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Uszina 14 kDa vu1a Tuiana 45x30x30xA° szneudanTamu(Domain) a0
Tanudidly o-helic tazmudae B-sheet nazluTuanaysznoudae 4 Disulfide
bond 331314 Cystein RUMNIT 64 1Az 80, 76 AT 94, 6 1Az 127, 30U 15

2. Goose type lysozyme (G-type) Usznouaionsaazii Tus 1wy 185 Tuiana &
umunimanaﬂs"mm 21 kDatiaz1/52noUAI0 2 Disulfide bond

3. Phage type lysozyme (T4-type) Usenounlonsaozi lus1uiv 165 Tuiana i
umunTumnsz £11% 18 kDa

{

venuinlalalaiuds defimsfnu Tshunduiu Afgns FlumshmudoyaunidieTsa

18un Bactericidal/permeability increasing

3.2 Antimicrobial peptides

E
o o

b v . , - AR Ay
uhl'lnnnummmu1mmmunsauuuqmsmstymuTmmwmmﬂmsuma Antimicrobial
. o o v { . . &
peptides WWTNAMIANYIAwATUAAITIAIO AU Ehrlich, Metchanikov 1102 Petterson @iy
msfinudremaiinireg Taoluil 1879 Enrich 18Mmsdnmn Cytoplasmic granules Y0¥aaiiaidon
mﬂﬂumﬂﬁﬂmsﬁauﬁ'(1]sﬁuﬁti‘lumﬁﬂsznaumﬂuwaa'wm'wﬁ’h]sﬁuﬁtﬂummmzxﬂumﬂag
I 4
91U T4l 1883 Metchanikov ThmsAnsuasvuiiinsiarodeuuafiGuveuwadniln
° A - a { o '
loslull 1895 Kanthack  wag Hardy wumsimiars¥suuanSouazdudantdasufiisonda
Phagocytosis  uaz iAo Petterson 1M imsfnyasnuiiasafainnussvnns
ﬂ11ummm1umsnmwmauuﬂnLsumwmui‘lumsnmwmT1Jsnunuqmﬁuumi‘lumﬂﬂums
MinsfnelS oy 1R ousy Protamines 'luaanu-umﬂmucmueacw“lusxuz;suusn‘ummsﬁﬂm
Antibacterial proteins 39 peptides WulATAUUAFINI MuF T nreTszuuilosfunisiaide
wuniiSeniedunlantaoy mxi‘lums'nNm\laﬂﬂsnunst)tﬂﬂ'lnﬂnuﬂ71mi‘|ummnnnsmmm
diadoav17 11l 1956 Shames 11ag Watson wu'mnsﬁnmmwaammaamnwmnsvmuunj'd'lnﬂ
'nmmsnnmwmauummsmsagmuTmamauunmsuunmmn Wl Indfinuil Headsznovves
as o ] wa o a
nsnezii lunadenuda Tnudneliguanidduuinuazaoandostumsdnyfidan
s o ' o A o n’: a a 4” Aad o o
Defensine ﬁ‘lunJﬂ'lnﬁnwmmmsmmumauueqmsmmumuTmmwmmﬂmsumuinw
wa 1 ' ot I d ° oS
NIWRUANTAAIN Taowuinlszneudioensiiu 25% uasdamdu 3.5 % qunsomaouuaiice
é - " o =
UNSNAUAD E.coli $3n13%1971904 Defensine n:tﬂumm’h"lﬂwmwmma'mmnn‘%‘ulﬁqqyﬁuauqa
Y} 4 9 ' a a
m3esnveuefuaduazifienmsmeluiiqa
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uanmnummwumnmvnumsanmmsaonqn1mNmmw“luﬂauTﬂmuuawgﬂﬂ'lmmn
muﬁnﬂmuvmonT"Jsms’iamuns"vimqmngmsTaﬂ Wy dnd uazuyud  Taoluilegin 143
msﬁnmmsaanqnﬁnNmmwmsuﬂwaﬂﬂsmé’n dmilszneuvesTuana na'lnmsiatense
mimunm uazmsmmqun'lﬁ'umsumﬂ%' U clinical trial darla 3 uds 1y Indolicidin, defensin

dmiuanundul 18w idandss hilsgiumui lumalsemednisfnymsotars T s

waznh/Indsen lunaasemendiindouosudidamsai 1

M3 1 TsAunazily Indaea finaasanienaiin

Synthetic AMP type
compound Company (Species) Clinical trial outcomes Planned clinical trials
Pexiganan Genaera Plymouth Meeting, Magainin2  No advantage over conventional None.
(MSI-78) PA (f Magainin (Xenopus antibiotics in a Phase 1il trial for
Pharmaceutical Inc.) frog) topical Rx of diabetic foot ulcers.
Failed to gain FDA approval.
Iseganan Intrabiotics Pharmaceuticals, Protegrin Failed two Phase Iil trials as Phase lia trial as
(18-367) Inc. Mountainview, CA (Pig) mouthrinse for stomatitis in aerosolized Rx for CF
highrisk patients. Failed Phase Il patients with chronic
trial as aerosolized Rx in respiratory infections.
ventilator-associated pneumonia.
Omiganan Microbiologix Biotech Indolicidin Failed Phase Ill trial as topical Rx to Repeat Phase Il trial to
(MBI-226) Vancouver, BC (Bovine) prevent or reduce venous confirm reduction in
; catheter-related bloodstream catheter colonization
infections. and local infections
under consideration.
MBI 584AN  Microbiologix Biotech Indolicidin Phase lib trial showed efficacy as Phase Il trial.
Vancouver, BC, Canada {Bovine) topical Rx for acne.
P113P113D Demegen, Pittsburgh, PA Histatins Completed Phase Il trial as Inhalation Rx for
Dow Pharmaceutical (Human) ‘mouthrinse for oral candidiasisin  Pseudomonas
Sciences, Patuloma, CA HIV patients. infections in CF
patients under
consideration.
XMP.629 Xoma (Us) Berkeley, CA BPI (Human) Failed Phase Il trial as topical Rx for None at present time.
acne.
Neuprex Xoma (US) Berkeley, CA BPI (Human) Failed Phase Il trial as adjunctive Planned Phase /Il trial to
(rBPI21) parenteral Rx to reduce mortality

in pediatric meningococcemia,

reduce inflammatory
complications in
pediatric open
heart-surgery patients.

ﬁm: Y, Gerold Gardon, Eric G. Romonoski and Alison M macdermot, 2005 Eye Current Research.

A3ANY1 antimicrobial peptide 'luaﬁm?uﬁmsﬁnuﬂuﬁni’na’uuum uazluyae 10 9 A

NUMSANYT antimicrobial peptide mumn‘umsauq Tnuumsﬁnm’luamwm 1w lugns nio
uuuvﬂuuqyu i‘]wuuumﬂmum antimicrobial peptide aan‘lﬁlﬂuﬂszmwmaq (U amphipathic and

hydrophobic Ol-helices, B-Sheet peptides and small proteins, peptides with irregular amino acid
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composition, peptides with thio-ether rings, peptaibols 11 microcyclic cystine knot pepides AIDH19UDY
antimicrobial peptide V1anguANA AR UM 19N 2

M0 2 iaaa antimicrobial peptide luntju Ol-helical tag B-sheet

peptide source primary structure o

a-helical

magainin 1 Xenopul laevis HzN—GIGKFLBSAGKFGKAFVGEINmS-m
magainin 2 HzN—GIGKPLHSAIQ(E‘GKAFVGBIWS-QC&H
PGLa HzN—GMASKAGAIAGKIAKVALKAL-NHz
cecropin P1 porcine small intestines H2N-SWLSKTAKKLENSAKKRISEG IATAIQGGPR-CQQE
B-sheet .

tachyplesin 15 Tachypleus tridentatus HoN-KWCFRVCYRGIEY CR-NH;
tachyplesin II HaN-RWCFRVCYRGIIC YRKCR-NH,
tachyplesin Il  Tachypleus gigas HzN-RWCFRVCYRGICYRKCR-NH,
polyphemusin I Limulus polyphemus  HoN- CFRVCYRGFC YRKCR-NH;
polyphemusin II HoN- CFRVCYKGFIC YRKCR-NH,
protegrin-1 porcine leukocytes H2N-RGGRLCYCRRRF VCVGR;Nﬂz "

‘Nﬂq&l cationic antlmxcroblal peptide aunsouseanidudn 3 nau“lmma linear peptides
forming Ol-helical structures cystemc-rlch open-ended peptldcs contammg smgle or several disulfide
bridges (/8¢ molecules rich in specific amino acids such as proline, glycine crw'i’mdnum antimicrobial

peptides Tunguiiuanslumsiam 3 medrdnuuzInssaduaasdagin 3



M9 3 AUV Cationic antimicrobial peptides (Paudasnn Vizioli J. and Salzet M., (2002))

Structure and

representative peptides

Organism

Antimicrobial activity

Linear a-helix peptides

Cecropins

Clavanin, styelin

Magainin, dermaseptin

Buforins

Insects, pig

Tunicates
Amphibians
Amphibians

Linear peptides rich in certain amino acids

Pro-rich:

drosocin, metchnikowins,

pyrrhocoricin,
metalnikowin
Gly-rich:
diptericins, attacins
His-rich:
histatin
Try-rich: 3
indolicidin L5
Single disulfide bridge
Thanatin
Brevinins

Two disulfide bridges
Tachyplesin lI
Androctonin
Protegrin |

Three disulfide bridges

o-Defensins
p-Defensins
Defensins
Penaeidins

Fruit fly
Hemipteran

Dipterans

Human

Cattle

Hemipteran
Frog

Horseshoe crab
Scorpion
Pig

Mammals
Mammals
Insects
Shrimp

More than three disulfide bridges

Tachyecitin
Drosomycin
Gambicin
Heliomicin
Defensins

Horseshoe crab
Fruit fly
Mosquito
Lepidopteran
Plants

Bacteria, fungi, virus,
protozoa, metazoa

Bacteria

Bacteria, protozoa

Bacteria, fungi

Bacteria
Bacteria, fungi
Bacteria
Bacteria, fungi

Bacteria

Bacteria, fungi
Bacteria

Bacteria, fungi, virus
Bacteria, fungi
Bacteria, fungi, virus

Bacteria, fungi
Bacteria, fungi

Bacteria, fungi, protozoa

Bacteria, fungi

Bacteria, fungi
Fungi

Bacteria, fungi, protozoa

Bacteria, fungi
Fungi

18
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c o
e v
91l 3 1A Molecular models 494 antimicrobial peptides luisiazngu

(A) human G.(-defensin-Z, which forms a triple-stranded ﬁ-sheet structure (containing
a small Ol-helical segment at the N-terminus) stabilized by three cysteine disulphide
bridges.

(B) The amphipathic Ol-helical structure of magainin 2

(C) The B-tum loop structure of bovine bactenecin.

(D) The extended boat-shaped structure of bovine indolicidin.

flu: Aau1lae9n Zhao H. 2003

Non-cationic antimicrobial peptide -

& o (] . . . : ¥y ' v
FINIDYNVOI antimicrobial peptides Tunquiluaasluaisian 4

19

A1397 4 #796139D3 Non-cationic antimicrobial peptides (Aa11/a4910 Vizioli J. and Salzet M., (2002))

Structure and representative Organism Antimicrobial activity
peptides
Anionic peptides
Neuropeptide derived:
Enkelytin Bovine, human, Bacteria
Peptide B Bovine, human, Bacteria
leech, mussel
Aspartic acid rich:
H-GDDDDDD-OH Ovine Bacteria
Dermcidin Human Bacteria
Aromatic dipeptides
N-B-alanyl-5-S-glutathionyl- Flesh fly Bacteria, fungi
3,4-dihydroxyphenylalanine
p-Hydroxycinnamaldehyde Saw fly Bacteria, fungi
Peptides derived from oxygen- ;
biading proteins
Hemocyanin derived Shrimp Bacteria
Hemoglobin derived Tick Bacteria
Lactoferrin Human Bacteria, virus

Antimicrob

Mauradnuazimsdnaiuanaietu Faoradlu 18 fdunounalngsil

nvee1¥nalnnisidn
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Antimicrobial peptide 'nnanmmnuﬂuwmummwaaunﬂmsuiﬂumv%W“lﬂfna"lnmsm
Maeadiuaziims nafiuandiady Feoriihy 183 Sfunounalnged
1. Attraction M3141TUY03 antimicrobial peptide fUTadUUATIEY Fonuiniwsdannus
electrostatic 321 INUszgueal IndfuaduesunfiGe Fanu antimicrobial peptide
mﬂuﬂszqmn s)zvﬁ'wunumﬁ'wuanvmuuamsunuﬂswqau (LPS 9483 Gram-negative)
lae teichoic acid NoguuminradveuaiiGe
n’: o’: P o 5 & . 5 P [ '3
2. U Attachment (Hudunouiidhfiues antimicrobial peptide NazH A T usradiuy
& ' [} o o . 4 aa
(WIU F3910M AN INYT 19LAEIRUMS concentration ¥ee 1)1 Ing Tnseade 2 A
- . 4 ' o o é o
nozgnina’lylu lipid head group Tuanmit b it suiasen Seosvi
o A o L3
"lﬁtumusumem an s umzAuy Indias concentration v04 1 Inddae
3 wmsaaﬂ antimicrobial peptide ud A membrane permeability 91NN NAADIVY
wud Sn2unduduven antimicrobial peptide/ lipid Wou 1 Indasfuuvuvuiudy | llpld
bilayer tazdiinnududuveanly Indgaiy whl Indezgnaead T luwmiusy uauide
anunduduvo sl Indgaiunn il Indezrendily lunanusunazadradiugiy 39
; i
winawuuuiiaesvensiiaty
& Y o A - o , . Sl T A
mna‘lnmswmmwwauuﬂmsu'um antimicrobial peptides 143 2 na'ln Ao
1. membranolytic mechanism 1ﬂmmumsn°1mm§amm antimicrobial peptides %zaéﬁ
adiUs Y udsunIumsiudioonyesms Widag Ry danaldifa
msuAnvawad uazmeluige
- 2. nonmembranolytic mechanism dh'runums mawwa antimicrobial peptides Tuna'ln
u‘lu'lé’agmumuswmwaa usvzTithmaensia1of intracellular molecule m)g
mulurad 194 DNARNA wielusay Tmmz‘nﬂmnﬂmiuuuans"uaumsmm
moluad hldiFoneld
1Jsmmmwmswmwnsaﬁmmsmagmu'(mmuunmswm antimicrobial peptides 180819
Sumziu aunsonnsanldaindauiid iy 2 da'ldud Taseadas aaﬂﬂs'"nauwugmwannwaa
uuanisy Tﬂimﬁutauauunwupwm antimicrobial peptides
33 Tﬂ'mﬁmmwanuwnmmﬂmm
-
A4 g ¢ P A a a -:' a
Tﬂﬂﬁ%'moauuwaavmuuﬂmsuuﬂmmnuazuuﬂmiuuﬂsuanumuﬂs~naun1nﬁ'tﬂuq

Autune %’u Phospholipid bilayer 'sz ﬂEJU'lﬂﬁ'?UﬁﬂﬁTﬂ‘laﬁﬂﬁﬁw‘U‘Nﬂ 1aun Phosphatidylglycerol
(\ﬁﬁ}lr"ﬁy
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(PG), Cardiolipin (CL;effectively a dimer of PG), Phosphatidylserine (PS), Phosphatidylcholine (PC),
Phosphatldylethanolamme (PE) lﬂﬂﬂ‘u UTlysAu lipoprotein lipopolysaccharides umnagmmm”agn
WUDN uawwmmﬂﬂﬂ'lnmmu (Peptidoglycans) 819923 Teichoic acid numwtfluamaui’ham
1i'flumwau Peptidoglycans monomer ﬂ{ﬂﬂjﬂ‘l’ﬂi Ribitol Teichoic acid 1% Glycerol Teichoic acid
{l'allﬂfm'NiS"'J'NllUﬂVlliUllﬂiu‘U1ﬂllﬁ$llﬂ5UﬁUTﬂUﬂ111’ ﬂi]l.l‘l]ﬂﬂliﬂllﬂiIJU'Jﬂ‘DZII'BIU‘UBQlWﬂﬁTﬂ
'lnaunuﬁnmm'1ag'7i1§aﬁ'u1?’uuan Bofudmilududuves Phospholipid bilayer d2uluunsuavay

Uszneudrutofuisduuenuazd i lulsenoudae Phospholipid bilayer 11 Lipopolysaccharides
{Huvsiilsznoudiny faguldi 4

it
g rdg
Ower
‘membiane
Periplasmic
wace —
i - RV 2 ¢'€ y weare -
. Seve e . ; e f S5 [ otogene
ié [ 8 et e e S8 RN Wl RGN
p & r" 9 g Le fin L
p S 1) { senteana
Gram+ cell UG J IR = e ™
envelope XXX

envelope

$ A e - o =
i 4 nlSeuidien TassahageuaadveunaiiGounsuuan @he) uazuuANGBUNTNAL(YN)

aw1iAved Antimicrobial peptides Mil#ilvszAnEmmazanus umzAesaduuaicy
1. Conformation
Antimicrobial peptides ﬁﬁuwuﬁ1muu1nﬁm1mmnvi1ﬂuddwmﬁﬁunmazﬁuﬁlﬂu
drulszneu fian ﬁunzmﬁﬁﬁiamiama“luTuqauazﬁﬂﬁﬁuﬁufﬁumsﬁz%uiou e ITianyue
Tassardiiuandreiu dofvisanTnseatae 3 Taudrvzannsouiseendu 2 uuy As 1Y O-helix

peptides (LU [B-sheet peptides uanmnfanuﬁui’lunajudauhumﬁuﬁﬂymﬂﬂsqﬂ%’n‘lé’ﬁm%u
61uunmumsﬁmjaz“TuuNugﬁﬁﬂnunmmiumnm'mzjéuq MuluTuagaisu Proline,
Arginine N30 Tryptophane

Tasaa$ 1901 Bi-helix peptides 1uve mmmﬂasuTﬂsmﬁ'n'lﬁ'maeg“lumia:muuawrﬁ'wm

Uiduiusfudedumadvoauniie lusasiTnssatranuy [B-sheet mnﬁuiﬂsm%ﬂuizﬁunﬁu
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QilBngunila fezfinsuaasautiafindiofy vudefid iy Amphipathic Faagfinuuanaves
auﬁﬁﬁti‘lu hydrophobic 1Qa hydrophilic 'U'ENTIJlﬁf]a
2. Charge _ ]

Antimicrobial peptides 1‘1'”1'111ﬂzﬁﬂszmi‘lumﬂag'izwiﬁ +2 83 +9 dennuildszyani
Anan szamnsei iy Indidh I adhaussdesgama i dumadumusud e nvosuafice
unsnay ﬁﬂsznaué’wﬂaaw'laﬂﬂﬁﬁﬂszqau (Acidic phospholipid) Ai® Phosphatidylglycerol (PG),
Phosphatidylcholine(PS) 110 Cardiolipin(CL) azemsaadraussdagania I dumadiuunysy
ﬁ'muanvaquuﬂﬁﬁuv‘faunsuammzunsummﬁawmﬂ LPS (Lipopolysaccharide) ita¥ Teichoic %30
Teichuronic Fuffunalndudulumsdhaudouuniide

3. Hydrophobif

ulﬂ'lnﬁﬁ'ﬁﬁauﬂsznauﬁlﬂumjazﬁiuﬁﬁ R-Side Chain 8191301231 UIWUFU(Benzene
ring) s¥iinniu Hydrophobic g4 éwxmmsmﬂﬂﬂﬁmmzﬁuwﬂ”mma'umuuaﬁﬁu'lﬁtfluadnﬁ
dat l&nduudadaimsfnufeaty  Antimicrobial ‘peptides azauiAnug vl Inddaez
dawadenalnmsmaedeuuniie awnsoutiseanidu 3 szez 1dun

3.1 Initial peptide Interactions with membrane with membrane targets

(ARSI Electrostatic interaction 3¥¥314 Cationic antimicrobial peptidés éiﬁﬂiti}?{ﬂ%lﬂﬂﬂ’m
uaz LPS ﬁtﬁeﬁwmuunﬁﬁuéqﬁﬂszqauﬁﬂ“r’i’tﬁﬂmsﬁﬂmﬁmn’hmﬁu"lﬁ'Tﬂm'w Tunszuaums
1qusqszn1'14ﬁut‘i’ﬂzﬁ'm'lﬁﬁaz‘ls'unhmnmiiﬁ’:’ﬁmmzﬁusﬁﬂ:innJﬂ'lmT fuideduday

3.2 Events Subsequent to Initial Membrane Binding

E 4 Ed
Tuduiteziianalnmsasuunisely 3 Snvas1dun

& a J @ { . .
3.1.1 The Barrel-Stave Mechanism ¥9SIAAYUNAI9INT Ol-helix peptides 130 B-sheet
] ¥ ke
peptides (AU IBAMTgITeguUMTI LB NYONTadIUATIS o9 InTL 9 1niTues auTAvs

Tuanafiu Hydrophobic N3 NS Y wusunamidiuuendrigisefuduluveusad

UszneuAvmisdmluvesminuuniiGessidnnlsenouiiiiu PG, cL uay ps GAIRERL IR
Tunaveud nddhgdmly

y
o

3.1.2 The Toroidal Pore or Wormhole Mechanism 1ﬁﬂ’luﬁnumznﬂﬁ'wﬁu The Barrel-Stave

. 1 1 o Ao ' A " :
Mechanism um:umnnpﬂummumismnqmﬂu supramolecular ¥3® Toroidal pore complex 9101

widhdamilnainAntofunuaiiSouaz 14n iy Hydrophobic 7181y Tuanaunsnidhluduvede
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9/ a o o a v o d o Y a a4 g @ g
Hu ‘lummzmmnummﬂﬂmwannuszn3NTmaqanJ1l"lm'nﬂmﬂmflu; (pore) NIBDY Y anYULT
i)%lﬁﬂﬂl]?ﬂﬁtlﬁﬂﬁllﬁﬁ Trans membrane protein og'daui’haﬁ'ﬂu

3.13 The Carpet Mechanism (fiuna’lniilifiannusumz iifeTuiagaves Antimicrobial

]
~

| o A o a
peptides Imziimintofuwadduuonazanludnyazyesmsynsuudrzifams aoaunsnuos
IA wa 3 a d . . g
Tuagadhgiveudrvanid  Hydrophobic MldiAanmsianinasves Membrane fluidity 35®

o v ] d o Y o Ia a
VAYIN iumumsmmimmﬁmanwaa ﬂﬂﬂﬂ'li‘llN'luﬂm»!l‘lfﬁﬂNﬂl]ﬂﬂ‘lll

- 1
. 1

& &

U1 5 uadnyusiuL$1004 barrel -stave ($18) azuv VA Carpet (¥21)

fla: Aaulad91n Zhao H. 2003

'
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RN R AT I R b N MIRIIYS G, AR KRR SRR

RN N RAERIIY NI BSORMRRICN L § TR
- s

DRI IR ITE SNV RO > oy ot

Barrel-Stave Madel Toroidal {wormhole) Model

U1 6 uamsdnuazIUL$ 1909 barrel-stave (410) unz1UV$1994 toroidal pore (¥21)

y n: AauaanIn Qian s. etal., 2008,

3. Mechanism of cell Death

M&1917 Antimicrobial peptides 'lé’na‘]mnﬂmmlﬁumuua”mmwmjfmmaqmawaa 1y
(%08(Ho Membrane fluidity yerugaszninlosousian ﬁmtﬁumsmmummaaﬂﬁuanwaa 1fin
MstiAN (ysis) vouwad tufigafezaell

aviu1é891 na'lamssideiunfiGunives it fosduiuTumsadas ion channel M3

adgiimanusy nismaifannudemisS vy unn'lu'lﬁnuwmwama‘1ﬂmmmmum
mm'ﬁ'aﬁuwuﬂunmﬂﬂ'lnﬂ

Selsted et al.,1992 AUWVI1 indolicidin c?uwn'lé’mn'lﬂﬂwmﬁcﬁwm neutrophils Y9437
(bovine) Tunrududy 10 mg/ml mmsnmmuwa Staphylococcus aureus Q¥ Escherichia coli |8
indolicidin fiifunly IndfifinsneziTy tryptophan oglusasiduiigann FaTaondTusAumnsenh
'lnm.,uﬂsmawmnsﬂazuTwuﬂuag'luﬂﬂmunuaumn

Benincasa et. al., 2003 ﬁnu1qni'1umsﬁ'mli‘faqﬁun?émm Ol-helical cathelicidin peptides 2
¥1ia Ao BMAP-27 1@y BMAP -28 mn1 BMAP-27 ummmmsa“lumsuuuqmsmswajam‘;a
uunmsuunsuau‘lﬁn o714 BMAP-28 uummsmmuqmmsm-umwauuﬂmwunsuuan'lﬁ'ﬂmnm
SuAY BNIEaNL1 BMAP-28 uuummmmsﬂummmmmsqmmwa‘hsa human  herpes

simplex virus type 1 (HSY-1) 1@ lumsmaaouivy in viro





