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Abstract

Feather is composed of keratin, with more than 80% amino acid. According to
research, keratin is difficult to degrade. Strong acid and basic chemical solvent is used
on industry, which will be easily degrade feather. Some factory boil and grind feather
into powder, and use it as additive fodder. But there should be more usage by feather.
Since 1950, more research study about degrading feather by biodegradation. It is not
only a better way to degrade feather but also maintains ingredient and function of
feather. And some research also found that feather-degrading enzyme with other
function. So we isolated bacterial strain from environment and have cloned a functional
gene of keratinase. Then we purified the enzyme to study feature of the enzyme.

In our study, after 16s rRNA sequencing, isolated strains were confirmed as
Bacillus cereus and Bacillus amyloliquefaciens, and identified as Bacillus cereus
Ker103 and Bacillus amyloliquefaciens Kerl103. We produced enzyme by directly
culture and Escherichia coli BL21 expression system, then analyzed enzyme activity
and stability. Between these two methods, purity, productivity and activity was different.
Enzymes produced from these two strains are stable and tolerated in different
environment. Under pH 3.0-10.0 and 20-70°C, the two enzymes keep their activity and
stability. Crude enzyme produced from Bacillus cereus Kerl03 indicated the best
activities are under incubation condition pH 8.0 and 50°C . The crude enzyme produced
from Bacillus amyloliquefaciens Ker103 show the best activity under pH 7.0 and 40°C .
We use PCR to detect and clone the enzyme gene. Bacillus cereus Ker103 includes
enzyme gene, vpr, with predicted molecular weight 98.9 kDa and Bacillus
amyloliquefaciens Kerl103 includes enzyme gene, kerk, with predicted molecular

weight 28.8 kDa. From the result of SDS-PAGE of these two cultural supernatant,
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indicated that these two protein are extracellular enzymes. Among these two enzymes,
Vpr formed inclusion body, which made it difficult to produce and purify. So we
especially try to purify KerK protein by Escherichia coli BL21 expression system to
improve its purity. Then we detected enzyme activity, we found that purified enzyme
show the best activity under pH 9.0, easily get lost activity under high salt concentration
condition. The addition of surfactant Tween 20 and PEG-3350 improve the enzyme
activity. We concluded that KerK showed its potential on large scale production and

application.

Key words: Bacillus cereus, Bacillus amyloliquefaciens, keratinase, vpr, kerk
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o~ 3L 2 keratin 1‘]&3@

ML E - f8d 9 (keratin) - 90%= 4 5 MR RE 0 BT A & 2 a-helix &
B sheet 12 %F@:ﬁﬂf Bt ;%gr} X sk gEiten= ;8 v 4 keratin 4 = % #7 > a-helix
8 B-sheet 22 » a-helix 3 7?55 & X ¥t % m 2 HKk > B-sheet Pl H_z > ﬂji'f B
B 4p? &2 BN TA gf&ik—fd\d i¢ 4 k= (Greenwold et al., 2014) - -
433 2 Pl §_o-helix 2 B-sheet 4% 5 7) “"f#“%\' BB B ﬁﬁk $H 72 5 orE M
s F 5 AR H 3 & ¢ (Saravananand Dhurai, 2012) > 7 5 4 5 % N ggg T

BRARY TElESI RS EFF AN R DA R A AL E RPN Y Y5
Fe 5 a0 RUORA T ERAER 0 & 3O B 24 B
AL H LS R R BEARKE FRATLAE IELT 2N A B
Fe? SiGTRB T EE2RAR FR LA MRKEFAIL S KT
Flob il ¥ m i pose— 4 2 @t (Williams, 2013) -

30 T ANEFIH Ao AN XL 240 B B4 e
(Bragulla and Homberger, 2009) > # ¢ 2D-PAGE = 3487 3 41 & Fv eh o] g2 B 4
% 40-70kDav H ¢ A SehA L AR A SR AP BA g AL ETR A ARk
# % 56.5kDa > i¢ * antigeneticepitope ¥#:27 b & 30 1 Fifl 0 IR F A
APk FY VRS FAAEAN > RE AT R RARE AL LD

(Kuppusamy et al., 2012) -

NI 3 ST

FPEIELEHP R CF A AL LG RN > a2
AL R GRS N EFAERL Gk A P AL ATIRB M AT
Te? IR BN S B2 R T2 REE R A TR

oo B E Pa 39 B AP P R RIE I RS A A B ﬂt“i%;fﬁ%ti 2 "%

U

fEd T4 BERAP & 2P E 50 (Abdel-Razeketal., 2015) - # ¢ w2 B

2
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FRALFRNSEEN L > @ Bacillus B o FRIARAHAAEAL £ FD pE
( keratinase J - &4 Bacillus thuringenesis ~ Bacillus licheniformis ~ Bacillus subtilis
% Bacillus cereus % (Nagal and Jain, 2010) » izdt d TR ¢ &~ 32 fcd Fi 49 &
fR332 > E & 4 Fov fFs & F-v fFehic 4 0 B. licheniformis 2 B.subtilis 4 % 3L+
A 4 Siept $-v = (serine protease ] (Cheng, et al, 1995) » B. cereus ¥ & # # |+
#-v f* (neutral protease ] #g 2 33 * & f2f% 2% (Ghosh etal, 2009) > 4 -0 fi=#-4&
v 7 B-sheet 42557 ¥rm "E f232 L > @ 5 A7 7 4 {1 * Bacillus subtilis *% ji# 32
Lo A4 2 BB AP 65%M 5 v WAL E (Zhang, 2012) 0 & et
207 A3 ATH AL FERS LR KA SERELL B RBE AL

APFF LA ZR AARL G2 ¥ o L FEES -

® Bacillus subtilis *% f#33 £ {3 = & & =

Indexes Raw feather meal Biodegradation

feather meal

Water (%) 7.15 9.61
Crude protein (%) 85.09 65.32
Crude fat (%) 2.58 3.08
Crude fiber (%) 1.62 8.22
Ash (%) 3.92 5.93
Ca?* (%) 0.23 0.51
P (%) 0.74 0.96
NaCl (%) 1.16 1.28
Digestion rate of protein (%) 6.15 67.82
Mold counting (cfu/g) 537
Coliform group (MPN/100 g) <3
Pathogens (Salmonella, Shigella, Not detected

Staphylocoaureus)
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2~ ° avpied $'% f2 keratin it A
Gr¥pd PR R L 2 Py R ¥ iEm T 1950 £ > Candida albicans 44 3
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ZBET (4550C) B EAREN THRARABAI LT ERE A 4 R
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dprefh e 2K e -
¥ ¢b Bacillussubtilis + A3 RE 3 AR L s oy pdip R
EF2Z hicFrE s I0KUML 2525 7% #RAPHSS B RER &
A45-55CT F AN TEEAFRBRAEE > TR UL L AA L 2}
# A2 500 KU/mL bz pekEt  abkiddbiellfiai g

(Zhang, 2012) -

T~ P FH
#7338 4 Bacillus lichenformis strain PWD1 & # & 3-v A f2f% % ¥ ' 2
A2 X Pt enprion 3¢9 > @ Nocardiopsissp. TOA-1 & # 2 & F-v & f#fi%
%+ A3 LT "% f2 prion 3¢ (Cheng et al., 1995) - d *tiwm A& E AR 43+ &
T ECREER AR B FRBZE T P ARG IRk N ASER

4
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P lER e AME A ERAE D BHAD 2 M & F o 4o hemolysin

nonhemolytic enterotoxin 2 cytotoxin K & » F]m ¢ = 28 enplif » 518 g3

i
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A G L Mt e B.osubtilis 2 AT R W ATFIER - fp I H & B
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Metalloprotease % 4 #f - & Bacillus & ¢ » ¢ § % #8332 % A faps 2 A TR 0
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6

doi:10.6342/NTU201602996



al, 2009) s FI;FH G FAFE S Rt 0 R AFAE HPE A LIS A

fapsd o AREF LS RAFVAFR TRAFFH -
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AwA A FpET-21a ® # 4 2 T7 fedsF VA A %4 W A4 m2 TTRNA
FEMMRS REAATFICELAMEERY T Ik PHRAFICHF 3 6XHis
tag "B fFE AL o
3. Pichia pastoris % 3 st
¥ % 1 pPICZaA ¥ 5 %4 - {1* Pichia pastoris X-33 ¢ AOX1 £ 75
promoter- f 7 = ¥ 2. A F g5~ H L 4 f87 > 3133832 Kpnl 2 Sacll & 7 >
PEE AL 0 £ 2 Sacl B SAGK  RARIE AT > B d K3
BAEAFAZERZ 2N GELARREZ S RHF T2 AR EFH a2 FHE

B4 iR EREE
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I~ B EH|

1. - J4x&Eptph Sigma (St Louis, U.S.A. ) ~J.T. Baker ( Phillipsburg, U.S.A. ) ~
ERod (24 28) ~Fhod (47 > £ %) -

2. "U4|p¥ ~ & & prip NEB ( New England Biolabs, Inc. U.S.A. ) -

3. PCREufrpgad (44 £4) -

4. DNA¥i-% i p Genemark (£ 4 - 4% ) ~Viogene (4 4480 %
EREaP (A 48 o

5. #FrkIid % Zeocinphp o (E4 > 28 o

CHREM

i

1. #&c& 3. (Heraeus Pico-21, Thermo Fisher Scientific Taiwan Co., Ltd. J -
2. A a4Es#gpo s (CF15D2, Hitachi, Japan ) o

3. DNAZ/H# (fak > 44 44 o

4. F-9 FLAH (Amersham, & o £ o

5. 4 sk sk A3+ (Ultraspec 2100 pro, #4&sk » &4 » £4) o

6. 423 ARk (Vibra-CellTM, US.A. 1 -

7. DNA ¥ i} & % ( B-BOX™ Blue Light LED epi-illuminator, # & - & # » %

A e

& 37 5 BRI

)

BioEdit Sequencing Alignment Editor (BioEdit) v7.0.9.0 -
Sigmaplot v12.0

Snapgene
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Fo R mRE
- A fERE 2 FHE KRR i HE

AR 2 A ARd IME N [ AL B RREKRA DN FH

ok

PRRFRERAZ GESR T RAFLT I RREZHEA “,f?k*”;ti%@—@

I RERY R AR S g RS FERAAL ML

>‘1\i

i
4 ~
i 77

A G EfRGY LR P BRI KLY RN EP R ) A F R € B

g
|

R
=y

RALTAZEP B Bt 2 Ny Aﬁ&}n7mﬁaﬁbﬁﬁﬁ’%ﬁ
# 10°-10° & & AR adAtr > 2w 30 2 37CTRAET » HFPE
P B~ 2 Bcfd )% 0 £ Y Luria-Bertani medium bz f1sT e S 0 F
- B MEEHRRE 2

F ok % 2P0 é:iE 32 & A [ Casein phosphate buffer medium) 7 7
50 mM phosphate buffer pH 7.0 ~ 100g skimmed milk ~ 1.5% agar » fe ¥ = & % §8 4%

% 1000 mL -

-k
A E G LT B AT S 2 R A A B
£ :]‘%“513 T Jleg'g/q\ﬁg:iﬁtj: 5 Fﬁ,—k y 31 L g,x@ﬁﬁ?.ﬁpphﬂg ;jg_.,]’(%_i;q/;t @

koo 2 “,%?E.ﬂ;f’ 24> £ AR 1% HCI & 0.05M NaOH » #-¢ b

oI L oAk ® s e overnight s EFB-A133 L 5 12 RO Ak ;%‘-;;tﬁ HIEE
é‘%ﬁ;‘é% * gL WO RO KA HcHaE 0 p AR RS 0 AT 2 LT R
’;\‘7} % % ;ﬁ\iktl ;'ﬂ' o

F P L R & A& (Feather minimal medium ) = 4~ 5 @ 0.3g/L K;HPOg,
0.4 g/L KH2PO4, 0.2 g/L MgSO0s4, 0.22 g/L CaCl,, 0.1 g/L Yeast extract, 0.01 g/L Feather,

1.5% Agar -

10
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= AR

P~ 500 ml»> LB 3 % 75 ¢ 32 & 2§ % Bk & 500 ml 2 85% glycerol 2 & -
2~ -80°C k4 i3 o

F %P % 2 ¥ &1 %A (Luria-Bertani medium ) 10 g/L NacCl, 10 g/L

tryptone, 5 g/L Yeast extract, 1.5% Agar -

= ~ 16S rDNA A&
16SIDNA 313 K 3t 4detbitddr o P we © SolmF A F15 7] ¢ » 16SIDNA B f f&
R EAAFARE O EFFAFTRDAI AR HEL00bp 24 0 FlF

gt EE G N (R A FRR DR

X1

R ER A FIREFERERES T

*ﬁd B A A RS EAMA S 2 E > ¥4 6 £ pH5.0-9.0 Ak
B AEAZ 16-3045C7 > RIRAMHAKZ RBE A2 A2 TIFRH &
A REE O TB R EERE  REREEEEEAHT 0 A B E pH 3.0-

10.0 2 20-700(:’4\:)* :K ﬁ_}w ’Frpik’%frw‘.f—r}; ){%,T—f‘s" 595nm T ; JLCA,IG,EO

2~ 2 0x e ( competent cell ) %] &

3 37°C T % 3mL < B FERIE® (12-16 ] pF) - 52 %5z 12 1:100
R MR R 3TCT RIS A L ODeo=0.4-0.6> #-Fir#gsoas £33 £ 50
ML & o kg 10 A 48 o 10T BB 45k R 1F 0 12 6000 rpm ~ 4C T A
< 10~ 480 Brg bk o R ImLikE HERIFFM o £ 4er 35mLkE
L 4R 3 > B3tk 30 448 0 4000 rpm ~ 4°C a4 10 4 48 o ﬁ%‘,%,} gk £AE
ooz g MARFFAMS X B2 P FRE B A AWM 4o 2mL 2k 0.1M

F 472 2mL15%H W B R 0 B fd iR 0 F F 100l A %D 15mL g

11
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? ¢ 5 3 80C*H %7 o

- ~PCR F &

Primer X :t4cfiask » B o7 % &2 & g2 0 1.0 b Template, 5.0 uL 10X
prime buffer, 1.0 uL dNTP(10mM), 0.5 puL Forward primer(5 uM), 0.5 uL Reverse
primer(5 uM), 1.0 uL Taqg polymerase, 40.5uL ddH20 » PCR % Z_if i 2+ 95°C * i
DNA #=# f2%_> aiF 3 248> & F L 2 95Cf2*_DNA4LO ) » 48 1 50 ] 60
BRAEASf (% BRSNS F 2 Fm 5748 ) > B3l 8L - P4EE > |
BB RKED T T2C@ ANTP B 424 = DNA pFRF 5 & 1000bp £ B 2 f5paie® 1

4B o

N~ PCR A 4 & it

#-F o718 22 PCR A 4~ 11 analytikjena innuPREP DOUBLEpure kit # 4z o

1 ~ "Lfps 7 iv* [ digestion )
P B A PCR A S o 2o » SR 2 SRR Z A f 2 S e 0 R 8
230 F RREARFIUHIFEESED T F BFR 6090 2480 F R A8 wd

e dR2 A4 e

s & & iFr (ligation)

HE4 L pF (ligase ) #-pi i 7 AL F1 8 OIS R 1S 2 PPARE 0 A Y
TRy §ERIFRF T % 2 F 2 40 5 3.0 ul Vector DNA, 13.0 pL
Insert DNA, 2.0 uL10X ligation buffer, 1.0 uL 10mM ATP, 1.0 uL T4 DNA ligase, Total
volume 20.0 pL» #-4& 78 £ %] 2 ﬁwf' my BER 313538 £ 54~ ligation buffers

ATP 37k P 8 4 C TR {8 » 4e » R &% P » B fé4c » ligase » 3 16°C ™ & & F§

12
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4 -~ ##A5iv* [ transformation )

P~ 100pL 2% iz sme &2 10ul A 4F 2 TR £ > 3tk # 8 30-60 4 4618 o
WACRIERTEEFE BOF)  HFERY 234450 4~ ImLLB % g
FA 0w 3TCP R A- ) £ 12 6000-8000 rpm s 3 A 4d 0 T B

B T S0uL BEAM AE IR G2 AR -

oy ATFEARTHMEHRE

1. Invitro § & % %t

pET21a & 4% 2. 6X Histag (CAC) % 7| MCS e C =3 » e g3+ 9
B MR R 3 P fvpr 2 kerk A Fl1 4 C #h4c » Histag 571 > #
¢ N4 BamHI % *7 i » C =2 Xhol & *7 = » pET21a 4 7 4= ampicillin
A F] o 727 ampicillin 2_ 32 & A7 & E o
2. Pichia pastoris % 3 st
I.  Pichia pastoris #& 7& it %

£ 3mLYPD iR i3 A A &3 % FME & BT FR ODeoo i 1.3-
1.5 BF > #-FFike 12 1:100 v B4 ~ % R 4F 50 mL 20 YPD R fiss & A1 & e
L PE o FERE R & ODeo » 1.3-1.5 FF » 12 15009 % 4C ™ 3w 10 » 7 4 &
A 0 ddH0 dmdEit R F R 0 93 ROFS 0 LAt de o EAEGIRE B 2
Z > i3 ddH0 > 4e » I mLsorbitol & /¥ 7% > » ZI e~ ¢ - & § 80
pl» 3% % 4 » grfg a2 DNA & &2 L FiRis 3 @iF > Bkt 10 4 48 0 1500
mV g7 & 734 Zdis> 4~ Imbsorbital - > 30C T % 14 | FF > &

BP~25-50 2 100 uL %3242 22825 4¢ 30CT 8% 3-7 % - YPD

fe > 1 1% Yeast extract, 2% Peptone, 2% Dextrose, 1-2% Agar -

13
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pPICZaA ¢ 2. multiple cloning site ® 7z 3 % B+ = > 12 Kpnl 5 N = =
% 8acll 5 C gy o &P > L0 i S demllil o ¥ b » T R e #
F-¢ J & > % Pichia pastoris 2= % 3-v FiE 4% o

L

© R AR

I

oo A FRE S A SEFHBL2LY R E A B LAMEALT) L EE
A ERY o A THRELSHEENE B0 TEBEELS
I.  E.coliBL21 IPTG 3 & % 7. 3-v

Mo HAE2 TR BL21 SBL2IE AR EBF LB ERY - &
derdrd FoFR M L1008 T Fd 22 LB RRY R F R % 1 ODe=0.4-
e r BOER L ImMM 2 IPTG H# P £3-9 » ¥ 24 4 > 4CT™ 8000

rpm 1%‘@-'\.; 10 Av\ﬁ_’ %%K/fi ‘(%’_”;é o

I I Aagf iz B -9

R &4 KR He B 06000-8000 rpm- 10 4 48 i3] ik #F @ * binding
buffer (1.56 g NaH.PO4 + 2H,0, 15.01 g NaCl, pH 8.0) % /¥ %8 » #* & 2 ODeoo 4
0.8-1.0 BRE R ES /K > X B Fphimre s> Boodk tphmie s (52K 25
A XEFLALG FE 244 N8 T 27 3-5= > 1210000 rpm > 20 4 44 >

ACH S » eP- b B FEFS -

I1l. Histag % it
AR ¢ 2 Histag it 2 F-v A& 5 & C x4 » 6X His-tag 2 vpr %
kerk & %] » 12 pET21a % % § 48 » #4452 Fag » BL21 (DE3) ¢ 2 m2 %

it o

B~ 2-3 mL &3+ o4 (Ni* affinity resin, GE healthcare) | #zi% 2.

14
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¢ - binding buffer ( ¥ 25 mL ) #-column jivie T §irts » #-2 Bl = 2 F ik e
» column ¢ > 12 25-35 mL 2 binding buffer iz ¢ 4 0 2 % L E MR L2
> #F binding buffer i+ ;& = 2 {2 » 2 elution buffer (binding buffer, 250 mM imidazole,
pH 8.0) /it g 4L > R % & resin F PG 3> Fjr B i T 2R
B> uE g 1 mL 284 > 2B 10 F > 10X 2 3+ -Rynik g 4L > # resin
22 elution buffer » 2. imidazole % & # = "% » & “f elution buffer - binding buffer
20mL iR 4 0 FRF ARG AC kY 0 RS RATIT R 2 R HE E A Y B
20 uL 2 10 pL » &2 2X SDS buffer (20.0 mL 10% SDS, 10.0 mL Glycerol, 5.0 mL B-
mercaptoethanol, 6.25 mL 1.0 M Tris-HCI pH 6.8, 1.25 mg Bromophenol blue, 8 mL
ddH20) & & 1t 95°C ™ 4e 44 10 4 45 > 4 #ris i {7 SDS-PAGE 2% bradford assay

S S SO ST

IV. 5% 39 F

] elution buffer ¢ 2§ 7 fi3-9 F iz =4 > Fpt F 1% kg4 2 =
;¢ 0 #-elution buffer ¥ 4 = %73 % =% (100 mM Tris-HCI pH 8.0, 100 mM PBS
PHT7.4» #475 qofb b it Bed Jc» Jk¥gde ¢ ¢ > 6000 rpm » 15-30 4 48 > 44

elution buffer &< 2 FoE e T E R W P R o

+w ~ F9 FUHT A [ SDS-PAGE )

SDS-PAGE 14 SDS # F-v %1+ > SDS & 3d-v Fai-k® %6 ¥ > 2% -
Ko 2 R FIN T RBERFRY T PR B G TR
AF R AP IFL A gt AR F R R TASE T R HIERIE A
7 o

Pk g {1 SRR G Tz R o s R H AT N IR R

% m 22 SDS % & > ¢t ¢t SDS-sample buffer ¢ 7:& & & 3-mercaptoethanol 7= #

15
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B e Fa S A o RAE 22 100 RAFALET 20 448 0 f o 120 R4
T %) 60-80 4 48 > = = {12 Coomassie Brilliant Blue R-250 (CBR) % ¢ %) 20 »
4 0 {107 fR-fE ks % (20% methyl alcohol, 10% acetic acid) *t 4 I ik & 4
R

¢ * 2 SDS-PAGE & /A% # e > 5 : 12.5% running gel (3.2 mL H20, 4.15 mL
30% acrylamide, 2.5 mL 1.5 M Tris-HCI pH 8.8, 100 uL 10% SDS, 100 pL 10% APS,
0.004 uL TEMED, Total volume 10.0 mL), 4% stacking gel (3.4 mL H>O, 0.83 mL
30% acrylamide, 0.63 mL 1.0 M Tris-HCI pH 6.8, 50 uL 10% SDS, 50 uL 10% APS,
0.004 uL TEMED, Total volume 5.0 mL) -

g% pF ¢ * gel running buffer (15.0 g Tris base, 72.0 g Glycine, 5.0 g SDS, i
AR LX) -

Az 2182 CBR 4 ¢ /% (0.75 g Coomassie Brilliant Blue R-250, 250 mL
Methyl alcohol, 50 mL Acetic acid, 250 mLddH20) &7 4 ¢ > 15 » 48 » 1 CBR

.4 % (10% Acetic acid, 20% Methyl alcohol) %2 8% § -

LI pEEE R
f

PTG R B o0 Bofs> 595nm T psEe ki 0 12 001k B L - BAEE

B

FERIGEY o 0L osigma frdk B2 X A F-v (Kkeratin) 1F R AF o 0

EALE o

I 7 pH B4 2 5

P RREERERET ORIBHEEALRTE FE VEERFLAGE BFEZ
e peak e o A SR pH & 3-10 F ORISR 4 2 AT - R R
& TRIRESE o #* 2 iR stock 5t pH 3.0 ¥ @z (39.72 mL 0.1M Citric

acid, 10.23 mL 0.1M Na2HPO4) ~ pH 4.0 % =% (30.72 mL 0.1M Citric acid, 19.28

16
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mL 0.1M Na;HPOg4) ~ pH 5.0 *¥ =% (24.25 mLO0.1M Citric acid, 25.75 mL0.1M
NazHPO4) ~ pH 6.0 % (6.15 mL 0.2 M NazHPO4, 43.85 mL0.2 M NaH2PO4) ~
pH 7.0 % =% (30.5mL 0.2 M NazHPOg4, 19.5 mL 0.2 M NaH2POs) ~ pH 8.0 % fir/%
(50 mL Tris-HCI 100 mM) ~ pH 9.0 * % (50 mL Tris-HCI 100 mM) ~ pH 10.0 %

% (50 mL Tris-HCI 100 mM) -

Il. A ST el T U
BlzE ovpr 2 kerk ¥4 3 FIRRER T2 8 At A 47H 43 RIE R
CYER R S U AN S i
F gk 2% 20-70°C » Vpr 3¢ 14 100mM Tris-HCI (pH 8.0) 5 & b= »
KerK 12 citirc acid-Na;HPO4 (pH 5.0) % 77 » & 10 & 52 — RIREFIE » Bdor
BB dF et ] PSR R R RE KSR Y 7 B 96-well

A7 )R 1 505nm Tz v sk E o kg #iciE (7 5 100%4p $HiE 1 -

M. FEZ*72 FEART 2T

(AR EYPIR AT B A M R a 4 R PR A TR
BAARE AR 0 20-70°C TR TR 12 ) o BedlE IR 4 B 96-well 3
dF P s Rl H A 595nm Tk o F B E R ]S EERF R Bk
EHRE RS REFSTEE BT ERRE N HEE i 0.0l k@S

—Hm o U F RE Bk B IEL 100%4p S o

IV. 7 it B ERHEEE S22 B2D
F % SDS ~ ¢ i ~ EDTA 2 NaCl % it &4 & > ¥ ** pH 9.0 Tris-HCI 7 /%
¢ r}ifj % nuﬂ‘vf L1y b= K B > “Lrﬂ]‘“7 iL %?Z_%‘-r?ffl ER L 5%(EDTA L

50mM) » 3 B0CE R L P A4 r Tie %ﬁujipg%ﬁr@;,r]% PR 0

17
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CEN A T LI TR

V. 305 EEASASHEERERL B

BRI L2 A e B A PEG-3350 (polyoxyethylene glycol-3350)
~ Tween 20 (Polyethylene glycol sorbitan monolaurate 20) -~ Triton X-100
(polyethylene glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether) % % & -k ( & -k
fa % 8 ) #2 pH 9.0 Tris-HCI % 73 2 fie & ﬁF@ﬂitfwa-al%kE,’ﬁ%ﬁo
BEABWER) BRFEMEFUHEAE LLVEREEFF B NANER AR F

MRz R F RELEFTZHRE 260CTF K1) & FPE ODses 2

Bk g o ¥ RfciE R S ARSI .

18
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— N EE A TR 2 R ET

d & F-v fis [ keratinase ) = #-9 fi= ( protease ) 2z Bk PV R R

%

BT 50 Flot e EEAL AR RS BEl s T e TR AR

B2t 0 HIRBIR L RACEAPREI AL B EFFRG S FARK B R
AL AIPRGE BEERwR - B FE- FEG BT 7L 20E

EHBFRERFAFRIL Y5 WH AT TR E A fF L
Flt Bl b gEi R SAFR 1S RIE ODeo 2 e % T3 & & LB & 4+ 12 ] %>
BFFFALTE D ODeoo § KB AP kb L R0 &5 Kdesr s
WL R Jﬁﬁéﬁi%%%%%ﬁWiémﬁ%ﬁé&%%%%ﬁ%@
o RFBAFEAME L LERBY S H RS RUFFEALA B T
ﬁ&@?%?U%%ﬁﬁﬁ%tLﬁﬁ,a%ﬁm@%f‘épw*uJ%?’
FREED BT SS FAERSRAERAP LRI UL SR R -
BERPG F2Z 4 0 217 16SIDNA FBET > S5 F RS A F¥ 5

v

Bacillus /4 - % Bacillus cereus % Bacillus amyloliquefaciens » #-i* & %50 &

Bacillus cereus Ker103 2 Bacillus amyloliquefaciens Ker103 » i 1z gt & fig {7 {5 4
AR R TFIE AT o RS F A RIS 2 kA o
S FMERNY 2T

T REpid AL HHAMY 2 PR AFET S fEn L2 4 L2
AR FHEA e AFRER AR BRI S WA TN FR

PH5.0-9.0 2 iR R i A A7 > A T e ik > RT3 % > T %

P RERRRY BAAY  WRIEIREET) S5 F R PHL.0-9.0 3 & AT 7

19

doi:10.6342/NTU201602996



2 bisal dov L R R0 - o ¢ B.cereus ¢ 8 FHISR ~ fR
BMrEFT R spRE S PCR ARARBAFIZ G FRELG A3 E
(hemolytic enterotoxin and nonhemolytic enterotoxin complexes) » & % 4] = > F]
b B.cereus Kerl03 2 e & * »m NafEanfFtH k22 % - @ B.
amyloliquefaciens Ker103 & 13 Blficd 4 » & 2 e £ > FMET 2 4241*

R A PR AR RRRE T 24 L > BRE T FAER 43 16-457C &

pH /4 5,090 F457 2 £ > B4 4Bl = o B7 & F$RL AL R L6 o 2
7

=

tt3ooc\i%%%pr_ﬁ_7ol'q{liT ”—:,'_.E‘;E"I\,_ﬁ;, %éﬁi'}%%%/}%‘]/ﬁi%c
$EEE S R RGEFL S T BRI A S B L5 4 R AR
FEERPG RN ML B AR LI LERRES ROF AL PT D &

B ARBFAMA L PR S E R S RARIRE BB F A

3

oA fE L, Pl s Ez%g’ﬁ $TE| 2 A W ORE 2 :;47;

o ERICH I FREFTAG ST UER Y LF R RS PR L

Y tbiﬁfﬁljﬁj%% FhZFao U zéfg';;_t A\ﬁéF’ %wﬂ') 3 2 ﬁi——%ﬁw?'};ﬁ%}
x&,Tﬁaa;cqln%ﬂ.é;ﬂ EPROFLNREIRFERAL BRI LIS A

TAUA L s md 4 B RPIE E kB A 47 0 B IR B. cereus Kerl03 2 B.
amyloliquefaciens Kerl03 ' A48 24 -] pris > 2 R D F % > F P PRI 4
24 1 pE S i o ti A 24 L RS 0 TP i 0 E AT FLEARITK S e F
F-v ¥ > £ 2 phosphate buffer saline (pH 7.4) w3 3¢ ¥ » #& % i& = SDS-PAGE
TA o &%4@ 7 > # ¢ B.cereusKerl03 &>t 100kDa =% 7 #-v HiE¥ > B.
amyloliquefaciens Ker103 | & # = i % f =~ /] 2 39 & » H ¢ & i% /43> 35 7] 48
kDa > ¥ - i R|4%:3 28kDa - #777 ffd B4 R ML = 58 mW2 L ifdd

- O RTAMERAER AL LV AL BREFNREERREERE
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g
=
=l
w

(w,

LR R RN
I 42 5 30 3> 20-70C ™ & A 45

AETRE AR B AR L B A L LA LR
FRCEE S RNERIE N P R R S AR S NI Y L R CE ey

Bdrriy o THREFEENEL S G /Y T

=
W
i
W

vt R RA A
THEEFPIIBRBEARE EFRERE-

B. cereus Kerl03 % B. amyloliquefaciens Kerl03 & # 2_se % fix % & %] § 3t 5
iFPhdk E bR 2o ik 2 > 5 pH8.0Tris-HCI % f=j% ¢ 2 pH 5.0 Citric acid-Na2HPO4

b EER AT 0 HF 2 20-70CT F R L) P &1 5 % 8 I B. cereus K103
A2 2 pEZ00CT 5 G ¥t L AR APEEEE 100% 0 H = 5 40C
TR BEM S R 69.75% 0 3 20C T F B m ki L 42.18% 0 2R RARYH
BB % 4cBl » (A) > @ B.amyloliquefaciens Kerl03 A # 2. jp% % Rl & 1
BOCTHEMBF > FItiT5 BB A EE 100% > HAAR R T2 EHanE4p
Hogk4oB - (A)P B 2R 70C2 F it > 2 86.9% &20CT
PlEE SRR T4 S EZM BT A2 2 B2V 2 RERT LIRBEM Y 2300

. . A= . + 2,
/_‘?_;IJC,”I\ET ’ /’é’riz\* A iE o

Il 42 3 %0 > pH 3-10 = 244 45
%ﬁW%Wkﬁ%ETJ%ﬁié%%ﬁn@%&%F@%ﬁﬁ it % 2 fk
Wi F AR A PR ET 2 AMAR D N FRET 2 MR iEET
FRod PRETEICEFILIISRAMRKPS ORECHEERY B E2 4
oo FlE R BE o
B. cereus Kerl03 % B. amyloliquefaciens Kerl03 2_e 3% % '# % »~ 40°C T &2
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% F 4 F-v (keratinazure) » & 1 ] pF > H ¢ B.cereusKerl03 # 4 2 %% & pH
80T F BidiEl  Afe s pE A pH3.0-100 W & 3 B RpIFZ s LiEH Y

FAPFE N > Bk 4ol & (B) o o BEFEIpE R > pH 7.0-10.0 ¢ M imik RS
TioE M pH 3.0-6.0 2. /BB TR 5 iE 0 ot B. cereus Kerl03 2 4 2 33 £ &
[R5 % 4¢P ek kB > @ B. amyloliquefaciens Kerl03 z_ 4= 5 %% & pH 7.0
EET R A E > 2 pH5.0-9.0 2 F Y p AN > © & pH 10.0 B R
Mo #pEFIskERE A pEEE 25T H - (B) ¥ B
amyloliquefaciens Kerl03 # 4 2_fix % » 2 & §-v if 2 B¢ BIEH
. e 3 3= 3> 20-70°C ™ B adF pF i

T BfApE A B RN 2 8B 2 0 AR R BRETY 2 Ml R
EREE TN AEHTTE S AN AR TR A AR LRG0 B
WA R ER S RIEE R R G- A o FRd REE WA Rt R
PRT2Z AT ke ERBARAZET -

Rt FRFEATF RI2 PP 0k Ll > 50CT RIE2Z s kiE T

BB Hapix 2T ok miad HApgd o % % kg > B.cereusKerl03 2 2

2% > 2 20-70CTF 3R B%4e@® & (C) & T0C T B s it W
27.74% » $F Jis 1 | Pris2 7B b 20% 0 e 50 C T Hpx s 2 B (v
BRERE RHBERE BL RSB S 206% 507 EET 0 B
P S o B A0CT R RL2 AR EE B FERELEELER
3 x o HEE LR 10% 0 R G AT R R T A

B.amyloliquefaciens Kerl03 2. + s 2 AT F 1 P L4 F K7 P &>
MpEf £ 3 12 pF > >0 30°C ~40C 2 50CHEERT » HigiwF Bl B3
Fll bk F RER VS S TE R M Ak E TR 4R - (C)
FRAARR  HEREF Rl P RkEL R O T RMAL Z PR &
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RERRN A R AFE S DV IEF 3012 N EFiEr T A60CT K BRER
B it PFRVRIREEZ S Mo 40CT T s F PR A B 4 3 adE S

FEE BT A0C L PR R B AR A o

C AT A {5 R

j€_GenBank J& ¥ B. cereus 2 B. amyloliquefaciens z_ 33 £ 4 (% % L 7] & 7|

R

o FEiIF o 7 PCR F B > MRS AELEEF AR 2ZH# a0 AT
BES FATE L E A T35 GenBank & &2 B Fldpl > H ¢ B. cereus ®
4 A5 IME A R3S 2 f % 4 7] vpr (Ghosh et al, 2009)  # % - & 2754 bp -
PCR fiplts » B % 4c@ ~ > f1% Foo FpRA{7is - fa i d v ] 35
99 kDa » ** DNA B 7|¥ » & - ¥|= - 7 ek & 5 signal peptide sequence » 3 m
e WAk E A3 ve b2 B 5> @ B.amyloliquefaciens 4 j233 £ z_ %% A %] kerk:
Brl=-] % 1149 bp > 2 PCR Wi & A% 5 4B 1 > M EA|FERE v %’ff—’:
s 46kDac p o e aedRARL R AP % - Fl= L 2 BRAR S signal peptide
Bm gk g et ot BB R FTRREEF - HE Fme 5 R
430 TR L B M BlAote— o2 i % 5 alkaline serine protease:
R aihy THgden L85 FRBEE &- 8¢ 5 37 Brefip s 107
Bk B 7 5 propeptide » ot - (A) > k9 Tt R EE e b o
BRAEPER TR L E R h PR RIS L F 1083

382 @ E-’téﬁ’x ot - (B) °

Ao ARG TEARZE &R

JI* pET2la v 5 §4 08 » 3 & kerk A 7] FIp¥ 4 2 B fbaf oot C om0 F)pt
3515 pEat N e » his-tag B 7 @ LI B RO R S AT doR] © o
# o B BL21 * £ 4> 2 Ni-NTA g4t » A2 % 4cf L - » 4 6828
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%2 28kDa =% T2 A5 iEF A4 > - 28kDazZ R 2 Fv £ 5 0 B¢ Bt iR
EF AR ASS 2 judd BT ARE kg o it RS W2 R A
Gtz e Fod TP I Fies  RTAFEFRELAP WAL > &
FIA-5 i Fd TiEd > 2 LA AP > BT S A F0a 2t R ged o &
/A AS AR > P~ 3 kR BSA ITL 4R BEHMEFRERR ) AR
A2 2900125 mg/mL 2 kR > %Y B A FREAMA S 300mL > kB EE
WAEL A2ERT A Y B IBEAREF HEL T RppEENH o0 F
BFMAZ 2 RER O FVRIY TRAAL ORITLHRE ) BLEE [2E 2
A2 FHREERAS ST FAUERRRS T SRR S0 TR
B3R T A AFRH SR T2 BREFVEFEE A REET 2R

keratin azure z_ §3; ©

A RS - BT A
PR FEFHES P EEEFEN T R A RER S R EEH

2 A G AT 0 e~ Kkeratin azure F g 1) FEE 12 o) BF o fE 3R R R
(SRR EfaE s A E > P EEEZRGRF RiIEE .
I F ik iEZ 3 20-70°C ™ B HplE

AT HFEAERHBE AR S Fodd 2 BRI RR

LU AT BB A IR BER s R AfEN L R4 Bodoka o &
REEZCHE G B 2 TN F oG RIELEVRER SR IR
W2 Ek e

Fohpt 2 %3 pHO.OTris-HCI 5 i ¥ 2 (7R B BIE 2 1 pEiE* {5
wO0CTF B iTH Bk upt v 100%Ap -1 > Hapficie r Hg > @ »°
20C1e* ™ » Fidkit - 5 30.17%Ap¥E 14> £.30-40-50 2 70C™ - HiF

MR EIT 0 5 63.79% - 67.24%% 69.83% 0 % 4cE L= (B) 2 60CF &
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Bl Ap it RS FERTF BR2APEHERT P 60% w2 60°C T A A

Ha el T 0CHEREERF RiEE o

I % fainikz ¥4 20 pH 3.0-10.0 T & 13

AP FERGH RS AL PR d B A L iR 2

GES RN R § L BEEEE SRR S DO Y SC I IO EEVES
Eori o MHREMFHFCEE S G BT T X 0 RRGE BER S TRELR
O P'ﬁa—' P4 :;\.!};,,] br B2 %f_&%;ﬁ *;; o

Bk HfEE R 50CT > &2 pH 3.0-10.0 A BB AR & (54~ T A R
BIFLSEH N E sl P Pty 0 Bk deB L= (A) B¢ pHO.0 i
BT R AR 2t S 100%E B S Haesc e B $hl > R & pH
3.0 i T REE I 5 13.9%4n A pH7.0 8.0 2 10.0 &% i1 ;
82.35% - 83.42%% 79.14% » B fEE bY BIMPEFEBEC 2 0 L7 g

L peii B (PH<6.0)™ 1T % o

. 8 frimikts pE % 30 20-70°C T & LA pr iy

R RBREY NENERRT OB ERGF RERE O BIURBEHEE AL
LIHFER AR LR L LR IEY 4 (T L RS EBAREA 4 i
FREADFEATRUEL 2T

D LT PER G 120 B> R E 2 pHO.0 Tris-HCl ¥ &2 2 F &
PO REELEW20-T0CT F o R EET PSR L] 2 gk v
TR @ Lz (C) BEETIE® 1215 50C2F BRFFHERGENE
302 40CF i TplEz 8% 1 |2 258K FL8:20% 70CF B
B2 %Rl PR E o B P 12 PR s 0 200 F iR 18 2 4p

$HER L PER ST 1R > d 30.07% ¢ 2 T 47.33%4pfiE > A 2t 1) pET
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4 BB Az 60CF B Rt 12 ) B (e ® {5 > fEE A MRS 30.17% -

? JERSE S f[j, ”] S N U =% ST e A

AR BRI EIEY P gpekA4e SDS~ ¢ fg - NaCl 2 EDTA S %8 % L &

%ﬁ@%?#ﬁ%aﬁ-**ﬁ#?ﬂ%ﬁ S R E R E
LB AN ESS B D 0 R A 4G AR Y F g e

FES FUVHS SRR TREART R 2 RG240 .
RHRDO0CTF 1 P D AGER BRI F RETLHE
el BRI APHFLT AR e o BRI e BEEY §REHELA T
{2 SDS Bk % o #AEE T4 5.61%E 1 0 EDTA $H B85 » 4 %
61.73%4p %75 1o i & 75 1R 5 38.27% > 5%NaCl ¢ B %4 19.48%4p %375 14
* 5% R f1333%F 1 BTt R AR R AR BRI IRY 2 A TEY St iR R

SDS & g M F I THEL FH Y "2 -

1~ FHIVERSEES R AR EEAT EEA T
R R R ol 5 B BT i P o)
BEENAR AR AR 2 EE FEH e ERREEE LAY TR B
SR R FRREEAFFEN R EA RS EE R N5 B R

El
APRE & o A ¢ 2

\\\Xr

«*,J/ °
T 60CF o 1 [P %8 mAYF 2 v g AR E P A G LA
2 fEEF RS HRE B LT ;%%;*IFWT 4v Tween 20 2 PEG-3350
(60 FEA AP HA LA ST HH R 0 4o Triton X-100 2 fi% % 7% 12§ 4 82.53% » 4 ¢
T8 HAEE I RARR B > 4R 48.33%Ap ¥ A 0 FlUt B % B Tween
20 2 PEG-3350  f1**#{4r it st @ i 4o - 457 2 2 Triton X-100 &% pldr

FIFE R B B A o BRI R R PR Y IR - IR -
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-+ ~ pPICZaA %\‘r%‘éﬁfﬁi
Poan—- 42 AREE 21 B FBL2L kA R o Ft A Y Y
¥ 3201 pPICZaA 175 448 - £3% & kerk A FIHER 748 > ¥ 3% ~ £ 11 Pichia
pastoria # R KerK &-v f7» B ¢ - R FFH > S5l -2 P oA

TR RSN S R A
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B BERF oA FA RS Gk A Y PR B ALY PR EMEY
T2 RAAEL LORBBERFME - 2 TV S 0004 poagersl )
BT A BT EECT SR T OB R R A RS o e BN AR A FL T
BERS AL RERLERT AR aEKE G - LA LA

ﬁﬁ# 9:—1 7 p &F‘ P g L #&7?@ B—‘]Jﬁ‘(ig‘i F @MT};;‘\'J—LER,@» L PP 7?”%}#5-/?] "Ll’f?)r 4
2R A EER B R R AT e ey T A
B. amyloliquefaciens Kerl03 2 e % 3-v &3 = if -9 5% > B. cereus Kerl03 |

R - oHTEREY N CRA AL AMAE I BHEE - SRR E -

A FE- HEEATL AR T A mRerii il ¥ B
cereus Kerl03 & 2 2 ik » BFR A LRI LR S » 24 <] i &

100 kDa 4 F - gApipl @ 99 kDa 5 + - 335 G. Taylor % + »* 1986 # 2 # 7 4p
Mo B FHEARRERRAIFRIES > Fla Fo0 T ANTE T 2 0EF
+ %> 100 kDa @ 25 ip) 2. 99 kDa: i #_%]25 = p 7 422 F] (Tayloretal., 1986) -
@ Abhrajyoti Ghosh % % »* 2009 # &%+ Vpr ¥ 2 £t H 25 > # M4 7 5
A= 7 8 #p *tok (Ghoshetal.,2009) - % % 3P 2 MAIZ R B IEAR R E
etz b AR AL DR P XA A F E A (Singh and
Panda, 2005) » @ ATg @ B RS L i pEE s R H R R BRI - 3 2R S
o P EERMEFAR RS M TS BALEF R EY FHEH ST AR

Ji 7] (Bottone, 2010) » R % ¥ » EF T4 FRR & F o R Bt A £ ¥
T~ 3t 0 ¥ - > % - B.amyloliquefaciens Kerl03 2.+ i & 7 Lk » g F P
&> m B.amyloliquefaciens 2 KerK v 48z e 5 # 3 (Gallagheretal., 1995.
Peng etal., 2003) - fe ¥t Fov a7 R R BT 2300 5 4 > Flt A R
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TUHHYAZEAZ I EENAIRRBR TRV IR SRR AMERA S 2
fEpEE e 35 73 5 4% > @ B.amyloliquefaciens » % RAE{IE A £ 2 ik
4 % (Qiao et al., 2014) ",%ﬂ%i%hggiﬂ g FHERA L R PR
BRL TR SRS EfRE S 2 AR E M RE 0 T R B E L A b

Fepls * ik o

S EEEZEEFE
B ATEE AR R ARBET (40-50C) B ARMER (201)
PIBEMARN s @3 R PR E* T (12 pF) > 772 5 FIERPED & 4 B0
PREE R AMERETRERA Y > TARERAFEEL 5%
PR L RGN ARSERE L > A EBE S AR T RGP
% & 39 ® ¢ £ & g8 (The Soap and Detergent Association, 2005) > @ = %t i
gk migrd MABFAL L BERLAGEFL VLA EREEES K
fldk B hak |22 ¢ o ¥ N BEISBKEFRT Fr T ABE Fr R ES
AHE VAR B GED SAT RN Bl At EBA ST o d
AR LoarR @ x L33 et (Lambers et al., 2006) Tt i@ * 2 S-phdk g
PR ERS R FESS L P ERS FIfe 3 ko e R R R
AKFRF LR A S KA R A pH6.0-8.0 F i fH4RiT T A 2

.%%kﬁ’%ﬁ-#%%ﬁ’fﬁ?%xléﬁ 2 - LR SREGE S 3

h

e KerK z_ } /%ﬁfzj% P e R S F BT pPHTOEE T E 5 B dE
Moo ek mATy BIAE 0t fEE 5 alkaline protease > fpH 9.0 iF 2T § i S
t2 (Pengetal.,2003) > A fa % % £ B4~ » BT R RFZ T F0 e o 7
BRIBOFTREFHEPLTEE AR ELER AR T F LR
PRk ET R BEM 0 A Fdas o m A AT ¢ * casein solution 1T 5 iR
Bl AT sk % keratinazure 2 o FlSEFd AT AR oA @
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FIEH 2 fadkiEE A o TV BTG o

R Y L ey Y LR A
PR AR FABL2L FSRARI B Fd FoFT AR LB RER
IR TR R R KR 0 20 80%2EP 1Rk I AIE S BV EE R
WooR A% N A < ] 63-48kDa & ~ 35-28 kDa % -] ** 28 kDa 1@} %
F7 ] A o 28kDa B 2 0 AR 5 g R v gk B % 28.8kDa
a7 (Pengetal, 2003) - faiplf i P &30 > @ H4F i 52 Ni-NTA #1405
A2 2P REy o M SRR TR SR B SR
G5 k@i pH OO0 ERFE T RS BER S 60T 1 ek T H T
PEEE Y pHO.0 E 2 T A &S (Pengetal, 2003) o i * fhdk i % 2 AR 4R
B EARREIEYF 10C 0 © ¥ e 7R LR Bk 4 casein 1T G X FRIRERE

BAETP A EE R SR AR FARE AR PGB T F

F_*
ihl

FERBE T T RHFROEAL TR LR R BEF BEA TS 2

)
=1

% 60°C ™ casein ~ ¢ f i3 f# (Yeand Harte, 2013) » F]»t F sk 55+ &

GAFIL T A a PEFRER D L S RHRT AETE PR 2 fE R A AR R

—rx\

oM ARHRY PR CEFRT 60C R GiEE o LEEFEFE R0 50CHE

thdoid 2 AR FNRIGEFERT bR S o 7 B BFFREEREL -

w o~ B R A2 B

Foo - RERPIEERF Y O BRBEF AN T FROREEELA
4 4] > 2@ x 12 SDS~NaCl 2 EtOH #rf|fFmd AP A » @ AF sk ? #1i ¥
2 EH SDS 2 EtOH 13337 3 4a 1 » - RUEAR T € @ 3v PR 1L L
#r4] 2 &4 (Bhuyan, 2009. Herskovitsetal., 1970) -5 =% ¢ ¢ * 5% SDS % EtOH
HAEE Ll § P A4 0 B A 2R A2 & s 5%SDS 2 EtOH ™ (7% > fe3m A
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T E T I%R AT IR o QIR F ka4l B ) (Mugaetal., 1993)
Flot A REGT RRT o B A G et A AP T LR R AR PR

B S o B NaCl LR B L F $rdIps F 512 0 % % B 7 & 5% NaCl
T PRI A A1 1345 James C. Warrant Jz Elena V. Usova % 4 # 3 45 1 >
R R T e B kR PG rAIpE R F 1L (Warrent and Cheatum, 1966.
Usova and Ekiksson, 1997) - »t— 47k 8¢ > Bk R 33 5% T 5 3 BB
7 % % 5% 7 &g+ B.amyloliquefaciens Kerl03 2. KerK p¥ 2 a3 Bk R T » Fid
<R F et KerKpt 2 P> L4/ 8 8 k& 2 g o

] EDTA 5 5 A 57 o 52 g S HEE TP 2 Jécr»\/»\’rﬂ“
W& R4 S0 MM EDTA AR L 200 SR RT IR FLE R
40% - %31 Saeeda Bano ¥ < 73 » ¥ fEE F ¢ 4 EDTA @ a2 2 B3
PR % "Ta‘ﬂ I EDTA $tp% % %123 #rdl2 35 (Banoetal, 2014) - # /’J‘ fv 2
BBER I 10mMM: AR Sl 11 40% SRk AT kY 2 KerK i3 F
Ja'f % v gats g oKerK a2 % % EDTA 2% & 5 # g @l & Jf‘f :L%—/’J‘ ‘vz EDTA
DR R E MRS KerK 2 R S g R ) Bt A R AR P VLR & FF EDTA

kR W EE KerK 2 &g B * »c g o

i /?J‘ e i m BRI RIEEE R R 2R3
BT PeiE - 4P g a s TritonX-100 ~ Tween20 2 PEG-3350 & % & /i &

FALA X AR T e 0 Rk AT fsw Z Triton X-100 *% M p% % &40 > Tween

m‘x—x

20 2 PEG-3350 ¥ffg % #1t3 L w @5 p o e 3473 4pdtd B. pumilus K9 2

22N LREFELEIL A EEHE T EEHES LSBTV ER Y T

=

B4 ehF Kok koL ¢ % pGEM-T M A mpE 2 P PFiR 2 H 43 2 i3
4 pH3.0-10.0 2 20-70°C 2 Fig o s > ¥ v 451 > 5/ prie» gy

F ok 4v o~ A d & Triton X-100 ~ Tween 20 ~ Tween 80 % (& 3545 482
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z_»x% (Gong et al., 2015) » @ ~# = ¢ & * Tween 20 2 PEG-3350 » % L4} p%
FRAEAZ T » R A ET 10 2 200%2 fEF A A B BRI 2
FHEHE o £ ¢ Triton X-100 4>+ polyethylene glycol # » PEG-3350 3
polyoxyethylene glycol #g - Tween 20 B 4% polysorbate #g (Salager, 2002) - Tween
20 2 PEG-3350 {2 =3 2 o BE > RF]F & 5405 A= SEE LA

OH AN F B2 e 3P mAd aFskd “TREZF BEARZ R
# B A xR A R ECEIE o B Sigma 2 A &4 T E > TR A (88 3o Triton

X-100 "3 8% 6°Cm PEG-3350 c73 85 60°C » & = f& 4 & & 1@ x §

IR
.
=\
i

£ 1E Phagie > FP AR T o AL ER AL TS PEEEF o BB 6

AR S Ao T B L LB

MD

~ kerk £ 7]
31984 EpE o G2 ;’;k&i&’% B. amyloliquefaciens z_ protease it {74831 » #2
1 ¢ #& 3| B. amyloliquefaciens z 7 % ¢ alkaline 2 neutral protease - f’rﬁ & iE &
fAES A Flapr 2 npro @ #-apr v HiEFmoapr 2 AT RS2 kerk % R Ap ko
B¢ Bt AL T e 1) B, subtilis & 339 (Vasantha et al., 1984) - H 2 % 7r kg
T oapr v *x/) %% 30kDa: & AF % kerk < -] 4p % » kerk "f ERRRE -0 2
B A Bk A EAeH R L 2 4 0 P AR SRS 4~ His-Tag

%%;—EET ’L;%f ‘HIL Z‘ 4 }g 7 ,:l fL’,‘*-‘;v"TﬁF"r 4—? %T /)I /?‘be ’ ﬁ,’-—% B"”Q7 J"}i»}";ﬁ

\\\Xr

THREAKNLAZEFTE R FL 4T o
kerk # )%= it B 7] & 2015 & 5 4 > GenBank FRLE @ 5 f 1995 & < 1
g AR % 37 3] 108 Mk B FAE (AT L X fET 0 LR 72 B4k (Gallagher
etal, 1995) 2 2003 # 7 5 #7 3 &* 4t Ffaie % b kiR2 4p Fe i % & (7 55 20R)5F
(Peng,etal.,2003) > 7 ¢ &I EEE VT EfRSGKR Y B B A EEfR L
2B T AR EERBERRBEZAE OHEEERTAMEN L 2H N T AT R
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- HAEF P E G 382 B A 7|0 BEFERIH /] 5 46kDac mH P % 13

36 i M=kt & signal pepetide - 5 @ f¥ & Tl b2 a0 IR E A 2
- > % 37 1 107 Brefpi B 7| 5 propepetide » H # 5y S REAEEZ B A A 4 F
fo NEFEEREL  p Ry FP Rk AR 0 FIMEE LT E S

) o % 46KkDa 3F i & 28.8 kDa Lt ik de X v i 7 R AR % 1 42 marker

WEe > P IRIEIT 48 3 35 kDa B £ 4 ikiEd o 28 kDa =+ R 7

4

EA o B B VA pER kv A 4RiT 28 kDa (gAY o A ;ﬁd Ni-NTA &
S fS IR 0 528 kDa ~ /) 7r iR F]iE S o 172 B. amyloliquefaciens Ker103
e L 2 prE A Flkerk

mOAFAY P SR ASEIR S 29 2 180 BIRAFE B A AT B4R
Eom Ay Y > % 29 Breipt i glutamine > % 180 B <A pt 5 alanine > @ A
FyY 2 hite2 B2 % 29 Breiph 5 histidine - % 180 B *<Aps % valine> 3 =

A SRR S R A R o SCIER L
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.
%
B

P AL 2 N N fRpEE T § S EEN LT R M SRR
23 RNEGRS R CEEREEL LR AR R R AT Y
ul/]g 7 @gﬁ;%.ﬁ%ﬁrﬁ;, 2o AR R R R E B o 2 f;‘qﬁji&_—%.ﬁ—_%frz e s

\h

SETER AN R o AR Y dTHT S PR4h2 AR T KRS ] 2 AP @
B PR TR AR i ho TS SRR A GRS T
Sy Fln L L REEAFEFFALEE -

B. cereus Kerl03 % B. amyloliquefaciens Kerl03 # # z_33 * 4 jZ[f% % H i sk
ZORRISEG aEmttt o BorpEE AR 2 ¥ 71 e At B. cereus Kerl03
L omREE AL 2 Vprpgd P AR g - B LAY M A g
b osay KT RPRESOPR T A o AT AR Bk A & 444 B. amyloliquefaciens Ker103 &
ks

AATE P AR BL21 4 AfEE X4 b Histag i 7 o B ok ke
Lo AT Y B AW AT 250mL A2 AR R FELEL B R
B B ART L %A L AMB M HAE AT THBAFEREEAE WL
4 A2 % kAR LER* F4 > @ B amyloliquefaciens st ™ § RiE etk
SR DET A2 FIEARE I 2 BB A KT AT L2 P FE
St ML S RE F R R AT > F A R ER

I8 TE RS LN REY-F S ILE T
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Table 1.Strains used in this study

Strains Description Source of reference
Bacillus cereus strain Ker103 ~ Wild type This study

Bacillus  amyloliquefaciens Wild type This study

Strain Ker103

Pichia pastoris strain X-33 Wild type Invitrogen

Escherichia coli

XL1-blue recAl endAl gyrA96 thi- Stratagene
1 hsdR17 supE44 relAl
lac [F~ proAB laclq
ZAM15 Tn10 (Tet")]

DH5a F @80lacZAM15 Stratagene
A(lacZYA-argF)U169
deoR  recAl endAl
hsdR17(rk -, mk *) phoA
SupE44 thi-1 gyrA96
relAl A-

BL21 F-ompT hsdSB(rB-, mB~) Stratagene
gal dcm
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Table 2. Plasmid used in this study

Plasmid Description Source of reference
pET21a ori (PBR322), T7 promoter, amp' Novagen
pPICZaA Paoxi, o-factor signal sequence, Invitrogen
ZoeR
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# = -1~ Bacillus amyloliquefaciens Kerl03 3t 33 £ ie§ 32 % A 16°CF 4 £ o' &

Table 3-1. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under 16°C.

Hours ODs0o

0 0.007 + 0.000
4 0.012 + 0.001
8 0.037 £ 0.001
12 0.084 + 0.003
16 0.254 + 0.008
20 0.641 +0.013
24 0.749 + 0.005
28 0.755 + 0.004
32 0.767 £ 0.007

Mean + standard deviation (n=9)
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# = -2 ~ Bacillus amyloliquefaciens Kerl03 3t 33 £ ie§ 32 % A 30°CF 4 £ o' &

Table 3-2. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under 30°C.

Hours ODs0o

0 0.007 + 0.000
4 0.019 + 0.001
8 0.057 £ 0.002
12 0.477 £ 0.010
16 0.804 + 0.008
20 0.996 + 0.005
24 1.078 £0.013
28 1.076 £0.012
32 1.069 + 0.008

Mean + standard deviation (n=9)
46

doi:10.6342/NTU201602996



# = -3 ~ Bacillus amyloliquefaciens Kerl03 3t 33 £ ie§ 32 % AL 45°C T 4 £ w' &
Table 3-3. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under 45°C .

Hours ODs0o

0 0.008 + 0.000
4 0.014 + 0.001
8 0.040 + 0.001
12 0.101 £ 0.002
16 0.403 + 0.006
20 0.810 + 0.003
24 0.875 + 0.009
28 0.893 + 0.005
32 0.882 + 0.007

Mean + standard deviation (n=9)
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Table 4-1. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under pH 5.

Hours ODsoo

0 0.008 + 0.000
4 0.016 + 0.000
8 0.033+0.001
12 0.106 + 0.004
16 0.423 +0.012
20 0.687 + 0.010
24 0.814 + 0.005
28 0.809 £ 0.004
32 0.808 + 0.002

Mean + standard deviation (n=9)
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Table 4-2. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under pH 6.

Hours ODs0o

0 0.008 + 0.000
4 0.020 + 0.001
8 0.059 + 0.002
12 0.202 + 0.004
16 0.681 + 0.006
20 0.868 + 0.007
24 0.996 + 0.010
28 0.994 + 0.013
32 0.989 + 0.009

Mean + standard deviation (n=9)
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Table 4-3. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under pH 7.

Hours ODsoo

0 0.008 + 0.000
4 0.029 + 0.001
8 0.086 +0.002
12 0.261 +0.007
16 0.902 +0.007
20 1.080 +0.025
24 1.100 £0.007
28 1.088 +0.008
32 1.073 £0.009

Mean + standard deviation (n=9)
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Table 4-4. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under pH 8.

Hours ODsoo

0 0.008 + 0.000
4 0.274 + 0.001
8 0.083 +£0.001
12 0.247 £ 0.003
16 0.745 +0.012
20 1.010 £ 0.028
24 1.060+ 0.008
28 1.048 £ 0.007
32 1.027 £ 0.020

Mean + standard deviation (n=9)
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Table 4-5. The growth curve of B. amyloliquefaciens Ker103 in feather minimal

medium under pH 9

Hours ODsoo

0 0.008 + 0.000
4 0.025 + 0.001
8 0.075+0.001
12 0.212 + 0.004
16 0.636 + 0.011
20 0.880 + 0.006
24 0.949 + 0.005
28 0.936 + 0.007
32 0.919 + 0.016

Mean + standard deviation (n=9)
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Table 5. Relative activity and absorbance under 595 nm incubate in different pH of

Bacillus cereus Ker103 crude enzyme

pH ODsgs Relative activity (%)
3 0.322 £ 0.034 63.10
4 0.376 £ 0.067 73.53
5 0.406 + 0.053 79.53
6 0.458 + 0.021 89.43
7 0.478 £ 0.022 93.48
8 0.512 + 0.037 100.0
9 0.440 + 0.021 85.91
10 0.390 + 0.057 76.27

Mean + standard deviation (n=9)

53

doi:10.6342/NTU201602996



# = -1~ Bacillus cereus Ker103 F#fife 32 %2 PR &A™ 5 ik 1] PF2 ODsgs
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Table 6-1. Relative activity and absorbance under 595 nm incubate in different

temperature of Bacillus cereus Ker103 crude enzyme for 1 hr.

Temperature ODsgs Relative activity (%)
20 0.245 £ 0.011 42.18
30 0.340 + 0.009 58.52
40 0.406 + 0.005 69.75
50 0.582 + 0.002 100.0
60 0.395 + 0.005 67.85
70 0.287 £ 0.004 49.40

Mean + standard deviation (n=9)
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Table 6-2. Relative activity and absorbance under 595 nm incubate in different

temperature of B. cereus Ker103 crude enzyme for 12 hr.

Temperature ODsgs Residual activity (%)
20 0.178 £ 0.087 30.66
30 0.289 + 0.076 49.63
40 0.368 £ 0.071 63.33
50 0.456 + 0.082 78.40
60 0.296 + 0.062 50.83
70 0.161 £ 0.015 27.74

Mean + standard deviation (n=9)
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Table 7. Relative activity and absorbance under 595 nm incubate in different pH of

Bacillus amyloliquefaciens Ker103 crude enzyme

pH ODsgs Relative activity (%)
3 0.190 + 0.007 30.32
4 0.317 £ 0.039 50.53
5 0.372 £ 0.027 59.31
6 0.480 + 0.070 76.60
7 0.627 £ 0.110 100.0
8 0.433 £ 0.022 69.15
9 0.036 + 0.014 57.45
10 0.237 £ 0.011 37.77

Mean + standard deviation (n=9)
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Table 8-1. Relative activity and absorbance under 595 nm incubate in different

temperature of B. amyloliquefaciens Ker103 crude enzyme for 1 hr.

Temperature ODsgs Relative activity (%)
20 0.107 = 0.005 38.09
30 0.173 £ 0.005 61.90
40 0.193 + 0.004 69.04
50 0.223 £ 0.004 79.73
60 0.280 = 0.006 100.0
70 0.243 £ 0.003 86.90

Mean + standard deviation (n=9)
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Table 8-2. Relative activity and absorbance under 595 nm incubate in different

temperature of B. amyloliquefaciens Ker103 crude enzyme for 12 hr.

Temperature ODsgs Relative activity (%)
20 0.086 + 0.009 68.42
30 0.110 £ 0.008 86.84
40 0.127 £ 0.012 100.0
50 0.120 + 0.008 94.74
60 0.100 + 0.008 78.95
70 0.120 + 0.008 94.74

Mean + standard deviation (n=9)
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Table 9. Relative activity and absorbance under 595 nm incubate in different pH of

B.amyloliquefaciens Ker103 purified enzyme for 1 hr.

pH ODsgs Relative activity (%)
3 0.087 £ 0.027 13.9

4 0.220 £ 0.019 35.29

5 0.210 £ 0.019 33.69

6 0.363 + 0.063 58.28

7 0.513 £ 0.037 82.35

8 0.520 £ 0.074 83.42

9 0.623 + 0.023 100.0

10 0.493 + 0.023 79.14

Mean + standard deviation (n=9)
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Table 10. Relative activity and absorbance under 595 nm incubate in different

temperature of B. amyloliquefiens Ker103 purified enzyme for 1 hr.

Temperature ODsgs Relative activity (%)
20 0.233 £ 0.050 30.17
30 0.493 £ 0.078 63.79
40 0.520 £ 0.079 67.24
50 0.540 £ 0.028 69.83
60 0.773+£0.119 100.0
70 0.553 + 0.065 71.55

Mean + standard deviation (n=9)
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Table 10-2. Relative activity and absorbance under 595 nm incubate in different

temperature of B. amyloliquefiens Ker103 purified enzyme for 12 hr.

Temperature ODsgs Relative activity (%)
20 0.237 £ 0.020 47.33

30 0.293 £ 0.110 58.67

40 0.327 £ 0.022 65.33

50 0.500 + 0.062 100.0

60 0.370 £ 0.051 74.0

70 0.440 + 0.046 88.0

Mean + standard deviation (n=9)
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Table 11. Relative activity and absorbance under 595 nm after adding different

compounds of B. amyloliquefiens Ker103 purified enzyme for incubating 1 hr.

Compounds ODsgs Relative activity (%)
EDTA 0.158 + 0.0113 61.73

EtOH 0.034 £ 0.0075 13.33

NaCl 0.050 £ 0.0141 19.48

SDS 0.014 +0.0042 5.61

Control 0.214 + 0.0411 100.0

Mean + standard deviation (n=9)
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Table 12. Relative activity and absorbance under 595 nm after adding different

detergent of B. amyloliquefiens Ker103 purified enzyme for incubating 1 hr.

Deteregnt ODsgs Relative activity (%)
Soap 0.124 £ 0.0172 48.33
Triton X-100 0.177 £ 0.0259 82.53
Tween 20 0.238 + 0.0344 111.3
PEG-3350 0.230 + 0.0225 107.5
Control 0.214 + 0.0411 100.0

Mean + standard deviation (n=9)
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Table 13. Primers used in this study

Primers DNA sequence (5’—37) Description

16s rIDNAF AGAGTTTGATCCTGGCTCAG a

16s - DNAR CGGTTACCTTGTTACGACTT a

ppic vpr F GGGGAATTCATGAAAAAAACTACA b
TCTACACTAT

ppic vpr R GGGGGTCTAGATTATTTCACTTCTAA b
ATTAACAG

Kpnl forward vpr GGGGTACCATGAAAAAAACTACATC b
TACACTAT

Sac?2 reverse vpr GCGCCCGCGGTTATTTCACTTCTAAA b
T TAACAG

BamH1 forward vpr GGGGATCCATGAAAAAAACTACATC ¢
TA CACTAT

Xhol vpr reverse GGGGCTCGAGTTACACCACCACCA ¢
CCACCACTTTCACTTCTAAATTAAC

AG
5A0X1 GACTGGTTCCAATTGACAAGC a
3'AOX1 GCAAATGGCATTCTGACATCC a
HBLA-F GTGCAGATGTTGATGCCGAT d
HBLA-R ATGCCACTGCGTGGACATAT d
L2-F AATGGTCATCGGAACTCTAT d
L2-R CTCGCTGTTCTGCTGTTAAT d
nheB-F CTATCAGCACTTATGGCAG d
nheB-R ACTCCTAGCGGTGTTCC d
nheC-F CGGTAGTGATTGCTGGG d
nheC-R CAGCATTCGTACTTGCCAA d
hlyA-F CGTGAGAAAGCAAAACGC d
hlyA-R TCAACAGAAACTGGAGAATGAT d
panB forward ATGCCTGAAGTAACCCTGAC d
panB reverse CATGCGCTGAATCCGTGTTC d
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kerK gene forward GGGGGTACCGTGAGAGGCAAAAAG e

GTA

kerK gene reverse GGGCCGCGGTTACTGAGCTGCCGLCC e
TG

kerk F pet21a GGGGGATCCGTGAGAGGCAAAAAG f
GTA

kerk R pet2la GGGGCTCGAGTTACACCACCACCA f

CCACCACCTGAGCTGCCGCCTG
kerK pET F his tag GGGGGATCCGTGCACCACCACCAC f
CACCACAGAGGCAAAAAGGTA

kerK pET R GGGGCTCGAGTTACTGAGCTGCCGC f
CTG

kerk Forward GGGGGATCCATGCACCACCACCAC f

pPET21a ATG CACCACAGAGGCAAAAAGGTA

a. DNA used for sequencing

b. vpr insert into pPiICZaA

c. vprinsert into pET21a

d. virulence factor of Bacillus cereus
e. kerk insert into pPICZaA

f. kerk insert into pET21a
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Figure 1. Result of subculture single colony with transparent circle from casein medium.
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B = ~ B.cererus Kerl03 2 B. amyloliquefaciens Ker103 J&4a*> % Fo fkdk T 5t 2

NAMERAAY FEBFAR LB FREFVRIBAAL >
BLEE fRATA) o
(A) % B.cereus Kerl03 2_se 3% % "% f31+3; ; (B) = B. amyloliquefaciens
Kerl03 z_se Z ¥ % "% f2 435 ©

Figure 2. After incubating B.cereus Ker103 and B.amyloliquefaiens Ker103 in feather
minimal medium with different pH. The formation of permeabilization ring
from collection of supernatant. (A)The formation of permeabilization ring of
supernatant produced from B. cereus Ker103. (B)The formation of

permeabilization ring of supernatant produced from B. amyloliquefaciens

Ker103.
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nheB nheC hblc

B = -~ Bacilluscereus iz PCR W ip|» F4rH 2 53 5 32 A% > 27 hblc &
hemolytic enterotoxin-nheB 2 nheC % nonhemolytic enterotoxin complexes
Z_ subunit -

Figure 3. Detection of virulence factor of Bacillus cereus Ker103. The result indicates
that hblc is hemolytic enterotoxin, nheB and nheC are nonhemolytic

enterotoxin complexes subunit.
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Figure 4. The growth curve of Bacillus amyloliquefaciens Ker103 in different pH and
temperature after 32 hours. Feather was added as carbon and nitrogen source.
(A)The growth curve in different temperature. (B)The growth curve in

different pH.
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(A) = Bacillus cereus Kerl03 cereus 3 & {6 2. ik & 7 % % » & 100 kDa
%3 ¥ (% F rdpe) 5 (B) Bacillus amyloliquefaciens Kerl03 35 %
Bt RARE TRl =GP RED B S s W5 48
35kDa ¥ » 2 28-17kDa /¥ § — if «
Figure 5. SDS-PAGE of cultural supernatant from minimal medium.
(A) The result of supernatant from Bacillus cereus Ker103. Only one band
with size 100 kDa is detected. (B) The result of supernatant from Bacillus
amyloliquefaciens Ker103. We found 3 clear bands, two of these bands is

located between 48-35 kDa, and the rest one is located under 28 kDa.
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Figure 6. Relative activity of supernatant from Bacillus cereus Ker103 under 595 nm

absorbance. Vertical axis represents percentage, and horizontal axis represents

reaction condition. (A)The result under 20-70°C after 1 hour incubation

(B)The result under pH 3.0-10.0 after 1 hour incubation. (C)Comparison of

activity between 1 and 12 hours incubation under 20-70°C.
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Figure 7. Relative activity of supernatant from Bacillus amyloliquefaciens Ker103
under 595 nm absorbance. Vertical axis represents percentage, and horizontal
axis represents reaction condition. (A)The result under 20-70°C after 1 hour
incubation. (B)The result under pH 3.0-10.0 after 1 hour incubation.

(C)Comparison of activity between 1 and 12 hours incubation under 20-70°C.
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Figure 8. PCR detection of vpr gene in Bacillus cereus Ker103. The size of detected

band is 2754 bp which is Bacillus cereus Ker103 vpr gene.
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Figure 9. PCR detection of kerk gene in Bacillus amyloliquefaciens Ker103 with 3

replicas. The result represents that kerk gene is detected.
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represents insert. The size of construct is 6.5 kb.
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Figure 11. SDS-PAGE of Ni-NTA purification of KerK expressed from E.coli BL21.

Lane 1 is marker, .Lane 2 to Lane 5 represents different concentration of
BSA, 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, and 0.125 mg/mL. Lane 6 and 7

represent the purified enzyme.
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Figure 12. The formation of permeabilization ring from crude supernatant enzyme and

purified enzyme, sterilized water as control. Both of crude enzyme and

purified enzyme cause permeabilization ring.
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Figure 13. Relative activity of purified enzyme under 595 nm absorbance. Vertical
axis represents percentage, and horizontal axis represents reaction condition.
(A)The data are shown under 20-70°C after 1 hour incubation. (B)The data
are shown under pH 3.0-10.0 after 1 hour incubation. (C) Comparison of

activity between 1 and 12 hours incubation under 20-70°C.
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Figure 14. Activity after adding EDTA, NaCl, EtOH, and SDS for reacting 1 hr.
Detect amount under ODsgs and change into relative activity. Control

represents enzyme activity without adding any compound.
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Figure 15. Activity after adding soap, Triton X-100, Tween 20, and PEG-3350 for
reacting 1 hr. Detect amount under ODsgs and change into relative activity.

Control represents enzyme activity without adding any compound.
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Figure 17. kerk amino acid sequence of Bacillus amyloliquefciens Ker103. Sequence

with red line represents the difference between original gene.
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"t45— ~ - Bacillus amyloliquefaciens 2. kerk #k )£ protein data base 2. F #%:& {7
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Appendix 1. The information of structure of KerK protein from Structural Biology
Knowledgebase. (A)The structure of KerK from amino acid sequence
No0.37 to No.107. (B)The structure of KerK from amino acid sequence

No0.108 to N0.382. (C)The whole structure of KerK.
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Appendix 2.The structure of Tween 20, PEG-3350, and Triton X-100

(A) The structure of Tween 20 (B)The monomer structure of PEG (C)The

structure of Triton X-100
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