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ABSTRACT

Cecropin is a well-studied antimicrobial peptide that play important role as key factor in insect humoral immunity. In
this study, cecropin-like antimicrobial peptide was isolated and purified from the larval haemolymph of immune-chal-
lenged japanese oak silkworm, Antheraea yamamai. To isolate antimicrobial peptide, we separated and compared acidic
extracted hemolymph protein bends between control and immune-challenged larvae using SDS-PAGE analysis. In the
immune hemolymph extract, but not of non-immune hemolymph, we detected differential expressed peptide band with
molecular mass 4,223.01 Da. To understand this peptide better, we successfully purified this peptide using cation
exchange chromatography and gel permeation chromatography. Its N-terminal amino acid sequence obtained by Edman
degradation evidenced a significant degree of identity with other lepidopteran cecropins. The purified A. yamamai
cecropin-like peptide showed a broad spectrum of activity against fungi, Gram-negative and Gram-positive bacteria.
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Fig. 1. Isolation of antimicrobial candidate peptide (AMCP)
from A. yamamai hemolymph extracts. (A) Tricine SDS-PAGE
of A. yamamai hemolymph extracts. The acidic extracts (10 ug
of total protein) were resolved in 16.5% polyacrylamide gel.
Lane 1, non-immune hemolymph extract; lane 2, immune
hemolymph extract; lane M, molecular weight mark. (B) Growth
inhibition of E. coli ML35. Lane 1, non-immune hemolymph
extract; lane 2, immune hemolymph extract
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Fig. 2. MALDI-TOF MS spetrum of Isolated antimicrobial candidate peptide (AMCP) from A. yamamai hemolymph extracts. The

major peak is at an m/z value of 4,223.01.
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Fig. 3. Purification and identification of cecropin from 4. yamamai hemolymph extracts. (A) Profile of cation exchange chromatography
as the first step in purification. (B) Profile of superdex peptide gel permeation chromatography as the final purification. Arrow indicates
the peak containing A. yamamai cecropin. (C) Tricine SDS-PAGE analysis and inhibition zone assay of fractions 32-35 collected from
the superdex peptide column. (D) N-terminal amino acid sequence and multiple sequence alignment of purified 4. yamamai cecropin.

Table 1. Antimicrobial activity spectrum of purified A. yamamai

Cecropin A &t FElo] =9] Ntk ofu|icAb AP} of

o 80% o142l %& 54 veblRtkFig. 3D).
Minimum Inhibitory
Microorgaism Concentration(MIC, ug/ml) 3. ME M3=W 82 HEO|S 87 84 AN

A yamama Melittin A AR AlmZz3e] g B2 e AqA T
Gram negative bacteria S MIC) A& &3t FA st ck(Table. 1). AZF Ala=2
E coli ML35 e aFgSAAATT E coli ML35, K. pneumoniae, P
Kiebsiella preumonia ) aeruginosa 2 _‘_7_“;_%%}/‘3 M S. aureus, E. faecalis, M.
Pseudomonas aeruginosa 2 luteusel] W3 Pt b, Ethﬂ- A2
Gram positive bacteria WS C albicans?] M= FAFLE S B o]
Staphylococcus aureus 64 4 < BTl W H2WFAAFEC E coli ML35C]
Enterococcus faccalis 128 4 1 ug/ml, K. pneumoniae X P. aeruginosa| A= 2 ug/ml, S.
Micrococcus luteus 128 4 aureus™= 64 ug/ml, E. faecalis D M Iluteusol o)==
Yeast fungi 128 ug/mlZ A= 2 C albicans| A= 64 ug/
Candida albicans 64 4 mlZ el=gle. = Az a2 339 aekAA)

E3lo] #hlalglth(Fig. 3C). SDS-PAGE 34 A3}, £3)
32, 33, 34, 3504 <F 4kDa%] s Slelo|= WIEE &
et on, w3t o] &> tAe] W3k RDA 4
oA S vebdleh AAE AlZ292 Applied
Biosystem Procise SequencerE AF-8-3}o] N-wet olm|x
Ab S AR BA S N oAl A g2
KWKFFKKIERVGe| 3L ol & E3HsE vpi] 5 252

148

T 9 120 Aol el A G0 YAT B
4 AP melitinel 1) a0 AT 352
g AT AT WeRe] uls) 4-su) o|Abe] 34
& FFES ebgeleh meb A Az 7z
BaE Sopg £3e) AzeAst AR PRIT G
g AT 98-S sk YUHSE EF G
3 ee] =9 vzl dd HE7|H 22 carpet B,
toroidal-hole &2 2 barrel stave 222 AW == A E




W MA=Ea

T3S A g2 ste] ol E XA 7] 713 A E
1S T35t A EAANA DNAFA oA 2 AR 3
AE AL 28 AAF F3le] 28ahe 713l el Sl
H(Powers and Hancock 2003). Al=Z=2312] 7-¢- =] =}
|72 2 st Aete| =2 v Eel Hs) Bo &3
Moz 2G| P9t S vei) okeba] 2
ATelM EE A Ma=A2 M2 Hd A |
WS 918k ooF a2 1 77 2 AR 7=
¥ =2
A 22 (cecropin)}E 58] AAA mHAof glejA] &
Al WAtz 288 4t Hefe] =2 A AdEA
ok B AFolME= w5 A= Antheraea yamamai
e d9Z25E AlzZ=29 3t fefe]l= 22 2 AA
A st M st sete]| =5 REEhr] flsEiA,
He fEd 5 2 AN FEoEfH 753 ¥92
A ARl o3k ghilAl A 7)o -5 (SDS-PAGE)E Ea}
of WA BT Aol HZ ARl vl W
fred g9 Zzu"ﬂ"i‘ﬂ' Solx oz W= x}ak
4223.01 Dad] HElo]|= MEZ AZslgdch AuE W
frie 5ol Wl Aelo]=o] E4 BAMS $A o]
w3t F2ulE 03] 9 gel permeation W wE 1]
< F3te] ol og e Helo| =8 AFH R
= AAslgdch AAE #elo] == Edman degradation
e Nowt otmxeAl MdS AA3RAL o W E
o MazAR v 22 e E vehle] Aaz
oz FANAG. =3 A A A=z g A
elo]| == a3t AT, IHFATE 2 FFelel d 3]

% e 9 ~ERS eplsle

,E-L

ZAtel 2

Q7 s A= 4] 71427 A (No.
311059-0408] Aol SJ3] ol FobHom 2 ole] ZAERII,

PR ER

ol

[

o

(=2 == |
ST

Boman HG (1995) Peptide antibiotics and their role in innate
immunity. Annu Rev Immunol 13, 61~92.

149

Feelel= 22 5 A

Brogden K. A. (2005) Antimicrobial peptides: pore formers or
metabolic inhibitors in bacteria. Nature Rev Microbiol 3,
238~250.

Bulet P, Hetru C, Dimarcq J, Hoffmann D (1999) Antimicrobial
peptides in insects; structure and function. Dev Comp Immu-
nol 23, 329~344.

Bulet P, Stocklin R. Menin L (2004) Anti-microbial peptides: from
invertebrates to vertebrates. Immunol Rev 198, 169~184.

Casteels P, Ampe C, Riviere L, Damme JV, Elicone C, Fleming M,
Jacobs F, Tempst P (1990) Isolation and characterization of
abaecin, a major antibacterial response peptide in the hon-
eybee (A4pis mellifera). Eur J Biochem 187, 381~386.

Cociancich S, Bulet P, Hetru C, Hoffmann JA (1994) The induc-
ible antibacterial peptides of insects. Parasitol Today 132~139.

DeLucca AJ, Bland JM, Jacks TJ, Grimm C, Cleveland TE, Walsh
TJ (1997) Fungicidal activity of cecropin A. Antimicrob
Agents Chemother 41, 481~483.

Hoffman JA, Kafatos FC, Janeway CA, Ezekowitz RA (1999)
Phylogenetic perspectives in innate immunity. Science 284,
1313~1318.

Kim SR, Lee EM, Yoon HJ, Choi YS, Yun EY, Hwang JS, Jin BR,
Lee IH, Kim I (2007) Antibactrial activity of peptides syn-
thesized based on the Bombus ignitus abaecin, a novel proline-
rich antimicrobial peptide. Int J Indust Entomol 14(2),
147~150.

Kylsten P, Samakovlis C, Hultmark D (1990) The cecropin locus
in Drosophila; a compact gene cluster involved in the response
to infection. EMBO J 9, 217~224.

Morishima I, Suginaka S, Ueno T, Hirano H (1990) Isolation and
structure of cecropins, inducible antibacterial peptides, from
the silkworm, Bombyx mori. Comp Biochem Physiol B 95,
551~554.

Otvos L (2000) Antibacterial peptides isolated from insects. J Pep-
tide Science 6, 497~511.

Powers JP, Hancock RE (2003) The relationship between peptide
structure and antibacterial activity. Peptides 24, 1681~1691.

Saito A, Ueda K, Imamura M, Atsumi S, Tabunoki H, Miura N,
Watanabe A, Kitami M, Sato R (2005) Purification and cDNA
cloning of a cecropin from the longicorn beetle, Acalolepta
luxuriosa. Comp Biochem Physiol B 142, 317~323.

Steiner H, Hultmark D, Engstrom A, Bennich H, Boman HG
(1981) Sequence and specificity of two antibacterial proteins
involved in insect immunity. Nature 292, 246~248.

Zasloff M (2002) Antimicrobial peptides of muticellular organism.
Nature 415, 329~344.

Zaiou M (2007) Multifunctional antimicrobial peptides: thera-
peutic targets in several human diseases. ] Mol Med (Berl) 85,
317~329.



