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Metabolism of Polar Bacteria Producing Cold-active
Protease
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SUMMARY

(3 B 2 o B

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

III. Contents and Extent of R&D

Aquisition of Antactic bacteria producing protease from PAMC
Evaluation of cold-adaptive protease activity

Optimization of cold-adaptive protease production

Isolation of new protease producing bacteria

Purification and characterization of cold-adaptive protease

Comparison of protein expression level by 2-dimensional electrophoresis

O O O O O O O

Full genome sequencing of new strain dor industrial application

IV. R&D Results

O

Development of cultivation condition of cold-adaptive protease producing
bacteria

Screening of protease producing bacteria on media plate

Establishment of method for preotease activity

Optimization of protease production using Response Surface Methodology

O O O O

Collection of soil sample near Dasan Station and isolation of new protease
producing 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

Application Plans of R&D Results

Contribution for investigating the metabolism of Antactic bacteria
Supplement of genomic and proteomic information of Antactic bacteria
producing cold—-adaptive protease

Application of cold-adaptive protease for industry
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4F9) Tzeobd A MAE | enel me ugd 43E 2v T
= = 2E|obd Aakeel e wel MY @79t
MgEA e #F 52 AWstm HEHom
4%9) TRE LA WA FEES Lo Hu
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]
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5o &4
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A (GenBank: JF901704.1)3} 99%<9] A4
- PAMC 25719% Janthinobacterium sp. RHLS19
(GenBank: JX949460.1)3 A4 - PAMC
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JQ522978.1) 3 A3
zb g w Ao T, Y 2R mE AW
s =7
HjF 713ke] & mAEY] 4% S 54
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Ao AFEH PAMC 25641, 25614, 25719, 256179 UvYAEES
= A4 (Korea Polar Research Institute, Incheon, South Korea) = -
FoF Wigkt} o5 W AESE PAMC SE4Ho] protease FAS zte

o7 E9lo] Hojolth, PAMC 25641, 25614+= Nutrient agar (Becton,
Dickinson and Company, USA), Nutrient broth (Becton)S AF&3F31aL
PAMC 25719+ R2A WA & o]&3&trh g PAMC 25617 YM #iA| &
AH-&-SF AT

O nAE T3

7tzte]l WA &5 universal primer?! 1492R (5 - CGG TTA CCT TGT
TAC GAC TT - 3) 3 27F (5 - AGA GTT TGA TCM TGG CTC
AG - 3) & °]&3te] 165 rRNA #3725 SFH5UtHI3]. PCR A3&2
QIAquick®PCRPurificationKit(Qiagen, Venlo,Netherlands) & ©]-&3to] A A 3t
5 (F WPELE%*J (Seoul, South Korea) °l 2#3}le] 16S rDNA 7|4 d S
gHelgk & NCBI blastg §ste] &4ttt

Zyzye] mAEES Al S wfx o HFste] 15TAA 7L3E v sl
AbgelG o AA WS 50 mLA 250 mL triangular flaskell % il

W vAees HJEs 47 5 10, 15, 20Tl 150 rpmo=
4

O Ad%dsE 53

zkzve]l wAEEe] AAAELS UV/vis spectrophotometer (Mecasys Co,
Seoul, South Korea)Z A}g€3to] 600 nmolx JFFEES =AY}
Wil 200 uL Fste] Witsl zzhe]l oAl Wl 800 uLel @ol 5
s|Aste] FAEE S, "Hyrd Zh7te] AA wiXE  blankZ

A}-g-3h5i ek,
O mAg 54 4%

Protease At #5529 16S rDNA F42 AR AV|AHES Fela &
NCBI blastE %3te] HAs]E A3 PAMC 256412 Janthinobacterium sp.
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HC1-2 (GenBank: JF312914.1)5 3% 97% A4S Hth. PAMC 256142
Pseudomonas sp. B-AS-24 (GenBank: JF901704.1)5 3 99%<¢] A
B e PAMC 25719+ Janthinobacterium sp. RHLS19 (GenBank:
JX949460.1) ¢ PAMC 256172 Rahnella sp. Pvb (GenBank: JQ522978.1)
oF Z47h 98%% FAMES EAt Ags] oW 5 T AR

g getA] ettt

O A4%FegE ¢
B AT AE 2t nAEEse] A9AY £xg A8 dge] T
2% (5T, 10T, 15T, 20C) oA 443 AFES wusdr. v #5574
th2 4] PAMC 25617< T2 &% z7dA ¢

20CAA 5243 AHAE S7F ¥ maximum growth® A ol A&

rlr
o,
o,
2
oX,
o
o
f
;O
o g
P

A9 PAEEE 2% 520CNA Agel shedtgon, WrE 20T A
b 2 gt oldg AdE B ou 2 AgoA AFEE HAEES
BE WA (psychrotolerant)d 548 AYu de AS & F Ut
AL HHEY A MRS AU EXoz Fx9o =i 317 E3
Aol Aol M A, Mspel FA m A== A3 SAHolth o]l
Y =wEodAE SA4 =5 g growth temperatured] o sk
A7t ol HuE
Janthinobacterium < 30TC¢ %4 maximum growthE Zti= Z 9]
g2 o Pseudomonas HA 30TCAA 7H = A= Fo=
A=A g4

gaEA. e, F OMAES 5T dAE Aol shee
A EelEhs A QA BT T olefo o Fo FAw
Ao lew, HiiEe] SAmAdEES 5730Te vt
2 o=

sl = 3

ro ox

Moo
f(rt
o,

=
X
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ZZE oA B4 SHS %
LA v %] o] A ¢] screening W
s

off Al &4 2] (14,000 rpm, 10 min)
b AT HE IFeted 50 mM  sodium
phosphate 200 pLel ¥l 5 <) 100uL, 7] &<l
10mM AAPF (Sigma-Aldrich, St. Louis, MO)
10uL, =F3 690 uyLE& &g3ste] 25ColAl 10+%
oHkS A7l 5 60T 2087 EEA 5
UV/vis spectrophotometer & ©]-83}o] 410 nm

o=
_ Ho [e) o = ) o, - ul o)
T2 ElolA AErA BA =% TEEE e tgol e w3k
-—Ea}xﬂoo—v =0 170 = SLAl = 2
3 =
5 713ke| M2 Z2EoLA & FH
v 3-8
o HdH T H
50 50
40 —e—5T 40 —o—5T
30 ——10T 30 ——10T
=20 —A— 15T =20 —4—15C
10 —=-20T 10%‘ 20T
0 0
0 50 100 150  Time (h) 0 50 100 150  Time (h)
A B
50 50
40 —e-5C 40 —e-5C
= 30 —+-10T = 30 10T
=20 —A— 15T =20 —A— 15T
10 —=-20T 10 —=-20T
0 0
0 50 100 150 Time (h) 0 50 100 150 Time (h)
C D
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O Protease 84 &34
Protease &4 =4 & wjdolS 4Co|A A4E2(14,000 rpm, 10 min)3d+ &
A5 HS 3]48to] 50 mM sodium phosphate (Daejung Chemical & metal
Co., Sheung, South Korea) 200 uLel ®j<F A5 100uL, 712 <l 10mM
AAPF (Sigma-Aldrich, St. Louis, MO) 10uL, &3 690 pLE &3}
25CeA 1087 WAzl & 60Tl A 2083 E&A43  UV/vis
spectrophotometer & ©]-83}¢] 410 nmol A T3 =S =43, 72 hAl
SHTE H7F EF9S blank®E ARESFATH
Protease®] unit< extinction coefficient = 8300°.% 3d}o] Tt} 2o 2]3}<o]
AxbeR it
(net OD,q0) X (WF-3-9% -, L) x 10°

unit (umole/min)/L =
. VL= O a AT, min) x (8o AR A, 1)

Hj <

SE,
e

44 A9 e 37 WEse] FEgon

AsHe e,

m

O Protease &4 2l
E AFE A2 84 a25 Fol dA 2ddez 7 We "ol
o] &5 3 9= proteased] #3to] BAS I3 ATFE W3
B oA el 7z} mAEES9] Protease activity maximum#ts Unito 2
gakslE 25641, 256172 38523 U/L, 16477 U/L 9 #s 7Hxor,
25719+ 2.727 U/L, 25614% 17.841 U/L ¢ maximum#tS E 9 tH(Fig. 2).

= el os FAeld AHE 4F°] protease A AFFEE
gelstlar, aF w& @S W, 24 240l dAHdd dFE
gtdskdt. ofel wel &a AbdelA 7 W el olgHa 3=

27 = o7

protease & 7} 2 ol9p7F H 1 A= A2 FA proteaseE: LAY
1

CE Rokol A 837 o8 F U AoE waHc
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O AMF&3E 1-30 Z2EolA AL nAES] vk A3}
A U & A A HHSFA)
- ZREo}A] Ak A FTFS v A= e,
AAY, Fr7lol=9 4 84 5 FddA
=93 91AZ one-factor-at-a-time9)
o g Misty Add AxE A4 A9}
AT S o] &ty MFE HA3
: 5
Ak Activey [UAY “_
= . : 7‘:::::;““@” 0 e
AL B
EZZE|obA] AL WX 9] FH A g} o -y _/
Bctivity [UAY :__ | Aty [UAL : r
’ ' ’“ci'"pﬂ 0 5 . . TeitanX-300 (g}
C e D.
sy i | Mw
Sl ;“hm(w “'C Ekma--‘sm
Dmi:’u :w,mc;;u :
E F
~ o]g]gt HkEHH A FHASLE &3]
EZ2EolA] A4S 28] o] F7FAIA
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O Ay AA € 9gFHEA
o] AFoAE  One-factor-at-a-timeWH<S ©]83t9 protease’y Aol

S MA= FRAAE FH57] fsto] drEA AAE WsATa e
AAEL AAAAA proteaseBrrFe  Fdstdrh. Fdd FadA=
Minitab 16(Minitab Inc, State College, Pennsylvania, USA)S %73t
TAHAFAAGS AAZ 5, wix gl 7] v 16719 AddaS 72
3ol WHEAFS A A H Al protease A FS SR o o] wE
REAS v5 2o 1).

2 2 2
Y=ao+a1 Xi+a2Xo+a3Xz+a12X 1 Xo+a3X 1 X+ a2 XoX3+a11 X1 “+ageXo a3 X3 (1

O F2AAE
One-factor-at-a-time®H S &3 FRAAEZAS st 7H7+9
Azl wAES] A B proteaseAel oW FIFS HA=A
gostgel. WA, AU WEse uAEe A 2 protease YA FS
golsl A yeast extract”} protease Aol dojA ¥ wE gIgS Fi=
Ardor ZAgddves s Sty gAdE WHIIAAES AT

YM #lA 9] 7]EZA4Q  glucose’t protease Aate]l A g Q)=

o7 A3 AL sl Protease Aol T3 Al A A

F& TritonX -100= H7Fsksls wWrF v AWGAES H7hsksd

4
Wyt B =2 protease AAMEHS H A ‘jr B o AGo M= HE T 72413

pHE W42 3Fe] Minitab 16 E3 SATAEAAIHS AAAZ T
Hj 2| = o] Z}7] 2 16719 Agas Z7 3o HiEA"ES AA

H1t ARl protease A FS F2lst S tH(Table 1).
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Table 1. Central Composite Design (CCD) for screening of important variables for

protease production.

Code Levels Fleal varizhles Theorstizl Experimental
values values
X X2 . T Protease T Protezse
X1 X2 X3 Yeastewtract  TritonX -100 :‘:[ production production
el) L) g UL) UL)
1633 0 ] 9.0823 0.1 6.2 627 .25
1 1 1 15 0.13 12 6.69 1.35
1 1 -1 15 0.13 32 361 6.21
1 -1 1 15 0.05 12 8.87 .33
1 -1 -1 1.5 0.03 32 6.75 315
0 1633 ] 3 0.18163 6.2 125 6.36
0 0 1.633 3 0.1 1833 6.37 3.38
0 0 ] 3 0.1 6.2 8.33 120
0 0 ] 3 0.1 6.2 8.33 £.33
0 0 -1.633 3 0.1 4.567 4353 6.20
0 -1.633 ] 3 0.01833 6.2 §.04 10.60
-1 1 1 23 0.15 12 3.79 3.30
-1 1 -1 23 0.13 32 3.66 288
1 1 1 23 0.05 12 472 4.02
1 1 1 23 0.03 52 3.35 2.80
-1633 0 ] 0.8173 0.1 6.2 129 205

A3s Ax 5 g/l peptone, 3 g/L malt extract, 10 g/L. CsH204,5 g/L yeast
extract, 0.1 g/l Triton X -1009 w%x¢ pH6.89] ZZoA wHAES
35L& 49, proteaseE 7HE Hol A= AL #1521 (10.61
U/L), 5 g/L peptone, 3 g/L malt extract, 10 g/L CgH1206,0.9175 g/L yeast
extract, 0.1 g/l Triton X -1009 w%X¢ pH6.89] ZZoA wHAES
vl eFstels 4-F, protease® AAbEFo]l b WEE AS Gl AHH2.05
U/L).

o] 43 A#}E EYR g3} g ZuAg

o
+
X0,
32
)

Y = 474 +
3X;+41.6X5+14X5 - 25X, X5+0.095X, X5 - 5.2X,X5-0.273X,%-36X,° - 1.08X 47
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= proteased] AMHEHS JERUH, X, | X, , X3 2 Z7Z} yeast extract,
TritonX - 1002 pHE dEdch 4473 AFAFRIE 079722
AsEIATh RS 34 07 1Abele] EA1skH, R*%ghol 0.797013} Einsy
AEAA g protease AT AL} 79.7% ] AFAFS HASS v
P valuex= 7t AT F4&

A% 7F At} F value:s 239

oX,
o

noise’} A4 &S 9l

FEAT GRS G

— =

J
e
¥

o

Table 2. Analysis of variance of the experimental results of the ANOVA.

DF Adj Sum of squares Adj Mean square F value P value

Regression 9 70.1531 7.7948 2.35 0.180
X 1 7.1515 7.1515 2.15 0.202
X2 1 0.4438 0.4438 0.13 0.730
X 1 9.0167 0.0167 2.72 0.160

XX 1 22.7016 22.7016 6.84 0.047
X*Xa 1 0.0031 0.0031 0.00 0.077
X3*Xs 1 8.6766 8.6766 2.61 0.167
0*X, 1 0.7813 0.7813 0.24 0.648
XK 1 0.4513 0.4513 0.14 0.727
X% 1 0.5304 0.5304 0.16 0.706
Residual
6 18.457 3.076

error

Lack-of-fit 3 16.5994 3.3199 1.14 0.609

Pure error 1 2.761 2.761
Total 15 91.004

8 AAETY AEgg AAAA = FAHA Zkoy, TritonX-1002+
pHE  yeast extracte] 3ol F71E4E ¢ B2 proteased A &
el Aoz dlFdr). wbdo] pH9F TritonX-1009] # A= v A

2ol GFe WA %
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o
o,

rlo

S EHEAS Tt d 3% proteaseE HUE AYAstE wixe 24
5 g/L peptone, 3 g/LL malt extract, 10 g/L CgH120s, 6.690g/L yeast
extract, 0.018g/L TritonX - 10098] &%xo pH 6.6772] Z7o|gl o o]
A== protease?] AAFEES 10.049 U/Loz Folx ), o]o wa <l
Aee s A7) 8.03 U/Le protease A dS HATH olef 2 A
HAstHA &> YM wjA oA Aibeknt vugls w 1658%¢ F7he

5o}
protease A S B T

rr
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O =4 mAE e of2etolA ZFH
- FAAFLPAMO)A 7= AHE v A

5 BUs 53 75 R
- Boky wmAEe L% wWE AFA ujY
z71 39 a3, 2X RS BT PAMC

O A il "= ofdetolA &4 H7t
- opdztoAl &4 A4S A% A whA oA 9] screening W ¥
- ofdgtolA] A mAESY 2% A dA wel gikE ofdelolA &
el AEA 54 Uy gy
- Thin layer chromatography& 3%k oFdelolA] A4k wjA&Ee] 712 Hb

& ANE ARE A

=)
o

l

o

O

L

g

i)

° O
L
Y
J{m
o,
N o
o

o} 1 g}o} A ——
24, NS PP o ZHste] Ao opwet (L T T,
]S %= 3}

s 8888

Effect of pH on the activity

- T2 pH 27 (pH 20 - 10.0)914 247} opd etol e
.

- ok bl B4 % ANBAAC] BF b
glolA] Aol 93 HrE Ed ofdlolA Q) O 2%, pH EZ0|A of

SRR

O ebdetold] Fpid At #F Fm, U

’

- PAMC 2738894 refat a-ofdetola] FAx F2Yd 2L ofFitol
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O SAv A% o opdeloll &n

O AeBA chuolA AN FFE A HE =4
SR TR @ T a3

=5%(10, 20, 25, 30C) %
of wW& PAMC 27388

growth =74

A 7k

cell

NAEES A T wjxdd HF ko] 20T
oA TAZE gl AR&slow, A Hjg
50 ml® 250 ml triangular flaskel] @31 &3k
< HAES JAFst Z7F 10, 20, 25, 30Tl A
150 rpme. 2 wukale] wj <k

7t 2k oA mAEe AHES UV/vis
spectrophotometer (Mecasys Co, Optizen POP,
Republic of Korea)E AF&3Fe] 600 nmolA &

T =
B 54

Cell growth

4

33

3

b 2465
£ —8—10 ‘C

-
z —.—20 C
13 g
=] 1 S
——30 ¢

0.3

=

03

10, 20, 25, 30TColA "AES] HAANY 225
vl sk A3 PAMC 273832 20°ColA 9347+
o 714 AA(0.D600=3.496)° =3t T A

o=

N

o] A FAastAA 1 %, °F 0.D600=2.700

%4
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nAgE 2 e g wiA

AgoA ALEH PAMC 273838 WA&E2 SAA74 (Korea Polar
Research Institute, Incheon, South Korea) Z%EH &Y Wdtl o=
A ELS PAMC 554K amylase 842 ztE= o2 gQlo] o)
PAMC 27388¢] A% wjX|+= Nutrient agar (Becton, Dickinson and
Company, USA), Nutrient broth (Becton)ol 0.5% soluble starch’} #7}¥
GRS E=gR S ) e

O WY x4
Zro]l mAESL Aujg s wiRo] HESI] 20CNA 7L vl %A
SotF o, AA wlgS 50 mLA 250 ml triangular flaskel] il

Wk vA=s HETskd 247 10, 20, 25, 30TelA 150 rpmo=

Lo

O AAE4E &4
Ztzte] wAEE AAES UV/vis spectrophotometer (Mecasys Co,

Seoul, South Korea)E AF&3le] 600 nmollA] FH =S A3 @y
ztzke] AA WA= blank®E A8 T

O A%sE g«

2 AFolAe 7 mAEEY] HANT 2k
2= (10T, 20C, 25, 30C) oA 393 S v aso)

PAMC 27388-% 10 ~ 30ColA Aol 7bsatdon, 20 ~ 30TCelA %71
AR FE7F wEa 10CHA e &% 2R ¢ &
538l 20CelA 7Hd & Ao dubdor v 2
2 wAES AH2A7  (psychrophile) ¥ WA+ (psychrotolerant) &
vyl=d, 9o Ade] mEw 2 A AHgE vAES Uy

S AYa v oA EH%iv‘i’—Fﬂ = A] ‘31 E%‘éol Ad SAHo=

i
Lot
r o
ol
ol
N
do
ol
ol
9
v

(o]
rol
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O AewH obueiobd A4 H7t

SIS TR SR

b

7}

4TCelM A2
(14,000 rpm, 10 min)gF ¥ A5 500 ulell 1%
soluble starch’}F A7Fg 50 mM Tris—HCl pH
7.0 buffer 500 pLE &3ste] 25TeoA 103t
vk

- Wkgolof 35-dinitrosalicylic acid(DNS)E 1 o 1
= H7)st < boiling 3} < UV/ vis

- 20CollA 3L43F W FE cell=
A

Spectrophotometer%: o] & O}Oﬂ 575 nmol| A

]:]
= 3 7}6P =g % blank = A}ﬁ
Kol N 1]
%=(10, 20, 25, 30C) % AIZF @ aiylasE Betivity
of wE PAMC 27388 amylase 0.400
activity =4 0.300
0200 o :\“"‘i ——10
= / g \ \ :
£ 0.100 —J —=20 ‘C
- 4 / -\ \\_ 25 ¢
' /io oo 150 200 TE0C
0100 J hr
0200

- 25°C, T9AIzre o etolAl Hu Aol 0
U/mlZ YEeEPSAIRE 20C7F b8 % 2R
A3 ofdetotA] &4 e T A

- 20ColA 343 wiFE cells 4TolA LA EE
(14,000 rpm, 10 min)¥t & A5 H 200 ulS Ak

4393 50 mM  Tris-HClol 2% soluble
starch, 2% maltotetraose, 2% maltotriose’} Z+
7zt Z3kE & 200 ule 7IEE AFESte] 25T
oA 24 hr &<k Wks

- Thin layer chromatography® &3}7] Y&
/B8l 2 n-butanol, acetic acid, water’} 4:8:1%
&3ty gl ALE3SFe] chamberol filter paper)
£ 4o @A/ F TLC plated] W& Azl AE 1
ulL & spotting

o

AN

oo
o
Sh
ol

amylaseﬂ 7

14
QA= 29

30



- TLC chamberol A A7/ & 10% sulfuric acid®
ajake] @ el A 103 79 spot &<l

1. Standard

2. PAMNC 27388+ 1% starch
3. " PANIC 27388 + 1% maltotetraose)

4. PAMC 27388+ 1% maltotriose
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O Amylase &4 &3

Amylase 84 4 & 229 A7 2AAA ajgH 77+ v S
4TCoNA FAF2 (14,000 rpm, 10 min)dF & A5 A& 358t 712 2%

soluble starch7} 23td 50 mM Tris HCl (pH 7.0) (Daejung Chemical &
metal Co., Sheung, South Korea) 200 uLel] ¥ A5 200uLS &334
25Col A 1087F wr$-A)171 3 3 5-dinitrosalicylic acid (DNS)E wh$-of 3}
1t 1= FH7bkstel 100TCelA 5&3F &S F AsFAt. 2 F UV/vis
spectrophotometer & ©]&3}o] 575 nmolA FFEE =4slo] starch
5 WEd Sdde ¢S AAEe] amylase 42 SIS
Faw Aeld =39S blank® ARE8FA
Amylase &4 1 unit2 99 ¥ ZAHNA Y lumold FFH e ~7}

W7 9] 28% a4 For HoHr

O Amylase &4 &9l
B Ao E AL g4 g45 Fo A AgF oz 71 We W
%_

3t amylasee] #sto] A4S 7HAaL AFE

EoodAGo A g3 nAES] Amylase activity maximumat< 25T,
79X ZFel A e ow o] e Unite® @Abstd 027 U/mLelth, L&y
2009 2% ZAo] & 2% ZAHT A7te] W E amylase &4 9]
AAGsA A H At

BoAqo o] FAWA FHE amylase AR AFFE g, 7+
271(10, 20, 25, 30C)olA Y d&EZ amylase &S

o

of wzl &4 FAM F HFES AA s A= amylase & A=A
—Q‘ T

[

g8 7test A &4 amylaseE A, A E, 34, AA T o A
Hofo A F83HA o] 8T - dS Aow HAdHET

O Thin layer chromatographyE %3 amylase AT 32 &4 g4
Amylase°] oJs] A" AAE B4 20ToA 393F vt njfe
4CAA dAEE (14,000 rpm, 10 min)d+ * 5 200uLE AF-&3F%A
50 mM Tris-HCIol 2% soluble starch, 2% maltotetraose, 2%
maltotriose’} Z+ZF E3tE &4 200u0LE 71 E R AFESle] 25Tl A

1=
o

111
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24X 35 71 - 3 w3 A F T

71 % thin layer chromatographysS 33}7] ¢&] A7l& vl = n-butanol,
acetic acid, waterZ 4 : 8 : 12 =3 8943} filter paperE chamberol
filter paperE 2ol ANE S chambero] €33 L3 A ATt TLC plated
7t WAl &S luLE spottingstlal AxAZl § 23HEl chambere]
dol A/MAIAY. ©d F, TLC plateE HAFAIAL 10% sulfuric acid=
Al Ele] 110°C LB A 1087 9 spotS 321319l th

O Amylased] 2& AAE BAHE &

B2 o AFgAE A 4 amylase-cﬂ 7] ARESo o] AskE A =0l

Aol A8 3 amylases= soluble starch, maltotetraose, maltoriose2}
714 & HF AEZ EF maltoses A4S TH
Tk SR A2 maltotetraose?t  maltotriose<} o] 7] & HE-g-of A
maltotetroase?t o2l 7HA 7 F&AZE AAHAG. wEbd 2 ATl A
AF&¥ amylase7t @A e ES sl EyE ool AR @

sp=S T dge dv= Aol FRIE
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O A2dA opdetelAl &4 s}

2 3

-

ZEo] wWE PAMC 27383

amylase activity =4

— 20CelA 397 wj%T cellS 4TolA AAEE

- WkS-olo)] 35-dinitrosalicylic acid(DNS) A]2FS 1

(14,000 rpm, 10 min)¥ F A5H 200 ulel 50
mM Tris-HCl pH 7.0 o 2% soluble starch”} #
7}l buffer 200 uls st 2 =% Z71(10
- 70C)ol A 10=7F ¥Hg

0 12  H7FgE ¥ boilingste]  UV/vis

spectrophotometer& ©]83}¢] 575 nmollA &3 %=
= A, 71"l Vb buffer] THTE
A7 ek &3S blank= AF-E

Ei of e o e vy Temperature()  Activty  Relative activiy

10000

4 0% 98

Rolative  aolbivwily(6o

il 071 T4

Tenperafure )

5o wWE PAMC 27388

amylase stability =74

- 20ColA 3YZF vlgTE cellS 4ToA YAl Eg
b7y
- incubationd Ztzte] A= 200 ule]l 50 mM

- DNS ®F$-2 amylase activity =43 &Y

(14,000 rpm, 10 min)3t A5 HS 1, 24 hrs ot
2% ZZA(0 - 70C)o A incubation

Tris—-HCI pH 7.0 o 2% soluble starch7} 7}
buffer 200 uls E&3ste] 25T A 1025t vE-&-
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Effct oftemperare on e b 1y Effect of temperature on the stability(24 br)

12000
12000

100
10000 WH
W B 90

60.00

activily ()

60.00

0w 400

Relative activity(?e)

Telative

0.0
200

I 000

00 0 0 4 0 6 N oK

S— Temperature( )
thr 2 hr
Temperature(C)
Adivity  Relative activity  Activity  Relative activity
04 019 9166 081 9719
0 020 444 087 9775
k] 021 10000 080 033
L} 019 929 089 10000
50 019 914 088 9388
60 019 9166 088 %88
0 019 9053 067 528

~ 20Tl A 347t v g cells 4TAA LA
(14,000 rpm, 10 min)gt & A5 H 200 uldl pH
20 - 100 #219 50 mM & 2% soluble
starch’} 7} buffer 200 ulE &33ste] 25Cel
A1 103 "ES

- WkS$-olo)] 35-dinitrosalicylic acid(DNS) A]2FS 1
g 12  FH7Isk % boilingste]  UV/vis
spectrophotometer& ©] 83} 575 nmolA 3%

5
=]
g 2489, 7140 A7HE buffers] FHFE

U

ﬂl

Hel £ PAMC 27388 4151 ==
pHell \ 4719 AL blankD AHS
amylase activity =4
pH Activity  Relative activity
2 039 3519
Effect of pH on the activity
12000 3 042 3872
_ 10000 4 0.38 34.62
% /
£ o 5 045 4.0
2 5000
: 6 057 5228
;E 40.00
“ o000 7 109 100
000 — T —1 8 082 7499
1 2 3 4 5 6 7 8 9 10 1u
P g 058 5342
10 044 4025
pHel  ®& PAMC 27383~ 20TCelA 3¢zt wigst cells 4TolA AAEe
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amylase stability =74

(14,000 rpm, 10 min)$t 5N 1, 24 hrs
pH 27420 - 10.0)° 4] incubation
~ incubationdt Zt7zte] A EZ 9] pHE 7082 931
50 mM Tris-HCI pH 7.0 o 2% soluble starch”}
H71E buffer 200 ulE& E§ste] 25TCAA] 1023
v
- DNS

Effect of pH on the stablity(1 hr)

=
o

¥ 7

k3-8 amylase activity =43 <

12000
100.00
80.00

activity(%6)

60.00
4000

Relative

\\

\

Effect of pH on the stability(24 hr)

S Aokl
27388 amylase activity

37}

th3 PAMC

o3 %

g A——o——*—'\_ﬂ/ .
0.0 \I B
000 | 4 000 —————————————
2 3 4 5 6 ¢ o 12 3 4 35 6 7 8 9 101
P pH
1hr 24 hr
Temperature(*C)
Activity Relative activity Activity Relative activity
2 026 3759 0.27 2589
3 027 3940 0.27 26.50
4 029 4212 030 2955
5 028 4121 031 3006
6 044 6297 030 2925
7 069 10000 103 100.00
8 030 44.08 051 4978
9 002 242 0.27 2628
10 001 160 0.38 3657
= [e] 9 [e]
= 20CelA 3AF MG T cell& 4ToAM AAE

(14,000 rpm, 10 min)%F %
Tris-HCl pH 7.0 ©] 2% soluble starch®} theFsh

=]

A 200 ul¢t 50 mM

7Fe buffer 200 uls &34 25T ol A

= =i
107t ¥k
- DNS %82 amylase activity =43 &Y
Reagent Concentration aRstIiavtilt\)//?%?nzyme
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
persitate O " fum 5 mm 17.4240.02
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
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Triton X-100
Additive
Urea
Inhibitor
PMSF

10%

2%

5 mM

107.84+0.08

29.48+0.01

64.44+0.09
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O 2%=9 w& amylase activity, stability =3
B Ao A= amylase activity 9t stabilityol] 3l &%=9] kS FA35}17)

sty 10 - 70C % ZFoA  amylase activity®} stability =
SA Ao
Lo wE amylase activity =4 20T A 393 vl gk cellS 4Tl A

DAE2](14,000 rpm, 10 min)$+ ¥ 54 200 pLel 50 mM Tris-HCl pH
7.0 o 2% soluble starch7} #7FH buffer 200 uyLs £33t 2t 2= %4
(10 - 70C)elA 10&3F W& Al At

2 5o wE amylase stability =4S 20T A 397+ w3t cellS 4Tl
A GAEE (14,000 rpm, 10 min)$t 5 HE 1, 24 hret 72 &% 2710
- 70C)°ll A incubationdt & incubationd+ ZFzFe] AMZo| 200 uplel 50
mM Tris-HCI pH 7.0 o 2% soluble starch”} #7}# buffer 200 pLs &
gsto] 25Tl A 107 vh-§-A| Z o,

DNS WSS & %o wE amylase activity2} stabilitye] 2= wkS-oH
o 3,5-dinitrosalicylic acid(DNS) A]¢F& 1 o] 12 H7Fs £ boiling st
UV/vis spectrophotometers ©]|&3lo] 575 nmelA JFHEE S48+
starch 7FF#a] & WEd 499 && Akl amylase &35

ATt EAT AE EF NS blank= A8k T

Amylase &4 1 unit2 99 WS ZHNA Y lumold FFH L ~7}
W7 9 2as g4 o= Aoyt

i 2 g4 A 3 whEstel HEgtom EASlew eAghe
Zref o] yebli it

O 2%=9 w& amylase activity, stability &<l
Amylase activitye] ©3t HZAH L£x= 30Co]ar 20 - 50TolA 80%
o]abol &AL A Qo] W 2% HedA FAS YeidgE AS
gtol sttt T3 amylase stabilitys 1A ¥FS Z A A= 30T, 2443
WHg 2ol M= 40TolA H b8 YE AT ek o] amylase”}

Ao A A4S Hola £ MEAS AR dve AS

A
2

O pHYl W& amylase activity, stability =3

2 AFo A= amylase activity 9} stabilityol]l ot =9 FgS B43}7]
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#3te] pH 20 - 10.0 A4 amylase activity ¢} stabilityS =4 3} $ o}
pHoll W& amylase activity =4S 20TCol A 3U7F w3k cellS 4T oA
DA (14,000 rpm, 10 min)gF $ A5 200 plel pH 2.0 - 10.0 H<
9] 50 mM &N 2% soluble starch”} H7FE buffer 200 uLs &£3ts}o]
Zt pH Z7olA 107 vhgAIZH T ARES pH 3= 22 oa3 2
th.(pH 2, 3; 50mM glycine-HCl, pH 4, 5; 50mM sodium acetate-acetic
acid, pH 6-8;, 50mM potassium phosphate, pH 9; 50mM tris—-HCIl, pH 10;
50mM carbonate)

pHol W& amylase stability =4 20Tl A 3L 7F w3t cellS 4TAA
A2 (14,000 rpm, 10 min)g s AdS 1, 24 hrsQt 2t pH el A

’

incubationdt ¥ incubationgt 7}7}e] A EFe] pHE 7022 933 50 mM
Tris—HCI pH 7.0 ° 29% soluble starch”’} H7}& buffer 200 nLE &3%}3}o]
25Ce A 107 vE-g-Al o

DNS 8H%S ¢a] pHol W& amylase activity$} stabilitye] 2 & wHg oo
3,5-dinitrosalicylic acid(DNS) Al¢fS 1 o] 12 FH7Fs ¥ boilingst
UV/vis spectrophotometerE ©]8€3te] 575 nmeolA JT3F%=

starch 7Fr#a] & WEd a9 &F& AAtste] amylase 274
ATt EAT A¥ EF NS blankE AL-8-3FH T

Amylase &4 1 unite 99 WS ZHNA Y lumold FFH L ~7}
WEH7] S 2agt g4 doz Ao

i 2 g4 A2 3 wHEstel HEgtom ®Aslew e Aghe
Zefazo] yebli it

O pHOl w& amylase activity, stability &¢!
Amylase activityel w3t HZA pHe= 7.0°0]32 HA7|A-doA = amylase
activity7} 43 A3t T3 amylase stability® 13 24A)1%F 9Hg-
271 B pH 7004 Ho AAS et el Ao =

A 2ol FAHJAT A7 =dodA A Y =

;

??1;(6]‘(:)' "o o l:l‘
A sttt wEkd o] amylase’t T3 pH 2dolAM Hdf 24&
Holm & S /T vk A Felaksich

O ©9%3 A2k )3 amylase activity ¥ 3F 7}

B AP A= amylase  activityol] 3k tpekdl AjkEo] S
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ZAeEA T AFE3E Al 2F2 metal ions (5 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)¢} 1 ] 2% urea, 5 mM PMSFE AM8-3ith

20C oA 3zt B FEE cells 4TolA 1422](14,000 rpm, 10 min)3 +
A5l 200 pLlell 50 mM Tris-HCl pH 7.0 o] 2% soluble starch®} Z}
Alekol H7hel buffer 200 pL& Skl 25Tl 1023 wESAZIH
control& 91 9] bufferell A Al oF& Al 9Jgk &oA& AFEak3lH

DNS 4Fg-2 99| amylase activity, stability =743} &< st}

—

O B3 Ao i3t amylase activity 93 &<
B Ao A= amylase activityoll ™k thdsk Ajefse] #gS Folsta
ojw gk Al2Fe] inhibitor -+ enhancer= #-&3h=x ATt AF
A, Mg?', Fe*', Zn®' 7} amylased] 723+ enhancer® #8339 on Ca*
urea”’} inhibitor= 2}-83} 3t}
JutA o 2 ol golAE Ca’s TATESZ zHil 9 metaloenzyme©] L
o] AL Fal nAEA ity ofdgola]= -2 a-amylase?} tHE

]
By 2t Row HAHYY
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O SDS-PAGE 4

&

-

- W&

@ 7 2

7}

PAMC 27388 wjok A5
o] &3t SDS-PAGE &4

broth 43 ml< 250 ml triangular flaskel] %32
HAES HEske] 20CA A 150 rpmo
aRksle] 3 Fob wigE & wjd S AT
A 10 mls AHE

Trichloroacetic acid(TCA)S 3 7}3lo]

) o
A2 PAAAL FAH B e

3l sample
rehydration buffer 100 ulE #7}3t¢] 5 min% <t

WS A A 3L T2 samples 5% 59 boiling &

- gEo] ¥ AL Coomassie brilliant blue® <A

27388 amylase 27388 amylase
{not bolsgnot bodisg) (boling) (boding)
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O PAMC 27388°¢] #H] 3%k extracellular protein < 4]

MB broth 43 mL< 250 ml triangular flaske]l ¥ 1 €3 & nAPES
HEakel 20CellA 150 rpmo = wykste] 39 FoF widd §F wgHS
AAEG s Fed 10 mLS ARESATE Aol de duids
ARE37] fste] AS el 100% Trichloroacetic acid(TCA)S 3 7}é}o]

g AdS AAAH T AR G Ao 3 samples rehydration buffer 100
uLE #7Fste] 5 minsQt WESAIZI ¥ 5X loading dyeg #7F8tlal ob&

sample 5X loading dyeE % 7}3F & 5% &<t boilingS 331t}

O SDS-PAGE #7|9% &4
SDS-PAGE 719 %S 9al 12% polyacrylamide gelS A %x3tglal =0 &
extracellular proteine SDS-PAGE®°] 15 plLE AFYste] 125V A oF 90
s A9 ES HAsATE. d5o] d AL Coomassie brilliant blue=

A3} AL destainingS acetic acid, methanol®} water< 1 : 1: 8% &3g3h

O PAMC 27388¢] #H| & extracellular protein ¢l
SDS-PAGE ZA3 rehydration buffer® 5%7F w-&A]71 AZ3 58
boilingd M =¢] extracellular protein | ¥lo] tEtlE= RS e
a2 ¢F 20 kDa ZL7]elA sLdE WEE AT AU o] A=
extracellular protein® ZA3S Fo]F==4l rehydration buffer®} boiling©]

z
ot A A8aelr] Wil
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O] opslefopal Fhura AT 223 olUolA 44
O obmetolAl WA YREF 2

.

d 7 W & 4 T+ 2

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

- Ndel?} HindIll Algtg4 #2]E 233 forward
primer (AAA CAT ATG GTG ACC ACC ACT
ACG)¢} reverse primer (AAA AAG CTT TCA
CCG GAG CCG TOE o]&sto 273839
genomic DNA o] A a-amylase & g ]
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)

ol glolA] &xMAE  xater- PCR  product® Ndel?t HindllE  ©]-83}o]

=

_ = A, _ -
insert =] enzyme restrictions FH(HE o] AU insertE

=H])

FIG. Preparation of a 2163 bp insert (o

-amylase). (A) polymerase chain reaction of a
-amylase, (B) Restriction enzyme treatment

- pET28a plamsidE plasmid DNA purification

kitiNtRON  Biotechnology, Sungnam, South
insert A4S 9% WY FH| Korea)E ©o]-&3to] AAS $ NdelZ} Hindll Al
sdah A

43



FIG. Preparation of a vector. (A) pET28a

plasmid DNA purification, (B) Restriction

enzyme treatment

Ligation & transformation

o

Ndel#} HindIlIZ # 2] 3} insert¢! a-amylase %
Zts} pET28a WEIE  16TolA 3412+ 30%
ligation W%
1 % DHb5a competent celldll ligation productE
10 ul &9 ¥ 30&3t icedll Al incubation ¥ & 4
2Co A 1% 59F heat shocks F s} il vl
o 2 27k icel incubationdte] LB broth 700 ul
S T8t 37ColA  1AZFs<Qt  shaking
incubationdt ¥, LB+kanamycin(30 ug/ml) 33
v =] o] F3te] overnight

= 9 A E g A F e 22Y

R

Transformation@t cell®] DNA
A7 E &9l

oM Z2EYe A7lE gl fl6kd]
forward primer (AAA CAT ATG GTG ACC
ACC ACT ACQG)¢} reverse primer (AAA AAG
CTT TCA CCG GAG CCG TC)E o]&3td
Colony PCRS  2A](Colony PCR %7,

denaturation 95C for 20 sec, annealing 58C for
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40 sec, extension 72C for 1 min 20 sec, 28
cycles)

A719E oz A3s gdsids u, W=7t o«
—amylse size?l °F 2000 bpol &€A3ste] & vl=
24 (Seoul, South  Korea)dl o] g 5} o]
recombinant®] sequenceE &<l

O Ay 1 Z 247} a-amylse sequence® 22l
HAL ok AP 1W FEYE WY

recombinant plasmidE  plasmid DNA
purification kit(iNtRON Biotechnology, Sungnam,
South Korea)& ©o|&3dte] AA F BL21
compentent cello]l  GenePulser Xcell(Bio—Rad,

California, USA)< AF-83}] transformation 7! 3}
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O o5 2 WY =1
PAMC 27388¢] DNAE F=3l7] 918l MB 8lX| 7} Arthrobacter agilis.
PAMC 27383< w3tz $1sto] AR&EAL Arthrobacter agilis. PAMC
2738389 Wi H dF FAE FZTA R 9ste] stz 50ml
MB #jx]o] m}&l o}7} Zd o] E(Marine agar plate) 9o A9 dd F=2
UE AFsksla, 20CelA 3¢ &<k vieFatslnt.

E. coli DH5a7} #7174 29 3 b a4 s s ARSEld E

=

E. coli #55 Fol-vl 2y (Luria—Bertani) WA & o]&3le] 37Tl A
Al ¥ Q1 ar, pET-28a(+)oll Zhuwtol Al A A f-d27F 2gs o] 9lo] 7l
npolAlo] FHFEF % 30 ug/mle] HEE wjxlo] H7l% A}

O DNA =7 % N EEH
DNA x=#t2 Alps gl gAilo] og] 7jad ZAAMd FF4 WyPo=
Z18stRtt. PAMC 27388¢] Al DNAE genomic DNA mini kit
(Invitrogen Co, California, USA)E o] &3l F=389t). Algta4s4~+= NEB
(Ipswich, Massachusetts)ol Al TR AT E coli AXEZHFE Zgiav=
F=22 Zgav= AA 71E (INtRON Biotechnology, Sungnam, South
Korea)& ©] &3] zlafs}3it.

O a-Amylase ¢33} A2 F2Y
PAMC 273889] 71% DNACIA a-amylase €2 7% DNAS ¥ 749
Zalolm (Al [5-AAA CAT ATG GTG ACC ACC ACT ACG-3] #
otEl Al [5-AAA AAG CTT TCA CCG GAG CCG TC-31; A7 A
Zefolw <to] WE A MDE Ndel 212 Aglola, otelAlx Zefolw
ML Hindlll 14 #AgolthE o]&ste] FFHIU
FZH M49L Ndel?t Hindlllz2 A% Ax, Ndel/HindlllZ Hdd
pET-28a(+)ol AZ2%th 4% %3 DNAE E coli DH5aol &2« 3k
ol F2Y PCR¥I MY &4 5 IdS #15t9] E. coli BL21(DE3)el
P A

>
m
i
P
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O isopropyl 1-thio-B-D-galactoside (IPTG) induction =71 A7

SIS S ]

a 7 A 3

1 mM IPTG induction

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

- Aujdd  a-amylase AAF  TFFE 37T,
LB+kanamycin 15 ml §A] uwj#]ol A O.D600 =
0574 71% & 30TClA 3A1%F 30
IPTG inductin %13}

- Induction A3 % cellS v Aoz BH

A
off
2
8

=

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

induction

- inductionS 3+ cellol A inclusion body o] A

- Iml& 14000 rpmollA] 10% &<t A &
cell pelletel lysis solution(50 mM Tris pH 7.5, 1
M NaCl, 5 mM EDTA, 1 mg/ml lysozyme)<
100 ul F7Fsto] iceoll A 3&ZF WREAIZ] AL FA
42°C heat blockol Al 1+ &< incubation(4® WE
), 14000 rpmoll Al 5% F<F YAl %

opAl =dA ol B 24
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1 2 & 43 %

. pET28a BL2! supernatant

=1

. g-amylase pET28a BL21 induction 3supernatant

ey

. o-amylase pET28a BL21 induction % supernatant

e

. pET28a BL2L cell pellet

L

. g-amylase pET28a BL21 induction ¥ cell pellet

o

o-amylase pET28a BL21 induction 7 cel pellet

Induction A%+ IPTG
2 IPTG induction

g

- ofdetolAl WA HH xS HASH] flsto
IPTG #%(0, 0.01, 0.1, 1 mM), induction A]3+(1,
2, 3 hns st ddd opddolAl 4
SDS-PAGE(12% polyacrylamide)E =& #4

1 234567 8§ 9 1011 12 13

1. pET28a 8. a-amylase 0.1 mM IPTG induction 1 hr

9. o-amylase 0.1 mM IPTG induction 2 br
10. g-amylase 0.1 mM IPTG induction 3 hr

2 o-amylase non - IPTG induction 1 br
3. u-amylase non - [PTG induction 2hr

o s ok ;TG dichoe 3 1, wheyhe. LM IPTG adaction 1 ¥

12. g-amylase 1 mM IPTG induction 2 hr

5. o-amylase 0.01 mM IPTG induction 1hr 13, g-amylase. 1 mM IPTG induction 3 br

6. o-amylase 0.01 mM PTG induction 2 b
7. o-amylase 0.01 mM PTG induction 3 hr
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O WA TANA a-Amylase FHA ¢&
A BEe Hu 3t a-amylase BAF ¥ F= 37C, LB+kanamycin 15
mL HA wiA] HES] ODew = 05 - 06 Z=E3AS w, isopropyl
1-thio-B-D-galactoside (IPTG)E 1mM H7}star 30CeolA 3A7F 30%
ot v ogH HEEFHUT. Induction A, T cell& dn|AHoE

I mM IPTGE 2ds FE39& o, &d A3 9 celld @Mz d&
H sk ok, WA induction A2 F9] celle dAVAL=Z FHIIAS W,
inductions g celldl A Wibi= FEQ! inclusion body7} el A4 o]
H A= gelstath

3 induction A F cell 1 mLES 14000 rpmeolA 10% =<t
AAEY 3 5 cell pelletol] lysis solution (50 mM Tris pH 7.5, 1 M NaCl,
mM EDTA, 1 mg/mL lysozyme)= 100 pl #H7}etgth 2 3 icedl A
383 WgA]7IaL FA] 42T heat blockel A 1# &<t incubations 4%
HHESEH A cell S lysisAl ZA T lysis cellS 14000 rpmelA 5% &9t
A5 A3 cell pellet2 SDS-PAGE (12% polyacrylamide) &

a1

3tol A} induction ¥ cell pelletel]l °F 80 kDa2] ofdglolA] w2 = o]

O IPTG induction =7 A3
opdgtolAl I FHH e AAs7] flste] IPTG = (0, 0.01, 0.1,
1 mM), induction AlZH(1, 2, 3 hr)
SDS-PAGE(12% polyacrylamide)S %3 #A3tde. o2& zdE
PAT oA a-amylase 1A &d 213 F U3}

A5 Ay PTG 5%7F 1 mM©] 2L induction /\]Z_PO] S7MEE 22 49
oflgolAl wuldo] wHEE AE st wEkd vs A
GAN opdeolA] AAAE 1 mM IPTGE o] 83k 4A]7Hs<t

induction® A3 F @l g4 Ae Atk

o

i

o

ol

ol

9

=2

["_8{.:

(i

o

o,

kv

(o3

)

2

1 o2
fo 1
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O obmetolAl A4 AXF FFEHE AAE obueterd HA

SIS S ]

a

ih)
i)

Small scale His-tagged

protein purification

- opgtolA] FHA kel 6 X Histidineo] &9
9lo] o] = o]&3&l His-tagged protein purification<
z1 )

- His-tagged protein purification kit PRO-Hunt
His ® Bind Purification Kit, spin-typeg A&

-1 mM IPTG inductiond 1.5 ml cell pelletel
denaturing lysis/binding buffer(8 M Urea, 0.1 M
NaH,PO4, 0.01 M Tris-Cl pH 8.0) 240 ul& ©°]-&3}
o] resuspension$ spin column®| ¢, 7000 rpmel
A 3% B9 Y9A¥P F denaturing washing
buffer(8 M Uea, 0.1 M Nal;PO4 001 M Tris-Cl
pH 6.3) 500 ulE #7Fste] 7000 rpmell A 3 &<t
HAAE 2 (Washing A 2H ¥HE) A 2E& FHo|
columns AYstal denaturing elution buffer(8M
Urea, 0.1 M NaH;PO, 0.01 M Tris-Cl pH 5.9) 100
ul= elution

- SDS-PAGE(8% polyacrylamide)S Z3a AA el

12345678

1. Total cell lysate

150

(2]

1 Flow-through (2.5 mL cell)

158 3. Washing () (2.5 mL cell)

ashing (3) (2.5
ol ' 4. Washing () (2.5 mL cell)

— - 5. Purified his-tagged protein (2.5 mL cell)
73
6.  Flow-through (1.5 mL cell)

7. Washing (7) (1.5 mL cell)

-‘i_.l.—i__— 8. Purified his-tagged protein (1.3 mL cell)

Large scale His-tagged

protein purification

- HulgF3 g-amylase  AAF FFE 0 37T,
LB+kanamycin(30 ug/ml) 100 ml <4A] uj =] o] A
0.D600 = 0.57hA 71 §- 4A1F &b 30TCelA 1
mM IPTG inductiond 1.5 ml cell pelletol
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denaturing lysis buffer(8 M Urea, 0.1 M NaHPOy,
001 M Tris-Cl pH 80) 4 ml lysozyme(50
mg/mL) 5 ulE # 78t resuspension$ 20%7F A
<o A4 incubation, 2% 100 mM PMSF 3 ul& #
7vate] 4°C, 1400 rpmell Al 103 5 A4l &2

- column®] Ni-NTA agarose> 25 ml ¥ & S+
% washingd}tx binding buffer(8 M Urea, 50
mM NaHPO, pH 80, 05 M NaCl, 5 mM
Imidazole) & equilibration, 99 4% %S columnol
Y o] resuspension ¢ 1A|7FHsQF 4TolA  shaking
incubation, Unbound material®] W27} binding
buffer® 1% washing ¥ washing buffer(8 M
Urea, 50 mM NaHPO, pH 8.0, 0.5 M NaCl, 20
mM Imidazole)® 2% washingS ¥ W W&,
Elution buffer(8 M Urea, 20 mM Tris-Cl pH 7.5,
100 mM NaCl, 400 mM Imidazole) 4 ml= elution

— Bradford assayE ©|g83ste] wwd  AHgF <

SDS-PAGE(8% polyacrylamide)S =& A#| &<l

1. w-amylase pET28a BL21 before
induction

2. w-amylase_pET28a_BL21 after
induction

3. Unbound sample

4. 5mM imidazole Washing (D

5. 5 mM imidazole Washing (2)

6. 20 mM imidazole Washing

7. Elution — 0.271 mg/mL
- AAE MES 100 mM NaCl, 10% Glycerol, 50
mM Tris pH 8.0 bufferol] 2417 7+A 22 Urea &
TE5 86,4, 2 1,05 0 M2 G3HA F24




O Small scale His-tagged protein purification
ol glolAl  HAA  FREo| 6X Histidineo] £l o]& o] &3
His-tagged protein purifications Z &3ttt Large scale His-tagged
protein purifications %l 3) 3}7] Aol WA small scale® AAZS 23 3}o]
g d S0l EEH A A8tk Aol AR&E kit PRO-Hunt
His ® Bind Purification Kit, spin—typeol t}.
1 mM IPTG inductiond 15 mL cell pelletd]l denaturing lysis/binding
buffer(8 M Urea, 0.1 M NaH,PO,, 0.01 M Tris-Cl pH 8.0) 240 pL& ©o]&
3}l resuspensiondt$ith. ureat™ celltfoll A ¥ inclusion bodyE o5
= 9gS sk, 1 & spin columnol resuspension® MES Fslal
7000 rpmol Al 3% &<k YA F denaturing washing buffer(8 M Uea,
0.1 M NaH,PO, 0.01 M Tris-Cl pH 6.3) 500 uLE& % 7}ske] 7000 rpmell A
3% For 9AE Y (Washing #4 29 ¥FE)SATH A28 FE column
S )33l denaturing elution buffer(8M Urea, 0.1 M NaH,PO, 0.01 M
Tris-Cl pH 59) 100 pLZ elutionS 3o opdefolA] whuld S A}, 7}
dAel  w@mEs wu #4e 0 fleél A4 ¥ SDS-PAGE (8%
polyacrylamide) & &3 <2135t
SDS-PAGE &<l A3, AxqEl ofdetebal A4k 75 inductions} &
 °F 80 kDa®l #Edd wuidEQl oozt dvk= AS sk
71 % small scale protein purificationg =33} elutiondtl< W <k &0

kDa®l obdetolal wudo] AAHATE AL FAst,

O Large scale His-tagged protein purification
ey fxg dwldo] AEZue] &4AF Aol flE  inclusion body
FEHE Aol HAY] wwol wAE AxF dwde] gihF A4S
3 EA17]7] ¢8te] 8 M ureal o] &3] &3
chromatography & ©]-&sto] AxF @Mds &3 F AxgH ddol
2o 425 7HE F JEF ureas
A sa .

AEe AR AT, 20 min, 4,000 x g)& T3t dojHa, 8M e,
0.1M ALJAMYEE, 0.0IM EZ2=-Cl pH 80 ¥ Fo]AAYS T =
ghol Al g 8ds  o]fstel  AdY F 208 Tk A2

Awol st AEFL YA (4T, 15 min, 14,000 x g)ol <84

>
28
E
Z
Z
-
>
2}
=
5

g

52



T AT Ao A A 8M fEol, 0.02M E]2-HCl pH 8.0, 0.5M
AsttESFE B 0005M elmtriEe] o HFskE Ni¥-NTA A
A Ao A=A, M el 0.02M Ee]2-HCl pH 8.0, 0.5M
AUEF % 0.02M olv|ttER A HEATE a-amylases &0 9]
400mM olH| &S ol gste] EEFHAT. AAE HES 100 mM NaCl,
10% Glycerol, 50 mM Tris pH 8.0 bufferd] 2413 7FA 02 Urea 2%
8 6,4, 2 1,05 0 M2 vFAA FAS st

Gl T B =X E(Bradford, 1976)9] WH o= SAHAG. oW
o AAEE EFUHOR FYHAY Avw Z=HA HioE-Egotad
171995 (SDS-PAGE) Z4 el o]sf <15 lth

SDS-PAGE 2143, 2] obdetobA] ME= His6-B| 715 £93k= of
=it MA2RE F4%E 80 kDa ZL7] oA #EE AT

olufol= A %
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O AAH ofdgtolA] EA EA 9 characterization

A T W

&

a 7 A

1 Ade g

- FA% AlEF 200 uls 50 mM Tris-HCll 2%
soluble starch, 2% maltotetraose, 2% maltotriose
7F 247y ke 8§ 200 ulE VIEE ARESte] 2
5CelA 24 hr &<t vk

- Thin layer chromatographyS <337 ¢ 7|
21 & n-butanol, acetic acid, water”} 4:8:12 =3
H &S AFE3Ee] chamberdl filter paperg % ¢
270 % TLC platee] w5 A7l AZ 1 ulEs
spotting

- TLC chamberol A A7} % 10% sulfuric acid® 2
Aste] @ Fofl A 10237F 79 spot &<l

Standard
a-amylase + 1% starch

a-amylase + 1% maltotetraose

ol

a-amylase + 1% maltotriose

exd  me
g

activity =

a-amylase

- F23% AAZ 200 ulel 50 mM Tris—-HCI pH 7.0
2% soluble starch’} #7F¥ buffer 200 ulE <3t
slo] zF &% 710 - 70C)oA] 1087F ¥-%

~ whgelo] DNS AJ%kg 1 o) 12 H7+e & boiling
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Relative activity(%6)

sko] 575
7

3to] UV/vis spectrophotometerE ©]-&
nmell A FHEE FAHFAL,  71H]

buffere] £ F4 buffer T HS blank= A&

Temperature('C)  Activity  Relative activity
Effect of temperature on the activity 10 052 88.39
12000
20 0.54 9285
10000 }/%/f\f\_}/}\{
80.00 30 058 100,00
60.00
40 0.55 94.64
40.00
- 50 054 91.78
b0 ; 60 057 9.9
01w W 30 4 0 60 0 8
Temperature('C)
70 0.53 9035

FA% AAE 200 ulS 1, 24 hrsor 72 &% 271310
- 70C)el A incubation

incubationd Z}zhe]  AlZo] 200 ulel 50 mM
Tris-HCl pH 7.0 o 2% soluble starch’} #7}€
buffer 200 ul& & 3ate] 25TCNA 10:7F ¥k
ghS-oe] & DNS &d5

boilingsle] UV /vis spectrophotometer=

I o 1= HA7E F
o] § o]

575 nmollX FF=E FAsklaL, 7[de] H7td
bufferell 71 & o) #7}% bufferdl ZF F2 buffer
¢S blank= A&
'Q—E Oﬂ qu' %‘ (l—amylase Effect of temperature on the stability(1 hr) Effect of temperature on the stability(24 hr)
_ 12000
stability =4 oo 20
2 }_/!/}/'\'\}\; 100.00
? w000 g o ‘//‘_\—l/+\
3 60.00 % 6000
;E 40.00 é 2000
# 00 f 2000
000 000
0 10 30 4 50 6 0 80 0 1 20 30 4 S & 70 8
Temperature() Temperatue('C)
1h 24h
Temperature('C)
Activity Relative activity Activity Relative activity
10 0.51 85.06 040 70.70
20 053 2819 044 844
30 057 95.14 052 91.71
40 0.60 100.00 051 90.05
50 0.59 9861 0.57 10000
60 0.56 9375 053 9337
70 049 8149 043 7623
- FA% A1E 200 ulel pH 20 - 100 ¥ 50
pHell = a-amylase] mM &9 2% soluble starch’} % 7}¥  buffer
activity =4 200 ulE &3rsle] 25T A 10+237F ¥H-3-

Hk-S-olof] 3 5-dinitrosalicylic acid(DNS) A]¢F& 1




=l 12 #H7Fs  &  boiling3he] UV /vis
spectrophotometer& ©]-&3lo] 575 nmolA F3%
£ SAskslal, 7140l H7te bufferdl SFFE
A7rst £ AE blank= A&
pH Activity  Relative activity
2 030 7879
Effect of pH on the activity 3 038 100
120.00 4 0.24 6247
100.00 I
g 1 5 023 5048
£ 500
ER 5 6 0.15 3962
' 0.00 ] I I 1
o E Ty 7 014 3663
20.00
000 4 8 012 3092
1 2 3 4 6 8 9 w 1
oH 9 017 39
10 014 3582
- B4 =S 1, 24 hrset ZF pH 24020 -

10.0)°1 4] incubation

incubationst Zt7ke] AEe] pHE 7002 9H3il
50 mM Tris-HCI pH 7.0 o 2% soluble starch”’}
A7tE buffer 200 ulE &3t 25CoA 103t
HEg-

DNS

O O ol
o

=12 2]

Ris

amylase activity =483 &

Effect of pH on the stability(1 hr) Effect of pH on the stability(24 hr)
12000

100.00

27388 amylase activity HgF

g P g 1 1
1 R B . g 10000 1 | ? I
& = 5
pHel 2 a-amylase| e | U . [ [ 1
. i 3 gmu 7 | I J y
stability =4 2 om } ER
000 000 +
1 2 3 4 5 6 7 8 9 10 1 L2 3 4 § g9 1001
H P
Thr 24hr
Temperat
emperature() Activity Relative activity Activity Relative activity
2 013 76.58 007 4415
3 0.13 76,58 0.16 100
4 0.15 8546 0.14 92.02
5 0.17 100 0.14 89.36
6 0.1 66.88 0.15 97.34
7 0.10 58.00 011 7074
8 0.09 5477 0.10 6543
9 0.09 5477 011 7340
10 0.03 1599 0.07 4415
ohoFst  AJekof tfjst PAMC|- &Ast AHZ 200 ulet 50 mM Tris-HCl pH 7.0 9

2% soluble

starch®} thoFst Ajoko] A 7=l buffer
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200 ulZ Earoto] 25°ColA 1087F 9re
N _

- DNS Y122 amylase activity £33} £

Reagent Concentration Relative enzyme activity(%)
Tris-HCI (control) None 100+0.08
Metal ions

Ca 1 mM 92.93+0.09

Co 1 mM 36.84+0.03

Mg 1 mM 77.63+0.04

Fe 1 mM 252.26+0.04

Zn 1 mM 64.24+0.05

Na 1 mM 114.60+0.07

K 1 mM 110.13+0.12

Oxidizing agent

persuA|faTe monium gmy 45.89+0.08

Reducing agent
B-mercaptoethanol 5 mM 191.20+0.13

Chelating agent

EDTA 5 mM 58.64+0.07
Detergents
SDS 10% 61.19+0.06
Triton X-100 10% 55.45+0.08
Additive
Urea 1% 35.56+0.04
Inhibitor
PMSF 1 mM 112.05+0.10
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O Thin layer chromatographyE &% XY a-amylase AT F9
24 24
B AT = a-amylase®] E4A ZhgeREedl o AHE HF A=
wA AT A4S s A7t A Z"HE TLC FHolEE A&l or
A% 71424 49 thin layer chromatographyoll ]38 <=3 ¥ At}
A okal g-amylase A #+F= 37C, LB+kanamycin(30 ug/ml) 100 ml
HA v A ODE00 = 057FA 71& F 4A1%F &<k 30TelA 1 mM
IPTG inductiondt & Large scale protein purification® F41& %l &3}o]
2ol A= ofdetolA @MiES A
Ao Tuld g 200uLE AFE3FA A 50 mM Tris-HCIel 2% soluble
starch, 2% maltotetraose, 2% maltotriose”’} 2}ZF X3 £ 200uL=
71 A2 Abg3le] 25T A 244 HESr 7) A3} uk-g- A Z Tk
71 % thin layer chromatographyE <33}7] 93 /&2 n-butanol,
acetic acid, waterZ 4 : 8 : 12 Z3¥d 8943} filter paperE chamberel
filter paperE 2o A/l& = chambere] $+d3] ¥3AZth TLC platel
ZF wkS- A7l AIZE 1uLE spottingdllal AZXA|Zl F E3FE chamberol
gol HAMAAT. dIl ¥, TLC plateg ZAIH I 10% sulfuric acid=
WAl st 110TC S 2ol A 1023E 9 spots &<lstAth

O AMZ¥H a-Amylased o3 Aid AP E &<

2 AFodAE AxFE a-amylased] 7] ZRES el o At A E]
oA gelsts A4S AT

B Ao 233 amylaser= soluble starch, maltotetraose, maltoriose®}
71 4RES & HF AHEE BT maltoses AR T

T3 Fu 2 H2 PAMC 27388 oA AAkE amylase$t W] S:38}A
maltotetraose®} maltotriose®}2] 7] A RS-0 A maltotetroase$t o1& 714
F SEAE AAAHEJT. webA 2 Aol A ARE S A XS a-amylase”t
AEA setEe Al B ol ARAe] 9 sEgES TFAI=
o

g Frhe Aol gl

J
¢

)
32
2 r

58



O 2= W& a-amylase activity, stability &3
B oAFoAE AxFH a-amylase? activity®} stabilityol] ta 2%

deks BA357] 9ste] 10 - 70C =% Z 7oAl a-amylase activity 2}
stability S =74 st}

Lo 2 q-amylase activity =AM AF&3 A= AU «
—amylase A4t 75 37T, LB+kanamycin(30 ug/ml) 100 ml 4] #=f =] ]|
A 0.D600 = 057k 71% & 4A1ZF &<t 30ClA 1 mM IPTG induction
3l 3 Large scale protein purification®} 415 Z3dte] Adojz &Ado] g)
= o gtolAl vl ol

Aol wuld g 200pLell 50 mM Tris=HClI pH 7.0 © 2% soluble
starch7} 37kl buffer 200 pLE E&ote] 2 2% 2310 - 70TC)elA
10 7F ¥HE A AT

250 W& g-amylase stability =42 a-amylase activity®} 5 Ld3HA A
AE opdgtolA @A S A& 1, 24 hreor 728 &% =100 - 7

0C)°lA incubationdt ¥ incubationdt Ztz+e] AZo] 200 pLel 50 mM
Tris—HCI pH 7.0 °| 2% soluble starch?} A 7}& buffer 200 nLs &35}
BCANA 1027 vk 7t}

DNS #$-& 93] X9 w2 g-amylase activity ¢} Stabilityfﬁ BE UES

UV/vis spectrophotometerZ 0]%3}04 575 nmel /H FEEE A3
starch 7}F&E3s] & WEd 939 &S A4ste a-amylase 84S =4
shitth. mAaRE Aejd &3S blank® ARSI T

a-Amylase &4 1 u o] Whg ZHANA #IF lumole] FFF 27}
WEE7] e 283k g4 o= gojdr)

e 2 g APS 3z wkESte] Hdgow FASII oW Agts

e el vreb ol

.‘

E

—t+

rlo

I A
O

O 2% W& a-amylase activity, stability <1
a-Amylase activityoll ™3 HZA 2% 30Colax 20 - 60ColA 90%
&l FdE THAa W 2k HleleA 24E UedteE As
gholEt vl T3 gq-amylase stability:  1A17F 8FE FAdAE 40T,
24413 Whg FRolM = 50TAA H SHAAS UEWHAT whebA
]

o]
AlA Ao ZA4S Holi =2 S AL Ad=

a9
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7]

KeX
AN =

Akt

ot

O pHOY| W& a-amylase activity, stability 53
B oAM= AEFTHE a-amylase activity®} stabilityel] gk %9
Qe A3yl Yste] pH 20 - 100 ZACNA a-amylase activity 2}
stability S =7 sl o}
pHell W& a-amylase activity A4 Al&3 &4+ Aujdst a
—amylase A4t 752 37T, LB+kanamycin(30 ug/ml) 100 ml 4 A Hj =] <
A 0.D600 = 057k 71% & 4A1ZF &<t 30ClA 1 mM IPTG induction
3l 3 Large scale protein purification®} 415 Z3dte] Adojx &Ado] g)
T opdetolA T Folr
Aoz i gob 200ulel] pH 20 - 100 B9 50 mM 8o 2%
soluble starch”7} # 7} buffer 200 uLE &3%3te] 7} pH oA 103t
BESAIZ T ARRSE pH W¥= ZH7E o3 Zth(pH 2, 37 50mM
glycine-HCI, pH 4, 5; 50mM sodium acetate—acetic acid, pH 6-8; 50mM
potassium phosphate, pH 9; 50mM tris-HC], pH 10; 50mM carbonate)
=48 g-amylase activity®t L 3sA A A
H o oopdgtolAd wwFS  AREIIHI 1, 24 hreet 7 pH A
incubationdt ¥ incubationgt Z}7}e] A EFe] pHE 7092 933 50 mM
Tris—HCI pH 7.0 ° 29% soluble starch”’} H7}& buffer 200 nLs &3%}3}o
25Ce A 107 vE-g-A T
DNS ¥F3-2 3 pHel W& a-amylase activity®} stabilitye] =& WS-
of 35-dinitrosalicylic acid(DNS) A]¢k& 1 o] 12 FH7Fgk % boilingsho]
UV/vis spectrophotometers ©]&3te] 575 nmolA] JT3E=E
starch 7}rF&al & WEE Ao &S AAtSte a-amylase 84& 54
sttt Eant Aol £ S blank® ARSI
a-Amylase &4 1 u o] "S- ZHA EF lpymole FF3F2 27}
WEH7] S 2agt g4 doz Ao
i 2 g4 A 3 whEstel HEgto® EASew e Aghe

e el b ol

==

pHel £ a-amylase stability

’

.‘

E

—t+

rlo

I A
O

O pHOYl W& a-amylase activity, stability <1
a-Amylase activityell gt 2 pH+= 30012 @744+ a-amylase
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activity 7} = A8HA A stA Tk o] A= activityoll tidk 24 pH7F 7.09]
PAMC 27388914 A4tel  amylasest= ©E Ao|xuk 7] o)A
activity7}  #Aagthes sd9d 54 7HAA 9tk %3¢ a-amylase
stability:= 1A17F WS Z 7oA = pH 5.0, 24A17F WS ZHoAl= pH
3004 Hdl PSS YHEAT. == A7 x27d

wAsHA Aastdrr. wekd o] a-amylaseZt A pH FHClA Ao

|4 Aol

O ©%3 Al ekd t g a-amylase activity ¥ 3F B 7}
B AFgE AZTE  a-amylase activityoll w3k thgs A eFE 9]
28-S ZAFSFA T ARE3E AR 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)¢} L ¢ 1% urea, 1 mM PMSFE AM8-3ith
AAZ FA4% 200 et 50 mM Tris—HCl pH 7.0 ol 2% soluble starch®}t
Aleko]l A7t buffer 200 nLE &3 3sko] 25Tl 1023F vH&AIF T
control 919 bufferell A Alokg #1935+ &5 AEak3lH

DNS HF-S$-2 9]9] g-amylase activity, stability =43} &< 3s}t}.

O

N

O t%3 Ao 3 a-amylase activity F§3F &<l
B AFo A= a-amylase activityel]l tha thd A|dEe]  FEgS
stol&tar ojw 3k A] ko] inhibitor ¥+ enhancer® ZF-g3=x] 3ol
A3 Ay, Fe?', Na’7l a-amylased] 733+ enhancer® Z-§38}% 0w
Co?', ammonium persulfate, urea”} inhibitor® 2}-& 3} th.
A zggE v AAEoA ABAE a-amylase?] A-$-, PAMC 273884 A2k
amylase?} &2 Ca’ 7} inhibitor® 28387 &E=tlE Zlo] el gt
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O] A ofdefolA] A4E 5 Proteomic analysis

=
O thg 2% XAl n

f¥el PAMC 27388 ©hula w4

4 T 2 #

A4 F U &
2D-Electrophoresis = 53k

20, 30Tl whekeE PAMC
27388 ©d W]

- 20, 30CellAl 343F wiFsk cell 50 ml& 72t 4T

o A4 A2 (14,000 rpm, 20 min)dt F cell

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

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

7}ste]l 4Coll Al incubationdtdA] 30 HAOS=RE

vortexing (overnight)

- Cell& lysisdt Z} A Zo TCA 800 ulE #H7}8h4]
2A17F &<QF 4Tl Al incubationdl™ 30% FH o=
vortexing® 4TColA L4 E2(14,000 rpm, 30
min), HHAES cold acetone®®  washing$
rehydration buffer(SM Urea, 2%(w.v) CHAPS,
0.002%(w/v) Bromophenol blue) #7}a}e] 4T ol A
vortexing (overnight)

-7k AES 4TAA A48 (17,000 rpm, 10min) gk
% Bradford protein assayS o] &3dfo] whula A=k
(I mg/mL)

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

20°C 30°C

St oA strip(18 cm, pH 3 - 10 NL)¢+
swelling (overnight)
- Swelling¥ stripe= 1D(Step 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) %13}
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2

o,

j
a-

<o wWE HAE AFE HuolA 20TAAA HFH AFE
mEa] 2 Ao AE 20CHRTY e 2% 10Te %
30Col Aol duld g s v 2 A8k fa 10, 20, 30TelA
PAMC 273835 %

PAMC 273882 ZujeF gk wjAlo] HEsto] 20TolA 743 widsto]
AbEElF o AA WS 50 mLA 250 mL triangular flaskel]l % il
dek F vAES JFe] 22 20, 30ColA 150 rpme & ulykeke]

< B
°
T

=

e

F3}91 a1 intracellular proteins< H] 2L 3}1 T}

O Intracellular proteins %
20, 30ColA 3UzF wlFat cell 50 mLS Z}7F 4ColA  LAl#2 (14,000
pm, 20 min)dF ¥ cell pelletol] A cell lysis buffer (D.W 1.26 mL, 10 N
NaOH 031 mlL, B- mercaptoethanol 0.13 mL)E F7}ste] 4T A
incubationdt# A 30% FZF OS2 vortexingdte] overnighto®  lysisE
S e
Cell & lysisst ZF M Zd TCA 800 pLE #H7Fsto] 241 &<k 4T A
incubationd}t™ 30 O % yortexing® 4TColA Y41#2(14,000 rpm,
30 min)etth. A=
buffer(8M Urea, 2%(w.v) CHAPS, 0.002%(w/v) Bromophenol blue)
A 718kl 4Tl A overnight 2 vortexing S 73 313t}
ZF AEZS 4T AaEZ(17000 rpm, 10min)d+ ¥ Bradford protein
assay = ©o]&3lo] wuld S A st 20, 30C EF dwA FEE 15
mg/mL= StFo] thg AYS Ayt

i
»
o

cold acetone®. = 3W washing$ rehydration

O 2D-electrophoresis
15 mg/mL2 Axd zt gz AMZd PG buffer(pH 3 - 10 NL) 7 ul
A7 elar o] AL strip(18 ecm, pH 3 - 10 NL)ol &<A1#A overnight® =
swelling= %1 &3} 33t}
Swelling¥l stripo= 1D(Step 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) Z & % 2D(30% polyacrylamide)S % 3§ 5} 31t}
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O =% u& intracellular proteins H] X
20, 30CoA %o wWE intracellular proteins®] 2&d HS Hw
EA3AE w, 20CE 7|22 30CoA up regulated proteins®] 42
spots, down regulated proteins®] 18 spots® % 2Fel & ¢t}
e F5 A A= 10, 20CoA 2% wE intracellular proteins<
Hlaske] A 24 wAE<Ql PAMC 27388¢] 10, 20, 30T =% A

o] @ A A-&3sl=A proteomic analysisE 3]t o 4 o]t}

£
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[ 3atd =

O mRElohAl A FA VB GAA AL B

- 454 + Illumina combined assembly2< ©]83F G2 d #F24 (Next

pul =2 1T

Generation Sequencing)
- gap filling o] A ©A 9] scaffold =+ contig oA Ad B4 Ay}
gzl
O ZgEolA ATA FHA] cloning
S A B4 F ol ZaEebl A

A
d FAA=E 23 vectorel cloning 3te] € a =

hostE ©]&3% ZEEolA| Ed AT

llumina
0 Fx TR §AA 75 BAL o9 m=
Elo}A] A ZAdolA gr 13 NGS BAAH|
C 2 A (WA, BHEAEMS) S0 ZomolgdS o] 83 ZE|olA Al
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O A& ANBAEFH oJAET
Planococcus sp. PAMC 213239 Al hybrid strategyE 7]HFO. 2 7] A
dS ATk 454 Fo]ZA|H A 8 kb paired-end library$} 9 FH]
150 bp paired-end libraryol &l Z} 7+ 2384409 2} 58,949,907
Aoz Alm AEAY dolgE CLChio CLC genomiucs Workbench 6.5%
Roche gsAssembler 2.6& ©]&3lo] oAAEZE Haste] 2719 scaffold¢}
1871¢] contig7} "FEo] A Tth contigs Atele] Wl F7HE PCR¥ AA Ald
e ol &d AA s, 1 A3 3199864 bpel AF Ale]=E AT} o]
2A zZ& Planococcus sp. PAMC 213239 Alxs A¥EAS  Genbank
database°ll AlA #t+ (CPO09129).

o
o
=

O AF oxdHlA
F71MDel EF HEd AlsdA HARIAE(ORF)E  Glimmer 3.02¢
Rapid annotation using Subsystem Technology(RAST) A B & o] &3}
o =3ttt BLASTP #2413} InterProScan, Pfam, TIGRFam H] o] #]o] 2
& °ol&3te] ORFO 7555 ettt tRNASH rRNA= tRNAscan-SES}
HMMERE ©o]&38te] <ropujir, Z2ukx] QIAteh #4024 (GD& PHAST
o} SIGI_HMM¢} = IslandPath-DIMOB gl ES 7ldre 2 St
island-veiwerg °]&3st] Ittt TE ¥t A=

TMHMM# SignalPE o]-&38to] o =3t}

[e]
Qe

J|m

O Ax9 &4
Planococcus sp. PAMC 213232 3,196,500 bp2] 421 A DNA<} 3,364 bpel
Zt~v = DNAE 7FA & 3199864 bpel AlES 7HA3L 9lem GC Hl&
2 39.3%°]™ 3,196,500 pr A2 A DNAO+= 607129 tRNAS} 2471 9]
rRNA7} 234 3107788 ORFE AYar vk A2 45 dA 4
o] 86.3%7F @ dS mdstal e FHRbolH ‘%‘ﬂé‘% i“éé}% 2
o] 852%% 715 s o= F AW, T2 455709
A4S st a2ga 2676709 ORFv #HAd v o8 719 Pfam
domain< X3+8t3l )Yt Planococcus sp. PAMC 213239 Aol tigk &
°Fyl COGe Zelaig]= % 3, 49 AzlEo] 9lth €A NCBIY =4
Planococcus % ol 57450l Wzl 18709 w5 Foll 10712 #+5< A

¥ 9GS olgstel tE Fo 9 AGRS wAE BAH/A

i
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JSpecis®] A FwEFULEO]= FAM] (average nucleotide identity, ANI)
9} genome to genome distance calculator(GGDC)E o] &3ttt &4 ZAyl=

6ol YEtSlem, vk DNA-DNA &4 (< 60%)3 ANI(<96%)=

TTFES o0& T #Fdol #H A A" 89.5%
o] v AL FY3E AV Lol P. antarciticusty P. donghaensis®} =<
A% BLASTP #4& B3 A& 2700702 3549l

#2791 ORFE AR 7443 b vehdeh olsh 2& 514 we o
©

HlaRk dEE o] A9 @7 o] Hlszshr] wlolth

Table. Genome statistics of PAMC21323

Attribute Value %o of total®
Genome size (bp) 3,199,864 100.00
DNA coding region (bp) 2,761,854 86.31
DNA G+C content 1.258.557 39.33
Number of replicons 2 -

Total genes 3171 100.00
ENA genes 84 2.65
RNA genes 24 0.76
tRNA genes 60 1.89
Protein coding genes 3.087 9735
Gene with predicted function 2.632 83.00
Genes in paralog clusters 2,130 67.17
Genes assigned to COGs 2.294 7234
Genes assigned Pfam domains 2.676 8439
Genes with signal peptides 128 4.04
Genes with transmembrane helices 840 26.49
CERISPE. repeats 1 -

a) The total is based on either the size of the genome in base pairs or the to-
tal number of protein coding genes in the annotated genome.
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Table. Number of genes associated with general COG functional

categories

Code Value %o age Description
J 164 6.40 Translation
A 0 0.00 RNA processing and modification
K 169 6.60 Transcription
L 118 4.61 Replication, recombination and repair
B 1 0.04 Chromatin structure and dynamics
D 33 1.29 Cell cycle control, mitosis and meiosis
Y 0 0.00 Nuclear structure
v 41 1.60 Defense mechanisms
T 103 4.02 Signal transduction mechanisms
M 129 5.04 Cell wall/membrane biogenesis
N 40 1.56 Cell motility
Z 0 0.00 Cytoskeleton
W 0 0.00 Extracellular structures
U 44 1.72 Intracellular trafficking and secretion
0 85 3.32 Postiranslational modification, protein turnover, chaperones
C 129 5.04 Energy production and conversion
G 166 6.48 Carbohydrate transport and metabolism
E 254 9.92 Amino acid transport and metabolism
F 82 3.20 Nucleotide transport and metabolism
H 105 4.10 Coenzyme transport and metabolism
1 120 4.69 Lipid transport and metabolism
P 141 5.51 Inorganic ion transport and metabolism
Q 61 2.38 Secondary metabolites biosynthesis, transport and catabolism
R 339 13.24 General function prediction only
s 237 9.25 Function unknown
- 877 27.66 Not in COGs

O Ax G718 v 3z
- et o] Az}
PAMC 21323¢] Alw2 o] <l
o, PHASTS o] &3t 11709 E¢hds Za2ukx F+9& zholylt) 117
o] B3 Zrux] F9oA ORFZ F4% 103702 ORF7F AU A 1,
PAMC 2132304 2t A3 F-3hsts dtopx= A R e Hol

_|>i
o
XY

= 15708 RS 7HAAL Sle

o1zt F 970 FHAAE islandviewer 3.0& =3 &el® Gl 9ith
PAMC 213239] AlxolA GIZ FAHH 3719 792 AA AMA2 1.6%

g AAstn 5p/le] vud 3y A/1AES Hw glo o F A
A3

o] Alx"o] ol &uE dmAR oF DNAZ <Asta A A=
pzs

FAAR/M system)ol] o] &5 += AT ¥E3kE o] k. R/M system2)
upstreamol| 4] QAR nZdol} & A~EH AL Po] trE F{HY ~E
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PAMC 213232 13719 ©& Azav} QxE 71Xz duk. 1 =
SigB(Plano_0442)+= 4¥H4Ql ~EH 2~ diid=z Te Ao T3 bt

ol Alzaw} ¢lzto|th, PAM

@)
)
—
w
&}
w2
rlo
2
i)
vs}
to
s
ru
ftlo
N
)
X
=
%9,
o
2
o

L HEL stressosomed] & FAo] ¥ =4, stressosomes G 1173}
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Table. Summary of known general stress, cold stress and osmotic stress response protein

found in the PAMC21323 genome

Function CoG Gene Locus_tag
General stress
RNA polymerase sigma 70 COGO0568  rpoD Plano 1287
Plano 0145, Plano 0442,
COG1191 Plano 1401, Plano 2064 ,
Plano_2219,
alternative sigma factor Plano_0015, Plano_0089,
Plano 0602, Plano 0977,
COG1595 Plano_1811, Plano_2905,
Plano_2484, Plano_1540
Plano 0387, Plano 0595,
Universal stress protein COGO0589  uspA Plano 0841, Plano 1089,
Plano 1095, Plano 2895
carbon starvation protein A COG1966  cstA Plano 0277, Plano 2948
COG0484  Dnal Plano 1268
COGO576  GrpE Plano 1266
COG0443  DnaK Plano 1267
molecular chaperone -
COG0234 GroS Plano 0455
COG0459  GroL Plano 0456
COG1281 Hsp33 Plano 2540, Plano 3081
Cold stress
. Plano 0326, Plano 1603,
. :
cold shock protein COGI278 csp Plano_1604, Plano_1643
cold shock dead-box protein A COGO0513 deaD Plano 0429
ribosome-binding factorA COGO0858 rbfA Plano 1880
polynucleotide phosphorylase COG1185 pnp Plano 1876
COGos32 IF-2 Plano 1882
translation initiation factors COG0361 IF-1 Plano_0062
COG0290 IF-3 Plano 1127
. L COGO0195 NusB Plano 1885
transcription termination factor factor
COGO0781 NusA Plano 1349
o ¥rel= PAMC 213239 7ls& 243 Aot 64742] Wojel ~ER A wb
S BEE Ao FAHE Ao AT 1 F 12 AL &
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Table. Summary of known general stress, cold stress and osmotic stress response protein
found in the PAMC21323 genome (Cont™)

Function CoG Gene Locus_tag
osmolic stress

proline:sodium symporter COGO591  putP Plano 0349
glycine betaine ABC transporter mgs
substrate-binding protein COG2113  ProX Plano 2634
glycine betaine ABC ansporter 0564176 proW  Plano_2655
permease -
glycine betaine ABC transporter - . s
ATP-binding protein COG4175  ProV Plano 2636

glycine betaine/L-proline ABC

transporter, substrate-binding protein COG1732 OpuC Planc_0364

glycine betaine/L-proline ABC

transporter, permease COG1174  OpuB Plano_0363

glycine betaine/L-proline  ABC

transporter, ATP-hinding protein COGI1125  OpuA Plano_0362

Plano_0270, Plano_0350,
choline-glycine betaine transporter C0OG1292  BetT Plano_ 0460, Plano_0920,
Plano 1470, Plano 2839

glycerol uptake facilitator COGO580  GlpF Plano 2245

Carotenoid

Biano 3714 Biano 3717,
Phytoene desaturase COG1233 Plano_2718, Plano_0493,
Plano 0604 Plano 2354

phytoene synthase COG1562 Plano_ 2716, Plano_ 0409
1-acyl-sn-glycerol-3-phosphate Plano 1628, Plano 1798,
acyltransferase C0OGO204 Plano 2712
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