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ABSTRACT

A cecropin-A gene was isolated from the immunized larvae of the Japanese oak silkworm, Antheraea yamamai and
designed Ay-CecA. The complete Ay-CecA cDNA consists of 419 nucleotides with 195 bp open reading frame encod-
ing a 64 amino acid precursor that contains a putative 22-residue signal peptide, a 4-residue propetide and a 37-residue
mature peptide with a theoretical mass of 4046.81. The deduced amino acid sequence of the peptide evidenced a sig-
nificant degree of identity (62 ~ 78% identity) with other lepidopteran cecropins. Like many insect cecropin, Ay-CecA
also harbored a glycine residue for C-terminal amidation at the C-end, which suggests potential amidation. To under-
stand this peptide better, we successfully expressed bioactive recombinant Ay-CecA in Escherichia coli that are highly
sensitive to the mature peptide. For this, we fused mature Ay-CecA gene with insoluble protein ketosteroid isomerase
(KSI) gene to avoid the cell death during induction. The fusion KSI-CecA protein was expressed as inclusion body. The
expressed fusion protein was purified by Ni-NTA immobilized metal affinity chromatography (IMAC), and cleaved by
cyanogen bromide (CNBr) to release recombinant Ay-CecA. The purified recombinant Ay-CecA showed considerably
antibacterial activity against Gram-negative bacteria, E. cori ML 35, Klebsiella pneumonia and Pseudomonas aerug-
inosa. Our results proved that this peptide with a potent antibacterial activity may play a role in the immune response
of Japanese oak silkworm.
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I — TN Haug el 252 28] P2 we
A cecropin, defensins, proline-rich peptides, attacin-like
Lo A Hgub-g-o] d3ko s HuEE A proteins & lysozyme 5 57 ZLHFOoZ F-E¥H(Casteels

rdRe)

Hepo] =52 uteg]o}, FFo] W uleo]ee} e W]
T Aol wiste] 7FH st whe] dzkZ 2-§-skek(Boman
1995, Bulet et al. 1999). °|& He}e] == FF-0] AubA|
2 A FofA FAH dPZE WEEHE AEA =
AzH doll HAF3IL FHet S A9 EH 9 =2
A S AT =g G274 FAE 9 54 o
A 7]E 3het A EHE o A )R A9
22 9lsl] ol¢f w o] HoloA] FHI AR YA
2 oA F 3 gJth(Lehrer et al. 1993).

et al. 1990, Otvos 2000, Zasloff 2002, Kim et al. 2007).
Cecropin 3571l A 397)12] olm]|xAl #1722 FAFE o
]i/‘q Heto| =2 Hyalophora cecropiad| A #ZxZE Ez]
E o] ¥ V& F Fe]E 5ol ARE Ba1E 9l oh(Steiner
et al. 1981, Cociancich et al. 1994, Morishima et al. 1990).
°o]& cecropin B 9IE T A ER S /AT Q1A
T 2 Ol oS s g4 F—°]‘:‘r. Hh o]
£29) defensing] 75 S|, DR, 0, ] T,
Az 5 5 tpoFsl T oA By ‘iﬂF]—(Boman 1995,
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Hoffman et al. 1999). ©]% defensine FZ 13 FXd ol
738t S-S PRI 25Tl Ee] B A
o= ol—a‘ 2 9},

T ol FAA AFE E3}e] cecropin, moricin,
gloverin, attacin, lebocin 2 defensin 5 TFF3t =€}
o]E FA A7} B.1F ¢ tH(Tanaka et al. 2008). ol 2
cecropin, moricin 4 gloverine 3 ¢l mutigene 3|
g2 27 11, 122 419 $ARE FAIE ). E3) cecropln
HHz)e] A A~D2 5702 o}F3 (subtype) > HF
3L cecropin B2 7 AR BAloll oA 6719
Az2ZE 59 @A Gl EAg. o] AR AY
3= m| g Eel wel Toll @ Imd A3AY HZel oa)A
77y frEwe] WaEE Aoz ERIFH.

dubg oz 25 garAeto]| =9 B gt 2H87]
Z 2 2= carpet toroidal-hole =& % barrel stave
2dz2 AYEE xS A4 933t dH2oE A
AR 71 713 Al ERES S3ste] Al Z2A A DNAGH
A A F AR HHE A 2R GAF Fdked zZ)
43l= 7]2te] &8 x <l oh(Brogden 2005, Powers and
Hancock 2003). Cecropin®] 73-¢- Az}e] 247218 zh=
sl eto| =2 A 28 efe| =] A Ao Fzt
=37 g)oh(DeLucca et al. 1997, Zaiou 2007).

e S s R "Hic’ Hete| =4 YA Al
Mg 5Hoz W =% A (4ntheraea yamamai)
frEel 258 cecropin A vﬁx}% elekar Az i
< B3t dHEAAS EA AL sk

=

=,

ELTE

1. ¥F

59 HYw
A7ZHA. yamami) 53 § z°ﬂ ) Ao (Escherichia coli
K-235)e4 £=2]% lipopolysaccharide(LPS, sigma)S A7}
o] FAlste] W3} st} &, 0.1 mLe] LPS(50 mg/mL)
|AE 1cc FAPIE ol &3t F9 frF A7 FAsE

= 26°CellA] 1847t EF WS F=3kdH

SUR W My me|

EH

2. ¢cDNA library HZ %
(EST) 24

e G55 HF 53 cDNA libraryS A2}F}7] <)
A 5L AA i) upa)st 3 Total RNA isolation
kit(Qiagen, CA)E AH4-3led AHA RNAES F2] 3o
100 pge] A RNAZHF-E Micro-FastTrack 2.0 mRNA
isolation kit(Invitrogen)Z AF&-3}e] 2F 10 uge] mRNAE

4= AA s AAE mRNAS F3 22 ZAP-cDNA
synthesis kit(Stratagene)2 2 5] Xhol linker primer & <

X
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FAAEAE AHE31e] 2nd strand cDNAZ 331900t DNA
FTLELE o43le] cDNA TS H &3} vhF EcoRI
adapterS F-23tod A|ZEAL Xholo 2 AHxtslgitlh. DNA
size ®3-& E3lo] =7]7} 500 bp o]l cDNAS £2]3}
o] Uni-ZAP XR vectorol] A3 o2 <+H3t bacteriophage
Abef 7} = =F- Gigapack 111 Gold packaging extract kit
(Stratagene)>-2 packaging 224 A3t Zo]2] cDNA
libraryS- A 2}8}d e}, A2 cDNA library25-E cDNA
FES 3Jo]& A'83led Plasmid minipep kit(Dyne Bio Inc,
Koreays AH8-3te] Z2kaw|= DNAE <5 2|8ttt
Ha)® ZetAn| =2 28 cDNAY insert-%-2 PCRE &
Zsho] 500 bp o442l PCR ALE-S AU ke 9714
& $A31%0eh DNA 97149 2L 4597
A #=], CEQ 8000 Genetic Analysis System(Beckman

caulter, USA)YZ A3} A43lech. 2 F 9loldl 7]
NS viekoz fAA) U B F(EST) $H S 59

stdeh. A A A (BLAST)S B3te] 78] X
28 3¢ cecropin-A AR} AEA ] =& Az
cecropin-A(CecA) 312}l T3t cDNA 28 sl

3. HME CecA FHX &4 &
B M=

A& CecA FAAE= EST 48 Ed}o]
o] G7|MGE vleke 2 Bolll ¥ Kpnl AFEA A}o]E
=2 x3sle= ge] Za}o] v (5-GCATATGTGGAAGAT
ATTCAAGAAA-3, 5-CTCGAGCATTCCTTTGACGACA
GIT3)E Azt ¥ "o =5 A% % cDNAi—‘%Ei
RT-PCR "5 &F3le] &A3ITh PCRE B3l 5
CecA F3%} 9 p+& #HE{g] pET- 29b(Novagen)— NcoI
2 Xhol9] A3t & A (Takara)Z Ahdt & hgatlon HAS
A pET-cecA Z=}2n| =5 A|2}sladv}h. =3F, CecAY
715l Hgk S-S A 5 e A %ﬂliéli 125
7)) e}u] ln*&_i TA% wh|g]o} AEXEH R | = ofe]
A o] 2 (KSI) FHAZE Neol B Xhol A|TFEA Alo]
EEZ %3l 3t A Zalo] ™ (5-CAGATCTGATGCA
TACCCCAGAAC-3, 5-GGGTACCCTGGCATGCGTGAAT
AT-3)yE °]8-3}e] PCRE F3f3te] 443130t PCR Ab
L oplRe s Al A7) FLE DNA MES Feldl
&, Gel Extraction Kit(Qiagen, USA)S Al-4-3}o] o}7}=
22 A2 HE] DNAE £F3le] &A1 o5 pGEM-T
easy W E](Promega, USA)l F24 3}9dc}. o] ¥, Belll
2 Kpnl A|SFEAE o]8-3le] KSI frAAME W E| 25
Atgt o2 543 AFEAE HAAE pET-CecA &}
2m) Eof] AFiste] st A &3 ¥ e pET-KSI/CecA
£ A=t
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4. HFE CecA T EEIOIE Xf=E && Y HX|

A% CecA A7) 238 A3 HEAHNE pET-KSI/
CecAE A+ BRL(DE3)(Novagen)ol| heat shock B} 2
2 transformationd}e] FAA A S |23 o5 50 pg/
mL2] 7htwtoe]Ale] E31E LBulA|ol| HF3sle] 37°Col| A
16A]17F vl ek3l AL, o] 5 oA LB wi Aol HE3st F 37°C
o| A ODg7k 0.5 =& wj7}=] wjefsisiet. ol F o
WA L) E {FEE] s wFde] 0.4 mMe] IPTG 3
7F8FaL 37°Col A 42| ZF vl oFst oha vl ok-S 4,500 rpm
2= xlRefsl] 531 " AAES His-binding
buffer® A7 F, 253 I8k $ 14,000 rpmel| A
2058-7F 4172 3le] soluble fraction®} insoluble fraction
= @3tk A7) =i E38 gel2 SDS-PAGES &
sle] W& gholsledt). 53} insoluble fractiondl 8M
urea”} ¥3H9 His-binding buffers 3 7}8ke] AlLejA] 30
ZF 23117132 14,000 rpmel| Al 20527 DA 2] 3ted A
NS 531k o] F Ni-NTA ZAH S o]8-3lef KSI-
CecA N AE AABIE . 459 =ijd §H2
SDS-PAGES- 5-3te] #lalsict. AAlE §3d=hid 4
2 ureaE A3 HsIM TS AHEEl] SR
oA FAEA Y. FRel FASRE A B8
2 W3 A S-S Al EEl o8 oA 3]s v,
70% formic acidell £-3]A]7]3Z, CNBr 0.5 g& 3 7}3}¢]
oF 18417t Aol wHk-E F3ked KSI-CecA &3
A2 HE KSI 9 CecA Fqete] =5 A3t &7
+25F formic acid @ CNBrE A|73}7] $1&iA 52
AZ7)E ol&3ld T4 Axst F, FHTE L
] A Axse AL 23] AAEY HEHeR
A Ax" E3E-L 0.01% acetic acid 2ol S A]7]
%, 14,000 rpmell A 2087 441 E2]3ked soluble fraction
3} insoluble fraction® 2 ¥-2]3}le] =73}l c). 235l 7}
7+e] =hA A8 16.5% SDS-Peptide PAGEZ 243}
Aok AEF CecA7} EFE 84 82 o] ool
w3 2Rt} (FPLOE 3l &4 AAIsh L,
16.5% SDS-Peptide PAGES %3to] AAE & ExjakS
Ak

o M

5. M CecA STHEOIE 4 HHY

A ANZ2FE A CecA®] st T2 Wl st
A A 24 8l %5 =(MIC: Minimum Inhibitory Concentration)
E At ARG A 2ol ARSsE o
S A A4 Escherichia coli ML35, Klebsiella pneumoniae,
Pseudomonas aeruginosa X 1B FAAAT Staphylococcus
aureus, Enterococcus faecalis, Micrococcus luteuss -2
3%(w/v) TSB(Tryptic Soy Broth, Difco, USA) A ulj=]
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oA 37°C, 200 rpm 72 184 7F Fehujekat & o}
Al Fdd 276A 4 x 10°CFU/ML F=7}F S %5 24]7F
3087 23} wiekslde). 212l Candida albicans= YPD
W) 2] (1% yeast extract, 2% peptone, 2% dextrose)ol] A1
30°C, 200 rpm R71 02 24| 7F ZletuloFst & AE-s19]
t}. 96-well microplate®] Z} wellel] 90 ple] A+t wl oF<Y
(2 x 10°CFU/mLYS £ 3 &, ©AH 22 s|M g 3t
Heo] = SNES 7 welld 10 uLA H7HgE o 37°C
ol A 184]7F E<F wiekst F, 3 F=A (600 nm)ell A F
FEE A3t MICE ZAA 3. =3t £59 A=
St Hefo]| = F3 52 RDA HA4 02 WA A+ (L
coli ML35)ell &t A5 AAst. 2d€ RDA
4 underlay gel(9mM sodium phosphate, 1 mM sodium
citrate, pH7.4, 1% low electroendosmosis agarose, 0.03%
TSByI wieksl i (4 x 10° CFU/mL)YE €381 100 mm
AEH 0| B o] Z3 T dvj#e] Aol AF 3mm
o] TS el AEE 10 ul FHel ¥4, Aete]=
7b FAE =5 37°Col Al 3AIZE wiekst F, L 9]ell RDA
4 overlay gel(6% TSB, 1% low electroendosmosis agarose)
= ol 237 g 37°CellAM 18417F F<E i eksldtt. el
¥ clear zone®| 7|5 A3t o S-S vl

an o

k-

1. 8% CecA cDNA E2< ¥ F7IML EY

E AFoM= A f-=l cecropin-A(CecA) S Elo]
= RS 229k 47IMYE A4S B3l 72
TR Ay-CecAZ B3I cH2H 1). 3, AZ CecA
cDNA 22wy fx8 F%F29 AA cDNA library=
FE A= 18078 A S8 FeElsle] A
MY w2 F(EST) ¥4& E3hed Eef3hsict. A=
A CecA cDNAZ 2ol Hd 97179 4 A, A
cDNA Z7]%& 419 bpE 647112] olu|xAl 275 ¢lFY]
3= 195 bp ORF(Open Reading Frame)Z T4 =o] gioh
(&@# 1). SignalP ¥ 7|& B%l V& 239 cecAs}
ofn] At AEA A4S B3kl AF CecA FAAR= 22
7| #4712 signal peptide, 47 #1712] propeptide X 3=
S-S ZHe 3770 APE A3 A4S i (mature protein)
ggoz TS Itk wEbA HFE cecA
Elo]| == 377H9] ofm|:eAbe R FAHW oA} FAEFS
4046.81Da2 2 AFEE v}, =3 7]Ee] 2% cecropin
AL Aeto] =} FUEA Citetel glycine AH7| 7} &)
3}l gle] amidating EAol 93 ofm| =3} HE Aoz
AFEE T} Yoll9] cecropin D(Hara et al. 1994)E #)| 2|3t
A2 252 cecropin FAAWeL] E52] CHTLE o}
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1 TCATTCGAAATCTTACTTCACTACAGTCACTCGTTAGTAAAAGAATAGTGATTATTAATA

61

ATGAATTTCTCGCGGTTGTTTTATTTTGTTTTCGCTCTCGTCTTGGCTCTAACAACGGTT

M N F S R L F Y F V F AL VL AL T TV

121

AACGCGGCGCCAGAACCTAAATGGAAGTTTTTCAAGAAGAT TGAGAGAGTCGGTCAGAAC

N A42 P E P K W K F F K K I
ATTCGCGATGGCATCATAAAAGCTGGTCCAGCCGTCGCTGTTGTCGGGCAAGCGACAAAT

181

E RV G Q N

I R D G I I
241
I A K G *
301
361

K A G P AV AV V G Q A T N
ATCGCTAAGGGCTAAAAATTCTACGTAATATTTATATAAAAATCTTCTGTATATAGATTT

ATTTAATTATTTTAAAGAAGATTGTGTCCTCGTTCAAGAAAGCATTTATCCTATTTATAA
ACCCACTGCCATAATTATGATAATAAAGTATTAAGTAATAAAAAAAAAAAAAAAAAAAA

Fig. 1. Nucleotide and deduced amino acid sequence of the cDNA encoding for 4. yamamai cecropin-A (Ay-CecA). The N-terminal
sequence obtained by Edman degradation are highlighted in grey color. The predicted signal peptide cleavage site is indicated with
arrow. The putative mature peptide is underlined and asterisk indicates the stop codon.
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Fig. 2. The construction of recombinant plasmid for expression of CecA-KSI fusion protein. The DNA fragment encoding Ay-CecA
was inserted into pET29 vector. The plasmid containing the fusion genes of Ay-CecA and ketosteroid isomerase (KSI).

=3} FojgltH(Cociancich et al. 1994, Saito et al. 2005).
o] glycine #7]2] oln]=3}= carboxypeptidase &-3f Wb
oA cecropin TP =5 HEsh= HoR AlRE
th(Liang et al. 2006). =3} o] ojn] =3}e} Jete] = A
Fhe] AR = 5 Fol| ule} zto)7} Ql=dl, H. cecropia

oA H-2]% cecropin A(Callaway et al. 1993)2] 7% C
ot ofu| =3tol| o &) g o] ZA Al ubd,
Anopheles gambiae I|A cecropin®] o}n] =3h= 3 FHAd
o oJ3FS F2 9=vty WuH u} glvh(Vizioli et al.
2000). A3 CecA®] olw]:At MY CLUSTAL W Z=
aS o83t A BAHIAM e W E Z5elA E
2]=l cecropin -FAF SEfe] =9} OF 62 ~78%2] T AE
A dehisd=

ecA =g & ws

} CecA 3lElo] =9
6}71 A dgE B
9 BAE Sassic A3

A EENEHE T5317] 99

rlo

:nN
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M 1 2 3 4
kDa
75 S =
N =
37 S
;=
25 =
20 WY & 1rCecA+KSI
15 ‘..‘ ""‘..‘

—_

Fig. 3. Analysis of expressed CecA-KSI fusion protein by SDS-
PAGE. Lane M, Protein molecular weight marker; lane 1, total
cell extract without IPTG; lane 2, IPTG-induced total cell
extract; lane 3 and 4, soluble and insoluble fraction of cell
extract, respectively.

2 o= o

2 -5 cDNAZHE| PCR ¥ E3lo] A% CecA
Aze] A<= o}u] XA o3 111 bp FHASte] 71 A
43} 3 9= pET21b HEo| F24 sk d 2).
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Volume (ml)
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. S

4= Ay-CecA

Fig. 4. Purification of recombinant Ay-CecA from soluble fraction cleaved by CNBr. Profile of cation exchange chromatography(A).
Arrow indicates the peak containing Ay-CecA. Tricine-SDS-PAGE analysis(B) and inhibition zone assay(C) of fractions 31 ~ 37
collected from the superdex peptide column against E. coli ML35.

o] F @7IM Y #AE B3t ORFE #elsisich. =3t
W3l 715l Al Wsk 27 CecA FA T35 9
A 125709 ofm|xAte® A wlelE] ol R B8
Al = zlel ketosteroid isomerase(KSE §3 JEVZ
E8i3te] A HHIEE A=A Th(H 2). 5, Neol
2 Xnol AlgtEAZ Awks KSI FAAE 223 ¥ 5
A3t A|gtEAZ Aokyl pET-CecA Z2lan| =] AMls)
o] pET-CecA-KSI A Z3 ¥ e 2 A 2tslglet. A28
W e pET-CecA-KSI Zetan| =2 2] AAs F,
we F5¢ E coli BRL(DE3)ol| Transformationd}oq
CecA-KSI A AJAksl= 2| =3} eiA+F BRL(DE3)-
(PET-CecA-KSIyE Aslsiet. A3t w2 IPTG
inductions §3le] =3 F, whilzl %17]°35(SDD-PAGE)
< E3led #ql3ldth (23 3). CecA-KSI §g=haL
oF 23KDa At 2 ot B84 shde W Egl
o}, A &3 CecAE Ni“'-chelating chromatography, CNBr
Ak ubg, FA 2 ofe]& W3k chromatography ZH4 S
3t = AT 4). TN F2H 8
A g3 A CecA-KSIE= 8M urea WAEH o2 g3)
3k & Ni*'-chelating chromatography2 A A8}, A A
% KSI-MLP1 §3=hid 2 FA L& Fale] oA -84
22 X33t F IM CNBrg X g]sle] 3ehizl 2 5e
ANZF CecAS 2|5}k CNBr Awt HhS- ¥, CecAx=
A A SR A 3hEe] 84 =gl KSI

2HE A F22E Flsieh. dubH 2 cecroping:
E3eE 25 dEEte] = i FE FAEE v gle]
AsE 7 Al 2R A 47 Adsls B4l ol
TH(Hoffiman et al. 1999, Bulet et al. 1999). wa}r] £ o
TolAME S REte] = 545 o]83ke] CNBr cleavage
e F, 84 S AR RE AHEF CecAT Fol2
3} chromatography WP 22 AA| st vh (™ 4A). o] F
4%% 132 SDS-PAGE = H7]9dF 24 2 o

\:1

Ulc-
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At gt stEA HA S kel FElEdth(H 4B,
Q). SDS-PAGE £ Z3}, 23] 31 ~370]A] &F 4~5kDa
o] st Hele|= WI=E Il e, w3t o] & ¥
2 W&ol Hgk RDA Ao =2 S et
Waloh AAE A2 CecAx Applied Biosystem Procise
SequencerE AHS-3le] N-t ofu:eAl ME-S AA s
A N-T e ofpr| Al A2 KWKFFKKIO| 53, o] &=
CecA2] N oln| Al A3} o235} c}. wabA CecA

2 Az AN ABHOZ Akl S-S SRlsilch,
3. MZE ME CecAll BF X S BY HH
dREelA AxT HRE AR CecAd) FF BRL

chorat Witel A A AR oA FEMIOE 54

sle] AR shATHE

D). AxF AZ CecAx= TH-SAA
T E. coli ML35, K. pneumoniae, P. aeruginosa®l =%~ 5
T8 PSS WA R aFFAAA T S, aureus, E.
Jaecalis, M. luteusol] A= 73 st st 2 x4 &

Table 1. Antimicrobial activity spectrum of recombinant Ay-CecA

Minimum Inhibitory

Microorgaism Concentration(MIC, uM)

Ay-CecA Melittin
Gram negative bacteria
E. coli ML35 0.25 1
Klebsiella pneumonia 1 2
Pseudomonas aeruginosa 0.5 2
Gram positive bacteria
Staphylococcus aureus 16
Enterococcus faecalis 16 2
Micrococcus luteus 16 1
Yeast fungi
Candida albicans 4 4
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Table 2. Hemolytic activity of recombinant Ay-CecA

% Hemolysis (uM)

Peptide
100 50 25 12.5 6.25
Ay-CecA 0 0 0 0 0
Melittin 100 100 100 100 98
AL 7 melittinell ¥]3) P o] ket =8k A
oS FL35= C albicansell HH = =T34
Hodoh o]& Wl Wt H2AAAATEE E coli

ML35¢] 0.25 uM, K. pneumoniae 9 P aeruginosal| A=
ZZF 1 W 0.5 uME SAE], AT S aureus,
E. faecalis ¥ M. luteusl ‘Hﬁﬂ/‘i—‘i 16 pMZ. gl =gl
=3 A C. albicans| A= MIC Zkel 4 uMZ melittin
I At olike] Az E Aol AR Ax
g A CecAx 7180l Barxl ohefst 2%52] cecropin
I fAkst B9 S A ERS 7R 9l2S gl
shodet. =3t 2 48 SAAS JAE HE o] s
selo] =9l melitting 2T ho] AZ2F cecA] £33
S vt 23, 100uMe] 2 sEAAME [T
of tigt &8 FAeo] A FlFA AMHE 2). ot
A AZ2F AF CecAr melittinel] Bl M E FAdo] ¢l
T HAs el AeE Alsdy. dubdes I
oAl F2]% cecropin I Elo| == 7| R TH carpet
29 toroidal-hole 2 2 barrel stave RHAZ AHE =
A EzhS A4 28t vtelg]obE A A7) 2872
(Powers and Hancock 2003)2.2. u|AEof djs] Ho} &
HH o 2pgain Pt st S el oet
Al ATelA Akt A2F AR CecAr M2 A
YA S 91 ooF Al 1 77 E AleR V)
o gt

H e
=% Az (Antheraea yamamai) 5~ cecropin-
%El AL o] FAAES Ay-CecAZ W3}
y-CecA cDNA Z7]%= 419 bpZ 6474¢] o}
]‘3— QlFH &= 195bp ORFZ TA =] S+t
F CecA FARR= 2271 #H719] signal peptide, 471 =k
propeptide ¥ TS Z= 37 AR A=
w2 (mature protein) °3 9 22 FA I oA} E
ApeF2 4046.81 Dal 2 AFEHST. A3 CecAd] ofn|=
A Mg oE 8| E 2304 B2]® cecropingt Tl
=0 AR (62 ~78%)S LFERITE Ay-CecA §817ke] C
tol] 7|l B gl 5-2] cecropind| A9} U3 C

X

50

gk - el

- A

o} olu| =312 913} glycine X177 EAH3EAL glT}. o
sgefol o] P AP A AT B A
2HS o] &3te] BAe] e AEF Ay-CecA el A
etk W 715l WAt Hgt A=
Z3= gl B84 bl ketosteroid isomerase(KSI)
RS CecA AL §33F5ATE 53 CecA-KSI =
We gHE Hay ol aha s o) wals 3t
22 Ni-NTA immobilized metal affinity chromatography
(IMAC)ll 9]3iM AAIgFdem] CNBr 4H-& E3he] A=
& CocAS ATkale] §2330ch HEAO 2 opel & mal
chromatography 32 E3le] CecAZS &5 A A8kt
AAF 223 Ay-CecA—— a4l E. cori ML 35,

Klebsiella pneumonia %

3} CecA =4

1 Pseudomonas aeruginosa®l] o3|

A e FEIUE epasich. de B 9 Ak,
o FERA A Cecat Age] W MEelA T2
B J8e 93e Aoz Audt)

ZAtel 2
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