y Yy A =
q@ﬁ NIDONAUINTIVUITNITHANDIN 10 D3 20 ﬂﬁ]ﬁ]fJ‘VIllﬂﬁ]’]ﬂfﬂ'ﬁ/lﬂﬁ@ﬂlﬂ@\i@”iﬁlﬁa@ 1934

1Ny A A ' = = Ay o o . i ' A Y t
UANUDLEY ﬂ@Vluﬁ1u1ﬁﬂﬁﬂy'lﬂ\jwaellf]\jﬂaﬁllwuﬁ (interaction) AN Vll]ﬁluﬂ'ﬁ‘ﬂﬂa@qllﬂ U

o w a

A 9 o A [ v A [P= Y] a o
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k4

. g {
nAn09e 1% 2" factorial arrangement (k = N-1) (HuugiuTagee Tuuuunuuasgiu (a13190

2)

M3af 2 Lmummgmﬁm%’mm‘%ﬂumuiﬂiumimamﬁ adon N-1 Tavelumsnaaes
SRR
N ﬂi}ﬁ'ﬂﬁﬁmﬂﬁﬂ%'"umm,k:N-l
1 2 3 4 5 6 7 8 9 o 11 12 13 14 15 16 17 18 19 20 21 22 23
8§ + + + - + - -
2 + + - + + + - - - 4+ -
6 + + + + - 4+ - + + - - + - - -
24 4+ + + 4+ + -+ -+ o+ - -+ o+ - -+ -+ - - -

Y '
‘Viiﬂﬂ!‘ﬁ@ N ﬁ@ ii’mauﬂiwmﬁmﬂam
1307: Plackett and Burman (1946)

A o Y = A v a ¢ a
M500NUUUNINARBINIIN 1 lUMSANEIE NS MU TUAIINITIUATIEHNUAD
ADUAUDY 1ALA A1TNAABIUL Box-Benhken design (BBD) central composite design (CCD)

W30 factorial design Audu
10. #HUMINAAIUVY Central composite design (CCD)

a3 A o v A = & g A
Wunkunsnaassnaaulaaninnmsdadanaassuuuuaneizea Huilunisnu
A 1 o ) 1 & A A
FINAADITEHINTZAUVeITe uaiilun1sandanaaed 1aev1n 33 factorial design AT
Y v v 9
NARDINIANUA 27 FINAADY 1HUUZN CCD 3 7998 2 UN1TNAADINIHUA 23 + 2 x 3 + 1)
A < a a A X A d' = 2y v
Tagimon 2n+1) 1WuANABANVAUNT LAZINNNTNAADINYAATINAII 3 D9 5 41 9214

MRy 20 Aanaaed (Inlsed, 2544) dauaaalunini 3 uaza1snan 3
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. uuY 2 aauls
MW 3 LAAITINARDY (design points) FIMTUANNTNAITDY
31 Gacular and Singh (1984); Hu (1999)

o 1 [ A A EY 9 = o
MIMUIUAITLAVITIN K IUNMTNAaee IFaums lumslasusia

Tag x. An M3vavesladelumsnaans
A 1 a v
X, o A1939veafavelunmsnaasg
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U (Neter et al., 1996)



22

M15199N 3 A1U84 code level 11 central composite design (CCD) A5 3 U998

JeAUVDI 98 SR INMIERE
Famaaed IO IO SIERY Fmanes sy ety ade
A B C A B C
1 4 -1 -1 11 0 -1.68 0
2 -1 -1 1 12 0 1.68 0
3 -1 1 -1 13 0 0 -1.68
4 -1 1 1 14 0 0 1.68
5 1 -1 -1 15 0 0 0
6 1 -1 1 16 0 0 0
7 1 1 -1 17 0 0 0
8 1 1 1 18 0 0 0
9 -1.68 0 0 19 0 0 0
10 1.68 0 0 20 0 0 0

1 v J
M: YU (2549)
ad &’ a
11. IBNURINDUAUDY

Lo < 3‘, :
msaumunsnaaedsuh il lslumanyasiuaswsnae Montgomery (1984) 18
1 1 o A aa a 4 [ 1
na121391 Fisher 1811135 msmsadavnazmsinzvdeya llldnumanisnaaesianil
{ [ a [ v a J
NAABINIIMIINEAT TUNFIaouaoUNsZMASINgY TFN15AINA1IABNITAATIZTHADIY
. . =2 ax @ a s Y
u15159U (analysis of variance) FuiluIsmsuanlunmisinsizidoyanInnmsNamuaIy
' a . 2 0 o aw A PR oA Y
NAADI LANUIAAYEY Fisher Hawnsnth lilszgnaluaiteaividug 1dilluedied 4u

1Y 9

1 a a J 4 4 o a S
ADNIVBIMIITBaz INTIZHIoyarNer 1o lvueafadea1ey Tunszurumsnaniug Tag
Ja aa g’.: A ax dy a zé
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. 1 Y Y awv Y dy g’/ R =) A 1 9
Khuri and Cornell (1987) na12 139 1dfiamadsatiaauasieil a.e. 1930 Wioo19vznouniil
g A { a 9 o I aw 1
Uy Mslssmimiumeeudues Idlszaunadidwazii lldszgnd luaiteaviaieg

1A a 4 a <3| 9
LB IFAINTTY INYIFNTATNITOINT ’%'J'J‘ﬂfn !Lagclu')\iﬂ'lﬁqmﬁ']ﬂﬂiill HJ‘LW’]‘L!
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a o ya Y = dy 9 1 Y
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. 4 J v o Jdaa 1 a
DANDY (regression analysis) ¥1UszgnalumsmzdunuaNudunusnsonNgUuuunea Ty
] 9
iga (polynomial model) Tagna lilgUuuvvesnursneuaueaziasangluuuwed ludisa
o w { o w { 1 1 a 4
f1au 1 (first order model) HI0AAUN 2 (second order model) @31NITUsTNIUAINITINNDS
A o a £ [ J Ya o W Y A [ 4 o
vsedulszansmsnnneslugluvuainanszleismasaeaiosnga (WI5ail, 2548; p14IA3
Aa A o w A o ~ ° = X
. 2549) sUuvuwed lufeadaun 1 Tagna ldlimsihuuamizuausunsnaaeeds Khuri
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Tudead1Aaun 2 ULHUNITNAADY 1¥U Box-Benken design, Central composite desige, 113
a ~ Y k p I Y g a £y = [ ' Y
ponuULFINANDITIa 3 52AU (3" factorial) 1TUAY HUADIZTABDINTZAUNITNANDIDY DY
3 5@ Khuri and Cornell (1987) #931nuuwed Iudisadaui 2 d15u k dwilsligluuuas

aunsn 1

Y= BO+Z Bixi+ZBiixiz+ZBijxixj+8 .................................... 2

A v
Y Ao aulsnoudues

=h.

Tag
I
[3 fie duilsz@nsvesaumsninanoy
A (J a
x;, x, An Aulsdase

A A
€ 19 ANUAAAN[DU



24

12. ﬂ1§3!ﬂ§1$?“{iﬂ1iﬂﬂﬂ®ﬂ

a 4 I = @ 4 1 @ e 1 @ dg!
MIAATITHMIaaneatunsAnanuduRusszrInadsaua 2 adwuly

a 4 o { 1w . ' (.
Tumsaaszvimsanossazizonaulsnaulanadauilsaiu (dependent variable) @auAYS
Nunuilaten1ee Sonaalsodse (independent variable) Iagis uN15 81195010 LLazA
a = [ v Jd o @ 9 A [ @ v
wlsdassianuduiusnuludnvasla adngduuumsoanosiounuanyauzANNTURUS
1 @ 4 | . A o g as
5211719011)5 uaraI1NauN1INI0ADB8(regression equation) 1INFUUVUNMHUANU TAYIT
o Q 4 dﬂl § 2 d d'
MasdeooNga (least squares method)UoNIINIUFUNIIMIDADBINAS 1YL UANMITA

v [
mugauvse bidu aginsan lannmana tagmsnadeuauuATIUAEDAN 1Y WU M
4 'd

dudszansmsdadule (coefficient ofdetermination ; R) AduilszansmsaaauledSuuds
. . . , ' a I a 1 @
(adjusted coefficient of determination ;Rzadj) mumi‘wﬂﬁauﬁumﬁmgﬂumiwmimnwﬁm

a 1 Y v AAa A s a o (% A 1
uilsedaszeg1atoy 1 A1 UBNTNATOL MﬁﬁualuﬂTﬁE]‘ﬁ‘1J1Elﬂ’ﬂllWu!tﬂiﬂlﬂﬂﬂﬁ!tﬂiﬂWNﬂiﬂ‘lN

(Wa5al, 2548)

Tumsinsigimsoaneeifios 1 daunls 31FenMIATZHMTA0EE M3
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Xylitol 3.23+0.07 047+1.2
Glucose 1.26 +=0.03 0.39+0.6
Galactose 4.20 +0.02 1.27+0.7
Maltose 3.23+£0.08 0.40+0.7
Manitol 5.98 £0.04 3.54+0.8
Fructose 3.57+£0.12 0.73+£0.2
Sorbitol 3.45+0.05 0.77+0.4

Lactose 3.27+0.03 054+1.2



51

135199 10 (99)

Carbon source Dry weight (mg/ml) B-Xylanase activity (U/ml)
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None 1.02 £0.06 0.02+0.4
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B. pumilus DMKUB39 uas B. amyloliquefaciens DMKUB24
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Enzyme production Viable cell count
Run (U/ml) (CFU/m))
X, X, X, X, X, X, X, X, X,
no. DMKUB DMKUB
B-xylosidase B -xylanase
24 39
1 1 1 -1 1 1EOheNAL\ 10.3 14.9 12x100  9.6x10°
2 1 -1 1 1 1 -1 -1 -1 1 123 6.3 2.3x10°  3.4x10°
31 1 1 1 -1 -1 -1 1 -1 7.7 2.8 2.0x10°  9.6x10
4 1 1 1 -1 -1 -1 1 -1 1 9.0 10.5 1.9x10°  7.6x10°
5 1 1 -1 -1 -1 1 -1 1 1 10.5 12.4 59x10°  7.9x10°
6 1 -1 -1 -1 1 -1 1 1 - 112 8.4 9.1x10°  3.0x10°
7 <1 -1 -1 1 -1 1 1 -1 1 11.0 3.7 6.0x10°  2.0x10
8 -1 -1 1 -1 1 1 -1 1 1 142 1.7 9.3x10°  3.0x10
9 -1 1 -1 1 1 -1 1 1 1 13.7 2.1 9.0x10°  5.0x10
0w 1 -1 1 1 -1 1 1 1 -1 73 5.0 6.0x10°  1.9x10
Mm -1 1 1 -1 1 1 1 -1 - 12.0 6.4 3.6x10° 1.5x10°

2 -1 -1 -1 -1 -1 -1 -1 -1 -1 8.3 52 1.2x10° 3.6x10’
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NNADA SPSS Statistics 17.0 (Statsoft, USA) teAadontideninnudinyaonisnan
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u i lyanuauazieu loiiud lsauuaveudonay 13190 12 uag 13 uaaea
4
auseansn150A008 (coefficient estimate) A1 Mean square ANAON F (F-value) LagA

o

W AYUDINIINATD (P-value)

1 U a Qd’ v A a
namsnageumanlszansmsangule (Rz) "’IJ'ENﬂ”IiNﬂ@]t@ullcmjlﬂgl}fl“ﬁaHu
&’ 1 1 1 %
ANNYONTY B. pumilus DMKUB39 Uae B. amyloliquefaciens DMKUB24 WUNTAUNINDY
= Y a a P v - A = N |
0.990 "]N'L’nll15ﬂ1°1$'0‘ﬁ']J1flﬂ1§Nﬂﬁl@ull"ﬁulﬂﬁ”lhlcﬁauuﬁllﬂ 99.0 (/051U AIUNHMADN 1.0

nlefidud liansoesuield Fuiluwanindunlsoui liaansoniuanld

! a d aa A,
ﬂ]ﬁ]\‘lﬁ 12 Wﬁ’Jlﬂi'l$ﬁ1/11Qﬁﬂ@]ﬂ1ﬂﬂ1§@ﬂﬂllﬂﬂﬂ1‘iﬂﬂﬁ@\1g]}'§8’3% Plackett-Burman Iﬂfl
= Y| Y] 1 a o 9 dy 1
ﬂ15ﬁﬂ‘H1ﬁﬂ%ﬂ@]'N 19 ﬂﬁ]ﬁ]ﬂ @]@Wﬁﬁl@uhl“h'llL‘]JG]'IVl%ﬁHuﬁ%'lﬂL‘]S@W’L’fll‘igﬂ’J'N

B. pumilus DMKUB39 Wa¢ B. amyloliquefaciens DMKUB24

Variable Coefficient
code Variables estimate Mean square  F-value  P-value
Corrected model 21.232 23.045 0.042
intercept 6.60917 524.17 568.94 0.002
X, NaOH-treated rice straw 2.96583 105.55 114.57 0.009"
(g/)
X, Peptone (g/1) 1.56583 29.422 31.935 0.030"
X, K,HPO, (g/) -1.17750 16.638 18.059 0.051
X, KH,PO, (g/1) -0.82250 8.118 8.811 0.097
X MgSO,-7H,0 (g/) 0.02083 0.005 0.006 0.947
X, CoCl, (g/) 0.74083 6.586 7.149 0.116
X, Temperature (°C) -0.59583 4.26 4.624 0.164
X, Shaking speed (rpm) -1.21083 17.593 19.096 0.049"°
X, Initial pH -0.49250 2911 3.159 0.217

* Significant at P <0.05; R’ = 0.990, Adjust R’ = 0.947
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13197 13 /WanI12in19a0a 1ae 1935 Plackett-Burman  90nuUUNIINAADIADNTT
- - 2
waaeu laiiud lsTadaaonnionanved B. pumilus DMKUB39 11ag B.

amyloliquefaciens DMKUB24

Variable Coefficient
Variables Mean square  F-value  P-value
code estimate
Corrected model 6.037 35.706 0.028
intercept 10.62500 1354.6 8011.9 0.000
X, NaOH-treated rice straw -0.51500 3.183 18.823 0.049"
(g/)
X, Peptone (g/1) -0.09667 0.112 0.663 0.501
X, K,HPO, (g/) -0.20833 0.521 3.08 0.221
X, KH,PO, (g/) -0.23667 0.672 3.975 0.184
X MgSO,-7H,0 (g/1) 1.65333 32.802 194 0.005"
X, CoCl, (g/) 0.26333 0.832 4.921 0.157
X, Temperature (°C) 0.07000 0.059 0.348 0.615
X, Shaking speed (rpm) 0.12667 0.193 1.139 0.398
X, Initial pH 1.15333 15.962 94.404 0.010°

* Significant at P <0.05; R = 0.994, Adjust R’ = 0.966

1 U a lg U A a
nnnsnageumdulszansmsanaule (Rz) Gllﬂﬂﬂ”liwaﬁlﬂu]l%ﬁlllﬁ}”lllcﬁia
a &‘ 1 1
FIATAINNBONTY B. pumilus DMKUB39 Llag B. amyloliquefaciens DMKUB24 WUNTA
1T o = 9 a a 4 Y 9 d I g A A
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X, NaOH-treated rice straw (g/1) + + +
X, Peptone (g/1) - + 4
X,  MgSO,7H,0 (g/l) + - +
X, Shaking speed (rpm) Fixed at 200 rpm

X, Initial pH + - +
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A
MTNN 16

M19199 15 Msmnuaszauvoduaazfadendny1 IagUHUNITNAADILUY Central

composite design (CCD)
Level
Independent variables
-2 -1 0 1 2
NaOH-trated rice straw (X,) (g/L) 10 15 20 25 30
Peptone (X,) (g/L) 0.5 | 1.5 2 2.5
MgSO0,.7H,0 (X,) (g/L) 0.1 0.2 0.3 0.4 0.5
Initial pH medium (X,) 7 7.5 8 8.5 9
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q’ a Ia 4 9 9 a ,&’
M5191 16 #aveINsansIzHnansTueu i lsanuauaziuin loTaFmaveuronay
B. pumilus DMKUB39 1@ B. amyloliquefaciens DMKUB24 luiaagn1snaaes

Tagl¥n1500nLUNITNAADY Central composite design

Enzyme production (U/ml)

Code-setting level

Runs
(-xylosidase B-xylanase
X, X, X X,

1 -1 -1 =1 =1 7.83 1.02
2 1 -1 -1 -1 17.71 8.05
3 -1 1 -1 -1 14.67 5.98
4 1 1 -1 -1 25.83 13.57
5 -1 -1 1 || 7.17 1.47
6 1 -1 1 -1 15.17 5.57
7 -1 1 1 gl 5.50 1.76
8 1 1 1 2l 20.00 8.7

9 =l -1 -1 1 7.33 2.48
10 1 -1 21 1 10.67 4.06
11 -1 1 -1 1 14.67 15.73
12 1 1 -1 1 20.83 12.9
13 -1 -1 1 1 12.67 1.92
14 1 -1 1 1 9.33 3.77
15 -1 1 1 1 27.50 20.33
16 1 1 1 1 15.50 7.46
17 -2 0 0 0 7.33 1.33
18 2 0 0 0 14.33 5.89
19 0 -2 0 0 14.67 6.18
20 0 2 0 0 21.50 9.57
21 0 0 -2 0 11.67 8.4

22 0 0 2 0 21.67 7.62

23 0 0 0 -2 19.00 9.6
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M135199 16 (99)

Enzyme production (U/ml)

Code-setting level

Runs
B-xylosidase B-xylanase
X, X, X X,
24 0 0 0 2 7.50 5.07
25 0 0 0 0 26.78 16.15
26 0 0 0 0 26.56 16.79
27 0 0 0 0 26.50 16.43
28 0 0 0 0 26.42 16.16
29 0 0 0 0 26.58 16.43
30 0 0 0 0 26.33 16.03

a J
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4 a 4 a 4 a
M3 17 msaasiznanuulsysiu (ANOVA) VDINTITAATICUNITDANDYLTINTIFI DU

Sum of Degree of
Source Mean squares  F-value P-value

squares freedom

B-xylanase activity

Model 837.7736 14 59.84097 6.8541 0.0003

Residual 130.9600 15 8.73067

Total 968.7336 29

R'=0.8648

Adj-R’ = 0.7386

B-xylosidase activity

Model 1360.336 14 97.16657 6.997485 0.0002

Residual 208.289 15 13.88593

Total 1568.621 29

R’=0.8672
Adj-R’ = 0.7430
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H 1 a Jd o a £ 1 a 4
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Variables Coefficients Standard error t-value P-value
estimate

(Constant) -703.1240 163.2956 -4.3060 0.0006 *
X, 13.8310 2.6095 5.3000 0.0000 *

X, -20.2400 25.7025 -0.7870 0.4432

X, 66.3010 128.5127 0.5160 0.6134
X, 144.2160 37.1409 3.8820 0.0014 *

XX, -0.3940 0.2954 -1.3310 0.2028

X X -1.6680 1.4773 -1.1300 0.2766
XX, -0.9480 0.2954 -3.2090 0.0058 *

X, X -8.7980 14.7738 -0.5950 0.5603
X, X, 7.5730 2.9547 2.5630 0.0216 "

XX, 11.8070 14.7738 0.7990 0.4366
X, -0.1240 0.0225 -5.5010 0.0000 *
X, -8.1440 22567 -3.6080 0.0025 *
> & -200.3030 56.4185 -3.5500 0.0029"
X92 -8.6890 2.2567 -3.8500 0.0015 *

* Significant at P <0.05

Y,=-703.124+13.831.X -20.240X +66.301.X +144.216X -0.394X X -1.668X X -0.948X X -
1 2 5 9 1 2 15 19

2 2 2 2

8. 798X X +7.573X X +11.807X X -0.124X -8.144X -200.303X -8.689X ......... (5)
25 29 59 1 2 5 9
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15197 19 mmsumwmeﬂszmnﬁmmfmmsmiaﬂaaammiwamaull%muﬁﬁ

laTogae
Variables Coefficients Standard error t-value P-value
estimate

(Constant) -1010.9564 205.9388 -4.9090 0.0002 *
X, 17.4379 3.2910 5.2986 0.0001 *

X, -7.0693 32.4145 -0.2181 0.8303

X -67.8466 162.0726 -0.4186 0.6814
X, 218.7948 46.8399 4.6711 0.0003 *

XX, 0.0488 0.3726 0.1310 0.8975

X X -2.9226 1.8631 -1.5686 0.1376
XX, -1.2345 0.3726 -3.3129 0.0047 °

X, X -10.3574 18.6319 -0.5559 0.5865

X, X, 5.0952 3.7263 1.3673 0.1917

XX, 37.1426 18.6319 1.9935 0.0647
X12 -0.1582 0.0284 -5.5578 0.0001 *
X22 -8.5680 2.8460 -3.0105 0.0088 *
XS2 -249.6173 71.1517 -3.5082 0.0032"°
ng -13.4014 2.8460 -4.7087 0.0003 *

* Significant at P <0.05

Y,=-1010.957+17.438X -7.069X -67.8466.X +218.7948X +0.0488X X -2.9226X X -
1 2 5 9 1 2 15

2 2

1.2345X X -10.3574X X +5.0952X X +37.1426X X -0.1582X -8.5680X
19 25 29 59 1 2

2 2

-249.6173X -13.4014X ... (6)
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Enzyme production (U/ml)

Code-setting level

Runs B-xylosidase B-xylanase
X, X, X X, Observed  Predicted Observed  Predicted
1 -1 -1 -1 -1 7.83 7.90 1.02 1.35
2 1 -1 -1 -1 17.71 21.06 8.05 11.69
3 -1 1 -1 -1 14.67 12.00 5.98 5.81
4 1 1 -1 -1 25.83 25.65 13.57 12.2
5 -1 -1 1 -1 7.17 9.25 1.47 1.52
6 1 -1 1 -1 15.17 16.57 5.57 8.52
7 -1 1 1 -1 5.50 11.28 1.76 422
8 1 1 1 -1 20.00 19.09 8.7 7.28
9 -1 -1 -1 1 7.33 6.28 2.48 2.26

10 1 -1 -1 1 10.67 7.10 4.06 3.11
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13199 20 (919)

Code-setting level B-xylosidase B-xylanase
Runs
X, X, X X, Observed  Predicted Observed  Predicted

11 -1 1 -1 1 14.67 15.48 15.73 14.29
12 1 1 -1 1 20.83 16.78 12.9 11.2

13 -1 -1 1 1 12.67 15.06 1.92 4.79
14 1 -1 1 1 9.33 10.03 3.77 2.31
15 -1 1 1 1 27.50 22.19 20.33 15.06
16 1 1 1 1 15.50 17.64 7.46 8.64
17 -2 0 0 0 7.33 6.40 1.33 2.1

18 2 0 0 0 14.33 15.02 5.89 6.01
19 0 -2 0 0 14.67 12.10 6.18 2.92
20 0 2 0 0 21.50 23.82 9.57 13.7

21 0 0 -2 0 11.67 15.44 8.4 9.64
22 0 0 2 0 21.67 17.65 7.62 7.24
23 0 0 0 -2 19.00 14.66 9.6 6.63
24 0 0 0 2 7.50 11.60 5.07 8.9

25 0 0 0 0 26.78 26.53 16.15 16.45
26 0 0 0 0 26.56 26.53 16.79 16.45
27 0 0 0 0 26.50 26.53 16.43 16.45
28 0 0 0 0 26.42 26.53 16.16 16.45
29 0 0 0 0 26.58 26.53 16.43 16.45
30 0 0 0 0 26.33 26.53 16.03 16.45
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Agitation speed 200 rpm

Aeration rate of 1 vvm

Controlled pH at 8.03
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0.1 g/L KHPO, Aeration rate of 1 vvm

Controlled pH at 8.3
Temperature 37°C
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Level Actual level 3-xylanase (U/mL)
Run No.
X1 X6 X9 X1 X6 X9 Observed Predicted

1 -1 -1 -1 10 0.06 7.5 3.5 1.0
2 -1 -1 1 10 0.06 8.5 4.3 3.3
3 -1 1 -1 10 0.18 7.5 4.2 4.6
4 -1 | 1 10 0.18 8.5 3.5 2.6
5 1 -1 -1 20 0.06 75 11.5 9.2
6 1 -1 1 20 0.06 8.5 15.3 11.7
7 1 1 -1 20 0.18 7.5 5.4 3.3
8 1 1 1 20 0.18 8.5 2.1 1.5
9 -1.68 0 0 6.6 0.12 8 1.9 2.6
10 1.68 0 0 234 0.12 8 5.2 8.6
11 0 -1.68 0 15 0.02 8 4.1 8.1
12 0 1.68 0 15 022 8 2.5 2.7
13 0 0 -1.68 15 012 7.16 3.6 5.8
14 0 0 1.68 15 0.12 8.84 4.2 6.2
15 0 0 0 15  0.12 8 22.5 20.95
16 0 0 0 15  0.12 8 20.3 20.95

17 0 0 0 15 0.12 8 20.9 20.95
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KBKU2 DMKUBI1 BKU15 DMKUB31 BKU45 DMKUB61
KBKU6 DMKUB2 BKU16 DMKUB32 BKU46 DMKUB62
KBKU9 DMKUB3 BKU17 DMKUB33 BKU47 DMKUB63
KBKU10 DMKUB4 BKUI18 DMKUB34 BKU48 DMKUB64
KBKU11 DMKUBS5 BKU19 DMKUB35 BKU49 DMKUB65
KBKU14 DMKUB6 BKU20 DMKUB36 BKUS50 DMKUB66
KBKU15 DMKUB7 BKU21 DMKUB37 BKUS1 DMKUB67
KBKU19 DMKUBS8 BKU22 DMKUB38 BKUS52 DMKUB68
KBKU21 DMKUBY9 BKU23 DMKUB39 BKUS53 DMKUB69
KBKU22 DMKUBI10 BKU24 DMKUB40 BKUS54 DMKUB70
KBKU27 DMKUBI11 BKU25 DMKUB41 BKUS55 DMKUB71
KBKU28 DMKUBI12 BKU26 DMKUB42 BKUS56 DMKUB72
KBKU29 DMKUBI13 BKU27 DMKUB43 BKUS57 DMKUB73
KBKU30 DMKUB14 BKU28 DMKUB44 BKUS8 DMKUB74
KBKU33 DMKUBI15 BKU29 DMKUB45 BKUS59 DMKUB75
KUKB35 DMKUBI16 BKU30 DMKUB46 BKU60 DMKUB76
BKU1 DMKUBI17 BKU31 DMKUB47 BKU61 DMKUB77
BKU2 DMKUBI18 BKU32 DMKUBA48 BKU62 DMKUB78
BKU3 DMKUBI19 BKU33 DMKUB49 BKU63 DMKUB79
BKU4 DMKUB20 BKU34 DMKUBS50 BKU64 DMKUBS80
BKU5 DMKUB21 BKU35 DMKUB51 BKU65 DMKUBS81
BKU6 DMKUB22 BKU36 DMKUBS52 BKU66 DMKUBS82
BKU7 DMKUB23 BKU37 DMKUBS3 BKU67 DMKUBS3
BKUS8 DMKUB24 BKU38 DMKUBS54 BKU68 DMKUBg84
BKU9 DMKUB25 BKU39 DMKUBS55 BKU69 DMKUBS85
BKUI10 DMKUB26 BKU40 DMKUBS56 BKU70 DMKUBS86
BKUI11 DMKUB27 BKU41 DMKUBS57 BKU71 DMKUBS87
BKUI2 DMKUB28 BKU42 DMKUBSS BKU72 DMKUBSS
BKUI3 DMKUB29 BKU43 DMKUB59 BKU73 DMKUBS9
BKU14 DMKUB30 BKU44 DMKUB60 BKU74 DMKUB90
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s sHa s swa s swa
BKU75 DMKUB91 - DMKUBI121 - DMKUBI51
BKU76 DMKUB92 - DMKUB122 - DMKUB152
BKU77 DMKUB93 - DMKUBI123 - DMKUBI53
BKU78 DMKUBY4 - DMKUBI24 - DMKUBI54
BKU79 DMKUBY5 - DMKUBI25 - DMKUBI 55
BKUS0 DMKUB96 - DMKUBI126 - DMKUB156
BKUSI DMKUBY7 - DMKUB127 - DMKUB157
BKUS2 DMKUBY8 - DMKUBI28 - DMKUBI58
BKUS83 DMKUB99 - DMKUB129 - DMKUBI159
BKU84 DMKUB100 - DMKUBI130 - DMKUB160
BKUS5 DMKUBI101 - DMKUBI31 - KM 1
BKU86 DMKUBI102 - DMKUB132 - KM 3
BKUS7 DMKUB103 - DMKUBI133 - KM 10
BKUS8 DMKUBI104 - DMKUBI134 - KM 11
BKUS9 DMKUBI105 - DMKUBI35 - KM 16
BKU90 DMKUB106 - DMKUBI36 - KMS 1/1
BKU91 DMKUBI107 - DMKUBI37 - KMS ¥
BKU92 DMKUB108 - DMKUBI138 = KMS 2.1-1
BKU93 DMKUB109 - DMKUB139 - KMS 2.1Y-1
BKU94 DMKUBI10 5 DMKUB140 - KMS 2.1Y-2
BKU95 DMKUBI11 - DMKUB141 - KMS 2.1Y-3
BKU96 DMKUBI12 - DMKUB142 - KMS 2.1Y-4
BKU97 DMKUBI13 - DMKUBI143 - KMS 2.1Y-5
BKU98 DMKUBI 14 - DMKUBI144 - KMS 2.2-1
BKU99 DMKUBI15 - DMKUBI145 - KMS 2.2-2
BKU100 DMKUBI16 - DMKUB146 - KMS 2.2-3
BKU101 DMKUBI17 - DMKUB147 - FB 11
BKU102 DMKUBI118 - DMKUBI148 - Bacillus sp. A5
BKU103 DMKUBI119 - DMKUB149 - KMS 9
BKU104 DMKUBI120 - DMKUB150 - KMS 10




122

MANUHIN U

- {
DINILAUNLYD



123

1. ISP-2 (yeast extract — malt extract)

Yeast extract 4.0 NSUNDANT
Malt extract 10.0 ASUNDANT
Dextrose 4.0 nSuReaNg

a 3 < a L 0 £ g Y = o s 2 A
WUUINAU 1 AT uﬂm]lsﬁﬂﬂjﬂﬁuﬂu\iﬂ')']uﬂu]’l@ 15 ﬂﬂu@@]@@nﬁ]ﬂu? UNHY 121

2 I ~
e saed 1ual 15 wn

2. Nurient agar (NA)

Beef extract 3 NIu
Peptone 5 bty
Agar 15 nFu
pH 7.0

a %’ < a é 1 dy 9 Y é [ A Qy a
WUUINaU 1 ang mmu%mwmmmmwu% 15 Youanon151917 U 121

= I =
DN ALY Lﬂunm 15 UM

3. Nurient broth (NB)

Beef extract 3 n5u
Peptone 5 n3u
pH 7.0

a 3 < a EYTY ) ¥ = o S 2 A
WUUINAU 1 s uquL%@ﬂjﬂﬁNﬂuﬂﬂgquﬂullﬂ 15 ﬂ@uﬂﬁ@@TﬁTﬂu’J UNHU 121

= I ~
e saed 11ua 15 wIn
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4. Luria-Bertani medium (LB medium)

Tryptone 10 nyu
Yeast extract 5 N3
NaCl 10 nsu
pH 7.0

A 3 & a L 1 A g Y = o Eakl 4 A
WUUINAU 1 s u@ﬂ’]i%@ﬂ?ﬂﬁu@uﬂﬂ?’]ﬂﬂqu 15 ﬂ@u@@@@nﬁ’]\‘iuj UNNY 121

= 3 =
e aed 1Wumal 15 W
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@1592818 A: 0.2 M acetic acid (CH,COOH 11.55 Ja@ans luiinau 1000 Jaaans)

81392018 B: 0.2 M sodium acetate (CH,COONa 16.4 AU 130 CH,COONa.3H,0 27.2

¥ Y a aa
nsuluihnau 1000 Jaaang)

wsen TaeNaNaNTaza1s A uag B a1y pH NA0ams

A (adans)

46.3
44.0
41.0
36.8
30.5
25.5
20.0
14.8
10.5
8.8
4.8

B (¥aaan9)

3.7
6.0
9.0
13.2
19.5
24.5
30.0
35.2
39.5
41.2
45.2

Yy a 3 v YA A 2 A aa
Lla')!ﬁlluAIﬂauclﬁjJﬂ51“?’]57]\1141]@?]51] 100 Uaaansg

pH

3.6
3.8
4.0
4.2
4.4
4.6
4.8
5.0
5.2
5.4

5.6
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2. maesandmsnemlatinivios
1582819 A: 0.1 M citric acid (19.21 a5y luiinauasuias 1000 Jaaans)

#1592018 B: 0.2 M dibasic sodium phosphate (53.65 N3N VD3 Na,HPO,. 7H,0 30

71.7 n$Y U9 Na,HPO. 12H,0 Tuthnauilsuas 1000 iaaans)

A (Uadans) B (Nadanas) oy A (Uadans) B (Uaaans) Aoy
44.6 54 2.6 24.3 25.7 5.0
42.2 7.8 2.8 23.3 26.7 5.2
39.8 10.2 3.0 222 27.8 5.4
37.7 12.3 3.2 21.0 29.0 5.6
35.9 14.1 3.4 19.7 30.3 5.8
33.9 16.1 3.6 17.9 32.1 6.0
32.3 17.7 3.8 16.9 33.1 6.2
30.7 19.3 4.0 154 34.6 6.4
29.4 20.6 4.2 13.6 36.4 6.6
27.8 22.2 4.4 9.1 40.9 6.8
26.7 233 4.6 6.5 43.6 7.0
25.2 24.8 4.8

9 v 9
ngﬂlﬂMUWﬂﬂuiﬁjﬁﬂ‘ilJWIﬁ‘ﬂ\‘i‘I"iiJﬂﬂﬁJ 100 Waaansg
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3. matesauwoamaiiviies

9 J
81302018 A: 0.2 M monobasic sodium phosphate (NaH,PO,. H,0 27.6 N34 Tuihnau

131195 1000 Yaaans)

81392018 B: 0.2 M dibasic sodium phosphate (Na,HPO,. 7H,0 53.65 n5u 130

Na,HPO,. 12H,0 71.7 n3% Tuihnauil3uag 1000 dadans)

A (Uadans) B (Haaans) Aoy A (Uadans) B (Haaans) Nioy
93.5 6.5 5.7 45.0 55.0 6.9
92.0 8.0 5.8 39.0 61.0 7.0
90.0 10.0 5.9 33.0 67.0 7.1
87.7 12.3 6.0 28.0 72.0 7.2
85.0 15.0 6.1 23.0 77.0 7.3
81.5 18.5 6.2 19.0 81.0 7.4
77.5 22.5 6.3 16.0 84.0 7.5
73.5 26.5 6.4 13.0 87.0 7.6
68.5 31.5 6.5 10.5 90.5 7.7
62.5 37.5 6.6 8.5 91.5 7.8
56.5 435 6.7 7.0 93.0 7.9
51.0 49.0 6.8 5.3 94.7 8.0

9 J 9
LL%@L@]MHWﬂﬁuiﬁgﬁﬂﬂﬂﬂi‘ﬂﬁﬁllﬂﬂiﬂ 200 yaaang
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4. MN8N Tris (hydroxymethyl) aminomethane buffer

¥ Y =)
71592078 A: 0.2 M Tris (hydroxymethyl) aminomethane (24.2 N34 Tuihnaudsuas

1000 Haaans)

a159¢018 B: 0.2 M HCl

A (Uadans) B (ladans) oy
50.0 442 7.2
50.0 41.4 7.4
50.0 38.4 7.6
50.0 325 7.8
50.0 26.8 8.0
50.0 21.9 8.2
50.0 16.5 8.4
50.0 12.2 8.6
50.0 8.1 8.8
50.0 5.0 9.0

Y a 3 o YA A 2 A aa
LlaQLWNHTﬂauGLWNﬂ51”@]51/]\11’71]@?]51] 200 Waaansg
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5. MIAILN glycine-NaOH buffer

@1592818 A: 0.2 M glysine (NH,CH,COOH 10.01 n3uluinauif3uias 1000

Iaaans)

1582018 B: 0.2 M Sodium hydroxide (NaOH 8.0 n5uluinaudsuing 1000

Uaaans)

A (Haaang) B (adans) oy
50.0 4.0 8.6
50.0 6.0 8.8
50.0 8.8 9.0
50.0 12.0 9.2
50.0 16.8 9.4
50.0 22.4 9.6
50.0 27.2 9.8
50.0 32.0 10.0
50.0 38.6 10.4
50.0 45.5 10.6

Yy a 3 ) YA A 2 A aa
LlaQLWNHAIﬂauGLWjJﬂ51”?’]51/]\11411@?]51] 200 Waaansg



6. SET buffer

Stock
500 mM NaCl
100 mM EDTA pH 8.0
500 mM Tris-HCL pH 7.5

3 4
HINAU

Fadaiminny
75 mM NaCl
25 mM EDTA pH 8.0
20 mM Tris-HCL pH 7.5

a %I o 9y

wuvnaulvasy
7. TE buffer

10 mM Tris-HCl

1 mM EDTA-2Na

pH 8

8. Congo red

Congo red

Ethanol

29.25
37.2

60.57

37.5
62.5
10

250

0.5

Usul5inas iy 100 Jadaasaleringu

Uaaans (500 mM)

aaans (100 mM)

)

Uaaans (500 mM)

ans

fg)]
a)))]

a
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