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of synthetic oligopeptides derived from Bombus ignitus

Heui-Yun Kang, In-Woo Kim', Joon-Ha Lee', Young Nam Kwon', Eun-Young Yun',
Hyung Joo Yoon', Seong-Ryul Kim', Iksoo Kim*, Jae-Sam Hwang'*
Gyeonggido Agricultural research and Extension Services, Hwanseong 445-300
'Department of Agricultural Biology, National Academy of Agricultural Science, Rural
Development Administration, Suwon 441-100, Republic of Korea
“Department of Applied Biology, College of Agriculture and Life Sciences, Chonnam

National University, Gwangju 500-757, Republic of Korea
(Received September 10, 2012, Accepted October 17, 2012)

Abstract

Antimicrobial peptides of insects are found and reported as immune defence system against infectious agents. The pep-
tides are produced by fat body cells and thrombocytoids, a blood cell type. Defensin is 38-45 amino acids long and con-
sists of an a-helix linked by a loop to an antiparallel B-sheet. Defensin from a bumblebee, Bombus ignitus, is known
to comprise 52 amino acid residues. This peptide consists of two a-helixes; ACAANCLSM and KTNFKDLWDKRF
and one B-sheet; GGRCENGVCLCR. We carried out antibacterial activity test by radial diffusion assay against Sta-
Pphylococcus aureus (Gram positive), Escherichia coli (Gram negative), Pseudomonas syringae (Gram negative), Can-
dida albicans (fungi), MDRPA, MRSA, and VRE (antimicrobial resistant microbes) with synthetic oligopeptides from
Peptron (Daejeon, Korea). The predicted curtailment fragment (GGRCEVCLCR-NH,) for B-sheet had strong anti-
bacterial activity when internal amino acids were removed. But, curtailment fragments (ACAANCLSM-NH, and
TNFKDLWDKR-NH,) of a-helix were not showed antibacterial activity. These synthetic oligopeptides were showed
the great activity against Gram positive and negative bacteria.
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A dgo 2 Qs ARYE bl Aol &
alria Ssiutelelobsl o] Al AE I ol -
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Hancock and Scott 2000). SF Sele] == n| A& 5ol A
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37 ¢lok(Epand et al. 1995, Epand and Vogel 1999, Oren and
Shai 1998, Tossi et al. 2000).

19803t Boman groupoll 2]8l| cecropin®] Hyalophora
cecropiaRHE] 22 52 (Steiner et al. 1981y o] Fof| <F
170482 gy Helo] =7} HuEGL, o] F 2
5kDa °|3}e] HEAFEZZ A positive net charges 7FA|H,
o-helixE- 3438 (Park et al. 1996, Samakovlis et al. 1991,
Zasloff 1987), cystein 2F715- 2= cyclic peptide, proline/glycine
o] FX-3} s elo] =(Bulet et al. 1991, Casteels et al. 1989,
Casteels et al. 1990, Lee et al. 1994) 502 53 4= 9o}
3E2 2l o-helical linear peptideq] cecropine C-Zgto]
amidation ¥|¢] 2137, Gram positive2} Gram negative bacteria
o] 733t A& el ™, defensina} o] disulfide bondS-
A3l slelo] == Gram positive bacteriaol] 352 33HA
S 7+ 9l vk (Lehrer et al. 1991, Selsted et al. 1993). =3},

=
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prolme/glycme rich peptide 5 =2 Gram negative bacteriaci]
o 4L e 9lop B3l Aeko] =2t abaccin,
attacin 5-©| $J=H(Hultmark et al. 1990, Casteels et al. 1990). &=
gk 70 o] 4] S-S ZAgHE A B-sheet 22| HElo| =5
T2 A E(phagocytes)2] granulesl] A HAE o] 931 1
HEHQ Aete]=rt Hallilez d#x glon, 53
intradisulfide A&l ]3] FAH Q] ring F-=Foll= o}
2715} 28 71 obleatel EAISo] ring T o
Habrh Wefol =o) R ehi Fa AFE 3
= 7102 oelx gloh(Lehrer et al. 1991, Selsted et al. 1993).
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Table 1. The strain which is used assay for antimicrobial activity

Type Strain Defensin
. Escherichia coli ML35 O
Gram negative
Pseudomonas aeruginosa O
Bacillus subtilis -
Micrococcus luteus O
Gram positive Enterococcus faecalis O
Enterococcus hirae O
Staphylococcus aureus O
Fungi Candida albicans O
Resistant  Iseudomonas aeruginosa (MDRPA)(-) O
microbe for Staphylococcus aureus (MRSA)(+) O
antibiotics Vancomycin resistant enterococci (VRE)(+) -
Plant Pectrobacterium carotovorum O
Pathogenic )
microbe  Fseudomonas syringae
cDNA TZZ BAsla, ubde]l §3x A XE NCBI

2] Gene bankZH-E] A3 F FASTAE o|£3}e] o}w]
XA A7) AFEAE E)lst Foll Aol ek
1—1—5]"37‘] gt Hefol= A YE Atalelt. Tl

Z A A E 24313 9= Bioinformatics Unit -
Unlver51ty College London®] PSIPRED®I|A] &3 o] -
aletar Al elo] =X Ge] Hidle] 2272 E oS
sled Fxo} 2] Aeolol wet (FMEEZHE Al=s)
93z, gAdsleto]| =0] Cke amidation X 2|35 31T}

2. Ml2/E =
3 AAE $18ke] Ml (Gram negative, Gram posi-
tive), 14, WATF 2 AlEHAT 59 S AlIE
FFE AHEEtH(Table 1). Al AFS 7]E6 A3
"‘°ﬂ/‘1 Teftol A wieksted AHE-EA Aol AL, WA

T Mgz st YA WA TFF23Y (CCARM)
ETH oF ok, AlEHATEE $EXSA =Y

| ZAHAE (KACO)RRE Fofitol ARS-slsl.

3. Radial diffusion assay

A& Tryptic soy broth (TSB) ¥l#] 20 mlel] Z2¢
X =7|74A] woFslg el s u A= citrate phosphate
buffer (9 mM sodium phosphate, 1 mM sodium citrate, pH7.4)
o) 0.03% TSB ®i=], 1% agaroseZ -2-3l5le] =t & F 45°C
water bathel] ]3] ©& 10mlell 10 mM Tris(pH7.4) -8 &
2 Mg #FF 4% 10° CFUS &3sle] 2331 8t
A7 2o 3mmE A8 F, 5] drslele] =
B3 SEER Frbsha et = foho] uiA e At
HEZ plaeS F3oIH 37°C W7lel] 347 Bt v



Fupdo) o=l

A el el =

Bombus ignitus MVKVYFLVALLFVAVAAIMAAPVEEEYEL———————— LEQAGIEERADRQRRVTEDLLSI 52
Megachile rotundata MVKIYFLAALVLMALAATMAAPVENEYEV-——————— FVP-EVEERADRHRRVTEDLLSF 51
Apis dorsata = === ———m—mmm————————— o MAAPVEDEFEP ———————— LEHFETEERTDRHRRVTE@DLLSF 34
Apis florea -MKIYFIVALLFMAMA-AMAAPVEDEFEP ———————— LEHPETEGRSDRHRRVTE@DLLSF 50
Apis cerana cerana -MKIYFIGAFLFMAMVAIMAAPVEDEFEP ———————— LEHPENEERTDRHRRVTEDLLSF 51
Polistes dominulus MTRLCIILSILFVIVAVNMAAPVEDDRLENLMELDDEFREDMVEERADRQRRVTE@DLLSF 60
% % Kk ok ok k * k kk khkhkkkhkhkk ok
Bombus ignitus KGVAEHS LSMGKAGG] N L) TNFKDLWDKRFG 96
Megachile rotundata GGVVGDS. LSMGKAGG! G L TNFKDLWDKRFG 95
Apis dorsata KGQINDS LSLGKAGG] I TSFKELWDKRFG 78
Apis florea KGQINDS ITLGKAGG I TTFKNLWDKRFG 94
Apis cerana cerana KGQVNDS LSLGKAGG] I TSFKDLWDKRFG 95
Polistes dominulus GGMIGSS. LSMGKAGGY@SSGI SFKDLWNKRFG 104
* dok ok ok ok ok k *hkkk* * * * kkk *k Kk kkkk

Fig. 1. Alignment for defensin peptide from insect. Asterisk indicate the conserved amino acid residue and the six conserved Cys

residues are shown in grey boxes.

1 20 40 52
VTCDLLSIKGVAEHSACAANCLSMGKAGGRCENGVCLCRKTNFKDLWDKRFG

a—helix1
Fig. 2. Scheme for synthetic peptide of defensin.

sloleh. A=A AL 6% TSB ¥R, 1% agaroseS %
HF 3 F 45°C $F(water bath)ell A
Oml— stz 9ol BEsksier Aekel=
2 37°C whek7)ell 18 ~ 24417k E1t wj kst

A °1ﬁ SN g 7o) =2 s 7k 1)
o] FHol| WA EE= clear zoned Z7|E #H-Esleir).
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Ml

HElO|E &Y
dofzl H=Al FA Ak full-length
A 23 gullal2 F 96712 ofm| Al
o2 °]—r°i?<:1 ‘},L_U:] o]= 44719] signal peptide®} 5271
o] mature HeP] =2 FAFH UFS 3‘iJr‘ﬂ stodct. =
3 o2 22 99 fulxlFe] AFEA B2 3] 3+ A
I 3uh o]l & HEe| dulilFe *&%*201 3
stem dallal At SolHel 729 BEH 6719
cysteines 7FAL o5 #el & 4 sddk(Fig. ).
Fnpgo] oulal 3 52702 mature HEF] = o] &3}
o] Bioinformatics Unit®] PSIPREDZ TZE o|&35}9it}.
Fubyg o] Hulale 2709 a-helix®t 17]2] B-sheet T+E2=
ZE31 QI (Fig. 2), YubH o= J3AS Z2ty gloka
oF&] 7l o-helix®} B-sheet 39S FAstsich. supd o=l
zl 5270 2] Sete] = M GFell A A2 o-helix %3 el
My dubgez g4t slefel=etar dAl M A3 AbE
AL Zk31 9= A D (ANCLSMGKA)ZA] o] Z 7]Rog
5z23%e] Mo w3t HAefo] =5 FABA L, AR B-
turn °34-> LISKG A4S 7|22e2 2%2§e] Helo| =5
FA st FHE-2] a-helixell Al FKDLWDK A4S
Z3}, B-sheetoll = VCLCRS X33l 5233} £33}
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B-sheet1 a—helix2

Table 2. Length and molecular weight for synthetic peptide of
defensin

Synthetic peptide Length (aa) Molecular weight (Da)

S1) Bign (38C-51F-NH,) 14 1855
S2) Bign (35V-46L-NH,) 12 1438
S3) Bign (43F-51F-NH,) 9 1253
S4) Bign (25G-41T-NH,) 17 1750
S5) Bign (28G-39R-NH,) 12 1265
S6) Bign (28G-39R-NH,)* 10 1093
S7) Bign (38C-46L-NH,) 9 1123
S8) Bign (35V-43F-NH,) 9 1082
S9) Bign (35V-39R-NH,) 5 591
S10) Bign (28G-34G-NH,) 7 690

*excepted 33N-34G
A ¢k= 123, FUHE- o-helix®}t B-sheete] M LS I
3= 3x3te] A ete] =5 A3 THTable 2).

2. &4t C[HEIMO| antibacterial activity 2Ol

supg o] tallile) st el =9 it HAS
Lsle] 117] Tl dste] A& sk eH(Table 3). E. coli
ML352] 7% S1(38C-51F-NH,, 14aa)l|lA] A8 A)
T 025 pg o3k AFE A%, S2(35V-46L-NH,, 12aa)
9} S8(35V-43F-NH,, 9aa)> 1pg, S6 (28G-39R-NH,,
10aa)= 2 pg, S4(25G-41T-NH,, 17aa), S5(28G-39R-NH,,
12a2)2} S9(35V-39R-NH,, Saay= 5 pgdl 7243 et
W}, Pseudomonas aeruginosa(-)°l| W3t 4= F-A o)A
S1(38C-51F-NH,, 14aa)°] A &G4 =7} 1 g ©l
2 71 $9519 3, S6(28G-39R-NH,, 10aa)E 2.5 g
HE FAS BYo). Micrococcus luteus(+)el| os)A
= S1(38C-51F-NH,, 14aa)e] & A4 F%7} 0.5 pg
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Table 3. Suppression starting concentration for microbes

Ho
o)

Strain S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 cecropin
E. coli ML35(-) 0.25 1 - 5 5 2 5 1 5 - 0.5
P aeruginosa(-) 0.5 =¥ - - - 2.5 - - - - 0.5
M. luteus(+) 0.5 2 - - - 2 - 1 2 - 0.5
E. faecalis(+) 2 - - - - - - - - - 0.5
E. hirae(+) - 2 - - 10 2 - - - - >0.5
S. aureus(+) 1 2 - - - 2 - 2 5 - -
MDRPA(+) 0.5 - - - - 5 - - - - 0.5
MRSA(+) 2 - - - - - - - - - 0.5
C. albicans 0.25 1 - - - - - 0.25 2 - NT**
P syringae NT <2 NT NT <2 <2 NT NT NT NT 0.5

* -, No activity; **NT, not tested

S1)Bign-14aa(38C-51F-NH,), $2)Bign-12aa(35V-46L-NH,), S3)Bign-9aa(43F-51F-NH,), $4)Bign-17aa(25G-41T-NH,), $5)Bign-12aa(28G-39R-
NH,), S6)Bign-10aa(28G-39R-NH,) except 33N-34G, S7)Bign-10aa(38C-46L-NH,), $8)Bign-9aa(35V-43F-NH,), $9)Bign-5aa(35V-39R-

NH,), S10)Bign-7aa(28G-34G-NH,)

o812 71 $4=3519 31, S2(35V-46L-NH,,
39R-NH,, 10aa)2} S8(35V-43F-NH,, 9aa)ye 2 pgi-el 3t
g8 H3loem, S9(35V-39R-NH,, 52)> 5 pgHe]
kAl o] vfebwtel. Enterococcus faecalis Tl WA=
S1 (38C-51F-NH,, 14aa)ollA 2 ugi-e o]F3ho] 2HAIs}g]
31, Enterococcus hirae 7ol 9 8]A413= S2(35V-46L-NH.,,
12a2)9} S6(28G-39R- NH,, 10aa)llA] 2 ugie] o] F 3k
W39 31, S5(28G-39R-NH,, 12aa)oll A& 10 pgollA] o]
F3ke] A3}, Enterococcus <l W3 A= &4 o]
UAE WA 2 o] F-Jho] FHAF o] It A o] 2t
HARR] 3k}, Staphylococcus aureusol) N3t 442 F
A2 S1(38C-51F-NH,, 14aa)°] A &4 =7} 1 ug
o|3}Z 713} 4319131, S2(35V-46L-NH,, 12aa), S6(28G-
39R-NH,, 10aa)2} S8(35V-43F-NH,, 9aa)e 2 pgi-€l 3t
A& B9l e S9(35V-39R-NH,, 5aay> 5 pgHe| 3
A o] Yebdtt. Candida albicansRl)l S84 S1(38C-
51F-NH,, 14aa)2} S8(35V-43F-NH,, 9aa)e] %4 A&
%7} 025 pg o8k 7 92519 31, S2(35V-46L-NH,,
12a2)2 1 pg¥-El, S9(35V-39R-NH,, 5aa)> 2 ugH-te 3
+FAE Bovh WAATTl A 3= Multi drug
resistant Pseudomonas aeruginosa (MDRPA)ol| A S1(38C-
51F-NH,, 14aa)2 0.5 ug¥e] 2 S B3, S6(28G-
39R-NH,, 10aa)y>- 5 ugi€e] 24dS vepde}. Methicillin
resistant  Staphylococcus aureus (MRSA)= S1(38C-51F-
NH,, 14aa)ol| A 2 pge] A4S B W3k A|F
2hl, v 2t Sl AldA T AR Pecrobacterium
carotovorum®l| H3|+= S2(35V-46L-NH,, 12aa), S6(28G-
39R-NH,, 10aa)¢} S5 (28G-39R-NH,, 12aa)ollA] 42142
= Yol SN, A we) AAxuiEY W

12aa), S6(28G-
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el Pseudomonas syringaedl| 1= S6(28G-39R-NH,,
1022), $235V46L-NH, 12a2)%} S5(28G-39R-NH,, 12aa)
AN E A o] 3k

a-helix® BAsHE Aeto| =g 4] Azt 2
A Mz HAAE FHAAIA T TS W3
Aoz gaaed o= Aer F53a 9l
(Matsuzaki 1988), T

|

A7 e Hefo] =9 gatr] ke
= Ao AT e F&ste] o] TR AR Qlell A FAb
718l o channels RHEol MEAS FE5 =3
Mg Y F Aok 934X 3 9lvl(Yeaman and Yount
2003). P22 g-helix®] 23F2E FH 3= MElo|=
=2 obrxAl Mol A 2HQl A7} glokar deiA
9‘),—4‘/]-(Hancock 2001, Lee et al. 1997, Marchini et al.
1993), & 72| H=lal A ete] =olli= PSIPREDe A
a-helix2}3l |53 g ol AlzE|ele] 9le] AA]l a-helix
TFZ7} of 7 A Ebe| =7t 23} F2E HAEHA] F
3= AR oAkt
¥ e
Zupy 2 vElale] A opu| A AMFe] 72 FA
Zhe M dg AlEsa, AA 2 e
T4 Zpolo digt F3H <l AH2A 7]
Eo| o] g-helix 732 Fe}o]= Brl= B-sheet
A5 A o-helix®] M o] I o gt Ao
B} oS Flaldnh. 53] Al2H|ql-oF2 7] (38C-
39R)o| E3Ee] 9l Mele]= MPelA o] ¢4
3L, o= MEH 23}He] gl A7 Helo] =9
E4o= oakslar gl

KN
=
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