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Abstracts

The rapid emergence of antibiotic-resistant bacterial pathogens is a serious
problem and extensive efforts have been focused on the development of new classes of
antimicrobial agents. Antimicrobial proteins and peptides are one group of antimicrobial
agents which are phylogenetically ancient constituents of host defense and are
expressed by immune and non-immune cells of invertebrates and vertebrates. These
confer considerable potential for their development as novel therapeutic agents to
overcome the resistance problem. Crocodilians live in the environment with high risk of
bacterial infection but they normally suffer no adverse effects. They are not totally
immune to microbial infection, but their resistance thereto is remarkably effective. In this
study the blood of freshwater Siamese crocodile was investigated and antimicrobial
compound has been identified. The structure and function and their killing mechanism
was explored.

Antibacterial agents were purified from Siamese crocodile serum by anion
exchange, gel filtration and reversed phase HPLC. Six antibacterial agents designed as
pl4.1, p15.9, p17.9, p31.0, p36.1 and p51.2 were purified and proved to carry the activity
against Salmonella typhi, Escherichia coli, Staphylococcus aureus, Staphylococcus
epidermidis, Klebsiella pneumoniae, Pseudomonas aeruginosa and Vibrio chorelae. The
mass analysis of MALDI-TOF for antibacterial agent of pl4.1, p15.9 and p51.1 revealed
that they are small molecule with a molecular mass less than 1 kDa. The partially
purified agents achieved by gel filtration exhibits the broad activity against seven

selected bacterial strains and the geometric means of the minimal inhibitory

concentration are 15.46 Jlg/ml and 33.97 lg/ml. The scanning electron microscopy
demonstrated that these agents have targeted at the bacterial membrane and they act
like as the antimicrobial peptide. The antibacterial agent in the serum may represent the
first line of an immune system in a freshwater crocodile.

An antibacterial compound from crocodile plasma was partially purified and
functional characterised. The freshwater crocodile (Crocodylus siamensis) plasma with
antibacterial activity were partially purified by using a centrifugal concentrator and
reverse phase HPLC, and designated as crocosin. Crocosin exhibits antibacterial
activity towards Salmonella typhi and Staphylococcus aureus. Crocosin is thermostable
and resistant to pronase digestion. The structure of crocosin analysed by mass
spectrometry contains repeating units of 94 and 136 m/z and contain Ala and Gly at it

N-terminal. Scanning electron microscopy indicates that crocosin probably penetrates



progressively into cytoplasm space, perturbing and damaging bacterial membranes.
Crocosin may provide an early defence mechanism toward bacterial infection in fresh
water.

In the same manner, the antimicrobial properties of leukocyte extracts of
freshwater crocodiles (Crocodylus siamensis) were studied. Chromatography technique
was used for the purification of the leukocyte extracts. Then, the mechanisms for
destroying microorganism of peptides were studied using LC-MS-MS techniques.
Results of the study indicated that the leukocyte extracts were able to destroy 8
bacteria; Staphylococcus. epidermidis, Bacillus. megaterium, B. licheniformis TISTR
1010, Pseudomonas. aeruginosa, Ps. aeruginosa ATCC 27853, Salmonella. typhi, S.
typhi ATCC 5784, Vibrio. cholerae, and a kind of fungus; Candida. albicans, after testing
with 30 species of microorganism. Further more, the leukocyte extracts were purified by
using column chromatography. Four protein groups were obtained; P1, P2, P3 and P4.
The study found that P1 and P3 proteins were able to inhibit S. epidermidis, S. typhi
and C. albicans. Results from zymogram refolding gel and western immunoblotting
indicated that the leukocyte extracts contained the proteins size of around 14 kDa that
had weak interaction with anti hen egg white lysozyme antibody. Gel filtration was
performed to separate the peptides, and Reverse phase high performance liquid column
chromatography was done to purify the peptides. Results indicated that 10 peptides
could be separated. Four peptides (Leucrocin I-IV) showed antibacterial activity against
S. epidermidis, V. cholerae, S. typhi and C. albicans. Leucrocin I, 1l, 1ll and IV exhibited
different properties in antimicrobial activity, and different toxicity to human red blood
cells. Electron microscopic study indicated that peptides leucrocin | and |l destroyed
inner membrane of bacterial cells, resulting in lysis or death of bacterial cells. Thus, the
target site of peptide action is at the membrane of bacterial cells. Further, the
permeabilization of outer membrane of S. typhi (Leucrocin | and IlI) and V. cholerae
(Leucrocin Il and 1V) was studied by using detection of the increasing intensity of
fluorescence of N-phenylnaphtylamine. Results showed that both peptide present the
permeabilization of outer membrane of the bacterial cell tested, measured by the
increasing of fluorescence intensity. Measurement of cell lyses performed by measuring
DNA concentration at 260 nm showed that S. epidermidis could be lysed by the
peptides tested. The study of primary structures of peptides using LC-MS-MS showed

that amino acid sequence of Leucrocin | contain NGVQPKY; and Leucrocin Il contain

22



NAGS_LSGWG. Sequence alignment analysis showed no homology to any proteins or
polypeptides in data base.

This is the first study to report the antimicrobial peptides in the leukocyte of
Siamese crocodiles of both the structure and antibacterial mechanism. These peptides
are able to destroy bacteria by perturbing the permeabilization of bacterial cell
membrane. However, further studies are needed to define the structure of crocosin and
leucrocins to examine possibility as a lead compound for development of novel

antimicrobials.

keywords : reptile, crocodile, antimicrobial agent, antimicrobial protein, antimicrobial

peptide
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Synthetic AMP type
compound Company (Species) Clinical trial outcomes Planned clinical trials
Pexiganan Genaera Plymouth Meeting, Magainin2  No advantage over conventional Mone.
(MSI-78) PA (formerly Magainin (Xenopus antibiotics in a Phase Il trial for
Pharmaceutical Inc.) frog) topical Rx of diabetic foot ulcers.
Failed to gain FDA approval.
Iseganan Intrabiotics Pharmaceuticals, Protegrin Failed two Phase Il trials as Phase lla trial as
(IB-367) Inc. Mountainview, CA (Pig) mouthrinse for stomatitis in aerosolized Rx for CF
highrisk patients. Failed Fhase IlI patients with chronic
trial as aerosolized Rx in respiratory infections.
ventilator-associated pneumonia.
Omiganan Microbiologix Biotech Indolicidin Failed Phase Il trial as topical Rx to  Repeat Phase Il trial to
(MBI-226) Vancouver, BC (Bavine) prevent or reduce venous confirm reduction in
catheter-related bloodstream catheter colonization
infections. and local infections
under consideration.
MBI 594AN Microbiologix Biotech Indolicidin Phase lib trial showed efficacy as Phase Il trial.
Vancouver, BC, Canada (Baovine) topical Rx for acne.
P113P113D Demegen, Pittsburgh, PA Histatins Completed Phase Il trial as Inhalation Rx for
Dow Pharmaceutical (Human) mouthrinse for oral candidiasis in Pseudomonas
Sciences, Patuloma, CA HIV patients. infections in CF
patients under
consideration.
XMP.629 Xoma (US) Berkeley, CA BPI (Human) Failed Phase Ill trial as topical Rxfor MNone at present time.
acne.
Neuprex Xoma (US) Berkeley, CA BPI (Human) Failed Phase Ill trial as adjunctive Planned Phase I/l trial to
(rBP121) parenteral Rx to reduce mortality reduce inflammatory

in pediatric meningococcemia.

complications in
pediatric open
heart-surgery patients.

fn: Y, Gerold Gardon, Eric G. Romonoski and Alison M macdermot, 2005 Eye Current Research.
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(Cysteine-rich open- ended peptides contain single or several disulfide bridges)

1 a

S { o (] a . .
1.3 1w InanTuanafingezd Tund uwiz wu Tnsau Inadu wagdanau(Molecular rich in

u

spech in specific amino acid such as Proline, Glysine, Histidine) FIADU1UTAIAIANT 1N 3

! o va &
15190 3 Lﬂﬂulﬂﬂdﬁﬂmﬁ Al Cationic antimicrobial peptides

Structure and representa-  Organism Anfinidcrobial achivity
[

m‘
Linear qut:Tm peptides

Cecropins Insects, pig Bacteria, fungi. vitus, pro-
fogom, hetazoa

Clavarin, styckin Tumbcates Bacteriap

Magainin, dermaseptin Amphibians Bacteria, pratozoa

Bufovins. Amphibians Bacteria, fungi

Lineay peptides rich in certain amino acids

Prowrich:

drosociny, metchnikowins,  Frait fly Bacteria
pyribocoricin, metal-  Hemipferan Baclena, Furpr
nilcowin

Gly-rich:

diptericing, aftacins Dipterans Bacteriz

His-wch:

histasin Human Bacteria, fungi
Thiy-rich:

indolicidin Cattle Baclerna

Single disulfide bridge

Thanatin Hermipterasn Bacteria, fungi
Brevinins Frog Bactena

Two disulfide bridges

Iir;il[:lﬁhséﬂ 11 Herseshoe craby gﬁﬂia’ fungi‘ viFus
Andrectonin Scu'lpm ii] denia, fumgs
Pml’cg,rin I Piﬁ Bacierna, fl.n:!g, IS
Three disulfide bridges

oe-Defensing Mammals Bactesia, fung

f Defensins Manmmals Bactesia, fung)
Defensins Insects Bactesia, fung, protozoa
Fenacidins Sheimp Bacteria, fungi
Movre than three diswlfide bridges

Tachycitin Herseshoe crab  Bactenia, fungi
Drosemycin Fiuis flly Fongi

CFambicin Mosequite Bacteriw, fungi, pretozoa
Heliomicin Lepidopteraw  Bactesia, fungs

Defensins Plants Fungi
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2. Non - Cationic antimicrobial peptides
I J ' VoA 1
Anionic  antimicrobial  peptides tHutl1lInangulva Adrulnagdnazdunulu
% I 1 J 1
Mammalian epithelia #3019u8no0n lAilungua1ee 1Aun wan Phosphorylate compounds (Peptide B
4 s o

110 Enkelytin), WIN Neuropeptide precursors (Enkephalin A) FIA1W3 awu"lé’“lumgyﬂuazﬁ asiny
[ o < 9 Sy A A ' .. Y I L oA
U 32 ane ung iudu awnsaeengniAuuuaiiizelungu gram positive Ared191)1 Ina lunguil

Y o d‘
e ldae a1319n 4

]
=1

1 J va
M3199 4 L‘]Jﬂul‘iflﬂ‘iflflﬂmﬁ U Anionic antimicrobial peptides

Stroeinreand representa-  Owganisme Antimicrebial achiviiy

tive peptides

Anionic pepfides

Meuropeptide derived:

Enkelyfin Bovine, human, Bacteria

Pepiide B Bovine, human, leech, Bacteria
mussel

Aspartie aeid rich:

H-GDEDDDE-OH Ovine Bacteria

Demmcidin Human Bacteria

Aromatic dipeplides

N-p-alanyl-5-5. Flesh fly Bacteria, fungi

glutathionyl-3.4
dihydren yphenylalanine

P Saw fly Bacteria, fungi
Hydroxycinnamaldelyde

F'ep-li-:ﬁes derived frome nxrg,en-hinding pmleim

Hemocyamn derived Shrimp Bacteria
Hemoglobin derived Tick Bacteria
Lactoferntn Human Bacteria. virus
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waauuaite TassadaasauiAnug U89 Antimicrobial peptides

Tssadhaveudefuwaduuniie
Tnssafruderusadvowuaiissunsuuanuasuuaiisunsuaviidmszneuiilndifes

funfuio 1 Phospholipid bilayer fi1/sznen l1drevoa T latlavareiia Tdun Phosphatidylelycerol

(PG), Cardiolipin (CL; effectively a dimer of PG), Phosphatidylserine (PS), Phosphatidylcholine (PC) ,

Phosphatidylethanolamine (PE) Wudu 1158 lipoprotein lipopolysaccharides (N7 ﬂagiw%mwagiﬁ
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Aauen tagduvouwdnlalnaunu (Peptidoglycans ) 81998 Teichoic acid NinNuiluauAsutNgs
S o A '

Hudse Peptidoglycans monomer agclug /Y99 Ribitol Teichoic acid Lo Glycerol Teichoic acid
9 ' ' A A ) A A A ~o A
Youana1esEHINLAfGaunsuuntazunsvay Taena 1y AeuuaiiFeunsuuinziivuves i

; D dd g 2 - g 2
Ta'lnauau  (Peptidoglycans ) MuiniegMgerusunen ©odud1uluiudsuye Phospholipid
v
Y

bilayer a1 lunnsuavazdlseasudlateruisduuentaza1uulsenouale Phospholipid bilayer
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il Lipopolysaccharides Auesdilszneudiia dagiin 4
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31]7] 4 Ll]'iEJ’LIL'VIEJllIﬂiﬂﬁﬁNLEJ’EJ“V!ZJL%QQ%@QLLU?IVIL?ﬂllﬂill‘]J'Jﬂ (18) La
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HUANLTELNTUAD(VI)

\ Ao 4 . . . . ! a A Y A o a o . .
aIuNMI¥N Antimicrobial peptides HszanEMUMIMuUHsoMaIaNANUI W (Specificity and
1 a A k% v
Selective tOXicity) AoLUANLIE ulﬂ!!ﬂ
1. awsznevvesaruneallalla  (Phospholipid)  91AMITANEINAIULT WU
E‘huﬂiSJ’ﬂEmGU?N‘Nﬂ’dIWVlmQJﬂﬂjﬁlﬂlgﬁlﬁ:m%aﬁ E. coli, S. aureus,B. subtilis,C. albicans 1a% Human
erythrocyte WSeumeuserang Cardiolipin (CL; effectively a dimer of PG), Phosphatidylglycerol (PG),
Phosphatidylethanolamine (PE), Phosphatidylcholine (PC), Sphingomyelin (SM) 182 Sterols (cholesterol
qu’ A Y qu’ A Y 3 A A A a =
or ergesterol,ST) M luBoRuFULBNUazBauFU Y LuANGEHTENINTHIATS Tonazldiulszno
A g 7o A d o . . .
mmwanm«ma%uiumﬂu Cardiolipin (CL) Phosphatidylglycerol (PG) ttaPhosphatidylcholine(PC)

] [ 1

< 4 ' 4 % < 4
naassepiluay (Negative charge) ¥eagdana ligeduaaaiilszyiuavdiosuiu winnilube

J a 1 4 Jd S o 1 A
ﬁul“ﬁﬁﬁi"l’)ﬂgﬂﬁi@ﬂ WU C.albicans 1ag 1¥0@a Erythrocyte UDINUBYDYWUUIT AN LUASWUTIUN

W Phosphatidylcholine (PC) Phosphatidylethanolamine (PE) 14182 Sphingomyelin (SM) Ltaagys A
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gniJunag (Neutral charge) Hoana11um3 loa aegi 5 mquadwnanmlniteduaadueanan
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WouuaniGene 1sAlAY $1M12AB  Antimicrobial peptides
v A o . . 2L~ o L. . &
2. awdsznounilu Lipopolysaccharides (LPS) #91u1n1usu Lipid bilayer U01¥o
1 1 g 1 ] a { 1
uuafiGeunsuay 15y Ecoli - dilsznouiilungemavz e ldinausdamilorsznite nhl
o A g % A 9 .. . .
"l‘vmﬂmﬂanmmaaimzammu (Initial peptide Interactions)
A . 4 ! { g . . . < @ 4
3. wlilalpauau (Peptidoglycans) elidaiuilszneuidu Teichoic acid 1uddou
1 . =\ 3 J 9 1 9 = ~ 1 4
52173 Peptidoglycans monomer AMuavaAoudNgunmsasuswamilodszniullIng
Ay s S A
ADITONUIFAAUDININUVANITHUNTUUIN

M
wA o A

4 ¢ & o e . . 0
4. poaniAsunzaug vouBeRMaad ¥R Antimicrobial peptides HAWIUNIE
VoA 9 4 A A 1 [V 1 v 9 v 9 !

MDYV NLBAAUDILUANLTYL YU aﬂyiuzﬁummszﬁ’mwum1u1uuazNmmuuaﬂmaﬂmuﬂszﬂ@u
' a . Ao A . & ad g s o I
A9 aupUu (ligand) NI UNWIL ¥199A1 Transmembrane potential (A G]Nﬂﬂmaaumcﬁaammﬁmmm

9 3’ . = 1 = 1 A A 1 =
AnNABYUIUN (Mammalian) HA15ZHIN —90 9 —110 mV ’(?f')l!‘IHW'JﬂLL‘]Jﬂ‘V]LiEHJﬂ'lﬁZW'J'N 130 94

G

150 mV

gﬂ‘ﬁ 5 ulSsuisusznindindsznevvesrloaTillalaveubeduimad E. coli, S. aureus,
B. subtilis, C. albicans 140 Human erythrocyte ﬁﬂi LNOUAY Cardiolipin (CL; effectively a
dimer of PG), Phosphatidylglycerol (PG), Phosphatidylethanolamine (PE),
Phosphatidylcholine (PC), Sphingomyelin (SM) (182 Sterols (cholesterol or ergesterol,ST)

A4 9 ' a
VO WD NLAASTUA

= .. . . a A a =2 o J 1 o A
NITANY antimicrobial peptide Glu’f)ﬂﬁLii]i]ﬂ"liﬁﬂ‘]slﬂuﬁﬂﬂﬂijmmﬁﬂ Lmﬂwmq 10 NEu
= = .. . . A 2 A = = o Ja 1 A
WIUNITANYT antimicrobial peptide [WNNINUVULTDYS) Iﬂ‘(’]i]ﬂ"liﬁﬂ‘ﬂﬂﬂﬁﬂ?%l!q\‘] LYY Gll!ﬁ;ﬂﬁ "I
Y J o 2= [ 1 .. . . Y 1 ' . .
LL?JLLGIGlmJ‘lgHEJ ‘]JfﬂﬂUUMﬂWiEﬂmmﬁantlmlcroblal peptide aaﬂ”lmﬂuﬂizm‘ﬂmm 1% amphipathic and

hydrophobic a-helices, a-Sheet peptides and small proteins, peptides with irregular amino acid
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composition, peptides with thio-ether rings, peptaibols L& microcyclic cystine knot pepides A10819U04

antimicrobial peptide 113nquANaIN WAL IUMITN 5

M319N 5 LLEAY antimicrobial peptide GlUﬂf:jiJ a-helical 148 o-sheet (910 Katsumi M, 1999)

peptide source primary structure s

o-helical

magainin 1 Xenopul laevis HoN-GIGKFLHSAGKFGKAFVGE IMKS-COQH

magainin 2 HoN-GIGKFLHSAKKFGKAFVGEIMNS-COOH

PGLa HoN-GMASKAGATIAGKIAKVALKAL-NH,

cecropin P1 porcine small intestines HyN-SWLSKTAKKLENSAKKRISEGIAIAIQGGPR-COOQH
B-sheet

tachyplesin I & Tachypleus tridentatus HaN-KWCFRVCYRG

tachyplesin II HoN-RWCFRVCYRG
tachyplesin III  Tachypleus gigas HoN-RIWCFRVCYRG
polyphemusin I  Limulus polyphemus  HaN- CFRVCYRG
polyphemusin II HaN- CFRVCYKGF]

. . f ]
protegrin-1 porcine leukocytes HoN-RGGRLCYCRRRFCVCVGR-NH>

.. . . = ' = o tdyo Y A J a A 9 9
Antimicrobial peptide wﬂanmmwmumﬁummwaamm‘msfﬂﬂﬂm%z“l%ﬂallﬂmim

k4
v

o I A Y} A Voo 2% I Y1 A o &
VI"Ia1ﬂl‘ﬂfﬂE‘]‘V]LL@%?Jﬂ”ISi"M”JﬂWWLMﬂ@Nﬂ‘Ll «mmmﬂullﬂllmw llﬂl‘ll@]@uﬂﬂllﬂﬂ\iu

1.

2 . . . o J : v 1 a

Attraction mi!slglj”ﬁ]‘]J"]Ji’N antimicrobial peptide AuraauUART e FINUIU19NAINUT

. v - 5% < A A £ ' . . . .
electrostatic 521111915z uouill) Indnuiaduouniise $9WDI1 antimicrobial peptide
A I Y v o a 9 A A .
%Lﬂuﬂizi}ll?ﬂ i]%!flﬂi]‘uﬂ‘]JN'Jﬂ"qu’ﬂﬂsll’f]\ulﬂﬂ‘miﬂﬂllﬂixﬂaﬂ (LPS 4849 Gram-negative)

. . . S @ J A A

1 teichoic acid NBYUUNUILLAAVDIULVANLTY
09: I 09: Ao w .. . . A ' 9 J
YU Attachment Lﬂumumu‘ﬂmﬂmﬂm antimicrobial peptide Rozrnud Tdvuyaamu

£ = 1 ] ~ (% . L4 9 an
LUTU HINNITANHINUI UI1IEINYINVNIT concentration UDI Lﬂﬂvlfﬂﬂ Tasease 2 4@

=

fvzgnileadlellu lipid head group Juammi lusauud i iuuwsuaeen Faazi

U

@ : o @ J . 4
W wusuuieda Flanusumegnun) Induag concentration vos 111l Ing e
o S . Y o q9a .
YUNITHDA  antimicrobial peptide 122 111nA membrane permeability 91ON1TNANDIVE
V9 Yy 9 .. . . .. 9 J </ v ..
WU DIANMUYNVUUDY antimicrobial peptide/ lipid HDY ) Indazsuuuuvinuiy lipid

4
bilayer wazdianududuveulilIindgaiu  nhlindvzgaaeadnllumuwsy uas
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[l 4
dioanudutuvestiIndgediuann  ulilIndevaoadn I lummmusunazadaflugiu

U

d! = o a d? (Y] dyd
F9LUUAGUUUINABIVDINIIAATY A31iAD
o $ o S { g . I ” A
uuUS1204 barrel-stave Fuinvouillnaneglulnssadraiilu helix vziiludanoglumm
= £ S 1 A o Y = . . o3| o A o Y a
Wi nazligasanandaziuoniodindes uazll helix peptide WuAmmeNmmusuazilding
v v v 4 Ao A a N A =
mynzqun 18 msadeglunuiiselidnvaziney Taoninszquued Alamethicin $991NMIANYN
a 1 a I v o 1 o
NOUNAUANDI Alamethicin dzinaily o-helix Sufummusy tagsmnquiuaead iy lipid

. 1 A . 4 aan @ .. . 1 A .
bilayer Tasdruinilu hydrophobic GIJENL“lJ“lJ]l‘I/]@]51]3“]/]11J§]ﬂ§FJTﬂ‘]J lipid bilayer taza Uiy hydrophilic

b4 1
wiinlfnsernuesilfinagiuin Alamethicin N1 14100 poreld 9z152noud10 3-11 a-helix Aag1)

U

v
=~

6
S A = sa .. . ' . .. B =
1yY1a09 Carpet AvvziimsazanvouldIndnaives lipid bilayer (U ovispirin FIVLY
Yy 9 J o Y a o . A o °
anududuveu)Indgaazildifamsdauing bilayer mlounumsmamwes detergent wazlu
o J @ 3 o oA 1 -1 5
vegazinld il lnaadegnsmivluwunsy  dldudIndouqdiguunsu1dnniu

o v a o . Y {
gameszi Iduusurgasenaniunailu micelles Aag1li 6

310 6 uaasanyazuUU$1a04 barrel -stave (110) Haz1UUTIA0I Carpet (¥17)

31: aauada91n Zhao H., 2003
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HUUD1804 toroidal pore 19819U04 antimicrobial peptide Ao margainings , protegrins LUag
1 2 ] < E4 o
melittin 1)) Inanidlu o-helix Hozaoad Tl umusundInszdu lipid monolayer 1# Idag0au9h
ya & o g9a o dg v 4 y oA o
Tiineg e liinahndusnunarsgnulilnangneaea wazh lipid head group Tavarunzewin
J o aaa o J v
voutl1) Inavz i1l §nse11 polar head group Y04 lipid  ¥0LANA1IVDA barrel-stave model M toroidal
J o
pore Ao 10 lndves toroidal pore 921 interaction U lipid head group dausfazaaainluly lipid

. Yy 3 o =
bilayer #aINM W A3l 7

gﬂﬁ 7 WEAANANHUSLUVI D04 barrel-stave (6195}18) LAZLUUD1A04 toroidal pore (¥31)

flan: Aauaee1n Qian S. et.al., 2008.

[V 4

< PR ] dy A A = Y o [ Y .
ilzmu”lm”l ﬂﬂbl,ﬂﬂ'limHﬂfﬂllfﬂﬂ‘ﬂﬁﬂﬂ'ﬁ]i]gl,ﬂfn"llﬂﬂﬁllwu‘ﬁ UNITHIN ion channel N7

E
Y ' ~

{ a @ 13 1 1 '
ﬁ%’wqgﬁmmmu W?’OﬂWﬂﬂﬂﬂTﬂﬁﬂ‘Vﬂﬂﬂ‘UliﬂJL‘Uﬁu u@mllm”lﬂﬁmamwmma"lﬂmmmmmz

Meavesduius lunnnliling

Selsted ef al., 1992 AUNVI indolicidin Fauten a0 Ty Tana1a®uue neutrophils Y0432
4
(bovine) Tuanududv 10 mg/ml Asoaoo Staphylococcus aureus QY Escherichia coli 15

'
I a

Y 1 [l
indolicidin il IndhiinsaoziiTu tryptophan aglusasaiuigann dalasind TulsAunienl

=

7 a a a & o 1 ~
InavefidSunmvesnsaziiluriaiiogludadiuidosuin
1 £
nnMsAnp IaseadeszauAeniues fragment dIUNTNVOL histatin-5 91011A1GNU
. . 9! 9 A d . Y o o . . 9 1
histatin 1% 139051991304 o-helical 1913V membrane V09 Candida albicans ﬂ?ﬁllliﬂi%ﬁ’ﬂﬂﬂi%ﬂ
Y] 1 1 A g ] . .

uazwu‘ﬁz"laiﬂmmgmnmumﬂuﬂizi}uaﬂﬂuﬂﬁzﬂamm plasma membraen (Raj PA., Soni SD.

and Leine MJ., 1994)
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Yan L. and Adams ME., 1998 1180 lycotoxin I 1t@% lycotoxin 11 91AWHUBUNIT09 Lycosa
F4
carolinensis 198 1HNANA reversed-phase HPLC uagnaaaumsduduazdvuuaiisenyinainnge
@ oaj 4 a 3 g 3
§uduse Escherichia coli Wag Candida glabrata W9 Tagl¥1udTunanululas Tuarsmniv
Q( 4 a 4
Benincasa et al., 2003 ﬁﬂ}ﬂq%ﬁiuﬂ1i€]}1ul§@ﬂau%d§8ﬂlﬁl\‘] OLl-helical cathelicidin peptides 2
Y Y
¥ila flo BMAP-27 1ag BMAP -28 Wu11 BMAP-27 fanwamnsolumsdudimsniyveuie
S A Y 1 lel U 0911 a dy == Y 1
uuanGeunsuanlaa @i BMAP-28 duannsndudimsniyveusonuaiiGounsuuin laanaun
Y Y Y
suay 9NIBINL BMAP-28 tulianuamnsolumsdumsnigueude 1aa human  herpes
simplex virus type 1 (HSV-1) 1@ lumsnaaeauy in vitro
Genco et al., (2003) AN antimicrobial cationic peptide Magainins fuenldaniany
Y
(African clawed frog) 2 ¥l filo MSI-751uaz MSI-774 lumsdumsnsgaueuiens lsalugesin
) 4 A A J dy 1 []
waznalnmsimaresaduuaiise wud ¥ene 1saluxestn Porphyromonas  gingivalis
Fusobacterium nucleatum, Actinobacillus actinomycetemcomitans, Eikenella corrodens , Prevotella
loescheii 140 Prevotella intermedia. P. gingivalis viinulee MSI-751 11nN31 MSI-774 1agan
= o J S~ 4 Y Ja 3 . 1
msAneIna lnmsimeraduuaiiissdrenaesgansseiom@nasou (Electron microscopy) W31
LA o I % o q ¥ a 2 o q ¥ &
Magainins Jithrsnelumsianaadnadamuusy Tagszsih ldwuusumaanudesriie sliye
S A d'
nuaniFemelunga
o = L. . LA Y 2 A
Feng-Sheng Wang, 2003 M1N1TANEINAUYDN antimicrobial proteins Augn ldnndadenv?
9 9 9
YOINY AOMTIUIINTINTYVOUTD Staphylococus aureus Wag E.coli lurioua wu HTlsavauia 6
o oa.;l a di’ A A qg;l a ; 9y o 9 J
uag 7.5 kDa @mnsndudimsniyveuienuaiizensdosyialuiiovald Tasnsiildiead

~ A 4 < o 1 { A 4 1% ] 4
LLUﬂ‘ﬂGEJLLGIﬂLLﬁZGﬂEJGlHTIEIﬂ éﬂﬂ%tﬂuqﬁ%Wﬂﬂ1§3ﬂﬂ1 OD, , nm ‘ﬁLWﬂJﬂJWﬂGﬁUWﬁQﬂWﬂUNL%@ﬂﬂﬁfJU

260
v .. . . Ay v S A
1 antimicrobial proteins w"lﬂmﬂmmaaﬂmnmmwy
. o [ 4 . . : 3 e e g .
Benincasa et al., 2004 MNTAUATIEH Pro-rich peptide Bac7 %911 cathelicidin-derived
! [ J A 3 1
peptide Auen'1a1n bovine neutrophils Taodansizridlu fragment peptides NUANNYIIAULA 13-35

a - J

. Y o = 9 a 4 i g a . -
residues Lm’ﬁmﬂﬁ‘iﬂﬂﬁ@‘uq%ﬁﬂﬁﬁTumiLﬂimmﬂﬂl%@ﬂauﬂiﬂﬁlﬂu%uﬂdrug-remstant clinical

=

isolates W21 fragment Bac7(1-16) 1 fragment Bac7(1-35) FINFIUVDY highly cationic N-terminal
1 3 = 2 9 zﬂy == Y 1 [
sequence DYUU lJﬂmﬁNUﬂiuﬂWﬁ@WUl%ﬂl!Uﬂﬂliﬂ LLﬂiiJﬁllllﬂﬂ HAagWUI fragment Bac7(1-35) 84
Y 9 Y
11304 USRS YVOUTOT Cryprococcus  neoformans 1@ 1A lidaNadudIMs s yvouses
Candida albicans
Podda et al., 2006 ]lg]}ﬁﬂ‘hlwimﬁﬂQMﬂﬂtjiﬂlﬂﬂ Benincasa et al. WU antimicrobial peptide
L. o & Ao gy o o Y 9 ¥
Bac7 1la& Bac7 derivatives ﬁ"liﬂiﬂﬂ'lﬁ'lﬂ!“]f'ﬂl!‘ﬂﬂ‘]ﬂﬁElllﬂ’(ff't’){lﬂﬁhlﬂﬂﬂ’E]'lﬁflﬂ')'llllellllsllullagIﬂi\?’ﬁi“l
o @ d ¢ g {
Carlo et al, 2006 NMNITTIUATIEH ubiquicidin ¥uilu antimicrobial peptide fuenldannau

Taoimsdauasizr lugduunfilu full sequence D ubiquicidin (UBI 1-59) taziilul/Indane
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k4 [ H A

Fuq Nlsznevudiensaezii TuSIWUR 31-38 residues (UBI 31-38) udni lunagougns lumsdiums
- 2 A a v g . =) ! ! s

NIYVOUTO Staphylococcus  aureus MYUYTA methicillin  resistant 1391071 MRSA Wy 11ld Inad

o o’d? = o os/‘ a dy A Aq Y P < Y

dunszdvuiianuansalumssudimsniyveusouuaiiFonldmaaonla dalinnuiull1dn

o % J v sa 3 o a g
vz1i1 UBI 31-38 Gailunlif Inadunszindvinaduinlslumssou Tsndase luuywdla

Liu et al., 2008 $1NTANBINAVDY rabbit sacculus rotundus antimicrobial peptides (RSRP) 919
szupmsaevaueangiduiuludrldvealn wud w1418 (duodenum 1oz jejunum) 1185
& = A dg/ . . . . A~ Y EURLED
RSRP 11Uim 3NNV villus 112 intraepithelial lymphocytes tilotfisuny 1an laila5sy RSRP uag
' @ P Y A 4 4 . o YN 1 Y
W11 RSRP fJx‘iﬂi%ﬂHi‘IfiiJﬂﬁLWiJWH‘VHlEN IgA-secreting cells Tus 99 voad1 & Indndae

[ [ =2

1 J [ L
dmsumsanlurszdvesanlszmemuidsuvesaszdaieiug luooams@eainigo

k4
v v

a a A A 2 a A =) ~ v Ao SR W Qg: Y a 1
vesmsnsgay TnvewuaiGeld 17 vie WenlSsuieunudsunyuddduds 1diiies 6 wia a1ga
U 1Y 1y 4 a
AMIANYIVO Merchant ef al., 2003 51894714 FSuszveneiutomsm (Alligator mississippiensis)
[ 09: a Aa dil . YA =Y 4 A [ vAa o dy
aunsodudimsniydulaveoudo £ coli  laannasunybduaztuduauauianisiiateio
Y
HUANIE 881U 1INNITHINUVDITE UL complement (20052) UBNVINT Merchant ef al., 2005b 9NV
Y
FFuvsznnomImansadudimsniyaulaves HIV-1, WNV  uaz HSV-1  uagluileqiiv
Y A Y s o
Merchant et al., 2005c AN leukocyte extract MtaoAvTEIvMarnU/l Inadaunsotane
IS dy 9 a 1 = a A A o Y g‘ A
wuanGeuazyest ldvatesia dulullszmealne mnmsaapilseansamueadsuueaaszviingg
% 4 o [ [
Wus lne  (Crocodylus siamensis) Tasmathdsuaszidanududu  100,75,50,25% nadouny
Escerichia coli, Pseudomonas aeruginosa, Staphylococcus aureus W& Bacillus subtilis vun 37°C uag
v v Y
wwwafiFentulugean 0, 1,3, 6, 9 uaz 12 %2 109 VUNIZIAGUUO MU WU Escherichia coli
4 ' v
wag Pseudomonas aeruginosa VUTINUAARIAWATI TN 1, 3 1A 6 YDINITUN 06 1WNTBdIAYNI
Y ' v
aae (p<0.05) vaz lnuaedaasi 1ue 9 YeaMSUN a9 Bacillus subtilis 1AL Staphylococcus
a d' 1 1 [} 1 o'./ 1] 9 9 =¥
aureus  WoludlSiadn iuanarsnulundazsn lnsvosmstutaznnanududuaosdsy  uag
dy 1 9 3/ A = wvAa o dy == a =\
UoNINH WUNTUITL1TA complement WAnauTA TuMIaesauuaNGe AU 1FeauaT taz
] a 4
Az, lilsngnu)
[ Y4 [ [ ]
MnseumMsannd lunindaiingzgndunas 1wy Ay (Zasloff M., 2002) 1 (Lee
" v d 1 y
J.Y.et.al.,1989) 1n (Michael E.S.et.al.,1992) uaznll (Thomas H.et.al, 2000) WUNFAAHaI L1150
9 = A A o a A dy 9 @ v d 1 49} 1 1
adrldsauniondInanihasunaiiGonaziyosla uazmsanandadviaitiogluszninams
9 Y I [ a dy ~N A [ < @ 1 = ~ ] 1A
WanunlduelumsSnulsaaaeunniise uaos1alsnay daluliseanumsanyinutueuing
o v { A [ o { [ a 4
TsAunTerl Inddszianlansearsngulaiinerdesdumsiimidinlunmsilessunisaaiie
A A 9 v SAa B 9 = = A 1 A A 9 Y]
puadiseluvsgdmeiuinlilulszmalne Fsdrawnsonsdallsdunioaisaes Mnerdeeny
] a dy 9 I~] d [ ) 1 o v A a I Y=
mitestumsaadelusszidrziluilsz Tesiedramnaemsi ligmswau 1dnendaiuingu

I A v a

[ a o Y QSI' < A
W?ﬂﬂ?iW@lHWﬂWﬂ?ﬂWﬁﬁﬂmm‘ﬂN@UﬂJWﬂ!ﬂuW@ﬁ]WﬂQﬁﬁWT‘iﬂiﬁiJﬂWﬁLWWmaﬁNﬁ]igl‘fl} annudumsinu

u

19



' v 2 Y A Yq ¥ 1
af’ncluﬂ']uﬂ1§@a1ﬂﬂ]@\13\1ﬂ13@‘ﬁﬁ1ﬁﬂﬁiilﬂ']ilW'lzlafJ\‘]fﬂingllaglwuiqﬂqﬂiﬁllﬂﬂiglﬂﬁqﬂEJaJ'lﬂ
y v y

= A o o o v A = 9 ad =® A £ 1 Y a A Aa zﬂy
JUYU NI ﬂJ‘]_]ﬁ]fl]‘]Juu‘1Ji$mﬁul“VIfJ‘lJﬂ131“ﬁ81ﬂ§]%’)“$h1ﬂﬂluliﬂﬂﬂ FIne InauuanseninIsaoe
=

®D. o2

a

9 i v
g, S L% raa

dy [ Y = J A 1 ad a9 - A a [
UINUYU AN UU ﬂﬁﬁﬂ‘H"lTﬂT‘]JiGl‘L!L‘IJ‘IJII‘V]WHiﬂﬁﬁﬂij}lEJ’f)ﬂi]‘I/]‘ﬁ“l/liJﬁiJU@]@nulmﬂﬂliﬂ%uﬂiﬂuﬂhﬂg

d 1 4

a I 5 { ] @ a J
Tusssusmmihnziludnnanilanilse Texisdramnnaenanednu lsaaadsuuais ouas Tsaes

Y

= s 1

Y X = T & o ] a dy = =2

TaomnizluassiddalinsAny 1IN Uaa I NTANUNUNIUBENNINADNITAALED FIINNITANH

T Ao 9 [ o = [ 3 a a A A 9 a A
WU FTuvesaszdaenus lueemasidoansadudimaaiayau Tnveswuaiine’la 17 vila o

= = v Ao SR W 3 Y 2 a 1 = [
nfeuNeunuF U EIFTVE IR 6 Fila 1gAINNITANYIVEY Merchant ef al., 2003 5189147
A v Y . . . . . . [ Qs: a a dil . Y =% 4
HINVTLIY (Alligator mississippiensis) ﬁnﬂiﬂ&l‘]_lﬁl\iﬂﬁﬁ]iﬂlulﬁﬂIG]GUG\‘]L‘HE] E. coli ]lﬂﬂﬂﬂqﬁ‘jlliﬂgyﬂ
F2
pazgdudunuaniamsiiatodouuniifen1992u1919M13R19IUVDITZ VY complement  (2005a)
J [ 1 [ o 14 a [ 3 a a

UONIINH Merchant ef al., 2005b §awu F5uaszidaeiugowImamisadudimsniaanlave
HIV-1, WNV tag HSV-1 uagluilaqiiu Merchant er al., 2005¢ lduon leukocyte extract 3101A0A

9y oA o A A dy Y a
vszvaznull IndnansaiansuuaiSeuaziyest ldvarewila

Y
v % =®X A

a o dy @ o d' o’d'd vAa Y dy ==t
Ay n15AtelTeliTagdszasmionemidInandauianisdrudonnniise
(antimicrobial peptide) Glmﬁmmmmm’fmﬂﬁuﬁ"lm (Crocodylus siamensis) Tael4matin reversed-
a = = 9 a 14 as .
phase HPLC lumsuenuignsuazmsanelnseaseigunglveudInd 1ne35Edman degradation
= Y o dy == oA ¥ &
a2  Mass spectrometry HagAnpIna lnmsianeyeuuniiissvead Indnuenla Fanisnsu
o J o 1 o 1 I 3
na lnmshaeuuaisonaznsnlaseadwveudlnadenan sgsh ldgmswannldduemsoas
Aq ¥ ) a A av dyd 1 d A ] o 9 .. .
plylumsiiarenuanise rudvedaondumaaonlvululremsunnd ms1n15 1% antimicrobial
. 1 dy == [} o 9 an £ g ~
peptide az¥rIvanilyminisAesanuuanGerisaamsinnlyivesuiluilymasisusgun
= 9 o a dy a A dy I g dy 9
eIy IspdareuuANG s tazuenant azitluilsg JoyiaogaamnIsumsmIziasassed Tay
) o 4 I A [ [ Aa o s A
awnsninaeaaszd W 1dse Teni ldundu dumsimuyaninsdeesnvesnandusinnan 1d1u

szmalne

20



A UHUNTIVY

ag = Y v AN U & =y 4
ATNMIAISNAIDENTIN WA HaZaTaNANAADAVIIVISLY
< o 1 A 9 Y4 . . = k) 4 =
1.1 NUA29819ADATLVAOWUT IN8  (Crocodylus siamensis) MNATT1¥ Tua vhsy 9. ways
<3 a A Aa Aaa 1
Taglddnauia 18 Tadmas NszUBNAAGIVLIAL0 UaAAATAAIAOAVING I Supravertebral
. . . 1 A S an o dy a aa A
branch Y94 internal jargular vein aoadenaslurasaguanitdasasovuia 15 Jaqaasn
=\ 4 A o Y dy Y A 1] = 3 o A Y
fimsazans 0.5 Tua1s EDTA frumsimlilasadseuduiietleaiuasaniadi naubenli
Y o ° = o q Yy ¥ < A
Wafuesaza1e EDTA  Tasmsaimaea lduuuig a9l ldnarauvazidiabeavid
,  Ada a Y, A vq 1 Ay 1 S &
daudsuansoaionld lasqaiaoaszid ldlurasad lifia1sazate EDTA 9101wy
& g v o & a oY (a A v
nasadon laluduinda usunszna ldlsaaundeans
A A A a ) ' 3 A s A
1.2 WotaeanWay EDTA (NAMIUINFUFTARUTIZHINNAITUT IAGAYTI Lazilataon
Vo g . ¢ = A o g
104 TAgNa AUz FUVUGA FU interphase 2T WTARDAYI Az FUaIgAIZI WA
A Jq 9 . . ' < A <] [ 9
aoaua 114 sterile pasture pipette gaRINAIANIAIUVY tazladonv 1IN ULEnY 13
o v Ao A A ~ " Y @ o y s 19 <
dsudsulodean I ldwaudn EDTA i ldiuezlidmlaegduuugavosraoa iy
o 1 [
F5uTnel4d sterile pasture pipette garounmzaIuldiny 13
=Y v A o Y o < A AN ¥ y A ~ <
1.3 mawseuasanadaaenv il lasiudaaeavnin 1a ldwmlsaianusisen 800xg
= I A g < A Y o 9 Y .
(25 e uaFed) (Uunal 15 W 10U pellet YOUTAADAVIILAII NI 1A normal saline
o o y 4 a o4 3 - s 3 A A
nntuih lUihunlesdansananusison 800xg 13a1 15 W thusaailadenu1 13N
Y
QaUNN -70" ¢ 91NN pellet WrazarenauluaIsazaly 10 % acetic acid (v/v) vortexed 8819
- v _ a A gy e S 44 .
133 5 UIN 1187 homogenized 15 UIN o lvieaa leukocyte AN UUIHIBIN 12,000xg (40 ° ¢)
2 ~ ! 3 S v & A Ay Y o q ¥
Wunar 15 wil gawuamzdiulamnuluvass niniwhasanadadeavnn 1a li 14
utralael4nT09 SpeedVac azate 1UsAUAGUAIY 0.01% Acetic acid
MINAaeUIesRY (screen) araniinvesmsiugamswigiuinoin 33 waran nazasana
=1 A =) Y as . . .
NNNAIDNDAVNIVDUABAVIIV 1R8I disc diffusion method
Y Y
2.1 Minaaoutilosdu (screen) AnantinvoIMssudinsniaduTann F5u warau uazars

o s A A ¥
TNANNIUALADAVII VYBAUADAITSLU

v
A A

< @ 1 A
I@]EJLLII?W]Liﬂ‘l/li‘lﬂ‘l!ﬂ1ﬁ1/]ﬂﬁ®‘]_ll,ﬂu@'JLL‘V]uﬂlﬂﬂuﬂillllﬁ]ﬂuagllﬂiﬂﬁllﬂﬂ?ﬂﬁ@ﬂ 7 BUA
A0 Salmonella typhi, Escherichia  coli, Klebsiella  pneumoniae, Staphylococcus  aureus,

Staphylococcus epidermidis, Psudomonas aeruginos, and Vibrio cholerae

) =~

dy dy Ay oA IS
2.1.1 Lﬁﬂilﬂf@ﬂ@]ﬂ\‘iﬂﬁﬂ@ﬁ'@ﬂiu@WWﬁma’J NB T@EJ’]JIW]Q?M‘HJTM 37 oA ALY e !,‘]J‘L!L’Jﬁﬂ

U

4-6 %1 T 1 1da1 oD, sz 0.5
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2.2

o A - ST | Y o Ao Y L A q Y
2.1.2 " cotton swab NHIUNITHUYD fl]]i]!ﬂf@llﬁ’Jﬂﬂﬁ"]aﬂﬂsll1\1ﬁa@ﬂUjﬁﬂl%@lWﬂllilﬂlﬁslgm

a dy a 9
'l Theweasuuiimihes Tuuuwaszuiv 3 szuny
1 4 4 [l g Qy I ] a
2.1.3 1¥thnAvquueansseaudiau lvliesinge falA1MEW Auuku disc  M9uuEInN
b2 v 9 = 9 q 9 = Y v A 9
911115 Iasenudumdandirua 13 1sthnAvaawig uuuduiviihens
2.14 Yulassazareidosmsnadovasuy disc U3as 30 ul
v '
2.1.5 NAd9Y positive control Ao streptomycin 481 negative control A9 11NN IWAY
VoA a = I )
2.1.6 Unnguvgil 37 osmaaiFeod 1iune 6-12 42 Tus
2.1.7 Sadurugudna19ved inhibition zone
Annuautiavesasanafiafonyn
22.1 AuauiAnUNUSoU (Thermal stability)
o = A = P &L A A v & A
AmsAnyInavesguugiaegninsduseuuniievesmsanaiafonu1Ives

=

9y o v a3 A Ay Yo { a A 1 v A a
TSIV Iﬂﬂu1ﬁ1iﬁ'ﬂﬂmﬂmE]WUTJ‘V]'IG]TJlI‘VIﬂmﬁﬂlllmgL’JaTVIL!,GIﬂG]NﬂUﬂE] Uy 56 831

L] U

a =

i v
warFod 191 30 W guvgll 70 osrwalFes 1 92 Tus uazduluinden 10 W

U

Y
2.2.2 Waved EDTA sofaiauiialunmsiiaieie

a =

o v a ] {
WamsanalafoarINIANAITaZa18 0.5 mM EDTA Lufiguvgil 25 essivaiio
=
U 20 WIN
' 9 o .
2.2.3 MIgoeaeeU kil lasna (Protease degradation)
a 1 [ v a
ToulaniTsiua 0.01 giade 10 TulasnsuTdsauvesansadaladonud @y 500

a IS

09; o ] { [ o 1 Y o
mM CaCl, 1 ul 9indui lvuiiguvgll 37 esrusaFea Hunat 24 91T Sawduasana
] A A a 4 o o @
WaaoAv1INaY 500 mM CaCl 1 pliueoasy 24 GIf'JIlN WQ@ﬂ']ﬁT]'NWHEUGQL@uu]ﬁD'NI‘].]SL‘L!@'
v v o A =
mammmﬁlummaﬂ 10 4N
3 ) v < QSII {1 1
{1]TﬂHUUWﬁTEﬁﬂﬂLNﬂLﬁdﬂﬂﬂl']'J‘VN‘WllﬂﬁW']uﬂ"li treated ﬁjﬁﬂﬁﬂ']?lgﬁiﬁc'] unaaou
Y dy | o v A ~ Yo

ﬂ'ﬂllﬁnJ’]ﬁflcluﬂ']iﬁ']LlLG]ff’JLL‘]JﬂT]Lile'ﬂfJ”Llﬂllﬁ']'iﬁﬂﬂlﬂﬂm'ﬂﬂﬂﬂ')ﬂqﬂqﬂﬂ'n‘lﬂ'ﬁ treated hlﬂc]

#1837 Disc diffusion assay

d
PISHENUIGNS antimicrobial peptides NFIN vazaITANALIAROAUII AILNATIA Anion

exchange chromatography Tl 309 Fast protein liquid chromatography (FPLC)

3.1 wsewasazaetivmes A (25 mM Tris — HCI pH 8.Duag o3 B (25 mM Tris - HCI pH

8.1+ 0.5 M NaCl)

3.2 1119819NdeIMIHenUID19 3 1911 A28 buffer A

< { a o
3.3 N8R filter membrane YUIA 0.45 pm uazmuﬁqmwgu 4°C

[ 4 Y
3.4 Wawioudglisunsunruny AAA reservior buffer,sample loop U311A5 50 ul 91M1iN

' . Y . YA Y o Y a
purge 1161/\]’0%61mﬁ68ﬂﬁ]”|ﬂ line L0918 Anion exchange column Tiseusos MMsa1ussu
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o 4 o o ™
aerlves B Yszuna 20 WA tag equilibrate column @38 TWwles A 9ATLN9 base line
~
AN
o [V y
3.5 load tazaaasazans 11saunsenld ng Iagls Time programe faii
] ] 4
M13197 6 Time program VYDATBY FPLC LLﬂﬂUiQﬂ‘ﬁﬁl’JﬂLﬂﬂuﬂ DEAE Anion exchange

column chromatography (UNO Q1)

step | (ml)start | Step

1 0 isocratic flow with 100% 25 mM Tris — HCI pH 8.1 at 1 ml/min,1 min
2 1 set base line to 0.00

3 1 inject 1.00 ml

4 2 isocratic flow with 100% 25 mM Tris — HC1 pH 8.1 at 1 ml/min, 1 min
5 3 linear gradient flow with 0% to 50% 25 mM Tris — HCIl pH 8.1+ 0.5M

NaCl at 1 ml/min,13 min

6 16 isocratic flow with 100% 25 mM Tris — HCI pH 8.1 +0.5 M NaCl at 1

ml/min, 3 min

7 19 isocratic flow with 100% 25 mM Tris — HC] pH 8.1 at 1 ml/min, 8 min

8 27 end of protocol

{ 4 4 o
3.6 pooled fraction N3 peak 115AuUnTowIng orh ldasnaevmanuannsalums
] P ]
Wm0 IaoinAiin Dise diffusion assay NATOUANUIgNBLaziIimin Tuanadlo
AR Tricine SDS - PAGE ludauae 11/
v (Y d @ A Y Aas a Y
4. MIMYNAIHVYIANITANALBAAUNAADAVIIVDIVISIY Iﬂﬂ?ﬁ!“ﬂaw?!ﬂi‘ﬁu
o @ J 3 . . {
hasazaeasanaaalav1INILeNNLen 1Ay anion exchage column chromatography 91
I 1 A o Y dy = 1 9 v I a
L‘IJL!?I"JLW]Mﬂﬂ’ﬁclUﬂ"ﬁﬁTuWﬂL!‘Uﬂﬂﬁﬂ lJ']LLfJﬂﬂ’f)Iﬂ‘(’JGlGHﬂ@ﬁiJuﬂ‘Uﬁﬁ’g Superdex 30 prep (Lﬂﬁ‘V‘l'JW]ﬁ
o 4 sa I 1
Fu) tonenlisAunsenl Inaniivuia@nnii 10 kDa
5. MIAFIVAOU antimicrobial activity VoI IANAIAADAVII 910 anion exchange column Ae
198 zymogram refolding
1 Y
5.1 19304 15% polyacrylamide gel FINEULTO Micrococeus lisodiektikus 0.01 ATY
& " 93 & 1
5.2 werad Indinen1d91n anion exchange chromatography fU solubilizing dye a9 19l B -

mercaptoethanol oR318IU 1:1
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o 1 A Jd I {
5.3 imsuenvinaTdsauTasldanuareadnd i 120 Trad Wunar 120 1% uag marker
1497 o rain blow marker
5.4 ¥1n15214181 SDS 89AAY 1% Triton X 100 11 10 mM phosphate buffer saline (PBS) pH 7.0
v [ v Y
aoai¥o 3-5 52134 @399 inhibition clear zone NAATY
$ Z LY d
MsmInNNUIgnBuazinviinlanavesldsaunsenli/Inda e Tricine SDS-PAGE
6.1 MresazareTisdunsendIndninideanisasnasuninaniuaisazarelysau
Y
1% 1 o 1<
(Solutions) Tudas1au 1: 1 wdrduluivdenilunal 2 wi
% 1
6.2 load marker tazasazanelsaunsenllnddedaas 1 well muanuINz ey
6.3 MMsuenTUsAUAIY 16.5%T separating gel,10%T spacer gel,4%T stacking gel AUNTLIINT
uonauyIal
9 = 4 . .. . . .
6.4 foulilsAuaie silver staining Kit (amershame bioscience)
6.5 moglwanazildudedrenios Gel dryer
a Qd d A (% < A 4 a . . .
msuenu3gnsllInaon@su nazasanaiamenv1s adamaiin High performance liquid
chromatography (HPLC)
a @ J @ J Lo
7.1 wseuarsazaelinies A (0.1%TFA) uaz 1ves B (60% acetonitril (ACN) 11 0.1%TFA)
JY 3 A a o
7.2 nyesmsazaenli 1nddae filter membrane Y11A 0.45 pm oz DAY 4 °C
) A Y
7.3 ﬁJmﬂ%m%qiﬂmﬂmmuqn AAAY Reservior buffer, Sample loop 151105 50 ul NAUU
purge 1an0401A1700NIN line HAIAB Apollo C18 Su UHIA 250x4.6 mm column #5815 08
¥M3819 Stationary phase @28 1iWes B Uszunas 30 119 equilibrate colume @28 1ivlivlos
A IUNTZNA base line AN

Y
7.4 load wazdamyazaren/ing 1asls Time program 4l

d’ . A a = Y
@1319% 7 Time program Y941A509 HPLC tonuigninlilinadae

Apollo C18 5u column YH1A 250x4.6 mm column

Step time % solvent A % solvent B
0 0 100 0
1 20 80 20
2 50 0 100
3 60 100 0
stop 61 100 0
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<3 s A o o zﬂy a .
7.5 10U peak 111 1nd et ldasnaeumanuaimisalumsiiaree laginaiia  Disc
o Y
diffusion assayll@gNAAOUANNUTANFUaz MM Tuanad1emAlA Tricine SDS - PAGE
Tugrauaely
d
8. L!ﬂﬂ‘ﬂ%q B antimicrobial peptides NNATNILIY I8 IFEINANA centricon membrane filter
ttag HPLC-C18 nag hypercarbTM column HPL.C
° ! . . . = S
8.1 111 plasma Y043ZIYNUTO1 10 111 A28 10 % Acetic acid 1187 centrifuge 1 12000 rpm 114
a A
121 60 W17 71 4°C
o /A . A 9 A s a
8.2 UAINNUUNIU Centrifugal membrane YM-3 914 C 8500 rpm ezl Inani
< [
YUIAANNIN 3 kDa
v 2 v
8.3 1haufuen 18l 1¥uaTaeld speed vac concentrator td1imnazanelagldiin
8.4 uonao laald CI18 reversed phase HPLC
8.5 19 hypercarb™ column HPLC MuNgau@omMsLenans hydrophilic 4ashmsnaaeumsi
= o L A A o
nEMhaeFoluniEednasa
U Y tﬁ” = d' % 1 Y 3 a
9. avvdeUMANTAveIIIIMIMTEYaT nTnenldAnnwamnlaagoad ey lrililshea
I a 1 a
9.1 w3ouasazatoeu lxi Tsiumilu 0.01 giedelulnsdns Tasazarooulsilu 30 mm
sodium-phosphate buffer pH 7.0
o a 1 o a :JI ) [
9.2 ldoulasai Talsiue 0.01 giiage 10 luTasnsuTus@u 1@y 500 mM CaCl, 1 ul 91n3iusi1 ey
A a I o [ o = { A
Nguugil 37 oaruwarsae 1unan 24 ¥ 109 A TsAUNAGAY 500 mM CaCl, 1 pl
A Y o 2 Y Y J A ~
9.3 WoAsu 24 ¥11us ngamstrnuveson lsi Tsiwadremsduluindon 10 uid
o S 1 9 9 dy
9.4 thasazarelIndnriunisdesale Tdsiue vimageuauaIvsalunisdiuye
o P ] ] [} a
vuafiseieunuasyndn 1u'ldrmumsdesare T uia 31833 Disc diffusion assay
= Y Y ¢ 21 A A v . .
10. msAnmmanmdnduirgaveulilnafiminisesengninawenunii3e’la (Minimal
inhibitory concentrations, MICs) (Thomas H., et al. 2000)
10.1 1@14 Mueller-hinton broth 50 pl 8411 96-well microtiter cell-culture plates
a 4 = 1 [
10.2 wuasazaedIng 50 pl (PeaelilanuduTuA199 1) aalu 96-well microtiter cell-
o,
culture plates (YARUAN1H antibiotic unuansazaronlilng)

10.3 W@uaIsazaeLuaNize 10° CFU/ml Usua 50 pl aglu 96-well microtiter cell-culture plates

dy s 0 [~ )
10.4 @eaeyaan 37 'C tuan 18 GD”JI?N

= =

o 1 Y 9 = Y a a s
10.5 Y01 A, Anudnduvewl nandesnganannsodumsnsyaulaveusad
nuanise 1839071 Minimal inhibitory concentrations (MICs)
= a o =S A
11. ﬂ"lﬁﬁﬂ‘H1ﬂﬂﬂ§§ﬂﬂ1§ﬂ1ﬁ]ﬂi}ﬁ°ﬁ‘ﬂiﬂﬂ?ﬁ Total plate count

11.1 @eaunaiiizelueiismadliod lusag log phase (OD,,, = 0.5-0.6)
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Iy a3 s ~
11.2 fwduraan 800 xg U1K 5 UIN
4 I o Qsll
11.3 819528938 5 mM glucose 1 0.1 M phosphate buffer pH 7.4 11311431 3 A9
4 == [ @ Jd A =) [ Yy Y ng
11.4 azareaauuanizonaulutivivessia@edny 19 lda1 0D600 Uszana 0.5-0.6 91n1TU
Aa 1 3
@l Indldansazaresaduuainse Tagls 70 % weaneaad 1ilu positive control taz 1%
o 3
Wlilesiilu negative control
11.5 WiesazaonauUui 37 o9 usaisod Wl 2 52 Tug
A M ) o A k2 o dy as
11.6 Wonsyu 2  $1 19 W1d1sazaenauuiINg e LdIns19douUMsiialeye 1aels
spread plate
1 dy A =~ o 09.: @ o dy k4 an
11.7 UNFNAGOUN 37 09AUSALTOE WU 12-18 H2 19 11N UATINTUIIUIUFOA I Tspread
Y
o I
plate 3180 U IUFITU CFU/mI
a d Y [ o
12. nageunniuiiy (toxicity) voutIndndunzyld lasmsnaaeumsmaania@eauns
YoINY
12.1 19583 2% Human red blood cell (HRBCs)
w44
12.2 814 HRBCs 418 phosohate buffer saline (PBS) pH 7.4 132111 lUflumIsaiiodummnzisad
<3 A
WanoaLAd
a Y S Y 1A Ay 3 ~
12.3 WaW 2% HRBCs 151105 1 ml il Ing udrivhgungiveuiluna 30 wi
o y { 1< 1 Y
12.4 UNA1IWAY (reaction mixture) Tuihumdes ududvasazareaula (supernatant) 11/5aan
MIGANAUUAINANUEIATY 525 W TUIAS
o sd < .
12.5 Mualo5iua Hemolysis
=2 . . . . 1 d A A ang Y Y da
13. MSANYINAVDY antimicrobial peptides ABraaNUATISEAEITIFndsIganssaidlannsou
(Scanning Electron Microscopy)
v
13.1 TUADUMITIATINAIDE
= 49) S A
13.1.1 191503 cell starter YVOUFDUUANLTY
13.1.2 Tula cell starter 1511015 1 ml asluvragianyvina 250 ml 7e1%15 NB o

100ml

[
=3

4 Y U
13.1.3  Mmsdsusongaigil 37 eerisaided aunsznad1usniaa1 oD, 0.5

]
~

0 < & J 0
13.1.4  11M3 centrifuge 71 1,500 g \Wunadlszana 10 win ludupoutionnims
. v Y 1a 4 A A 9
centrifuge 189300 3UNI19L lAYTINauwaduuARSoaudeans
o s . o
13.1.5  1M358191¥88@28 10 mM phosphate buffer saline (PBS) pH 7.0 Uszunas 2 A5

S o sy vy Y
13.1.6  nntuhmsazanesadaie 10 mM PBS 1% laa1 0D, Uszanal 0.1
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13.1.7 Unleensazaerasuuaiise 100 lulasans uazensazarenling 100
1uTas5803 (1:1) 8911 microtube Y11A 1.5 ml MRS incubated 7t 37 938
waided iunanlszua 2 $Tu

13.1.8 MM fix HAaAY 2.5% glutaraldehyde (w/v) Uszanm 1 Gf;/’ﬂllﬂ INUU
polycarbonate membrane

13.1.9 419428 10 mM PBS

13,110 fumpumIdoidie nApIganssaioanAsoU

13.1.11 % U¥adU membrane 319113 dehydrate 3238 30% ethanol, 50% ethanol, 70%
ethanol 110 90% ethanol DE19A 1 ASE AS3AL 15 WT AR MnTTUE1ed0
100% ethanol 2 A%a ASIAE 15 WTTLAY

13.1.12 111 membrane €730 CPD 1AITUIATIARO UMD IR NTAE

13.1.13 undesdrondesganssmioanaiou

14. MIANYINIINA Permeabilization ﬁmmmwi’;’uuanmmgmﬂﬁﬁﬂ (Outer Membrane

Permeabilization Assay)

Tumsnaasdvzld  1-N-phenylnaphtylamine (NPN)  (Judinsiaaen de NPN 1iuans

a 4 1 { g 4
fluorescent lagaginansisouds ladiioogluaniizuindoniilu hydrophobic Taenin 1lillna

Y
a1nsai s U uLenAA permeabilization 15 NPN 92191 11/3ufuu519  hydrophobic 84

1 ' 9
lipid bilayer Fa9sir1fiA1M3IT0 a9 NPN 1N

14.1 1psauaiiseluemsmailfodlusag log phase (OD,,, = 0.5-0.6)

g S Y Y Y v 1%

14.2 fhuduerad a9 19aaA28 HEPES buffer pH 7.2 11a7 re-suspended a9 1 50 mM KCN
11 HEPES buffer pH 7.2 (OD,,, = 0.5-0.6)

143 ila 500 mM NPN 151103 60 lulasans laluwaduuaiSenaznaaouilsuas 3
Haaaas waulidndudanald 30 i vdvaul Inandesnsnaasuanuainiolu
MM NS UTU LNV ILUATIS Y

' ' Y )

14.4 duensazatonauuiu 14 w1 udiavgessmaudAminiuvesals NPN - 41010509

9 . g .
fluorescence spectrophotometer Taaly streptomycin sulphate S5y positive control

15. PM15ANYINISINA Permeabilization  NUsHUFUluveauuaSes  (Inner  Membrane

Permeabilization Assay)
15.1 M3ATIN Liposome Encapsulate Ensyme [3-galactosidase
15.1.1 @@ lacithin 908 uMaA04 1.2 nu lu PBS pH 7.4
15.1.2 1e3azane lecithin Haudvuasazatoey Lyl [-galactosidase ‘ﬁaxmﬂagﬂu PBS

pH 7.4 151105 50 Uadans
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o . Y A . A A I ¥ . Y
15.1.3 U1F13aNUNTY sonicated AIYLATON ultrasonic UI1U 10 UIN LWﬂGlﬁ"lﬂ vesicles 1107

o oA = < Y A

Wl1iun 4 esenadee Hunaituay

9 . ! A Y v 9 o Jd A = o
15.1.4 #&18 hposome Glﬁcluﬁaﬂﬂﬂﬂaﬂﬂﬂﬁ&ﬂ']ﬂ umazmamumamﬂﬂawuﬂ YINU

3 ya a9 A Yo [

mﬂmqmwgwmma%mmumimam

15.2 Inner Membrane Permeabilization Assay

152.1 1w Liposome Encapsulate Ensyme [3-galactosidase 50 1uTnsans ldaalu 96-well
plate (iA@Y ONPG 100 11 1n5an3

1522 @l Indfidesmanaseuldlumsazawiioglu 96-well plate

1523 JaUfAsewevenlaiTasiammaganaiueail 415 nm

a do o a a
16. MIINTHAAUNIABLN UV antimicrobial peptides 1A8I5 de-novo LC-MS-MS

a =

16.1 doudeiatliInddas 6 N HCl figaivigil 110 eeruaidon uiv 2 %119

U

v 9

16.2 111 hydrolysate 17 1¥uie udrazarendudle 0.02 N HCI 100 pl
a ¢ 2 a Y A . . . .
163 wasizvesnlsenovveinsaezilulaalsn5ed L-8500 amino acid analyzer (Hitachi,
Japan)
164 v unsaezi 1ulaeinTe9 Automated Procise " 492 protein sequencer (Applied
Biosystems, Japan)
165 waTuanavenli Indd1e:T04 Mass spectrometry (APT QSTAR Pulser I LC/MS/MS
system L@ 4700 proteomics analyzer MALDITOF/TOF system, Applied Biosystems)

16.6 113U de-novo sequencing A312H Lag ESI-Q-TOF
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NaN1INeaod

Y Y
MINAAoUILDIAY (screen) auTAvOINMsGUTIMINSAL InuewUARGo N F5Uaz
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WaﬂTiL!,fJﬂﬂ?ﬁ!%ﬁdiﬂiauﬁémﬂﬂq%ﬁﬁﬁﬂ Anion exchange column chromatography Tag 1y
Lﬂ%iﬂﬂ Fast protein liquid chromatography (FPLC) Tao1i1 Crude serum WUVOI1T 3 1911 (vQ]J’JEJﬁymgu Tao
FunedNt Q sepharose fast flow anion exchange column chromatography awld chromatogram AT

a4 4 A e
AANAULLEITN A, H3 peak 11/5AUA19 A9z 9

v S
gﬂ‘ﬁ 9 Elution profile "Ui’]ﬂﬂﬁllﬂﬂﬂiﬁ[ﬂ‘ﬁiﬂiﬁu 910 Crude serum 928 Q sepharose fast flow anion

exchange column (UNO Q1 column, Bio-rad), flow rate 60 ml /hr (Preecharram et al., 2008)

.
mﬂﬂ”l‘J!,LEJﬂ‘]J‘JE‘;fVI‘ﬁI‘]Jiauinﬂ Crude serum @738 Q sepharose fast flow anion exchange
(= o = o 4 A . . 9
column WUNHMITVVeeIUsAUIUROaNLAZIUBYZIUY Linear gradient A28 0-0.5 M NaCl u 25
a 1] o
mM Tris-HCI pH 8.1 udunamsueneanily peak 1158114 5 peak fio P1, P2, P3, P4 uag P5 M

Pooled fraction mmaamm@maﬂﬂsﬁumﬂnﬂ fraction SF?IJ?IEJ tricine SDS-PAGE ”1ﬁ’wamﬁmamﬁq

)

d' 3 ) . Y a a dy S A 1
gﬂ‘ﬂ 10 91AUUUINN Fraction vlﬂ‘l/lﬂﬁ@ﬂﬂﬁ@]TLlﬂﬁ!ﬁ]iQJJLG]‘]JIGW’ENL%’E]LL‘]J?W]L?EJ UagwuI P1, P2 U
A

Y v
Uszansam@dlumsiharedosvai P1, P2 uenaoads HPLC Tananisnaasanegii 11 uaz 510

12
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319 10 Tricine SDS-PAGE ¥04115AUA1A Crude serum 911AM5180 18 FPLC

<3 P2 . = = I 1 o g’ Y
1ngdaziu 181 Fraction P1 waz P2 i Tsawiludrulsznondmnumnainiimiin
Tuanafige lmdesnaynuTdsduvuaTuanadnlszana 10 kDa  weuiuldedeFanuluy

PAGE

17.€
34.6

&
k da Y

F— 14.1
L—15.9

"«/‘““VML

s 11 Tﬂiuﬂmmsmmmﬂﬂmﬁﬂmﬂﬂ"lmmm P1 A8MATA High performance liquid

chromatography (HPLC) Taels Apollo C18 5u column YU1IA 250 x 4.6 mm rllesn 4o 0.1

%TFA 18 60%Acetonitrile 14 0.1 %TFA flow rate 60 ml/hr (Preecharram ef al., 2008)
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50+ 5 53 S
o 3
o |
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51 12 TasanTaunsumsuonu3gninhl Indves P2 drumaila High performance liquid
chromatography (HPLC) Taely Apollo C18 5u column YU 250 x4.6 mm imlesnldne 0.1

%TFA 118% 60% Acetonitrile 11 0.1 %TFA flow rate 60 ml/hr (Preecharram et al., 2008)

3 o < 1 A Y o wva 9 a d’l A A
NNUUNINTLNY Peak A9 V]LlﬂﬂthNWhlﬂﬂﬂﬁ@UﬁﬂJU@lﬁWuﬂ13lﬁ]imu"ll®\1!fb'@l!ﬂﬂﬂliﬂ

[

A A v Ay o a s = Y o &L
Lu@QﬂWﬂGlUﬂWﬁLLﬂﬂLUfJ\Wlui]“ll@i]’lﬂﬂﬂlf]ﬂﬂiﬂ’lmlﬂﬂulﬂﬂ ﬂ\iﬁ’]lﬂiﬂﬂﬂﬁ@‘ﬂl’lﬂLﬂW’lgﬂ‘ULGb"fJ Salmonella

=

typhi Wag Staphylococcus aureus $A1MHaMsnaanIajl dam1s19h 8

~ ) a & A o a S AN Y
M1319N 8 ﬁ;ﬂwa%ﬂﬁﬂuwﬂuﬁnﬂiﬂﬂ1uﬂﬁli]§tymf’illmﬂmiﬁl‘ﬂ\1 7 BUA Gl]ﬁ]\j!ﬂﬂhlﬂ@ [ﬂllﬂfl]’]ﬂﬂ’]j

LLEJﬂ”LI?E‘! N5AY MATIA High performance liquid chromatography (HPLC)

Retention time | &0 1na1n aansadumMsnSaveuie
Salmonella typhi Staphylococcus aureus

14.1 (p14.1) P1/2 v v
15.9 (p15.9) P1/2 v v
17.9 (p17.9) P1/2 v v
20.6 (p20.6) P1/2 - -
34.6 (p34.6) P1/2 - -
31.0 (p31.0) P2/2 v v
36.1 (p36.1) P2/2 v v
37.0 (p37.0) P2/2 . ;
38.0 (p38.0) P2/2 . ;
51.2 (p51.2) P2/2 v 4
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101U active fraction pl4.1, pl15.9, p17.9, p31.0, p36.1 waz ps1.2 Tuasrvaeuiimiin

Turanalag MALDI-TOF mass spectrometry W11 J@Ragan15199 9

m35199 9 ¥ widn Twana (molecular weight) ¥o11/1/ 1nd p14.1, p15.9 taz ps1.1

. v -
NATNTOUAIUNANA Mass spectrometry

wiflna ‘E!mﬁfniwaqa (Da)
pld.l 994
p15.9 893
pl7.9 -
p31.0 -
P36.1 -
p51.1 927

TagagdmSumsuen antimicrobial peptide 9INFIUITLIUNUIUIDLWY  antimicrobial
1 $ y 2} o " Aa % 3 [
peptide 08191108 6 peptides FIn1811 6 peptide TN Turana iy 1000 kDa Feo19u 11141
o < A { 0 { o s &
nhlInd luwanadnnguiiondnihinlumsimedenuniifeld lasdrveull nawanioduns

MUIINAVAIDUY

a Qd d Y
msuenuignsilnaonnaamnvesaszid
) 1 . . . ~ I
WINAE1v09952ITUUTD9 10 111 A28 10 % Acetic acid LA centrifuge 71 12000 rpm 111U
[ 4 v 1
1981 60 U1 N 4°C MaIINTUAIY Centrifugal membrane YM-3 4°C 8500 rpm taene Rzl
A A < 1 ) [ { 2 o o
Inadtivinaannin 3 kba  whaunuen 1l 1duralaels speed vac concentrator 11@315131
v I
azaneIaeldin uazuen Tagld C18 reversed phase HPLC lananmisnaaosasgili 13
oaj o <3 1 A Y o A 9 a dy a A 1
MINIUTINSINY Peak A finen lath lUnageuautiadumsnsyveaderuaiise wui
0' { o o % QBJ} = a J
oty Indlu Peak 712 (31 star ¥89910711 rechromatography) @ 130dudaMsns oAy Tnveuie

Salmonella typhi W& Staphylococcus aureus
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gﬂﬁ 13 TnsunTaunsunisuonus qnin Induesnaauieszid@romaiin High
performance liquid chromatography (HPLC) (A) L4812 N19 rechromatograme Taely
Apollo C18 5u  column 4118 250 x4.6 mm 1o 1970 0.1 %TFA 1Az
60%Acetonitrile 114 0.1 %TFA flow rate 60 ml/hr (B)

@

[ A 1 < A a2 Ao Jd o a
vinanvazvoullngn 2 wuinzgnazeenuuinnnmilou Il UfduiusdusFulu
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4
acid composition Tne7s post column derivationzation with Ninhydrin waimslalas lagauas i

laTas lagalanamsnaaosnsgili 14
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gﬂﬁ 14 Wam 3N (A) hydrolyzed peptide no. 2 wWseuneuny (B) nonhydrolysis

1 Y

¥4 INNANITNADBINUINNIVINEIU hydrolyzed 118¢ nonhydrolyzed /T auuazyiia

a tﬂ' 1 1 2 1 = = a =
yoansnozd lud hinanawiulagludiuvedlalas lagaelidsuimaes ngauna  uaz lnadu

] s d ' . . . d 4 a S
nndantiosdae1ailulild 0 active fraction no. 2 (crocosin 3) 114 compound NinsAaLd Tuiily

1 A & A = a I 1 9 o Ay &R o

duilsznou niou compound Vlhl,ﬂJllﬂiﬂ’t’)ziJILlL‘]Juﬁ’Juﬂixﬂﬂ‘]J HNINIINITIVYIININITG LLEYN

4 1
UIGND active fraction no. 2 ADAY hypercarb HPLC column (Themo electrocorporation, Japan) i

quavtidlumsuend Inditisuniadnlelasilan1da Idwanmsnaassdegilii 15 ¢
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51U 15 MsuenUTgNF active compound MAWATANITE 19 (a) 11 Ing Nuen Tae C18-RP-

HPLC (b) 11 nd fuenTag C18-RP-HPLC 1a8 A3 rechromatogram (c) 11/ Inanuen

S A

187 hypercarbTM column HPLC TagiATea%uNeg * Yond AiANN antibacterial activity

A 7 Y A A A
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~ = 9 Y a dy "9
6 LlaY peak 7N 10 1y 12 Ulﬂﬁﬂ“ﬂ11ﬂ5\1ﬁ51\1§3ﬂﬂﬂ§1@%ﬂ]@\1 Compound UaNY ESI-MS 11ae ESI-

A A ~ 3 A Y 9 A Ao A
MS-MS 11194910 peak 9 6 4az peak 1 10 11U peak NUANWINIUNGIazNanyazTluNavoli)

Ind 3rnwamsdny1 Tag ESI-MS 1oz ESI-MS-MS 494 peak 6 lanadagiii 16

36



a a A Ao A A = ]
5UN 16 mass spectrum profile Y94 peak 6 @NATALAI AID mass Adumzinaen lUAnudedle
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ESI-MS-MS

1nguih Twanaluavuia 525, 544, 680 taz 796 Da Il liuaninlae ESI-MS-MS

A = P o ayy o A
lW@ﬁ]gﬁﬂB'ﬂﬂﬁqﬁﬁ']\iﬁzﬂﬂﬂﬁiJQN llﬂWﬂﬂ'lﬁﬂﬂa@\?ﬂ\izﬂﬂ 17 A-D
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gﬂﬁ 17 ESI-MS-MS mass profile YD EE precursor mass NN peak 6
9 ' 2 Ao Y < . .
VINUDYAUDN ESI-MS-MS ﬁ]gW‘U'Zﬂfﬁ'iuﬂ%uﬁﬂymgiﬂiﬂﬁ51%ﬂu repeating unit U

oy o ~ ] o A 1 A S o =
Wmiinluanafliy  correspond  nunsaezdTulas @au peak 1 10 nhMsAnyIwIaluanalae

MALDI-TOF wufiu lanamsnaassaagil 18
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I +TOF MS: 118 MCA scans from TOMOOT0410C3-P10.wift T Max. 1.685 counts
8=3.56383003205501 7600-004, 10=3.98414764997469320e+001

) 273.1844(1)
1.605 |
1.505

2,004 331.2350(1)

B.084 361.0456(1)

Intensity, counts
g

7.084 | 388.2789(1)

158.9792

118.1348(1)
3504 | 497.0269(1)

3.084 | 202.1975(1)
] 430.9458
25044 447.3258(1)
2084 | 1939913 355/0347(1)377.0316(1) | 633.0101(1)
1584 130.0205 409.1961(1)

| mw&alqrmm.sm _rﬁl:‘m{ﬂ 768.8909 2040751
971.0573

i Beasi | sssg328 | | 40717 |
oo’jj.._._..mu]..l.nmu.l__ Lyl | m.jﬂ..n e nf“s?z.i Wbl ﬂ‘l ik | VA S
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gﬂﬁ 18 mass spectrum profile U84 peak 10
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antimicrobial peptides 1INWAAMTEABLID N5 1za1nAen 13 luaunsavenlasaas1aued active
Y [l
compound }9 TAg@1fBINALIA centricon membrane filter MA991NTULBNAIY HPLC-C18 FAWUNtiie
AN 2 N3 antibacterial activity UAINNITATIVAOVAIY mass spectrometry WU &3 liawsaven
1w [ = A A I
TA39a51904 active compound 1&Ms12 1189 hivFgniifieane taznnauiaveudd Indnunziu
. =< 9 yq ¥ ™ = J . v
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MMInageuMsignsmaiewoluaiEeonns
ANANITNAABINYI  hypercarb ™ column e1x13aLena1seenin laviareiinuaziile
. . . A A o A yyad = S A g )
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a 4 o w a ] a 1
HAZIINMIATIZH I3 19904 Crocosin Tasmsmidinunsaezi TumedulatenyosdTu wo
. Ao w a Y] I =\ ~ a o as
Crocosin Hdwunsaedi lu 2 sy ezarfiv waz lnadu uaganmsiageH 1ae3s ESI-MS/MS
Y 1
NUSNHAULMIHIUeeanATIv0INIavUIN 94 Lag 136 Aada Faudasana1d igeandesiuuia
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v Y
13197 10 WAN15898 crocosin LAY heat treatment VB4 crocosin ABIYD S. typhi.

Treatment Antimicrobial activity
Crocosin~ + CaCl, +
Crocosin (100 DC, 20 min) + CaCl, +
Crocosin  + pronase + CaCl, +
Crocosin (100 UC, 20 min) + pronase + CaCl, +
Sodium-phosphate buffer (pH 7.0) + pronase + CaCl, -

" The treatment was done by incubated at 37 'C for 24 h.

** Sample was reconstituted in Sodium-phosphate buffer pH 7.0.

ANANITNAADINUIN crocosin~ UANVAINITANUADANNS BULALTNUADNITIDIA Y

1 ] Y
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¥Ua 19873 disc diffusion method ulﬁjwaﬁlﬂgﬂﬁ 19

Positive control
Negative control
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% 1

v Y
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<3 A 9 Y4
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4 QaJJ a ' v o {

1NNIT screen L%@ﬂﬂﬂwﬂ 16 YUANUN ﬁ']'iﬁﬂﬂmﬂlﬁﬂﬂ‘lﬂﬁﬂ"lﬁWEJLGdD'@iTLLagLL‘]JﬂﬁGfJulé{

[ < @ oaj a 4 a
ﬁ'Wiﬁ'ﬂWﬂTﬂLﬂJﬂla@ﬂﬂﬂﬁ%ﬁ&‘ﬁ}ﬁ"ﬁﬂiﬂfﬂJfNﬂ'lﬁlﬁ)ﬁﬂJfU’ﬂ\‘]L%@Llﬂﬂﬁﬁt’l 7 BUA ﬁ@ Pseudomonas
aeruginosa, Pseudomonas aeruginosa ATCC 2785, Staphylococcus epidermidis, Salmonella typhi,

Y
Salmonella typhi B, Salmonella typhi ATCC 5784 , Vibrio cholerae Haz¥eI1 1 ¥UA A9 Candida
. = Y o 09/ 1 4 I VoA &
albican cm"lmmm 6 iﬂ‘]_ITﬂfJLWN‘]ﬂﬁ@'IiQNﬁﬂ?ﬁ‘ﬂﬂﬁ’ﬂﬁlﬂuﬂ1L‘1JENL‘1JHNT@?iTHﬂJﬂQﬂTi‘V]ﬂa@Q BN
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C. albican P. aeruginosa P. aeruginosa S. epidermidis

ATCC 27853

v k4 4
31 20 nsmluaaswamsdudinsnIaau laveueuuaiise Pseudomonas aeruginosa,
Pseudomonas aeruginosa ATCC 2785, Staphylococcus epidermidis, Candida albicans

YoIETANANAR0AVIIVOITLIY ( Crude white blood cell extracted) ( Pata et al., 2007)
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typhi B,Salmonella typhi ATCC 5784, Vibrio cholerae e safadiadenuIvedaTLd

(Crude white blood cell extracted ) fremaila Dise diffusion assay ( Pata et al., 2007)
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ﬂmﬂﬁ@ﬂﬂﬂﬁﬁlﬁﬁﬂﬂ!’uﬂm@ﬂmq’lﬂWTuﬂTﬁﬂﬂﬂﬂ?ﬂl@ull"ﬁN

Tlsiue nSeudisunun li'ldgndee

2. Waves EDTA aenamauiidlumsiaayevesansanaiaaenun)
A ] [ < A [ ~ = ~ Y o
IWAVUANTANANAADAVIINUY 0.5 mM EDTA 9125 9@ USAUKIT U1 20 HIN LAIUIUN
[ 3 a dy A A ~ [ [ < A ~ nm 9
ﬂﬂﬁ@ﬂﬂ31uﬁ1u1iﬂﬁluﬂ13ﬂUﬂQﬂWﬁL%iﬂlﬂﬂlfJ\il%@LlUﬂﬂLﬁfJ!“I/]fJ‘]Jﬂ‘UﬁTiﬁﬂﬂlllLﬂfJﬂ"UTJ‘VI]liJhlﬂiJﬁJ
1 ] 1 [ < {1 ] o Y= o :JI
34N 0.5 mM EDTA WU ﬁWiﬁﬂﬂLﬂJmaﬂﬂ"lﬂﬁﬁﬂhiﬁﬂﬂU EDTA EJ\‘liJﬂ’NiJﬁHJTiﬂcluﬂTiUUEJ\‘]ﬂTD'
a dy 1 =) v A M Y a 1 A <o z a dy o <
m‘imu"umwewuu,ﬂmww‘lﬂﬂmm EDTA L&A1 'ﬁTi‘ﬂqu‘ﬂ‘ﬁElUElﬂﬂTil%iﬂg"llf]\‘i!“lf’f)sluﬁTiﬁﬂﬂmﬂ
Y
@oav121Y 11@93anT valent metal ions JMIH1Y
3 o o Ay y a = . 9y
ﬁnﬂuuuﬁ‘fﬁﬁﬂ@Tlhlﬂnm,&lﬂﬂ‘iqv]‘ﬁiﬂEl Anion exchange column chromatography Taoldy

A Y v =
113949 FPLC ulﬂWﬁﬂﬁVlﬂa@\‘iﬂ\‘igﬂ‘VI 25
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H a = [V <3
517 25 Elution profile ¥99m3uenu3gn3 1Usau 910 ssanaiaaoau1l 30 Q sepharose

L'

fast flow anion exchange column (UNO Q1 column,Bio-rad) flow rate 60 ml /hr

S
mﬂmmﬂﬂmqmﬂﬂﬁﬁumﬂ Crude white blood cell extracted 938 Q sepharose fast flow
. (= o = [ 4 A . . k)
anion exchange column WuNUMsIvves ldsauluneauiliaziiovsiiuy Linear gradient A8 0 — 0.5
Aa <
M NaCl 1% 25 mM Tris-HCI pH 8.1 1@ unanmsueneenily peak 1158114 4 peak Ao P1, P2, P3, P4
k4 9
#1M3 Pooled fraction 911iU11MN Fraction lnagoumsdumsniyauTavousounniiGeuas
Y
o3 Tasldanudutuvealis@uued Pooled fraction ( P1 — P4 ) 1M1A1 2.50, 2.42, 2.40 Uag 3.40
pg/ul AER LAY Positive control AB 10 pug U9 Streptomycin U Negative Control Al¥fonea

g‘ o dy v I3 A A a My & 9y @ A
ﬁ'liﬁ%ﬁﬁlu'lﬂﬂL!ﬂﬂﬂﬂ!,"]f@LL‘V]HE‘H?E‘TﬂﬂLNﬂLﬁ@WHTJ‘V]LLEJﬂ‘lJiZ‘I‘V]‘ﬁUlﬂ m”lﬂwamu,mﬂugﬂw 26-28
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25

20

15 ST

O Psudononas aeruginosa

B Psudonmonas aeruginosa ATCC 2785

10 1| O Staphylococcus epidermidis

Diameter of inhibition zone (mm)

P1 P2 P3 P4 positive
control

Pooled fraction

Y 4
nslugaanamsgudimansyauInvouseuuniize Pseudomonas aeruginosa,

€N
=
=h.
N
=N

Pseudomonas aeruginosa ATCC 2785, Staphylococcus epidermidis Y93 Pooled

. A Aa = Y- v & A Y
fraction ‘VILLEJﬂ’]JifIVITJ'llﬂIﬂEJ FPLC 0@ aNALNAADAUIVITLLY ( Pata ef al., 2007)
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18
—~
IS
£ 16
= ]
[J)
c 14 L T T
R
c 12 {4+ T T .
S 1 1 O Salmonella typhi
5 10 1+ 1 = | @ Salnonella typhi ATCC 5784
._E 8 +| I | | |OSalmonella typhi B
—
o
g °1 ] B
[}
E 47 ] 1 -
A

2 4+ -

0

P1 P2 P3 P4 positive
control
Pooled fraction

] v Y
51 27 namluaaswansdudamsniayau TaveuFonuaiize Salmonella typhi, Salmonella

typhi B, Salmonella typhi ATCC 5784 U9 Pooled fraction ﬁ!tﬂﬂﬂ?ﬁﬂ%qﬁiﬂﬂ FPLC

v
NNATANANAADAVIIVILIA ( Pata et al., 2007)
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@ Vibrio cholerae

6 1 | @ Candida albican

Dimeter of inhibition zone (mm)

P1 P2 P3 P4 positive
control

Pooled fraction

i Y Y
s 28 namluaaswanisdudimsnTaya Tnveuxeuuaiize Vibrio cholerae, Candida albican

U

{ A =5 v <
Y04 Pooled fraction NeNUTANF 14 Iag FPLC Mnasanadiaiaonu195zia

Qa: o a <A a‘f
T1/5@usa 4 peaks fio P1, P2, P3 uay P4 gnih linaaeuanuiuivvewllIndhiigns
o 5’ A A a = = A Y
Manerouuniiizo as1douvUIALAZANNUTaNS 1sAuves P1, P2, P3, P4 N1A91n  Q sepharose
1 Y
fast flow anion exchange column IAYINALIA tricine SDS — PAGE Liionaaoumsauminiyuodie
S A dy 9 1 = qa: 1 9 a dy 9 1 1
HUARIS BuazIFE A WUNaTaza1e TUTAUNT 4 NQUAINTATUMUMTNSUeuTe 1d uany
= 9 dy d' = o A a Q"l 9 a 1
P1 fanwaunsalumsdudomniiga 3aiiiia P1 lluenusgniaediemaiia HPLC  daunau

J
a a

= 9 .. £ 9 [ ~
mqmuazmummﬂﬂmu A8 Tricine SDS-PAGE clfﬂllﬂWﬁﬂ'lﬁﬂﬂﬁﬂﬁ ﬂﬁgﬂ“ﬂ 29
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gﬂﬁ 29 wamiﬁ‘inﬁammﬂuazmmu?t;m%ﬂlmmiazmaiﬂiﬁu P1 (lane2), P2 (lane3), P3

(lane4), P4 (lane5) itag Crude white blood cell extracted (lane6) wFeuneuny Tisau

1193314 (MK :molecular weight marker protein) (lanel)
! . 4 A Ao ~
AMNHANTITNAABDINU I Glu Fraction PI ﬂizﬂﬂﬂﬂjﬂiﬂﬁﬁu‘ﬂ‘]ﬂ@lﬂu‘ﬂqﬂmuWﬂIN!aQﬁ

A
Uszina 14-15 Alamady aetil 3917 fraction P1 MIMATOU antimicrobial activity UURa A2875

zymogram refolding gel "lﬁ'wami‘ﬂﬂamﬁqgﬂﬁ 30
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gﬂﬁ 30 (A) zymogram refolding gel (15% SDS PAGE+ 0.01 g Micrococcus lisodiektikus)

(B) 15% SDS PAGE #o1A8 Coomassie brillian Blue (Pata et al., 2007)

1 v A Y A A A o @ J
NRaNsNAase wun luasanadiaoavivesesed §ldsauiamnsoiatoniasaa

g A A Y Ao 1 = a
VOUFOUUANITY Micrococcus lisodiektikus 18 NdwmisvesTlsau vmnaTuana Uszum 15 Alaaa
Aunaz 23 nlasadu Faddwnie 15 Alaamadu gnwuly fraction P1 @28 Tasagni clear zone

Y Y v

mavuseuqd e lUsaudenanuasnn ldiwouTUsaune 3 uou (U7 30B) lmdrdunsaezii
TudmdareeziiTu (N-terminal sequence) Ay Edman-degradation technique uaamumanldsau 1

uag 2 17U hemoglobin Ol-chain d@u tavTusau 3 WuTuUsauisa linulugrudeya dsmsei 11

d’ o a 2 v 3 A 9y
AN 11 a']ﬂﬂﬂﬁﬂﬂguIum@\‘liﬂjﬁufl]’]ﬂﬁ'ﬁﬁﬂﬂLllﬂla@ﬂelngeua\iﬂiglm

uavlis@iu | draunsaeziilusuN | sHaldstulugrudoyaauau

1 VLSGDDKINV- hemoglobin Ol-chain
2 VLSNDDKNNV- hemoglobin Ol-chain
3 KLAVEMDPSP- -
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09/’ Y o 9 = z a A 3 U
1nuu1ahns asnaeulaseasaves UsAUNIE@UTFHADNATYI A28 mass spectrometry
Y 1
Tas391 peptide mass finger print WU TUsAuRIeNyialau150 match FuTYsAula uaile

A a g 1 a Y v A A
wWagumaiau sequence tag (MS/MS) W‘]J’J']ﬁﬁJ']ﬁﬂﬁglfb'uﬂllﬂﬂ\i@]"liN“Vl 12 Llﬁgqﬁj‘ﬂ‘ﬂ 31 g 32

M319N 12 WaMsasaeurila 11Usan1aeds sequence tag (MS/MS)

uau | $1IUVLI TOF signals N1i1 11 e
. R ) wilalisan
T1lsau WATIZH
1 3 Hemoglobin alpha chain U984 Nile crocodile
2 3 Hemoglobin alpha chain 484 Nile crocodile
3 liwunavesinerzszyriia | vaaveutlt/Indfivuia 2021 mz 1ddwunsaes
Talsaula 11 Tuf® QVEDPTHTSPDK #391AA15%1 blast
WUINIANUARIY MHC class 1T

31 31 Sequence tag (MS/MS) vy T1/sAunmsEay 1
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31 32 Sequence tag (MS/MS) voauay TisAunmsmy 2

AHAMINARBITTUT ANy sz e AuensZtAi g T innate immunity 7
Usznou e Tosau wu 3luTnaiy Lﬂﬂ"lﬂﬁmaé?uq fidoalimsngrvaoninseadiede 'y uas
81992152 NP UAIIAITNIN glycoconjugate T ludIUVBINAIFI uaxmﬂgﬂﬁ 27 wunlu Pl
fraction §1T1sAuvMIANINNTT 10 kDa $uannluvae il Indiuenusans 18Tvuradinda 10
kDa ﬁqﬁmﬁef‘h%’@Tﬂ3@uﬁﬁmmﬂclwﬂjaeﬂ'lﬂ'ﬁqﬁmﬁLwﬂu?qﬂﬁﬂﬁaumﬂ P1 fraction 3nAYade
column superdex 30 prep @9vzuon TlsAumuvng TaoTusAuftvinaunn 10 kba ag T 1y
snguveavasgnazeennnen dauTUsAnuniadind 10 kba sl ugnguvewsauasgnass

PONUININAIAY chromatogram traad 1zl 33
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Abserbawee woit {2860 ooy @&@z A B

0.02] A kDa
) B 450
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201
0.01 4 14.0
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0 T L] I L

_ 10 0 30 40

Protein = 10 ko Peptide = 10 ka

5U7 33 msuen P1 Tag1d Superdex 30 prep

' < [ S 3 X ]
q5aanyalu B lﬂuafluﬂlﬂ\uﬂﬂhlﬂﬂmumu']ﬂlaﬂ {l]\jllllﬁ']ll’]iﬂﬁﬁfﬁle_lﬁlu
SDS-PAGE (tay! B)

wanmaten11saulu fraction A ttaz B Tag SDS-PAGE Wi 1y fraction B luananin
A AA g} o ° J 9 9 .
A399M band Yo TlsAuNTIMIIN Tuanadin 6.5 kDa Taen1380uA8 Commassie blue
WethdiuvesasazareaIu B 1 1A01nn51enale Superdex 30 prep lasavaeunanssu
Y
o 4 a, . . 1 1
MIMUYAATN S. yphi 4ag C. albicans 198D growth inhibition assay WU a1sazaledIu B 1

o = [ 1 F2 A = a = A
f‘ﬁll”liﬂ‘]/ﬂﬂ”lfli].aﬂfWﬂQﬂa”l’J]lﬂ Luaﬁnﬂhlmummmﬁama%w (qﬁj‘ﬂ‘ﬂ 34)
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=D.

MINTIVADUAINTTUMIMBYaFNVRIATAzA18aIU B 1A87T growth inhibition assay
Y
A %9 S. typhi

9
B. ledfﬂ C. albicans
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gﬂﬁ 35 uAAINANIATIIFELVIAYEd 11sAuns ol Ing vesmsadaliadeavvduentiiu
YM-10 A98NAlA Tris-tricine-SDS-PAGE Tag
Lane 1 Rain brow marker
Lane 2-3 ensaniauiadonunn
Lane 4-6 @15AnANARDAYIIEIMIUNAIU YM-10

v < [ J o 1
Lane 7-9 f’f']ﬁﬂﬂﬂlllﬂlaﬁ]ﬂm’nﬁﬂua’]ﬂﬂﬂﬂF\I'IL! YM-10

J 4 1 1 1 (%) 1 4
MNTUNATIUYNTYIAITAZAOAIUAUALAIUDUNAIEIY  YM-10 Tumsdruiie
A A = v e A A v I A P
HuANISY INHAVDINITNATOUYNF TUMTANUFDUUATNITIVOITITANANAIADAVIIVDIVTEIUE1Y
o 4 1 g z a @ 4 Y | 9 1

Wug Ine Aoionvue 4 ¥ia LAAIHAAIN1T19 3 Hasrumsuon laeld YM-10 wudidrsazate
1 1 { P Y 1 (% a Y] 1 P
druannvuavedldsaunsanll Inantdesnmsamidu 10 dlasadu wunTdsaunsenlid Inan

g y '
uen laligns lunmsaednuseunaiiSe'ld 2 atia Ao Vibrio cholerae Wz Bacillus subtilis 99319 36
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4 v v 1 4
A15199 13 LAY Antimicrobial activity YoIeTENANAIADATIINAIHIL YM-10 Aot¥ouuniilse

Tae7% Disc diffusion assay

¥HAvDUYD Antimicrobial activity

B. subtilis +

P. aeruginosa -

E. coli -

V. cholerae +

9 4
[ -7

WUOING : + Ao JUTINIT YUY
A

Y
- fo ludugaimsniyveuio

)Y

Up-10

D

Down-10

v P v ]
310 36 wernadied1n ManaaeugNT lunsAA U0 V. cholerae YO4ENTAZAWAIUAIN N1 1A

%1ﬂﬂ1§!tﬂﬂﬁ1iﬁﬁﬂLﬁmﬁﬂﬂﬂﬂﬂWITL! YM-10
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Up-30

D

Down-30

‘ﬂﬁ 37 UAANAIDEN ﬂﬁﬂﬂﬁ@ﬂi}ﬂﬁiﬂﬂﬁﬂﬂﬂ1uﬁfﬁ] B. subtilis Y99815022198 1A ‘V]vlﬂiﬂﬂ

ﬂmwﬂmsaﬁmmmammvim YM-10

Y

4 H ]
VINTULENUTANTATAZAOHAHIU YM-10  d2ua19id activitylaels RP-HPLC 1ifo1ih

4
150210 IUANHAIHIY YM-10 i imsuenuignsae laold Apollo C18 column Taald 0.1%

TFA 1182 60% acetonitrile 11 0.1% TFA 1311 mobile phase 823132 60 ml/hr Tanagagalii 38

mAbs
Chl Z20nm

4004

200 8 |‘
!

W
b."l'l |l|ﬂ I |UI| + il

| I
| NS e [
' '-\J.l W)

'
zZ0
min

ﬂﬁ 38 LLﬁﬂQIﬂiNWIﬁLlﬂﬁNﬂﬁl!ﬂﬂ“ﬂﬁﬁ‘l’l‘ﬁ miﬁﬂmmmamnmumwmmu YM-10 ﬂ’)ﬂﬁl"ﬁ

mAtA RP-HPLC 1ag1d Apollo C18 column 1a814 0.1% TFA 182 60% Acetonitrile 114 0.1%

TFA 693157 60 ml/hr
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fﬂTﬂNa"’ll’f)\iﬂ"liﬂﬂﬁ@lli]ﬂ‘ﬁ611!ﬂ'liﬁgl}'luL%ﬂllﬂﬂﬁﬁﬂﬂlﬂ\iﬁ'WiﬁﬂﬂlNﬂLﬁ@ﬂﬂﬂ'ﬂl@ﬁﬂﬁmélsljﬁqﬂ
1 4 Y ] 9 1 [ 1 d‘ =3 A a’d' 9
Wu‘ﬁqulﬂﬂﬁaQNTHﬂWillﬂﬂI@ﬂﬁl% YM-10 WTJ'NZ’ﬂﬁa$a15ﬁ3uﬁ13ﬂﬂlu1@ﬂlﬁﬂjﬂ§@]uﬂﬁf]!,‘]J‘]Jll‘ﬂﬂ“l/lu@f]
1 A [ Y a v A QJ 9 dy A A Y o OBJ} = o Y] 1 o
NINIDUNINY 10 ﬂjaﬂ'laﬁl!llf]ﬂ‘ﬁcluﬂ'lﬁﬁ'llt!!fb'ﬂll‘ﬂﬂﬂlﬁEJllﬂ ﬂ\‘luuﬁNuWﬁTia$ﬁ18ﬂﬁﬂa131ﬂ‘ﬂ'}ﬂ1§
&7 J
uenuTgns Iagld RP-HPLC  wudidisazateainandmisouenuignioon Id litiesndn 12 fin
[ 09)1 = Y o I 1 =\ 3 1 =55 9 dy A A 3 a Y
@N‘Lll!ﬂﬂblﬂTITﬂTiLﬂULL@]a%Wﬂ@NLm 1-12 bl,‘]JT]ﬂﬁ’ﬂ‘]J‘Vi"li]VI‘ﬁ1uﬂ1§@nul°]f®ullﬂ‘ﬂljfl'i/N‘Hllﬂ 4 Glfuﬂulﬂwﬁ
N3NAABILAAINIAITINN 14 waz 1A inhibition clear zone LAAINIZIUN 39 MINHANTNATOUNY I
A A = = 9 dy A A = = Y dy oy @
WAN 1 1ag 12 quﬁ1Uﬂ1§ﬂ1uL%ﬂ V. cholerae agNAN 4 Nﬂ%ﬁslUﬂTiGHHLGIf@ B. subtilis LHAINAA
3171 40 wazgait 41 Ay
=

ﬂ1§1\‘17| 14 LAAINAVDINITINATDVY Antimicrobial activity Gll’f)\iﬁﬁﬁﬂﬂmﬂmﬂﬂ*lﬂ’lﬁENL!EJﬂ‘]J ?qﬁ/]

Tao HPLC AordouuafiGe Tao1493% Disc diffusion assay

¥HAVDUYO Antimicrobial activity

B. subtilis +

P. aeruginosa -

E. coli -

V. cholerae +

9
[

Y
WOING : + Ao JUTINTNTYVOUT0

A T qu/ a dy
- A9 lJlll VYINTILITYVDIUYD

Antimicrobial activity

@ B.subtilis m V.cholerae

0.8

inhibition cear zone

ol

i1 2 3 4 5 6 7 8 9 10 11 12 P

fraction number

‘ﬂﬁ 39 1@A3A Inhibition zone 6lJE]\‘I!,‘]J‘]JUh/W] ﬂl!ﬂﬂﬂiﬁﬂ‘ﬁvlﬂiﬂﬂ HPLC G]?JLGIS’EJ B. subtilis 110

V. cholerae
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12 1

11
TF

ACN 4
9 Acetic

g

‘l.lﬁ 40 Llﬁ'ﬂ\‘]i]ﬂﬁcluﬂ'lﬁﬁ"luwﬂ V. cholerae Y93@130% mamumwnmmﬂmqﬂ%ﬁw

MANA RP-HPLC

12 2
11 TFA 3
10 P 4
ACN Acetic
9 5
8 6
7

(

ﬂﬁ 41 uﬁmqmﬂumﬁmmﬂmB subtilis VOIH1T Y mamummammﬂu fI‘VI ’JEJL‘VIﬂLlﬂ

RP-HPLC

v ! ' ! s
nniuhasazatedau B 1 ldninmsuendenailuasiu (U7 38) lluenlduSqnilae

1¥nodnisnesvla ¥ia%18 (C18 reverse phase HPLC) Hadanmsthensazate (fin) arae 1y
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a P ° a Y Y} P I T =% ° ~ ~
AUATICUHININTITUNTINIAYYIAFNLLAT Ulﬂlﬂ‘llllﬂﬂ 4 NAAYAIINU VIiJf]VI'ﬁGlUﬂTiﬂ']a']fﬁ)‘a“]fW (?jl]‘ﬂ

9
v A

42) TagI¥i¥e 13dail

HP1= Leucrocin I
HP9= Leucrocin II
HP3= Leucrocin III

HP4= Leucrocin IV

s 42 msuenasazaredau B Tagldaeduisnesiayiad 18
asazauaindoui A: 0.1% Trifluoro acitic acid (0.1% TFA)

msazaelananui B: 60% Acetonitrile 114 0.1% TFA

4 v
910U UY Leucrocin - I-  Leucrocin IV ll‘ﬂ Y11 leglliJ s191114! A g9 (Minimum  inhibition

concentration; MIC)lums#1a169a3W S. epidermidis, S. typhi 18 V. cholerae ¥4 1aa1aea15197 15
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1 ' Yy 9 o . o
M1 15 MaNududuAIgaved Leucrocins Tumsiinatsgasn

Peptide samples MIC (ng/ml)
S. epidermidis S. typhi V. cholerae
Leucrocin | 25.00 25.00 0.156
Leucrocin II 0.66 0.66 2.88
Leucrocin III 5.31 >156 16.56
Leucrocin IV 5.31 >43.7 10.50

DINAITA 15 924R U Leucrocin T 95iRnssumsmians V. cholerae 1@aniaqa Tavfian
MIC 131 0.156 11 Tn3n%/Aaaa03 Leucrocin 11 fiRanssunsiiatsldaado s epidermidis , S.
typhi Wag V. cholerae Tﬂﬂﬁﬁ%ﬂiiumiﬁmwﬁﬁq@da S. epidermidis Uag S. typhi 1aslA1 MIC (MAU
0.65 lulnsnsu/adans Leucrocin I TA9NISUMIRAY S. epidermidis Aiiga Tasfis MIC Wiy

531 luTasniw/iaaans Leucrocin IV UNNTsumMsiens S. epidermidis Angalaeglinn MIC iy

531 lulasnsu/iianans

M3ANEINANIINM ST 1ega¥NIaeIE Total plate count
A o . . a 4 a o = Aax Y
LU®UT Leucrocin I- Leucrocin IV hl‘]J’JLﬂﬁT%‘H‘H1ﬂﬁ]ﬂiill(luﬂﬁ‘i/l"lﬁTElﬂﬁ“]fWTﬂEJ’J‘ﬁﬂﬁull

o A $ { Y . . o
31U IaTali 1ae7F Total plate count Fawah 1aAe Leucrocin I- Leucrocin IV u1saaas1uiulaladl

= Y v o A
Yoadn 18 Asuaaasgii 43-45
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s 43 Swaulalatiuaz % mssoaves S. epidermidis 1101 Leucrocin I 1182 Leucrocin 11
. . 7. 12 - . Y Yy 9 9 [
S. epidermidis 1WAV Leucrocin 1 18% Leucrocin 11 Tagldanuiudugaioiu 5
luTnsnswiiaaas, Maugudauinly 70% wnuea dnruguidan ]y Sweswomla

pH 7.4 11 5% ng Iaa
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1.00 -

0"} CFUmi

ix

£ n.eo 4

0.00 ~
Negative control Laucrocin | Leucrocinll Positive control

Samples

0.00 -
Megseiive cantrol Leuernein | Laucrpein il Posliiva canirol

Sampies
d‘ o =~ A T o . .
sin 44 wulalatinag % MIseausd S. yphi IBUNRY Leucrocin I 1ag Leucrocin 11 ,S.
1 @ I~ Y] a
typhi U Leucrocin I 1182 Leucrocin IT Tagldanududugaiodu 5 luTasniuil
Aaa o a 9 Y a Y o J
aans, AnauFIuInld 70% emuea dnuguisanld dwroseavla pH 7.4

1l 5% ng lnal
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s 45 Smaulalativas % NM3T8AV0I V. cholerae 1BUNN Leucrocin 1T 18 Leucrocin
1 @ 3

IV, V. cholerae UMM Leucrocin I 1Az Leucrocin IV Tagldnnududugaiieody

19.7 luTasnsu/daaas uaz 12.34 Tulasnsu/iiaans awdwy, aniuaudauinly

o a Y o J A
70% tomuea A1AuAuAan 1Y dwrlesWeawe pH 7.4 1l 5% ng lad
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a Jd d
msnageunuduiivderradiaeaunve siue
Y o . . o a 1 sl A P
1811 Leucrocin I-Leucrocin IV Tiimsastnaeuanuiluiivaeadiiiabfoaiasvesuysd
= a { A [~ 1 P [ J
Tagdad TuTnadunmaanmsuanysaiadonnad wunom lsanududuveailIndna MIC oo
3 1 I~ a [ E~]
S. epidermidis, 0% V. cholerae U1 Leucrocin I-Leucrocin [V lifianuiuiivaeaaiiadonadves

wyud (U7 46-47)

a & A . . . s d A @
Eﬂ‘ﬂ 46 ANUIUNBUDY Leucrocin I 11ag Leucrocin 11 ADLFAAUNALADALLANVYDINYHEY

a a o 4
YANIUANFILIN: 1% Triton X-100; gAAIUAMAIAL: Womwmiwmles

~ & A . . ' s A @
g‘lj‘ﬂ 47 aNUAUNBUD4 Leucrocin ITT 118 Leucrocin IV ADLYAANALODALLANUDINYBEY

a a o 4
YANIUAMFIIN: 1% Triton X-100; YAAIUAMAIAL: TwesWoavla
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= R 1 J a A A Y Y da
MIANYINAVDN Leucrocins ﬂ9!“15aﬁl!!llﬂﬂ!ﬁﬂiﬂﬂQﬁﬁl‘ﬂﬂaﬂﬂﬂqaﬂiﬁﬂﬂﬂmﬂﬂiﬂu

A o . [ Y < ~ A A o @ Qazl o a L4
1B UT Leucrocins UlﬂUNﬂULGIfaa"U@\HL‘UﬂT]ﬁﬂﬁ'lllna'lﬂﬂ'IWUW Wﬁ\i%'lﬂuuu']ulﬂjlﬂi'lgﬁﬂ

U

[V A ~ 4 == Y 9 Ia 1 =
aﬂymgﬁ‘if]fnilﬂaﬂullﬂﬁﬂﬂl@ﬂ!%ﬁmmﬂ‘miﬂiﬂﬂﬁl“ﬁﬂﬂﬂﬁﬂﬁ‘ﬂi5ﬁu@!aﬂﬁ5®uL!UUﬁﬂQﬂ31ﬂ(SEM) 5N

= v A a ~

AN YA 4 =~ =\ =\ A ~ Y] { (= 1
waw”l,@ﬂmcmamammm guanbUSUIVIL 1(?'if]!ﬂﬂﬂﬁlmmﬁﬂﬂ%ﬂu@WIEJUﬂ‘]J“]gﬂﬂ’JUﬂiJT]UliJiJﬂﬁUJJ
£l v
Yy A ]

[ S =& = . A o ] Y o A A
ﬂ‘]JL‘]J‘]_]ulV]ﬂ FINNNANITNAA09 1L DIAUNAIAI Leucrocins 3 UAWHUIIUMSTIITIR10N VT I

AA o 1A 2y 9 .. . . a A a
Nll]_liuell@\jlLUﬂﬂljﬂﬂ\“%“ﬂlﬂﬂuﬂﬁqﬂqquuﬁjﬁlu antimicrobial peptlde FUADUN (zﬂﬂ 48-49)

H 4 4 1 (%
gﬂﬁ 48 HAVDINAQD S. epidermidis 119NNV Leucrocin I a2 Leucrocin II
nuaniGelnan 14'181uA U Leucrocins M3a1 1 $21u3 (A); wuanGelnan lulduudy
. d‘ o ==t Qd‘ 1 @ . 3 )
Leucrocins 7117271 2 %2134 (B); uuANGeUdnANUNAD Leucrocin I (40 ug/ml) Wunal 1 92109
AA o I ) AA 1 ]
(0); nUANITeYNANUNAY Leucrocin I (40 pg/ml) 1fluan 2 3 1us (D); uuanSelnanuuiy

Leucrocin 11 (80 pg/ml) unan 1 92 7u4 (B); uuaiiselndniudy Leucrocin 11 (80 pg/ml)

Wunar 2 $2Tu4 (F)
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H o 4 ] [
gﬂﬁ 49 Waveaa S. nphi 1110UUNY Leucrocin I 1182 Leucrocin 1I
uuaniGelnan 1u'181uA U Leucrocins N1a1 1 %213 (A); wuanGelnan lulduudy

. A o A A ad 1 o . 3 o
Leucrocins 7117271 2 %2114 (B); HuANGeUdnANUNAY Leucrocin I (40 ug/ml) Wunai 1 92109

(©); uuARB eUnAN LAY Leucrocin I (40 pg/ml) Wuna 2 ¥11u4 (D); nuafissdnanuuiy
Leucrocin IT (80 pg/ml) Lﬂunm 1 %2134 (B); HUANIGEUNANUNNY Leucrocin 11 (80 pg/ml)

Hunan 2 $2Tus (F)
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< Y ] (% Aa 4 v a A 4
NHANMINARDY LU JADEIFAIUINANHULUDINUFAAVUB Control duilund Aotwad
1 a v A o ] < v . .
limanmademeuaiieiinmsunsaaues Staphylococcus epidermidis fU Leucrocin I H38 Leucrocin 1T
1 [ A a a = A o Y 4 == = [ .
WU dnvuzvouraaralnd uaznanudenis feo i ldwaduuaiGeidogils1e (deformation) 11
2K o 9 4 ] . < Y v 1T A Aaaa ~ A @
e ldwaduan dau Salmonella typhi vzriu laganuinialgnse1Njunsinil Ao anyuzues
s A ' A 1 9 . A vy . 4
L%ﬂﬁ%"lﬂﬂ‘ﬁ‘i@&ﬁ’)ﬂﬂ DU A8 Leucrocin I UASIND treated A8 Leucrocin II ¥aaV0N Salmonella
. A ~ 1 s =& I Y a a A = dy I
oyphi uanaaneiaeisuarbad ey 1 Idnanviadnanseanudemetidunanininms
o 4 yd =2 v @ . . <
Mamvewt/dIng wamsnaaeaiiitluldlumafednuny antibacterial agent Nuenlda1n warauuay

FIuA3UN 50-52

o 200 nm
200 N 2
D0 nm 200 nm 200 nm

200 nm

200 nm . 200 nm
—

d' . . . Y s A
g‘ﬂ%’l 50 WU antibacterial agent (Crocosin) MNWATTNIITLIUNDLEAALUUANITY S. aureus (a—d)
1ag S. typhi (e—I); Negative control cell (a, €); NATOUAUNAIEAN (b, ); NATOUNVAIU

YM-3 (c, g); NATOUNY crocosin (d, h) Nelural 120 win
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.

200 nm

2003.111

d‘ 1 t:' 9 /) . 1 (% =) 1
?IJ‘VI 51 #avo3IaIU YM-3 V]Llﬂﬂulﬂ‘fﬂﬂWﬁlﬁiﬂﬂim"Uﬂ@ S. typhi. ; YNTINNU 60 U N (a); VN

5N 90 W (b); (c) LBNFINAY 120 WIN (c); VNFINAY 180 UIT (d)
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Y . . 1 o ' 9
31152 Wave3 antibacterial agent INTINVOIFINAD S. aureus (518); S. typhi (VIN); HUANITY
U S A v Ao =S A w
NATDUNY PBS (a 12 b); LUANLTINATDUNULIN (¢ Bag d); LHuANsInagaUnl Hpld

(e @z ); LuANGeNATOUND Hp31 (g 1tae h) ( Preecharam et al., 2008)
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M3ANYINSINA Permeabilization NIBIUTUFUUBONVBIMUATISE
= dy A v J . qu o Y qg/l A a
MIANHITNOADINITTLYIN Leucrocins U1 19 uuususuuonvosuaisoinag
2 I o
permeabilization ¥414N52UIUNITNAAD9921F  1-N-phenylnaphtylamine (NPN) 1T udIn519801 NPN
< a 4 ' A g
Wudsfluorescent  Tagazinanisiieudsldaloodluaniizuiadouiilu hydrophobic  Taeviin
A
Leucrocins 11 191315 UFUUBAVDUNMIUTUIAA permeabilization @15 NPN a9 l1)dunvusim
_ R N T 22 4 .
hydrophobic ¥94 lipid bilayer $492M111A1N51509@9U09 NPN (WHAY FINANITNTNAADINDI
4 v
Leucrocins 111700105 UFUUONUDIUUIVTUINA permeabilization Aaudaalugdd 53-54  Taewuan
. 9 ] Y 1 o A A A 1
Leucrocin -V 9z 19a1dszunm 1-2 wiitlumsidng wuususuvenvesuuaiiize wazionaiwiu i

Uszana 12 W1H192 095282 steady state

k4

51N 53 11510A permeabilization MUVTUTUUBNUDY S. fyphi ATCC 5784

Y

Leucrocin I 125 pg/ml, streptomycin 20 pg/ml, Leucrocin II 3.3 pg/ml

9
N13INA permeabilization NUTUFUUBDNVUDY V. cholerae

€N
=i
=h.
th
£

Leucrocin III 82.5 pg/ml, streptomycin 20 pg/ml, Leucrocin IV 105 pg/ml
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M3ANYINSINA Permeabilization N3BuusHFUluveUANISE
Y ) Y v
MsAnEITiNeAeInN13521 Leucrocins Wui1 1wy usuluvesuuaiiSoina
[l Y Y
permeabilization ¥4 1unszuIumMINAaeetiazimsdrasuuususuluvewuniiselasnmsaiela
A ks 4 o o o
T Tasuigaouland B-galactosidase 13n18Tu &av11n Leucrocins s l¥wausulaTy Teusreonurgi
i [-galactosidase ’t’]fJﬂﬂJ1Ejmﬂuﬂﬂu’33ﬁ1ﬂ§]ﬁ§mﬁjﬂ qUAAIN (O-nitrophenyl B-galactopyranoside;
a [} & 9 =S = 9 d? [ = A

ONPG) INAN15808a10 substrate H99% 1Ae15AzA10THAOUTVIUAWNTOIAMTAANAUUAIN 415 nm

aaaaalugii 55

0.16

0.14

i h

0.12

0.1

0.08

AD415nm

0.06

0.04

0.02

0 L L L L LJ
Negative 1% Triton X- Leucrocin | Leucrocin il Leucrocin lll Leucrocin IV
100

v 9
gﬂﬁ 55 N131NA permeabilization nuuTaeuNNUTUFUIUV0N V. cholerae

<3 1 . o o .
1ngtazviu 1491 Leucrocin I-IV amnsaiiatenuuiiasveanmuiu 1d 1ag Leucrocin IV
o { 1 . [ . % I~ 1
w'laanga ua TuLeucrocin 1 lii@1w150A599WD product Y09 P-galactosidase 901911 111441
. A Yo ' =2 VYo A A o oa o = 0 A
concentration 311984 Ttz amsivaldasimsnaasaiie Bududnasilaems Anyinmsiiaegadn

951108759915 u191 DNA/RNA

msfnEIMshaegasnlaeitinl3ana DNA/RNA
A o J A A [ 4 . . A o i< )
weruwaduuaiiFotuiun)UIng  Leucrocin  I-Leucrocin IV #137°C 1ilunan 1 52 1u9
9 l v
W89 INiuATIIA NINTTUMIMa189aTW InenInT19IAT2AU DNA/RNA ifn1sganaunadi 260
& o = % = = o 7 & '
nm  Fufuwaninmsiwadvesgadnuandonie Tauhiareninii Ing Fsnwanmsnaaoanyn
. o Y 4 A = ~ . S o Y a =l 4 a
Leucrocin I M l¥ssaduuanizaidenieniniga tag leucrocin I A1 lvimanmsidenievedsaaauna

M3A5793A DNA/RNAlA danaaslugili s6
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0.25

0.2 I
) I I t
0 T T T T

Positive Leucrocin | Leucrocin Il Leucrocin Il Leucrocin IV

=
-
e

0D 260 nm

=
=

317 56 U511V DNA/RNA ¥04 S. epidermidis 101N Leucrocins
fINIVANTILIN: 70% LON1UDA, AIIUAUIFIAL: 10 mM Twweswoawa pH 7.4,
Leucrocin I (0.99 ug/ml) Leucrocin II (92.4 pg/ml), Leucrocin IIT (89.9 pg/ml), Leucrocin

IV (87.4 pug/ml)

a d Jd
nﬁ)!ﬂﬂ%ﬁﬂﬁﬂﬂizﬂﬁ]ﬂﬂli’)ﬂﬂiﬂi’)zﬁiu Leucrocin I t1a Leucrocin I1
o = 4 a . = . .
‘Vnmi?fﬂ}_l19&ﬂﬂi$ﬂ@ﬂﬂlﬂﬂﬂiﬂﬂ$ﬂ1uﬂlﬂﬂ Leucrocin I-1I Iﬂﬂm’iﬁﬂy”l amino acid

a { a &Y {
composition 1833 post column derivatization with ninhydrin FINANIIAATILHAIAI1T19N 16

1 J a a 1 a { ' s
M15197 16 A1 % nmol waz1/5119 residues VoInsAvd TunAazyianlogludunling

Leucrocin I 18% Leucrocin II

Leucrocin I Leucrocin II
Amino acid nmol Residues No. Amino acid nmol Residues No.
Asx (N) 0.4528 2 Asx (N) 0.1388 1
Ser (S) 0.2495 1 Ser (S) 0.1397 1
Glx (Q, E) 0.3540 2 Glx (Q, E) 0.2457 2
Gly (G) 0.4461 2 Gly (G) 0.2450 3
Ala (A) 0.1889 1 Ala (A) 0.1378 2
Tle (I) 1.7636 4 Lys (K) 0.1089 1
Leu (L) 0.5695 2
Arg (R) 0.1074 1
Total 15 Total 10
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9’o v . 1< s qg/l { a
NANaMINAaali1inI U Leucrocin 1 (Hwnld Indenedugilsznendls nsaeziilu
Y
a % J
15288 15 residues uag Leucrocin II ﬂizﬂauéfmmﬂezﬂu 10 residues Taenaaean)) Indil

1 a A qul 1 A g .
drulsznovveansnozl Tuninlszy uazdruinilu hydrophobic

MIAANZHAAUNIA0ZN M98 IHVBI Leucrocin I 182 Leucrocin I1 10835 de-novo LC-MS-MS
IAMIUATIEH Leucrocin 1 14a2 Leucrocin 11 AT mass spectrometry WU Leucrocin 1 3
precursor mass 1521191 806.99 Da (gﬂ‘ﬁ 57 1ag 58) &4 Leucrocin 3 precursor mass szt 956.37
Da (gﬂ‘ﬁ 60 uaz 61) Taen1331A3121 1A83T De novo LC-MS/MS sequencing #1131 Leucrocin I 38161
nsaezii Tuueauiu NGVQPKY wazd1dunsaoyi 1uu19aIuved Leucrocin 11 fio NAGS_LSGWG
(@379 3). HINMIATIIABVAVUSINUNTADZI TUUDA antimicrobial peptide guq“lugm%’@u“a WU
draunsaoziTuaena lumilou antimicrobial peptide a9 Tugiudioya 1anedn Leucrocin Iuag

] I~ a Ao 1 1
Leucrocin IT 1192131 antimicrobial peptide ¥ialvsings lulimssiearuuneu
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gﬂ‘ﬁ 57 LC/MS/MS U84 Leucrocin I
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gﬂ‘ﬁ 58 LC/MS/MS 494 precursor mass 806.99 (Leucrocin I)
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§1Jﬁ 59 LC/MS/MS U84 Leucrocin II
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gﬂﬁ 60 LC/MS/MS 984 precursor mass 956.37 (Leucrocin II)

151391 17 §19UnIA0L 1uv09 Leucrocin I and I 1a@35 De novo sequencing LC MS/MS

Samples Precursor Amino acid Charge Mass % Predict of
Mass sequence analysis | hydrophobic secondary
(Da) structure
Leucrocin | 806.99 | NGVQPKY +1 804.90 11 28.57%
Extended strand
71.43%
Random coil
Leucrocin II 956.37 | NAGSLLSGWG 0 847.88 40 44.44%

Extended strand
55.56%

Random coil

dmSUmMInId 1 unsAezd Tuvee Leucrocin I-Leucrocin IV neamtlanenijozil Tulag

qﬂll ' (% ;I 1 Aa
automated Edman degradationiu liiaunsonsiviala saudu'ly'ld31e19928im3 blocking viseinan1s

nasunilasvesnsaezil Tunesdmlatenyosilu
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a q
agﬂa!ammﬁmwamimam

o

= dy 9 a = A = dy A A A Y [ 4
Gluﬂﬁﬁﬂ‘klﬂ‘!llﬂL!UﬂUiq‘ﬂ“ﬁﬁﬁﬂﬁJﬂWﬁﬂWHW@L!‘Uﬂ‘miﬂ%WﬂLﬁ@ﬂi}'B'ZLGU’GTWEJWH‘QUIMEJ

1 o o < Y] 4
(Crocodylus siamensis) 1agUgnaTNAAIUTIULALANTANANARDAVIIVDIVTLIYAIUADA N
A A ) ' Ao A <o
wanlasuilszgay waluasdu 1ag reverse phase -HPLC Tudiudsuuenaisnilgnsiiaiy
2 4 Y 1
150 TATIUIUNIAY 6 BiA AD pl4.1, pl15.9, pl7.9, p31.0, p36.1 HaL p51.2 FIUANVEAINITO
k2 A
o % a o A 1
Matereuuniiz onnIuUINLAZLATIAY HAMIAATIZHAIEIT mass spectrometry WU
<3 1 a ]
pl4.1,pl15.9 g ps1.1 Yvuraannii 1 nlaaradu
P 2
Mmsuenuigniashaedeunniiie (Crocosin) MINAIUNAIANIVDUADAVTZIY
a, A [ 4 U
Tag3ITMIUENAIUNIUTULENUUIA 3T reverse phase-HPLC LiazAdauy Hypercarb' " WU
k2
Crocosin @1W1501110BUUANIS 8 Salmonella typhi WAL Staphylococcus aureus 1NN
a 4 o w a 1 a 1
ANT12H 1598519989 Crocosin Tasmsmdwunsaozd TunailarenyoesiiTu wuai
. Ao w a @ I = = a o ag
Crocosin Hd1wunsaeziilu 2 dwsmilu erariiu vaz lnadu taza1nn1s AT 1ae3s
v 1
ESI-MS/MS NUSNHMEMITHUeeailnns1veauIavuia 94 (ag 136 A1ada 39u1aa9na
ligeandaafuniaveansaoiiTudala ag Crocosin 11T NABANNT BULAENUADNT
T 4 [ 1 H < 1 ] [] 4 1
gosvouou lsilsma namsnaasedanand1iisiudi Crocosin 019 1191 Ind uaern
I v 7 s X a [ {
Wueyiusveullng Fulszneudlensasziiluswmediuaisilsznouniinia Tuana 94
o = Y P s ' ' o & A A A
ag 136 A1aAa NMIANYIAIINABIYANTIAULUVAINTIA WU aTiaedeuuanzenuen
Y 1 ~ o 9 o dy A A 9 '
1@nnadrnvesdiuaznarauvessy snareenuniselasnmsdn 1 luau s Tanan
= ~A A Y o Y ~A A A o ~
aFuvuANG Y udPh IimusuvewuanGauanusogniiaslunga
o @ o < A 9 a = <Y
dmsulumsanadia@onunaszd vnmsuonuIgninllnddle  HPLC uaz
1 [l S A ) @ Qall [ {
filter molecular cut off. WU Nodrevies 5111 nd ATviminTuanadua 1 kDa-5 kDa #
o dy a2 A Y 1A a A og/l A J . ' .
aunsoaaFernuniise ldedatidszaniain de¥ed1 11U e leucrocins WU Leucrocin
1 Wasidnunsaezi Ty NH, - KLGPQGAQLLGQP-COO @7U Leucrocin 111 H19sHd 181
a I R ' ] 1
ninozd luiu NH, -DAKGEGNPDAKDGDASEK-COO 1ifi1 MIC fid1 #491nHamsAntIWa
1 4 1 a’/‘
v84 Leucrocins fntsaatuaiiiseTaendns SEM WuiLeucrocin I agLeucrocin I uiina In
o zﬂy IS td' 9 =R o . . Av @
MIMAFOUUANITOLATUAVNAQIIATINY Temporin-L (Mangoni ef al, 2004) UAZFTUN
Y} o A s A o
WAANIUDITZV A 1OWUT 1Y (Preccharram  er  al, 2008) lagiijotnisaauuaiiEesIuAY
. Y J A A A ' A A s A ] [
Leucrocins La¥aauuaizsziiien VIaunig tazuandatgimasieuaysaaiioun iy
v Y Y
nawu vaginag lnnsiiateyeuuais eunsuuIAUe Leucrocin I 14a¢ Leucrocinll UL

o dy o ya J A a A o a
VI”IﬁTfJLGIff’JIﬂEJﬂTTW"IGlWN?L%ﬁallﬂﬂﬂliﬂlﬂﬂﬂ”ﬁﬁaj}ﬂ YIN UANHUSUVIVIS LAagIiNANITHAN
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= J Ao K [ zﬂy 1 dy = @ -

(YN IYUDIULYAALUANLIY “]Nﬂallﬂﬂ"lﬁVIWaWﬂL%ﬂL%uuﬁ]%!ﬁM@uﬂU Magainin 2 (Genco et al,
[ 1 <3 [

2003) 1ay SMAP29 (Anderson et al, 2001) NHAMINAADIRINALAAI 1R U Leucrocins

= o 4 Aa A 4 o Y a =

N!ﬂ?“ﬁlﬂﬂﬁluﬂ1§ﬂ1ﬁ1ﬂl“ﬁaallﬂﬂﬂ!§fJ“I/I!G])'aaUJ‘JJL‘Uﬁu T%ﬂwﬂmummumﬂ ANULTYNY

[

Y 49} A A ~ = Yy A o o dy A A
1/]1114LSI$@LL1J?’ITIL§EJGHEJEI,1!‘1/]?!@ ClNhlmJﬂﬁ‘ﬂﬂﬁi’)ﬂEJL!EJ“L.!ﬂallﬂ'mi‘ﬂWﬁ”IEJLGIﬁJGluLLUﬂVILiEJLLﬂi‘JJaU

4 Y
A183% NPN uptake assay m3any1iiazi11insiudn Leucrocins Wuannsai sy

ﬂ%uuﬂﬂmmumﬁﬁmﬁﬂ permeabilization Tagaz 1y 1-N-phenylnaphtylamine (NPN) udn
A529@0U &1 NPN 1§luas fluorescent e‘f;qﬁmﬁﬂmsﬁmum"lﬁ’aLﬁaagi"l,uaﬂnzmﬂéjwﬁzﬂu
hydrophobic Tagn1n Leucrocins ‘ﬁﬂﬁ’mmmm“?uuaﬂmmmmmmﬁﬂ permeabilization @173
NPN 92191 1S U DS a hydrophobic 484 Tipid bilayer F3vzviliANsidoauasves NPN
Lﬁuﬁu WAW11 Leucrocins 1%ummiaﬁﬂﬁ'mmmm‘?uuaﬂmmmmmmﬁﬂ permeabilization
«'f;ﬂﬁ’wmsﬁmﬁmﬁu cationic antimicrobial peptides ; SMAP29 (Kalfa et al, 2001), Indolicidin
(Falla et al, 1996) 11a2 Temporin-L (Mangoni e al, 2004) Snmada ldmsany i@ lud
M1917iA Permeabilization AT UFUILvenuAfiGe Taomssiasammuususuluvos
uuafisedremsasialaly Tsudiginen Lol B-galactosidase 1301671 #9110 Leucrocins 11

aaa [

TawsnTa Tl Teusreenuvziin i B-galactosidase  oonIgmsuenudiiiljnsens

=

FumaIn (O-nitrophenyl B-galactopyranoside; ONPG) IAAN5Ep8aaTY substrate 5492 161
Y 1 1
msazared@mdouduiuamnsoianisganaundeil 415 nm FIWAWUI Leucrocins d13150
o o 4 YN o 1 . :/1 Y o dy A A A
Marenvusiaesveawusuld uaz lagudunain Leucrocins Wiwdiaeyouuais e
1wsu Iaed5mMsInlSu1al intracellular nucleotides (DNA/RNA) Taed Leucrocins 814139
o J Y o Y J A A . . <
Mangadwusy uadi IaauuanFeuanaaiy intracellular  nucleotides  NITYN
Yanddegeanuilnamnsonsininszduues DNA/RNA fA1N15ganauuasi 260 nm
' 4 o 4 a A ] o 4 { [ )
Tagwanyn worhwaduuanGeuunua/dIng Leucrocins #37°C 1funar 1 4279 udd
) A A d? 9 £ 2 1 = [ =
#1115995297A9117U DNA/RNA unindu'ld seldnanisnaasarwdernumsanylu
. A dy . o Y J = '
porcine leukocyte NUUTO S. aureus 1AL E. coli lagmsm fiwaauaniazimsdanilaoe
2
intracellular nucleotides 80NN (Wang e al, 2003) 91AM3ANEING IMTanewenuaiise
. 9 as 1 o Y Y1 . A o 1 Y o ~
Y93 Leucrocins A1835M150199 01991 1% a1 1891 Leucrocins vzlidwmuslumsidniaien
VTNUNVVTUVOILANGY TagiT U NmUs UsUUonaunsdu luveuanis e azdina
o 9 ] 4 A Ao = [ =
MmligssveusaduuanGelanyazasuuilasglsie Taslanvazygvsy vy uag
A H A a s ° ] A A A o 1 A Ay Y}
@erineduuLsane tarsaauan s luuanGemelunge dusunnetgsesnunallu
. . . . A A [ 1 4 . A A 1 S 3 =
antimicrobial peptide FUADUS)  LATIINUIN Lﬂ‘ﬂ‘l‘ﬂﬂ Leucrocin II UWHABIEAAINALADALAN

oAU Farzdeeimsdiulgalaseadranourir iy
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= c?/’ dydy Y I 1 A 9 A ] = o tﬂy
NNMIANYINIHUANF AU Glum’e)mizwmﬂwu‘q'lﬂﬂmfﬂzmwmmmﬂm

7

[ 1 [ a o { < .. .
UUANLTINUUISTNTHIN IﬂfJﬁ$‘]J‘]JﬂQﬂﬁ']'ll‘]_]u@ﬁi%GlUﬂ']iVHaWﬂL%ﬂjﬁﬂ “d]ﬁ antimicrobial

= 9 = OZ

v 9 [
. @ I~ .
peptides ﬁwu“lumamﬁzwuummﬁwmﬂu broad spectrum IGERGERR primary structure i
; e 9.%4,2 e . 8 | = 2
¥ron 1¥nans perturbed permeabilization UVDIFAALUUANLTY FInamIAny1us 189U
= . . . vt s - . <
usnAWUNTUILVY innate immunity o952 Ina HasaINQu glycoconjugate N01IL
[ o dy A Q' U d' 9 L) 9 = dy 9 =
iauﬂummm%amamuﬂaﬂﬂaamNc] NMVIFITWNYITELY  INNITANHIUAITISADIN
= A a o dy A A . A 914! ) 1
msanp NN Tagmmzna lnmsiiare¥euunfis oved leucrocins ﬂllﬂﬂulﬂ%Qﬂquulﬂq
@ Y o i’ A A g Y 1 .
msna lmduasiaradenuanselusuina vonvNiNITAUNYI hemoglobin ~ Y®
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STUDY OF ANTIBACTERIAL AND ANTIFUNGAL FROM CROCODILE
LEUKOCYTES EXTRACT (CROCODYLUS SIAMENSIS)

Supawadee Pata', Sakda Daduang', Jisnuson Svasti’ and Sompong
Thammasirirak

'Faculty of Science, Khonkaen University, Khonkaen, Thailand; Tel: +66-4-3342911;
Fax: +66-4-3342911; 2 Faculty of Science, Mahidol University, Bangkok, Thailand;
E-mail: somkly@kku.ac.th

Antimicrobial peptides are important substances functioning as self-defense
against infection. This study aims to screen and purify the antimicrobial substances
from crocodile leukocyte extracts. The crude leukocytes extract showed antibacterial
activity toward Psudomonas aeruginosa, Psudomonas aeruginosa ATCC 2785,
Staphylococus epidermidis, Salmonella typhi, Salmonella typhi B, Salmonella typhi
ATCC 5784, Vibrio cholerae and Candida albican. Then the leukocyte extract was
purified by anion exchange column chromatography (FPLC). Four protein peaks (P1-
P4) were obtained. Protein peaks (P1-P3) demonstrated antibacterial and antifungal
activity the same as crude leukocytes extracts. However protein peak (P4) display
lesser extends antibacterial activity. The active fraction P1 from FPLC was further
purified by HPLC. Protein P1 yields 12 peptides by HPLC. Peptides P1/1-2(38.980),
P1/2(40.983) and P1/4-1(49.048) demonstrated antimicrobial activity. These results
strongly suggest that crocodile leukocytes contained the potency antimicrobial
peptides against broad spectrum bacteria. However the amino acid sequence and
mechanism of killing the bacteria of these peptides remains to be investigated.

Acknowledgment: This work was financial supported by Thailand Research Fund and
Agricultural Biotechnology for Sustainable Economy Research Center Khon Kaen

University.
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Antibacterial agents were purified from Siamese crocodile serum by anion exchange, gel filtration and
reversed phase HPLC. Six antibacterial agents designed as Hp14, Hp15, Hp17, Hp31, Hp36 and Hp51
were purified and proved to carry activity against Salmonella typhi, Escherichia coli, Staphylococcus
aureus, Staphylococcus epidermidis, Klebsiella pneumoniae, Pseudomonas aeruginosa and Vibrio
chorelae. The mass analysis of MALDI-TOF for antibacterial agent of Hp14, Hp15 and Hp51 revealed that
they are small molecule with a molecular mass less than 1 kDa. The scanning electron microscopy
demonstrated that these agents targeted the bacterial membrane and they act like as antimicrobial
peptides. The antibacterial agent in the serum may represent the first line of an immune system in a

freshwater crocodile.

Key words: Antibacterial agent, crocodile, Crocodylus siamensis, reptile.

INTRODUCTION

Bacteria and fungi coexist with other living organisms.
However, in spite of the fact that such microorganisms
are always in contact with other organisms, microbial
invasion into hosts hardly takes place, probably because
of their unique defense systems. In the insect and animal,
one such system is non-specific immunity which com-
prises a wide variety of antimicrobial peptides (Steiner et
al,, 1981) and factors (Ourth and Chung, 2004) with
potent antimicrobial activities.

Crocodylus siamensis, the Siamese crocodile, is one of
the critically endangered species of freshwater crocodile,
which are originally distributed throughout much of South

*Corresponding author. E-mail: somkly@kku.ac.th Tel: +66-43-
342911; Fax: +66-43-342911.

Abbreviations: CFU, Colony forming unit; DDW, sterile distilled
water; HCCA, a-cyano-4-hydroxy-cinnamic acid; HPLC, High
Performance Liquid Chromatography; and TFA, Trifluoro acetic
acid.

East Asia. Crocodilians are known to live with opportu-
nistic bacterial infection but exhibit no physiological
effects. While crocodilians have no complete immunity to
microbial infection, these species do exhibit remarkable
resistance. This biological activity of crocodilians has not
been well characterized. However, some reports have
described the efficacy of alligator's serum in fighting
against bacteria (Merchant et al., 2003), viruses
(Merchant et al., 2005a) and amoeba (Merchant et al.,
2004). Recently, Merchant et al. (2005b) proposed that
the complement systems of alligator are effective in killing
bacteria. More recently, leukocyte extract of American
alligator has shown a broad spectrum of antibiotic effects
on bacteria, fungi and viruses (Merchant et al., 2005a;
Merchant et al., 2006a). The studies by Merchant et al.
(2006b) also confirmed the effects of bacterial lipopoly-
saccharide on peripheral leukocytes in the American
alligator (Alligator mississippiensis). However, for fresh-
water crocodile, antibacterial activities components have
not been characterized yet.

In this study, we purified the antibacterial agents from
crocodile serum. These antibacterial agents have mole-






Isolation and characterisation of crocosin, an antibacterial compound from
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ABSTRACT

An antibacterial compound from crocodile blood was partially purified and functional
characterised. The freshwater crocodile (Crocodylus siamensis) plasma with
antibacterial activity were partially purified by using a centrifugal concentrator and
reverse phase HPLC, and designated as crocosin. Crocosin exhibits antibacterial activity
towards Salmonella typhi and Staphylococcus aureus. Crocosin is thermostable and
resistant to pronase digestion. The structure of crocosin analysed by mass spectrometry
contains repeating units of 94 and 136 m/z. Scanning electron microscopy indicates that
crocosin probably penetrates progressively into cytoplasm space, perturbing and
damaging bacterial membranes. Crocosin may provide an early defence mechanism

toward bacterial infection in fresh water.

Key words: antibacterial compound, crocodile, Crocodylus siamensis; crocosin, reptile
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Antimicrobial peptides (crocosins) from freshwater
crocodile, (Crocodylus siamensis) white blood cell
extracts

S. Thammasirirak', C. Kutan'. S. Preecharram'. S. Daduang' and
J. Svasti®

'Department of Biochemistry, Faculty of Science, Khon Kaen University,
Khon Kaen, THAILAND, ° Department of Biochemistry, Faculty of
Science, Meahidol University, Bangkok, THAILAND

Introduction: Most researches to date have focused on searching the
antimicrobial peptides without bringing resistance. This report
describes a new antibacterial peptides (Crocosins) purified from leuko-
cyvte extracts of freshwater crocodile, and characterized for their func-
tions.

Methods: Crocosins were purified by RP-HPLC. The primary struc-
ture, The MIC of these peptides toward two bacterial strains and their
hemolytic activity toward human RBC were determined. The kinetic of
bacterial killing were characterized by SEM.

Results and conclusion: The Crocosin II and II1 exhibit antibacter-
ial activity toward Salmonella typhi and Staphyilococcus epidermidis.
The MICs of Crocrosins against bacteria were 0.125 and 0.033 pg/pul
respectively. Crocosin II shows no significant destroy RBC but Croco-
sin 111 displays high toxicity. The N-terminal of both peptides were
found to be blocked for sequencing, amino acid composition was used
to determine the partial sequence. Crocosin 11 contains high mole% of
Ile and Crocosin IT shows high mole% of Glu. The SEM images of
bacteria exposed to Crocosins provide the evidence that membrane is
the main target of the bactericidal of these peptides. This study shows
that freshwater crocodile leukocyte extracts contains broad spectrum
antimicrobial peptides and encourage further investigation of the thera-
peutics potential of these peptides.
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Preparations, properties, and active-site structure
of Escherichia coli ethanolamine ammonia-lyase

T. Toraya', K. Akita', N. Hieda', N. Baba', H. Sakamoto', K. Mori',
N. Shibata®, H. Tamagaki® and Y. Higuchi®

'Okayama University, Okayama, JAPAN, *Graduate School of Life
Science, University of Hyogo, Hyogoe, JAPAN

Adenosylcobalamin (AdoChbl)-dependent ethanolamine ammonia-lyase
(EAL) catalyzes the conversion of ethanolamine to acetaldehyde and
ammonia. The eutB () and ewrC (B) genes in the ewr operon of E. coli
were cloned and expressed at high levels. The purified apoEAL existed
as a a6P6 complex. At high concentrations, it formed inactive precipi-
tates which were reactivated by a dithiothreitol treatment. Limited pro-
teolysis of the enzyme by trypsin led to the removal of the N-terminal
28 amino acid residues from the P subunit without loss of enzyme
activity. Several kinds of EALs that lack the N-terminal 28 residues of
f subunit and contain a Hise-tag were expressed and purified by a Ni-
chelate affinity column, and their properties studied. When the ewtB
and eurC genes were placed under the control of tac or T7 promoter in
this order, subunit compositions of the purified enzymes were imbal-
anced, but the imbalanced expression was much improved when the
order of genes was reversed. Km values for substrate and AdoCbl as
well as inactivation properties in the absence of substrate and in the
presence of substrate analog 2-aminopropanol were not affected, while
the susceptibility to SH inhibitors was lowered. by the N-terminal trun-
cation and C348 mutation. EALs with truncated p subunit and His6-
tag were not precipitated/inactivated at high concentrations. A trun-
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cated enzyme was crystallized in complex with cyanocobalamin and
ethanolamine, and the structure of EAL was analyzed by X-ray crystal-
lography. The mechanism of action of EAL is discussed on the basis of
its aclive-site structure. 1
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Structural determination of the haloacid permease
Deh4p of Burkholderia sp. MBA4 with a

dual-reporter system

J. 8. H. Tsang, M. Y. M. Tse and M. Yu

School af Biological Sciences, The University of Hong Kong, Hong
Kong, CHINA

Introduction: Burkholderia sp. MBA4 produces a haloacid permease,
Deh4p. which mediated the uptake of haloacid as a growth substrate.
Dehdp contains 552 residues with a mass of 59.4 kDa. Structural pre-
diction of Dehdp suggested the presence of 11 or 12 transmembrane
helices. Most of these predictions suggested that the N terminus is
located in the cytoplasm. In this study we reported the determination
of the topology of Dehdp by using a PhoA-LacZ dual-reporter system.
Methods: PhoA is an alkaline phosphatase which only works in the
periplasm while beta-galactosidase (LacZ) is an enzyme that works in
the cytoplasm. DNA fragments encoding various lengths of dehdp were
amplified by PCR and fused in-frame with a phoA-lacZ cassette. These
recombinant plasmids were transformed and the fusion proteins
expressed in E. coli using a weak constitutive promoter. Enzyme activ-
ities of PhoA and LacZ were determined to localize the whereabouts of
the reporter and thus the authenticity of the transmembrane domains.

Results: The expression of the membrane proteins did not affect the
growth of the cells. More than 36 constructs were made and trans-
formed into E. coli. The PhoA/LacZ enzyme activity ratios for these
clones have been determined using PNPP and ONPG. The results
showed that the first two and the last two predicted transmembrane
domains were absent.

Conclusions: The current results suggested that there are at most
eight transmembrane domains found in Dehdp. The N- and the C-
terminals were located in the cytoplasm and a large loop was exposed
in the periplasm.
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Evolution of a molecular switch by a single
mutation surmounts the chloride ion dependent
mechanism of ACE
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Angiotensin Converting Enzymes (ACEs), are a major target for cardi-
ovascular therapies that consist an evolutionary conserved family of
zinc metalloproteases. The last years were landmarks for the structure
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ent organisms may have evolved unique ionic dependencies to cope
with the diverse environments they encounter.
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Introduction

The rapid emergence of antibiotic-resistant bacterial pathogens is a serious
problem and extensive efforts have been focused on the development of new classes
of antimicrobial agents (Neu, 1992). Antimicrobial proteins and peptides are one
group of antimicrobial agents which are phylogenetically ancient constituents of host
defense and are expressed by immune and non-immune cells of invertebrates and
vertebrates (Beck & Habicht, 1996). These antimicrobial agents have been isolated
from numerous types of organisms, ranging from bacteria to plants and animals
(Treffers, Chen, Anderson & Yu, 2005). The biological activity of these showed
against broad spectrum microorganism. Many antimicrobial molecules appear to act
via specific but not receptor-mediated permeabilization of microbial membranes and
selected target specificity of killing (Yeaman & Yount, 2003). Nevertheless, they use
many structures and mechanisms for destroying microorganism (Brogden, 2005).
These confer considerable potential for their development as novel therapeutic agents
to overcome the resistance problem (Tossi, Sandri & Giangaspero, 2000).

Mammalian leukocytes (neutrophils, macrophages, eosinophils, basophils and
natural Killer cells) are one source of antimicrobial substances (Treffers et al, 2005).
They express a variety of proteins and peptides as effectors molecules that are able to
kill or to inactivate microbial pathogens. Mammalian leukocytes contribute many
different species of antimicrobial substances such as peptidoglycan recognition
proteins (Tydell, Yuan, Tran & Selsted, 2006), a-defensin (Lehrer, Lichtenstein, &
Ganz, 1993), B-defensin (Selsted et al, 1993), LL-37 (Gudmundsson & Agerberth,
1999), lysozyme (Pellegrini, Waiblinger & Fellenberg, 1991), cathelicidins (Zanetti,
2004), and chemokines (Becerra et al, 2007). Many antimicrobial peptides display
activity against Gram-positive and Gram-negative bacteria, yeasts and fungi, and even
certain enveloped viruses and protozoa. Other peptides are more restricted in their
spectrum of activity; even minor variations in peptide structure can influence activity.
A systematic understanding of the relationship between peptide structure and activity
is an important area for future investigation. Accumulating evidence has shown that
many peptides act synergistically with larger polypeptides whose antimicrobial

activity is enzymatic (e.g., lysozyme) or is dependent on specific recognition of



bacterial macromolecules (e.g., the bactericidal permeability-inducing protein, BPI)
(Levy, Ooi, Weiss, Lehrer & Elsbach, 1994). Synergistic interactions between two
antimicrobial peptides in the frog skin, magainin 2 and PGLa (antibiotic peptide in
magainin family), have also been reported (Westerhoff et al, 1995). In addition, to
their action on microbes, some antimicrobial peptides can function as regulatory
molecules in the host. For example, in vitro studies suggest that defensins attract
phagocytes and lymphocytes to sites of infection, inhibit the release of cortisol from
adrenal cells, induce the proliferation of fibroblasts and modify ionic fluxes in
epithelial cells (Ganz & Lehrer, 1995). However, most research to date has focused on
searching for peptides, which possess antimicrobial activity without causing
resistance in targeted microorganisms. Crocodilians are known to live with
opportunistic bacteria without overt physiological effects. While crocodilians are not
completely immune to microbial infection, these species do exhibit remarkable
resistance. The immune system of crocodilians has not been well characterized, but
several reports have described the efficacy of alligator serum in fighting bacteria,
viruses and amoeba (Merchant, Roche, Elsey & Prudhomme, 2003; Merchant, Ptak,
Nalca, Paulman, Wells & Pallansch, 2005a). Recently, Merchant et al. (2005b)
proposed that the complement systems of alligator are effective in killing bacteria. In
addition, leukocyte extract from the American alligator has been shown to have a
broad spectrum of antibiotic effects on bacteria, fungi and viruses (Merchant et al,
2006). More recently, Preecharram et al. (2008) have reported that, the antimicrobial
substances were found in serum of Siamese crocodiles (Crocodylus siamensis).
However, no research has previously been reported on antimicrobial peptides from

leukocyte extracts of Crocodylus siamensis.

MATERIALS AND METHODS

1.3 Microorganism Gram Positive Bacteria

Aeromonas hydrophilla,Bacillus amyloliquefaciens TISTR 1045, B. cereus
(Clinical isolated, B. licheniformis TISTR 1010,B. megaterium (Clinical isolated),
B. pumilus TISTR 90, B. sphaeriens TISTR 678, B. subtilis TISTR 008, B. subtilis

(Clinical isolated), Micrococcus luteus (Clinical isolated), Staphylococcus aureus



ATCC 25923, S. aureus TISTR 5049, S. aureus (Clinical isolated), S. epidermidis
(Clinical isolated), Xanthomonas sp.

Gram Negative Bacteria Escherichia coli (Clinical isolated), E. coli
0157:H7 Klebsiella pneumoniae ATCC 27736, Pseudomonas aeruginosa (Clinical
isolated), Ps. aeruginosa ATCC 27853, Salmonella typhi (Clinical isolated), S. typhi
ATCC 5784, S. typhi B (Clinical isolated), S. paratyphi B (Clinical isolated), S.
paratyphi A (Clinical isolated), Streptococcus pneumoniae DMS 5851, Vibrio
cholerae (Clinical isolated), Fungal Candida albicans (Clinical isolated), Yeast

Sacharomyces cerevisiae 5539, S.cerevisiae 5596

2. Blood Collection

Adult crocodiles were cabled snare and unconscious with electric spark. Blood
samples were drawn from the supravertebral branch of the internal jugular vein
(Olson, Hessler & Faith, 1977; Zippel, Lillywhite & Mladnich, 2003) using 2.5 cm 18
hypodermic needle (Nipro, Japan) and 10 ml disposable syringes (Nipro, Japan) and
transferred immediately to 15 ml sterile centrifuge tubes containing 1 ml of 0.5 M
EDTA. The tubes were kept in ice box. The volume of blood collected from each
crocodile depended on the size of the animal.

3. Isolation of Leukocytes

Whole blood was put on ice overnight during which the erythrocytes settles to the
bottom of tubes, the interphase layer containing the leukocytes was collected and
centrifugation at 800 x g for 20 min (25 °C). The contaminating red blood cells were
lysed by addition of 0.83% ammonium chloride solution to the leukocyte suspension
at a ratio of 3:1(Treffers, Chen, Anderson & Yu, 1996). The white blood cells were
collected by centrifugation at 800 x g for 20 min (25 °C). The cell pellet was gently
re-suspended in normal saline (0.89% NaCl) and centrifuged again at 800 x g for 20
min (25 °C). Pellets of white blood cells were then kept in centrifuge tubes at -70 °C

prior to use.

4. Leukocyte Extraction



A crude extract from the white blood cells of crocodile was obtained using a
modified method by Treffer et al. (1996) .White blood cells were frozen at -70 °C
overnight for breaking cell after that re-suspended in 0.01 M acetic acid and sonicated
to release the antimicrobial substances. The solution containing the antimicrobial
substances were collected (12, 000 x g, 20 min, 4 °C). The supernatant was kept and
centrifuged again at 12, 000 x g for 20 min (4 °C). The crude white blood cell extracts
were lyophilized, dissolved in 0.01% acetic acid (Treffer et al, 1996) and stored at -70

°C until used.

5. Determination of Protein Concentration

Protein concentrations were determined by the Bradford method (Bradford, 1976).
Standard proteins were prepared with concentration of 2, 4, 6, 8 and 10 pg bovine
serum albumin (BSA) in 1 ml of Bradford dye reagent. Sample (1-2 pl) was added
into 1 ml of dye reagent. The reaction mixture was mixed gently and incubated for 10
min at room temperature. The absorbance of standard protein and protein samples
were measured at 595 nm. The calibration curve was plotted and the protein sample
concentration was calculated.
6. Antimicrobial Activity Assays

Antibacterial activity was assayed using the disc diffusion technique. The disc
diffusion assay was performed using nutrient agar, as described previously by
Anderson & Yu (2003). Antibacterial activity was tested with both gram-negative
and gram-positive bacteria and yeast, including C. albicans. Bacteria (ODggo 0.5-0.6)
was diluted by nutrient broth (C. albicans used YM medium) to final optical density
(OD g00) around 0.1. After that 200 ul of diluted bacteria was pipetted and swabbed to
20 ml nutrient agar plate. Sterile paper discs (6 mm) were placed on the nutrient agar
plate and test sample such as white blood cell extract (28-60 ug/30 pl) was added
diffusion into each paper disc. Plates were incubated for 12 h at 37 °C. Antimicrobial
activity was assessed by the clearing zone around the paper disc. The broad-spectrum
antibiotic streptomycin disc (10ug/disc) and 0.01% sterile acetic acid were used as

positive and negative control, respectively.

7. Purification of Antimicrobial Substances from Crocodile Leukocyte Extracts



The crude white blood cell extracts was filtrated using 0.45 um citrate filter
membrane. Then filtrated sulotion (concentration of total protein is 46.25 pg) was
subjected into column UNO Q1 (Bio-Rad, U.S.A.) with contained Q sepharose fast
flow resin and run by biologic duo flow program (Bio-Rad, U.S.A.) of fast
performance liquid chromatography (FPLC). The column was washed by the gradient
solution of 25 mM Tris—HCI pH 8.1 and 0.5 M NaCl in solvent A (solvent B). The
solutions were pumped through the column at a rate of 60 ml/h and the absorbance at
a wavelength of 280 nm was monitored using UV detector. The fractions (3
ml/fraction) corresponding to the peaks were collected, concentrated by freeze dry,
dissolved in 0.01% sterile acetic acid and assayed for antimicrobial activity following
disc diffusion method. Antimicrobial substances from P1 fraction were further
purified by gel filtration using Superdex-30 prep, using 0.5 x 25 cm column. The
column was eluted by 0.1% trifluoroacetic acid (TFA) with flow rate of 1.0 ml/min.
The samples of P1 fraction was concentrated by lyophilize after that dissolved by
0.1% TFA and filtrated by 0.45 um citrate filter membrane. Each proteins and
peptides fraction were kept and lyophilized. Both of them were dissolved by 0.01%
sterile acetic acid and assayed antimicrobial activity against S. epidermidis and V.
cholerae using disc diffusion assay method. Peptides (MW < 10 kDa) from gel
filtration were filtrated by 0.45 um citrate filter membrane. Samples were loaded onto
a 250 x 4.6 mm Apollo C18 5U column RP-HPLC equilibrated with 0.1%
trifluoroacetic acid (0.1%TFA, solvent A) at a flow rate of 1 ml/min. A linear gradient
of 60% acetonitrile containing 0.1% trifluoroacetic acid (solvent B) was applied at
1%min™ from 0 to 20%, 1.7% min™ from 20% to 50% and 10% min™ from 50% to
100%. Fractions of purified peptides were collected, lyophilized and re-suspended in
0.01% sterile acetic acid. The purified peptides were assayed antimicrobial activity

using disc diffusion technique.

8. Zymogram Refolding Gel

Micrococcus luteus (SIGMA, USA) whole cells were labeled with the vinyl-
sulfone reactive dye, Remazol Brilliant Blue (RBB) as for the synthesis of RBB-
labeled starch and the refolding gel was performed according to the procedure of

Hardt et al. (2003). Polyacrylamide gel electrophoresis (PAGE) was performed using



a 4% (w/v) stacking gel and a 15.0% (w/v) resolving gel containing 0.1% (w/v) blue
M. lysodeikticus cells. Polyacrylamide gels and buffers contained 0.1% (w/v) SDS.
Samples 10 ul (9.25ug) were mixed in 2x sample buffer without reducing agent (62.5
mM Tris-HCI buffer, pH 6.8, 0.006% (w/v) bromophenol blue as tracking dye, 20%
(v/v) glycerol, 2% (w/v) SDS). Electrophoresis was performed using Atto
electrophoresis cell (Atto, Japan) at a constant 120 V for 1.4 h. The gel was washed
twice with 1 % Triton X-100 in 50 mM Phosphate buffer pH 7.0 for 3-5 hours to
remove SDS and gently shaken at 37 °C. After SDS was washed out, proteins refolded
and re-function of antimicrobial activity. The activities of antimicrobial proteins were

shown as the clear zone in an otherwise opaque bluish gel.

10. Tris- Tricine SDS-PAGE

Leukocyte extracts and protein fractions P1 from Anion-exchange column
chromatography were separated by Tris-tricine SDS-PAGE as described by Schagger
& Von (1987) using 16.5% separating gel, 10% spacer gel and 4% stacking gel in an
AE-6440 gel electrophoresis instrument (Atto, Japan). Rain bow marker (which
contained; Insulin (o,) chain MW 2.5 and 3.5 kDa, respectively; Aprotinin MW 6.5
kDa; Lysozyme 14.0 kDa; Trypsin inhibitor MW 20.1 kDa; Carbonic anhydrase MW
30.0 kDa; Ovalbumin MW 45 kDa) was used. The concentration of leukocyte extracts
and P1 fraction was 1 pg/ pl (20 pl) and 0.1633 pg/ ul (20 pl), respectively. The gel
was stained with Coomasie Brilliant blue R-250 for 1 h. Then de-stain was done and

band of peptides were detected.

13. Minimal Inhibitory Concentration (MIC) of Antimicrobial Peptides

The minimal inhibitory concentrations (MICs) of peptide Leucrocin I, 11, 1l and
IV was determined by a microdilution susceptibility test in 96-well micro titer plates,
according to a modified version of Hancock’s “Modified MIC method for cationic
antimicrobial peptides”. (Hancock, 1996) The antibacterial was tested on the
reference strains S. epidermidis (Leucrocin I and Il), V. cholerae (Leucrocin Il and
IV). The antimicrobial assayed was conducted with different concentrations of these
peptides to compare their effects on the bacterial growth. Antibacterial activity was
examined using log phase culture bacteria in nutrient broth at 37 °C. The cultures



were diluted with 10 mM PB buffer pH 7.4 to give approximately 10° CFU/ml. One
hundred micro liters of diluted test strain was transferred to a 96 well plate and 100 pl
of the different peptide concentrations diluted in 10 mM PB buffer pH 7.4 was added
to each well. The plates were incubated at 37 °C for 16 h. After incubation for 16 h,
the optical density at 550 nm (ODsso) of each well was determined using Benmark
microliter plate reader (Bio-Rad, U.S.A.). Sterile water and streptomycin (0.4 mg/ml)
were used as negative and positive control, respectively. Antimicrobial activity is
expressed as no growth observed when test with above experiment (Nakamura et al.,
1988; Casteels, Ampe, Jacobs, Vaeck & Tempst, 1989; Charles & Phillippe, 1997).
The minimal inhibitory concentration (MIC) is defined as the minimal agent
concentration that inhibits bacteria growth (Zhu et al., 2007).
14. Microbicidal Activity Assay of Antimicrobial Agents

S. epidermidis, S. typhi and V. cholerae were used as target organisms in
microbicidal assay as previously described by Selsted et al. (1984 & 1993). Bacteria
(ODggo 0.5-0.6) was centrifuged at 800 x g for 5 min, then washed by 5 mM glucose
in 0.1 M PB buffer pH 7.4 for 3 times. Bacterial cells were suspended in the same
buffer. The suspended bacterial cells ODggo around 0.5 were mixed with 100 pl of
antimicrobial peptides; S. epidermidis and S. typhi were mixed with Leucrocin I and
Leucrocin Il; V. cholerae was mixed with Leucrocin Il and Leucrocin 1V, 70%
ethanol and buffer were used as positive and negative control, respectively. The
mixture solution of each test was incubated at 37 °C for 2 h. Then, all of the reactions
were diluted by ten fold dilution. Next, the plates were spread with the solution.

Colonies of bacteria from each reaction were counted and expressed as CFU/ml.

15. Determination Toxicity of Antimicrobial Agents by Hemolytic Assay

Human red blood cells (2% wi/v) were centrifuged and washed by phosphate
buffer saline (PBS buffer) pH 7.4. Then human red blood cells was suspended by the
same buffer. One milliliter of 2 % HRBCs was mixed with peptides and incubated at
room temperature for 30 min. The reactions were centrifuged and then the supernatant
was measured absorbance at 525 nm which PBS buffer and 1% Triton X-100 was
used as negative control and positive control, respectively. The percentage of

hemolytic was calculated and compared.



16. Outer Membrane Permeabilization Assay

1-N-phenylnapthylamine (NPN) is a hydrophobic fluorescence probe (Loh,
Grant & Hancock, 1984; Falla, Karunaratne & Hancock, 1996) which is used to study
mode of action of the antimicrobial peptides. Gram negative bacteria have two
envelope membranes. This experiment used a modify method of Loh et al., (1984); an
overnight culture of S. typhi and V. cholerae was transferred to fresh nutrient broth
medium and grown to ODggo 0f 0.5-0.6. Cells were harvested, washed by HEPES
buffer pH 7.24 and re-suspended in 5mM KCN in HEPES buffer pH 7.24 (ODggo ~
0.5). To 3 ml cells, 60 pl of 500 uM NPN was mixed and peptide samples were added
after 30 second. If peptides can bind and permeabilize of the outer membrane, NPN
was uptake into interior which showed hydrophobic environment. The increase in
fluorescence as a result of partitioning of NPN into the interior outer membrane; was
measured 14 min after the addition of peptides using a fluorescence

spectrophotometer. Streptomycin sulphate (100 pg) was used as a positive control.

17. Synthetic Membrane Permeabilization Assay

17.1  Preparation Liposome Encapsulated Enzyme p-Galactosidase
Lecithin from soy bean (1.2 g) was dissolved in 50 ml PBS buffer pH
7.4. A solution of lecithin was placed in a 50 ml beaker. Then the lecithin solution
was dispersed in B-galactosidase enzyme (0.001g) in 50 ml phosphate buffer saline
(PBS, pH 7.4) and was sonicated for 10 min using an ultrasonic to obtain vesicles.
After that, the reaction was incubated at 4 °C overnight. Liposome was transfer into
new tube. Then, liposome was suspended in the same buffer and stored at room

temperature prior to use.

17.2  Inner Membrane Permeabilization Assay
The extent of cytoplasmic membrane permeabilization was determined
by measurement of B-galactosidase activity in liposome using o-nitrophenyl-p-D-
galactopyranoside (ONPG), a non-membrane-permeative chromogenic substrate.
Liposome encapsulated p-galactosidase (50 pl) was added in 96 well plate and then



1.5 mM ONPG (100 pl) was added. Peptides were mixed at the concentration of
Leucrocin I (0.015ug/50 pl); Leucrocin 11 (0.25ug/50 pl), Leucrocin 111 (0.8 pg/50
pl); Leucrocin 1V (0.6 pg/50 pl). The hydrolysis of ONPG to o-nitrophenol over time
was monitored spectrophotometrically at 415 nm following the addition of peptide
samples at five fold of MIC.
18. Bacterialytic Assay

S. epidermidis was growth in 50 ml of nutrient broth at 37 °C. The mid
logarlisthm phase cultures were centrifuged at 3000 rpm for 5 min and harvested by
10 mM PB buffer pH 7.4 for two times. Cell pellets were re-suspended in same buffer
(OD 600 ~ 0.5). To 3 ml of suspended cells were mixed with peptides at 37 °C for 1 h.
Culture suspensions were centrifuged at 10,000 rpm. The absorbances of supernatants

were measured by spectrophotometer at OD 260 nm (Wang, 2003).

19. Peptide Mass Analysis by LC-MS-MS Mass Spectrophotometer
Purified peptides Leucrocin | and Il were frozen dry. Each fragment was
digested with trypsin and the tryptic peptides were resolved by reverse phase HPLC.

After that, peptide fragment were analyzed by mass spectrometry.

20. Analysis Mechanism of Action of Antimicrobial Substances by Scanning
Electron Microscopy
Scanning electron microscopy (SEM) was performed according to Lau et al.
(2004) with slight modifications. S. epidermidis, S. typhi and V. cholerae were grown
in nutrient broth and harvested at the logarithmic phase of growth by centrifugation at
3,000 x g for 5 min. The bacterial cells were then washed twice with PBS (pH 7.0)
and resuspended to final concentration of 10° CFU/ml. Aliquots of suspension of
S. epidermidis (100 ul) and S. typhi were individually incubated with Leucrocin I (10
ug/50 ul), Leucrocin Il (10 pg/50 ul) and V. cholerae was individually incubated with
Leucrocin 11 (10 pg/50 pl) and Leucrocin IV (10 pg/50 pl) at 37 °C for 2 h,
respectively. The 150 ul of incubated bacteria were fixed with equal volumes of 5%
w/v of glutaraldehyde (Sigma, USA) for 1 h. The fixed cells were carefully pipette

and settled onto a 0.2 um cellulose acetate membrane filter (Sartorius AG, Germany)



for 5 min and then washed twice with PBS buffer. The fixed material was dehydrated
by rinsing (for 15 min) repeatedly with ethanol solutions, of which the concentrations
are elevated stepwise from 30%, 50%, 70%, 90%, and finally 100% ethanol. The
dehydrated materials in the absolute ethanol were dried in a critical point drier
(CPD7510; Thermo VG Scientific, England) with carbon dioxide as the drying agent.
Dry materials were coated by sputter Coater (SC7620, Polaron, England) with gold
palladium and examined by SEM (LEO1450VP, LEO Electron Microscopy Ltd,
England) operating at 12-20 kV. The negative control was performed in a similar
manner except that the bacterial cells were incubated with PBS buffer (pH 7.0)
instead of the antibacterial compound.

21. Amino Acid Analysis and Sequence Analysis

Peptides were hydrolyzed in evacuated sealed tubes with constant boiling HCI
containing 0.05% [-mercabtoethanol at 110 OC, for 20 h. Then the hydrolysates were
analyzed with amino acid analyzer (Model L-8500A, Hithachi Co., Japan).
Tryptophan residues in peptides were calculated as previously reported by Prager et
al. (1972). Peptide sequencing was done by a DABITC/PITC double coupling manual
micro sequencing method or a protein sequencer (abi Model 477A, Applied

Biosystem Co., Japan and PSQ-1, Shimadzu Co., Japan).

22. Determination of N-Terminal Amino Acid Sequence

The N-terminal amino acid sequence of peptides was analyzed with tryptic
peptide performed on an Applied Biosystem/MDS Sciex APl QSTAR Pulsar Hybrid
LC/MS/MS System equipped with o-MALDI ionization source (MDS Sciex, API-
QSTAR, Applied Biosystems, Toronto). The digested solution was purified by RP-
HPLC column using Jasco 800 series HPLC (Japan Spectroscopic Co., Japan).
Automated Edman peptides sequencing was carried out on a glass fibre disk using a
Procise 492 Protein Sequencer (Applied Biosystem), with pulsed liquid TFA delivery.



Result and Discussion

1. Antimicrobial Activity of Crocodile Leukocyte Extracts Using Disc

Diffusion Method.

Antimicrobial activity of Siamese crocodiles leukocyte extracts was screened
using the 15 species of gram positive bacteria, 12 species of gram negative bacteria, 1
specie of fungi, and 2 species of yeast. Leukocyte extracts were tested against

organisms with concentrations ranging from 30 to 60 pgidisc revealed the dose-

dependent activity of leukocyte extracts as measured by the size of the clear zone
surrounding the sample disc (Pata et al., 2007). All 9 species organisms;
Staphylococcus epidermidis, Bacillus megaterium, B. licheniformis TISTR 1010,
Pseudomonas aeruginosa, Ps. aeruginosa ATCC 27853, Salmonella typhi, S. typhi
ATCC 5784, Vibrio cholerae, and Candida albicans were sensitive with crocodiles
leukocyte extracts. In this case, the zone of clearing was greater against V. cholerae
than other species (Figure 15). The test conducted with 10 pg streptomycin disc as
positive control, whereas the test performed with 0.01% sterile acetic acid as negative

control, resulted in no such clear zone.

2. Purification of Antimicrobial Agents in Crocodiles Leukocyte Extracts by

Anion Exchange Column Chromatography

The leukocyte extract was first separated through an anion-exchange column
chromatography which used UNO Q1 (Bio-Rad) containing Q Sepharose fast flow
resin. Four protein fractions were obtained namely as P1, P2, P3, and P4 (Figure 16).
All four proteins fractions were tested, for antimicrobial activity by disc diffusion
assay. The disc diffusion plate assay showed that all of the fractions displayed broad
spectrum antimicrobial activity against the test organisms (Figure 17, 18, and 19).

However, to confirm the antimicrobial activity of fraction P2, P3 and P4 which
might be contained some salt from the used buffer, pooled fraction P2, P3 and P4
were dialyzed against double distilled water, lyophilized, and dissolved in 0.01%

sterile acetic acid, and then assayed antimicrobial activity by disc diffusion method.



The results showed that P1 and P3 fractions still showed antimicrobial activity against
Staphylococcus epidermidis, Salmonella typhi and Candida albicans (Figure 20).
4. Purification of P1 Fraction by Gel Filtration Using Superdex -30 Prep

Column

To purify the antibacterial peptides containing sample which displayed
antibacterial activity were subjected to gel filtration chromatography on a Superdex-
30 prep column. The buffer was 0.1% trifluoroacetic acid and 1.0 ml/min of flow rate
which used in this purification. Two major protein peaks (designed as A and B) were
obtained. (Peak A contained protein molecular weight more than 10 kDa and protein
molecular weight less than 10 kDa were estimated in peak B (Figure 24). The
collected peak A and B were freeze-dried and stored at -70 °C until needed. Peak A
and B were assayed for antimicrobial activity against S. epidermidis, S. typhi,
V. cholerae and C. albicans which was used as test organism. Both of peaks A and B
could inhibit S. epidermidis (Figure 25A) and V. cholerae. (Figure 25B). Further,
peak B fraction showed antimicrobial activity against S. typhi (Figure 26A) and C.
albicans (Figure 26B) when assayed by liquid growth inhibition. Further, peak B
(MW < 10 kDa) were purified by C18 RP-HPLC.

Purification of Antimicrobial Peptide by C18 Reverse Phase HPLC

Peak B from gel filtration (MW < 10 kDa) was purified by C18 reverse phase
HPLC. The chromatogram of purification was presented in Figure 27. Ten peptide
peaks were obtained, namely as HP1 (6.29 min), HP2 (8.37 min), HP3 (9.41 min),
HP4 (11.02), HP5 (11.59 min), HP6 (14.32min), HP7 (18.39 min), HP8 (19.55 min),
HP9 (21.41 min), and HP10 (20.31 min). All of the peptides were determined for
antibacterial activity against S. epidermidis and V. cholerae. HP1 and HP9 showed
antibacterial activity against S. epidermidis (Figure 28), HP3 and HP4 inhibit growth
of V. cholerae (Figure 29). Peptides HP1, HP9, HP3, and HP4 were named Leucrocin
I, Leucrocin 11, Leucrocin 111, and Leucrocin 1V, respectively. In addition, Leucrocin
I-1V was tested for antimicrobial activity to more species, S. typhi and C. albicans.
The result showed that, S. typhi was weakly inhibited by Leucrocin | and Il (Figure
30A); C. albicans was inhibited by peptide Leucrocin Il (Figure 30B).



A further P1 fraction was chosen for assay antimicrobial activity because this fraction
might be contained cationic antimicrobial molecules which are reported in animal
leukocyte (Zasloff, 2002). In this study, P1 fraction was determined for antibacterial
activity from proteins or peptides using zymogram refolding gel method. The proteins
band MW around 14 kDa in P1 fraction exhibited antibacterial activity to M. luteus
(Figure 21). To identify the protein band MW 14 kDa, the Western immunoblotting
using anti hen egg white lysozyme antisera was done. The result showed that this
protein band showed weak interaction with anti hen egg white lysozyme antibody
(Figure 22).
3. Separation of the Components in P1 Fractions by 16.5% Tricine SDS-PAGE
To characterize the peptides in P1 fraction, the tricine SDS-PAGE was performed.
The result showed that P1 fraction contained protein molecular weight ranging from
6.5 kDa to more than 45 kDa (Figure 23). However, the peptides or proteins band
with molecular weight less than 6.5 kDa were not detected by this method. Further, to
identify the antimicrobial peptide containing sample, P1 was purified by Superdex-30
prep gel filtration, which this gel filtration separated peptides according their size

ranging from 1 to 10 kDa.

6. Minimal Inhibitory Concentration
The minimal inhibitory concentration of Leucrocin I, Leucrocin Il, Leucrocin IlI

and Leucrocin IV was shown in Table 11. Leucrocin Il had the most potent activity
against Staphylococcus epidermidis (0.66ug/ml), Salmonella typhi (0.66ug/ml), and
Vibrio cholerae (2.88ug/ml). Leucrocin 111 (16.56ug/ml) had good activity against V.
cholerae Leucrocin 1V showed strong antimicrobial activity against S. epidermidis
(5.31pg/ml) more than other species test. However, Leucrocin Il was less active
against S. epidermidis and S. typhi (>156 pg/ml). Therefore, these MICs were chosen
for further characterization antimicrobial properties.
7.1  The Killing Property (Microbicidal Activity) of Leucrocin I, 11, 111 and

AV

Killing property of the Leucrocin I-1V was determined by total plate count
method. Leucrocin | and Leucrocin Il were mixed with 1 ml of suspended of used

bacterial cell. Then the reaction mixture was incubated for 2 h at 37 °C. After that,



each reaction was diluted by ten fold dilution. Bacterial cells 100 pl were pipetted
onto nutrient agar plate and spread. Plates were incubated at 37 °C for 16-18 h.
Colony was counted in each reaction. In negative control; PB buffer pH 7.4
supplement by 5 mM glucose was added instead of peptides. For Leucrocin Il and
IV, they were mixed with V. cholerae under the same conditions. Leucrocin | and 1l
showed strong killing mechanism of bacteria S. epidermidis (Figure 31A) and weak
killing mechanism with bacteria S. typhi (Figure 32A) by decreasing the colony of
these bacteria. Leucrocin Il decreased cells bacteria amount 10 fold when compared
with negative control. Leucrocin 11l and IV mediated cells killing of V. cholerae
(Figure 33A). The decreasing colonies of V. cholerae have 5 (Leucrocin Ill) and 6
fold (Leucrocin IV) when compared with negative control. Percentage survival of

bacterial cells was decreased when treated by peptides (Figure 31B, 32B, 33B).

Toxicity with Human Red Blood Cells

Hemolytic assays have been used to assess the toxicity of peptides toward
human red blood cell (HRBC) in vitro. The ability of Leucrocin | and Il to disrupt
HRBCs by incubation of 2% HRBCs (w/v) with these peptides for 30 min at room
temperature resulted in increasing of optical density at 525 nm. The percentages of
hemolytic human red blood cells are calculated from the optical density at 525 nm.
Triton X-100 was used as positive control, calculated to be 100 % of hemolytic. The
results showed that peptide Leucrocin | has percentage of hemolytic around 12.97,
10.74 and 15.88 at the concentration 12, 24 and 48 pg/ml, respectively; Leucrocin Il
showed percentage of hemolytic around 8.28, 11.63 and 91.73, at the concentration 3,
6 and 10 pg/ml, respectively (Figure 34). When the toxicity from Leucrocin | and Il
was compared, the results showed that Leucrocin Il has higher toxicity with HRBCs,
more than that of Leucrocin I (Figure 34). In addition, Leucrocin Il and IV were
assayed for the toxicity with HRBCs. The result indicated that peptide Leucrocin 11
and IV displayed none toxicity with HRBCs at the test concentration (Leucrocin IlI:
4, 8, 16 pg/ml; Leucrocin IV: 87, 175 pg/ml). However, the concentration of
Leucrocin 1V at amount of 346 pg/ml has been reported toxicity with HRBCs
(Figure 35).



Scanning Electron Microscopy

The effects of Leucrocin | and Il on the cell membranes of S. epidermidis and S.
typhi were examined by scanning electron microscopy (SEM), to gain insight into the
direct effects of Leucrocin | and Il on the morphology of S. epidermidis and S. typhi,.
The result showed that, untreated bacteria for 1 and 2 h displayed a smooth bright
surface with no apparent cellular debris (Figure 36A, 36B, 37A and 37B). In contrast,
peptide-exposed cells exhibited a wide range of significant abnormalities. The cell
surface of S. epidermidis was blebs formation by Leucrocin I and Il (Figure 36C and
36E) and the collapsed of the cell structure (Figure 36D and 36E). In contrast,
Leucrocin I and Il included deep roughening of the S. typhi cell surface (Figure 37C
and 37E) and collapsed of the cell structure (Figure 37D and 37F)

9. Membrane Permeabilization Assay

9.1 Outer Membrane Permeabilization Assay

In the present study, the ability to permeabilize the outer membrane of S.
typhi and V. cholerae was determined by using NPN. NPN is a hydrophobic
fluorescent probe that fluoresces weakly in aqueous environment and strongly when it
enters a hydrophobic environment such as the interior of a membrane. Normally, NPN
is excluded from gram-negative bacterial cells. At this stage, the maximum excitation
wavelength is 315 nm, and the maximum emission wavelength is 400 nm, similar to
the maxima observed with NPN added to aqueous solution (Figure 38). From three
repeats experiment, the result demonstrated that, the polycationic antibiotic
(streptomycin 20 pg/ml), Leucrocin I, II, 11, and IV showed a rapid increase in
fluorescence intensity, reaching a stable plateau after 7 min when compared with cell
in buffer only and cell added NPN only. The increasing intensity of fluorescence is
presented in S. typhi cell which treated by Leucrocin I and Leucrocin Il (Figure 39).
In addition, the increasing intensity of fluorescence is presented in intact V. cholerae
cell. Leucrocin IV was able to disrupt the bacterial outer membrane better than the
Leucrocin 111 and able to permeabilize the outer membrane, albeit at a higher rate than
Leucrocin |11, as indicated by the slower increase of fluorescence intensity (Figure
40).



9.2 Inner Membrane Permeabilization

Liposome encapsulated enzyme p-galactosidase was used to target of inner
membrane. The result showed that Leucrocin I, I1, 111 and 1V showed ability to lyse
the liposome lysis (Figure 41). After incubation for 10 min, the reaction was
determined for activity of the inner B-galactosidase which will be leakage to the
solution. Leucrocin II, 111 and IV showed the increasing of OD 415 nm, while for
Leucrocin | the B-galactosidase could not be detected in conditions used.
Triton X-100 is used as positive control. The reaction of Triton X-100 showed more

inner B-galactosidase activity than the reaction treated by peptides.

10 Amino acid composition

The amino acid compositions of Leucrocin | and 11 were shown in Table 12. Result
indicated that the amino acid compositions were very different. Peptide Leucrocin |
was particularly rich in isoleucine residues. The high nanomol of Gly (0.2450) and
GlIx (0.2457) presented in peptide Leucrocin Il. Both of peptides contained both
hydrophobic and cationic amino acid. However, amino acid compositions of

Leucrocin 111 and 1V could not be analyzed.

12. LC/MS/MS Analysis

Peptides Leucrocin | and Il were analyzed for amino acid sequence by
LC/MS/MS. The profile showed that peptide Leucrocin I contained precursor mass
around 806.99 Da.(Figure 46 and 47). Leucrocin Il had the precursor mass at 956.37
Da.(Figure 48 and 49). The amino acid sequence of these peptides was showed in
Table 13. Amino acid sequence of Leucrocin I was NGVQPKY with the
approximately mass of around 804.90 Da, pl 8.59. Amino acid sequence of Leucrocin
Il was presented as NAGS_LSGWG with the approximately mass of around 847.88
Da, pl 5.52. These amino acid sequences were not homolog with any antimicrobial

peptide in database.
CONCLUSION AND DISCUSSION



Antimicrobial peptides have been isolated from a broad variety of
phylogenetically diverse organisms (Ganz & Lehrer, 2001). These peptides can be
segregated into a variety of classes based on their structures (Boman, 1995). These
classes exhibited different mechanisms of antimicrobial action
(Yeaman & Yount, 2003). However, all antimicrobial peptides have several factors in
common. They all tend to be cationic in nature so that they are able to interact with
the negatively charged phospholipids in the membranes of microbes. Leukocytes are
one source of antimicrobial agents. They produce a variety of antimicrobial
compounds. The spectrum of antimicrobial agents produced by leukocytes includes,
but is not limited to, nitrous oxide, hydrogen peroxide, and antimicrobial cationic
peptides (Ganz & Lehrer, 1999). These antimicrobial properties of leukocytes are
important for innate immunity against infections that occur outside of the circulation.
Broad-spectrum antimicrobial activities have been reported for peptides isolated from
amphibian skin (Lorin et al., 2005), human leukocytes (Garcia et al., 2001), sheep and
goat leukocytes (Shamova et al., 1999), rat leukocyte (Eisenhaver et al., 1989), rabbit
leukocyte (Lehrer et al., 1975), guinea pig (Selsted & Harwig, 1987), bovine
(Tydell et al., 2006), alligator leukocytes (Merchant et al., 2006) and etc.

The same as our result, Siamese leukocyte extracts exhibited antimicrobial
activities against a wide variety of microbial species such as, S. typhi, S. typhi ATCC
5784, Ps. aeruginosa, Ps. aeruginosa ATCC 27853, V. cholerae, S. epidermidis and
C. albicans. These results coincided with the reported of Merchant et al. (2006), that
alligator leukocyte extracts shown for antibacterial, antifungal, antiameba and
antiviral activity. Mostly found antimicrobial peptides from vertebrate leukocyte
contained basic amino acids in there structure. They showed net positive charge in
these molecules. These antimicrobial peptides are classified into cationic
antimicrobial agents (Yeaman &Yount, 2003), for example, defensin family,
Indolicidin, Bac 5 (Zasloff, 2002). So, we hypothesized that the innate immunity
system of reptile contained cationic antimicrobial agents. The antimicrobial agents in
alligator are reported to cationic molecules (Merchant et al., 2006). Thus, we used
anion exchange column chromatography to purify antimicrobial substance in the
Siamese leukocyte. Four proteins fractions are separated according to their anion

charge. We predicted that cationic proteins or peptides are contained in P1 fraction.



These results agree with the result of antimicrobial activity which showed strong and
board spectrum for P1.

To identify that, P1 containing antimicrobial proteins or peptides, Zymogram

refolding gel method was performed. The antimicrobial activity was detected on gel
by the clearing zone around the protein bands. The P1 showed clearing zone presented
proteins at MW around 23 and 14 kDa. These clearing zones also found in leukocyte
extracts. From our knowledge, proteins at MW around 23 kDa which showed
antimicrobial peptides never reported before. However protein MW 14 kDa a several
reported has been reported (Blake et al., 1965) that it displayed antibacterial activity,
such lysozyme. Western immuno blotting was used to determine lysozyme proteins
from leukocyte extracts and P1 fraction. The result showed that protein MW 14 kDa
showed weak interaction with anti hen egg white lysozyme. This protein is called
lysozyme like activity (Pata et al., 2007). The result indicated that one of
antimicrobial activity in crude leukocyte extracts from proteins MW 23 and 14 kDa.
P1 fraction showed antimicrobial activity of protein MW 14 kDa. To identify the
peptides in P1 fraction, the tricine SDS-PAGE was performed. The result showed
that, P1 fraction contained protein molecular weight ranging from 6.5 kDa to more
than 45 kDa but the peptides or proteins band with molecular weight less than 6.5 kDa
were not detected by this method. Further, to identify the antimicrobial peptide
containing sample, P1 was purified by Superdex-30 prep gel filtration. The cationic
proteins and peptides fraction showed broad spectrum antibacterial activity against S.
epidermidis, V. cholerae,
S. typhi and C. albican that leukocyte of crocodile containing both of antimicrobial
protein and peptides. This result the same as antimicrobial activity of mammalian
leukocyte, for example, bovine leukocyte which found antimicrobial proteins such as
PGRPs (Tydell et al., 2006) and defensin peptide (Selsted et al., 1993). Next, cationic
peptides were purified by C18 reverse phase HPLC. Peptides were separated by
hydrophobic properties. HP1, HP3, HP4 and HP9 showed antibacterial activity
against S. epidermidis while V. cholerae. These active peptides HP1, HP9, HP3 and
HP4 were named Leucrocin I, II, Il and 1V, respectively. The Leucrocin | and
Leucrocin 11 had the most potent activity against S. epidermidis (25 pg/ml, 0.66pg/ml,
respectively), S.typhi (25 pg/ml, 0.66pg/ml, respectively), and V. cholerae



(0.156, 2.88ug/ml, respectively). Leucrocin I11 and IV have strong effects to

S. epidermidis at the MIC around 5.31pg/ml and V. cholerae 16.56 and 10.50 pg/mi,
respectively. The killing properties of these peptides are measured by total plate count
method. The number of CFU was decreased by these peptides which revealed the
presence of dead cells under these conditions. Leucrocin Il showed the Kkilling
property than Leucrocin I, Leucrocin IV showed higher killing property with V.
cholerae than Leucrocin I11. This property is similar to cationic antimicrobial peptides
in mammalian leukocyte, for example, tempolin L (Mangoni et al., 2004), Indolicidin
(Falla et al., 1996), rat defensin (Yenugu et al., 2006). Leucrocins were assayed
toxicity with human red blood cell. The result showed that Leucrocins were friendly
to HRBCs in the concentration equally to MIC. However, Leucrocin Il and IV
showed toxicity to HRBCs when the concentration of peptide is increased.

Next, mode of action antimicrobial peptides was studied by scanning electron
microscopy. The direct effect of Leucrocin I, I, 11l and IV on the morphology of
S.epidermidis and S. typhi (Leucrocin I and I1) and V. cholerae (Leucrocin 11l and V)
was examined. In this study, the concentrations of Leucrocin I-1V were used at sub
lethal and killing for different stain. The leucrocins causes a remarkable modification
of their cell shape, as shown by SEM. Untreated bacteria displayed a rough bright
surface, typical of their strains, with no apparent cellular debris In contrast, peptide-
exposed cells exhibited a wide range of significant abnormalities. The cell surface of
S. epidermidis was blebs formations after mixed with peptide Leucrocin I and Il for 1
h. Although occurring rarely, lyses bacteria were also observed after mixed with
peptide Leucrocin | and Il for 2 h. In addition, S. typhi cell surface was abnormally
from control when mixed with peptide Leucrocin | and I, the cell was shriveled and
then collapsed. The activity of Leucrocin | and Il on Gram negative bacteria is
similarity with antimicrobial activity of Temporin-L on E. coli cells (Mangoni et al.,
2004) and serum of Siamese crocodile on S. typhi cells (Preecharam et al., 2008). Cell
shape of these bacteria is shriveled and then collapsed when the time enhances went.
While Gram positive bacteria was made the blebs formations on cell surface and then
collapsed when the time enhances tall went, this action is similarity with Magainin 2,
(Park et al., 2000), SMAP29 and CAP18 (Kalfa et al., 2001). These results indicated



that Leucrocins had the active target sites at the cell surface, this activity also showed
time dependent for binding, disruption and killing microorganism.

The next experiment, we also examined the effect of Leucrocin I, 11, 11 and IV on
the integrity of the outer membrane’s Gram negative bacteria by monitoring the
increasing of the NPN fluorescence probe. S.typhi was used for the experiment of
Leucrocin | and II; V. cholerae is used for Leucrocin Il and IV. NPN is a
hydrophobic fluorescence probe which shows weak fluorescence in hydrophilic
environment, but expresses the strong fluorescence in hydrophobic environment such
as interior outer membrane. The increase of NPN fluorescence probe indicated that
Leucrocin I, II, 11l and IV had permeability of outer membrane of the intact of the
cells test. This result is similarity with cationic antimicrobial peptides; SMAP-29
(Kalfa et al., 2001), Indolicidin (Falla et al., 1996), Temporin-L
(Mangoni et al., 2004).

Further, the mimic cytoplasmic membrane, encapsulated -galactosidase enzyme
in liposome was used to determine the leakage of inner membrane by these peptides.
The activity of enzyme [-galactosidase was measured by the absorbance of
o-nitrophenol at 415 nm. The loss of liposome membrane integrity has been followed
by the increase of o-nitrophenol. The result indicated that Leucrocin II, 111 and IV
could disrupt liposome membrane. However for Leucrocin I, the activity of B-
galactosidase could not detected by this condition. This result may be due to low
concentration of Leucrocin 1. We confirmed the evidence of the effectors Leucrocin
on inner membrane by bacteriocidal effects. Peptide can damage bacterial cell via
membrane target site, which intracellular nucleotides are found in reactions. The
reaction was monitored by detection absorbance at 260 nm. The intracellular
nucleotides were found in all reaction which incubated with Leucrocins for 1 h. These
results indicated that Leucrocin I, II, 11l and IV could damage bacterial cell (S.
epidermidis) via membrane target site. This result is similarity with the study of Wang
(2003), the antimicrobial protein in porcine leukocyte can kill S. aureus and E. coli
cells which increasing activity is time dependent. Talking all data into account, we
believed that Leucrocin kill bacteria all by perturb the permeabilization membrane of
cell bacteria.



To obtain the structural information of Leucrocin | and IlI, the amino acid
compositions and sequence were analyzed. From the result, the amino acid
composition profile of Leucrocin | and Il revealed high amount of free amino acid.
Leucrocin | and Il showed different amino acid components. Leucrocin | was
particularly rich in isoleucine residues. For Leucrocin Il high nanomol of Gly
(0.2450) and Glx (0.2457) were obtained. Both of peptides contain both hydrophobic
and cationic amino acids. Amino acid sequence of Leucrocin | and Il were analyzed
by LC/MS/MS. Amino acid sequence of Leucrocin | is NGVQPKY, with the
approximate mass of around 804.90 Da, pl 8.59. The secondary structure of Leucrocin
I was predicted by Gor IV Secondary Structure Prediction Method. The results
showed that secondary structure of Leucrocin | (Figure 49).is extended strand
(28.57%), random coil (71.43%) Amino acid sequence of Leucrocin Il (Figure 50)
was presented NAGS_LSGWG (Mass 847.88, pl 5.52). The secondary structure
showed extended strand (44.44%), random coil (55.56%). From this result, both of
peptides can adopt the helix structure. This structure is important for the binding with
cell surface of bacteria. From reported of Brogden (2005), first cationic antimicrobial
peptides bind with LPS or LTA on bacterial cells by using the ionic interaction (ion
binding), after that they formed their structure to disrupt and permeabilizations
membrane of cell bacteria. However, Leucrocins were analyzed the N-terminal
sequence by Automate Edman degradation, unfortunately no signal was detected by
this method. This result may be the low concentration of these peptides or N-terminal
of these peptides is blocking or modification.

For the conclusion, Siamese crocodile leukocyte containing antimicrobial proteins
and peptides shows broad spectrum antibacterial activity. These peptides are cationic
antimicrobial peptides which action on the membrane target site of microorganism
cells. They have the killing property and friendly with HRBCs. In their structures
(Leucrocin | and Il) showed both of the sequence to have the positively charge on
their structure, and are not homolog with any antimicrobial peptides in data base
searching. These results indicate that Leucrocin | and Il are novel antimicrobial
peptides. This study is the first report of antimicrobial peptides in leukocyte of
Siamese crocodile.
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Figure 15 Antimicrobial activities of crocodile leukocyte extract. Crocodile leukocyte
extract were tested for antimicrobial activities as described in Method 6 and
the zones of inhibition for each bacterial species were plotted.

1 -=Staphylococcus epidermidis,
2 =Bacillus megaterium,
3 =B. licheniformis,

4 = Pseudomonas. aeruginosa,

5 = Ps. aeruginosa ATCC 27853,
6 = Salmonella typhi,

7 = Vibrio cholerae,

8 = S. typhi ATCC 5784 and

9 = Candida albicans

The solvent control 0.01% AcOH) did not exhibit antibacterial activity
against any of the species tested. Not detected. The results were expressed as

the means + S.D. for three determinations.
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