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Currently, people are exposed to many harmful diseases. Therefore, there are many schemes, such as automation of productive
facilities, development of information and communication technology, enhanced the quality of human life and wealth.
However, these processes lead to weakened immune system. Thus, people are more vulnerable to infections from pathogens
and environmental stress. Misuse and abuse of drugs resulted in the rapid emergence of multidrug-resistant microbes and tu-
mors, therefore, to find new antibiotics are urgently needed. One of them is a peptide-antibiotic, that is not or less occurred
a drug-resistance, comparing to conventional drugs. Peptides with various antibiotic activities have been identified from life

organisms. The present review provides an overview of activities and application of peptide antibiotics.
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FE B4 5, 7 o] oA ) Al
lElo] =(peptide) = T 28 24, A3 AY, I/ 28, T
280l a9 5o A Fo3 BAE LA 9otk o]
F gkl glelo| B ghokst AgAolA e, g, TR,
24, FE5 48 73 o, AT ~EY A T,
Ao} 5-2)(Table 1) okellA] st A7} o] =1 9l 1, o]
o 7|& oFE9 AAZA oA e thofst Hololla] o]E
AL}t 7hsAdel U] B2 50| o]Fo)x| L Sltk(Figure 1).
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Table 1. The Peptides Show Sequence, Characterization, Activity and Mechanism

Peptides Sequence Characterization Activity Mechanism Reference
Melittin -~ GIGAVLKVLTTGLPALISWI  « Extraction of European honey ¢ Antimicrobial activity * Unstructured in solution, but  [21-24]
KRKRQQ bee Apis mellifera * Hemolysis and cytotoxicity in the presence of membranes

* Hydrophobic, net charge of @ -helix
+6 (pH 7.4) * Amphipathic structure
*It is monomeric at low * Disrupts to cell membranes
oncentration (uM) and forms (toroidal pores)
a tetramer at high concentration * Induced apoptotic cell death
(M) and NF- ¢B inactivation
Magainin-2 GIGKFLHSAKKFGKAFVGEI - Skin of the African clawed < Antimicrobial activity * Electrostatic interaction to  [25-29]
MNS frog Xenopus leavis * Lower cytotoxicity microorganism
* Hydrophobic and amphipathic
@ -helical structure
* Formation of toroidal pore
Temporins FLPLIASLLSKLL * Identified in the skins of the ¢ Active mainly against Gram- ¢ Formation of transmembrane  [30-35]
European frogs R. esculenta positive bacteria, Candia and pores rather than causing a
and R temporaria some human tumor cell line detergent-like disruption of
* Not toxic to hRBCs the cell membr
* Cancer activity * Hydrophobic and « -helical
* Endotoxin neutralization activity
P18 KWKLFKKIPKFLHLAAAKK * Hybrid peptide * Anti-microbial and Anti-cancer * @-helical structure and am-  [40-44]
KKF » Amphiphilic a-helical structure activity phiphilic
* Electrostatic interaction to
melanoma cell membrane
* Rupture in cell membrane
L2 HARIKPTFRRLKWKYKGKF ¢ Substitution of amino acid in  * Antineoplastic * Cell penetration (CP) reduction  [45,46]
w LALF3y51 peptide (A to Y)  * Reduction of tumor growth on the expression of three
compared genes in the Glycolysis pathway
(PDGK1, PGM and ENOI1)
* Decrease in the transcription
of genes related to protein
biosynthesis (EEF1G, EEF1A1
and RPS6)
* Cell cycle arrest-inducing
apoptosis
KSL KKVVFKVKFK * Designed peptide * Amtimicrobial and Candida * @-helical structure [50,51]
albicans
* No hemolytic activity
* Biofilm activity
LL37 LLGDFFRKSKEKIGKEFKRI «Found at human mucosal < Antimicrobial activity and <« Aqueous solution is relatively  [52-54]
VQRIKDFLRNLVPRTES surfaces lower hemolysis and cytoto- disordered, but can switch to
* Cationic, amphipathic host xiciry an «-helical structure contact
defense peptide (released by  * Lipopolysaccharid (LPS) and with the bacterial wall
proteinase3 proteolytic pro- Lipoteichoicacid (LTA) neu- * Membrane disruption and
cessing of the C-terminal tralizing activity insertion into the Dbacteria
domain of the cathelicidin) * Inhibition of bacterial biofilms membrane
* Positively charged molecule ¢ Anti-infective and immuno-
(+6 at pH) modulatory activity
* Induced apoptosis of cytotoxic
T lymphocytes (CTL)
Tripeptide GHK * Synthetic peptide * Effectos on collagen stimu- * Complexes with copper [69]
complex lation
Wb A WG ERohe] el V1 AAlEel tiE ke B9 ek BHE malr) Jeln Aol A9 glo] ¢
WS oF=ol g3 AL Ag7| el gk wE i E3 el T A AR JAAE T o dA Eaek A7 AL
71918k 9]. HF9] BFE dEd YA F sl vizulolil S tH14-16]. &+ HEFO]=1= Lysine?} Arginineol] 2J3) ¥o]2 s}
(vancomysin)©] tet WAt (vancomysin-resistant S. aureus : VRSA) £ 13 =, i Ql OH S8k v e vAES] "Eiﬂ‘ﬂoﬂ z
7hEE gk wad AAY Qe SA A3 #AEo) ofd &Y WIE TP ofuliate] ofa) Alzee) 2
Pt feto| = V1S AekE g F7 vdeY Alxge] ol & gtk 5*? Hete| == 719 BE ArgAlelx EAs= *@Xﬂ
= A Z-gato] S Bolrg Wi F3 Y Wnrt v v o ol 4= 6071 Rk opw|iAte 7 o]FolA Qlt) o5 a-
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Figure 1. The application of peptides.
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< Inhibition of DNA and RNA synthesis ﬁ Phosphatidylcholine
< Inhibition of cell wall synthesis

+ Inhibition of enzymatic activity g Peptide

< Other targets

+# Inhibition of protein synthesis

Figure 2. Action and mechanism of antimicrobial peptides (AMPs)
against bacteria cell membrane.

helical, 4-sheet¥} random-coil 2] 22} F(secondary structure)E 7}
I Qlar F=2 FZFvid(amphipaticity) 2] 54< zteth FEs 2
& 718-E o7 AAR] AR AREA O 2 “carpet”, “barrel-stave”,
“toroidal pore” mechanism 5l 2J3l re|g]o} Alxrute]] &AS FA
v A - A 0 AEES Fafeto] AlSLuell A DNA = RNA
o Ao 24 protein TS A3NSHEAL, protein 5ol A3t
nAES FA8 AdEAY AME-S f-E K Figure 2)[17-20]. EAY
o] AgE FE}O|=F Melittin, Magainin-2, Temporin 5°] 31t
Melittin-> European honey bee Apis mellifera® €] 2] =11 73t
g £F4E-S Aol Zte HERo|EolH, dt HERo| =9
G AlEEAY AE718 ] st B A7) o] Folxl tiaF
FEfo] =olt}. Melittin 267H°] opv|mwal X712 o] o)A glaL, &
24 Aol FE9 Ysalt) &F @-helical T2E 7HAaL HEO]
E YR o]FolH tetramerE FAJTHTE 1986~9174] w]AYE AlE
ol A barrel-stave pore Fd8k= A 02 A% Ot 2001 d Yang et
al. | 28 F3o] AE oA magainin¥} 413} toroidal pore FAJ3}
= 7107 A7 =237 2003 Shai et al.ol 28l Brellg]olel| A car-
pet-like mechanism¥} -2 u Iz &4& Ztevhy Bt
[21,22]. Leusine, Isoleusine] 254 %F7|E- Alanine® *|$k3}o] vl
glotef] tish &4 FASHAIRE hRBC tist 88285 dA35] 7

2AA AE 548 24 5 e o] AANEYE st 23].
3t melittint= A4 Ao NF-ABS] W] EAI SR QA2 2] AR}
(apoptosis) & -EA1717]1% 3FCH24]. Magainin-2-> 1987 ©]=2]
Michael Zasloffell 2]3l] African clawed frog Xenopus laevis®] I]4-of
A Bad 23709 opn| AN GIGKFLHSAKKFGKAFVGEIMNS) ©. 2
o]Folxl Hefo| =R YR a-helical T-Zo|H, MEHel] 28
3t toroidal poreE FAIEITH25.26]. ©] FHEFOI=C] W2 hydro-
phobicity= F=A3E tidl] W2 AAEZEAd-S YER L bacteria, fungi
Sole e Frrahg-S dri27]. 3 B2 AEAtel o8 opu)iAt
2% 52 7e= oy A HEfel =50l WEoRiet], 1 F
FEA O F Pexiganan(®::= MSI-78°0.% E3) Jelo] =7} Qlt2g]. o]
Fefol = Al Fa k] whe] %K ulcer)oll HFEE topical
cream ©. 2 YA} 344 £ A B EATH29]. Temporin 3
O] E(FLPLIASLLSKLL)= 707-8]¢] % XHel|A] ¢DNA cloning”|
%ol o3 9% Helo| =2 Ft 10-149) ohv]Ak 75 A=
TAE Fefo]EER o] FolA] itk o] FEO|=E a-helical THE
Gram-positive bacteria®] S. aureus®} Enterococcus faecium®l 733t
TEdS Ho|w, Hheglo} AlHe] 3)10] transmenbrane poresE 843
 detergent?} FAFSHAl AlZERS S AIZITE 1 5 Temporins A
(FLPLIGRVLSGIL), B (LLPIVGNLLKSLL), L (FVQWFSKFLGRIL)
FEto]= 9] 79 < Temporin L2} Temporin A == B2} 371 2]
3tod LPS(Lipopolysaccharide)”} 3238 13 4] vlel|gjote] d=+&
A A5 adE ATk Temporin L JEPO| = S48E W
LPSol| 7714 3% 2-E(electrostatic interaction)®l] °J3l] Agste]
Temporin A = B FEFO| =7t AlE 2]FuRS F5le] Aol 9
2 & £ UEE Fevh 283 A W in vive A3 ellA] Temporin
L $Eto] =3 LPS-detoxification /do] S1EH] LPSell 23l fiow)=
macrophage 4|32 TNF- ¢ #H]E ¢JA|A]A septic shook o] 2]
st S35 AlgETH30-35]. ol gt Eo| =L A 75l YIS
H| XA ko, thekst WA ol sl 2 &S T ER 5
GAYA AIAZ o]8d & AS Flolth

2.2. &2t HEIO|=(Anti-cancer Peptides)

Fejukete] A9 6nby o), =] A 508k o)do] Ao
GO Z APgh=l, 5~10%7F FAke] wigte] s dojub, 90~
95%+ $Hd(environment) ¥} A5 T(lifestyle)oll Y3l Lol B
et Jleh36]. AAEET 9 EARI QR0 R FA(25%), AEH
(30~35%), FA(15~20%), T 2B L, WA, AAZF2] A3}
ol gl FdEvh37-39]. L3kl o3t Al (anti-cancer drug)®)
AEARN ABG-E AAAIE EollA o 748 9 o AdAs
F3h=t) anti-cancer peptidet= ©]oll thx] & 4= oFEola} Az} =,
1% 2 7HAE 4708karA) S} P18 hybids peptide:™ Magainin 22|
FF2EA Wk} Cecropin A9 oFv| i Tk B8 dFste] AAE
A HELO] =R helix-to-helix 7325 A3t} o] Fefo]== can-
cerM| ol =2 E-E Wol= Wk, oA e Qlo] W AlEEA
< Yehdith 53] oS FPAIE A3759] Alxute] FA71H
SAEE sto] AEE WRE FY5HI, ofF AEE B3 A7AY
EJX]A] 3} 2| Al(necrosis)E = 3HCH40-42]. 12|37 human leuke-
mia K562 A|32EHe] Q)& Et=r Al7]ar, |t sh]ofl oJsf|A] Al
2 getol=rt FabEo] AEe] AN FEFTH43]. CAMEL
FElo] = 3 Cecropine®] 1-7HA] 2} Melittin®] 2-91HA o}r] -AkS
Adste] AA1E el B2 AT olA §F2go] YoT)H| kom,
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melanoma 4321 B16-F10°14] mitochondria®] -2 F5E3FL cyto-
chrom ¢ F2]3}% caspase 3 &2 Walistt). 184 ATP o] A
F o] melanomar|EE- I|AMAZITH44]. L-23EFe] == ZAl(Horseshoe
crabs)°ll4] #-2]% Limulus anti-LPS factor (LALF32-51)2] 33% alanine
< tyrosine 0.2 *|3st FEfo]=oln] FH-ZH I} endotoxinol] &Jeh
septic shocks "rol& ¥Rk ol2H45] AN Aol Qo] gly-
colysis pathway®l] &&¥ 371¢] 21 PDGK1 (3-phosphoinosi-
tide-dependent protein kinase), PGM (Phosphoglycerate mutase), ENO1
(alpha-enolase) &S Aa 2 AAAIA cell cycle arrest?} apoptosis
5 %34, T3k EEFIG (Elongation factor 1-gamma), EEFIAI
(Elongation factor 1-alpha 1), RPS6 (ribosomal protein S6)3} -2 &t
W A fRke] AANE AT Bl TH46]. o] 2
anti-cancer peptidesi= tumor cellS AP 0 F APHAIZ | = 448 X
olm® g AR o] ZlcHrt

2.3. 28 E74Surgical Device - Biofilm)

Costerton ef al.-> TF¥gk W73 Z)Q1 Bl A biofilm ¥-d 2} ve|g]o}
2378l 91o] 15% “floaters’, 85% ‘slime’ = AJo] Ho] WA T
Ao AS e Biofilm vlE|2]ol7} A% polysaccharide,
protein, DNAE #H]3lo] A ¥ F&A(extracelluar polymeric sub-
stance : EPS)E At 7+ AWox] Fast FAHCRE AAHy W
= Wol AFHIL ATH47]. 53] FolU(Otitis media), THAA
(prostatitis), ‘&3¥/d417-5(Cystic fibrosis), =2} (dental plaque) 5-°I
A F2 vERdt) 3 58 Ti(catheters, stents 5)°l141<] bio-
film3/d- dif-F 93 7o) Rlo] #rk m5E VElo® Hhd
1791 74 &) A= biofilm FHA7E AML, vid 557 o] Apge]
ol2&d), ALY AHdE E7sta AP ALAA Srtstn
QUTH47]. T3 biofilm A F-f Blelg]o} nlsl &8 (antibiotic)
A 2]Al #A-A 3 s E(minimal inhibitory concentration : MIC)”7} 100
~10009) °]A Z71etba WarEal Qri{48,49].

B aro] 9Jabd KSL decapeptide (KKVVFKVKFK)E W &0
A 1% 5437 1% 9 (Gram-negative and Gram-positive) B1E| 2k
ot} Candida albicans®l 733$t =t 28-S 319, =& FZo4 §38
2hgo] dojutr] ¢k=t}H50]. KSL decapeptidei= 4 <2F2] biofilm 37
A 24g s, FX ) AFHS AT HZ BaE ok
ok A= Z(chewing gum)Qtell 5~20 mg/l g& €O in vitroS} in
vivo Z3elA 0] AEE 20 mingk FR1IFH A3} 80% Y H|E =

< 427
= Z3sHAl AAAZTHS1). R ofe} QIZEE] Jmef] EAlSHE
ofol 3} FEAwAdS ZH= LL-37 FER] == proteinase 301 23]
Cathelicidin®]] C-terminal’?-+-0] &% 2102 3770€] opv|Aks
A, MEute] Agtelo] g-helical T-%25 ¥43H}52,53]. LL-37
= Gt B4 9lol ofe] 71A|2] el HolshE Ao E deA S,
FAAl AR mollA 2~5 pg/mL FE FH]EA]RE cystic fibrosis
(CF)&} 22 w1l 9ZA] 30 pg/mlL o)ito] EujEtiy B e
t}. 18]3 Gram-negative®] lippolysaccharide (LPS)®} Gram-positive
2] lipoteichoic acid (LTA)l neutralizing /3-8 RQIt}53,54]. H=3t
vheglo} g de] Fofdh= type IV pilus A 2d oA, ML
A1 % (quorum-sensing systems : QS)2} T 3}= Las®} Rhl systems 2]
S A Boiste] biofilm A AA715S ZH=TH54).

g T AEAE biofilmAF ol njAES] HAS T
S8 A 24AE FRHAY Txs= VeEC] AFEHR L Stk

==
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Willcox et al.> ZEEU =] skA] Felo] =2l melimines 1-eth-
ly-3-(3-dimethylaminoprophyl) carbodiimideE ©]-g3}o] F-2A|7| 22
S B W olEl autoclave Foll= EAo] fAEHS B
2 3FATH55). LL-372] 3% titanium surfaceoll FH SO ZM E. coli
o tisl FEdS BATH56). 2y dwrE oz MEefo| =y} 3}
A F8E 7F soluble’ S ENS] HFEFO|ERT} Stgo] AT
Yo A =H|[57], ol& FF HekE ool & Fdoln] AF, Az 59
B ARGl lo] 8799 Aol #3k B A5F Qs Aol

2.4. SIAEEZ HEI|=(Cosmetics Peptides)

H Al st ti7]He] Eqydsle F-o] A1 24e]
AUV : ultra violate) =F2] F7FE IF-9] £AE doFIth UVE
UVBS} UVAZ Y& = Sith UVB (280~320 nm)= o} w27
Fof &8 T A0 F 444 F(ROS : reactive oxygen species)
28748 2 © 7 melanin, melanogenic 721 photo-oxidation, poly-
merizationt| &2 2 A|7F ol I 75 A wH=U58,59]. HE3F v
9] pre-existing melanin¥} melaninAtolollA] W Alsls fdsh| =
SH59]. UVA (320~400 nm)= UVBO]| B3| Sie] m]4-alo] s}
= A& ARAAATE S 7T Melanocyte= 3)5-0} 9] fi-
broblasts 2} 33 9] keratinocyte”} %™, UV thE 37gof 2%t
v -2 £ 8l v 2ol e dhti{60,61]. UVBSE UVAE £
3= solar-simulated radiation (SSR)<> melanin JA+e] S7toll §lo] &
23t melanocyte-specific marker (tyrosinase, tyrosinase-related protein
1, MIFT) 2&S& #=3th61]. 224 o] odll w2 UVBO
o5t T oF, 2] Wk 18} T SRS oAsAY 3] kA
U yRFA B S0 BH o7 UV xAE AMESTHe2]. 3,
UVB®l| ]38t free radical®] A2 JF w315 S7MA7]=t] o] &4
AbaE glell7] S8l ksl aAaEd Tl 22 RaiAkEe] o
ot e 9 4 STl Bofshsd] FEHlF elastase A3
ol T3k G420 lysyl oxidase] 8/3& S7FAIZIT) Tripeptie com-
plex (gyleyl-L-histidyl-L-lysine : GHK): 2|2} Z35lA] F-21E o] Al
IYHE AU ekl A= 5o gaE ke FloE 9y
A8 BES FAAATTH63]). 5 GHKSF FARE 753 2
HEPo| = AFE-S UVBel 25k 1]e] &4 W 9 9 JE|a v
w3t 58 ol = & AorH64-69]. Argireline> TIAQl T2
1380) )3 AAE haxapeptide (Ac-EEMQRR-NH,) % &5-S(antiwrinkle)
A4S 7Y B =l 70]. ©] WEFS] =+ Botulinum nerotoxin
¥} -2 neurotransmitter 2] &S A8l 2E712HS AU A
Edo] AL Wolx] ok=t} H3l argirelines 10% 33t oil/water
A& Tl Tk 309 Alet A 30% o)) 59 2]
7F =tk o]|EA el o] Ete| =] AR Ve S Hol 573l
t}. olglell AAZIA A&, HRE Bf SolA dakst B3S 7R+
Hefo|Ex0] wo] FHHNL o]52 AFoly sdE HIHIEA

71t =] o ey 71-73].

3. W3g

FAA] @ - Fgo7 Qs utelalo}l, FPol, 7|1E, ey 9
R o|Z/|7kA] A& o AL Zrbstar ek A AA
Be AL A&A ATZ Fal) AlA H A tiAb 2 ol A
A Sl A AFE u]HH = A F st e =S WA
31, @A) kgt FEfo] =2 o] 45k APy} Bhuks] R v o)k o

e o
N
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U ATEL wEoR PAVIsel G vIAA @ovd, hepat
WA Tt B AT e BHE 2 peptidets FAAZ A
@ % 9l Ane) Fu Bl o AXM, S48 BT YA 7
©=HE ) biofimBAS OASH: et =] Abg-E ol e
Wl 9lo] 71E FAuT B Etaloleh ket ek uvel olat
S £ 9 S sk S8 e 9 lolet o AR o 1}
o7k a4 - aekl A, biofilm A4 C1AA, BAE, 137 Se)
Aol vhepst eol=So] Ag 7Fse Zloleh ol AR
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