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ABSTRACT

Ol-amylase is an important catalytic enzyme for the conversion of starch to sugar in the
production of ethanol using cassava as a starting material. Bacillus sp. can be used as a source for
starch hydrolysis and thermotolerant, thus, we aimed to study the starch digestion efficiency by
Bacillus spp. derived from collected samples. A total of 476 Bacillus isolates were received and the
starch digestion efficiency was then evaluated by the measurement of clear zone from colony on 1%
(w/v), liquefaction and amylase activity techniques. The result showed that isolate D1-1 show high
amylase activity at 2.39 U/ml. Then isolate was identified by partially sequenced and analyzed using
16S rDNA. The sequenced result was exhibited as B. subtilis with 99% similarity when compared to
16S rDNA sequences in the GanBank database. In other experiment, Ol-amylase gene of Bacillus sp.
DI1-1 isolate was obtained by PCR gene cloning technique and the full length nucleotide
approximately 1,980 bp (GenBank Accession No. EU195860.1) and peptides (659 amino acids) were
further analyzed. Ol-amylase gene could be overexpression within the protein expression vector pQE-
80L and the recombinant was then transformed into E. coli BL21(DE3). The production of
recombinant protein can be induced by 3 mM IPTG and Lactose. The recombinant Ol-amylase was
further purified using HisTALON gravity column and the protein product was analyzed by SDS-
PAGE. The size of recombinant Ol-amylase was molecular weight approximately 73 kDa and crude
enzyme efficient activity showed as good as commercial enzyme at temperature 70°C
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47 Miwenresdeanh o2 luaa 1K1Y Protein Expression Vector pQE-80L (QIAGEN)
4.7.1 maw3eadudumearh oxluaw oz PQE-80L Vector (V1@ 4,751 giua)
dmanadieduedtidunearh oz luad 11090 4.5 LaznaaiafIE UBUDY
pQE-80L vector tinndaalstou laidas wng Kpnl uag Hindill 93 sudunaulfnsonlsinas
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oz luad yuinlszine 2 A laa waznamesvinalszma s lawa Tasfilaredaniiadiy
fumianiveaeu lnidas g Kpnl wazdndhanitadiudum sweuew lan] Hindr
4.7.2 mavoudosudumearh oluaa iy pQE-80L Vector
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Ysines 20 lulasdas  &ef sudBuevesiuuearh oz luaa (100 W Tunsw) 2 lulnsans,
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1 A AaAg . . 9 A a
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= Y Y do o
492  msnseaeumslinguestudlemslfeulsidaduwe
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37°C W 40 Wil wazvgalnsenguigil 80°C WM 10 WA ATINHEUVLIARDUIDAIBIT
Electrophoresis YU 1.5% agarose gel
a d o d 4 a
4.10 msoeshnwanadiadSuemenandglrad E. coli ewug BL21 (DE3) ton1skan

Ta)sAu

wimsaerhntues luaadngwad £ coli eeiug BL21 (DE3) Tasmathwanaiiaaou
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AOAFAAVOMUANGTY E. coli eNeWUT BL21 (DE3) N1 recombinant plasmid vo38utioah
oz luad Tuewnsdsines 1 a3 Ghwdeddude 5.1) FmimsuaatesnvedlUsaude 3mm
™ < 4 :ll o . . .
Lactose YU 6 T2 139 INUAZNOUAA 1NUUNRINMIUENVUIA fusion protein é’]}’JEﬂ;ﬂ HisTALON
o
Gravity Columns Purification Kit (Clontech) azaeAzNOULEAdN 1AA8 HisTALON xTractor Buffer
a A aa 14 A a o a a 4 a a o
UT1105 2 Hadans/menouiyas 100 Jaan3y 1AY DNasel 1 lulasans/mznoussad 100 Haaniu
o ' F ~ o o s 4 . &
s Buwiwds dunan 15 i wd R e i waduen Iagl4n309 Ultrasonicator tHunan
= T~ [ QaJJ 1 a =) y A Y I A g
1w Tasuvatluyedue ¥9az 10 3u9 Winilumessdrennus 1 10,000 sou/AN7 1Wwal
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20 W D uaM e (crude extract) 1A% -20°C 317171%1A15819 HisSTALON Gravity Columns 928
o o { <3 ' Jope .
Equilibrate Buffer 914U 5-10 column U1 curd extract APy 131 column d19808 Equilibration
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<3 {1 I v ' Aa aa o a 4
Nuesaza1s 1USAUNAIU column @MUY UEIUY (fraction) dIUAL 1 Haaaas KIMIAATIEN
{ =\ o =) d' 1 o Q) Qo’ o
USuat fusion protein N1@@267% Bradford protein assay Iaeti1 TsAuniumstlduTgniumi
Aaaa o I Y] a 4
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A Ay Y = = o a = . . 9
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A a 4 ) Y . .
75 SDS-PAGE (Sambrook ef al., 1989) 331z H im0 luianaved fusion protein Inanliavme
11 protein molecular weight standards

53 ﬂ1§ﬂﬂﬁ®ﬂﬂﬂﬂﬁiuﬂli’)ﬁ crude protein Tne3s Bioassay technlque

mﬂmammuﬂimmmaamm E. coli ﬁ’WEJWLlTJ B1L21 (DE3) % recombinant plasmld Tu
8115 LB-Ampicillin #n1iimsuaaseenveslilsaudioars 3mM  Lactose v 6 $1104
RUFURNINUTD 5.1) NATOUNINTINVBY crude enzyme UTH1AT 20 Zlﬂﬂiﬁm Tagngaaglu
omnsutle (1 8a3 - Tudnlzndaaeuuis 10 50 medu 20 N3 wazhingy) fmzguinady
Fugudnan 0.5 muAmas tufigangd 55, 65 uag 70°C 11U 6 52119 AsndRURINIIUMIERY
uilafud)endavesen laduearh o luae Tasmsmiudlsansazarsloledn Funamsimnadg
Td (clear zone) W3suidieuiuow Il Anaa ums
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1. MINUIIVIIN UASUSNYD Bacillus spp. Gl‘ﬁ‘ﬂﬁrﬂﬁ

MM LIS IE 06150 Bacillus spp. MINUMaeRae) laun anrh wwsidy au uas
dhusnamuamniudnlends uazwﬁﬂﬁmcﬁmﬂuﬂqmuﬁwﬁﬂﬁ'nq dorthindauoniae a3t
dilution spread plate UUDTH13 NA umwammwm (28-30°C) 11 24 2 Tug wudh @nsauen
10 Bacillus spp. USANG Y &iad 476 ToTanan Tao 236 loTman annsauonldnnauihly



Iy v o [ 4 a J A a3 [
Tardad Iy w1 uws U mesysel gasaad Weelan 2109 Qe yuns a5 197 leTaxan
v
o C% a C% o (% a [} Jd
uen' lanmindsuaziuduusnaaiuamniudinlzvas vag 43 loTsan wenldnnrandasiain
uilanindewiiaaiee (Table 1)
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2. m3RaiAenIYe Bacillus spp. Tdnasmlumsuamelsiosluaa
2.1 msasaevlszansmnlumsaesnilauuerns starch agar
Y ' Y Y
1%® Bacillus spp. NAaLen 1AaALMasn1ee $aau 476 lo Tesan himsaneidszansom
Aa 4 ad o Y 2 Aa [
Tumskaaeu laes luae Taedsiamsadranala (Clear zone) luemsuaaniudla 1% iy
4 @ 1 @ 1
99AU52neY (Figure 1)  HaIMIasaouMstasuilalaomiivdreasazareleToan wu
] dy . Y o 1 9 1 VoA v 9 o '
AWNTOULNTO Bacillus spp. il 4 ngu laun nqui 1 luadieaale d1uau 198 ToTman nqu
12 szaud (@0la 1-19 Hadwas) $1uau 186 lo Taan ngui 3 szauthunais (@ale
20 - 39 Haawas) 31uau 76 loTaan uazngui 4 szavud (@29la > 40 Tadwas) $1uau
[ g < g’ @ a %
16 loTowan Taewu3 e Bacillus  spp. NAVTIVIINMINNNFBUAETEHDT N IUAINTY
o [Y] Y o 1 dy d’d a a 1 (Y] =S
dlgudalidredrusonidszanianlunisdesuilavuemsluszduiliunarauasd
Aa A ) a I o w o
(@ 2ala >20 Taaway) 91 43 uaz 11 loTaman anilu 21.8% wag 5.5% aud1ey 11091
v 9 9
Auenldnadu 197 leTanan (Table 1)
2.2 msasnaevlszansmmlumsiliiwt awal (iquefaction)
0 J & o { & o
mynageumsiliiudlavan (liquefaction) uduaeumsnlasuuilaliiduima Tae
0o A voA o 0 oA o A o
RERRIET) °1uﬂa3m 3 (szauiunaie) 119U 76 o Taan uag nguii 4 (3zAVd) Suu
16 o Taan FarunsAAEDNUUBINS starch agar (110410 2.1) iaumﬁu 92 leTaan w3
Asudeluommamaaiifiudls 1% Huessilsznen 910N NARINLIED Bacillus spp. HinINTTY
magosutl edimandsudvesmsazasleToRunnamaeudumiicy (Figure 2) luszay
Y v Y Y
A9 98! 3EAUA (+ = d1hiSwd) 31191 29 TeTanan, sedunals (—+ = Mihenady) $mu
v A S 3’ =) o v A =
36 lolman, sLAUA (++= daaeued) 911U 16 I Tw@an uazszavamn (+++= o
mae) 3 11 leTaan Faldun lolaan LP11-2, LP11-6, C5-1, DI1-1, E1-6, Aal-4, Aa3-1,
= Y Aa A = =
Aa6-2, G1-2, Y-5 1 7*-2 %4 Skoog et al. (1996) Iaasnemswlasudvesarsazane loleanuly
aaa A a d? Y1 A g’ A A a a S o’/’
Ufnsenmnaiu1in shduimennmadvasuivaseutlsadlumsazaneloTodu (1) Wu
mavnleTlodu (1) Wldunsndreglulassadremuuiivlamnde (helical chain) voautls i
o Y I I = 3} a £ o = Y1 a aaa ] o
amylose i ¥wiluensdihitu Fofuiinwa ldlnnalgnseimsdeontlsdnnn



Table 1. Source sampling of various Bacillus spp. isolates and the results of clear zone induction

Source Code Number of @ clear zone (mm.)
isolates 0 1-19 20-39 > 40
1. soil (236) (120) 98) (14) “)
- Chumphon CP 20 4 16 - -
- Lamphun LpP 24 10 8 2 4
- Nan Nan 23 12 9 2 -
- Phayao PY 31 8 15 8 -
- Phrae PR 38 17 19 2 -
- Phetchabun PS 17 11 6 - -
- Phitsanulok PS 17 12 5 - -
- Phuket PK 19 16 3 - -
- Ranong RN 23 16 7 - -
- Uttaradit UTD 8 7 1 - -
- Trang TR 16 7 9 - -
2. waste water and cassava chip on cassava drying ground 197) 7 (66) (43) (11)
- Buri Ram AB,C,D 37 20 10 4 3
- Kamphaeng Phet Aa,Bb,Cc 74 21 19 27 7
- Kanchanaburi K 12 8 4 - -
- Nakhon Ratchasima E,F,G,H,I 74 28 33 12 1
3. flour products 43) @ (22) 19) @
- cassava flour 1 3 - 3 - -
- fermented cassava flour 1* 3 - 3 - -
- cassava flour (Chok chai) 2 5 - 1 4 -
- maize flour (G3 Nestle Load) 3 3 - 1 2 -
- maize flour with germ 4 4 - 3 1 -
- cassava flour 11436 6 3 - 2 - 1
- fermented maize flour 7* 3 - - 3 -
- cassava flour (1 year) 8 3 - - -
- cassava flour (Kamphaeng Phet) 9 9 1 4 4 -
- cassava flour 11645 10* 2 - 1 1 -
- fermented cassava Y 5 - 1 4 -
Total 476 198 186 76 16




Figure 2. Effects of amylase activity assay by iodine color changes on 1% starch broth medium.
- low activity (dark blue color = +) - moderate activity (dark brown color = ++)
- high activity (brown-green color = +++) - very high activity (yellow color = ++++)

U 2’ d
2.3 mydanonssumsgesutldluzivesiimaifad (Reducing sugar)
o dy qa}l 9 o = a 1

Taeni e Bacillus spp. ¥4 11 o Tanan (¥ 2.2) yimsAnpnanssumsdeaudlalu

3‘ A a 4 1 d' Y 3’ aSAa 4 1% [ Y 1
sivenhasaad wun leTwanildanhaeiardgega 3 ouaunsn 1aun loTaan Do
@,15435 luTasnsu/iaaans), E1-6 (1,844.10 1u1asnsu/iaaans) uas Aal-4(1,823.58 Julasnsu/
aaanT) 5090901 Ao Tolaan G1-2, 7+-2, C5-1, Aa3-1, LP11-2, Aa6-2, Y-5 uag LP11-6 ANA1AY Tagnn

a a a 4 Y. 4 Y g
loTsaniitsza@ns mnlumseaaeu lxioz luaalda Weonls sudeunude B. licheniformis (control)
9 & Y :} Aa JY ~
oniuloTanan LP11-6 alvianimaiadriosiga
1 J . .. o Y o 1 1A L4 = 3

AU specific activity A1 lanndadinvesainonssuvesen lnitaz TUsauiavua

TagloTman D11 19A1 specific activity gaga w1 2.19 gilaAlaansuTsau sosaan fe loTaan
Y

7%2, E1-6, Aa3-1, G1-2, Aa6-2, LP11-6, Aal-4, C5-1, LP11-2 1@ Y-5 mudey uenandidalyia
Reducing sugar 91101 2,154.35 TuTasnsuaiaaans Usualysdu midy 1.09 Sadnsu/idaaans

1A 4 (Y a A aa a a
uaz 1A Inng s (activity) vouou landgega i 2.39 ghiadiaaaas [1 gila (U) nuned U5

S A a g} Aa J 14 )=} 9 a o

o1l Mnamimasas 1 Ty Tas Tuarsani meldanzgumngil 40°C] (Table 2)
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Table 2. Starch hydrolysis activity assay occurred in amylase enzymes produced by different

Bacillus isolates

Isolates Reducing sugar Enzymes activity Total protein Specific activity
LPI11-2 1,477.43 1.64 1.25 1.32
C5-1 1,644.10 1.83 1.37 1.33
Dl1-1 2,154.35 2.39 1.09 2.19
El-6 1,844.10 2.05 1.11 1.84
Aal-4 1,823.58 2.02 1.43 1.42
Aa3-1 1,515.89 1.68 1.06 1.58
Aa6-2 1,285.12 1.43 0.92 1.55
Y-5 1,141.53 1.27 1.26 1.01
7*-2 1,685.12 1.87 0.90 2.08
G1-2 1,767.17 1.96 1.26 1.56
LP11-6 1,059.48 1.18 0.82 1.43
B. licheniformis 1,200.51 1.33 1.48 0.90

Remarks: One enzyme unit (U) was defined as the amount of enzyme that released 1 umol of reducing sugar mL 'min’’

at 4OOC, with D-glucose as the standard, under the standard assay conditions described above.
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Table 3. The starch hydrolysis activity assay of cassava flour inoculate by 11 Bacillus isolates

compared with B. licheniformis at 37, 45 and 55 °C.

Isolates - Hydrolysios Activity :
37C 45 °C 55°C
G1-2 S NR +
C5-1 R NR +
7*-2 o+ o+ .
Aal-4 ot -+ +
Aa3-1 +++ -+ +
Aab-2 INE T +
DI-1 S NR HHH
El-6 N ER. .
LP11-2 . s
LP11-6 -+ e
Y-5 o+ +H+t +

Remarks: The level of iodine color changes in starch hydrolysis activity assay.
- low activity (dark blue color = +) - moderate activity (dark brown color = ++)

- high activity (brown-green color = +++) - very high activity (yellow color = ++++)

3 & . Y a =
3. MIS WU Bacillus sp. Tolatan D1-1 JaglFimatinmazalana
o dy . d! |l (% A as a A
SWUNYD Bacillus sp. o Twan D1-1 Frhumsdaden lagdsmsnaaevilszansamly
a o as [ 9 1 @ 9 = o Y
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Y Y
o . . v A 1 o a J an
il eia (liquefaction) tagnisiananssumsdosutlsluglveniimaiard Tnedsnsn

= 1A y = o & . A A .
‘lf'JIlJLaf]‘ﬂ NUNUANNUANYANIN VYD B. subtilis NANNNDU 99 % (Figure 3a, 3b)

4. m3lpaudiuuearh oxluaa 9101¥e Bacillus sp. lolwan D1-1
A a £ 491 Y a
ﬂTiLW?J‘]JﬁJ"Iﬂ!EJUﬂ%l’lﬂJLﬁﬁ 910 genomic DNA UU¥® B. subtilis ul?JI“BLﬁ‘VI D1-1 agnauan
9 4 £ Ao ] ) do o
PCR IﬂEJGlGlfllWiLlli’)i Bamy401F, Bamy401R qﬁmumuwm"ﬁummu"lc]mmmmw Kpnl 1oy
A ' a Qy ~ Ay Y a .
HindIll ‘VI‘iJifﬂEJ 5 WUNHNaWa® PCR mawuﬂuaz'lmaﬁﬂ”lﬂ QJBUL!"IW]JiS?J”Iﬂ! 2 ﬂTﬁL‘UE‘T (Flgure 4a.)
A o 2 o R ST ¢ ) Y o ' T
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4 -4 an Y {
A8 E. coli eeWug DH5OL 1aeAT heat shock transformation (Fritsch ef al., 1989) Aataon Inauiil
Qy = A o % A Aaag 1 A A [ Yy
%uauaz‘lmammﬁﬂeg HDUIFANANATUAALD ULD W‘U'J1Wﬁ1ﬁmﬂﬂﬁﬂﬂ1ﬂhﬂlu1ﬂﬂ‘i%ﬂ1m
a . Y o a 4 ~ o W @ A Y
5 ﬂIﬁlf]Jfff (Flgure 4b) LLﬁ’JlHVl‘IJ'JLﬂiWWﬂﬁliﬂ\‘iﬁWﬂUﬂlﬁNﬁﬁwuﬁﬂﬁﬁh LW@ﬁiﬁﬂﬁ@Uﬂ’JWNQﬂﬁ@\i
= 1A Ao v A = Jd 1w 1 A ~ o Y
VDI NUN EJ’L!@$|13J!@?( NﬁWﬂUu’)ﬂﬁIkal‘ﬂﬂ M1 1,980 ﬂ!ﬂJﬁ LiJE)LlﬁEJ‘UW]EJ‘Uﬂ‘UﬂTU"U@?J"ﬁ NCBI
= 9 R v A dy . A
uammmﬂa1aﬂmﬂmmmm\h az‘lmaﬁ VDUY® B. subtilis (Accession No. EU195860.1) NAU
A . A o o w 9 A
WU 99% (Figure 5) worhdwuwa lddh ldsunsy http://tools.neb.com/NEBcutter2/ IWaH1
o 1 1 Y~ = Ao w a [ a a
A UI ORF NUN ﬂ'"lll"liﬂll‘ﬂiiﬁﬂLﬂUIﬂﬁﬁHIﬂﬂMﬁ'lﬂ‘U‘lJ@\‘lﬂﬁﬂ’f)mJIum'lﬂ‘U 659 @zuiuuf)«m

(Figure 6) taziilonfSsuieudnuvesnsaezid Tunugiudoyaldsdu NCBI wulianundenaeny



aaunlIng ueavh oz'luaa WU B. subrilis (Accession No. ABW75769.1) 1l AMMIHHOU 99%

(Figure 7)

2 kb

Figure3 a. Genomic DNA isolated from Bacillus sp. analyzed on 1% agarose gel.
Lane M, 1 kb DNA ladder (Fermentas); lane 2-4, DNA mass standard marker; lane 1-6,
Genomic DNA from from Bacillus sp. D1-1.
b. PCR products of 16S rDNA regions derived from amplifying genomic DNA of Bacillus spp.
by using specific primer F1:S16, 1 (forward) and R5 : S16,12 (reverse) (Lane, 1991).
Lane M, 1 kb DNA ladder (Fermentas); lane 1-7, PCR products from Bacillus sp. D1-1.

2 kb »

Figure 4 a. PCR Product of Ol-amylase gene (1,980 bp) from Bacillus isolate D1-1.
Lane M; 1 kb DNA ladder (Fermentas), lane 1-7; PCR product from Bacillus sp. D1-1.
b. Recombinant plasmid DNA of Ol-amylase gene separated by 1.5 % agarose gel.
Lane M; 1 kb DNA ladder (Fermentas), lane 1; DNA of T&A Cloning vector ligated with
Ol-amylase gene (size ~5 kb)
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> gb]EU195860.1] Bacillus subtilis strain FS321 alpha-amylase gene, complete cds
Length=1980

Score = 3485 bits (1887), Bxpect = 0.0
Identities = 1949/1980 (99%), Gaps = 0/1980 (%)
Strand=Plus/Plus

Query 1 ATGTTTGCAAAACGATTCAAAACCTCTTTACTGCOGTTATTCGOCGGATTTTTATTCCTG 60
. L Ly

Shjct 1 ATGITIGCAAAACGAT TCAABACCTCTTTACTGCOGT TATTCGCTGGATTTTTATIGCTG 60

Query 61  TTTCATTTGGTTCTGGCAGGACCGGUGCCTCOGAGTGCTGAAACGEOGAACAAATCGAAT 120
. L i i

Sbjct 61 TTTCATTTGGITCTGGCAGGACCEEUGECTEOGAGTGCTGAAMCGEOGAACAAATCGAAT - 120

180

180

Query 121  GAGCTTACAGCACOGTCGATCAAAAGCGGAACCATTCTTCATGCATGGAATTGGTCGTTC

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 121 GAGCTTACAGCACCGTOGATCAAAAGCGGAACCATT

Query 181  AATACGTTAAAACATAATATGAAGGATATTCATGATGCAGGATATACAGOCATTCAGACA 240

. NN RN gy agy|
Shjct 181  AATACGTTAAAACATAATATGAAGGATATTCATGATGCAGGATATACAGCCATTCAGACA 240

Query 241  TCTOOGATTAACCAAGTAAAGGAAGGGAACCAAGGAAATAAAAGCATGTCGAACTGGTAC 300

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 241 TTAACCAAG TAAAGGAAGGGAACCAAGGAAATAAMGCATGTCGAACTCGTAC - 300

Query 301  TGGCTCTATCAGOOGACATOGTACCAAATTGGCAACOGTTACTTAGGAACTGAACAAGAA 360

. LSRN Ry gy ey aey|
Shjct 301 TGGCTCTATCAGOOGACATOG TACCAAATTCECAACCGT TACTTAGGAACTGAACAAGAA 360

Query 361  TTTAAAGAAATGTGTGCAGCOGCTGAAGAATATGGCATAAAGGTCATTGTTGACGCGGTC - 420

. LIy eyl
Shjct 361 TTTAAAGAAATGTGIGCAGOOGCTGAAGAATATGECATAAGG ICATTGT TGACGCGGIC - 420

Query 421 TCATACCACCAGTGACTATCCAGOGAT TTOCAATGAAATTAAGAGTATTCCAAAC 480
. IIIIIIIIIIIIIIIIIIII 1111 IIIIIIIIIIIIII LI
Shjct 421 TCATACCACCAGTGATTATGOCGOGATT T TTAAGAGTATTCCAMC 480

Query 481  TGGACACATGGAAACACACAAATTAAAAACTGGTCTGATCGATGGGATGTCACCCAGAAT - 540

. L IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Shjct 481  TGGACACATGGAAACACGCAAATTAAAAACTGGTCTGA \TGTCACCCAGAAT 540

Query 541  TCATTGCTOGGGCTGTATGACTGGAATACACAAAATACACAAGTACAGTCCTATCTGAAA 600

. Ny gyl
Shjct 541 TCATTCCTOGEGCTGTATGAC TGGAATACACAAAATACACAAG TACAGTCCTATTTGARA - 600

Query 601  OGGTTCTTAGAAAGAGCAT TGAATGACGGGGCAGACGGATTTOGCTTTGATGCOGOCAAA - 660

. L e e A i i
Sbjct 601  CGGITCTTAGAAAGAGCATTGAATGACCOGECAGATGGATTTOGCTTTGATGOOGCTARA - 660

Query 661  CATATAGAGCTTOOGGATGATGGCAGTTACGGCAGTCAATTTTGGOCGAATATCACAAAT 720

. DL e e e e e el
Shjct 661  CATATAGAGCTTOOGGATGATGGGAGT TACCGCAGTCAATTTTGGOOGAATATCACAAAT - 720

ACAGCTGCAGAGTTOCAATACGGAAAAATCCTGCAGGATAGTGOCTCCAGAGATGCTTCA
LT L e e 1l
ACATCTGCAGAGT TCCAATACGGAGAAATCC TGCAGGATAGTGCC TCCAGAGATGC TGCA

apee o IO ST Y o
o o T T o
pendpoolly 1 i i e

Query 961  TGGATGAGOGATGATGATATOCGTTT/ 1020

e 1ttt i

Figure 5. Nucleotide sequence alignment of B. subtilis D1-1 Ol-amylase gene compared with the same
regions of B. subtilis (accession No. EU195860.1) in GenBank database (NCBI) (99% similarity).
The start (ATG) and stop (TGA) codons are highlighted.
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Query 1921 GATTAOGTGCAAAATGGT TTATATAATGACTOGGGCTTAAGCGGTTCTCTTCCTTATTGA 1980
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Figure 5. (cont.) Nucleotide sequence alignment of B. subtilis D1-1 Ol-amylase gene compared with the
same regions of B. subtilis (accession No. EU195860.1) in GenBank database (NCBI) (99%
similarity). The start (ATG) and stop (TGA) codons are highlighted.
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Coding region: 1..1980
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Protein sequence:

> 659 aa

MFAKRAKTSL LPLFAGHLLL FHLVLAGPAA ASAETANKSN ELTAPSIKSG
TILHAMNASE NTLKHNVKDI HDAGYTAIQT SPINQVKEGN QGNKSVSNWY
WLYQPTSYQI GNRYLGTEQE FKEMCAAAEE YGIKVIVDAV INHTTSDYAA
ISNEIKSIPN WTHGNTQIKN WSDRADVTQN SLLGLYDMNT QNTQVQSYLK
RALERALNDG ADGFRFDAAK HIELPDDGSY GSQRVPNITN TAAEFQYGKI
LQDSASRDAS YANYMNVTAS NYGHSIRSAL KNRNLGVSNI SHYASDVSAD
KLVTWESHD TYANDDEEST WMSDDDIRLG WAVIASRSGS TPLHFSRPEG
GGNGVRFPGK SQIGDRGSAL  FEDQAITAVN RFHNWWAGQP EELSNPNGNN
QIRVINORGSH GWLANAGSS SVSINTPTKL PDGRYDNKAG AGSFQVNDGK
LTGTINARSV AVLYPDDIAK APHVFLENYK TGVTHSHNDQ LTITLRADAN
TTKAVYQINN GPETAFRDGD QFTIGKGDPF GKTYTIMLKG TNSDGITRAE
EYSFVKRDPA SAKTIGYQNP NHWSQWNAYT YKHDGSRAIE LTGSWPGKPM
TKNADGIYTL TLPADTDTTN AKVIFNNGSA QVPGONQPGF DYVQNGLYND
SGLSGSLPY

Figure 6. The amino acid sequence of Ol-amylase gene (659 amino acids) analyzed by NEBcutter2 software.

>|_|ga:|;_3‘z:75‘63.‘. alpha-amylase [Bacillus subtilis]
Length=€53

Score = 1353 bits (3502), Expect = 0.0, Method: Compositional matrix adjust.

Identities = §51,/655 (99%), Posmitives = €55/659 (100%), Gaps = 0/€59 (0%)

Query 1 MFARKRFKTSLLPLFAGFLLLFHLVLAGPAARSAETANKSNELTAPSIKSCTILHAWNWSE &0
MEAKRFETSLLPLEACFLLLEELVLAGCPARASAE TANKSNELTAPSIKSCTILHAWNUSE

Sbjet 1 MFRRRFKTSLLPLFAGFLLLFHLVLAGPAARSAFTANKSNELTAPSIKSCTILHAWNWSE €0

Query 61 NILKHNMKDIHDAGYTAIQTSFINQVKEGNDGNKSMSNWYWLYQPTSYQIGNRYLGTEIQE 120
NILEHWMEDIHDAGY TAIQT SFINQVKEGNRGNKSMSNWYWLYCPTSYQIGNRYLGT:
Sbjer &1 NTLEHNMEDIHDACY TATQTSFINQUEEGNDCNESNSNUYWLYCPTSYQIGHNRYIGTEQE 120

Guery 12l FREMCARRIEYGIKVIVDAVINHITSDYAAISHEIESIPNWIHGNIQIENWSDRWDVIQN 180
FKEMCARASEYCIKVIVDAVINHITSDYAAISNEIKS I PNWIHGNT QI KNWSDRWDVIQN
Sbjet 121 FEEMCAARRFEYGIEVIVDAVINHITSDYAAISHEIESIPNWIHGNIQIENWSDRWDVIQN 180

Query 181 SLLGLYDWNIQNTQVQSYLKRELERALNDGADGFRFDAAKHIELPDDGSYGSQEWPNIIN 240
SLLGLYDWN I N IV S Y LKR FLE RALNDGADGF RFDAAKHIELPDDGSYGSQEWFNIIN
Sbjert 181 SLLGLYDWNIONTQVQSYLXKRELERALNDGADGFRFDAAFHIELPDDGSYGSQEWPNITN 240

Query 241 TAASFQYCHKILQDSASADASYANYMNUTASNYCHSIRSALMNRNLGVSNISHYASDVSAD 3200
T+REFQYG+ILQDEASRDA+YANYNNVTASNYGHS IRSALKNRNLGVSNISHYASDVSAD
Sbjct 24l ISREFQYGEIILQDSASRDARYANYMNVIASNYGHSIRSALFNRNLGVSNISHYASDVSAD 300

Query 301 KLVIWVESHDIYANDDEZESTWMSDDDIRLGWAVIASRSGSTIPLEFSRPEGGGHGVREPGK 360
ITWMSDDDIALCHAVIASRECSIPLEFSRPECCCHCVREDPCE
Sbiect 301 KLVIWVESHDIYANDDEESTWMSDDDIRLGWAVIASRSGSIPLFFSRPEGGGNGVREPGK 360

Query 361 SQIGDRGSALFEDQAITAVHNRFHNVMAGQPEELSNFNGNNQIFMNQRGSHGVVLANAGSS 420
SQIGDRGSALFEDQAITAVNRFENVMAGQPEELSNPNGHNQI FMNQRGSHGVVLANAGSS
Sbjet 361 SQIGDRGSALFEDQAITAVNRFHNVMAGQPE SNFNGHNNQIFMNQRGSHGVVLANAGSS 420

Query 421 SVSINTPTHLIDGRYDNHAGAGSFQVNDGHLIGIINARSVAVLYPDDIARAPHVELERYH 480
SVSINTPTKLFDGRYDNKAGAGS FQVNDGKLIGI INARSVAVLYPDDIAKAPHVILENYK
Sbjet 421 SVSINTPTKLEDGRYDNKAGAGSFQUNDGELIGIINARSVAVLYPDDIAKAFHVELENYK 480

Query 481 TGVIHSFNDQLTITLRADANTIKAVYQINNGPETAFRDGDQFTIGKGDPFGETYIIMLKG 540
TGVITHSFRDQLT ITLRADANT IKAVY QINNGPETAF+DEDQFTIGKGDPFGRTYTIMLEG
Sbjet 481 TGVIHSFNDQLTITLRADANTIKAVYQINNGPETAFEKDGDOFTIGHKGDPFGRIYIIMLKG 540

Cuery 541 THNSDGITRASEYSFURADPASARTIGYQNENHUSQUNAYTYRHDGSRATELTESWRGKEM 800
THS+G+T+AEEY STVKRDPASAKT IGY QN PNHWS QVHAY IYKHDGSRATELTGSWPGKPM

Sbjct 541 THSNGVIKAEEYSIVKRDPASAKTIGYQNENHWSQVHAYIYKHDGSRAIELIGSWEGKEM 600

Query €01 TENADSIYILILPADIDITNARVIFNNGSAQVEGQNQPCFDYVONGLYNDSGLSGSLPY 659

TENADCIYTLILPADT DT TNARVIFNNGSAQUEGONQPCFDYVONGLYNDSCLSGSL.P+
Sbjer 601 TENADGIYILILPADIDIINARVIFNNGSAQVEGQNQPGCFDYVONGLYNDSGLSGSLPH €59

Figure 7. Amino acids sequence of Ol-amylase gene from B. subtilis D1-1 compare with B. subtilis
(Accession No. ABW75769.1) in Protein database (NCBI).
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Figure 8. The purified DNA fragment of a protein expression vector (pQE-80L) and Ol-amylase gene
were digested with enzyme Kpnl and Hindlll before combined these two DNA fragment as recombinant
DNA. Lane M; 1 kb ladder (Fermentas), lane 1; Plasmid DNA of expression vector pQE-80L
digested with specific enzyme Kpnl and Hindlll, lane 2-5; Plasmid DNA of Ol-amylase gene
digested with specific enzyme Kpnl and HindIll.
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Figure 9 a. The recombinant plasmid DNA of alpha amylase gene insert to pQE-80L vector. Lane M;
1 kb ladder (Fermentas), lane 1; Plasmid DNA fragment of alpha amylase gene insert into
expression vector pPQE-80L, lane 2; Plasmid DNA fragment of expression vector pQE—80L.
b. The map of recombinant pQE—80L vector.

pQE-80L vector

2 kb

(l-amylase gene

Figure 10. Selected colony of E. coli contained recombinant plasmid DNA (pQE-80L-Ol-amylase gene)
were confirmed by enzymes digestion and PCR analysis. Lane M, 1 kb ladder (Fermentas);
lane 1-2, Pattern of recombinant plasmid DNA were extracted and digested with specific
enzyme Kpnl and Hindlll; lane 3-5, Ol-mylase gene fragment derived from colony
amplification using specific primer pQE (forward) and pQE (reverse); lane 6-8, PCR analysis
of plasmid DNA (pQE—-80L-Ol-amylase gene) using specific primer Bamy401F (forward) and
Bamy401R (reverse).




5. mInageumMsnansaaniuszaulilsfvvestumearh oz liaa

5.1 ms¥mimsuanaseanvealilsiu (fusion protein) luiwad E. coli meviusg BL21 (DE3)
msnshavaaiiadd ueaenauvesduioah oz luaa Khgwad £ coli eewusg BL21
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et al., 1996; Stephens ef al, 1997) T8 TALON Resin 9z 3ufunsaozi Tudafiaufidumislas
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o

A Y 9 . . & 9 Y @ 14 a A AaA =1
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Wmiin Tuanallszana 73 Alaaadu (Figure 12)
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Figure 11 a. SDS-PAGE analysis to detect fusion protein Ol-amylase generated from pQE-80L vector
after induction with 3mM IPTG for 6 hrs. Lane M, molecular mass standards; lane 1,
E. coli BL21 without induction; lane 2, pQE—80L-0l-amylase without induction;
lane 3- 6, pQE—80L-Ol-amylase induction for 2, 4, 6, and 8h respectively.
b. SDS-PAGE analysis to detect fusion protein (l-amylase generated from pQE—-80L vector
after induction with 3mM Lactose for 6 hrs. Lane M, molecular mass standards;
lane 1, E. coli BL21 without induction; lane 2, pQE—80L-Ol-mylase without induction;
lane 3- 6, pQE—-80L-(Ol-amylase induction for 2, 4, 6, and 8hrs respectively.
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Figure 12. SDS-PAGE analysis of recombinant Ol-mylase generated from pQE—80L vector after
induction with 3mM Lactose for 6 hrs. Lane M, molecular mass standards; lane 1, flow- through
fractions; lane 2, washing fractions; lane 3-8, eluted fractions of recombinant O-mylase

from purification column.
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Figure 13. Recombinant Ol-amylase activity on 1% starch agar at 55°C, 65°C and 70°C for 6 hrs

compared with commercial enzyme activity at 70°C.
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