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Review Article

Mechanism of Action of Antimicrobial Peptides
Against Bacterial Membrane

Jong-Kook Lee' and Yoonkyung Park"**

'Research Center for Proteinaceous Materials (RCPM), Chosun University, Gwangju,; *Department of
Biotechnology, Chosun University, Gwangju, Korea

Resistance to antibiotics is becoming a very serious problem, with so-called superbugs exhibiting resistance to nearly all
conventional antibiotic drugs. Consequently, these organisms often cause severe illness and even death. Alternatives to
conventional antibiotics are antimicrobial peptides (AMPs). These widely expressed short peptides, which have been
isolated from insects, plants, marine organisms and mammals, including humans, show strong antimicrobial activity
against both Gram-negative and Gram-positive bacteria. Most AMPs act by disrupting the bacterial membrane through
"Barrel-stave", "Toroidal pore", "carpet" mechanism. In addition, AMPs may prevent septic shock through strongly
binding lipopolysaccharides and lipoteichoic acid located on the bacterial membrane. The action mechanisms of AMP
to minimize the likelihood developing resistance to the peptides would be particular advantage. For these reasons, we
anticipate that AMPs will replace conventional antibiotic drugs in a variety of contexts.
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Figure 1. Action mechanism of antimicrobial peptides (AMPs) on the bacterial membrane.
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Figure 2. Binding affinity of antimicrobial peptide on the lipopolysaccharides (LPS) and lipoteichoic acid (LTA) in membranes of

Gram-negative and Gram-positive bacteria.

o)zl olZ Hsk(charge)E 7FAI™, 47 (hydrophobic)¥}
%1423 (hydrophilic) ©}7] =2kl 2] &l ¥ ml/d (amphipathic)
TEA BEAS AT ] I Ed et e
v Y8 oo z-gsto] Al Eute] waE

AE W2 5o 5 dibn 2gste] vl S

A FElo| =+ a-helical, B-sheet?} random-coil®] 2%} 3
(secondary structure)s F/J3tH, Aekst 871 T &

A A= EA| T kA 0 Z "Barrel-stave", "Toroidal

pore", "Carpet" B2 Ao =2 vty glo} vt da & {3}
™(Fig. 1), lipopolysaccharid (LPS)%} lipoteichoic acid (LTA)
o 73 bindingS FASFo =M vlelgjo} 7Fdd] o3k

%4> (endotoxin) S A5} septic shock= o™t 4= 2L
ThFig. 2) (10). AA7HA] Hare B grddS 2t
Elo|=5 71-d| 7 2 47 Alamethicin, Magainin-2,
Cathelicidin-/LL37, Melittin, Temporin $1E}o]=2] 2-§-7] 71
2 g i3l 7]&8kar} ghk(Table 1) (11).
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Table 1. Characterization, activity, and mechanism of antimicrobial peptides.

Peptides Characterization Activity Mechanism
Alamethicin « Extraction of fungus + Antimicrobial activity and + Amphipathic a-helical/cyclic structure
Trichoderma viride anti-fungal activity (Barrel-stave model)
* Identified in the Skin of the + Antimicrobial activit . ilieciggjtztlll(i:slrlrllteracuon °
Magainin-2 African clawed frog Xenopus Y g

laeyis

+ Antimicrobial activity and lower
hemolysis and cytotoxicity

+ Neutralizing activity (LPS, LTA)

+ Inhibition of bacterial biofilms

+ Anti-infective and
immunomodulatory activity

+ Found at human mucosal
surfaces

« Cationic, amphipathic host
defense peptide

Cathelicidin-LL-37

+ Lower cytotoxicity

+ Hydrophobic and amphipathic
a-helical structure (Toroidal pore)

* Presence of membranes: o-helical
structure

« Membrane disruption and insertion
into the bacteria membrane
(Toroidal pore)

» Presence of membranes: a-helix

« Extraction of European + Antimicrobial activity structure
Melittin honey bee Apis mellifera  Hemolysis and cvtotoxici + Amphipathic structure
+ Hydrophobic CMOTYSIS cytotoxicity « Disrupts to cell membranes
(Carpet model)
+ Active mainly against + Formation of transmembrane pores
« Identified in the skins of the Gram-positive bacteria, Candia rather than causing a detergent-like
Temporins European frogs R. esculenta + Not toxic to hRBCs disruption of the cell membrane

and R. temporaria

« Cancer activity
+ Endotoxin neutralization activity

+ Hydrophobic and a-helical
« LPS neutralization activity

1. HElO|E & MFHLIE

1-1. Barrel stave model MZL&

Barrel-stave model &2 JEfo| == FEfo] =9 4
FA F-97F M EE O]%%‘(bilayers) ulo] lipid core §-
floll 2Hg-shH, Heto]=9] 31 s
o Ayt #Hgoz —_rm*(transmembrane pore)= A &
AFAPE S R (12). IS 2 U3 et
ol= F Alamethicin FJEFo] == vhe| 2o} whof] 2hg A]
"barrel-stave model” HIAUES B3I o2 HIH<S]
t}. Alamethicin & FEto| == A2 Trichoderma
viride2 58 #2l® A FElo| =it} F 18719
72 F4E cyclic FEP| =2 7-a-amm01sobutync acid
719} 2709 glutamine 7] “12]31 1719] free carboxyl
group= T E O] ATk Alamethicin FEFO]| == 1919
proline™} 17819] glutamic acid2] y-carboxyl®ll imino group=-
et cyclicer FASHAIRE AMIstE Fied o AL
o] e xich 28 ar fEle]=9] 69 glutamine,
18" glutamic acid ©}7| =4kl 23] artificial phospholipid
o] st JoAg 0= poreE FASL 1 Yolr} optical

rotator dispersion (ORD)<} circular dichroism (CD)Z 7-Z=%4]
Wl ZRlst A} oF 40% 71 o-UHd ¥ (ohelical) T3
=2 FAsl= Ao Bart Fv) (13). WEeke| =7 A
o] 228 w] - (single-channel) A ==ol] 2|3
"Barrel-stave model" MAUFS FEFE Ao = o] A
g gsol T Alamethicin F/EFO] =2] 7| (aggregate) =
Areol whe} A o] Wshrh dojubar, Aded-e il
o]EAE YEMATE 19961 He et aloll 2|31 dilauroyl
phosphatidylcholine (DLPC)2] W4 &7 o] ~1.8 nm, <5
A740] ~4.0 nm2] poreZ FAJ5HH, 8719 Alamethicin ¥
Elo] =& Al3EEo] 2-8-3}o] "Barrel-stave model"S 4
Sk} (14). 1977'3 Pandey et al. 2J3l] H.31¥ Alamethicin
(Ac-Aib-Pro-Aib-Ala-Aib-Ala-Gln-Aib-Val-Aib-Gly-Leu-Aib-
Pro-Val-Aib-Aib-Glu-Gln-Phl) (final structure) (15) FE}lO]=
= 20709] opiAbo R g b o m g E o] 9lom,
Tk mhelobel Xatoll et EAJ(MIC, 1.5~25 uM)
Sz ‘_T;]. lﬂ_ﬂ ;Zal-.o_/ﬂ uhq]a]o} LPSOﬂ XLQ_g}zq
=2 F5E25 M)A Sinorhizobium meliloti 2] 23745
A s (16). FEFO] == 8712] a-aminoisobutyric acid
(Aib), 171¢] L-phenylalaninol (Phl) %71, polar side chain



(GIn, Glu, GIn, Phl)/non-polar side chain (Val, Aib, Ala, Leu)3}
C-It F9lo Sol2 A8 FAs glutamic acid
715 ZH=t) Alamethicine o-U413 FERI =R 244
I RFder AR e 2R °F 29 nm Aol
= A3}, side chainoll glutamic acid ©}7]=AH E}
o]=7} Bt 9](transmembrane) E]Y ) FAE 7l
(protonated) charge®ll 2]t & ¥}= fFit=|#] F=vh 12

Ak 2] opniitel] ofal] whH|Elo} whol] FshE o]
%7}l cylindrical pore formation (Barrel stave) 2.2 A|3Z 9}
= B5te] S et (17).

1-2. Toroidal pore HIF{LE
Elo] =& 1987 Zasloffel 2]3)] African
clawed-frog Xenopuslaevis J5-2] granular glandollA] 27
o] HAT (18). & 23709 opn|al V|E 2= FEle]
T2 Magainin 1 (GIGKFLHSAGKFGKAFVGEIMKS)¥}

Magainin 2 (GIGKFLHSAKKFGKAFVGEIMNS)Z "™ o]
o Aad o=z 7}3t

Magainins 3

H 0™, bacteria, fungi, protozoa
=t (10~100 pg/ml)yS ZE=t) (19). WHH, JF A E
(erythrocytes)9} 22 &2 AXAAME =2 552 1
mg/ml ©]’dell A A EZ5AS ZE=T) (20). Magainins 3
o= wEgo} Wt FEAE] ZH2F M2 v 2t
| wAYUFA o8 AlESAS dERdTE (21). WHE 2o}
"k phosphatidylglycerol (PG)$} cardiolipin (CL)S! £-©]<
21 %] A (phospholipid)©] =]t
| (asymmetric) ©. % 9]1X|3}aL o™, 0|5 Fol& Ak
< deglol el tiEF 50%E iif"}‘:} 53]

date] B v Foleql L
septic shockell <F 75% ©]’d-S %‘ﬂé?“f} (22). HEo]=
$-0]-2& Hanionic membranes)©ll X1 &A1
o] ks wxIth Hx vl 282
S-(hydrophobic interactions) .= Al 3 1}2]
Fefo] =9 H]="d(non-polar) ©}7| At
L A lipids®] wrol A= 91k fEfe] =o] ¢ol
2 ZF(positive charge)oll 7|4 A5 2F-8-(electrostatic
interaction)S X1t} (23). Magainins FEFO| == 42
pHO| F& N M= 7] ojxl7r x5 FAdsHA] AN
Aol 1A E o]F Fol M a-UH H(a-helical) T2
60~90% 71 sk, oF 180C2] F4 Zi(polar angles)
o ol&] oAl Ul pAEHS FAIsT} (24~28).
Blazyk®} 19| 583 Magainin JElo]| =7} BHe|2]o}e]
25 =l peptidoglycanoll 2F-g-5Fe] 2o lipid 24 3}

Z1 S (negatively charge)°.2 <
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%

1S 8RISFAATE (29~31). £-3], Magainin 2
1= bt 2he] LPSe| ﬂ*o“g}oi -1 24
=3 (32), lipid Aol F-& 3 9} FHo| blebs A
FX=8kt}h (33). S Guiotto et al. ¥} Matsuzaki et al.<
Magainin 2 E}0]=9] 83 % (solubility)E =°] LA} N-
ek F-9lell PEG (My=5,00008 2§11 23} PEGsell
ofs) efol =] ool &3t wreleloh she] ol e A
o BrgozH AT Fir} FolSel He FTA
S BoARE &3 woke Zlor Huwdnt
(34, 35). W, PEGylated®l S1Efo]=o] A9} 2H8 w7
o] ofH 7= ehds] delAA] ggkot, 201310l
Han¥} Leeol] ©J3 H.a1¥l wlol] oJabH, 484 &4
Magainin 2 JEFO]=9] Fo]&- zb7]9} PEGs®] 4har At
of 2dg AaAgol o8l Arol=s BAE w3
VRt 18] 22 Magainin 2 FEFO] =] Qo] &3} A
F Fol&o] vr2 HH7A et ol e
S A 53] 9 Z Y (random-coil)2] Magainin
2 Eto] == PEGs chaindll O %2 2H8-o=2 A9 F
ZHmembrane-permeabilizing) E/d0] A4sHE AoZ H
*73043} (36) 1:1 1,].0].7]_ Magainin 2 ﬁﬂpjro]EL: 71—& ol—
M| 3E(MDA-MB-231, T-47D, MCF-7; breast cancer line)]
A AEEAS Uehlle Zos A&HA0% Wit &
3 Y} (37, 38). 53] MDA-MB-2313} M14K Al 39|
Magalmn 2 .ﬂh:/].o]l:fl_ \:].Oh‘sL H]—HJ o x%%s}oq /q]_\]j_
=4 ZH27]12RS BAE Ay} AElo)lr FRol 9Es)
o] MAEZAPEAKapoptosis) & s A= Rav) =S
o (39). 21 EE Magainin 2 FEFO| == 3 Ford
45 Koln, PEGylationS Eal @S s x|t
solubility”} S7FE] o, Z+F hA| ¥ (cancer cells)ol 7
g AESES e ER 3RS thekgh tofol] A&
7Fsd Blom oA

TS Caths protein©l] 2% &=2/d-S 2k Cathelicidin
FElo]l == N-EH©N-terminal)?] AEdg HEjo|=
(signal peptide) group¥} cathelin peptide group 123 C
UTH(C-terminal)9] Cathelicidin group 2.2 elastase &
proteinase 31 2]3|| Cathelin-like domain©] Hehe &+r&
Ae 2k efol=r AT (40, 41). Cathelicidin %)
E}o] =3= proline/arginine (PR)S 1~271 o] £33k 397)
ofr|ate 2 FAE BEAR IS} JRAdA A
o] &35 JebATE 42). 3 hCAPIS/LLITE Ea&=
Cathelicidin F &4 FEto] == 79 AT F2 A
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neutrophils, mast cells, keratinocytes (in neonatal skin)<}
exocrine glandsoll Al SZH2 07 Eu|ww, 2709] leucine &
238 Azels 3779 clvliaton FAT Aeol=
2 LL37°|2} "= AT} (43, 44). hCAPIS/LL37 FElO|=
= A (saliva)@F T4 (sweat)ol| A 1] O] serine proteases
o &3] v}k Zo](31 aa, 30 aa, 27 aa, 19 aa)®] JE}o]
=7 Z¢u, £3] RK-313 KS-300.2 dexd F 719
FAFEE el = 99 fodel 2 Gl v elof
(Staphylococcus aureus)®l| B39 T7HE Hol&= Ao
2 Ba7} o} (45~48). hCAP18/LL37 &2 )
ol=x BlElole] Fol ol Agshs Fol
M EZ X HK(lipid membrane)oll AR EE AT
EE A -4 S22 ZF bacteria (gram-
negative, gram-positive), fungiol| 73t &S 2=t
Ak gk 2 Al Efe| =1z vhlgo) o5 | A
o] 7] FHE2] S°](acyl chains in the hydrophobic core
of the bilayer)®} 73t A& 28 © & Barrel-stave like pore
model FA3AT, ¥& FEE 25 Toroidal-pore
model =5 AXEE2] micelle FAFS F=ste] 3 A]7]
HAUES ZH=th (@9, 50). WA Z2HE nlAEe] 7
Al QIZEe] WIE - A3 F+31d(chemoattractant)ol] % &F
o} LL37 Efo]= HAde] F 10° ME o3
chemotactic RF-&-E°l "high-affinity ligand-receptor interaction"
o] 71%38}A "}, LL-37% formyl peptide receptor-like 1
(FPRLI1)<>- low-affinity ligand-receptor interaction= L}E}H
th (51, 52). BF LL37 HEol= wee AR Abg
o] NEATAHEANA 2 pgml @ < 107 M)Ak A=
1S Alolli= 10~508)] ]} mRNA®} Tl do] whed sir).
3] 71215 LL37 FERe]= 3 S 5082 X 10° M)
THA ARE MRS AT Adew Bt
HATk (53, 54). 9HH SEAHZHMRBC, leukocytes, T-
lymphocyte )0l 224 dE Ao o) & FEel
A NEEAS BT} (55~57). T3k ZkE vhegole] 7+
A" pro-inflammatory cytokines (TNF-a, Interleukin-6,
interleukin-1p), nitric oxide (NO) 5-©] 4] %] o] septic shock
S FrEEhAI Y hCAPIS/LL3T HEFO| =7} A H-9lo] &
vl whegjo} Abd 9 o]& who] 91| gk endotoxin
9] neutralizationS =3k Aol 23 inflammation =}
septic shock-S ol %3t} (58~68).

1-3. Carpet model ML E

"Carpet model" FE}o] == vle|E o} 1] bilayer surface

Mo w2 rf

‘

ofN

of #gate] AteAdS HEhdink Jlete| = Al Eke]
S-0]221 21%] 4 (phospholipid head) F-HJoll AA7]% A
52§02 AEuks FeRH, AlEY bilayers T2
o] "Detergent-like" ¥ 0.2 s} A 7It}h (12). 2+ A
A A EeH g 2= JEole T okt

TE5 F3 wol Bz H Melittin FEFO] =% vhe 2o}
o] g4kl Eo] A7 ALR, 20124 Naiyan
Lu 5ol 23] "Carpet model" WIHAYZFSE H7}t =
T} (69). Melittin FE}e] == 19653l Habermann E°ll 2]
3 e B Apis mellifera®] A 23 HElo|=
2 267)(AIGAVLKVLTTGLPALISWIKRKRQQ)®] o}H]
ko7 A=) 9lth (70). Melittin HEFO]| =8 wHe
L1 pgmbell A A& Alagel] wh=A] 2hg-ake] 7k &
8-S st 22 =R (hemoglobin)S A3E U]
T2 FHAIA 5A4S FEE) (71, 72). Melittin ERO]
== hElol W 2hg Al vhgdk o R 4T AR
= o=l AlE =] QIAA 4 AR, HEel= F
pH, 9 A 9](membrane potential) 22|32 =} AX| A 2] 43}
(hydration) 5-°] &S Wt} (73). 19901 Christopher E.
Dempsey°ll 2|3 H11% Melittin FE}lo|=9] 24 7|5
I 5498 FAE Fepol = (Ao ® C-ETtel NH2
AR obrit ME - 454 27 (hydrophobic
residues)’} 874 Gl A AlZEto] We dEks Rl
th Eg elels A4 5 dHdstE
lysine®} arginine o}7| =2k 6712] <ol
C-2k 47)9] opm] kel K-R-K-R%}
| 3H= lysine©] Al|2ERb 218l Fagh
2 ATk Melittin FER] == 84
o7 FIm o dE 23 FRE FA st
ol ZetA Fe izt olg 72 ¥
el A fEle]= F5, pH, 21 o] el
o] B3 S fFrstar (74), ¥ FEH 4
71 2l&l self-association &2 AFEFA]|(tetramer
@74kl entropic Aol Loy, 2ol Vb
T} (75). Melittin FEfo] =3 HAw Rlo A= T
A|(monomer)E FAJ3te] Al3EEtel] 78 (pore)yS A5tk
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A7} (76). WP =2 TR B3 Al ALREA
TE2E YAt 2 dte] gt (depolarization)S U
oA FTE UEhE Zoz Bt (77). A

Melittin FElo] =+ v AYE- 2 1}3o] H|X]:= mechanism
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o] o3 Melittin FEFo] =7} A|3Eq}e] 2hg-
pores FAd3te] 2 W9

A] transient
71 % (transmembrane conduction)
] Y2} o]2(atomic ion)ES WIEA| 7R glucose T
At EAKlarger molecule)E52 A|XE 2JF-2 w|EE AlY]
Al erom, Jetol=e] ofgk QF ARl ol s 4]
7N9] kilodaltons #AHE MXE W52 W&o &g
e Zhe Ao® BaEAr} (78). B3k Melittin FElo]
X‘%““ Tk oopue} gk oS b= A
S Tt 19853 Hait ef alol 2|3HH Melittin 3
Zre] W A|Zo]| Calmodulin A A = Al
2 2 S 2AshH, 1986191+ KillionZ} Dunn
2 Melittin FEFO] =7} WP A LA A] AG7A Q1 wp9-2~

¥ g SRR B2 EE HolE A
O]—‘é‘ AMaz9bol| carbohydrates(£H8H) binding site®l] 218
3o 2 LFER (79), 20074 Son ef al.oll &JEH ok
M2 (tumor cell)ol| 4] Melittin j‘]E}O]‘:l‘— PLA29] A&
AeA7|BE MESAES Fdshe 2 o® Halsigitt
(80). Melittin FE}o| == E} Fob A2l I AHnecrosis)
EE AXEAEALS FEAA AESEES
o]#fgt 28-S F3ll Melittin 3 0]
Aol Ap-gsto] AFEAPES i
T AE] e E4S gl =
7h e AoR ddEn

= 3
—_ 1 GC’

2. Neutralization (LPS/LTA) HZHUE

2—1. LPS binding H#HL&
a3 ol 918 LPS+= O-antigen, core, lipid A
(endotoxin) 2 Al o] Fof itk ztE aE-SAdwe] 7

A& LPSel 73t 540 & septic shocks F-45HA|q 2t
Z 384 FAetol=& LPS9 lipid A%t 72e BA7
A 354802 septic shock e A3t Aoz H

<

T UTE (81). TFEE At EA S ke HEol=
Temporin 19963 European red frog Ranatemporaria®]
F-25E] cDNA encoding®l] 2]3) #2]¥ #2 oAk
= E Aes 2te A fEke]=olth Temporin
FEeto| == 2719] kol H=9| opn|iiks EFshal
o, 7 ubg glofell a7 (antibacterial activity)=
zh=th WA fEfe| =9 o] ieihs A|SHgFow A Bt
RAY = AESAo] AAhsE ez
Temporin FEFO] == opn|ibe] Aot 914]of ufe}
g g AESAe dFE vt (82). E3 Hrjet

Hoofy

A& HolA

%%}s 1 A},
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Frefalob ZigEjoll At ofe} 2 8] S(wasps venom)
(83, 84) 1L FAFolA o]of AL SEfo]=r}
A=At (85). Temporin FEFo] == opm] Al A=) 3k
2 C- 2 H(C-terminal)©ll amidation (-NH2)S. 2 °F 407} <]
Temporin familys /338, thFsh =34 75 2 2

Hefol=5e] 57

s AAYSES ekt olE 3 eR=0
10~14709] &2 AL opreibs S8k FRIviAd
-UAE e Helo]=ol FA pHOll H|LE] W&
T S 3Knet positive charge)E ZE=Th 18|13 74 B
T (pathogens)oll ML= 31 A &31A 285t &S Hol
], AFA] SEAE g xS ofF w2 A

o7 HuFArh thFE] Temporine T2 A4o] o-
A8 Aefolew m g AEZ U3 A wcytoplasmic
membrane)°ll Z-g-5te] TA)7|= WIAUFTS ZEAIRE 4
9] Temporin FEFO| == AL ZH stz Ao
RIEAC 86, 87). A&AA A2 76712] Temporin
Petel=5 fFrsialal, oiy-&
alanine 1] 3L lysine o}v|=Ake] Wol $X]shH, T2
pHOA] lysine, histidine ~Z2]3L arginine®ll 2|3l 0ol|A] +4
7o) whe AFS zH=t} (88). ©]E Temporin FEFO| =2
A wAYUGE 8] He A kAN, vt
HAUSFE T stz A4 W h-g(innate immunity)
282 ol eto] =8} uhHlo} €] (outer membrane,
OM)9] 21%}F15(phosphate groups)Q] S-©]-(Gram-negative,
LPS, Gram-positive, LTA)} A 714 AF& 280l 2]
&3t 534 -8(neutralization) S F-=3H} (89). 53] 1%
247 9] LPSE lipid Al o]|F5F <bel =AM
(disaccharide of phosphorylated glucosamines)®] $]x]&}ar
nom, 67 = 77H¢] E3HA] W K(saturated fatty acids)
o] &3 144 0-3-9 X Ql(hydrophilic O-antigenic
domain)°ll F(saccharide)] WHi= o] 1 G44S gt} (90,
91). Tk e MElo] == LpSol|] AA7)4 A A
T AEH 0w A FSARe ofal] AE Ui ol
qekS 1A= A SR Temporin L FEFO]= T=3F LPSOl
g3 3 AlEe AT A 2R V1S 2
=tk 22X minimum inhibitory concentration}® U} =&
il ol Mxd Faeh A WRE AlEe] Ax
AbEE fakA] 7T 92). ol#|3sl zFg o2 Temporin 3}
279 Fetol =7} BH|Eof Hho] gk waeE 9 s
A =4 LSt whE A 2-gaf T8-S fFriestnE
o

==
AE SRRRE g 2He dUd ¢ e Aotk
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2—2. LTA binding HZFHAUZE

g5 2] @5 22 techoic acids (TAs)
= glycopolymers® T % o] 912, TAsi= wall teichoic
acid (WTA)9} LTAR EFHth WTAE A|E9He] Pep-
tideoglycan (PG)JJr LTATE Az g dute] dglate] 914
S (93). TAs Fol A=59] QRbEa) ol A=
o] opv]setol J%X o5 giA3e] Aol (witter
10nlc)v__ 14.]5].14—]{:]. O Oi 7(1— OLE:]X] _j_ﬂo]:/ﬂﬁo]
S. aureus®] TAs+ Ribitol phosphate (Rbo-P)$} Glycerol
phosphate (Gro-P)Z A =o] Qt}. 18]l WTAE N-
acetylmannosamine (ManNAc)®} N-acetylglucosamine-1-P
(GlcNac)9] disaccharide T/3&S & N-acetylmuramic
acid (MurNAc)®] 6-OHol| F-f-Z H(covalently linked) S},
LTA %A= glycolipid anchorel] 2]38] A3 2 T
H2-#), B8k LTA backbone2 5% Gro-P7} REEd o
2 PAHT (94~96). 2+ 1%%“&&011 ok AaS
et AH futa} 4 LTAS] toxic B2l 2]3) septic
shocks oItk MaEute] 9123 LTAY A
Toll-like receptor-2 (TLR-2)¢} bindingdte] 25 Al ddh
w291 MyD883} Mal®] 28-S IL-1 receptor associated
kinase, TNF receptor associated factor 6, TNF receptor
associated kinase ~2%] 3L IkB kinaseZ A 3}A|7|aL o]}
A NFxB2] &/d&to] 2]3l inflammatory cytokines<!
TNF-0, interleukin-6 “12] 1L interleukin-1p 5= CTFEFOE
FH]SIE 2 septic shock= 23kAl HT} (97~99). WA
theFst m A Eo] 7= innate host defense mechanism
o] o]l Wt} Abv] A E(epithelial cell) 5ol A &g
XS zk= Defensin®} Cathelicidine 5 25 #Eelo| =7}
H| ¥ a1 o] 5o] WAL uf spa] gl ol 73t dhat
5} Zh= Zlo® ®Warh HAT) (100). 53] Helg ok
b A wAYF] & 4] Cathelicidin/LL37 3+
J PS¥RE ol 2} LTAC] pro-inflammatory

neutralizeA)| Z1th. 22 A S, aureus<};
2o O] Ao RN FurdAd fete] =9l
Cathelicidin/LL37-2 733+ LTAS] 28 9|3t neutralization
O = septic shock s AT = = FoZ By

a1 9L} (101).
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CONCLUSION

|2 WE APES g5t A9 AHS A
ek A5 Abgol o]2A] dvk. Y ERE A giAl 3
WolA Al @S mAA = FAA dAEE 2
RS S5k Aol desitt aE T sl &4
Qe el = &Aoo his] A+t HaL
Ark 53] mA=e] el Azks AWs fdske
A2l F2] 32l LPS9} LTAE septic shock2] o=
e - Apdol] o]E2tt 13 A% Alamethicin, Magainin-

2, Cathelicidin/LL37, Melittin, Temporin $JE}0] =52 B}
gjo} u 2Rgo| mE 74 3] WAYFoRAE It
g3} kA LPS9} LTA® 73+ il S neutralization &
2 septic shock A HAUSFES zteth 8B olF
P fetol== Pl el WE 2 A

el 28 7Fs ek @A thA] R o2} oA,
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