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I. Title

Metabolism of Polar Bacteria Producing Cold-active Protease

II. Purpose and Necessity of R&D
O Characterization of cold-adaptive protease from Antactic bacteria
O Genomic information of cold-adaptive protease for understanding metabolism
of Antactic bacteria
O Investigation of cold-adaptive metabolism of Antactic bacteria and its

application

IMl. Contents and Extent of R&D
O Isolation of new protease producing bacteria
O Purification and characterization of cold-adaptive protease
O Comparison of protein expression level by 2-dimensional electrophoresis

IV. R&D Results

O Collection of soil sample near Dasan Station and isolation of new protease
producting bacteria

O Development of purification procedure of cold—adaptive protease

O Characterization of cold-adaptive protease

O Analysis of protein expression level by 2-dimensional electrophoresis and
identification of highly expressed proteins

O Comparison of protein expression level of bacteria between differently
protease producing condition

V. Application Plans of R&D Results
O Contribution for investigating the metabolism of Antactic bacteria
O Suppliment of genomic and proteomic information of Antactic bacteria
producing cold—-adaptive protease
O Application of cold-adaptive protease for industry
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MAEE JF5H Zh2E 10, 20, 25, 30 Ceol A4l 150 rpme. 2 nlyksle] 3U7H ESie=d
O A%&g =4
Zyzko]l mAEE AAELS UV/vis spectrophotometer (Mecasys Co, Seoul, South
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2 3

- 20TelA 39zt et cells 4ToA AAF
(14,000 rpm, 10 min)gt ¥ A5 500 ulel 1%
soluble starch”} #7t¥ 50 mM Tris-HCI pH 7.0
buffer 500 yLE <g3ato] 25CTolA 1023 ¥k&

- Wkg-olo] 35-dinitrosalicylic acid(DNS)E 1 of 1
2 7 ek & boiling 3} 1 UV/vis
spectrophotometerE ©]-83} 575 nmol A &

a1, 71do]l H7IE buffero] =HFE

H7Fek £ d S plank® AFE-

=)

E =439

=5 (10, 20, 25, 30C) % A3+
of W& PAMC 27388 amylase 0.400

a-amylase activity

activity =2] 0.300
o —ZQY‘L\:Ai ——1)
E 0.100 o~ : =20 *C
7 @ sz \ \\ e
I 50 0 150 00 T30
-0.100 l hr

-0.200

- 25T, 794 7tel opd lolA] Hoj &Ado] 027 U/ml
2 UERGAT 20C7F g8 22 27HT 4A4s
ol glolAl A FHS A4

- 20CelA 39zt e cells 4TelA AA4lwE
(14,000 rpm, 10 min)gk ¥ A5<H 200 uls AHE
3t9al 50 mM Tris-HCIel 2% soluble starch,
29 maltotetraose, 2% maltotriose”} 27z} E3H#
& 200 ulE 71EE AFESte] 25TolA 24 hr &

o} HF&-

I

Hm
:O|L_’,
rlt

amylase2} 714 ¥k &

A B Blo] - Thin layer chromatography= S33t7] 93] =7l
€1 2 n-butanol, acetic acid, water’} 4812 &
Sty 8N AFR3Le] chamber©l filter paperE 2
o] A7/l & TLC plateo] ¥H& A7l A= 1 ulL=
spotting

- TLC chamberold A7/ % 10% sulfuric acid®




Aske] @ Fell A 10&3E 91 spot 2<l

1. Standard

200 PAMG 27388 + 1% starch
3. PAMC 27388 + 19 maltotetraose
4. PANMC 27388+ 1% maltotriose




Amylase &4 42 tE &9 AZF oA wigE Zh7be] wjFd S 4T A
GAE21(14,000 rpm, 10 min)g $ s HE 3|gste] 71H<Ql 2% soluble starch”b
¥3td 50 mM Tris HCl (pH 7.0) (Daejung Chemical & metal Co., Sheung, South
Korea) 200 uLel ¥k A5 200uLS &gsle] 25TCeolA 10737F HESAIZl & 3,
5-dinitrosalicylic acid (DNS)& WFS-ol3} 1o 12 FH7}sle] 100CeA] 583 22 &
A& FAY. 1 ¥ UV/vis spectrophotometer & ©] 83t 575 nmolA] ST3E=E

o

=43l starch 7FEs & wWEd 3o A4S A4St amylase 4

A5t A Aleld &3S blank® AHE-SFAA

Amylase B4 1 unite 99 ¥kE A Y lpmole] FF3o 7 HEEH7V
el ok 549 dom HogdAL

iy 2 & AE 3xke WhESle] Fd o= FA ST

O Amylase &4 &9l
B AFoANE AL &Y S4HAE T dA AFdHoR M WS WY o] &x

= Ea T syl amylased] @t wAlS JHA I A4S Z A
B oA &3 wAES] Amylase activity maximumzt< 25T, 79A] 7kol A

SE
wo

o

o] & UniteZ ket 027 U/mLelth. 18y 20T 2% %70

Axrh AlZbel] wE amylase &g o] AAS A A5 AL

Ao I A A A E amylase A T#E st a, 4 25 =

20, 25, 30C)ell A9 A& amylase &S FRIstAtt ol whel &4 AFHAA &
1

1 1=
g8 7hsst A2 A amylases Al oF

e 8
i
rfo
ki
N

-
lo
ol

BES A5l = amylase & Ao 5} ,
A E S, AR T TSk A Zokoll A [f&ekA ol 8 ¢ s AoZ dkET

O Thin layer chromatography® %3 amylase B4Atd T2 &4 &4

Amylaseo] <& Aal®El AAE BEALS 20ToA 397 wjst wjdAS 4T A
DA (14,000 rpm, 10 min)gF $ A5 A 200uLE AF-8-3F9 3L 50 mM Tris-HClol
2% soluble starch, 2% maltotetraose, 2% maltotriose’} Z+7z} ¥3td 8 200uL=
7142 AFEsle] 25T oAl 24X e 71 E ) RES Al F T
71 % thin layer chromatographyE 4=338}7] 93] Z7]& w2 n-butanol, acetic acid,
waterE 4 8 12 &E3¥ &93 filter paperE chamberol filter papergs % ]
AME]E chamberol €43 *x3tAZth. TLC plated] ZF WAzl AZE5 1uLE
spotting3d} a2 A ZA1Z1 & ¥3}¥ chamberd] ¥l AMAZHTE A7l §, TLC plate=
AZXAZI 10%  sulfuric acid= TAste] 110C  22olA 10&E3F 9 spots
gl AT

(@)



O Amylased] 93 Aid AAHE F<Q

E AT A A amylased] 7]AwESo] o] AikE WA Eo] FSl1A

=
Aol A 233k amylasex soluble starch, maltotetraose, maltoriose2} 7] Hk-$-
5 FHF AEE EYF maltoseE AAFSFS T
T3 TN RS HE maltotetraose®t maltotriose2} o] 7] AdkS-o| A4 maltotetroase 2}

ofel 74 7 FEAZE AAEAT. webd E dAgelM ARSE amylase’t alE A
1

< wald Wk ofyt AZAY B EgES T 92 o= Al
(o]



O AedA ofdetolAl B4 243

d 7+ W &

A T+ A F
20Ce A 33Uzt gt cells 4TolA HIAEE
(14,000 rpm, 10 min)¥ = &sH 200 ulel 50
mM Tris-HCl pH 7.0 o 2% soluble starch’} #
7vEl buffer 200 ulE st 2 &% 21(10
- 70T)el A 1021 ¥k
Hkg-oho]l 3 5-dinitrosalicylic acid(DNS) A] <&
9 12  H7FE 3 boilingdte]  UV/vis
spectrophotometers ©] €3} 575 nmoll A &

5 SAA, 71do] H7bE bufferd SFTE

A7 e £ S blank® AHE

amylase stability =7

29 = PAMC 27388 L
L Elct ofteperete ot acthy Temperature(C)  Activty  Relatve actity
amylase activity &% l
] 07 T3
0 A
. }/ ) 1 i i
R -
5 : N
: § ‘é Bl 0% 100
360
; I I
5
i 0 g
i
il (i B
0
(T T A N T
Temperane( ) 1 i 3%
= 20TColA 3Lzt s cell & 4ToA LA
(14,000 rpm, 10 min)$t A5 4S 1, 24 hret 7t
=% 27110 - 70C)4 Al incubation
25 = PAMC 27388|~ incubationdt Ztzte] AlZe] 200 uldl 50 mM

Tris-HCI pH 7.0 o 2% soluble starch”’} X 7}#
buffer 200 ulE %3t 25TelA 10E3F W&

DNS HF3-2 amylase activity =483 &<




Effect of temperafure on the stabilty(1 )
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Effeet of temperature on the stabilty(24 hr)
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Temperature( T} i)
1hr A hr
Temperature('C)
Adivity  Relative activity  Activity  Relative activity
04 019 9166 087 4119
K| 020 %4 087 9173
0 021 10000 080 8.3
L} 019 929 089 10000
50 019 9141 088 988
60 019 9166 088 9688
n 019 9033 067 1528

pHell W& PAMC 27388 amylase

activity =4

- 20ColA 343F wjgst
(14,000 rpm, 10 min)3F

2.0

- 100 W9 50 mM

cell& 4ToA

o] 2%

starch7} A 7}E buffer 200 ulE &35t
A 1087 B

- Wk$-olo]] 35-dinitrosalicylic acid(DNS) A]°FS 1

=]
A

T A5 200 ulel pH
soluble

25C el

g 12  H7IE 3 boilingdte] UV/vis
spectrophotometerE ©]€3}¢] 575 nmol A &3 %=
g S48, 71dol H7td bufferd] /TS

A7Fsl &£3tolS plank=E AR

pH Activity  Relative activity

2 039 35.19
Effect of pH on the activity
RS 3 042 3872
10000 - B 4 0.38 3462
g "
g 080 JE N 5 045 120
T 6000 - / N
2 o % 2 22 X “\% 6 057 5228
2 BT e
* 2000 - 7 109 100
a0 ] ] 082 7499
2 3 4 5 ] T 8 9 0 1
H 9 058 5342
10 0.4 4025
- 20ColA 3d7F w3t cellE 4TAA I
pHell w2 PAMC 27388 amylase o _
(14,000 rpm, 10 min)$t A5 4S 1, 24 hret 7t

stability =4

22120 - 10.0)¢lA4 incu
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- incubationdt Z}7}e] AME o] pHE 7082 Y311
50 mM Tris-HCl pH 7.0 ol 2% soluble starch”}
A 7FE buffer 200 ulE &8t 25T A 103

o

i O

- DNS ®F$-2 amylase activity =43 5o

a9

Effect of pH on the stability(1 hr) Effect of pH on the stability(24 hr)
12000 i 150.00
510000 % z
P £\ g
ER ] | i 210000 4
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H it
1hr 24hr
Temperature('C)
Activity Relative activity Activity Relative activity
2 026 3759 027 2589
3 027 3940 027 2650
4 029 4212 030 2955
5 028 421 031 3006
6 04 6297 030 2925
7 069 100,00 103 100.00
8 030 4408 051 4978
9 002 248 027 2628
10 001 160 038 36.57

= 20ColA 39xk viekEh cells 4TelA Al E
(14,000 rpm, 10 min)gF A%< 200 ul¢t 50 mM
Tris-HCl pH 7.0 o 2% soluble starch®} thFsh
Aleko] H71E buffer 200 ulE &3ste] 25T A

—_
()
dr
=
T
lo olo

- DNS #%-2 amylase activity =43 =

Relative enzyme

gk PAMC 27388

amylase activity

Reagent Concentration activity(%)
Tris-HCI (control) None 100+0.21
Metal ions
Ca 5 mM 43.34+0.01
Mg 5 mM 152.44+0.04
Fe 5 mM 252.50+0.09
Zn 5 mM 115.67+0.08
Na 5 mM 60.82+0.07
K 5 mM 68.66+0.19
Oxidizing agent
persﬁlfg;em onitum 5 mm 17.42+0.02
Reducing agent
B-mercaptoethanol 5 mM 100+0.20
Chelating agent
EDTA 5 mM 80.11+0.17
Detergents
SDS 10% 104.52+0.20
Triton X-100 10% 107.84+0.08
Additive
Urea 2% 29.48+0.01
Inhibitor
PMSF 5 mM 64.44+0.09




O 2+ %9 & amylase activity, stability &3
B Ao A= amylase activity @} stabilityel] 3t &%= g3k EA37] ¢3te] 10
- 70C &% z7oA amylase activity9} stabilityS =4 s} 91t}

Lo wE amylase activity =4-& 20Col A 397 w3t cellS 4ToA IAEY
(14,000 rpm, 10 min)3F & A5 200 pLol 50 mM Tris—-HCI pH 7.0 ° 2% soluble
starch”} 374 buffer 200 pLE st 2 2% =110 - 70TC)olA 1023 ¥-&
Al F T

<+ %o & amylase stability S8 20Tl A 3L7F vl s cellS 4TAA A &2
(14,000 rpm, 10 min)¢t FsdE 1, 24 hret 28 2% A0 - 70T)odA
incubation3 ¥ incubationdF Z}zte] AMZof 200 uplLel 50 mM Tris—HCl pH 7.0 I
2% soluble starch’} #7Fel buffer 200 yLE &3tste] 25Tl A 103 1A F o},
DNS HFgS 93] %o uwE amylase activity®} stability?] EE HFg-oo
3,5-dinitrosalicylic acid(DNS) Al¢f& 1 o] 12 H7}sk % boilingste] UV/vis

FH=E SASY starch 7FEd & ®

]
AAFSEe] amylase 84S A3t aav ALy &3
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spectrophotometer& ©]-&3to] 575 nmel
=9 A7 ¥
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O 2 %9 wWE amylase activity, stability &<l
Amylase activityoll thdt 2 &%+ 30ColaL 20 - 50ToA 80% o]de &AL
ZEAIAL Qlel W2 2k HeelA #A4S yehits As st 3 amylase
stability= 1A1ZF ®WES A= 30T, 24A13F Hbg ZZoA &= 40TAA FHu
AHAdE YERATE wEbA o] amylase’t A2olA Ho S Holal EE
FFE 7HA L vk AE Felskdth

O pHY W& amylase activity, stability =3

E Ao A= amylase activity$} stabilityol]l that &% J3FS RBAlE 7] 98] pH
20 - 10.0 =74 A amylase activity®} stabilityS =435t}

pHell W& amylase activity =482 20T A 3L 7 &3k cellS 4TCoA LAl
(14,000 rpm, 10 min)3F & A5 200 Lol pH 2.0 - 10.0 ¥¥¢ 50 mM &9
2% soluble starch’} #7Fd buffer 200 pLE &&38t 2zt pH oA 1083 HFS-A]
Aok AFEs pH Wye 24424 o3 Zoh(pH 2, 3; 50mM glycine-HCl, pH 4, 5;
50mM sodium acetate—acetic acid, pH 6-8; 50mM potassium phosphate, pH 9; 50mM



tris—-HCI, pH 10; 50mM carbonate)

pHol W& amylase stability &4 20ColA 397F v]d3r cellS 4Tl L4l
(14,000 rpm, 10 min)3F ASHE 1, 24 hrset ZF pH Z 7oA incubationd 3
incubationdt 7}7}¢e] A= pHE 7002 233 50 mM Tris-HCl pH 7.0 o 2%
soluble starch7} ¥ 7F& buffer 200 uLE &&ate] 25Tl A 103 WH-8-A| Z vt

DNS HFgS 98] pHol wWE amylase activity® stabilitye] =EE  HFgHo
3,5-dinitrosalicylic acid(DNS) Al¢}& 1 of 12 H7I8k 3 boilingste] UV/vis
spectrophotometerE ©]-&3te] 575 nmolA SH3EE A3}l starch 7FEE3s] & W
=H FdDY &S AArEte] amylase A4S SASATE EAaW AQE EFAE
blank = A}-8-3} S T

Amylase &4 1 unit2 o ¥HS A T Ipmole] SFIZLA7F WEEH7
el B8 aie] o= Ao Hrh

MeF 9 B4 dWe 3xd wEse] gPiglow mASGod oxge ezol
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O pHell =& amylase activity, stability &<l
Amylase activityell ™3 HZF pHE 70032 97]Ad A= amylase activity 7}
HAA AR T3 amylase stability™ 13 24A17F ¥9b& 274 25 pH 7.0 A
HAol PSS vErdATh el Aol e A Aol A HAA N

A7 = 2 Y BF S48 Aaskdth webA o] amylase’t $43

O Y43k Ao 3 amylase activity 9 & H7}
B AFo A= amylase activityoll thdk thekst AlkEo] 8-S FANSEATH AFES
Al 9F2 metal ions (5 mM Ca, Mg, Fe, Zn, Na, k), oxidizing agent (5mM ammonium
persulfate), reducing agent (5 mM -mercaptoethanol), chelating agent (5 mM

EDTA), detergents (10% SDS, Triton X-100)¢} = 2] 2% urea, 5 mM PMSFZ
AH-&-3F A

20CAA 3d47F wlgst cells 4TolA F4E2(14,000 rpm, 10 min)$ * 5 200
plLell 50 mM Tris—HCl pH 7.0 o] 2% soluble starch®} Z+ A]eFo] #H7}¥ buffer 200
uLE =35te] 25Col A 10%3F wHS-AlZ o control> 912 bufferol Al Al S A <]t
| NS AR
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Al ko] inhibitor ¥ enhancer® ZFg&3lE=x Festdrt A¥ Az Mg¥, Fe,

Zn* 7} amylaseo] 7423 enhancer® 2839 2w  Ca®, urea’} inhibitor®
2h-8-3 Aot

dukz o g7 ofdelolAlE Ca’s TATEHEOE zEa 9 metaloenzymeolt} o] A&
el vAEol A AikE obdefolAl= 2] a-amylasest HHE SAS e AR
gl = AT



O SDS-PAGE #4

4 7 W & 4 + 2 &

- MB broth 43 ml& 250 ml triangular flaskel] %
3 Edd F RS JEEe] 20T 150
rpmO. 2 uHksle] 39 Fob wjge F g s
At A5 10 mls A&

}5- ool Trichloroacetic acid(TCA)S % 7}&ho]

gds FAAH L Fdd e 3 sample

o
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F ot A A & sampled 5% %< boiling 3
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O PAMC 273889¢] #H]3l extracellular protein & H]
MB broth 43 mLS 250 ml triangular flaskel
A FF g ¥
Bl ] .%
AANA

20ColA 150 rpmo. 2 W HESFe] 3¢
mL&  AREstTh e el
Trichloroacetic acid(TCA)<
sample< rehydration buffer 100
dyeE H7lsl9 2 92 samplee 5X loading dyeZ
SFA T
O SDS-PAGE #7149 % &4l
=S5 9al 12% polyacrylamide gelS
extracellular proteine SDS-PAGE®] 15 pLE Ard3te] 125VelA ¢ 90% &
Coomassie brilliant blue=
I 82 &9 &d4& o
= o

SDS-PAGE #1713
FEol v A2

¥} 57t boilinggt A&
gl

/\ﬂ%
kit ey ¢ 20 kDa =Z7]ol A
FolFe

e YAt
destaining acetic acid, methanol?} water< 1

A=

O PAMC 27388¢] #H]3% extracellular protein &
SDS-PAGE Z3¥} rehydration buffer® 5% 3F ¥F-S-A] 71
=Et= Als 9
extracellular protein® 23S
o)t}

P
T

extracellular protein Z| € o] Tl =0}
o}l g AATE. ©]
rehydration buffer®} boiling®] 242 tt=A 283515 7] o
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O] obdetolal Bud AdEs 22 ohddola 47
O ofmelolA FUA AAFF FrY

o

Ly

a4 T+ 2 3

ol efol A &

=H

- 273889] genomic DNAE F%3}7] 93l genomic
DNA mini kit(Invitrogen Co, California, USA)E
AH-&

— Ndel#} Hindll A|$t& 4 A& X3 forward
primer (AAA CAT ATG GTG ACC ACC ACT
ACQG)&} reverse primer (AAA AAG CTT TCA
CCG GAG CCG TOE o]&3lo 273839
genomic DNAof A a-amylase = &3
sequence(size : 2163 bp)E Applied Biosystems
Veriti Thermal Cycler(Life Technologies,
Carlsbad, USA)® <% (PCR %7 ; denaturation
95C for 20 sec, annealing 58C for 40 sec,
extension 72C for 1 min 20 sec, 28 cycles)

PCR productE Ndel?} Hindll[E ©]-&3}
enzyme restrictionS (M EHo| AU insertE

= H)

FIG. Preparation of a 2163 bp insert (a

—amylase). (A) polymerase chain reaction of a

—amylase, (B) Restriction enzyme treatment

insert A<

- pET28a plamsidE plasmid DNA purification
kit(iNtRON  Biotechnology, Sungnam, South
Korea)E °]&3to] AAg ¥ Ndel®} HindIl A
staa A




FIG. Preparation of a vector. (A) pET28a
plasmid DNA purification, (B) Restriction

enzyme treatment

- Ndel#} HindlIZ *#] 3%t insertq] a-amylase 3
Zke} pET28a WHE 16TAA  3A1%F 30
ligation ¥+<

- 71 % DHba competent cellel] ligation productE
10 ul =9 % 303t icedl Al incubation ¥+ & 4
2Tl 1% 59 heat shocks &P v
o2 2%k iceol incubationslte] LB broth 700 ul
S TYsted 37TColA 1AZFEQF  shaking
incubation¥t %, LB+kanamycin(30 ug/ml) 3%+
uj Aol 3 E3ke] overnight

= o o oA E gdg A9 F e FEY
2473

Ligation & transformation

- 7 K FEYY ArE Estr] fleko
forward primer (AAA CAT ATG GTG ACC
ACC ACT ACGK)9} reverse primer (AAA AAG
=2 ol8s

Transformationgt cell®] DNA < CTT TCA CCG GAG CCG TO= eol&st
) Colony PCRE& A A](Colony PCR =7,

71X4 gl . . : .
denaturation 95C for 20 sec, annealing 58C for
40 sec, extension 72C for 1 min 20 sec, 28

cycles)
- A7]dFor AyE

1o

Fo1sele W, Wesk a

b




—amylse size¢l ¢F 2000 bpoll &A43te] & vtz
24 (Seoul, South  Korea)®ll 2] 2 5}
recombinant®] sequenceZE 32l

- 2 A3 1H F24Y7} a-amylse sequence® 32l
HAL oy APS 11 FEUR 19

- recombinant  plasmidE  plasmid DNA
purification kit(iNtRON Biotechnology, Sungnam,
South Korea)& ©l&ste] AAg 5, BL21
compentent  cellel  GenePulser Xcell(Bio-Rad,

California, USA)< A}-83}9] transformation %3}




O o+ % wjg =4
PAMC 273839] DNAZE FE317] Hstel MB WA 7} Arthrobacter agilis. PAMC
273885 wiokst7] 98te] AYR-H QAL Arthrobacter agilis. PAMC 273889 wjok 2 3
T FAE EFA4U B 9dte] datoi it 50ml MB iAo mhE op7} E#olE
(Marine agar plate) $1o] dAE @d FEUS HEeAa, 20CoNA 3¢ o+ wjok
sHA T
E. coli DHba7} 42 229 2 i AIZAS S8 AFEHJAT. E coli
BL21(DE3) 3! &Fehm|= pET-28a(+)& Fd4 TdS 98 A=A
E. coli 7+ Fe|o}-wl 2t (Luria-Bertani) #1#]& o]&3lo] 37TCeA wlds Az,
pET-28a(+)oll Zhuwtol il A& FxA7E E3kE o] glo] Fhywtolile] HFEX= 30
ug/mle] == vjx|o] 7w ),

O DNA =% % MIEA
DNA Z=#2 AlB s 9 i oz 7w AAE ZEAQ0 o=z Wit
PAMC 27388¢] A= DNA+ genomic DNA mini kit (Invitrogen Co, California,
USA)E o] &3t F=3F9Y. Algtas+= NEB  (Ipswich, Massachusetts)ol 4]
JtATt E coli AEEZFE Fegpar=E 252 Egav|= HA 7]E (INRON

Biotechnology, Sungnam, South Korea)Z ©]-&3}o] z13) 3} t}.

O a-Amylase ¢33 FARYg F2Y
PAMC 273882] Als DNACIA  o-amylase A9 Als DNA9L F 7
Zalol (Ml [-AAA CAT ATG GTG ACC ACC ACT ACG-3] & orgldlx
[5-AAA AAG CTT TCA CCG GAG CCG TC-37; 7] Az Zelolm c¢lo WE
A NI Ndel 12 zpglolar, StE] Al Zetolu] gto] ®E 21 MEL Hindll 12
Agolths ol &3te] TZHAY FTFE IS Ndel®t HindllZ Hes 9,
Ndel/HindllI2 dtE pET-28a(+)o] AU, Add A3 DNATS E. coli
DH5aol HAZS =3
BL21(DE3)°ll &4 735

b

o =24 PCR¥} Ad 24 F 2d& 98t E coli
A



O isopropyl 1-thio-B-D-galactoside IPTG) induction Z7 23

4 7 W & 4 + 2 &

- Awd  g-amylase A HFFE 37T,
LB+kanamycin 15 ml <}A] #jA]e] A O0.D600 =
057HA] 715 %= 30Tl A 3412+ 30 &< 1 mM
IPTG inductin %3}

- Induction A3} ¥ cellS dn|F o= 3z

A

FIG. Comparison of a-amylase expression
before and after 1 mM IPTG induction.
(A) Before 1 mM IPTG induction, (B)
After 1 mM IPTG induction

~ induction< 3+ cellol A inclusion body o] A4

1 mM IPTG induction = Iml= 14000 rpmol A 108 &< YAlFest &
cell pellete] lysis solution(50 mM Tris pH 7.5, 1
M NaCl, 5 mM EDTA, 1 mg/ml lysozyme)<
100 ul FH7Fsto] iceoll Al 3&%F WHEA[Z] AL FA
42°C heat blockell A 1i& &<t incubation(4¥ ®F
&), 14000 rpmel Al 53 &9t LA EE

- SDS-PAGE(12% polyacrylamide)S %3af ofde}

obAl WA el % $A

. pET28a BL21 supemnatant

=

. -amylase pET28a BL21 induction Zsupernatant

ey

. u-amylase pET28a BL21 induction H supernatant

.

. pET28a BL21 cell pellet

L

. g-amylase pET28a BL21 induction 5 cell pellet

o

. o-amylase pET28a BL21 induction 7 cell pellet




Induction A7t IPTG &% u&

IPTG induction %71 A A

- opdgtolA wdel HA xS HASI] 915+
IPTG #%(0, 0.01, 0.1, 1 mM), induction A]7F(1,
2, 3 hnes @ste] Sdd opdgoA &S
SDS-PAGE(12% polyacrylamide)S =3 &4

1 234 80 7 § 9 10 11 12 13

I pETl8a 8 g-amylase 0.1 M IPTG induction 1 hr

9. g-amylase 0.1 mM IPTG induction 2hr
10. g-amyylase 0.1 mM PTG induction 3 hr

1 g-amylase non - IPTG induction 1 br
3. a-amylase non - IPTG induction 2 br

4 wcamgiine won - BTG idichion, 3 11 a-ariylase 1mM PTG induction 13

12, a-amylase 1 mM IPTG mduction 2 br

5. o-amylase 0.01 mM IPTG induction 1 hr Tasainhi LaRUIDTO Biicion 35

6. a-amlase 0.01 mM IPTG induction 2%
7. w-amytase 0.01 mM IPTG induction 3 br




O AAZAFANA a-Amylase A2 =&
Ak B2 AujFE a-amylase AAF 55 37C, LB+kanamycin 15 mL <} 4
2] HE3Fo] ODgy = 0.5 - 0.691 =2ssl<S o, isopropyl 1-thio-B-D-galactoside
(IPTG)E 1mM #7Fetar 30TCelA 3A2F 30 &<t wiggo=4 FLEEATH
Induction %, 9] cellS dn|doz #AzeA T

O a-Amylase 3
1 mM IPTGZ %3
M A induction AI F9 cellE dAvHOo= HAFAEAS ﬂ], induction
dit= <l inclusion body”} ®eol Aol HAth= &l
3t induction A3 9] cell 1 mLE 14000 rpmol Al 10% E<¢F 9AEY3 3 cell
pelletell lysis solution (50 mM Tris pH 7.5, 1 M NaCl, 5 mM EDTA, 1 mg/mL
lysozyme)S 100 pul FH7Fstdch 1 3 qceoll 4] 3E7F wrEAl7]a1 =A] 42T heat
blockel Al 1 &< incubations 4¥ HHESIHA cell S lysisAl AT lysisg cellS
14000 rpmolA] 5% &<k YA s H cell pellets SDS-PAGE (12%
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stel A3} induction ¥  cell pelletel ¢ 80 kDa®l o}dgltolA] wHlEE o]
PEAHAY= AS st

O IPTG induction =7 474
shulghelA] Trde] HA 2AS A7 9kl PTG 5% (0, 001, 01, 1 mM),
induction AlZF1, 2, 3 hn)<S gl @#d=d o]_%la}o]_xﬂ & SDS-PAGE(12%
polyacrylamide) S %3 #As9t 2 2AEL ol a—amylase A2 2d
213 Fdarh
A8 Ay IPTG §%=7F 1 mMo] induction A|zto] F7HEFE WS G
obdgtolAl wuldo]l MHHETE S s wEkA tE Ad dAd
ofigtolAl AAloA= 1 mM IPTGE o]&3te] 4A3H5<t inductions 2P s +

g ga 2ge AAsar

RIS

K



O opdefolA] AL Az dF=FE Arke ofetoba] A

d 7+ W &

Small scale His-tagged protein

purification

a 7 A 3
- ofdetolAl A Rl 6 X Histidineo] 9]
9lo] ©o]= o] &3] His-tagged protein purification
= %3

- His-tagged protein purification kit~ PRO-Hunt
His ® Bind Purification Kit, spin-type= A}-&

-1 mM IPTG inductiond 15 ml cell pelletol
denaturing lysis/binding buffer(8 M Urea, 0.1 M
Nal,PO,;, 0.01 M Tris-Cl pH 8.0) 240 ulE ©°]£&
3}o]  resuspension$ spin column®] ¢, 7000
rpmel A 3& < YA FEE ¥ denaturing
washing buffer(8 M Uea, 0.1 M NaH,PO,, 0.01
M Tris-Cl pH 6.3) 500 ulE #7}ste] 7000 rpm
oA 3% T HdAEY(Washing #78 2% vt
&), M2 FE columnes A3t denaturing
elution buffer(8M Urea, 0.1 M NaH.PO4 0.01 M
Tris—Cl pH 5.9) 100 ul= elution

- SDS-PAGE(8% polyacrylamide)ZS E3] AA =<l

L2l At} G 7 B

I Total cell lysate
250
1 1. How-through (2.5 mL cell)

13 3. Washing () (2.5 mL cell
4. Washing (7) (2.5 mL cell)
5, Purified his-tagged protein (2.5 mL cell)

6. Flow-through (1.5 mL cell)

Washing (1) (1.5 mL cell)

8. Purified his-tagged protein (1.5 mL cell)

Large scale His-tagged protein

purification

- Awdd  g-amylase AR HFFE 37T,
LB+kanamycin(30 ug/ml) 100 ml <A wuf =] o)A
0.D600 = 0574 718 ¥ 4A13F &<k 30TCAA 1
mM IPTG inductiondt 15 ml cell pelletol
denaturing lysis buffer(8 M Urea, 01 M
Nall,PO,, 001 M Tris-Cl pH 80) 4 ml,




lysozyme(50 mg/mL) 5 ul& H7}sto
resuspension$ 20&37F Aol A incubation, 1%
100 mM PMSF 3 ulE& #7Fsle] 47T, 1400 rpmel
A 10 9 AR
- column®] Ni-NTA agarose2 25 ml ¥ & =
2 washing3dlal binding buffer(8 M Urea, 50
mM NaHPO;, pH 80, 05 M NaCl, 5 mM
Imidazole) & equilibration, 919 4% Y-S column
of Yo] resuspension & 1AZFESH 4ToA
shaking incubation, Unbound material®] W& 7}z
binding buffer® 1% washing ¥ washing
buffer(8 M Urea, 50 mM NaHPO, pH 80, 05
M NaCl, 20 mM Imidazole)® 22} washing= +
H o w2 Elution buffer(8 M Urea, 20 mM
Tris-Cl1 pH 75, 100 mM NaCl, 400 mM
Imidazole) 4 ml= elution
- Bradford assay® ©|&ste] Wz AL =+
SDS-PAGE(8% polyacrylamide)S =& A#| &<l

1. wv-amylase pET28a BLZ1before
induction

2. w-amylase_pET28a_ BLZ1after
induction

3. Unbound sample

4. 3 mM imidazole Washing (3)

5. 5mM imidazole Washing 2)

6. 20 mM imidazole Washing

7. Elution — 0.271 mg/mL

- AAE AM=S 100 mM NaCl, 10% Glycerol, 50
mM Tris pH 8.0 bufferol] 2A]3F F4 S % Urea
FTEE R 6, 4,2 1,05 0 M2 StEHA F4




O Small scale His-tagged protein purification

ol gobA] FHxp kFEo] 6X Histidineo] &o]glo] o]& o]&3] His-tagged protein
purificationS 33} tl. Large scale His—tagged protein purificatione %13 3}7]
Aol WA small scale® AAE WdPsto] @A Eo] §EH =4 sttt A A
AHE-9 kit PRO-Hunt His ® Bind Purification Kit, spin-type®] t}.

1 mM IPTG induction$t 1.5 mL cell pellet] denaturing lysis/binding buffer(8 M
Urea, 0.1 M NaIl,PO,, 0.01 M Tris-Cl pH 8.0) 240 L& ©]&3}4 resuspensiond}$i
). ureat™ celldoll A% inclusion bodyE o5+ 95 st} 1 % spin column
o resuspension® MZS FUEa 7000 rpmol A 3E E<oF PARE T denaturing
washing buffer(8 M Uea, 0.1 M NaH,PO,, 0.01 M Tris-Cl pH 6.3) 500 uyLE *7}3s}t
o] 7000 rpmol Al 3 & YA EE(Washing 2 21 HEE)SIQ T A28 FHO|
columng 4Y¥3dta denaturing elution buffer(SM Urea, 0.1 M NaH.PO,; 0.01 M
Tris-Cl pH 5.9) 100 pLZ elutions 3Fo] ofdglolA] vl dS Ao} 7+ Ao
WS Hlw BAS 98] AA T SDS-PAGE (8% polyacrylamide)E £3] 3H<latad
o},

SDS-PAGE %<2 A}
kDa®] e o
protein purification

o
E
ARt AL Sl

inductions}$lS W ¢F 80

= =2
T=
gl 1 ¥ small scale

kDa2] o}dglolA| whulzo] A

ANzE opdgtolAl A o
ARl ol oA 7 At A&
T3 ste] elutionstH = W <k 80

FA T

] o

o

ol

O Large scale His-tagged protein purification
ey Az gl o] A¥EUo] 4% o] (1 inclusion body FE| 2 A A o]
A7 wimel HAE Az dHe] a4 IS HAT7] f18e] 8 M urea:
o] &3to] &AL NiZ¥'-NTA affinity chromatography& ©]&3to] A %3 gz S

$5% ¥, A2 vudol Bejo T2E A F UES ureaR MM AATE
A

rl

AEs AAFHETC, 20 min, 4000 x g)& Fat] Ao, 8M freElol, 0.1M

ALAIGES, 00IM E2-Cl pH 80 % #olaxele xEgsts oAz
FEEAE olgste] AAE F 208 T ARA AFWolHsAT AEL
A4 (4T, 15 min, 14000 x )l A 2 H Atk dojzl Fs e 8M ek,

0.02M E&]2=-HCl pH 80, 056M HSHEE 2 0.006M o|vithEe] ols] HEsle
Ni*-NTA zst4 #izle] Aol Ae=9da, 8M F#ef, 0.02M E#2-HCl pH 80,
05M A3UESFE 2 0.02M olvt&E= A Z ATt a—amylases =82 400mM
olnt}ES o] g3te] £EFHAY. AAE AES 100 mM NaCl, 10% Glycerol, 50 mM
Tris pH 8.0 bufferd] 2A|7F FA S 2 Urea %5 8, 6, 4, 2, 1, 05, 0 MZ SFHA
FAE 2183k



gl g FriE B =¥ = (Bradford, 1976)¢] Wy o
o g FPFo Aty Zuad AuolE-Zgotadolu}o)
(SDS-PAGE) #4jol <jaf 22l = 9t}
SDS-PAGE #9143, 8% opdelolAl M=+
25E A" 80 kDa A7]oA &&= A}

His6-B 15 X et ofv|=qt M4



O AAH oldelolA EA H4] 2 characterization

d 7T W &

4 +F 2

amylase®} 714 ¥$ &
AE g

- FAg AE 200 uls 50 mM Tris-HCIOl 2%
soluble starch, 2% maltotetraose, 2% maltotriose
7V Zhzb 2EE &9 200 ulE VIEE AREShe] 2
5CelA 24 hr &<t W

- Thin layer chromatography= S33t7] 93] =7l
21 & n-butanol, acetic acid, water’} 4:81% &
3ty gdS AL838}o] chamberdl filter paperg %
o] A7/ & TLC plateo] wWHe A7l A= 1 uls
spotting

- TLC chamberel A A7/l & 10% sulfuric acid®
LA Eke] Q ol A 1081 9 spot &<

Standard

a-amylase + 1% starch

a-amylase + 1% maltotetraose

R oM e

a-amylase + 1% maltotriose

L %o wE g-amylase activity =

- EA3% A= 200 ulel 50 mM Tris-HCI pH 7.0
o] 2% soluble starch”’} #7FEl buffer 200 ul=
F@shel 2 &% A0 - 70T)NA 1087E
[e)

o

|
19

JES-e] DNS Al%FS 1 o] 12 7438 % boiling




3to] UV/vis spectrophotometerZ ©]83to] 575
mel A FAEE EAsgm, 4ol Hrbe
bufferoll % F4 buffer €4S blank= A&
Temperature(C)  Activity  Relative activity
Effect of temperature on the activity 10 052 8.39
12000
- %H% 1_}“1 20 054 9285
g % ¥ e L3 )
7 s 0 0358 10000
é 60.00
: 4 035 94,64
2 am
g 50 034 9178
il ; B & — 60 057 9696
0 10 0 30 40 30 60 0 80
Temperature('C)
0 033 9035
- EA3 AZ 200 ule 1, 24 hrset 72 &% %7
(10 - 70C)°lA incubation
— incubationdt Ztzte] AlZo] 200 uldl 50 mM

Tris—HCI pH 7.0 ¢l 2% soluble starch7} 714
buffer 200 ulE &3 ste] 25Tl A 10+
DNS &9& 1 of 1= H7bsk &

boiling&}e] UV/vis spectrophotometerZE ©]-& 3} o]
2|

k-9
k3

- gl @

575 nmollAl FFEE SA4stA L, 71de] H7t
bufferel] 7}& o] #H7}% bufferdl #HE F4 buffer
S blank® AR
5o wWE qg-amylase stability
=2 Eifetof emperatmsnrthestabitity(Ln) Effect of temperature on the stability(24 hr)
| o 12000 000 -
oo e ‘
- — i r/iC=
fun| N gl T
f 6000 i [ ~3 :
E £ 60.00
g 1000 : 4000 ‘
® 2000 :; 20.00 ‘
000 T T T T T T D.DD!
0 2 30 4 50 60 0 8 @ w0 22 3 4 S0 & 70 8
Temperature(c) P——
1h 24h
Temperature()
Activity Relative activity Activity Relative activity
10 051 8506 040 7070
20 053 88.19 044 7844
0 057 9514 052 97
@ 060 10000 051 9005
50 0.59 93.61 0.57 100.00
& 056 9375 053 9337
] 049 8149 043 7623
- FA% AE 200 uldl pH 20 - 10.0 ¥l 50
| mM & 2% soluble starch7} FH7Fel buffer
pHell W& g-amylase activity = oo .
; 200 ulE &3tste] 25T Al 1023 Hkg
A
o
- Hkg-Ho)l 35-dinitrosalicylic acid(DNS) A] kS 1

1=

78k % boilingdte]  UV/vis




H

spectrophotometer& ©]-83Fo] 575 nmoll A &
£ SAsa, 71do] 7k bufferd]l SRTE

H7be £ 45 blank® AFE

—
3
PN

pH Activity  Relative activity
2 030 7879
Effect of pH on the activity 3 L 10
120 ‘ 4 024 6247
10000 [ {
g | /N 5 023 5948
5 8000 ‘ o \
: \
T 6000 ‘ 3 6 015 3862
I
3 4000 . P ~
E | 1 } 7 0.14 3663
2000 ‘
000 o 8 012 3092
11 3 4 5 6 7T 8 9 1w 1
pH 9 017 4398
10 0.14 35.82

- FA% AES 1, 24 hrset ZF pH =720 -
10.0)el A incubation

- incubationdt Z}7z}e] AE e pHE 7082 Y311
50 mM Tris-HCl pH 7.0 ol 2% soluble starch”}
A7be buffer 200 uls E3ate] 25T 1023t

o

i O

- DNS #8-2 amylase activity =43 5

ot

Effect of pH on the stability(1 hr) Effect of pH on the stability(24 hir)
12000 14000 |
= - Z 10000 ‘ - F1u ‘
o =| £ < |
pHell & a-amylase stability 5| fuo , 4\ o ) }}
? 6o s S, 2 | } }
Zé R ‘ \ E 000 ‘ % »
& 2000 ‘ } 2 2000
0.00 T 00—
1 2 3 45 6 7T 8 % WM 123 4 3 6 7 8 9 101
pH A
1hr 24hr
Temperature{’C)
Activity Relative activity Activity Relative activity
2 013 76.58 007 4415
3 013 76.58 016 100
4 0.15 8546 014 9202
5 017 100 014 89.36
6 0.1 66.88 015 97.34
7 010 58.00 011 7074
8 009 5477 010 6543
9 009 5477 011 7340
0 0.03 1599 007 4415

- FA435 A2 200 ul®t 50 mM Tris-HCI pH 7.0
o] 2% soluble starch®} t©h3E Ajeko] H7lH
buffer 200 ulE &3tste] 25Tl Al 1037 HHg

- DNS ®F$-2 amylase activity =43 5o

&g Alekel thEd PAMC 27388

amylase activity 93 %7}

Reagent Concentration Relative enzyme activity(%)




Tris-HCI (control)

Metal ions

Ca

Co

Mg

Fe

Zn

Na
K

Oxidizing agent

Ammonium

persulfate

Reducing agent

B-mercaptoethanol

Chelating
EDTA

agent

Detergents

SDS

Triton X-100

Additive
Urea
Inhibitor

PMSF

None

R e e e

5

mM
mM
mM
mM
mM
mM
mM

mM

mM

mM

10%

10%

1%

1

mM

100+0.08

92.93+0.09

36.84+0.03

77.63+0.04

252.26+0.04

64.24+0.05

114.60+0.07

110.13+0.12

45.89+0.08

191.20+0.13

58.64+0.07

61.19+0.06
55.45+0.08

35.56+0.04

112.05+0.10
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O Thin layer chromatographyE &3 A Z 3% a-amylase AT

2 ATolA = a-amylase®] EAaA TheEdel ofs) AAE HFT A= A13}3
wAE S At A Fm"E TLC ZHoEE Agstdon A 7«24 4
thin layer chromatographyoll ©]3 <=3} % 21t}
Auj g3 a-amylase BAF #F= 37C, LB+kanamycin(30 ug/ml) 100 ml <4 A wjj =] ol
A 0.D600 = 0.57FA] 718 F 4AA17F &<k 30ColA 1 mM IPTG inductiond ¥ Large
scale protein purification?} F24& Zdste] Aol = ofdefolA] A AT,
Aozl whwlzd gol 200uLE AFE3 3 50 mM Tris-HCloll 2% soluble starch, 2%
maltotetraose, 2% maltotriose”} Z+7t X e & 200uLE 7] A= AF&38lo] 25T ol A
24A 35t 71 A WS Al H Tk

A4

fo
Hm

h=y
Rl

71 % thin layer chromatographyE G 33}l7] #l38] #7118 w2 n-butanol, acetic acid,
waterS 4 @ 8 : 1= &35 fA3} filter paperES chamberel| filter paperE %o
AN E chamberdl €3] EstAZth. TLC plated] 7+ wH&AIZl AMEE lulE
spotting3tA 3L 71FEAIZ1 § E38}H chamberdl] 2] A/MAIZATE A7 ¥, TLC plate®
AZAFH I 10%  sulfuric acid= EAste] 110C 204 1022 79 spot=
Sl AT

O AZE a-Amylased] &3] Aid HPE &9l
B AP E AZTH a-amylase?] 7] @HFo o&] AtE A E 9
5S 733

1
50
o
X

% FHF AHEE BT maltoseE A2 T

T Fuge He  PAMC 27388 oA AAE amylase$} B S23HA

maltotetraose®} maltotriose2} o] 7] ZAHF-&-ol A maltotetroase®t 2] 7FA o F&-A 7}
AAQE QT Mk 2 A A8 A2 a-amylase’t L EAF SR ES Tl E
Bk ofyet AR & sEES FAIIE 9% st o] gAE Sk



O =

O

O

E9] W& a-amylase activity, stability &3

AT E AEFE a-amylase] activity$}  stabilityel]l e =] JFE
2387 998ke] 10 - 70C 2% Z7oA  a-amylase activity9} stability S
S48kt

%o WE aq-amylase activity Sl A AF&3 G4 Au]Y¢3t a-amylase ABAF o
F+E 37T, LB+kanamycin(30 ug/ml) 100 ml 4] =]l A O.D600 = 0.57+A] 7] %

ANZE B9t 30CoA 1 mM IPTG induction®dt %
= Agsto] Aol o] = obdefobA] ot
A gz 8ol 200ulol] 50 mM Tris—HCI pH 7.0 ol 2% soluble starch”} % 7}%
buffer 200 uLE €3t38te] 2t &% 27010 - 70C)ol A 107F v A Z T}

| W& a-amylase stability =4S a-amylase activitye} Hd&tA FAE o}d g}
oAl ©M A ALEE I 1, 24 hrsor 2 &% A0 - 70C)olA incubationd
incubationdt Z}7z}2] AMZof 200 plLo] 50 mM Tris—-HCl pH 7.0 ° 2% soluble starch
7F 74 buffer 200 uLE Egsto] 25Tl 1023F RESAI A
DNS Wg-& 3] 2% uwE g-amylase activity®} stability®] =& WHg-o
3, 5-dinitrosalicylic acid(DNS) Al¢¥S 1 o 12 #H7Fsk & boilingste UV/vis
spectrophotometers ©]-&3}¢] 575 nmolA T3 =S =A3t] starch 7FEs] & =
=8 FdFo F& AMNE] a-amylase 284S AT AR AE NS
blank 2 A}-8-3} %1
a-Amylase &4 1 unit 9 WS Z7A B9 lumole] S FIZ L7 WEH
el dagh a4 For HojHr
e 2 g A3e 3z vkt HdEgo® FASER oW QAgE 1ol

e AT

Large scale protein purification¥}

2+ X9 & g-amylase activity, stability &9l

a-Amylase activityoll W3t H & &%=+ 30TCo]a 20 - 60TColA 90% olAe] &S
7HAar 9l He ex wddA 84e dehites Ag @dsdr. =3
a-amylase stability= 1A1ZF W8 27| A= 40T, 24417 W3 Z7e A= 50Tl A
Hdl kH4E HERITh weEbd o] a-amylase’l AZolM Ho &GS Holil w
S THA L dve RS FRlskiTh

pHel| w& g-amylase activity, stability =3

HoAgoE AP a-amylase activity®t stabilityol]l ™3 &% S
23871 9o pH 20 - 100 ZZAolA a-amylase activity®} stability =
SAstAth

pHel W& a-amylase activity SH oA A3 @405 A3t a-amylase AAF



£ 37T, LB+kanamycin(30 ug/ml) 100 ml A 8j=]el|A4 O.D600 = 0574 7] %
AZF FoF 30Ce4 1 mM IPTG induction@ %

A& xldste] Aozl FAdo] = ofdetobA whuid o)t

ol wwld gof 200uLell pH 20 - 100 ¥M9el 50 mM &4 2% soluble
starch7b 374 buffer 200 uLE &% et 2k pH 3ol A 1023F RES A2 T AR
pH W3y = 27 b3 Zo.(pH 2, 3; 50mM glycine-HCl, pH 4, 55 50mM sodium
acetate—acetic acid, pH 6-8; 50mM potassium phosphate, pH 9; 50mM tris—HCI, pH
10; 50mM carbonate)

pHol wWE a-amylase stability %42 a—amylase activity®} HLstA AAw ofde}
ofAl @l A S ARSI AL 1, 24 hrst ZF pH 7oAl incubationdt ¥ incubationdt
2y7}o] AMZo pHE 7002 93311 50 mM Tris—HCI pH 7.0 o 2% soluble starch”}
A7 9 buffer 200 uLE £33t 25T A 10837 wH& A #H o},

DNS HF$-S 3] pHol W& a-amylase activity?} stabilitye] E& HF-2-oo
3,5-dinitrosalicylic acid(DNS) Al¢}& 1 of 12 H7Fsk 3 boilingste] UV/vis

-1N

I

Large scale protein purification¥}

a2

B

spectrophotometerZ ©]-&3}o] 575 nmolA $3 =S =AY starch 7FEs] & H9
=39 BqdGdY FEs AAete] a-amylase @S SASAT. a4 AH S E

blank & A}-& 3} T

a-Amylase 4 1 unit2> 9o W ZAAA £% lumole] FF I A7 WEHY
Aef) Hed g4 doz Hodr

e 2 gy Ade 3k wkEste] Higowr A ow SAFts 1

LFER AT

O pHel| w& a-amylase activity, stability &<l
a-Amylase activitye] ™3+ #HZ pHe 3.00112 @7|AoA = a-amylase activity 7}
wAstA FAAskh o] A¥s= activityoll thd HA pH7F 7.091 PAMC 27388 A

A2bE amylasest= o2 Aol A vk Q7|0 A activity 7t Fadtthe sde 542

7FA 2L 9dtk T3 a-amylase stabilitys 1A17F WES ZHo| A= pH 5.0, 2447+ HES
o= pH 309014 Hd bEAS yEdAdo E=E 78 oA kg Ao
FA3A #ZAastgh ek o] a-amylase’t 2HA pH A A A4S Holx
2 dHE AL ke RS FRlskA

O Y43k Alefo] 3 a-amylase activity 9 F 37}
B AFoE AZTE  a-amylase activityol] 3 okd A|kE9o &S
ZAbaldeh. A3 A 9FS metal ions (1 mM Ca, Mg, Fe, Zn, Na, k), oxidizing
agent (bmM ammonium persulfate), reducing agent (5 mM B-mercaptoethanol),

chelating agent (5 mM EDTA), detergents (10% SDS, Triton X-100)¢} = 9] 1%



urea, 1| mM PMSF& A}-8-3}5 T,

AAS F2% 200 pLeF 50 mM Tris-HCI pH 7.0 ol 2% soluble starch®} 7+ A]¢Fo]
A7E buffer 200 pLE EFste] 25ColA 1083 WA controle  §19]
buffero] /] A] kS A3t &HS A3} T}

DNS HF8-9 ¢19] g-amylase activity, stability =43 % d3stt},

O ©%3 Al2kd g a-amylase activity 93 &<l
B Ao A= a-amylase activityol] gk thFst Alekso] 28-S &2l ot
Al¢Fo] inhibitor ¥+ enhancer® ZH-g38t=A sttt Ad A, Fe¥, Na*7t
a—amylase®] 7ZE 3 enhancer® 2839 ™ Co®, ammonium persulfate, urea’}
inhibitor= 283} % T},
ANzgE v ABEA AAE a-amylased] -5, PAMC 2738894 AAt¥l amylase®t

2] Ca’ 7} inhibitor® #8387 @=tl= Zo] Fely et}



A AL 7FF Proteomic analysis

O & 2% oA widd PAMC 27388 ©hulz H]al F4

a4 T+ 2 3

2D-Electrophoresis® %3+ 20, 3
0ColA mjkstk PAMC 27388 w9

Rl

- 20, 30CollA 347+ v &gt cell 50 mls 2H7} 4T

o 4 AAET (14,000 rpm, 20 min)d F cell

pelletell A1 cell lysis buffer(D.W 1.26 ml, 10 N

NaOH 0.31 ml, B- mercaptoethanol 0.13 ml)E #

7bske] 4Tl Al incubationstfA] 30% (FA o=

vortexing (overnight)

- Cell& lysisgt 7z} A& TCA 800 ulE #
2A17F &< 4Tl Al incubationdt™ 30% (HA o=
vortexing$ 4TColA  LA&E2(14,000 rmpm, 30
min), I HAES cold acetonel®  washing3$-
rehydration buffer(SM Urea, 2%(w.v) CHAPS,
0.002%(w/v) Bromophenol blue) % 7}3}e] 4T of A
vortexing(overnight)

= ZF AES 4TA 9472 (17,000 rpm, 10min) g
% Bradford protein assayS ©]-&3}o] whilz A
(1 mg/mL)

-zt AZ IPG buffer(pH 3 - 10 NL) 7 ul 7}k

20°C 30°C

Skl o] AS strip(l8 em, pH 3 - 10 NL)<}

swelling (overnight)
- Swelling¥ stripe. & 1D(1Step and Hold 500 V,
2Gradient 1000 V, 3a Gradient 8000 V, 4a Step
and Hold 8000 V, 3b Gradient 10000 V, 4b Step
and Hold 10000 V) 3 % 2D(30%

polyacrylamide) %3}




O 2= w& A& W =4
Lo & mAE AFE BludA 20ToM HA AGES

ATl ME 20CHT W& 222 10T £& &% 30T @uld Id dfE S
Hla 2 #FA817] 98] 10, 20, 30ColA PAMC 273882 wlY3l$lal intracellular
proteinsS H| a3} T},

PAMC 273882 AujF @3 iAol HFsko] 20TolA 7947k wigste] Arg-atol o,
oA WS 50 mLA 250 mL triangular flaskel] %2

]
Zy7+ 20, 30Tl Al 150 rpm o= wwksto] 3Lt vl ek o).

O Intracellular proteins F&

20, 30ColA 3¥7F w3t cell 50 mLS Z+7ZF 4TColA LAFE(14,000 rpm, 20
min)d % cell pelletoll A} cell lysis buffer (D.W 1.26 mL, 10 N NaOH 0.31 mL, B-
mercaptoethanol 0.13 mL)E #7}ste] 4TColA incubationdt® A 308 +ZFo =
vortexing &} overnight &% lysisZ % &3}

Cell& lysisgt 7} A&l TCA 800 uLE #H7bste] 2417 &<t 4Tl Al incubationdhH
305 Ao =2 vortexing$ 4TCoNA LA F2(14,000 rpm, 30 min)stA T A ES
cold acetone®. % 3% washing$ rehydration buffer(8M Urea, 2%(w.v) CHAPS,
0.002%(w/v) Bromophenol blue) F7}ste] 4T A  overnight® ® vortexingS
Z &5k et

ZF AZS ATAA GAEZ17,000 rpm, 10min)d ¥ Bradford protein assay=

gato] WAL A STk 20, 0C BF dud $EE 15 mg/mLE 9
o
=

O 2D-electrophoresis
15 mg/mLE AZHE 2z @z Az PG buffer(pH 3 - 10 NL) 7 ul #7}stx
olAS strip(18 em, pH 3 - 10 NL)ol &FAlA overnight®® swellingS
g ekt
Swelling¥ strip2= 1D(1Step and Hold 500 V, 2Gradient 1000 V, 3a Gradient 8000
V, 4a Step and Hold 8000 V, 3b Gradient 10000 V, 4b Step and Hold 10000 V) %13}
% 2D(30% polyacrylamide)ZS % 33}l

O &% wWE& intracellular proteins H] 1L
20, 30CeolA %o wWZ intracellular proteins® ¥d FHEHLS vl EA3AS o,
20CE 7]s=o® 30CoA up regulated proteins®] 42 spots, down regulated
proteins®] 18 spots©. & 3Fel % ¢t}

Tl F3 A= 10, 20T %o wWE intracellular proteins< H] 134



A4 mAEQD PAMC 27388°] 10, 20, 30C2 2% Z7olA ofgA #H&sE=A

proteomic analysisE &g o 4 ojr},



CHe| 7|04 =

)
W/\ AN N3 NS
_.l o S =)
T = = .
pul
W ™ T W Mo N o _
= oo 70 i T nm ol e
— < a ! )
=N L ° 0w T ™ w © > o
o P o Ee —_— % = E 3 ‘_Q_v ,uAIL X
[ S« X B T T T -
dlo H| o < R ny g mm o w oy T
= = &_a W g N H 2
p f X _wH T ) +oEr s "o
i+ o STe iy e _mF B i XN
70 T SMaTwy °X T T o5 o Nr 3R
ol <o g™ @g < R X0 ™ o B
50 o W os5m Ry v Tgo op 34 o
NS ST 23 By 1 W = o o
T S3o E o~ 9 ol S T 2
i S_ g ST . R o
N < 50 o ol = 00 X i ol &oG
= = ~ . £ . 1Y = T Mo ol "z
| |
H o
B e hy
B X oy o Ik =
Hr i ali] B o= =1
T e R < E T
3 < E r pild
— [a\] o
| | |
22 =
pir o
) ny
0 1




ol

el

A 5

o

oy

—_—

~

=
v
olo
ok

nr
o]

o

=K

4 A= vA

ey

B
=

o

1

Ho

mi
_Z-:!

)

LOL

doz thA

]

olo
ol

1o

<

FAA

ksl
pul

Z2EAE o &

A 414

alo
o

i

BK

O EF7}71A

il

L 7 &

e

T & AR HEY, ofA kA FH o e Ay

of 7)o

2y

<
=

7]

;OL

X0

B
ol

_—

o)

~
o

2 wA|go TR AAE

o]
HES- O

e

LOL

Ho

oL
N

oo
jant

Tor

o}
%

A

Tor

Ho

o) 7ol v

oAz A

2

FAEE AT FA%

A4

T

A

Eis



KI-

O E21A

DA YL CE.

1.

0] EIIA
AT 0N

2.

oll
r
(|

Yot A7

0

AL
T

FIEATIUNZ

0l
0{0

iod




