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Abstract: Antimicrobial peptides are widely used in various
organisms as a defense system against infection. The peptides
are lethal towards bacteria and fungi, however have minimal
toxicity in mammalian and plant cells. In this aspect, it is
considered that antimicrobial peptides are new alternative
materials for defensing against microbial infection. Here, we
describe overall characteristics of antimicrobial peptides
based on the mechanism of action, classification of the
peptides, report detection/screening methods and chemical/
biological production. It is expected that understanding of
innate immune system based on antimicrobial peptides tends
to develop novel natural antimicrobial agents, which might be
applied for defensing pathogenic microorganisms resistant
to conventional antibiotics.
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a1 oE WHIeh= A o® dEA] St o] s el 3
ofx] Wl &gk Henkgo] dojupr] Ao dapA o=
ole] Fejol v gjol= R H ] HdE Holre 9T
sh= Zlo®, AYAIES YA o R tekelt 34t | =
(antimicrobial peptide) 5= A1t A o= Feter}, 53],
HE 71E FAAES] s e =S FEle] 8
7ol A o2 A zsto] A WAddte] 3] wE
Al F7FskaL Qlaz, olel tfsh tijke s, AdAe] EAsh=
A L] o712 T shRl, At sElo| o] thigh #H
v} ghllof] we PAES Holal it

St el == 1962300 71-2] (Bombina variegate) ]
313 FH oA AHFo % T EAIS WAL, o]
247119] o] iAke 2 GAd % bombinin©| @ St HER| =
7} &2 BEAet[1,2]. 2 o5 1971 O] =2 (bee
venom) Z-E melittino] & FEL] =7} A E = 5 o]
AEE2HE TeFe It Pl s welsk] AlEkskal
a1, o]% W 54 9 Vel et W A9t AL 9
Tk [3]. Z2Eu oAEA] A e et e =50l st
ATEe HobS o] 7 DA3e] Sl AWk A=
7HA AL Q7 1= SHAIRE ofn|ieAke] A idelM= AL FAMY
<= HolX| o1 Qit}. o= Zzte) BEA7) APAle] AL Q)
= el Agdeles ARl Heel = 42 W AdE 2]
th=A XA AS] whtelekar Azt ofe|sh SHelA,
ol ANERI gt Eje] =] SAdS Adielar, AR
+ St FElo|=o] gz Alel] Telo] & Vsl St

2. 3 Hetol=o) B4
21579 % &8 AAYE

AT B )5 it WEOI=ES] FEA BYOR
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AnkA o7 ek 207] Wi9] €] ofrato® g wo] glo
™, o] ofn|iAl F 9-107119] ofn]iate] ks =
ofu| =4kl 2]l (Lysine), ©F27]d (Arginine), 3]2~E]H
(Histidine) 5= 73% o] ltt. o]F 4t el =E0]
ol oFHste] opn|akg thegF EFslaL Qi B o] ofy]
AFEC] o] 52 Al AR AR P T wiizelth
=, St Jefo|=9] 2872 oA o]F FHskE W ofv]
Abo] SHsks W el Mty A5 Akg Al st
o8ks Sh= A og ke et g el =, o
SHE W FE oY) 2 o] A FEsHE oF
20 S Wi Qe o] A o2 2 wIAUE
Hofsl] wiEolct, A7k Eet FEfo|=2] 28714} 7}
A F 7P eFA Al AlAE AL Q)= A2 Shai-Matsuzaki-
Huang (SMH) F2l=, Aot B&e lEfo| T 25739 31
A1) BR o7 AFst FxE o)A Ha FEE W
2979 o] Sxske W wh|glote] Alxuta) AgsH
Ak [4-7]. (o]w] eto] =9} AEute] Agtee AN Ca”,
Mg’ 5ol mlal oF 2-3u) o] st Ao deA Qlok) 1
d = Azt A3 el =0 49 Fto] Al
1A (phospholipid) 2] 24 Fto) S a-8-ah, 7
(wormhole) F/J5H] Ho] Alzuke] Frlws a7/
H3 At AEE siehA Fokal Basa ek (Fig. 1).
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Fig. 1. The Shai-Matsuzaki-Huang model of the mechanism of action
of an antimicrobial peptide [3].

71 et fjefo] =2 EXdo] 1AL (eukaryote) 7}
ohdl AT (prokaryote)el ] LFERR= o] f= 0] 5]
Alzzer 97373:E2] Apo] whizoltt. S WM L] 75 A
AFEol= G A o]Fut T o-e) sheks s ko] oF
A5 (net charge)7h 712] 00 71719] S5k W &g 2
Efo| =8} s 2-g-ah= §lo] ofsltt. Bugh RlEA| o) EA)
sh= FelElEe] 1XA (phospholipid) 7+] f58 =
o5 t SEe| =7 A= 2ls SR TIo RN ol
o] e AsiEt (Fig. 2).

Sk, &t FEe] S vAE S Gram 9 9 oA
O ZRE FEsk ALY Y Qi) o] uAE fEle] At e}
0] == bacteriocins© |2} S| YA, A} 3t FElo| =7}

HE v s Aol EE v XA ko FABAld Q)
v ES FolAY BS5S Ak Aoz g4 2l
t} [8]. olE E°1, Gram +/d+%] T34 Q! bacteriocins ©.
2 colicins, microcins 5°] H7¥ 37 2131, Gram o731 B
o} o5 vkl st T2 ZhktelA] AAEEE Gram
Fd+19] bacteriocins<> lantibiotics 2 D% %+ & HEF
O|EEENE oY FHE SAste] EEH L QU o5
Azt Fo), Ak e, Sl A Al 5 theket wlA
yzel o8l v Aldss Fole slo= defA 9lor,
gAA o 2= FAAES] vhe Fystoza A-g-sirial
defA] Slek [8-10].
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Fig. 2. The activity difference of antimicrobial peptides in the
membranes of microbes and multicellular animals [3].

22. JPEA 2 A Fd ol =9 FEH
71328 @A AR 7382 EAdo AlEe) E4S
gfha o 2 Asljshiz Wi Pt FElo] == SMH RLEellA
AR E SIS0l shetA Rl o] ofuel EefAQl o
AlEEEke] SRS fFiegiths 2fol& Adths & 2jolzlo]
Atk webA, 71=2] @Al tieted, Ml A 9] Bhet
2 2 A= st 7 aE WAzl o= Aol o
do] A7|E=F o= vhd, @t fele| =9] - o] &) 2
Ao Qe 718 el thete] st A4S 7
™, BE5E A H-gell oJst i date] Hhg SHellM e o
SR 0" AAX I Qlrt. TS whgo|o} gk ofuE} Xat
Froll theh &t Vet Slar, Foluv 7R 2 e et
o|E=® MdEo] o8] MARM S EF FEH At
o] 7FsstaL AA| 12 gk Ag-E0] 3 Foll vk [11,12].
Jef dRbA o 7 MbAE = Pt JlEfe| B A5
A'&% (Minimal Inhibition Concentration (MIC)) #t°] =
O} (5, 3ol viehi whio] 9o wIn S % 94
A} e A AeRs Flo] ule FRai, e vl
2 Fafjadel ot el A B BIAES] F23 94w
2-g517] wiell, HZelis AAlelA 2oli= L-3 op|Ak
o] opd D-& 9] opu| Al B v QA opn| Ak R oA
She o A7 Rl SR, D-9 Hos HIAA
op|iAhe AREE 7 T el g Aol oFt Tl =
SARE A ] Wk skl Hol 1 A9
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Table 1. Representative antimicrobial peptides [11]

=5 Peptide 8% A 7] 2 A AEA Eiriig: A FuEd
~ Mo B O} W S A7
Magainin 2.5 kDa, 237}] Lys rich N2 E3) Gram S = dt [28]

ofuliite 2 4

~4 kDa, 30~45711<]

Cysteine®] §1=  Cecropins ofu] i Ako 2 74 Lys rich, C-2%+o] amidation 2Eo) gl Gram U L ST [29]
o-helical &+t 3 — S ©] 24 Paneth
Elo] = Cecropin P1 A C-Zeto] amidation cJ—eH: ane Gram &7J [30]
Buforin 39719 Histone Ta2] C-terminal 1] 2707219 Gram %A 9 A+, 5]
opu|:zAFO 7 FHA] 2} A stomach 4t
: : 43 or 597112 . .
g{gﬁeg%‘iﬁ Bac5, Bac7 opm At o 2 4] PRP, PP motif |4 9] neutrophils ~ Gram % 2! S+ [32]

veALE2) S 397°]
olgegis Y oppioz 74

PRP, PP motif A2

wHA o) 2%

Eol=

Indolicidin 1371 2] o}u] -4k 5719] trp residues & -3 229 neutrophils  Gram & 2! 24+ [34]
Dodecapentid disulfide bond | 2] 3l %] 9
ep P 12708] opH]AE 709 residues 2 ©]F I loop  429] neutrophils  Gram ¥ 2 2734,  [35]
7FEA
Ll 1
bjl:}_;} gglgt 2034719] C-terminal -£]01 7712
St flejojm  BIOVINIS oy o oy residues O]EHO*@OW b= A2l Gram 4 347 [36]
7
Ranalexin 2074 = A} I Gram %4 2 SA#  [37)
ofu]=AkS 2 4 ¢ ° ¢ s’ xwmol
Defensins 20~45712] o}u] Ak arg-rich, salt or ion sensitive AVl E719] Gram 9HA 9S4 8]
= 7)) o]Ake] A ~4kDa activity neutrophils fungi
disulfide bond & . 38~42711¢ s .
x]litl_l Bl_sieeotn; = B-defensin oAb EHEJ T4 4-8709) arg S 3 bovine leukocytes A= [39]
9] gt FEfo| = . 16~187119] ) Gram ©FA] 2l &-4]
Protegrin oAt o 2 4] <+ 71} S-S bonds porcine leukocytes fungi. %g& /Iﬂ_‘,;_ Elci "j’ [40]

Y2 Asp7IR ko ofof thet St ATE F
et & 5 QAT [13)

23. 3 HePo|=E ER 2 Y

St el B 2 9 =2 Ao A A e
W& ATt Foll wE|o], 7)ol dE Agrg Al
78] 7)o o] At AL, o]F = el
St FEle| 55 x3lsto] 3%, A&, FEollA] 50097 71
oo st FEo] =7t ApAolA ARHEA, FAl St 3
Efo] S oAl 24 8] Bol 2] Eare) 2af 72E vl
o7 sl o) [14]. A, AAEHIQD (Cysteine)©] =
o-HA1E (orhelical) Tt HERO| ==, 19800l HE= 791
Follupike] "ol x| e MlAZ3 (cecropin) ©]F,
o] el MAZHA (cecropin)S°] TS 2FEolA
W E AL cDNA7E S22 5] $kom], 1989 ol= =)
28] 27 AT AR S A BE QI [15,16]. A=
(cecropin) 9] 3= gk G719 WA E N-EE F-el9k
2] WAy e 1R Ho] 9l o] F Hele 2
=4 (proline)oltt =4l (glycine) &= T3 AAH-2]
(hinge region)°ll 2J3l] A=|o] QIt}. Tzl C-et ofm| At
2 ol =3} (amidation) o] 910w, N-eke] 31 WAL
T WA 9] ofr]| 4k ERES (tryptophane) O F FO{3)E=

P

o] EAolt}. AlA=ZH (cecropin) O]l E H2 FF2]
LS St el | =t vjkst BEAEENE EdE o
T} [17]. &4, AI2HIQ] (Cysteine)©| §laL 57 ob] Ak
o] o A et JPEo|=R ErEr, ol =
=3 (proline), ©F27]\d (arginine), 2|4 (glycine), 52
ofu|izAte] thE 7=l vlal 5o] Wol xE3star qlrt.
A shte] o)8kalAst (disulfide bond)S ESEH= St
Felol T, 2 /2] EujoA] wdE AR c-T
o F2lollx o]gskAT el oJsf 7719] opn]Ate ® o] Fo]
7 F3E 25 Ad Flo] shte] SAolnt. drEA Wk
7F wig- FRLIsieE A, 7 Il o)) olgdskadhs Ad
-1 729 3 eI T, T2 A)AM|3E (phagocytes)
9] granuleolA = o] git} thiz]}l fefo| =R = o
Al (defensing)©] A= o5 E7], F, ARl Wi
oAl BEAE ST}, tHAl (defensing)> Aol W —Lo] 7
Follis AA T e) 5-7%E AR v F-8h, o=
71'd (arginine)©] F-3t et =olt}. et = 2]
olgstdztel o5l YAE FARNL] B T2l o= d
(arginine) > A7 ofr]Ate] EAlsk=d] o]l & =
o] & dal7t fEtol 9] stdAdel| vilg- FQst JTE
st Aoz oA itk dliAd FQ It FEe|tE
Table 1°1 J2JsI3itt [14].
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3.3 HEelo]| = 9] B4 W A}

3.1 9% Mefol o] ga)
Gt Hefo| =5 AR ABAlelk=t] QlojA 7S A
gw]ojof 3k M-S A 2E- SNt PEfo|=F FAlEkL
ok k= Zloftt, dubd o 7 Al & WS ARGl
ol gAltEE Foke] ¥ AHEEN AE2E 4 F,
Z59E MEZE 38kl 5% oPAEALIA AAIZE A2
sto] HFAO0® A FEES POl o] F acid urea-(AU)-

PAGE A719%= 738sto] felo| =S #elal Wt (o

] AP FEE B sk v ddS A5 w ARy

= WHolth. AU-PAGER FElo| =5 F2jgt A2 & A%

st 5w ES ZolsS A ukE Ego)Ee]| HA st

F AL 7o mM o= Folof sidshs Fete| =t St

Ha A fefo] =RIAE Stopd 4= Qla1, o] Jeje|=E

g NA| A =Zr}E 1] (reverse phase-high performance

liquid chromatography)E 531 AIgt $, o] Al 74

< Fot] HEAoR 1 AMES geuiAl Ht
SHA, AntA| o & MY St |5 e

712 A} vl wsols W A o' v FAdE A

YHar Qiok webs] AlEAl e g felo|=et & Aeke

I AEE SAste] AHshs 2o Fgrzlo]tt. oo

A BAE SAs] flete] that 22 o] o]

AREE L Qe

@ Disc diffusion method: ©] 2 thd v]8=-S Zo}t
2 A kg EolEe Y WAl A A
== gol=y 7l F ETH (plaque)®] A& 57
sto] 7 e s Sk WHoE, Hey) 22
oA A o7 7 Wol ARgetar 7 1A Wl
< sheltt [18].

(@ Agar dilution method: 8412] & Hehlle A|3=
T HALEAEE (MIC)7F 98] AHEE=t, ol
A Asfishedl Hodh HAaske] A sE=
Al o] gho]l Y& w2 S A A gvlstal,
o] Fh& A= AR} 3 A2k 7t el wet 1 gkol
th=r}, o] BPHE- A2l S MICE HEs] 4]
state] Uehdl= o R A AlEsied e s
o] SAE H7FeE - AR vljokE- Zdlo)Ee] Zar 719
1 FZY (colony) TE MOEM 1 /N7 Agl®
ash= AHY sEE MICE YehAl €t [19].

@ Colorimetric method: A 33 F W2 YA
Y574 Al 7P Wol 2rol= o] A njAYE-S Al
3 Ak Elo|EolA FHAE o1 ot 7190k 51|
uitel] ok AREARRAQ]D Holehs TS 7 AL
ATt olef] wRE AJZE of] wesh MAY W30 et
S k= ol A=A o] Wl AREE=
=22 Q144 (phospholipid)©ll PDA (polymerized Poly
DiAcetylene)7} A Z o=, o]7lo] @31 &t
St Fele| =5 H7IsIolE A5 @t 0] gl wWe
bAoA, 1 A Hof wet Ak H Mow |
SHAl ©t} [20,21]. ©] &2 it el =) 91A1H

(phospholipid) ¥} A3 PDAC] T35 $FeH4] o= s}
Ao RA T FERIste] whE abge] W3k Qléto]
213, EubA €

@ Fluorescence Resonance Energy Transfer (FRET) method:
T ot JEfo|= FHEAZNE, TAZel| a8
Hor ugdol ut Fepo| =5 Adedshs W
Ugko % FRETO] a8 I Fepe|=0] ddi=
Az 2 St FEre| =0 A wEA 57
sh= Wgolnt [22]. TAIA SRt HEfe| =9 At
ol s AL/ sk A%, A hEs) glitelA
UER}= pH W3lE FRET 6524 S48 5 QJu=
sk3lom, o] 9J8le] FRET®] 7Fs3h A= the &%
S AR Alzkslo] Al RellM AT
a1, Pt fyejo]=of] ofsf A7t sl wet Al £
2 525 9 9] WSAo] FRET 882

LERA] Si3ic}. AREAQL A4S Fig. 3¢ WERlI

Intracellular

AMP

Extracellular

‘ pH 6.0
2oy

¥

High Y/C l Decreased Y/C

YIC ratio

conc.

Fig. 3. FRET-based activity assay of antimicrobial peptides [22].

3.2. ¥+t Hero| =2 B4t

3.2.1. 383 g4

FEto] o] - thge] opn|ilo] JE|E Aol o3|
A e v= g, opn|iike] 7) Aof {7]3818kA Q1
e Sato] A 4 QT ARk o R dAf AdEE o
AlsollA e a1 Q= Bt Efo] =] - A9 it
o] olefgt s}8t4] S Fslo] BAkekar Qi [23,24]. o
EAOE, Fmocd & HE7]E o83 Hefol= {717
S olgste] wAPdelM FAdshke A ARt o®
ARG DL Qlom], Whe-5 A%A o7 ko] e dstarat
sh= FEO|EE C-EHTE N-2w] A2 gt
1231, o] Ed e =4= trifluoroacetic acid (TFA)
= o]gato] 14 gxlellA wWojual ethyl ether?} -2 &

A
BTk AT el W OREO R AN RS B
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o

sto] FDA Q] 7H28- 591 HAkE Feliof o] |
o w27 dAl go] vl Fasht. whebA E tha
A EEE S el Es F Qo] wheh F2nkE 8]
(Preparative Chromatography) W ©.& U2 R-2|A|7 5=
A & glomw sk gdro] wol Qi) ARk
olg|3t e Eatal ofF ko] | cycled 0.02~
0.2 mmol L=z v¢- Hov =z oyt FA|7F Qo]
710 whg VIO R 18t 7| A9l 22 A
BAHE 237 ob FEdd Zlow dAdkEn)

=

i

Cleavable linker

S

1 P .
Microinjectionor | p o v Fusion partner ‘ Antimicrobial

nuclear transfer peptide

‘3’ ‘

+ Inclusion body
forming domain

+ Affinity purification
. domain

Fusi IL_| Antimicrobial
usion partner

Expression and
peptide

Purification

\ 4

Site specific cleavage

Antimicrobial |
peptide

Fig. 4. Production of antimicrobial peptides based on fusion protein
strategy.

3.2.2. RHETEH YLF

O e 7= sk AL tigre] 739 S e
o=yt &S E L Qv MRS dFo|EE ol E
AtFR o] gste] it el =5 Wdstaust &
735, ARk o2 Hl8Ad o) ' v Wil g3k
AomM AE el 3314 FelE WS Fe5t
T} (Fig. 4). TAZ 02 o5 549, 42 pHAlM &5
Ao =2 ¥ = WA (Halocynthia aurantium) 22
v EZ=rkol e A v2HA (polyhedrin) &F St ERO| =
= FAA AT A g2 WA A
of Il £ gt eto| =2 FedAE Solskl 3
o = Ut (Fig. 5) [25]. 53], sigzute]d 2 2|
(polyhedron)= E-& 127§2] ] tp2HA] dhzlo] Ko
A& olFaL lar, tidt ellA Eelsehs] 549
upe} 84 B SR Al dE, SAA FH
o] wjEZufolel 2 oA (polyhedron) TS pH
Wgle]] olato] -84 Tl s wish A = Qlrt. whet
A, o] 735 o] AHEIAE ARG 9dale o)
st @t Fefo|= FETHAEE pH 271 WEte] 7Rk
ato] A FEE T e 534S AYa Aok

@ FAAE Aas T2 o AL oA AR i
= BARA R sto] BAksols B 7 =2 4
THS 28 75 AROL et el =7 X84
o7 AREEE S w v =S AWl EAsh=

lipopolysaccharide (LPS)%] 14 wlizoll 2] A] Al
et Fort e Btk ofe} o]of WE FE&
AE As] FHrsliof sk wdo] Stk wheba] wag
0] opd tE ofy ALRANAN A= ATE
o] FalE] a1 Qlom | 1 Fof|A 2l EofA St FElO|=
£ A A E0] YRR He AE = 0 Sl el
= =4, &2 myeloid 2] &4t FElC] =21 SMAP-29
£ intein, chitin-binding domain (CBD)Z} §3AIA ©]
5 A=A &l (Nicotiana tabacum)®l F3AA71+=
WS- ARE-sto] AT [26]. o] inteinS T A
o ke S AYA| U] HA] & 44 (post-translational
modification) 2y A] ZEA k=, A @A splicing
o] o= F-© 2 dithiothreitol (DTT), hydroxylamine
I 2 54 st I Aelgte 24 SMAP-29
¢} CBDS Zefd7] $13t daatg| 2 ARg-Ear Qo
12131, CBD=, A o] gAllo] B om A}
25 His-tag?} "R R, AL 31 § 55525
B ¢2)7} ok 3 TS Eelsivly] £ affinity-
tag © 2 7|¥ (chitin)2} A& o] o} 71¥l (chitin)S
FZAIZ GiRle) SR =R o] e ] AR
€t (Fig. 4). sk, A=A1E o] 83 A5 MAT
80| ol Xk AEAE 719k 5h, AEAlE
£ wfishs Bgo] ANt sEAIN v AlER) Bl wske]
= o ¥ @& dArt eqtEnh

A =S STE 3 AAAH: I ER|EE
CHO A2z8} & F2A|3EollA] vigksh= Zlo] obd 3
A3 T8 Foto] sl A% 73 HoA
A} [3,27]. WhEARQ] A2, 9=2] PPL Therapeutics
o} 22 3L A4 Fat HElo|=E ket E 4
A E S A FAAE e A Al WEAE
(oocyte)ollF=Ssto] ZFAIA Hold SEEHE olF
e, gakstar Qi ojuf HE ot o]t A
(mammal gland)el|X] 8|S 55 243l FAHS &
=9 Ao gy o) sl ke kst
ojuf A Bt FEP|EF wel, Al Hlste] &8
hlS 918k & (fusion partner) 2 AThS 93 AR
91 (cleavage linker)E ASISIITH (Fig. 4). 443 &
= AREE AR AARLY] e AR, 9] g
PAHS FaS Il WA o]E AgE] oleR2 Y-
B &3 P4t Felol=E FEjal] R AlsEnieF 9
AIEIRYE S8k 23 SOl Al Ee] vl Bk
ol Au)gom BAre = ik B w2 s
I HEe] 7L £2 0% dEA itk At} ol&
Zeollx AR 739 A= HAE *3%F 10,000 Lefl St
k= 8 AAksh] witoll AAEol QlofA A
sk Zlo® Hysky Qlot wok JAHS FE5S T2
AR A A A vV R BA1S
(posttranslational modification)©| 7Fs8lch= &< 7}
A AL ik, s W et Elel=0] g T &
C-gt Fiof olu| =3} (amidation)”} Lolgo =2 Q1s)
o] 1 &/o] virtE= Ao® A vt whbA o]
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R oM BkE o P SERFE It e
= 3

Fe] ARl B0 Ab Tt

(a) <

Polh-Hall8
(~33.6 kDa)

Fig. 5. Expression and purification of an antimicrobial peptide by
fusion with baculoviral polyhedron in Escherichia coli [25].
(a) The expression of fusion protein of polyhedrin and halocidin
subunit (antimicrobial peptide), (b) Antibacterial activity assay of
purified recombinant halocidin subunit.

4. 8E

St el == AAA 2] AT Aol AREE= ol 12 %
ShtE, ofefl Tk A= AkdAelA 7 %1skA 0% o
U A AdE olalishs dl 7]ofgvtar skt B
A8 Sl 712 A W s S5 T e
shtel tijke =, o v abe] A Y S At
= AR Sell F-Eohs A 2ARA, A4 S S
HISE 7h 250 A S3e A% AERREA, VIS
AL e FAAA F= BEA|, AEH7A, s,
IS F QR S vheksh A Foll 0|27 17k thekal
A 28 o vk HT A Vo] weR wEA w
e 1 SR o] w2 AR It el Ee
FAA, Fufolei A, WA ee R o5 A A
o= A8 7Fs7del k. 53], s gAY B 5
Aevhs 29l el Ak T vdEel AL
2 eF3Ho] 9lo, YA ZTE A7 DA o
& MR SR E el Fdol 2 e =S B
gl Shustasl shs bl A4 ¥ B2 dEs Bolal gt
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