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Natural Antibiotics: Antimicrobial Peptides

‘Department of Oral Pathology, *Department of Oral Microbiology and Immunology, College of Dentistry,
Kangnung National University
Yeon Sook Kim', Jeong Jae Kim?, Young Nim Cho#®

Antimicrobial peptides are natural antibiotics evolved by many plants, invertebrate, and vertebrate to defend against the
microbial infection. Antimicrobial peptides show a broad-spectrum antimicrobial activity with little opportunity for the
development of resistance since they target microbial membranes that distinguish microbes from eukaryotic cells. The oral cavity
is constantly exposed to microbial challenges and antimicrobial peptides play an important role in maintaining the oral health.
With the increase of resistant micro-organisms to conventional antibiotics, antimicrobial peptides are attracting interests as novel
antibiotics. In this review, the characteristics of antimicrobial peptides including the classification, mechanism of action,

resistance, and expression in the oral cavity have been discussed in the prospect of application to oral discascs.
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Antimicrobial Sequences Database (AMSDb,
http://www bbem.univ trieste it/ ~ tossi/antimic.h
tml) ol W= 2002 99 79 €A 754F9 I
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Structure Peptide - . Sequence - Origin
a-helical Cecropin A KWKLFKKIEKVGONIRDGLLKAGPAVAVVGQATQIAKa Silk moth
Magainin 2 GIGKFLHSAKKFGKAFVGEIMNS Frog
Cermaseptin 1 ALWKTMLKKIGTMALHAGKAALGAAADTISQGTQ Frog
LL-37 LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES Human
Buforin I TRSSRAGLQFPVGRVHRLLRK Vertebrate
Bactenecin 1 RLCRIWIRVCR Cow
str:(::l?re, Thanatin GSKKPVPIYCNRRTGKCQRM Insect
) Brevinin 1 T VNPIGVPKVCLITKKC Rana frogs
| d\il!:fide Ranalexin FLGGLIKIVPAMICAVTKKC Rana frogs
bond Ranateurin 1 SMLSVLKNLGKVGLGFVACKINKQC Rana frogs
Esculentin 1 GIFSKLGRKKIKNLLISGLKNVGKEVGMDVVRTGIDIAGCKIKGEC Rana frogs
) ) Horseshoe
B-sheet, with | Tachuplesin RWC,FRVC.TFGIC.YFKCiRa Crab
2 disulfide ) )
bonds Androctonin RSVCFQILIC:RRRFGGC.YYKC TNRPY Scorpion
Protegrin 1 RGGRLC/YC.RRRFC,VC\VGRa Pig
a-defensin DC/YC.RIPACIAGERRYGTC.IYQGRLWFC:C, Human
B-sheet, with3 | A-defensin NPVSC/VRNKGIC,VPIRC:PGSMKQIGTC.VGRAVKCiC:RKK Cow
disulfide f-defensin GFCiRCLCRRGVCRCCTR Monkey
bonds Defensin ATC:DLLSGTGIINHSACAAHCLLRGNRGGYCNGKAVC:VC:RN Insect
Thionin TTCiC,PSIVARSNFNVCSRIPGTPEAICATYTGCAIPGATC.PGDYAN Plant
B-sheet, with | Defensin QKLC.QRPSGTWSGVC.GNNNAC:KNQCIRLEKARHGSCNYVFPAHCHIC.YFPC, Rat
4 disulfide Drosomycin DCiLSGRYKGPCAVWDNETC:RRVCKEEGRSSGHC,SPSLKCsWC.EGC, Drosophila
bonds Hepcidin DTHFPIC/IFCLsGCsCIHRSKC.GMC:CKT Human
Bac 5 RFRPPIRRPPIRPPFYPPFRPPIRPPIFPPIRPPFRPPLGRPFPa Cow
Linear. PR-39 RRRPRPPYLPRPRPPPFFPPRLPPRIPPGFPPRFPPRFPa Pig
not Indolicidin ILPWKWPWWPWRRa Cow
a-helical Apicaecin GNNRPVYOPQPRPPHPRI Honeybee
Pyrrhocoricin VDKGSYLPRPTPPRPIYNRN Insect
Histatin 5 DSHAKRHHGYKRKFHEKHHSHRGY Human
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kidney, plasma, mammary gland,
Human Pdefensin 1 (HBD-1) | 36 | P-sheet with 3-disulfide bond y‘ P o y g
urogenital tract, gingiva, salivary gland
Human B defensin 2 (HBD-2) | 41 B-sheet with 3-disulfide bond | skin and respiratory tract, gingiva
keratinocyte, tracheal epithelium,
B defensin-3 45 | pB-sheet with 3-disulfide bond ] y ) P
lung epithelial cell
Brain natriuretic peptide (BNP-32)| 32 | loop with 1-disulfide bond brain, atria
Cataionic Antimicrobial ) o ) Azurocidin RZ}
) 25 | loop with 1-disulfide bond neutrophils
Protein 7A {CAP7A) (20-44)
) i Cathepsin G &ZF
CG1 26 | linear neutrophil, monocyte
(230-255)
) ) Cathepsin G X2}
CGA 20 | linear neutrophil, monocyte
(82-101)
. , Cathepsin G &2}
CGB 22 | linear neutrophil, monocyte
(137-158)
) ) Cathepsin G &Z¢
CGC 26 | linear neutrophil, monocyte
(210-235)
Calcitermin (CTM) 15 | e-helical airway secretions Calgranulin C &2+
Dermcidin (DCD-1) a1 | 7 sweat gland
Neutrophil defensin 1 (HNP-1)| 30 | f-sheet with 3-disulfide bond | neutrophils, wound and blister fluid Defensin precursor =2t
Neutrophil defensin 2 (HNP-2)| 29 | f-sheet with 3-disulfide bond | neutrophils, wound and blister fluid Defensin precursor =2+
Neutrophil defensin 3 (HNP-3){ 30 | f-sheet with 3-disulfide bond | neutrophils, wound and blister fluid Defensin precursor 2%
Neutrophil defensin 4 (HNP-4)| 33 | p-sheet with 3~disulfide bond | bone marrow
Defensin 5 (DEF5) 35 | B-sheet with 3-disulfide bond | intestine (Paneth cell)
Defensin 6 (DEF6) 35 | f-sheet with 3-disulfide bond | intestine (Paneth cell)
Elafin 57 | B-sheet with 3-disulfide bond | keratinocyte
Eosinophil granule major ) )
) i nry? promyelocyte, eosinophil
basic protein
Granulysin 130 7 placenta, natural killer and T-cell
liver, heart, brain, lung, tonsil,
Hepcidin 25 | f-sheet with 4-disulfide bond | trachea, salivary gland, prostate gland,
adrenal gland, thyroid gland, urine
Histatin 1 (HIS-1) 38 | finear parotid gland, saliva
Histatin 3 (HIS-3) 32 | linear parotid gland, saliva HIS-42E{ HIS-129]
Hr#|0)7|= .
HLTI 16 | a-helical milk Lactoferrin =2+
HLT2 11 | a-helical mitk Lactoferrin =2t
Lactoferricin H 47 | p-sheet with 2-disulfide bond | mammary gland Lactoferrin =2+ (1-47)
LL-37 39 | e-helical bone marrow, keratinocyte, wound fluid, neutrophil
Platelet Factor 4 peptide fragment| 13 | 7 platelet
" gEE|=e] ofalit S,
Ael=rh BREFo gled, ofgE oA W A WA 15 ahelix FHE AW HH=RA,
2t e oA 7R FHFE EFT ¢ do (81 Foulel] 9l cecropine|yt ZiEE] o 2
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=& magainins, AFol A SAE LL-37 £o0] &)
FEOY, o]E2 AXZY £08 Fojrte A9l
9 a-helix TRE OJFA HP. F owA 152
FH2EA g Jhztolel & e o] F3E
(disulfide) 222 FAH g FZX (loop
structure) & B9 434 F+2E A=, A
Fd £ Rana® H X Y& brevininH

esculentin, ranalexin 3 49 §ZFoA F35F
bactenecin©] S|FAT. Al WA, v Hx Y oA
WAl 25 22, F JRellA Ul e oldsl AT
of 23] FAE+= anti-parallel f-sheet 7+F F4
o Fol27|% &7 7t iAo 9o, A
oA WA protegring B E3ste] EEA ] choka)
A #E3F= defensin super family 5°] |2t
WA WAl 18 24 949 4% Avcse

T R BA obkitE “Hg}ﬂ]

Bol ce 4P, ARl DA 8

W B 728 25 o A9 Bee Jage
EE PRI APAAE 200139 FYET)
Gz 202 BEol Yt ( 2),

E2 (Cl channel) ¢l cystic fibrosis transmembrane-
conductance regulator (CFTR)o] §4d3% AL
23 U= PAERE BAANE J|EEHd
(airway surface fluid) & NaClxE7} oA T, 9]
of wzl NaClxXe] 71738l Human f-defensin-1
(HBD-1)8] 40] o RO M, BF/17 D47
doll AlgEA HIL o2 g 24 7t Yehy
A g
EREEPEEEE
03]*‘5 %ff‘{‘)ﬂ‘:/} Fol % F7lske A
S g X3 o] 7l s A3
Zi~°~ HAFETH, o]E Fd A defensine 1
S, FFold EF a3t
‘:}1 By=gion ue ookt A oA ddd
- ALY e-defensin® F2 IZFAA A H
Bog w2y Alghe HBD-12 A$
oA BAReH, FT HRAse] A
sl A AakE T, 7, A 7120, Bl A
A, Held FolN wRET, el Al b
defensin-2 (HBD-2)+= #2d] AA 3zte m&2
A FEEH, FR} g, 7|HAA FE EE
B3, Agolvt A, BFY oA o Agko] W
2 E1rE’_ Ei=
AANM e ABMNE (enterocyte) 2F T A4
Paneth cell) 7} SHFHEIEE 2SIt A4
FHHEEE Aste] ZHCE FHEAY
Jo Aol o] Azt daE FEHE 4TS
PI% s W, sladZE FY &
a-defensine ohgfF FH)5le] fAHO R
e ol AL A )
=, A
A Z ]-4@'HBD~L4-LL{W91 %t
Attt Ao 353 A A
‘3}1: RE & F AP £33 H9
e-defensing &4 3tot= T A 3
HAE AH+E F4=H Salmonella @ 4
e & F do.
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) Ay &l
gk dApA ol R AgF :f‘ oplg} A4
Hguke g AW AU (adaptive immune
response) & X3 ZAJAEL ALdt) LL-
37& AgEZ o3t gAAE E45E AT
A GEHkg Fhks
ST gE T 3
(chemoattractant) 2% #-&3
defensing ¥]Z& T X T m]
A& FAME (dendritic cel) & frelste, 34
s} o] BqgE uf FhEol WS STt
AZITP Tk = A}9)e] B-defensin®! HBD-13
HBD-2, HBD-3 9] St Ed= Ag3t=d),
53] HBD-2& "% FAAESE A 74T

YZZ (memory T cell) & -2l

x4 IPd

FHAE =) Faahg2 AL A2
o 727t M2 t27] el 7%‘5?_ A=
¢ gtk AYAE xﬂ?@l Az e &

2w n}ﬂwmﬂw o A

T e Ll

lwoﬂ we N

, sl ozt EAdel
Z938 AdgL 3t} Protegrinol| A f-sheetd
+ protegrin 739 St =ALGTE 3},

=A==

=

peptide) TZ2& Zte FHFPHEY MY F=A
AN G4 AAE BT,

FAFE T AL7)He] tsiMe B 7Ho
A 7150 gh=d|, Lo A 7]¥ Shai-Matsuzaki-
Huang (SMH) Edlo] Mxets HE Tyt 45 2
St} AR FHoIHA AE 30 Wl
7} o= ,4.240 B 7 A & /\-113—101,1 onjrn SMH
E’@°ﬂ o3lH, HA MEee] 9o et 4

grate] Al zee] 7jolE9 1 9]0l gFolA| 3L o]F
2t x| Zl }O] ghlsle, O 3 AlaEgkel] dA

XA JE Lyt we
o] = HE=7

Aol 71E A g WA FAA Wl
AAe] 5ol dsiM Azick WAdE g
< Bad s FAAE =248 A
FAA S g40] He At 242 HsATA
u FAA Y AEe FAAdS HIATIAY, AE
Hlo g 3l xﬂ%
G]r/\gxi
Bl o] i3] il:—
HAeEE AZ

rE W B oS

=
gl AR ah AAFEIE ARE
A8 (consensus sequence) ©|
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AEL AR g8 728 7K o958 $7/9 o
ElE2 NS FHEE, AFozME d7HE
TE gste 34E W] UAE IS5z
AA &t} I8, Morganella®t Serratiad] &
= AdEs FHEY ZGFHIE AFste 24
o 9ot 74E Y BEoEXN gy
of WAS Hol7|& 31, Porphyromonas
gingivalis®} Bacillus thuringensis Z-& 9% Al
< YFPHEE AYste ¢9d FEAE B
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T3 W BHHE
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TR BYslol s THY A =%
o] glom, ol Algd 3t Zoly Fgho]
TS 7ol 4 EAg gHEEE =
7] do7l5e "@Ret, 799 2 3y
B g Ao A% A7t Ho B2
g WY Sl 53] defensind] i3k Bt
Fol o] FAAL itk 7 WolA IFHEEE
HHEE B AR, 9, A, FAAE X
gk Az, A2gxHe) SAste EFAE, O
23 geldo] St} FAPE| =S 1A W £
EE FEE 298, A4 2=

HBD-13} HBD-2, 8|3 LL-37¢] &3 ¥n, gt
Ao+ HBD-13 histatin®], o= HNP-1
3 histatino] =3 X3}

A&z oA HBD-13 HBD-2& X2d
(marginal gingiva)y XS4 (gingival crest
e FF FdA FE TAHT
(junctional epithelium) oAt TAE X
o, HNP9} LL-372 @749 Heds +
T oA AT ojg 72wy

9{-5 e
(Eoox T R
fo rd £ ox -z

jli g2
O

ﬁ O
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oxl 1o

2% 9o

I Ay TN 2EHy, AdA2AH
4 A2zHAA BF fARE g
¥ HBD-2& Bt AolA mf$ Lol ddHw,
Alglol @ EE HBD-13E 2

e
Lo

2
To
o2
0=
“““““““““““““““ Q
B-defensinE X olEHo| v XEejA ol 7} o0l
F 2 wEPE ASWdRy AR F24W B
(stratified epithelium) 2] ¥3l7} 29 A ToA F In
2 245, ol 34T o] 343 #
#@xo] A4 £ ok AN FEHHFAY
(stratified squamous epithelium) & &8¢ &4
ojuf FEEAd tEt WojHo R A A FIE
MRS B ok oy}, f-defensing AT O EZH
T30 Wl U g Wl 7es & F
g 9F Ao 9AAY”. HBD-1< e
=
o
&

29 47 2
94 Aol ol Aol wage] 243
. Rezol B A AL4s)A L) g

A phorbol myristate acetatet} 70 A

Fusobacterium nucleatum®l] 3} HBD-2 mRNA

of Idlo] FEHFOY, AFE HA] 2 A9

WA A<l P. gingivalis] 28§45 mRNA2

dEo] FEHA FUh &, 77 A ZA F,
o]

nucleatum® 22 U Agdely E5vilE
A& HBD-29] QS fr=stel 229 gojdg
o Zldstu, AFd3 AUdd FY gl P
gingivaliss= HBD-29] A S $ 5814 42024
AAHARS-S JT F e AR Hol AFH
of dA7IA A9s Aol gle ALE 43T

T AT

‘B-defensin®] H]3l a-defensinE (HNP1~3)3#
LL-37¢ 743} BR4s) 3919 Dae 7ol
A g E o] Bee v uF vEstE ATEA

ETE olFste ARV HI|E aH, o XA a-
defensin (HNP1~3)3# LL-37¢] EF+E £3]
TRAZRAE B3e 44 T AS= Vvt &
o o]Fell A Algre] HNP-12 mf-$- ¥ 5o
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A% Staphylococcus aureus$t E. coli®} ZH2 Al
3 Fgol, vlelg s Foll AW Ue ALR
4R STk

Eld ] HNP-1¢] Hdsos 475 ArgelA
Boh 27 A (oral lichen planus)# Wyl
(leukoplakia), AEF S| oJet 4 (glossitis) &
treke FAESE A o =A e, 27
A% A AE Fole 7A7e A EelA
o T fA FRE HAT whEhA, B

P

e HNP-12 #70dss ddd 959 AR
AHEE e T, O FR o

g

=

oy
meh L ofy

o] A&H T, YF A HNP-1°] of
< eAE oy £H

A743 g=4 g ol= HBD-27F &FshA] &=y
HNPE Ed=A gou, 7 Adths (oral
candidiasis) Ate] HZAlmlo|A= HBD-2¢ &
go] wj-¢ Z7ketm Z{% (lamina propria) ] 3
Z7olA HNP 282 & F Sle ASE Hof, =+
Folol o3 €& Ay HA7YolA] defensin®]
G=o] diste] o]¥A HIFES de HAoE
BAoP,

olstddz} otetd 9 Ashd Ejos FHlH
o kil z oA histatin familye 77 A7
£2% 9gg 3t} Histatin familye] F8 4
& HIS-1, -3, -52 7}z} 38, 32, 24709 o}
o2 o]RolA4 itk HI, 7 Wl AFFoE
Candida albicans® 22 Sl& 21708k ARl Hl3)
C. albicans® Z+i YA @& AlEE o 4y
histatin S=7F @4 =2 702 HyEYgcy o
2, histatine] At AWl 9% o s
= A2 ¢ F AT

ol A weh o] gl #AH

oo 2 orr

w

[s} pEALEY
THE =S AdAd ds] Boh AAHA A7t
27RT ok, T R 452 2 Y

A AHEHI Ye A i WAl 2
= F7ekL Q71 W2l ol EAE iEdE
e MZ2 ofA o] 283 Aot I+
Bl Al 24 Rerh we B ohlet VI
GAA WAl s E EFH R L2 5
BT mAdEel tal a3t 7] dEel A=
+ A=A I Al BTk sl

2% cathelicidin AE9] SaHEIEEA] THYA
#9 29eAF, EL@ 5o BIF gew,
protegrin®] 4 FEA QA IB-367 ALl
wEs gdyE 228 FEiy B e W
9]¢ AURF IntrabioticsAtol A 3ok Eoll 23
of71E 7k A A 9 ABARE A Fol

W, Fotd A2E 9T AL 3ERYAR
9] A

F99o T} FA7 U+ Actinobacilus
actinomycetemcomitans, Clostridium  histolyticumol|
sl 8285 b, amphotericin BSH Bl AHE-
ahd dsArgol e AR dEA Ao, P13
& HIS-59] 2470 oFr|ieAb7] FollA] 127 ofw)iet
< Firele WEHZEA Atk A=, 229l
el AAEZH7E $lelA DemegenAtoll Al 224l
Ag3t7] Ag FHAHAR A FolH, 7 7
059 ASAEAY 7HsAE = EaL T
E3 P-113DE WAA S-S (cystic fibrosis) 0] &
W 2 Az Z29E FE8k Pseudomonas
aeruginosa, S. aureus, L # I Haemophilus
influenzae®l] 3] &+ T3} JoH A 7
dNE B4 fAEE FEERF F Y

0
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& AN F540] RIHT Y, w2 F2A0E NG A AL m
B E
MUC7 D1 ARge] Efdel] Exjste AL A AT, Iz
mucin® domain 12A] ofr|k ko] HIS-5% oj9} Zo] Al YAAHOE Abgsr] fl8) A In
53% GAMS Hol:= 157 ofmkAke FHisly =51 e YadHEE v E A 2L
Ao m,  C. albicans® Candida glabrata, T UE FAEEA VL gERolth AAFoE A}
Cryptococcus neoformans® amphotericin Boll T 45 Ao FLE TEEy] Ao 4A ¥
g AES 289 He g S AW 23 HEHEE TheEko] Foko] PQ A Hol FAJo] $
of TE 540] W3 HIS-50l Hla] Belo} 84 HEn meld HAHQ B daa 5849
ol M eHgAge] onz WAZRA e & A e spde] 83HY ok T3 HEHEF
A8 WA R ASAG gad 75 #4093 AdwEtes AXFENER At
£ A AFEAY ATLE 7H5Ae] AT 8 AAVE BEE o] JQsith I3y oY
AT, & % 7H) AelelE BPaT A AR A
o]&]o| % magainin FAMHEZ S pexiganan©] T FHAEEE FEEE 77 Aok
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