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ABSTRACT  Hyalophora cecropia attacin-like antibacterial gene was isolated from Bombyx mori induced with non-
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pathogenic bacteria. It was expressed in Spodoptera frugiperda 9 (Sf9) cells using baculovirus expression
vector system (BEVS), and examined its antibacterial activity. With a cDNA library constructed from fifth~
instar B. mori injected with Escherichia coli (4 X 10 cells/larva), differential screening was performed using
naive and induced mRNA probes. BmInc6 clone was screened by partial nucleotide sequence and GenBank
database analysis. A complete nucleotide sequence of BmInc6 cDNA was determined (GenBank,
AF005384). Its insert size was 852 bp and had open reading frame that started translation at position 35 and
stopped at 679. And its putative polyadenylational signal existed at 812 bp. The number of amino acid
deduced from BmlInc6 cDNA was 214 and hydropathy analysis showed that this peptide was hydrophilic.
This peptide deduced by Bmlnc6 was named nuecin. When the nuecin gene was expressed in Sf9 cells
using BEVS, about 950 bp of the transcripts was detected. In addition, SDS -PAGE analysis showed that
the molecular weights of intracellular expressed protein and the mature protein secreted to culture media
were approximately 23 and 20 kDa, respectively. The antibacterial activity of nuecin against E. coli and
Bacillus subtilis was significantly high, demonstrating that nuecin had a wider antibacterial spectrum with
gram negative and positive bacteria than attacin.
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EF FAHRE o143 FATFA Helol= AL B L8 B sz dTFEA uEy AT
(Escherichia coli K12)2.2 WY ugL $E3 o] 2RE walgfol ZF7) 8= $AHA F
Hyalophora cecropia®] attacin®} cDNA 4542 vtehll= Bmincé S2& 2] 33 2 BEAS A}
3}l Bminc6 cDNAS] A g7| M QL 228 Az 1 37]= 852 bpeo] 3L, 35 A G A Wy
o] /MAIEe] 679 bp $]A)ell A ZA = open reading frame-S- ZEA e, 812 A $1x|o] A Ax} =
2 Az E47} 2<%} (GenBank, AF005384). Bminc6el )3} coding® i ofu]wAle 2147y
o]}, hydropathy ¥4 A3} A54L vehll: sl o)gdch 283 Bminch FrAzbel os] o5
& Fetol =& nuecin®.2 g3} e} Nuecin -§-H 25 baculovirus 3l ] g} Z o]-§-3le] LA
EFolA LA A AALA e =Z7]= oF 950 bpgd L, ATy uba Sefe] =o] Fxlgke of 23
kDaolgich. M Efoll A M3 H nuecin 72 3245 23 kDa Hefo] = MELE FuEE=

52454 FARZ3 o T4 (National Sericulture & Entomology Research Institute, RDA, Suwon 441-100, Korea)
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o)A <k 3kDad) signal Webo] =7} AAPL2M o 20kDa} A% nuecin®Z Yrp= AL g
Wl A7) FAe 2 #elsbdth Nuecin Al o) SAF S S £F9 13 &4 2 ok HF
ol W& AR A, 53] E colis} Bacillus subtilisol] 32 84S Jeh)g].on, attacino) A5
a2 $4 At AT BAEL Jehid B8] nuecing 1Y SAL TE O3 PN E &
A BALE Jehe), Bt Yo FAF AHERE S AL & 4 glodd

HMO| o), A4 gkl attacin, nuecin

TFL Bl A% B 5o A A7
A wte] exie s A 2h8-(phagocytosis), 2 3
4J (nodule formation), 7% ¥ Al (encapsulation) 5.
2 A EAE A AEA "9 AnAg
oA shAE A% F HYTE Pl
n 2 AASE AQAY dodes 7R UG
(Boman®} Hultmark, 1987; Dunn, 1986). Boman=}
Hultmark (1981) #¥ 9 AA == AFoly}
lipopolysaccharide (LPS) 52} A7}z wodH
E3F AbFoll vinbste] A =2 3w ot} (Hyalophora
cecropia) 2.2 H€] cecropin, lysozyme, hemolin %
attacin 5] SAF BHE el A &
stelch ko) wels dAd o Wz
apidaecin, defensin, diptericin, hyphancin £o] H.31%]
I glv}(Casteels 5, 1989; Lambert -, 1989; Dimarcq
=, 1988; Park =, 1994).

o]  attacin® °F 20~23kDa®] HAlgkE 7R =
HAefol=2, AF7HA Hag 67142 e F 47}
Ae W4, 2hAE A4 SRAL ehas
(Dunn, 1986). AFAd attacin-2 197] o}m]x:Al signal
sequence £} 287} o}wm]ieAl prosequenceE o] Fo] %]
37, G714 attacin-2 177 o}u]=A} signal sequence
2} 297) o}u] XA} prosequence® FAJH o] gjth A
FA 3e)e] preproattacine A ¥ A (endoplasmic
reticulum)Z 4% ¥ (Simon3} Blobel, 1991) FX]
A (golgi body)oll A 2702] 7|14 =7 (arginine —
arginine) & Q1A]3}= FAd)| o)) signal 3 elo]l =7}
A= o] mature attacin o E 35 1 (Pfeffer 9}
Rothman, 1987), attacin N-@=}+2] glutamineo| pyro-
gluamyl2. ARSI TA SYI2 Fu=o) JEeH
8l4-2 el A o} (Gunne 5, 1990).

&4, cecropin® A|7e) & I3t 28-S 3}
3, Sarcophaga peregrinad) A 2% attacind} -f-A}
& il sarcotoxin AL A o] A EH FAE
At 2HE-S el ¥ AT (Andog} Natori,
1988; Kanai#} Natori, 1990). 18] 3! attacin-2 A

s)e} o) L A sk (Carlsson 5, 1991)
E. coli®] 998 A& 3}e] cecropino]v} lysozymeo)
FATE AL FANIIG 2 FAF BA el 2%
=4 ATl FEselA 9lch(Engstrom F, 1984).
=3 HT Fol28E $2)9 atacin FAF el =
= cDNA9] =7|7} 846bp2 B = glor), ha|F
ZAe) AHEHL ofx] HuHA] 9shtl(Sugiyama
%, 1995).

webA] B Aol 3 ol (Bombyx mori) 2%
B 34T 93l f31AE Eelsln, g9riMd
FHS S8 A2 attacin FAF FAITA A
FAA & ek ok&®l olE baculovirus L3
HE AAEE o] &3] THFAMEF oA Wil
AT FAE AAs 2H $A4 AFE B oh
2t 2% A Adel® AT F4E Vel g o
.

e

SA 25, ZSMEZF 9 blo|g|{A

2 AYd AMRE el AE AEFY ARAY
(H107x4108)2.2. F2AFE P TA
RF AR 7|53 (R5, 24~27°C; AN F S, 70~90%)
o] F3led ALSIY T TFHEFE Spodoptera
frugiperda 5] SO AEFE ALgaIR o, AE
v oF& TC-100 (Sigma) W) ¢] 10% Fetal Bovine
Serum (Gibco)-& A 7}sle] 27°C 3270 A A day
oFstech = FA FF wlolBlAE Awrographa
californica A}2FAY vleo]#] A (AcNPV)E A3}
At

Y FE 5ol X My

o $= olo) DNA A LA FATS
4 e d7AdA Alzkat Aoz g4
9 E. coli K12 (4 X 108 cells/larva)E 5% % A7}l
FU% F 8AIZ AT ol S AL Aol A
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A ool vlsf WEFe] Frbske WY frE ol
FAzLe zpE 3 AE-2 Hoog (1991)e] Bk
differential screening Wy ell 2)al <$33}gd v} (Kim
., 1996). ,

2 3} A8 3k cDNA Z-2-2 M13K07 helper 3}o}
Ag olgstel WAl DNAZ ¥l F oF o]
24 DNA$#} SK primer (Stratagene) =23 T3 primer
(Stratagene) 3 o] &3} Sanger 5-(1977)2] whj o
2 BB ogrixd HdA F DNASIS z2a=jos
GenBank d) o] €] o] A4 DNA AFEA S 7 M s}
At

H7IME o A ofo|iAte| hydropathy

oy

A3 AR DNA 22 9749L Pl
7} $}3} Exo/Mung bean nuclease deletion kit (Pro-
mega)E ©]-83}ed deletion set 2 stk 971A
o HA-2 dideoxy chain termination B} (Sanger 5,
1977)el] 2}3] Sequenase version 2.0 kit (United States

Biochemical Co.) & AlAl3}gde} ¢k 05~1.0uge] o,

4 DNAE 1.5ul T3 primer (Stratagene, 5 -AATT-
AACCCTCACTAAAGGG-3", 20-mer, 3.125 ng/ul)
%} 2.0ul S Xsequenase bufferE ¥ 70°Col|A] 28-
2y WAl 3 primer®} $3 DNA7} annealing @ 4
WESF 35°C o]atz 2xE AMA3] 2F3HFAH 2
2], 2.0l dGTP (&2 7-deaza-dGTP, dITP) label-
ing mixture2} 1.0ul 0.1 M DTT (dithiothreitol), 0.5 pul
[—3S]dATP (10 mCi/ml) 2-& [o.—*P]dATP (10 mCi/
mb) 2} 2.8 units9] sequenaseE @il AR A ukZ-
AlFe A7 ez $33 vgEE ddGTP,
ddATP, ddTTP, ddCTP7} So] gl x| Eatele
747k 3.5 EF8ke], 37°Cell A 582 4 ubg-
AR 223, rle) 40ul2] stop bufferg gt
A7 G MG Al Asted A7IMDE AA 3
R, obu| At S A3t d9E opw| At
2199 ¢] hydropathy ¥4 (Kyte2} Doolittle, 1982)-2
PROSIS =2 135 o] &3] 8)3}50c)

Baculovirus Mo|#{E{ m|=}

Nuecin F3A2] 35 /WA ZEE& EF3= sense
primer (5" ~-CGGG ATCCATGTCCAAGAG-3", 19-
men) ¢} 5 £ AFE E§Sl= antisense primer
(5" ~-CGGAATTCTTAGAAGAATTTCG-3’, 22-mer)

Korean J. Appl. Entomol. 333

g4 3}ed open reading frame2 ¥ &3} DNA &

£ ZEXZ #F, pGEMT vector (Promega)el] A4l
gl on], o] H2g EFAv|=E pGEMT-nuecin
2.2 ma3l9dc) pGEMT-nuecin® BamHI/EcoRI
DNA A 3§ pBacPAKS (Clontech)?] BamHVEcoR1
21Xl A 3bed A ZF baculovirus Zo)¥ €] pBac-
PAKS8-nuecing 2}A] 3} o}

8w

xR dtolf A HZ

Nuecin §-4x7} =418 A2 vlo]] A2 YA
st7] ¢&l, M2 Ho)wWE (pBacPAK8-nuecin)
500ng3} Bsu36l2. A3l BacPAK6 viral DNA
(Clontech)Z &%§3}3 lipofectin (Gibco)-2- £33 7}
ate] AFollA 15E WHSAIZ S 283 35 mm? A
ZujoFg Al EFI 1.0X1007]2] Sf9 A o
A7) EFES AEsle 27°ColA 54)2) transfec-
tiona} 3, A wjefel 07 WAE F 27°Co|A 527k
W eFshel o

ANEF wlel A (vAc-nuecin)®] AHe plaque
assay H}9] (Summers2} Smith, 1987)2.2 a)&}¢ic}.
=5 A2 Wk g 109~ 10%22 g 3|43}
o] 1.5x100 A2 EFstT Qi wello] HF5
F, #HEX T 120ug/mle] X-galo] ¥3&HEl Seaplaque
agarose (FMC)E =35}, 27°Coll A wfj o5} A
X-galZ YR o= plaque?] AXF vlo|z A
£ AlEsg e A A2 vlole s SO X
o AAF3te] FAAZ F 4°Cell Bspdr Ay
o FAIFA

AM=# blo]z{A DNA £2} % Southern blot

vlo] 2] A DNA2] H-2]i= Summers$} Smith (1987)
o] el webr] AH2F vlelel g HEI AE
v ekel S 2,000 rpm, 1087 A3 d F 2 AN S
ShA] 30,000rpm, 1412} <t AAs] AES 4
Astdct 18] 3, AAHEe| SDSE 1%, proteinase K
£ 0.5mg/ml (Sigma) 527} HEF Hr)sle 37°C
A 4A17F o] AF A=)t 1 F Fe] phenol/
chloroform-isoamylalcohol (24 : )& 7}sle] 4L ¥
15000rpm S 2 SE7H A4 Eeske] FRAE 1
S50k 7)ol 2003) YolskeS FFST 15,000
pm22 1537 443te] DNAE HAA 7|, 70%
Slekge HHeT Axslo] 33} SFael Fof —
20°Cel] ®.gtabdal Alglel] Alg-algc.
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Nuecin 5% %}2] Southern blot £-4] (Sambrook %,
1989)2 =A AFEA7 Hld A2 vlolza
DNAE agarose A7|93538 F, A-&olA wHALA
(0.5M NaOH, 1.5M NaC 2.2 1537} x|s}3, &
3}-2.98 (1M Tris—-HCI, pH 7.4, 1.5M NaCh) 2.2 15%
Zt Z3A 3 F3A7) AL 20xSSC £ (3M
NaCl, 0.3 M Sodium citrate) ©.2. L} & wto)) capil-
lary H o] A17) F, UV crosslinker2. DNAS A A| 7]
o} Ae]® =& biotin F2| nuecin cDNAE @32
2 uk-&A]7l &, Southern-Light Chemiluminescent
Detection System (TROPIX, Inc.) 2.2 #¢l5}l¢iv

XA RNA £2] % Northern blot

A 23 vpolH AT SO M Xol] FFS F 1Y T
Aoz 49zt AEE 353t HA RNAE R2]3)
9o}t Al RNA H8]= RNAgents Total RNA Isola-
tion System (Promega)&- o]&3s}lo] Hz]dlglon, B
2]3F AA RNALX 1.2% formaldehyde agarose 7ol
A7) Ea1 1 LhAE o] Ao] Azl F, biotin FA]
nuecin cDNAS &% © 2 Northern blotg =3 3}41
©}(Sambrook %, 1989).

SDS-PAGE

AzF ulolela HE F 347 1Y AH2E A
22 3$sled A A7) edF (Laemmli, 1970)&
48 3te] nuecin A e] AW alg Felatg
ok A2 vloly vt HEE AEE Rl 2,000
rpmel] A} 1087 A4l Rl 5, AA= M EE PBS
(phosphate buffered saline) 2 23] A|2]3}3L, 28 F=
o hula Al &) (0.0625M Tris-HCI, pH 6.8, 2%
SDS, 10% glycerol, 5% B-mercaptoethanol, 0.001%
bromophenol blue)& E&sgic} 28] 100°Cel] A
5E7 sldst F Ar)edE-2 12.5% SDS~polyacry-
lamide A }A] >3] 8}32, Coomassie brilliant blue 2.
FAstgdeh =3 AR Fulgl AS nuecing
2HS AZY vholeiarl 2 AEE TR
] (8£-900, Gibco)ell A 34,49 % 54 F<k v
& o zZhzre) wiekuRA|E A s}al Centricon-10
(Amicon) 2.2 =Z3}ed Laemmli (1970) BPH 2] Ao
urea® A 7}3led crosslinkageo)] W3 E F+ 9y
(Ito =, 1980).2.2. urea~SDS phosphate PAGEE- 53}
shlet
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Inhibition zone assay

P AL A=2F vle]B 2 (vAc-nuecin)E
SE9 M Eol] ZHdAZ] F 49 AAH AHX whekey 40
ml (0.5 x 10¢cells/ml, /E% | MOI)S 253 ¥
inhibition zone assay ®}¥ (Lambert &, 1989).2.2 7
AErgoh FF petri dish (87 x 15 mm)of] o 57]2]
A @2 x105ml)o] EFE o}7lw)x] (1% nutrient
agar, pH 7.2)% 5ml¥ 2F3le] SIAF T 7]
2]7] 6.1 mm paper disc (Whatman 3MM)E ¥3 7z}
disc®} &3 A uioFd (0.4,0.8 2 1.2pg nuecin)
& Hakabm 37°ColA Wk F 94D AR oA
Z(clear zone)®] 271E FA 3l FAEA HA
< 93 YA FFEE= o 84 AT 4=(E coli,
Erwinia chrysantuemi, Xanthomonas campestris pv.
oryzae, X. campestris pv. citrd)3} 13 FA Al 4%
(Bacillus megaterium, B. thuringiensis subsp. kurstaki,
B. subtilis, Staphylococcus aureus)-S AH8-8H53 o)

a3 3 n@

Nuecin cDNAS] ¥7|M &

WY 4% Foddsel Z7bshe AAAE AY
2 FEGAMG B gl dojejulo] s ZA
o8 H. cecropia®) attacin -FA A} ASAE Ho
= Bminc6 F2-& AUsisch AAA7|HE 24
A3}, Bmlnc6 cDNAX= A A =7]7} 852 bpe]w, 35
A @7l M NAIE] 679 ARAN FHAE
open reading frame2 7}x|31 ¢]3, 812W1A $] X<
A4 A £ AlBel AATAAA 7L EARE ¢
2= 9] ). BmInc6 cDNA 2] g71A{ gl )& 21470
o] oful=Arg el shel.om, Bminc FAAe] 23]
AGHE FAFAH PYAL nuecin 2 HH 3
o} (GenBank, AF005384) (Fig. 1).

w3l dedgk ofu|:=ARS PROSIS T2 138 o
4-3ted hydropathyZ ¥4 3tgoh(Fig. 3). 2 2=}
nuecine AAJo] v 733 DhAlo]w, N-wwle]
of 207]2) olmjxAte @ FAE signal Hele] =7}
Ao 244E e e & 4 gsic

Sugiyama 5-(1995)¢]) ell2F€] F=2]3} attacin
&1 selo] = (Bmatt)= cDNA =77} 846bpo] i,
H. cecropia®) AHA attacini}E 70.4%, G7}A4) attacin
2}= 68.3%, S. peregrina sarcotoxin IIA 9} 18.8% 9]
obul At AHEAE Hdeh TR, nuecin® A at-

ol

Lo

Ir
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acin= 65.0%, Q7)A) attacin= 61.3% F7] A5
AL B, oflu|xAl $E A E A attacin =
70.3%, G97]|A attacinZ= 68.2%, sarcotoxin I1A &)+
26.2%9] AFEA] L Mot} 3} nuecin-2- Sugiyama
5(1995)2] attacin F-A} Hefo] =2} §7] Y ofr]
A oM 2 97.6%%) 98.1%9] ¥ AFAEE
R A9k (Fig. 2), nuecing attacin familydl] 43}l
A2 RS & 4 Ak
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Nuecin M AIE T &3S M=%t

baculovirus x| =}

Nuecin $-3 A2 Z§3}= AZEF baculovirus A
Ae 0% AEF Aol ME ASES $A pBlue-
script SK- #Ele]] Ay ¥ Bmincé 54 2+2] open
reading frame& ¥3§3F ¢F 640 bp2] PCR AME-&-
pGEMT ¥ elo| F2vslgict =3t s Aqxg
pGEMT-nuecin DNAE- BamH I/EcoR 1.2 Hxts}

61
121
181
241
301
361
421
481
541
601

661
721
781
841

Fi

=

g

CAGTCAACAG
GTTGTGCGCG
CAGCTTCACA
CAACGACAAG
CAGCGCCGCC
CGGGACCCGC
CCACAATAAC
CATTCCCAAC
GAAGGTGGGC
GGCCGGGGGT
CTTCAAGAAG

CTTCTCGAAA
AATATTCTAA
AATAATACTC
AAAAAAAAAA

ACAAGTAATA
TGCTTGGCGA
GTGAACTCGG
AACGTACTCA
TCCGCAGGGC
ATTCCCGGCT
AACCACGACC
GCGCCCAACT
GCATCGTTGA
AAGCTGAACC
TTTGATACGC
oKk
TTCTTCTAAA
CATAAGGATT
ACTGTCAGTA
AA

CGACACAGAT
GCGGTAGACA
ATGGAACCTC
GCGCCATCGG
TCGCTCTGGA
TCGGGGAGCA
TGAGCGCCAA
TCAACACGCT
GCGCCGCGCA
TGTTCCGATC
CTTTTTACAG

AAGTATTATG
TAATTATAGT
CTGCCTTATC

—
CAAGATGTCC
CGTGCCGACA
CGGGGCCGCC
GTCCGCCGAC
CAATGTAAAC
GCTCGGCGTC
GGCGTTCGCG
GGGCGGCGGA
CTCTGACGTC
TCCGTCCAGC
ATCTTCGTGG

CGAAAGCAGT
TTAGATATTA

ARG AA

AAGAGTGTAG
CGTGCGCGGA
CTGAAGGTCC
TTCAACGACC
GGGCACGGGC
GCAGGCAAGG
ATCAGGAACT
GTGGACTACA
ATCAACCGGA
TCGCTCGACT
GAGCCCAATG

AAAATCATAA
TAATCTTGCG
CCAATTAAAA

CGTTGTTGTT
GACAAGCCGG
CTCTCACCGG
GCCACAAGCT
TGAGCCTGAC
TCAACTTGTT
CGCCCAGCGC
TGTTCAAACA
ATGACTACTC
TCAACGCCGG
TGGGATTCTC

ATTCCCTTTC
CACAAATTTT
ATTAAAAAAA

. 1. Nucleotide sequence of the nuecin cDNA. Translation start, stop codon and poly A signal are indicated with an
arrow, an asterisk, and a shadow box, respectively (GenBank, AF005384).

Nuecin MSKSVALLLLCACLASGRHVPTRARRQA-GSFTVNSDGTSGAALKVPLTGNDKNVLSAIGS
Bmatt

Basic attcin LVEEPGYYDKQYEEQPQQW NS V AL 1 \'A" 1 ENHKF
Acidic attacin  LIVSEPVYYIEHYEEPELLASS V D H AL L \'A% FA v

Sarcotoxin IT A

GIDFKPQLSSSSLALQGDRLGASISRDV-NLGVSDTLTKSVSANRFRNDNHNRDNSVFRSD

Nuecin ADFNDRHKLSAASAGLALDNVNGHGLSLTGTRIPGFGEQLGVAGKVNLFHNNN--HDLSAKA
Bmatt N N

Basic attcin V LTNQM G T Y AT K H DKMTA D F
Acidicattacin V LT Q G T V i D H DKMTA A% D 1T
Sarcotoxin I A VRQNNGFNFQKTGGM DYSFA F NAGL FS I N AT G YST RS DGLTS K N

Nuecin FAIRNSPSAIPNAPNFNTLGGGVDYMFKQKVGASLSAAHSDVINRNDYSAGGKLNLFRSP
Bmatt

Basic attcin TK MN- QV V A DI AN T F L KT
Acidic attacin T M-DAV \Y 1 D 1 A T F LD KD

Sarcotoxin IT A

GGSQWLSGPFA QRDY-SF L LSFNAWRG

Nuecin SSSLDFNAGFKKFDTPFYRSSWEPNVGFSFSKFF
Bmatt LL

Basic attcin TT w FK STS Y
Acidic attacin DT [ MK LY

Sarcotoxin II A

Fig. 2. Comparison of the amino acid sequences of nuecin and several attacin family. Differences in amino acid sequence
are represented under the nuecin sequence. Blanks denote identical amino acid.
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Fig. 3. Hydropathy analysis of the putative nuecin protein. Hydropathy plot was carried out by the method of Kyte &
Doolittle (1982).
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& BamAl T e
\\ / BamHI+EcoR|

Fig. 4. Construction of the recombinant expression vector, pBacPAK8-nuecin. The region for open reading frame of the
nuecin gene was amplified by the polymerase chain reaction with specific primers. The PCR product was cloned
into the pGEMT vector, the nuecin gene in the vector was, in turn, introduced into the BamHI/EcoRI sites of
pBacPAKS.
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o] nuecin §AAE 2e]3}l3, pBacPAKS2] BamH o]g]A DNAE &3 AN EF<] SO FA] 7HEAA
VEcoR 1 ${X|ol §293t] ANF§ Aol ¥ pBac-  nuecin FAA7} oy upol22e| opzbA] whijal
PAK8-nuecing A z}t3}43 o} (Fig. 4). A2k promoter 8}5¢] =UP AZF wlolz A

A zx3 Ao E] (pBacPAK8-nuecin) e} ok 3 ul  (vAc-nuecinyE AlIEI o A2 % FHAdS 9

M1 2 3 4 M M1 2 3 4 M

Fig. 5. Southern blot analysis of the recombinant baculovirus, vAc-nuecin. Viral DNAs were extracted from wild type
virus (lane 1) and recombinant virus, vAc-nuecin (lane 2, 3 and 4). Viral DNAs digested with restriction enzymes
EcoRlI (lane 1 and 2), BamHI (lane 3) or BamHI/EcoRI (lane 4), were electrophoresed (left panel), electroblotted
and hybridized with biotin-labeled nuecin ¢cDNA probe (right panel). Lane M, A-HindIIl marker; Lane M’ , A—
EcoRI/Hindlll marker.

M1 2 3456 M12 3456

Fig. 6. Northern blot analysis of the Sf9 cells infected with recombinant baculovirus, vAc-nuecin. Total RNA was
extracted from vAc—-nuecin at 24 (lane 3), 48 (lane 4), 72 (lane 5) and 96 (lane 6) hrs post-infection, and
electrophoresed on a 1.2% formaldehyde denaturing agarose gel (left panel). The agarose gel was transferred on
the nylon membrane and then hybridized with a biotin-labeled nuecin cDNA probe (right panel). Lane M, RNA
size marker; Lane 1, total RNA from uninfected Sf9 cells; Lane 2, total RNA from Sf9 cells infected with wild
type virus.
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4+

s Agst Az wlolg A0 DNAE ZZ3sx
EcoR 1, BamH1 % BamH I/EcoR 1 A|FEALE A=)
8t ¥ nuecin cDNAE %% 2.2 Southern blot ¥4 &
3 stelc} (Fig. 5). = A7} EcoR 1 A& A=
g ulela]2 DNAS] 7% oF 4.3kb, BamH 1S A €]
3 7%= <F 2kb, 28] T BamH VEcoR 1& 2]
T Aol ok 0.6kbelA 727 B3 AR W
=2 sy 2t 2T A4 oy
u}o] 2 A (BacPAK B6)2] DNAo|X= MEZ 8}ql
g 4 gl mz Az vlolelAE nuecin FH A}
£ EURTL YL ¢ + U

ZEM Z oM nuecin THE o HiH

SFH EFe A nuecin A 2] AALAE 243}
7] 213k, A 2§ vlolAE ZFPA|F) SO M EF
2R AA RNAE 223 F nuecin cDNAE &
% © 2 Northern blot& $=3)3}¢]v} (Fig. 6). = 2=}
nuecin F-F ALe] F HARAE <k 950bp H =] =]
45 A 4 Ak

Nuecin ©hj 2] Mxv] L3S Flslr] 43)
nuecin AR} =UE ARG vlolyAE EE A
o AR F 1Y 7HF o2 347 NEE 53
3le] SDS-PAGEE 33t A3}, A Zujel| A L
% nuecin®] ¥-A}ef2 oF 23kDac] gt} (Fig. 7). o] =

T

400

.SDS-PAGE analysis of nuecin. The mock—-
infected Sf9 cells (lane 1) and Sf9 cells infected
with wild type AcNPV(lane 2) or recombinant
virus, vAc—nuecin were harvested at 24 (lane3), 48
(lane 4) and 72 (lane 5) hrs postinfection. Total
cellular lysates were extracted from Sf9 cells and
then analysed by 12.5% SDS-PAGE. Lane M, mid
range protein size marker. An arrow indicates
prepro nuecin protein.
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AH" ofnxAbel] o8 FAEE signal Hejo]=
£ E33 nuecin AFAS] Bxbg A8l o
2HA, Al Efof| A= nuecin HT-A9] o] el
s1em, nuecin A A= 2 24A417H9E e
Al2babed 48~T2A|7 AA] a2 BEghs el
g 4 i+ signal Jefo] =7} Ayl A&
nuecing A E7] 3l FHEAY WA S Alg-sle
Az vlol A8 HE3H F3,4,59 A AE
Wepalsh hEFE QA AL ope wloleiag
5% AE WP 237 ¥ F, urea-SDS
phosphate PAGEE =38t A7}, Ml EellA] whaigl
nuecin F2}gFo]] v]&] oF 3kDao] 743 ¢F 20kDa
9 WE=F lsl et (Fig. 8). o|&jdt A2 R
nuecin< M EW|A &5 F ¥ 3 (post-transla-
tional modification) Aol 2] signal H e}o] =7}
arginine-arginine-g- <143l &4l s AAHL
F N-2<te] glutamine©] pyroglutamyl & A 345w
A 8X-& u]i=(Pfeffer¢} Rothman, 1987; Gunne <,
1990) A4 nuecine] A X292 HujE: Aow =
A ¢ U= 223, A ZE FuE AE
nuecin®] WS ZA3 A3 A E ujokel | ming
°F 2pg®] nuecin YA o] Bn|RE o £ lgiHh

=

Nuecin CHZF ol M7 &4

TF AEHAAM LAH MEE Fujd A
nuecin SHfAle] FAF AT 2 EHE 2A}E}
7 sl 229 29 £4 2 el Aol o
3} inhibition zone assay¥: ZHE2] AR AlFeo] §

(kDa) M 1
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169w
144

81 @
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Fig. 8. Urea-SDS phosphate PAGE analysis of the
mature nuecin. The mock—infected Sf9 cells (lane
1) and Sf9 cells infected with wild type AcNPV
(lane 2) or recombinant virus, vAc—nuecin were
harvested at 3 (lane 3), 4 (lane 4) and 5 (lane 5)
days postinfection. The concentrated culture media
were analysed by 15% urea~SDS phosphate
PAGE. An arrow indicates the mature nuecin.
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$¥ LB ujx]Ate] 3MM paperel] ¢F 04,08 % 1.2
pge] nuecing AHFE F, 37°Cell A 16413 wioks}
o FAL A% 3715 2ARIE S (Fig. 9). 1
Az % A4 Ade A #8714 AEd E
coli®} E. chrysantuemiol| = A7 &Ao] =9t or],
3714 AMd<el Xantomonasd:2| X. campetris pv. citri
M vl el et ow, X campetris py.
oryzaeol] Wit &AL IAEA] vl 23 A
A FlMEe B 22 HF) de] Fxshd
A "5 Ao Al Hi: B subtilisel] W3
gAo] 7} gk}l 123, A=A (enterotoxin) E
Aarste] AESE e S aureuseh WA o
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R B. megateriumol = ¥ LA T AL viepy
S 0w TER) BULE ehE B urin:
giensis subsp. kurstakid| A= &AL el A ket
o}
ojel Az E o, 2y AT Al
nuecin DNAS} <9 ofv|xAte] AAEA BA A
I 2 A A= attacin familyol] 431}, H. cecropia
9] attacine] FAE 23 FA4 Aol FAE
el =4 v]3}ed (Engstrom 5, 1984), nuecine 1.3
A Aol g Z42> BEE a2 R Al
deiA = T S Helzg, ¥o YL g
AT 8 AEERe] FAFE

Microorganisms Inoculum (xg) Antibacterial
activity
0.4 08 1.2
Escherichia coli +44
Erwinia chrysantuemi ++
Xanthomonas campestris -
pu. oryzae
Xanthomonas campestris +
pu. citri
Bacillus megaterium +
Bacillus thuringiensis -
subsp. karstoki
Bacillus sabtilis +++

Staphylococcus aureus

Fig. 9. Antibacterial activity of the mature nuecin. The antibacterial activity was determined by the clear zone size of 1.2
ug inoculum in the inhibition zone assay as follows: +, 10 to 15 mm; ++, 15 to 20 mm; +++, above 20 mm; —,

no inhibition.
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