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Multidrug-resistant super bacterial, fungal, viral, and parasitic infections are major health threaten
pathogens. However, to overcome the present healthcare situation, among the leading alternatives to
current drugs are antimicrobial peptides (AMPs), which are abundantly produced via various species
in nature. AMPs, small host defense proteins, are in charge of the innate immunity for the protection
of multicellular organisms such as fish, amphibian, reptile, plants and animals from infection. The
number of AMPs identified per year has increased steadily since the 1980s. Over 2,000 natural AMPs
from bacteria, protozoa, fungi, plants, and animals have been listed into the antimicrobial peptide da-
tabase (APD). The majority of these AMPs (>86%) possess 11 - 50 amino acids with a net charge from
0 to +7 and hydrophobic percentages between 31 - 70%. This report classified AMP into several cate-
gories including biological source, biological functions, peptide properties, covalent bonding pattern,
and 3D structure. AMP functions not only antimicrobial activity but facilitates cell biological activity
such as chemotatic activity. In addition, fibroblastic reticular cell (FRC) originated from mouse lymph
node stroma induced the expression of AMP in inflammatory condition. AMP induced from FRC con-
tained whey acidic protein (WAP) domain. It suggests that the classification of AMP will be done by

protein domain.

Key words : Antimicrobial peptide, classification, fibroblastic reticular cell (FRC), protein domain
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M22 8rZ=22M AMP &4

AMPE 7129 B2 3ot A e 2 o
LAt mE BE 1270904 100789 obrlgt 243
positive charge (+20141 +9)5 7HA & &-& HEHo] ETH8].
AMPE A&, QAR E, ¥4F, 25, 87 2 TRHFE
Fote ZUS ARAAAN A dgold 4TS st
ATH24]. AMPE 22720 we F2 A E &7 & 5
ATt. a-helical peptide, B-sheet peptide, extended peptide 1
2|1 loop peptide® &7 & + AUTH13]. AMP+ HHe| 2o}
oo wpole 2, Fgo], AWM E T FAA WA
A& YERIT, 6, 11, 260 AE7H4 A9 52 2424
zoste]l o 2500 FF7F Antimicrobial Peptide
Database (APD) (http://aps.unmc.edu/ AP/main.php)ell %l
o AMPY| @242 AMPS] ofZdske} HrEgjof o) &
Ak Abolo] AA71A 1E S T3 AMP7} HHE| 2jo} 2o
=2 5o e ot Al xS FAsEA BAYFT19]. ol
22 AA7A Gl oA TSk A7) W&l
Aol =of thate] W2 AL ThAH WE FT2A
= AT A, Be A2 543843 &4 (phosphatidyl-
Qo ZTHE MEx

tlo bl

¢

glycerol, phosphatidylserine)& 7}4| 1.
< zwitterionic phospholipids(phosphatidylcoline, phospha-
tidylethanolamine)E 7}/ 3L )3 ¥ % ©] phosphatidyli-
nositol, phosphatidylethanolamine® Z-& o] 24 A2

S st Ao AMPSE AFE 4 Aok AMPE A& olF
Fool HEE AU detergentX] H micelle 4 & f 531
AEZeS g

HYHEIO|= 257

J &3 7)he 1 &7
A, GAEel s f AEFH G wheEord A
A e}o] = (bacterial AMP, bacteriocins), 4] &4 A HEefo] =
(plant AMPs), &7 A3 E}o] E (animal AMPs)E U= 5
St Animal AMPE 4% we} insect AMP, amphibian
AMP, fish AMP, reptile AMP, mammal AMPZ WU & 913l
animal AMP®] 23 o] 2+ cathelicidins, defensins, L]

I histatins® & 4 U

O

AELA A5 mE B

2 AHoRYH $elE AR B I SER ol
B antibacterial (Dermaseptin-B2), antiviral (Aurein 1.2),
antifungal peptide (Hs-AFP1), antiparasital peptide (Magai-
nin 2), anticancer peptide (Lactoferricin B%), antiprotist pep-
tide (EcAMP1), insecticidal peptide (Esculentin-1), spermici-
dal peptide (Maximin 1), chemotactic peptide (Temporin A),
antioxidant peptide (Catestatin), protease inhibitors (Odorra-

nain-Bl)5 & &7 & + Ao

Hepel= A
3“33315}0] Ee stAAH, 244, 281 Aol wt
Ttk 1A sk Ao wel &7E 3HH cationic
pepude neutral peptide, anionic peptide® &7 & 4 o}
%3, 4244 (hydophobicity)®l ¢]8l 41 hydrophobic peptide,
amphipathic peptide, hydrophilic peptide® Y& 4 3lth.
Ultra-small (2-10aa), small (10-24 aa), medium (25-50 aa),
large (50-100 aa) Aol ZE & 4 913 AMP7} 100 aa ©]73
9] 7 9ol = antimicrobial protein®.Z U0 2T},

T A% pattern
ity 7 AAZ ts AR 4o t(Fg 1) [21].
3

Bl £ linear one-chain peptide (e.g. LL-37, mag-

i~ T

Class LUCLL Class ILUCSS
(o] D :
Class ILUCSB Class I:.UCBB

Fig. 1. Category of antimicrobial peptides based on the con-
nection patterns of the amino acid chain: (A) linear poly-
peptide chains; (B) sidechain-linked peptides ; (C) poly-
peptide chains with side chain to backbone connection;
and (D) circular peptides with a seamless backbone [21].

A B

a-helix - e
Ty t\\" ;ﬁ B s
o form B form
Cc a-helix D
af form Random form
Fig. 2. Structural diversity and classification of natural anti-

microbial peptides. The known structures of AMPs are
categorized into four families (a,3,08, and random
form) [20]. Structural coordinates were obtained from
the RCSB Protein Data Bank (PDB) [20].



ainins) & FFA Y 8] AAHA %2 two linear pep-
tides (e.g. enterocin L50)E 3Tt UCSS+ sidechain-side-
chain connections &3} %72 % single peptide chain §-&
T 79 T2 peptide chain®] sidechain} sidechain®] 72 ¥
peptide (e.g. disulfide-containing defensins %2 ether
bond-containing lantibiotics)& Z3at™ UCSBE sidechain to
backbone connections 3 ¥Z% polypeptide chains (e.g.
bacterial lassos 12| 3L fusaricidins)©|t}. 182 UCBBE N-
and C-termini7} backbone-backbone connections 3l 373
¥ circular polypeptides® | 2] ol(e.g. AS48), 21 & (e.g. cy-
clotides), 18] % E(e.g. theta-defensins)dlAl @7 H T},
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5o E 4 9t} a forme helical structure® FA 38k 9
AMP °]H B form< beta-strandol] 93] FA =™ o form
a-helical form¥ B-strands 7% 5 FA 9 71212 JE
2351, non-af forme o] 3k a—hellcal £ 2 B-strands®
JHAL A B FHE Yol & Yth(Fig. 2, Table 1).
AMPE A4 A9 E AFste A Oi wlolg 2, N, A+
ol 9Al 715& st v Ao E ey on w2t
OEZA Axolg, E4A3 E4& Ugdle A% e AL
% 3ot 5 i th(Table 1).

wu rlo rir

Protein domain0il 2|gt SHlA| 25

Fol M s niel 2o] AM

P o folA ZfHEE 17
FAErol =9 33} T2 g7 EF T RS A 0|27 744 thekd 2o B HE AYE T ks
S AR ol Fosts AMPE 47HA 23 729 Ae & F At B3 A EAME AMP/F EA13He] WolH
71238} q form, B form, a3 form, 18 2 non-af formo 2 98 AEsty 9t gz AL HojHd S dgsis J)jPo g
Table 1. Examples of AMP classified by peptide structure
Name Source Sequence Net 3D Activity Ref
charge structure
Aurein 1.2 Litoria aurea, = GLFDIIKKIAESF 1 Helix  Anti-Gram+ & Gram-, 23
Litoria antiviral, antifungal,
raniformis anti-HIV
Pardaxin 4 Red Sea moses GFFALIPKIISSPLFKTLLSAVGSALSSSGGQE 1 Helix  Anti-Gram+ & Gram- 16
sole,
pardachirus
marmoratus
Leucine  Neutrophils, LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVP 6 Helix  Anti-Gram+ & Gram-, 22
leucine(LL)- moncytes; RTES antiviral, antifungal,

37 lymphocytes; antiparasitic,
(Cathelicidin) skin, sweat; Spermicidal, anti-HIV,
lung, homo Chemotaxis
sapiens
Distinctin =~ Phyllomedusa ~ NLVSGLIEARKYLEQLHRKLKNCKV 4 Helix  Anti-Gram+ & Gram- 17
distincta

Caenopore-5 Intestine,

RSALSCOQMCELVVKKYEGSADKDANVIKKDF -2 Helix

Anti-Gram- 14

caenorhabditis DAECKKLFHTIPFGTRECDHYVNSKVDPIIHEL
elegans EGGTAPKDVCTKLNECP
Human  Homo sapiens ACYCRIPACIAGERRYGTCIYQGRLWAFCC 3 Beta Anti-Gram+ & Gram-, 24
neutrophil antiviral, antifungal,
peptide-1 antiparasitic, anti-HIV,

Human beta- Keratinocytes;

defensin 1  skin; platelets; KCCK
Homo sapiens
Rhesus theta Rhesus GFCRCLCRRGVCRCICTR
defensin-1  Macaque
Indolicidin  Bovine ILPWKWPWWPWRR
neutrophils,
Bos taurus

DHYNCVSSGGQCLYSACPIFTKIQGTCYRGKA 4

Chemotactic, Enzyme
inhibitor
Combine Anti-Gram+ & Gram-, 1
helix & antiviral, anti-HIV
beta
structure

5 Beta Anti-Gram+ & Gram-, 3
antiviral, antifungal,

anti-HIV

4 Non-helix Anti-Gram+ & Gram-, 18
beta antiviral, antifungal,
anti-HIV
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Table 2. Examples of AMP including WAP domain produced by FRC

Systematic ID  GeneSymbol Normalization Description Genebank_ACC#  Ref

A_51_P108226  1100001G20Rik 4408123 WDNMT1-like protein, adipokine, MMP-2 NM_183249 25
activation

A_52_P700056 Gm11428 31.658875 Activated microglia/macrophage WAP NM_001081957 9
domain protein (AMWAP), counter-regulator
of proinflammatory response

A_55_P2039699 Camp 29.349669 Cathelicidin antimicrobial peptide (Camp) in NM_009921 10

Fusarium solani keratitis

HYATES $43, B3, 450 HEIE Rolgh @
AE 99 910 9348 4257 99 18RS 4
42F

A HgEES AT A0z ARHAY. wely gzdey
B 289 FZA stromal cell®l fibroblastic recticular cell
(FROE ol&ste] d34FolA Fx4 EdW3tE DNA

microarrayE 8 €483t 423 AMPo| 5=
A& CampE A €32 whey acidic protein (WAP) domain
£ X3t 9lE Gml14289] A Fo| Frhshe A& &3t
ATk Gm114282 A 7154 & YEY AL 9l AMPE 7Hs
A g A Al 8F A TH23]. Gm11428<] 9 WAP domains 33}
I Y& 1100001G20Rike] HEFE Friste Ao= & &
At o] FAAE FA7ISAHA tg A7 2 Ho] 9l
A gok AMPY 7]5 9 tE AF2 T 4 §IAT Gm11428%

& WAP domaing E3H813L 9131 small peptideo] ™ 9%
A dE o] FrkstE Ao E Hol AMPY A&
AN B £ 9tk 1100001G20RikE WAP domaing %
grata QLo ob2 FAA Fgof st AFE vt §lof
o

oF 3HAA &A o JEdTHH WAP domain®] M2 A4
BRde He 2 & & Aoz ARHT

2

2 =
AAZE old S A Fshe BHdes el net o
L S R R R e P R 3}%’%‘ o bl
< St o R BeAd U 54
APDel| 25787} ] AMP7} 5% HOi el wrE oA F
# & bacteriocin 2577] 9} archaea +2f 2, protists 7, fungi 13,
plant 319 281 5& F¥< 1939701 & ojF-Fo] H-gHHo
TEd AAZHE $HE AMP/F B2 BES AA35 2 9
o AMPE FA3HE W opr At A4 ofbn|iste] FE
oz gud Adde wA Hed, ol o] vAE
o Axetst Faargsto] LS dosled 2T 2
ol Ent. o2& A fEoll AMPl| & 282 WS
Hol & ¢ An tit, AMPE SlERo] Eo]7] wEol A A&
Al A ZARATE 7 T8 AMPE dEA 0] &0k A
A7 o g A8 THeAo] WopAAT ZAAA T}
0,

Fo2RH 549 AMPE dAH§5 Qo] U0 X§
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@ % Qe wdol dthn AR hebd oA e 29
AZL AHE FAA EAHA & AMPE EA L Ea 2
of HAkg fo] 48 & AEF S AMPE AHgalolo
% AMPY] 93] s BelRgL of] 8 e & 9tk

[
meta B Bao ofstd AgHde] wad AAJHE EF
e 5 MEZFE AMPAE 9 HEf|ZE £
g Ate As e gEA JAE 2T TREE
T JEERYH By Axd E434%E =S AS
AMPS] WS =T & glom oA AA o EA3t= A
gt} 18

22L& AMP AYO0 8 o] & & ¢
AMPY] protein domain ¥4 &
< AL2E AgdY

ZHAS|
B ATE 201595 Fohsta wf A0 Aol o3
3 5 1% U TH2015AA078).
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FoA Atdn. & £JEP |E= && @R off, YAF, ¥57, 4& 191 s HHYL2ZHEH A=
ABAE Heste A4 "o dofsta ot 198080 ol F= dd FAAete| =9 7} Frhska gl H
Heloh A=, $80], 4=, sE24H E%H 2000714 o]} G etol =7k A eto] = H o] B Hl o]
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o

/lé ]
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