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diffusion assay LLa:LﬁaﬂﬂaaUﬁw%% broth microdilution assay WUﬂﬁiﬁUS&L%ﬂ B. subtilis, Ps. Aeruginosa, Was K.
pneumoniae ualinumsgiusalu S. aureus #anan rHS-1 Aldhumasaunns ;ﬁ%‘ﬂ"L@TﬁﬂMﬂ@"lﬂmiaanqw'ﬁg
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Abstract

Heteroscorpine-1 (HS-1) is found in crude venom of Thai giant scorpion (Heterometrus laoticus), it
is a cecropin-defensin hybrid peptide of 8.293 kDa with 3 disulfide bonds. This study aims to obtain
large amount of active HS-1in bacterial expression system. pET-32a-HS-1 was constructed by
molecular cloning in bacterial system using fusion of Thioredoxin tag for assisting corrected
disulfide bonds of rHS-1. pET-32a-HS-1 nucleotide sequence was confirmed by DNA sequencing.
Active rHS-1 was then tested for functional activities including bactericidal effect on B. subtilis, S.
aureus , Ps. Aeruginosa, and K. pneumoniae. The result showed marginal inhibition of rHS-1 on S.
subtilis in disc diffusion assay. The more sensitive broth microdilution assay showed inhibition of
rHS-1 on B. subtilis, Ps. Aeruginosa, K. pneumonia but not S. aureus. In this present study,
structure-bactiricidal relationship of chemically synthesized HS-1 N- and C-termini was also
investigated CD displayed more compact structure than DD when placed in membrane-mimicking
environment as observed with limited proteolysis. CD could kill B. subtilis comparable to
gentamycin, giving 55.9 % inihibition. CD also caused more cell wall deformation than DD when
observed with SEM. When determining the mode of action by NPN-uptake assay, calcein leakage
assay, and tryptophan blue shift fluorescence, CD exerted stronger outer membrane penetration
and more permeabilization than DD. In conclusion, we suggest that in HS-1 structure 1) both
domains separately possess antimicrobial activity and 2) CD appears to be stronger determinant
than DD in bacterial killing action. Separable antimicrobial activity reflects the hybrid nature of
scorpine family toxin and its evolutionarily multi-function. Future study should focus on testing
bactericidal activity of HS-1 and its derivatives, CD and DD, on pathogenic microorganisms that
cause diseases in northeastern area of Thailand like Melioidosis or Leptospirosis. Thermodymanics
of HS-1 variants binding on live and model membrane should be investigate to provide basis

underlying mode of action, information obtained might be helpful in designing antimicrobial agents.
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Heteroscorpine-1  (HS-1) Li‘flw,ﬂﬂ"lmﬁﬁmmmLwﬂmqwﬁ"l,mnﬂwwaaLLmﬂaama
. = Ig s {d‘ I a [ A A =3
(Heterometrus laoticus)  TadusainwylaniluluvSinanaaziueenidsanitoveslnosinis
v { a Q( v o 1 1
Uszinalndifins lasilliousnuigntudaiiandnsinudt §uu1a 8293 Da  uazdidn pl @e 8.79
Y A & 2 o A ' . . . 2
dsznavlddansaazilunsau 95 61 Tallau signal region wae mature region nelulassasredl
wuszladalWe 3 uhauasand 6 cysteine uazuanIIMUUTINLI HS-1 Hgnuantfadaniulysdu
¢ o & ° ' o] £ < .
lungu scorpine TsmwnInduginIiusastasssinulesaulnunmboulasiignaidu potassium
A A o A = a o f A A Y A
channel  blocker uaziladinmsinsaasiiluadSoufisunuuustasaiadurinliniuinfiany
o v o w a . = { o o . .
amuadInUAaUaziluwes Panscorpine  Gatiulus@unanaldann Pandinus imperator 149 82%
. . v o . i s A £ = .
Wae Opiscorpine 7l#a1n Opistophthalmus carinatus 72% T Inainaniligntiiu potassium
Qs Q > Y ¥ 1 L Qg v
channel blocker LEun% (WWNT1 18029608, 2006) UBNIMNHNLIT HS-1 HIsigNTaNITndIUIATW
(antimicrobial) la8n@ne Tatuiimuhldsduuazidindanifisesda fanaaudasiald
g; a W ‘;’ 1 LR { { Q
Uszlomininsunnduazowissuiniiu uanandseaudywiiasnnldsduuazidd Inananaann
o € a & A ] Y A v oA ' o =1 v ] o & AK A
dainanasdruaaungionuazldiinaes ipmmedenmahlu@nmdudnsg damuisiinig
loawdhguuaiiGuiialiiiensusasaanludFunnann
a v 1 v U, v a A a
Mnwdsoieuwmihiladnsansuazlaan HS-1 1 luwanaiia PGEX-6p-3 #siinsda
{ v ' o a £ o v Aa .
GST protein Lial#inadanisruigniuazaaninnszduliiianisuaaseanldlu £ coli JM109
v 1 [l (<3 1 a aql/d a2 v [l nf & a a
de IPTG  wdagelsfanuwuhlisdugnusuiilidiuniasuszldeanagnt fse1atinannmaiia
[ [ A ad L A s A o a o [ = dy v
wusz lada WanaUnddsinwy laluneanwieinunmslaanlusduitiwiniy ansunmsanuitle
o v A A A . . ' Y Aa
inmslaaw HS-1 Whluwanaiia pET-32a TeilanuAiaudeilus@u Thioredoxin Ta8lwnsiiae
o o ¢ a val o & A A Aa o o @ o v | o
wuszladaWdiinldduazgndasuntuuaziuinmnd Histidine darnunanaea vilwiadansvi

a ag o o v a . { o Asl '
uigns uazdnihldiiamuaasaanlu £ coli ilasildnasauniseangnidally

a 6
?@li}ﬂizﬁﬁﬂmﬂ\‘lrﬂ‘i\‘]ﬂq‘i

d £ o
Lﬁa?iﬂm“[magﬂLLa:ﬂa"Lﬂmsaaﬂqwﬁmuga%wmao Hesteroscorpine-1

d. 1 o
nana1nIazlasy
Research article “Structural study and membrane disruption mechanism of Heteroscorpine-

1, a novel antimicrobial peptide from scorpion venom” Plan to submit in FEBS Letters (Impact



factor = 3.415 in 2006) or Biochemistry (Impact factor = 3.8 in 2005) or Toxicon (Impact factor =
2.225 in 2005) %%amims’é‘ue] 7§l Impact Factor lsistaandn 1.5

LLN%ﬂ’liﬁ']Lﬁ%ﬂ’l%Tﬂiﬂﬂ'ﬁ

1. Expression and purification of Heteroscorpine-1 from bacterial system

2. Conformational analysis of Heteroscorpine-1 to obtain 2°, 30, and 4c> structure
2.1 Analysis of Secondary and tertiary structure using circular dichroism, intrinsic
fluorescence spectroscopy, and hydrophobic-sensitive TNS assay
2.2 Analysis of quaternary structure using gel-filtration, EGS chemical crosslinking, limited
proteolysis, and SDS-PAGE

3. Study mechanism of action of Heteroscorpine-1 in disrupting bacterial membrane
3.1 Membrane pore formation study by fluorescence-dye leakage assay, intrinsic

fluorescence assay

M IAIHKNI13IY
1 MIENANAIENA

FNANAFNA pGEX-6P-3-HS-1 uaz pET-32a I@Ulﬁ’ﬁmmﬁ'@wmaﬁmﬂﬂmaﬁ'@ WA&N®
ﬁ’]L‘%ﬁ]Eﬂ iIIustraTNI plasmidPrep Mini Spin Kit ANUIBN Qiagen 51'\‘1‘17:

11 viuuadise Ecoli 21(DE3) 1 laladiunidsslunannamisiaeside 2XYT wuumadnia
LaNNTRY 50 pg/ml Y3613 5 ml Layil\‘]L%ﬂLLUﬂﬁL%illuifﬂm%mwmﬂlEi’]“?i 37 °C aghattoy 12 T lug

1.2 Tha cell culture adlunaaalulasisuadiiguuwa 1.5 Jadaas nasaas 1 Jasans

1.3 TwwIs9di 16,000 g 1ilwaan 30 Furd

1.4 N MN3LRBIEe (Tw supernatant) 9t 9 laglaliafiausuazneawaad

1.5 L& Lysis buffer type 7 U3u1a3 200 ml LoNENALazNOWTAE

1.6 L@x Lysis buffer type 8 43105 200 ml Wauiun g it nw

1.7 1@ Lysis buffer type 9 U381@7 400 ml W&ty g lAdnn

1.8 Twn3e9f 16,000 g tHwIan 4 Wil

1.9 &% supernatant L& luABANILAN (plasmid mini column) figau collection tube U&7
Nl esi 16000 g Lluaan 30 Suft nsruvsswarioly

1.10 fmsdenasuianasIsIsmMaeY Lysis buffer type 9 US31a5 400 ulasans

111 thawdesit 16000 g 1w 30 3uft tndauvasinadIfaly

1.12 \@1 Wash buffer type 1 USu1a3 400 lulasansadluaaaniiian



1.13 Juwigadl 16000 g \Juan 1w InEupasnanell

1.14 inmszznanaladiduearnaaans lasdroaaauiianlylanasalulasiauaiiag
waaalni LRILAY Elution buffer type 4U331a3 100 8R0S mnfué%ﬁa"ﬁﬁqmwgﬁﬁaa 30 3w

1.15 Twn3p9f 16,000 g 1w 30 Fudl

1.16 MFIBRIIAZAIUNAIRUA m’?@ﬂ%mmuaz@mmwmaawmaﬁ@ LLazLﬁu"l’Tﬁqmﬂgﬁ -20
ssrnmaLsanawinmmanastude

2. I3 muazqmnINYBINAENN
nmyiadinauazguninzasnaraiamuisaiiaiugiuldlosiadinsganauadunas
(Absorbance) a18LA384 spectrophotometer KIDIANTILIDILFIVDIALDWLANAFRNANILUNLLET 1A

WUl naINUENIWIATIRIEwaaI83T electrophoresis WALABLNUALEUENIATIIN

2.1 AN IAANAULR

d‘ dl & 6 a Aa A % n; d‘

Luaw’mLtuEemLﬂuaaﬂﬂizﬂamladﬂmmﬂaaﬂmmsn@@ﬂauuaﬂ@gaq@wmwm’mauu,m
U3z 260 WIlLNeT lummzﬁiﬂsﬁu@@ﬂﬁmmﬁmmmmﬁuﬂi:mm 280 W lwlaiaT adtbtie
LLIWRNRUAALAWLANILA219628 TE buffer LLﬁﬁ'@@hmsg@ﬂﬁuﬂﬁmmoﬁmﬁsJzmﬂﬁu 260 WA

=Y Q€ a { Q U s 1 1

280 W lwLNGT mmmmmmmmmqmmaawmamﬁaﬂmvlﬁmﬂlma@ﬁmuizmn Asso/Asso
= A A& A a £ A A A o g 2 A P o &
TinanadaalduenuIgniasiiadszanm 1.8 mindagantadiniiinansfidinmduiaudioans
At lusAunIaWuaa

ﬁw%%’uﬂ%mmmaawmaﬁ@aLﬁuLaﬁfumminﬁwmmﬁ?@@ﬂﬁmmﬁ 260 W L uATNNALUAN
1o Tasantazauwatgiadidaniadydn 50  lulasnsudalulasaas mmsn@@ﬂﬁuuaﬂﬁ@h
Absorbance 1 260 Wl4LUAT (Aggo W38 ODsgg) LD 1

2.2 33101313090 NNULaTLa o Ul UT MG

aad o o A A& A o ° . v @ Y A
i lalassiwanaliadidued lduvin Agarose gel electrophoresis LRIUBUAIYRITLIDY
A A a & Aa a 4 o ' ' ' A & A
usdfatasiauuluslue I&JLaqmlaoLaﬁmﬂ&lIUivLmﬁ]:Lm"lﬂLmﬂags:mwgmamaamama 138
inldgasnmeldusiaaninalataadiastRunITTaIuay AN NTaILFIz I nRAFIBlauaTINY
a = { a v A a A =
Y3 mdidnounasguinuliuasy Sezaunsannulsnmsssnasiaaiaus ootz
[ A A& U U U 6 & 6 o v 1:3/
16 nIaaraunanaiaatdualasltaznlssiaadudn 0.8 wasidud aunInyinlaadds
221 163801998 lagNI AU TEAULYINNW LTI
222 wI9:mIR 0.24 NIULEAY 1X TAE buffer 30 Uaaa0T
223 azawarmlsslasldiulasion é’faﬁa"lﬂﬁl,ﬁumﬁqm%gﬁ 45-55 pIANTRLDUF WA
adlwoataanieIuuly aangl3Uszunm 40 wif

224 vhuaaldie3esdiinInslndda 16y 1X TAE buffer 3uviINLAA



225  Tuassarasnaunaalaadwatsnnes 5 lulasaas naunu 6X loading dye
buffer USaunas 1 lulasaas aslugasiasonly
226 danszud i nuLAIaIBEanINnslWsSa ¥inms run gel aaels it 50 Thad, 50

227 ET@SJL’*UE\]@T’]Uﬁﬁiﬂzﬂ’]ﬂLﬂ%LaEJ%JIU?VLN@TL‘T]%L’]NTL]?Z%J’]M 10 W7 LLﬁ?ﬁ’]L’ﬂﬂLL“ﬁl%ﬁ’]

228 gaaanmulauasdaninilewaa waziuinnwele gel document unit

229 dwmlSaainasledduwalasfigunuuaudduesasgwinanudiinm

3. mandSanmin Heteroscorpine-1 ﬁmﬂﬁﬁ%mgnfﬁwaﬁmmsa (polymerase chain
reaction)

Polymerase chain reaction %38 PCR lwnafianisiiadfimansafindsinmaasiuiiin
10289 HS-1 & TagldlnsiuosnswizinosuLS1a e N-terminus Was C-terminus 18984 HS-1
smEsaunIndurissuwziialmonlodidniulasndas lunmaesssiiiinseanuuyling

6 1 ‘é A o v A a 6 o c‘i’
wat 2 ¢ FINRAURINA D INAAITH

Forward primers

HSF4 | 5- (A/C)(A/C)A AAA CAA GAT GAA CA(A/G) CAA GC -3’

HSF7 | 5- GGA CT(C/G) (A/G/C)T(A/G) GC(C/G)ATT GCC TC(C/T) TGC -3’

HSF33 | 5- CTG TCG AGT TGC GGA ACG CTAG -3

Reverse primer

HSR6 | 5 - (G/T)(CIT)C CC(C/T) (C/T)TT (C/T)GGCT(G/T) CAA TTA -3

maAuUTInadiEue Jhunsusoimiazaanaudniul§izen 25 lulasdes ldud
1. PCR Master mix 125 lulasdas
2. Forward primer (1 uM)0.75 'lulasans
3. Reverse primer(1 pM) 0.75 lulasaas

4. Plasmid 1 lalasRas
5. Ynaw 10  lulasaas



Tidassnsnuaaudiauadlwnasa lulasawasiigawia 200 lulataas nanlwianwwan
MnsivndSinamdidualassinlulaluaias PCR  thermocycler  laa@inszuiunsiufsuudad

Eqmmgﬁ LI/ ﬁ‘hmmauLLa:ﬁmuﬂam’azmiﬁﬂmumummmmzamam@iaz"l,wsma% a9%

duaauit 1 predenaturation ﬁqmﬁgﬁ 94 AIFLTALTER 5 w1

duaaufl 2 denaturation ﬁqm%gﬁ 94 BIFLTALTER 30 w7
annealing ﬁqm%gﬁ 45 BIFNLTALTHE 30 Awn
extension ﬁqmﬁgﬁ 72 29ALTALTER 2 wn
vindnluduaaud 2 $19% 40 0u

dupauii 3 final extension fiamsnnil 72 29FLTALTER 7 W

9 U

\WesugaUATenaTu 40 sau IniuwandanUfisugnlslnawediss (PCR product) 11
INNNIATIIROLNANAALALIT gel  electrophoresis a8 lduaiaans b lataauaziuiinan

MMNBAVINHNANEA (PCR product) Ngmannil -20 aseimaLfos

4. NMIAANANFNA pGEX-6P-3-HS-1 Aatanluiandinig
PCR product fafiu HS-1 ARdunisaavadian briaasinizia BamH1 waz Xhol Tlu
1 a <A o 1 o {gj [ e A o e s dq,
fIUVBINAFAA pET-32a NAGILRUIAATBILa I TN IgadTunk lasii1auaad
BamH1 5 - GGATCC - 3
Xho1 5 -CTCGAG - 3%
A v 6 @ o a o v s va a =) v o ~a =3 v
Wasnnlawlodaainnie 2 aia ildaunTaea lenazsienIensonns 2 shatasd Lo
v o o & o ) A s
WlavinnsmianumanzauedanIemIdansmuwi Wi es shavedawboiiazszoziia T4
YA A9
o o 6 a a d' U
41 dwrmitwnenlmilazUSunmseswanaianliaa
42 lagmsdnag alunaealulanauaiiag awdau (Janasgariede 20 lulasdas)

wnau 6 lulasaas
10X Buffer (buffer R) 2 lulasaas
BamH1 2 lulasdas
Plasmid 10 'lulasdas

o

4.3 WRURNIZANIRUA WY laainnIdwrineszezanan g

44 vmItunaaa lulasiswasnag ﬁqm%gﬁ 37 aseniraldus Lwvzoziaan 1.5-3 721U
=) dl

4.5 LLU’&mia:mwadwmammﬂﬁ@ﬁamauvl,sﬁﬁ BamH1 1 3 vLSJIﬂiaﬂiLﬁﬂﬁﬁﬂﬁi

u

m’;ﬁmaummaugmﬁfm AINIAAAIENARABLANINTINS T &



46 inmsdaswanaiadioianbod Xnot lasldzsanig aslunaealulasiounaiing
audey (USinesgarnoda 40 lulasiag)

wnaw 18 lulasdes
10X Buffer (buffer R) 6 lalasaas
Xho1 2 lulasdag
Plasmid 34 lulasdas

47 waNaTazavanualiE i I@ﬂﬁ’mﬁﬁum"ﬂmizﬂznmﬁy'uej

4.8 nsuunaaalulasiauasiiag ﬁ'qmvxgﬁ 37 asewaltes Luszesian 12-15
77134

4.9 LL‘LidmiazmEl“lladwmaﬁ@ﬁt;]ﬂﬁ@LLEST’JNWﬁﬁﬂWi@li?ﬁ]ﬁ@Uﬂ?ﬁ&lﬁ&lHiﬂi&ladﬂﬂiﬁ@ﬁ’]U

manadanIn WS Ga

Y 1 g ® % a
5. N3LBaNAaBWALOWLD HS-1 NUNAENA pET-32a
< o o o ¢ o A & A A v o o
laomldnasannmsaadisianloduar saunsausndduevasduinawlaldmenisvii gel
electrophoresis  LRIAALIAUSIMARLALULRTBIADUIaNEULY LRI NTT=ALEuatUaaNNAN
18 udndendalanldianlsd DNA ligase anuuihluvnfigunmni 4 sseuaaBoadunauwu
12-16 T lau9nIadnufiu

6. NMIFIAILNAIFRAJNHANZFLTAA LI

6.1 NMILGIUNADNNLNULTAE

6.1.1 ¥uuAAIIY E. coli uWuS BL21(DE3) 4 streak U#IUAMITLALITE 2XYT Ly
o AN A Aad v a A A v, X o A
Tunhifiond jomcuacliaign 37 asenoadus luguusetiudu

6.1.2 uuafiise 1 lalafiuudseluennnsiqeada 2XYT  wUUAal 3 JaRAAT 1A

a A a Yo di/ ] a =) q'z

wuaflFuaiylugunieuwuuiningunni 37 asrnoaidus Uszunn 6 Tlus

6.1.3 suTauuafizen launldlunaianauia 500 Faddas NTaMIE8NT 2XYT wuu
Wi 50 Aadaas WieTgludundauuuiugy a6 OD NaNuenIaa% 600 wIlwiuas

6.1.4 1ila ODgoo WAU3zNM 0.45-0.55 Tumadlaluviaiuaiiidvasaizanaglu
Na8IHLLDY

6.1.5 1lwwiedf 4,000 g anni 4 asAusaLFos Lwaan 5 wif

6.1.6 tnavnsiasdTasandn g lasldldaziewsuaznawaas

6.1.7 \@uasazansuaaliaunaalsa (CaCl) Niuda 10 afAaT Aae s NTZNLLTAE IA

Lﬁﬁﬁﬂﬁ’]iﬂtﬁﬁULLﬂﬂL%UNﬂﬂﬂvLi@T



6.1.8 Huwaesf 4,000 g paunil 4 aseniwaidus Lunan 5 wh
6.1.9 inamsiaeaidesantt 9 leolildefioutuaznawsas
6.1.10 dusnTazansunadouanaliafiiuie 4 addas Ao g nazaoimad iy
fIRzaBuAaLTINARS b36
6.1.11 LANE1382818 80% glycerol MaamTa U5u1as 800 lulasans das g wawlsiid
AulanInyuLIALTUaIAIT nsWlungoariuds 10 w
6.1.12 Duaunei3ofilaan 100 lulasaas aslunsonlulasiouasisniinia Mnse
i lUAul -70 aseaaios
6.2 mysvthawasdaanuauingimadiiithn

6.2.1 aaufinuwiimadlunaaa lulasiouasfd i ldunnsuwinug s

6.2.2 Lawmia:mﬂwmaﬁ@Qﬂwauﬁmumﬂ%amiaLLﬁmoluma@luﬁa 621 ANt
NRUNAIFAA AT ALLTAE L8N TLANZRABALLN 9

6.2.3 1enasa L iuwihudansunseananldunun g nn 10 wifl 1w 30 wfl

6.2.4 vusTavansluds 6.2.3 ﬁqmv&gﬁ 42 psiaaLBod (waa 45-60 Sundl 9nin
ilUnsuwiuderingd wam 2 wi

6.2.5 LANOWNTALITE 2XYT LuUwalLsunas 900 lulasaas ﬁﬂ"LﬂLgﬂalugTﬂuL%aLLuu
mmﬁqmugﬁ 37 svauoaidoa Wwaan 1 2 lug

6.2.6 BnLasLUaNTaN e Usanas 100 tulasaas 31n3zansuwaInIsiaedima 2XYT wuu

Junfluanidauanadntu 50 lulasnTudaiafans ﬁﬁ"lﬂﬂu‘l,uﬁﬂm%aﬁqmﬁgﬁ 37 a9ALTALTUR
T

6.2.7 Lﬁummﬁyu%aumﬁ'ﬁa”ﬁ’ﬁam%gﬁ 4 IANTALTUR

q

7. nsaataanlalaiivas pET-32a-HS-1
lasnaldusamsnadanlalafiluduaunu arunsarilaan antibiotic selection lui1wissh
Wagiia pET-32a Hudumudasnljiusfononndin asunisldomsudindanudututoun

FR% 100 pg/ml iasataanlaawad pET-32a-HS-1

8. nMsuansaanzaslisfiv HS-1 gnuas

1. Wasan 70 avenados s iwanluonmea) 2XYT 15003 5 38583
(LANUBNNDRY 5 ug/ml ) ﬁlqmﬁgﬁ 37 29FALTALTHR ﬁwuﬁu’tuﬁﬂmﬁauuumﬂw

2. dumadnlaunassluoms 2XYT LLUU’?%I@U%%%L%@ ( streak plate) oyl ldimas

A a P o oA a = v A o A
LLUﬂﬂLSUIﬂIﬂuL@IUQ uqiﬂﬂwﬂqm%ﬂ"&l 37 AL TRLDYR qulﬂulu(ﬂlll“fﬁa



3. fasanawwizdenn 1 laladt iiaiassly a1msivan 2XYT 150103 5 0ad50T
(LANLANNTRY 5 ug/ml ) ﬁqm‘vx{]ﬁ 37 a9ALTalTaw ?Tmﬁu’l,uﬁﬂm%mmmmh

4. vumaddldasadals Waaidsdonrnsnag 2XYT U5 500 Hadaas Alduueuia
&% 500 ug/ml mnfuﬁuqmmﬁ 37 avenaiTos 1waan 6 Talug

5. I ODgoo NN g2 laalitleen 0.6-0.7

6. 16w IPTG 500 pl Wanari@sfiunafiFoiaialuamaman 2XYT 15010 500 Saddas
ﬁﬂﬂﬂuﬁqmwgﬁ 37 24FALTALTLR Iu(ﬂ:‘i_illl,%al,l,‘i_IUL"llﬂ’]

7. \uwas bl 1 a8aas N medium #AINNEN PTG fivnmsasaiein Ui
ABnaka SDS-PAGE

9. mim'maaummamaanwao‘[ﬂsﬁuﬁw SDS-PAGE

1. 1930198 SDS-PAGE ¢4il

AMATNTRFATLVDILIN
asdilaznay 13% Separating gel
4% Stacking gel (pl)
(ul)
Solution A:30%T acrylamide 1733 265
Solution B:1.5MTris-Hcl pH 8.8 1000 -
Solution C:1.5MTris-Hcl pH 6.8 - 500
Double distilled water 1183 1183
10% SDS 40 20

nan lilduitatdainuuald@n 10 % ammonium persulphate (10%APS) L@z
TEMED

10% APS 40 30
TEMED 4 2

L L v
mmmum%qmmﬂmaama

dmdsznau 16.5% Separating 4% Stacking gel

gel (pl) (1)




SolutionA:30%T acrylamide 2200 265
SolutionB:1.5MTris-Hcl pH 8.8 1000 -
SolutionC:1.5MTris-Hcl pH 6.8 - 500
Double distilled water 716 1183
10%SDS 40 20

nau A duwiital@eInuuaaL@a 10 % ammonium persulphate (10%APS) L&z
TEMED

10%APS 40 30
TEMED 4 2

2. #1618819 medium ﬁﬁhumiﬂixﬁuﬁw IPTG uaznawmInszqueie IPTG adu
sample loading dry M ld U381@3 100 i inludalwindon

3. load adeadlu well Lpunulds@uanasgu

4. wanlus@nanaindnsg lagld 16.5 % separating, 4% stacking gel lagldnszualnin
110 volts/gel 1IN 1 7219 30 WifinsoanunszNIdI Nt woULDs

5. Sauurwaalasnsld 0.1 % coomassie brilliant blue R-250

6. aFdaneanlasld destain solution

7. Mltaauwrslaslsiadas gel dryer

10. n’mmnu‘%qﬂ%(fﬂsﬁu TrxA- His-HS-1 @28 Ni-ion affinity chromatography

LﬁaaaﬁﬂluIﬂsaugﬂwawﬁ"lﬁmnmslmmaaﬂmaawmﬁﬁ@ PET-32a 9:ildup04 His-tag &9
‘ﬁ’]l‘ﬁﬁ’m’]iﬂLLUﬂU%@(VI%gVLéT@ml”ﬁ’ Ni-ion affinity chromatography &9 His-tag fiu Ni*~ snansasuninle
drewuszlasadiualaiaws udrmzaanlasls imidazole Wadu ansuinge imidazole e
dialysis uazWuABENI PD-10 1iaiANa MUt uua9lUsin rHS-1
11. NMIMARDUANLTANWEININYBI synthetic peptides (HS-1 uazaunus) @a cell pathogen
LLlae mammalian cell

MIC assay:

1. irasuuafide 18-24 $2lwsann agar plate tAsaluams A TouULIMaT 5-6 T2 lualst

1§¢1 OD gg5 ~ 0.5-0.6
2. Bonaasalwisuawdesudulszann 0.5 McFaland

3. Tiataas uin 100 pl adlu 96 well plate



4. irpusIngasmaneseulasiiosanslmide Two fold

5. Wewssfigssmanasausdly 30 i

6 i'ﬂmms@@ﬂﬁw,mﬁuﬁu wazvinwaa lushafnd 37 °C

7. 10AIMIQANALLES WIDUAWITE % inhibition

wanoa srualil Blank Wudafildazanaansildnagounian MIC
Hemolytic assay:

1. deaanassdoanans ((S9neunassuasuwnd) Juiwded (centrifuge) 1 4,290 rpm 1w
1281 15 Wl ﬁqmiﬁgﬁ 4°¢

s pellet 11&19828 0.9% NaCl 3 A%y

MNEWEY 0.9% NaCl Y3anasiilu 2 haaslSanadaniid
iy Indfianudutude g Soldudanudutud 20 uaz 50 uM
ﬂuvl’?ﬁqmﬂgﬁ 37°c 1 Jwtaa1 30 WIN

ﬁ]’mlfuﬁ’]m centrifuge “71' 4,290 rpm Juiaan 5 win

Tnaadatnafeaan centrifuge Lala9lu flat-bottom 96 well plat

W N o R VLN

TAANN1IQANAULEIN 540 nm daBLATad micro-plate reader LN WarIAMAHA

MINAaBI LaufuInedn %Haemolysis INENANT

12. Limited proteolysis

ﬂ@]ﬁﬂﬂiﬂﬁﬁ%’]dﬂtgﬁufﬂlad HS-1 (Cecropin like domine (CD), Defensin like domain (DD))
Tae3% Limited proteolysis thadnsan1zfisl TFE waslddl TFE @nizsdanuSnoniaaasuas
L%ﬂﬁ}‘a%w) damyuwulitlassaefimanzaupasns CD waz DD lagvinsnanoseai

1. msduewlivsUSuenudutu 0.01 mg Usinm 5 yl lusnefifidlnafiany
| Tudi 2 mM CD waz 4 mM DD
Wisuiey 2 anzlaun an’n:ﬁl,ﬂﬂvlmﬁaza'ma%ﬂu 30%TFE uaz'luil 30%TFE
Wisuifisunmd 0, 10 waz 30 Wit ARedFATo M nuvasewlinIdu 4 25 o

nyaUjisonvesienlodniuduedan 1 M Tris pH8

o~ DN

AnitasinavadldsawnuLan kin3Udueay 16.5% Tris-Tricine SDS PAGE

10



13. nagaumsiamsBaEwbaIEasusIae outer membrane nuazasdllinddailn
a%ﬁuﬁ‘waa HS-1 (Cecropin like domine (CD), Defensin like domain(DD))
NPN uptake assay
vmatepudiegmsiangeaisaad
1. &sluminanssasyinmIneseunuie B.subtilis (ATCC 6633) vinmstasaidalile
Tusa93282 log phase tagsluanmsiasadanunian 5-6 Taluslilden OD g ~
0.5-0.6

2. wuaaly centrifuge A 5,000 rpm 1lwaan 10 Wt 7 4° ud rinse @28 HEPES
buffer pH 7.2 WLaz¥innN3 fix cell 28 HEPES+KCN buffer waztinly treat nu 1dng
CD uaz DD flenududa 20, 40 uaz 80 uM lagi Gentamicin 1§lw antibiotic 1iia
wWisuiisuranimaaasnuilyIng waz TritonX100 13w control 2@3n1sUAN
yasasn 100%

WA ** Gemtamicin Uz TTX Linasldumena Run dasnnidumsianmafaujizenveans
1fin permeabilization 189LE89INFIIFINTINAWARA 0

3. 1"51,@1‘%8\‘1 Spectrofluorometer E'u RE 5301 PC SHIMADZU

4. ﬁ']éf’aasmﬁm‘%wvl,’?mﬁ']ﬂﬁi'@w%maLsmqmﬁ lasdaldsunsy RF 5301 PC
niwdan aquire mode wazlUft Time cross nswIMIIARBAAGIda L

- Excitation LLlaz Emission wavelength maam?ﬁ'ﬁaamﬁ@ luﬁf:ﬁa NPN lasfidn Ex 350
R Em 410 nm
- AwueTeagaInMyia (a9 TIaNn gfiuf unsruaduaniuni?)

5. sheragsnrmiasmsiesussues NPN lagldgdrntasadaslufidumi
sample holder uazacn (miﬁﬁmﬁﬁmﬁ@%aa%ﬂuﬁanﬂﬂﬁlm B.subtillis, v1/1]
né uazansi3auas NPN)

6. LilaLaSun sample 3auSasudn U33989 183 sample holder PoaLa3ed uazlarh na
start 9Mnldsunsy tufindoya

7. Plot N7 WEAIANNFNAUTLABLAY x waadanNitNdusaadyng uazunu y
uaadiasifud NPN uptake 3N

F ; intensity U89 wuafisladndyng

Fo; intensity 2asuuafiSonawduidying
F, intensity 2aduuafisaLlaldy TTX

11



14. naasanalnlsnainwoalWatladstasne (Christoph Gelhaus et al. 2008)
msmaaums%"waaﬁiwiéﬁuﬁLﬁ@%umﬂ5umiﬁ%ﬂﬂﬁ'uamgﬁ'ufmaa HS-1 (Cecropin like
domine

(CD), Defensin like domain(DD))

1. fsaveslWallasazviafia PG (Phosphatidylglycerol) 1LazPC (Phosphatidylcholine)
%Wﬂﬁuﬁﬁﬁdaad&lﬂﬂ:aﬂﬂiu chloroform: methanol (2:1/V)

2. solvent M Iazaneuasnaalnala anssireals Nitrogen gas Az lauHuAINLI9AREY
agjUWRAI84 evaporation flask

3. 9nti i lwustalagrwa3as vacuum evaporation tHWIaNT1NA

4. Vihsmas lipid film 716w WauRy buffer (10 mM HEPEs, 1 mM EDTA, pH 7.4) ialifia
M3 hydration 33%319 buffer AU lipid luduaanitiuiunouuasms trap ssdasusadnly
Fameludon liposome a9tin Tuiuaeusasnisiianis hydration azdnsiduasidons
calcein W lUdaannmsazansae buffer

5. YNTanue WaalWala, buffer, a131389U&4 calcein) N1¥INNNT Freeze-thaw 4 Jau lagvinns
freeze a8 1UlATLAWART LAZ¥INNT thaw @ae m‘fwﬁmuawqm%gﬁﬁ 37°%

6. MNunlETuIa 100 pm §8LA%es Mini-Extrudre Taseunaulu-un viswaa 17 sau

7. 9 liposome fl&unusniatianz liposome 7 trap sstiasusslilaamsld PD10 column
Tagld Elution buffer (10 mM HEPEs, 150 mM NaCl, 1 mM EDTA, pH 7.4) a=ldioimas
ﬁ‘haawau%aga%w wszih I Sudrunuieldd@nenluduvssnalnmadvhseesdy
Tnale

8. maaqu%rmaaLﬂﬂ"lmi‘@ial,?ial,émﬁﬁmawaaﬁ;a%wi@mamﬂﬂvlmvlmﬁ CD usz DD fianw
\intuena g 71 20, 40 uaz 80 uM lawil Dermaseptin Li’fluLiJﬂvLmemgmLﬁal,ﬂ’%ﬂmﬁU‘uwa
MINARad waz TritonX100 11w control vasnsuanuasalnlouidaiassiaasil 100%

9. 1a@1 Ex 71 490 nm WAz Em 7 520 nm 1#NNa1 LazIlaTshNanIInaaasd

15. Tryptophan Fluorescence Blue Shift
FmIenzinsSesussvoiniaazile W Milusssdsznavveadyng cD usz DD i
SianzimadnsuuSmdiavesdlnlauoirassinas
1. ¥ms@3u liposome lagld DOPG:DOPC (2:3 wiw) azanelu HEPES buffer (10 mM
HEPEs, 1 mM EDTA, pH 7.4)
2. ld@nvianaadumia 0.5x0.5 cm

12



3 ita liposome laludriing wazidnildlng cD waz DD lasinuaanudiugn
284 stock LWU'lng 5 M laglidiaasainszning wWilndea liposome 1:200 \
vuagnaiug 10 wif 200

Jadmiganduussvasniazilunidlaunulasnis scan 1 Em 724 300-420 nm las
Ex # 280 nm

ﬁuﬁﬂﬁagauaz"’imﬁ:ﬁwamsmaaa

13



NAN13IY

1. ATENANANENA
lunmsiseanananaiin pGEX-6P-3-HS-1 uaz pET-32a I@]m‘lﬁﬁ’ﬁmiaﬁ'@wmaﬁ@mﬂ@@aﬁ'@

a o = . ™ . .. . . . v kg
Wﬂ’]ﬁﬂd@&’]ﬁﬁ]gﬂ illustra  plasmidPrep Mini Spin Kit (Qiagen) LRIAIIIRDUNAAIL 0.8% agarose

gel electrophoresis 1HRANNTITLAININN 4.1

9416 bp —»

6.557bp —»

4,361 bp —»

2.322bp —»
2,027bp —»

AT 1 LOUNSFDAALEWEES pGEX-6P-3-HS-1 Waz pET-32a fianialdan
WuAR3Y E. coli M1uWug BL21(DE3)
SYANWOUDIAIALN: RNNBLEDY 1 Ao ALBULaNNaI3 % (Lamda Hindlll)
WINBLAY 2 A WaNRNA pGEX-6P-3-HS-1
niNBLaY 3 Ao Wanaila pET-32a
lasanwanaiadnazwy 3 ISTRITS NIV Tl WnAouULLEUATY (linear form) Usailla 1
ﬁﬁd“ﬂadmﬂﬂ'aﬁma (supercoil form) LRSLWUUINNAY (circular form) Lﬁawmaﬁmﬂﬁauﬁmﬂﬁ
nizLLaVLWWfLua:mTiamaLLéTaﬁ)zﬁmiLﬂ?i'auﬁ'mu‘*ﬁaawgmaaLﬁmﬁwmmL%ﬁ@mﬁ'w,l,ﬁdwmm:
winnu lasuuy circular plasmid ﬁ]zm‘é"auﬁvlﬁﬁ’sﬁq@ AN supercoil form UWae linear form
MUSIAL FansananaaRaaiuie pGEX-6P-3-HS-1 wuinldunu@iSuariinue 3 wou Uning

14



U31mnailszanms 9,000 bp, 6,300 bp Az 5,000 aws1autlaigunuddweunasgiuluani 1
=3 { a &/ g { 1 { v =

I@mm‘uﬁLauLaﬁm@mumﬁq@ﬁamm@ 5,000 @LUF WJuawenlnaifsIny pGEX-6P-3-HS-1  @a

Uszu1ms 5,100 ALUs LLa:Lﬁaﬁwvlﬂi'@ﬂ%mmuazqmmw"uaawmaﬁ@LLﬁ’swudﬁﬁﬁJ%mm 40

lalasnsudafiadans wazdaTNEINIENING Avge/Asge NN 1.74 luunizi@oinunanalia pET-32a Adl

=

= a & { o . ] o o
unudiduniaioln 2 way Nduntslszanmuizanm 10,000 waz 6,000 dwamuiau lasuny

o A ' 1Y v o a A Aa {
Unnpfangafedszano 6,000 duws Indidssiudayaves waraiia pET-32a Taidu wanaiianil

PU1A 5,900 @;Lua

2. N1IATIVFIUNANANA pGEX-6P-3-HS-1 Nanalan 1835 polymerase chain reaction (PCR)
NIATIIROUNIENA pGEX-6P-3-HS-1 lasldlniiwed 3 ¢ fia HSF4 1 HSR6, HSF7 fiu
HSR6 uas HSF33 U HSR6 nuwuin lenan1snanasesnwd 4.2-4.3  deldlusunsuns

Lllauw,l,ﬂmqmﬁqwmmzau Adth

& A . A A o a
VYRADUN 1 predenaturation NamAN 94 IALTRLDUR 5 uwn
YUAaUN 2 denaturation ﬁqmugﬁ 94 IALTRLTEE 30 3w
annealing Naunnd 40 29FNLTALTE 40 AN
i A A A A
extension NamAnu 72 23ALTRLDTYR 2 UPIN
g luluaani 2 39U 40 30U
YUAWN 3 final extension Nawnni 72 29ENLTRLT R 7w

9 U

naInawgaLl iTe inanAavasdizen (PCR  product) fldllasiageunadinis
agarose gel electrophoresis b 0.8% avnl3aaa WU lwswasnanunsalfRNLSu e EuLe
NNWAEHA pGEX-6P-3-HS-1 ldfaguas HSF7 U HSR6 wudnldunudiduaniiawadszanm

. { o = { a X [ {
900 giumdaifisuiudidmemnaszuluani 1 1iadu (G9n1wi 4.3)

15



9.416 bp —»
6,557 bp —»
4,361 bp —»

2.322bp —»
2,027bp —»

564bp —»

AN 21 NNIATIIFOUNAENA pGEX-6P-3-HS-1 lagla lwsiuas
HSF4 NU HSR6 W&z HSF33 U HSR6
AN WIUDIIDENN: WNNLLEY 1 D GLEULENINIZI% (Lamda Hindlll)

WANBLAY 2 @B Waala pGEX-6P-3-HS-1
WuNELe 3 fi8 PCR product tilaldlwsiua$ HSF4 A HSR6

WUNBLaY 4 Aa PCR product tiialdlwsiuad HSF33 iU HSR6

9,416 bp s
—

4,361 bp

2322bp —»

2.027bp — >

| 15230791 900 bp
564bp —»

16



MNN 2.2 NNIATIIFBLNANFARN pGEX-6P-3-HS-1 lawltlwsiuas HSF7 1y HSR6
FYANBWAIAIDENI: MNBLAT 1 Ao ALOWLENIAIFIN (Lamda Hindlll)
WaNBLa 2 fa PCR product 1ol lwsiwas HSF7 U HSR6

3. mstnd3anadn HS-1 A21fji3en PCR
WBINMIATIAEAUNAFNARNHEYN pGEX-6P-3-HS-1 AU HS-1  ud? Jvimaiius
6

i

a { o g; 1 d { 1 o 1 N d N
snsnataiatNatin Wl lutuaonlaaninda b Faltlwswas Nan1sladunuInauadlan loiae
o v 1 A { 1 aaAana v

Fuwzlaun BamH1 uaz Xho1 Fallarndi3en PCR uarazled

7% HS-1 NHGILAUINAUUNA 252
ALUE (MWD 4.4)

bp

2322
2027

564

AN 3 Bu HS-1 Nldand§ise PCR lagldlwawasianis

4. nsaatdanlaladl E.coli 818Wks Origami™ NiAWaadia pET-32a-HS-1

NN 4.1 UHWINAENARNHEN PET-32a-HS-1
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Warnnsaanwaala pET-32a  wazdu HS-1  uazalotaulod BamH1  Uaz Xhol  Wad
A ' A v & 1 . A AN o & @ A A B o ¢ ., ™ 'Y
FoudanaaliaudrBidsinawanalagnuan ldnudiguuafiiss Ecoli  suWuE Origami U7
unRBInuam YK 2XYT AflndjTuzfeuanidiuanuidudu 100 ug/ml ihadaidanlalaiif
§ pET-32a-HS-1 LilasanluirasuadnuafiSonnlianunsnaiuwaundanle waimaswuaiisonin
AFRA pET-32a-HS-1 2={e% coding NanNuIn&IIlUTAUG UM UGBLONATIUAIUNUAING 4.5
wazilloih lUunfigmn® 37 asenwaiBumiuiam 12 Tluswudnsmzveslaladl Ecoli spwug

L " . -

Origami 2 lalafiflzwiadszanm 0.3-0.5 lrudiuay §811775% (MW 4.6)

(A) (B) (C)
awi 42 1aladl E.coli Origami' " WRINNMITUNAFTARNNTY
Qs L 6 o 1 ra a
syansoivaddiaine: (A)  lidinasda
(B)  wWansia pET-32a-HS-1
(C)  wansia pET-32a

5. 113032988V pET-32a-HS-1 72835 PCR uaztanluianianiy

Iﬂiaﬁﬁ'mumsﬁmﬁamﬁadﬁuﬁaLlLLauﬁ%ﬁuLLﬁaa:Qﬂﬁﬂm@maaamiaéﬁﬂmiaﬁ'@‘w
aElaudruIuaan PCR Laa51980LU5H HS-1 Milagate (MW 4.5 A) Bea239zle PCR
product 341 252 @J’Luaé'fial,ﬂumu’mmaaﬁu HS-1 ﬁhuwmaﬁngﬂﬁ'}mﬁ@ﬁwLauvl,énﬁl,ﬁmﬁa
BamH1, Xho1 W8z EcoR1 Lﬁalﬁm’mmm@ﬁuﬁﬁﬂugﬂ linear waafiaa13aznNARGIL BamH1,
xhot &t lumedt Ecor1 sialallel ilasanludunausasmslaanléinsadiunsisdanes Ecor1
panlUud §rmaudi 5 uaz 6 uaaIn1Idadsialede ldun BamH1 waz Xhot FarzFuinluand
75 ﬁ?uwmaﬁ@gnwauﬁgﬂﬁ@ 252 g]'Luaaaﬂvl,ﬂazLLa@mmm@@iﬁﬂ’hwmaﬁ@ﬁ"wgﬂé’@Lﬁﬂﬁaﬁ (MW
i 4.5 B)
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(A) (B)
AMWA 5 (A) @ PCR product lasld pET-32a-HS-1 Hwnuinas
(B) fia MIATIIFOUNARNA pET-32a-HS-1 laumsaasieias L]
Fydnuoiuaadom aufit pET-32a-HS-1 uncut
lawfi2  pET-32a-HS-1 Giasae BamH1
\awi3  pET-32a-HS-1 dad8 Xho
lanfl4  pET-32a-HS-1 §Ad28 EcoRH1
\aufi5  pET-32a-HS-1 Giasy BamH1 waz Xhot
a6 pET-32a-HS-1 Giass Xhol

6. ﬂqiltﬁﬂdaaﬂﬂadtﬂia%'ﬁﬂﬂﬁﬂ TrxA-His-HS-1

E.coli Origami " 71§} pET-32a-HS-1 gniwiiudmanlu 2XYT medium 3unszs A600
llﬁzll’]m 0.6-0.7 "iﬂﬂdﬁuﬁ']ln induce 1ﬁLﬁ@ﬂ73LLaﬂﬁﬂaﬂmadIﬂﬁa%gﬂNa&lﬁfJEl 0.1 mM IPTG LL'&%")
W9NA5190 UG 13% SDS-PAGE (MWt 4.6) WunSuuswmallszanas 30 kDa LAaTwis

InatasInuamIaN ldannIIdIwIs1ad TrxA-His-HS-1 %38 rHS-1



HS-1 inserted - = + +

0.1 mM IPT - + i +
kD
250
150
100
75

37

—
e

25
20

AINT 6 LAAILDULLWYAIL1IaUA AN bacterial culture

maflaif (1aw1,2) uazdwanada pET-32a-HS-1 (18% 3.4)

7. mmanu‘%qnﬁﬂsﬁugnwau TrxA-His-HS-1
{ . - - A o« o v o
\haanlus@ugnuay TrxA-His-HS-1 Ad11289 6 histidine T9snanInauny Niz+ el dae
Y a o & o . - { a £ [ '
wuszlasafiualariau asunudald Ni-NTA affinity column tWausnu3gnd wasnnUdeslysdu
iunaantldudy Tsdugnuan TrxA-His-HS-1 azdunuaasu duldsdudus azgnaveanandis
washing buffer 3INUUIIT TrxA-His-HS-1 8anandae elution buffer lisduazgnazaanunldean
vy . & s . A 1 & [ % v “v A ad =i e o
AMATNTULE imidazole W NA% &9 imidazole AnyWsTuuazlaraivafuiuEniian Jaudeduny
Ni2+ vuaaanitle lwinudssitlass TrxA-His-HS-1 aanunlaslfanuidudu 100, 200 waz 250 mM
AURNAUAIAINN 4.6A NNUWIN MUY dialysis 1 NafiNda imidazole (AMMWH 4.6B) WEIWLIIAINY
v v a v =< o 1 v v A dl v dl QI
Wadulds@ustas 395016% PD-10 column udazaaninalsasazasludIununes 9 iNalia
AMULTUTUUDY TrxA-His-HS-1
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. &
Immidazole R M 1 2
concentration = I -
37 kDa—
— — > 3ITkDa—
- — a4
) , 25kDa—>
25kDa—>
— — 20kDa—>
20kDa—>
(A) (B)

AR 7 (A) Ts@n TrxA-His-HS-1 ﬁgﬂ"ﬁzaaﬂmﬁnﬂ Ni-NTA affinity column @28 NULTUT
284 imidazole @14
(B) uAAILAULUKILUIEW TrxA-His-HS-1 Lilarunas dialysis (tawl) uaz PD-10

column (La12)

8. NN5AA TrxA-His-HS-1 A28 Enterokinase (EK)

%gﬂﬂﬁﬂLLﬂﬂU%Qﬂ;ﬁ{ TrxA-His-HS-1 w2 levinn1sdia tag 3w sanlagld Enterokinase &3]
@hl,mu',aéfwﬁﬂﬂiaugﬂwau (WA 4.7.1) F99¥n W TrxA-His-HS-1 anueniiu 2 sufasn tag
fifluwiatszanm 20 kDa wazdIw rHS-1 Feflumatdnninyszanos 10 kDa 69wl 4.7.2 Touges

[% o o i A A [¢) A o ' & &
FLULLINTNRIINNGANILY Enterokinase qum‘vmull 37 C W‘]J')’]Nﬂ’]i@l@ﬂﬂ’]ﬁaulqﬁmyujﬂ’] 12 °ﬁ’JI§J\1

EK cleavage site

\/

| Trx tag | [ 6 His | B

w1 Jem]

AN 8.1 UEAIGILAUIAADDY Enterokinase uuiﬂiﬁugnwaw TrxA-His-HS-1
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incubation time 0 1 3 6 12 18

(hrs)

AINN 8.2 LRAILDULLUUUDI rHS-1 KadInaa 28 Enterokinase

9. NTATIVFAUANENTINNVDS rHS-1

lumuﬁiﬂﬂﬂﬁﬁﬂmqmauﬁ'@msﬁ’mﬁga%wmaa rHS-1 drsuuafise 4 whaleun  Bacillus
subtilis W8z Straphylococcus  aureus  \weaunuvasuuafiounsuuan lwumed Krebsiella
pneumoniae W8 Pseudomonas Aeruginosa Wuaunuwvasuuafiisuunsuaulaslsit disc diffusion

assay Lz microplate assay

AN 9.1 UEAIANIIAL clear zone NHVHINILAIYVOILLATILIY
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>

AN BR8N 1 Wnam
Tris-cl pH 7.4
Gentamicin
Dermaseptin

rHS-1

a A WO N

Disc diffusion assay LIuiTnaseunsduaaTwunaInIsuis Fanuaminaaaslunnd
421 WU rHS-1  ®1WNIndwTe Bacillus  subtilis l@iipfiaidien lag clear zone fwwa
7.25+£0.10 V4. (@l'ﬁ’mﬁl 1) lumm:ﬁl dermaseptin é‘f’mﬂ’mﬁﬁtymadl,%a B. subtilis .8z K. pneumonie
16 udstonin gentamicin ﬁawminﬁmﬂ’mﬁmmau%a 3 halad uad1wn1T19T Y Ve Ps.
Aeruginosa latas

%

A13519N 1 WEAIVUIAVDY clear zone N uﬂ'amstﬁu‘[emaaqa%w

Treatment concentration B. subtilis S. aureu Ps. Aeruginosa K. pneumonie
Gentamicin 0.20 mg/ml 27.75+0.75 24.75+0.25 8.35+0.1 23.0+0
Dermaseptin = 0.75 mg/ml 8.50+0.25 - - 10.504£0.15
rHS-1 0.75 mg/ml 7.25+0.10 - - -

- is No inhibition, measurement area of inhibition in mm.

#1913V microplate assay Lﬂumimaauwamsﬁuﬂgaﬁ;aﬁwlummsmm GefTadninde
irasuuafissdudamsmmasouldlagasiuazaagounalagmyiaalnen absorbance i 655 w1
Twaas 35398anwhannnin nams3ssiiugasdsnmnd 4.8.2 wuin rHS-1 uas dermaseptin
sansagussmsidulaveadole 3 wfia dun B. subtilis, Ps. Aeruginosa  uaz K. pneumonie lag
tHS-1 fugivldinninge 42.1%, 6.5% uaz 19.8% audeu lusmedl gentamicin Sugansiasey
mamm%avl,ﬁamﬂ

Naﬂﬁf:fﬂﬁg\‘l 2 §2uAa disc diffusion assay ez microplate assay NONMURUWBINY GI8LA
WA TEUSS B. subtilis VL@T%'mﬁmﬁgagj 7% Ps. Aeruginosa s K. pneumonie SU8 leiasann &9
m’]&JL“iTsJ"iTuﬁ 0.75 mg/ml vaJ rHS-1 813 ldannwasnIuNILAa clear zone 14 disc diffusion

assay
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A ¢ < & o & a A A
ANN 9.2 Lﬂailﬂiu@]ﬂqjﬂuUﬂﬂqiL"ﬂjﬁy“ﬂa\TLLUﬂ‘YlLﬁﬂ

10. HANINATDUANLANTININVDY synthetic peptides (8NHdVBY HS-1, CD Uaz DD)

aa cell pathogen LLaZ mammalian cell MIC assay

. . . - [ 1 ¢ & 6 v & &
NaN1INAaad Broth microdilution test LW@@’I’]%’J&LW'W]’]Lﬂﬁ)ﬂ‘ﬁ%@lﬂ'\‘iﬂ‘ﬂﬂ\ﬂ“ﬁaﬂﬂr‘iﬂ

(%lInhibition)

% Inlikition
Micrwhes 0. Imgial Cecropin-like dermuin {ph) Defenmin-likie domain {pA])
pewtamici n . ] 168 - | A ] 16
Saunos 924 NA WA Na WFET NA RA [193£ 150 15TI5T5
K preetimosnioe 8647 NA WA Na T ES e NA RA N 1522475
Bsubiilin el FEOL3IF TSL1L9R BMLRF RA BIBL[Z3 PA6LTH TN T 04 047
Py.cemgioss 4308 Ni WA N B NA R Ni WA

a ¢ & ¢ o & a & aa . o e o &
M1919N 2 llaﬂﬂlﬂasl%%@lﬂqiﬂﬂﬂ\jﬂ'\?t%iﬂéwadlﬁarﬂﬂf']ﬁ Broth microdilution assay nuLza

MMNANINERAININTIINGORDI I@ ek

S.aureus, K.pneumoniae, B.subtilis 6633 and Ps.aerugino

Broth microdilution assay NULTB S.aureus,

K.pneumoniae, B.subtilis 6633 and Ps.aerugino uazld 0.1 N3 Gentamycin 1)) positive control

wuddng cecropin like domain ®NNIRGULTD B.subtilis 6633 leNANUTNTUAIUA 20-80

uM waztdlng defensin like domain NI ULHITS B.subtilis 6633 ¢ NANMNLNTUAILG 20-

160 uM anns cecropin like domain NAMULTUTH 160 MM e defensin like domain NNV
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80 Uz 60 uM MANINHULILTa S.aureus | §%TULTa K pneumoniae Rnivavldilalfanuidudu

U3 cecropin LArdefensin like domain \Jw 160 UM

Hemolytic assay
NANIINANI
v v  aa . Py £ a & o &
"L@mmimaaammﬁ hemolytic assay Lwamaauqmmommwmauﬂﬂ"lmaomﬁm
= ~ o o o 3 o 6 & 3 It A
WIguneunuan positive control LLamJllVmemgm I@ﬂmmm YA IuaANIIUANVBILNALRAA
LLANAITNRUNIT

LLaZNaﬂ’]Tﬂ@aﬂﬁﬁquqmua@ﬂé’\‘]@nsqd
wn @ o = A v @ &l ' o & A
E’Jﬁ]El"(ﬂﬂ’]i"{l(ﬂﬂa\‘nﬂif;lllLVIEIUﬂ’N;JL“lIN"lIu"lIadL‘IJUVL‘YI@‘Y]LL@m@l’Nﬂu@mﬂ’]iLmﬂ"}J?JGL&J@LQ?J@
AL o o &l v o o ! a & A @ d' P

L& sﬁ\‘i'ﬂqﬂq?ﬂ@aaﬂﬂuLl]‘l_lv[fﬂ@ﬂﬂ?’]l]LTNT%WQW@?W%xNN@LN@LQ@@LL@G%QU‘H&@‘H 25 UM

WIHUWABUAY 50 pM LEAIHALATAIWI ANALRAIAIAIT

A191991 3 ANUEAIAT Yohemolysis TneAmuaaMuIduduvaUUInAY 25 waz 50 M

defensin, cecropin, magainin, BSA wag 1% triton X-100

INAITWMINARBITILIT hemolysis assay lapyimsiadinisganauuasfl 550 nm i
msFwidInauMIwLIEn %hemolysis 891U e HS-1 analogs (defensin&cecropin) I

anudntuzeallindidu 25 pM dmiganfuussdududrdaay &MU %hemolysis A
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wntuvasddnadu 50 pM wuinlillufsdaisasidaiioanas wazlivilmiliaiaauasuan e

Wiguiauny positive controls triton X-100

11. Limited proteolysis
;fs%’zl@ﬁ”aamsmaaummmmmlumiﬁmﬁwaamﬂ"l,miﬁaag‘luam's:ﬁL‘éaéwmmﬁams
3 [ . . =2 ead o o .. . . { % '
muwwaﬂmagﬂ (induced-folding) sml,ﬂuqmauwﬁmmymaa antimicrobial peptide Lﬁavlﬂﬁmag
') { wA @ o ' %) = I3 { Y [

vukbmaansabaimad laoidnidIndldduny TFE Saduamaafingislunmsialassais
[ a a I3 o a [ [ A 6 ‘.*3' A A & ) (d'
szaun@ond Wunmrdeesanizfadenuibairadedsasawinige wazanwiiddnan
ANaI19 TN RN I nagauaI Nl IuII09lATIRIII A NI AR I NSUTULIaa BN
LU a =) a a L £ 1 v =) =) a a o v
Tassgsianuigdys n3dduwazaalaann meﬂimaaﬁﬂwmﬂmanmﬁ]:gﬂmﬂmummﬂ@
e SsmanTamsdnaavesnIUulusiereesiiaidns 9aas SDS-PAGE uazisuninafinainainth
71 Limited proteolysis N1INa&ay Limited Proteolysis NATERANAGIE 16.5% Tris-Tricine SDS

PAGE URAINANYINNINaaaIndsia b

2NN 11.1 Limited proteolysis 2849 Defensin like domain
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ATNN 11.2 Limited proteolysis 2849 Cecropin like domain

PNAMNWLRAINAVBILATIFENS defensin Uay cecropin like domain Lﬁaag:&luﬁﬂ’]w;zﬁl,ﬂu
TFE uazdl 0.01 mg/ml trypsin Tuifn3en wuiluanil 2, 3, 4 defensin uaz cecropin vszvlﬁa%isLu
sneidlu TFE Li‘ianmmu"lﬂazgﬂ degrade lag trypsin 'l& udluawil 5, 6, 7 71 defensin as
cecropin ag"luama:ﬁﬁ TFE 1 trypsin 3z ldanansadinaslassainsves defensin wae cecropin
e

NNMINaFauastnaiia limited proteolysis mmmagﬂﬁ’j’] cecropin like domain Y
Tassaefilafiosannin defensin like domain Lﬁaagiuanwa:ﬁﬁ TFE \flasanazdulédinianm
Hwld Trypsin lisansan ldsunaislasseisveaddindainadle Ssenunsaduuunuaady
nddawsauiisuiu control (audl 1) naledn TFE finadanaiunuzaslassgy (induced-
folding) va91UuIne

12. NPN uptake assay
& em ° £ [ v a A
nnuuidimmasaugnizaslindfuanzilesldinadia  NPN uptake assay Fuiilu
Add‘ v s < ' a = U a' K2 a
anldnulasmly  uazldgssnannidn  Adldndhanlummeses  1glunnesauniaiia
permeability JaINIILTAALLATITY 1FuAMFNTATaIFTTBILE NPN $9 NPN daiduansizaduss
Aa wa A 9 9 A v A . ' A & A o
nilguaud@Fasus ldninagluiawiadoufiilu Hydropobic naNBANI MInibalTaR KIaws
& Aa & o A A & A @
imadvasvLUailiTunugninmewiaiiangnauniulasding a1siFasuas NPN azanansauth
luuninlunSiaos outer membrane vasibaisasniigmantAidu Hydropobic &3 NPN azlidn13
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A x> @ e . & @ A o
Faduadlanuiad namInaaadlasld antibiotic Gentamycin \udrniugu laglunimasasiveda
. . A & @ e o & . @

A1 intensity VBIRIILIDILLRIUG 1@t antibiotic nagaUNULTE B.subtilis LIAIAINTIN

AN 12 nALEAINANIINAEaL NPN uptake 189101 Iné cecropin (CD) waz defensin -like
domain (DD) NULTa B.subtilis ATCC 6633

ANWuaAINaMINAasaL NPN uptake 284t1dln@ cecropin (CD) waz defensin -like domain
(DD) NulTa B.subtilis ATCC 6633 Galtanududuveaddlnaiilu 20, 40 uaz 80 pM law
\W3sLBUNL antibiotic positive control Gentamycin WU AnNALTNTwYinNBALUasIGuwa NPN

A o A A A o v a . . oA &
uptake (Janagauniy CD Hd1anfiga 1es3n CD munIavhliiia permeabilization daibaimad
nuu NPN - Nilgouand@Sesusslaludsuiadenidu  hydrophobic leidludanSiam  outer
membrane 28dlTa B.subtilis WazAANTIBILRI LA NNTINGINDT CD Fanuauialunisiie

permeabilization Yaaiiawnas B.subtilis l@u1nnin DD

13. Calcein leakage assay
wanniaannnIInasauny Living cell 18 B.subtilis ATCC 6633 a2 ;ﬁ%’ﬂ"lﬁmaaumnﬁ@
MITVaIaNTTasuasnnnavadtllng cecropin (CD) wa defensin -like domain (DD) lagyinns
o . AA o & A ¢ v o A & AAa o =
8379 liposome Nianuuzuazadntsznavvadibamasasnanuilaiasiuafiisenily anmsdanmn
dayaiiarihnisdnebaimasuuafiseidnldendoguandfvedluin wia phospolipid lun13au

waeTINAINY IARansausduiaunay vw1a0.2um -~Tum (LUV: Large Unilamellar Vesicle )uaz
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[~ . v = g .
trap ®3i304uEd (calcein) iy lasnszuaunsvesmsielsugniszyndanain  Christoph
Gelhaus Wazatwe T 2008 HanInaaadLaadadda it iNatdumsidSouisunidwlaTaan REL
lavinmsdurmenitasifud calcein leakage lasitSouifisunauad CLD, DLD waz Dermaeptin
lagld  TritonX100 Tu 100% positive control 1IN

E—Fp
% calcein leakage = 100X~ Fy -
t

F = Average Intensity of peptides treat with liposome
Fq = Average Intensity of liposome before treated by peptides

F. = Average Intensity of liposome treat with TTX

AT 13 NTINLEAINANNINATAY calcein leakage 289411 né cecropin (CD) uay defensin -like
domain (DD) AL liposome
NNNNANLINCD Jnasdansifia Permeabilization ldwnnit DD Lﬂuvlﬂmuﬁaugagmﬁga
Tmesulassansnasns CD waz DD suiusAunihfiuazmsnuaesddndvasosnaiae
NNHANWITETS @3, 3w Ansuuwriuazame 3 2010 wudn D Flassarafitdn O-helix
mm:amiamsﬁmﬁmaﬂmaaﬁ”ﬂaLﬁamsvﬁﬂﬁﬂmmﬁamaﬁmau%aﬁ;a%w a399uiy DD A%
lassasedulngifu B-sheet uaziinnnuiilu O-helix #asnin CD a1n %ddawalﬁﬁmﬁm%aﬁ;a%w

dwaundn nalu living cell bacteria wazluuuudraasbaisaduasisagain
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14. Tryptophan Fluorescence Blue Shift

@319 4 @1 Emission i,jl\‘lQﬂﬂﬂﬂﬂiﬂﬂzﬁf%ﬂ%ﬂfﬁLLﬂ%‘ﬁﬂ’J’lNL%&J{f%Lﬂ‘iﬂﬂﬁ{ 5 uM 1w
#1415l DOPG: DOPC (2:3 wiw) LUVs
MISaNzReINIINagauUNILAa Blue Shift vasninazdlundulaunu Soidu

pafsznovpaatllng CD was DD lasfnuaannzuadoufimnansdamsunsninwioiaas
$1809 Fawnlylng CD uaz DD sanTaunsnEwiairagsnaadldie asifiansdsuuta
Emission §4§a W3aMi3un1 1fia blue shift 9INN1INARBILEZNHANINAES WU lunsdifiy
vlwﬁa%ﬂuém’mﬁauﬁlﬂu buffer @1 Emission qdq@ﬁi’ﬂvlﬁ agj‘ﬁ'ﬂi:mm 350 nm 19u1llng CD waz
DD LLazluﬂsﬂﬁLﬂﬂ"lmﬁa%iluama:ﬁLﬂuﬁiwimuﬁwaaaLﬂﬂL%ﬂﬁuUﬂﬁL‘%ﬂ 1 Emission gaq@ﬁi‘@"lﬁ
azifiams sift l/tszanas 16-20 nmasdliifin 31 1a1dng CD uaz DD &aNsAUNINKNIBIN
Fouradandiilu hydrophilic (buffer) 11 lUs U5 mAN e armass1aasfitilu hydrophobic
(liposome) 'l& LAz NNANINARAIWLIN FNaIMILAANT shift Das CD ANNN31 DD wuwaad i
Fiwin CD Fanumansafazuninduriiwadn s awasléuinnin DD

a@uaﬁms:ﬁwamﬁ%’s
= a A A v a A A & A A

mﬂﬂauwmaﬂﬂmuﬂau%Lwalﬂm@mmamaaﬂlmmﬂmmLiJumﬂuﬂ*ngﬂ
° o A o o a o ' = < A o A A A
i ldunideuitymdnlsanmwasdiadne lasiinszuiwnini ldfansdauaziandunanl
lawme anuuwinsssiawmadigirasuuafiousihanfviwamdelfifiansuaaseanly
USunaunn lunudsailarinnislaanduwes HS-1  nWaalaLaNAa pGEX-6P-3-HS-1 T8

Aa = a { ' . . ] o v { =

WANERA pET-32a TIdANUALAMTEaINT&IUV89 Thioredoxin (TrxA) Gevinsinduienlaiaen
Flasaniag Trulunisiianuszlaaaing daiiaziaiwlnnsirwnuvaadding HS-1 waIanm3

a a J v 1 v J a a v
LLLIm%aﬁiamammﬂ@amagn@awu I@umiaﬂ@wmam pGEX-6P-3-HS-1 AMNUUANTLUE?
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ﬁnuﬁLmﬂzﬁﬂ%mmua:@mmwﬁaﬁmms@@ﬂﬁmmmmﬂ%m spectrophotometer LAIATI§ALIN
Tuwanadefianeldrinifuvos HS-1 agaSadininafia PCR Tagldlwswasiswizia HSF7 uaz
HSR6 faurinmslaanin
gmsunzuammileawinlunuissilevmainysinaiuaas Hs-1 daomsldw

aafa pGEX-6P-3-HS-1 L Hutnuiwaalulfisen PCR usrdadaduaranisldianladaasinig 2
5fiefn BamH1 uas Xhol uaznsfilasnisasdnaddauaiiuafiaanuiazinldaunsamnua
Aamslumsidendelddn deezldaeasduaisuanuutaies (sticky end) uanislftamwlns
BamH1 timasvihliilaifiamsuaaseanvesldsiwudreziinsaasdluRnduanminlusan tHs-1 8n
7 nynazilu feorsasiinadeniseangnivesldsin udanslsianuanauiseisonuia rHs-1 §
M3InenONBINALlALIny native HS-1 lageangnigusuuaiiGerfiadeanuld wuia B subtils,
Ps. Aeruginosa Waz K. pneumonie LA enusasadiniEniay

ludusasnsfinsinalnvesaynusvas HS-1 YHEIV849 cecropin like domain (CD) waz
defensin like domain (DD) Wu41 834284 CD ﬁtmﬁuﬂ’ﬁguﬁtdﬂ’lﬂﬁtyL@UI@%QGL%BQ@%V]‘%ET
A1nN31 DD %ammmaﬁ;ﬂwamsmaaaﬂavlﬂmiaanqw%gﬁmaga%w"[ﬁmnmsmaau NPN uptake
FINUVBINMINAFOU living cell Uz Calcein leakage FIUNUVAININATALALLE BLTaR41889284
L%aqa%w mﬂmqwamaﬁmimaa%”w Alfflusamnuansrnauwesdyng Db Aflasssosn
Tnajiilu B-sheet uazfinnuiiu O-helix asnd1 CD wn Jssenalivnasisagadwldianndn s

14 living cell bacteria uazluuuudaasitioivaduasitarntn

LONAITD9DI
=) > Q' =) o =) Qg a
ANUNT W13, 2551. MIANLTI D msmmq‘nmm:mmLﬂﬂzﬁ%amiaumﬂmm
. a o v a a 6 o a
Heteroscorpine-1. 1a39n13398 seaulSaaninaaaasiaia a1andnad
AMLINYIANEAS NRIINYIAUVDIBLLAW.

R

% s & 6 o ' ¥ v €A L a =
BUNIN LE]Q’JG?I‘Q’Q LAZANAT aNAN. 2547. UNNLUBITIY RAVNHNANEL. WAUEITAIIAR §.227.
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Running head: FUNCTIONAL EXPRESSION AND PURIFICATION OF A NOVEL
ANTIMICROBIAL PEPTIDE, RECOMBINANT HETEROSCORPINE-1
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Abstract

Heteroscorpine-1 (HS-1) is found in crude venom of Thai giant scorpion (Heterometrus laoticus), it
is a cecropin-defensin hybrid peptide of 8.293 kDa with 3 disulfide bonds. This study aims to obtain
large amount of active HS-1in bacterial expression system. pET-32a-HS-1 was constructed by
molecular cloning in bacterial system using fusion of Thioredoxin tag for assisting corrected
disulfide bonds of rHS-1. pET-32a-HS-1 nucleotide sequence was confirmed by DNA sequencing.
Active rHS-1 was then tested for functional activities including bactericidal effect on B. subtilis, S.
aureus , Ps. Aeruginosa, and K. pneumoniae. The result showed marginal inhibition of rHS-1 on S.
subtilis in disc diffusion assay. The more sensitive broth microdilution assay showed inhibition of
rHS-1 on B. subtilis, Ps. Aeruginosa, K. pneumonia but not S. aureus.

This study demonstrates successful recombinant system in expressing recombinant antimicrobial
peptide.

Keywords: scorpine, Thai giant scorpion toxin, antimicrobial peptide, thioredoxin fusion
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Introduction

Antimicrobial peptides (AMPs) are important strategy protecting organism from pathogen
such as bacteria, fungi, virus and parasites. Most of these diseases are treated by antibiotics. In
case of using for long time, some pathogens can develop resistance to antibiotics which cause
more trouble to treatment. Antimicrobial peptide is an alternative way as new effective resource
which can be developed for antibiotic replacement, or useful for agriculture and industry. In nature,
toxin is a rich resource of bioactive compounds that have many functions such as antimicrobial
activity and ion channel blocker. Scorpine is a scorpion peptide group, composed of two
parts, cecropin-like N-terminus and defensin-like C-terminus (Hadjicha-ralam-bous, Sheynis et al.
2008; Kouno, Mizuguchi et al. 2009). They contain many functions of toxins that act ion channel
by specific interaction on Ca2+, K+, Na'. For microbe, scorpine can inhibit many species of bacterial
growth and spores of Plasmodium spp. (Possani, Corona et al. 2002), which is a pathogen of
malarial disease.

The venom of Thai giant scorpion (Heterometrus laoticus), mostly found in the northeastern
area of Thailand, contains many bioactive molecules. One of these molecules is small polypeptide
with neurotoxic activity, Heteroscorpine-1 (HS-1). It was purified from scorpion crude venom by two
steps of ion exchange chromatography. HS-1 has molecular weight of 8293 Da and pl of 8.79. HS-
1 has 95 amino acids including 6 cysteine residues. The sequence also composes of signal region
and mature region with cecropin-defensin hybrid. HS-1 has multi-function, for examples it is a
neurotoxin as a potassium channel blocker, and inhibited three bacterial species (Uawonggul et al,
2007). It is not clearly understood about the structure-function relationship of HS-1. For
understanding of mechanism in both activities, structure of HS-1 should be analyzed.

The main problem in using scorpion neurotoxic polypeptide as research tool has been the
difficulty in obtaining enough toxins. As a result, the study about structure and function, which need
a large amount of peptide, would be difficult and laborious. This problem has been solved by a
molecular cloning in bacterial system. Molecular cloning is a process of insertion a novel gene
coding in the vector, when the bacterial cells divide, the vector containing inserted gene are
amplified simultaneously. The gene will be induced to express the adequate production of
recombinant proteins.

However, most recombinant toxins have been produced as inclusion bodies in prokaryotic

cells. This problem indicates importance of using correct folding conditions, especially for correct
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disulfide bond formation, for enough of bioactive rHS-1. In this study, attempt has been made to
seek for compatible cloning and expression system for HS-1 by using pET-32a plasmid. This vector
provides Histidine tag and thioredoxin nucleotide sequence fused with the gene of interest.

For example HS-1 gene. The purpose of having His-tag is for single-step purification by
metal-ion affinity chromatography. In addition, for having Thioredoxins (TrxA), which contains thiol
groups, it will help arranging disulfide bonds of rHS-1. The heterogous expressed fusion HS-1 will
be assisted to fold correctly that reducing other proteins by cysteine thiol disulfide exchange. By

coproduction of TrxA and low temperature expression, the amount of active rHS-1 increased.

Methods

Primer design and polymerase chain reaction (PCR)

In previous study, HS-1 gene was cloned into pGEX-6P-3 to construct pGEX-6P-3-HS-1.
The recombinant plasmid was isolated by illustra plasmidPrep Mini Spin Kit (Qiagen) and
sequenced for DNA arrangement confirmation and design primers. Forward primer containing
BamH1 complementary site forward GGA, the initiator codon of first mature HS-1 amino acid (5’-
GGA TCC GGA TGG ATT AAT GAA GAG AAG ATA -3’; BamH1 restriction site underlined) and
reverse primer provides Xho1 site downstream region 3’ to the terminator TAA of the toxin (5-CTC
GAG GTC CCC CTT TGG CTG CAA-3’; Xho1 site underlined). PCR reactions are 94°C, 5 min as
initial denaturation, next step 35 cycles with denaturation 94°C 30 sec, annealing 55 °C 30 min and

elongation 72 °C 1 min. Final elongation as 72 °C 10 min.

BamH1 Xhol
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Fig. 1 Map of the recombinant expression plasmid pET-32a-HS-1

Construction of the fusion expression plasmid pET-32a-HS-1

Plasmid pET-32a (Novagen) was used to reconstructed from pGEX-6P-3-HS-1. The 228 bp
of HS-1 gene coding was prepared by PCR with both primers. The HS-1 gene and plasmid pET-
32a was digested by BamH1 and Xho1 (Fermentas) 37°C overnight to provided compatible ligation
sites, following these were gel-purified and concentration before ligation by T4 DNA ligase
(fermentas) to generate recombinant plasmid pET-32a-HS-1(fig. 2). The expression host, E. coli
OrigamiTNI competent cells were transfected with the ligated products during 1 min at 42 °c
following on ice 5 min and 370C in SOC medium 1 hrs. Positive clones were selected on 0.1 mg/ml
ampicillin containing agar plates and verified by PCR and restriction enzyme analysis.
Expression of rHS-1

E. coli OrigamiTNI harboring plasmid pET-32a-HS-1 was grown in 2XYT medium until A600
about 0.6 (a cell density of 6x108 cells/mL). The bacterial culture was then induce by 0.1 mM final
concentration of Isopropyl B-D-1-thiogalactopyranoside (IPTG) 8-10 hrs at low temperature (30°C)
and the pellets were then frozen at 70 °C. The recombinant protein expression was analysis by
SDS-PAGE.
Purification of rHS-1

Pellet cells were resuspended in binding buffer (20 mM sodium phosphate, 500 mM NaCl,
20 mM imidazole, pH 7.4) and froze in -70°C overnight, followed by sonication to lyze bacterial
cells. The supernatant fraction was recovered by centrifugation at 10,000 g for 30 min at 4°C. The
soluble protein was added to His GraviTrapTM column (GE Healthcare) then unbound proteins
were washed by binding buffer. The bound protein was eluted by elution buffer (20 mM sodium
phosphate, 500 mM NaCl, 500 mM imidazole, pH 7.4). The fusion protein of Thioredoxin (Trx)-
polyhistidine (6His)-HS-1 was analyzed by SDS-PAGE. Imidazole was taken away by dialysis. The
fusion protein was cleavaged by Enterokinase, the restriction protease, following it was separated
by His GraviTrapTM column to remove fusion tag from rHS-1.

Disc Diffusion assay

Inoculums preparation by bacterial culture such as Bacillus subtilis, Straphylococcus aureus,
Klebsiella pneumoniae and Pseudomonas aeruginosa were growth in Nutrient Broth (NB) medium

until Aggp about 0.5. Nutrient agar (NA) plates were prepared with 6-mm filter paper discs. Then
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inoculums were swop on NA plates and treatment compounds were added to paper disc absorption
before incubated 6-8 hrs at 37°C. The clear zone was observed to relate bacterial inhibition.
Microplate assay

B. subtilis, S. aureus, K. pneumoniae and Ps. aeruginosa were growth in Nutrient Broth (NB)
medium until Agyy about 0.5 for prepared inoculums followed by add medium until the suspension
was light before add 100 ul bacterial suspension and 25 pl treatment compounds to 96 well plate.
The tray was incubated at 37°C 16 hrs and bacterial growth, detecting by Agss cans indicate

antimicrobial activity of rHS-1.

Results
Characterization of rHS-1
Plasmid pET-32a contains antibiotic coding gene, which expressed ampicillin resistant
protein. After bacterial culture was spread on agar medium and overnight incubation at 37°C, two
colonies of E. coli OrigamiTM harboring plasmid pET-32a-HS-1 was grown in 0.1 mg/ml ampicillin
containing agar medium (fig. 2B).These compared between E. coli OrigamiwI no insert (fig. 2A) and

E. coli OrigamimI containing plasmid pET-32a (fig. 2C) as control.

2A 2B 2C
Fig. 2. E. Co/iOrigamiTNI grown on ampicillin agar plate after transformation and incubation
overnight at 37°C. Bacterial culture with no plasmid (negative control; 2A), insertion with pET-32a-
Hs-1 (2B) and insertion of pET-32a (positive control; 2C)

Two colonies of E. coli OrigamiwI harboring plasmid pET-32a-HS-1 were picked for large
scale preparation for plasmid isolation. Plasmid was used as template in PCR reaction, that is
characterized by 258 bp of PCR product (fig.3A). After plasmids were restrictly digested with
EcoR1, Xho1 and both of BamH1 and Xho1, they were run in 0.7% agarose gel for cleavage
analysis. Naturally, plasmid is always in circular form, when it is digested by restriction enzymes, it

will be linear form that presents real size of plasmid. Restriction enzyme analysis shows that lane 2
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and 3 are plasmids after single enzyme digestion giving expected size of pET-32a-HS-1 (6134 bp).
On the other hand, lane 4 shows failure of digestion of pET- 32a-HS-1 when compare with control
(lane 1). This is because EcoR1 site was removed from recombinant plasmid in cloning process.
Lane 5 is double digestion of recombinant plasmid with smaller size than that in lane 6 because

the 252- bp fragment was removed (fig.3B).

500 by,
400bp

300by.

200bp,

100bp,

3A 3B

Fig. 3. 252 bp PCR product of HS-1 gene was present by 1.2% agarose gel electrophoresis (3A).
Restriction enzyme analysis was present by 0.7% agarose gel elcetrophoresis. M, 1 kD DNA
ladder; lane 1, pET-32a no digest; lane 2, 3 and 4, pET-32a-HS-1 single digested with BamH1,
Xho1 and EcoR1 respectively; lane 5, pET-32a-HS-1 double digested with BamH1 and Xho1; lane
6, pET-32a double digested.

Expression and purification of rHS-1

E. coli OrigamiwI harboring plasmid pET-32a-HS-1 was grown in 2XYT medium until
bacterial growth during log phase (A600 about 0.6- 0.7) and then incubated with 0.1 mM IPTG final
concentration at low temperature overnight. After centrifugation, pellet cells were harvested and
analyezed by 13% SDS-PAGE gel (fig. 4). IPTG-induced fusion protein appears at 28 kDa, which
is the expected size from sequence including Trx, 6His tag Enterokinase (EK) cleavage site linked
with rHS-1 (lane 4). Histidine residues in fusion HS-1 can generate coordinated covalent bond with
Ni ion so polyhistidine-tag was used for single-step purification by nickel-nitriloacetic acid (Ni-NTA)
affinity chromatography. The fusion protein with polyhistidine-tag, rHs-1 was added to Ni chelating
column and then other contaminating proteins were washed by 3 times washing buffer. The fraction
proteins of rHs-1 were eluted from column by using a stepwise by 100 to 250 mM imidazole
concentration (fig. 5A). The purified rHS-1 was dialyzed to remove imidazole and through PD-10

column (fig 5B).
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Fig. 4 13% Tris-glycine SDS—PAGE of un-induced and IPTG-induced E. coli cells harboring pET
32a-HS-1 constructs. lane 1, Precision protein marker; lane 2, E. coli extracts of uninduced
cultures; lane 3 and 4, E. coli lysate of induced culture in the pET32 a with no insert; lane 4, E. coli

lysate of un-induced cultures and induced culture respectively in the vector pET 32 a with HS-1

DNA insert.

5A 5B
Fig. 5. 13% SDS-PAGE analysis of the eluent fractions of rHS-1 by stepwise 100 mM (lane 1),
200 mM (lane 2) and 250 mM (lane 3) imidazole concentrations (fig. 5A). SDS-PAGE analysis of
the fusion protein after dialysis in lane1 and concentrated by PD-10 column in lane 2 (fig. 5B).

rHS-1 Cleavage by Enterokinase
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EK cleavage site

\

6A | Trx tag \ [6ms| [ mmEs1

6B | Trx tag | | 6 His | ‘

Fig. 6. Specific region of fusion protein cleavage by Enterokinase. Before cleavage (fig. 6A) and
after cleavage (fig. 6B).

In part of protein structure and function study, we must remove other tags from rHS-1. So
fusion protein will be cleaved by specific protease. EK is an endonuclease having cleavage site
between rHS-1 and other tags (fig. 6A). After cleavage 0-18 hrs incubation with 0.3 mg/ml of EK,
rHS-1 was analyzed by 15% tris glycine SDS-PAGE gel, result shows two fragments of EK-
cleavage fusion proteins, about 20 kDa and 10 kDa (fig. 7). The cleavage process was monitored
for 18 hrs and was complete within 12 hrs. Then we separated rHS-1 from other proteins by using
Ni-NTA affinity chromatography. The other proteins containing polyhistidine tag will bind Ni2+

column, while free rHS-1 went through.

Fig. 7 15% Tris-glycine SDS-PAGE of the fusion protein cleavage with EK at incubation times 0,
1, 3, 6, 12, and 18 hrs respectively.

Antimicrobial activity of rHS-1
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rHS-1 was tested for antimicrobial activity by disc diffusion assay and broth microdilution

assay with four bacterial species: B. subtilis, S. aureus (gram positive bacteria), K. pneumoniae and

Ps. Aeruginosa (gram negative bacteria). This experiment has two negative controls as sterile

distilled water (DW) and tris buffer. Positive controls are 0.20 mg/ml gentamycin and 0.1 mg/ml

antimicrobial peptide dermaseptin. After bacterial cells were grown on NA plate 6-8 hrs at 37OC, the

clear zone of inhibition was measured (showed as table 1). Gentamycin, strong antibiotic could

inhibit all four pathogens. On the other hand, only B. subtilis could be inhibited by rHS-1 and

dermaseptin.

Fig.8 The microbial inhibition
of B. subtilis (A), S. aureus
(B), Ps. Aeruginosa (C) and
K. pneumonia (D). The
number indicate 1, DW; 2,
Tris buffer pH 7.4; 3,
gentamycin; 4, dermaseptin
and 5 rHS-1.

Table 1. The inhibitory activity against bacteria using disc diffusion assay

Ps. Aeruginosa K. pneumonie

Treatment concentration B. subtilis
Gentamycin 0.20 mg/mi 27.75£0.75
Dermaseptin ~ 0.75 mg/ml 8.50+0.25
6.5£0.15
rHS-1 0.75 mg/ml 7.25+0.10

24.75+0.25

8.35+0.1 23.0£0

- - is No inhibition, measurement area of inhibition in mm.

41



Antimicrobial activity of rHS-1 was determined by broth microdilution assay and presented by
percentage of inhibition. The calculation was based on studies by Casey et al. (2004) and Patton et
al. (2006). The result shows that positive control, 0.2 mg/ml gentamycin can inhibit 4 species of
bacteria from 75.8 to 97 %. Dermaseptin inhibited B. subtilis as well at 62.5%, K. pneumoniae and
Ps. Aeruginosa are 21.5and 17.8 %. rHs-1 inhibited B. subtilis as well at 42.0%, K. pneumoniae and
Ps. Aeruginosa 19.8 and 6.5% but it could not inhibit S. aureus . When compare this result with
disc diffusion assay, we found antimicrobial activity in the same fasion. In disc diffusion method
that bacterial cell was grown on nutrient agar, seeing larger clear zone might need peptide
concentration more than 0.75 mg/ml. In spite of broth microdilution assay, bacterial cells were
contacted with antimicrobial agents directly and use absorbance of bacterial suspension to detect

so this method is more sensitive than disc diffusion assay.

Fig. 9. Antimicrobial activity determined by microplate assay
Discussion
Recombinant expression in bacterial system is important tool for generating adequate
antimicrobial peptides to study mechanism of action, structure and functions. However,
environment in prokaryotic cell is not suitable for small peptides. Furthermore, lacking of post-
translational modification effects in bacterial system cause increase peptide degradation and
misfolding as inclusion bodies. This happens especially to toxin peptides containing many disulfide
bridges. Therefore coexpression with soluble helper proteins is an alternative approach in cloning
strategy. In this case, we attempted to overexpress the bioactive rHS-1 so we selected plasmid

pET-32a. Above easy purification by single step, it produces TrxA to the protein fusion partners,
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TrxA cans support correct form in two ways: the first way is blocking the contact between two
peptides molecules, protecting aggregation. The second way, TrxA contains thiol group, it will help
arranging disulfide bonds of small toxic peptides (Yuan et al., 2004). In addition, we use E. coli
OrigamiTNI as bacterial host to provide an oxidative environment that optimize for correct formation
of disulfide bond. rHS-1 was folded slowly by low temperature incubation. Altogether, this strategy
produces soluble expression proteins (Walker et al, 2001).
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Heteroscorpine-1 is a 76-amino-acid novel peptide with high homology to members
of Scorpine family and many K+ channel blockers. Previous study in “Purification and
characterization of Heteroscorpine-1 (HS-1) toxin from Heterometrus laoticus scorpion
venom” by Uawonggul N etal (2007) reported antibacterial activity of HS-1. In this present

study, structure-bactiricidal relationship of chemically synthesized HS-1 N- and C-termini
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will be investigated in-depth. Sequence similarity search indicates that HS-1 is a hybrid of
two classes of small cationic antimicrobial peptides (SCAMPs): cecropin and defensin, the
N- and C-terminal domains are then called CD and DD, respectively. Amino acid sequence
analysis and helical wheel projection reveal that CD has more major helical content and
amphipaticity than DD. CD displayed more compact structure than DD when placed in
membrane-mimicking environment as observed with limited proteolysis. CD could kill B.
subtilis comparable to gentamycin, giving 55.9 % inihibition. CD also caused more cell wall
deformation than DD when observed with SEM. When determining the mode of action by
NPN-uptake assay, calcein leakage assay, and tryptophan blue shift fluorescence, CD
exerted stronger outer membrane penetration and more permeabilization than DD. In
conclusion, we suggest that in HS-1 structure 1) both domains separately possess
antimicrobial activity and 2) CD appears to be stronger determinant than DD in bacterial
killing action. Separable antimicrobial activity reflects the hybrid nature of scorpine family

toxin and its evolutionarily multi-function.

Keywords: scorpion toxin, SCAMPs, hybrid, bactericidal activity, membrane disruption,

membrane permeabilization

1. Introduction

Heteroscorpine-1 (HS-1) is a neurotoxin isolated from the venom of Thai giant scorpion
Heterometrus laoticus (Uawonggul et al., 2006, 2007). Its sequence suggests that it belongs to
the group of scorpine family peptides with characteristics of ion-channel blockers (Juhng et al.,
2002; Legros et al., 1998; Possani et al., 2000; Srairi-Abid et al., 2005; Tong et al., 2000; Zhu et
al., 1999) and antimicrobial activity (Carballar-Lejarazu et al., 2008; Kuhn-Nentwig et al., 2003;
Moerman et al., 2002). Heteroscorpine-1 and other scorpines such as Panscorpine (Conde et al.,
2000) from south American scorpion and Opiscorpine (Zhu and Tytgat, 2004) from south
African scorpion contains amino acid sequence similar to an insect antimicrobial peptide,
cecropin, at their N-terminus and innate immunity defense peptide, defensin, at their C-terminus
(Uawonggul et al., 2006; Zhu et al., 2002). This sequence combination as hybrid peptide of two

different types of defense peptides suggests an evolutionary relationship between cecropin and
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defensin (Kokoza etal., 2010). In addition, it suggests why scorpines have various biological

activities (Conde et al., 2000; Luplertlop et al., 2011; Moerman et al., 2002; Silva et al., 2009).
Generally, search for new antimicrobial peptides with outstanding activities requires extensive
structure-function characterization. Peptides currently used in therapeutics are usually short,
varying from few amino acids to no more than thirty amino acids. These short peptides are easy
to synthesize by machine and are believed to easily elicit their action toward microbial pathogens
(Dai et al., 2003; Lucchese et al., 2007; Mitsuyama et al., 2011; Zhu et al., 2009). Moreover,
short peptides are cheaper, and easier in handling or delivering to body circulation. More

importantly, the smaller the peptides, the less immunogenic they are (Benkirane et al., 1993).

Previous report indicated moderate antimicrobial activity of full-length HS-1, in both
native purified form from scorpion venom and recombinant form (Uawonggul et al., 2007).
Since HS-1 is a hybrid peptide, it would be of interest to investigate antimicrobial activity and
mode of action of each domain. In addition, perhaps multi-function of HS-1 as a member of
scorpine toxin roots from such hybrid nature. Therefore, in this study we characterize the hybrid
nature of Heteroscorpine-1 using combination of bioinformatics and biochemical methods.
Major characteristics of HS-1 sequence were determined using bioinformatics tools. Cecropin-
like domain (CD) and defensin-like domain (DD) of HS-1 were chemically synthesized and
determined for following properties: antibacterial activity, action on bacterial cell wall, and
tryptic sensitivity. Structural and activity analysis suggest both domains can perform
antimicrobial activity separately, with cecropin-like domain (CD) more efficient due to higher

amphipaticity and helical content.
2. Materials and Methods

Materials. N-terminal and C-terminal domains of HS-1 (CD, DD), synthesized by Fmoc method,
were purchased from Bio Basic Inc. (Ontario, Canada). In tryptophan blue shift experiment,
tyrosine residue (Y) at the end of DD was replaced with tryptophan (W) in order to follow
fluorescence phenomena. W replacement had no effect on bactericidal activity when compared
with original DD sequence. Dermaseptin, Trypsin, DMSO, yeast extract, bacto tryptone, agar
were purchased from Sigma Chemicals (St. Louis, USA). DOPG, DOPC, PG and PC were
purchased from Sigma-Aldrich (St. Louis, USA) and Avanti polar lipids (Alabama, USA). Blood
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was donated from Central Blood Bank, Sinakarindha Hospital, Khon Kaen University.
Pathogenic microorganisms were kind gifts from Thammasirirak Laboratory, Protein and
proteomics research group, Khon Kaen University.

2.1 Bioinformatics. Primary sequences of Heteroscorpine-1, cecropin and defensin are
aligned using alignment program containing pools of sequence database (Blast, Tcoffee, etc.).
Major characteristics of the three peptides are analyzed, including molecular weight, isoelectric
point, charge, hydrophobicity and posttranslational modifications (PTM). The databases used to
obtain these characteristics are: scansite pl/Mw, SAPS, compute, ProParam, ProScale and
netPhos. Secondary structures of the three peptides were predicted using GOR and SOPMA
secondary structure prediction program. Helical wheel projections were drawn via program from

http://rzlab.ucr.edu/scripts/wheel/wheel.cqi

2.2 Broth microdilution assay. A two-fold serial dilution of synthetic peptides was prepared
in buffer to give a concentration range of 20 - 160 uM. To each well of sterile microtiter plates
(96-well cell culture cluster), 20-pl portions of synthetic peptides dilutions were added. The
inocula were prepared by suspending colonies from a 18-24 h agar plate directly into NB broth
incubate at 37 °C 160 rpm until ODgoo approximately 0.5-0.6. After further dilution in NB broth,
100-pl portions were then added to each well, giving a final inoculum of 10" CFU/well The
microtiter plates were incubated anaerobically at 37°C for 24 h, and each concentration was run
in duplicate. Growth controls without an antimicrobial peptide were included in each run.
Percentage of inhibition was defined as the lowest concentration of the peptide that produced the

most significant reduction of growth compared to that of the growth control.

2.3 Scanning electron microscope. The inocula was prepared by swapping 1 colony from a
18- 20 h agar plate directly into NB broth and furthered incubated at 37 °C 160 rpm until ODggo
reached approximately 0.5-0.6 (starter). After further dilution starter 500 pl in 200 ml NB broth
into flask 125 ml, incubate at 37 °C 160 rpm until ODggo approximately 0.5-0.6 and then collect
cell by spinning at 2000 rpm 5 min. Resuspended pellet in PBS buffer and wash threes time.
Dilute cell suspension with PBS buffer approximately 0.01-0.1%. treat cell by synthetic peptide:
cecropin link domain,defensin like domain and magainin in ependop ratio sample : bacteria cell
(50:100). Incubate at 37 °C 0, 1, 2 h. transfer cell onto polycarbonate membrane (pore size 2
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1M) and then fixed the cell by glutaraldehyde for 1 h. Then dehydration the cell with ethanol
series at the concentration from 30%, 50%, 70%, 90%, 5 min each and then dehydration with
absolute ethanol (100%) 2 time 15 min each. Follow with the coat the dried cell with

gold.Visualize the cell morphology with SEM.

2.4 Limited proteolysis. Limited proteolysis with trypsin performed by adding 0.01 mg
trypsin to a 5 pl of 2 and 4 mM peptide cecropin and defensin like domain respectively in
cleavage buffer with 30% TFE. Incubate reaction at 25 °c for 0 ,10 and 30 min. The cleavage
reaction was stopped by adding 1M Tris pH8. The cleavage products were analyzed by Tricine
SDS-PAGE 16.5% gel.

2.5 NPN-uptake assay. Fluorescent measurement was performed according to previously
published methods Loh et al. (1984). Fluorescence of NPN before and after CD, DD and
gentamicin treatment on bacterial cells was determined by Shimadzu RF-5301PC
Spectrofluorometer. In summary, B.subtillis ATCC 6633 cells (3 ml) were prepared in KCN-PBS
(suspended to an optical density at 600 nm of 0.5) and 10 uM NPN. Cell were incubated with NPN in
the presence of various concentrations of peptides, 20, 40 and 80 uM of CD, DD and 0.1, 0.5
and 1 mg/ml gentamicin. The uptake of NPN was measured by the increase of fluorescence
recorded at excitation and emission wavelengths of 350 and 410 nm, respectively. Control
experiments without added cells or CD, DD and gentamicin were also performed. The maximum
level of fluorescence (100%) was determined by complete lysis of cell with Triton X-100. The
zero level corresponded to cell fluorescence in the absence of peptide. Bars represented the
standard errors of the means

2.6 Calcein leakage assay. The experiment was modified from previously described method
in Gelhaus et al. (2008). Briefly, pure synthetic phospholipids, PC:PG (1:1) (both from Sigma)
were dissolved in chloroform-methanol (2:1, by volume). The solvent was removed by a stream
of nitrogen, and the resulting lipid film was dried under vacuum overnight. Subsequently, the
lipid film was hydrated in buffer (10 mM HEPES, 1 mM EDTA, pH 7.4) containing 70 mM
calcein (Invitrogen- Molecular Probes, CA, USA). The suspension was applied to four freeze-
thaw cycles using liquid nitrogen and a water bath of 37°C and passed 20 times through a 100-
nm-pore-size membrane by using a Mini-extruder (Avestin, Inc., Ottawa, Canada). After

extrusion, the liposomes were passed through a PD-10 column (Sigma) to remove untrapped
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calcein. Elution was performed with 10 mM HEPES, 150 mM NaCl, 1 mM EDTA, pH 7.4. Lipid
concentration was determined by using a phosphorous assay (Bartlett, 1959). Liposomes (2.5 uM
of phospholipids) were treated with various concentration of of 20, 40 and 80 uM of CLD, DLD
and Dermaseptin peptide standard at 20°C. Fluorescent intensity of the leakage dye was recorded
at excitation and emission wavelengths of 485 and 530 nm, respectively. The maximum level of
fluorescence (100%) was determined by complete lysis of LUVs with Triton X-100. The zero
level corresponded to LUVs fluorescence in the absence of peptide. Bars represented the

standard errors of the means from 3 independent experiments

2.7 Tryptophan Blue Shift Fluorescence. All fluorescence measurements were performed in
quartz cuvettes with 0.5-cm path length. In Tryptophan fluorescence residues of the peptide CD
and DD in aqueous buffer measured blue shift according to published methods Zhu et al. (2009).
The peptide was monitored in buffer (10 mM HEPES, 1 mM EDTA, pH 7.4) and presence of
liposome vesicle compose of DOPG: DOPC (2:3 w/w) LUVs. Tryptophan florescence blue shift
measurements were taken with a model RF-5301PC spectrophotometer (Shimadzu, Japan).
Peptides was added 500 pl of buffer containing 0.6 M liposomes at pH 7.4 which
peptid/liposome vesicle 1:200 and incubate at 20°C for 10 min.The tryptophan fluorescence was

excited at 280 nm, and the emission was scanned from 300 to 420 nm.
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3. Results and Discussion

HS-1 belongs to a family of hybrid peptide
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Amino acid sequence analysis of full-length Heroscorpine-1 (HS-1) in Figure 1 illustrates
the nature of this peptide as a hybrid between host-defense peptides cecropins and defensins. The
N-terminus of HS-1 is about 50% identical and 80% similar to cecropins, as from now on we
will call this end cecropin-like domain or CD. The other end of HS-1, the C-terminus, is about
40% identical and 70% to defensins, and we will call defensin-like domain or DD. It is notable
that identical amino acids between cecropin and CD are mainly basic and hydrophobic. This
sequence pattern, when drawn as helical wheel, shows amphipathic structure that is very
essential in membrane distruption (Figure 2). Similar pattern of resemblance also applies to
defensins and DD, where reserved cysteine residues are on exact same locations. In addition,
amino acids locating near conserved cysteines are identical or similar. These neighboring amino

acids may help stabilize peptide structure in defensin and DD.

HHHHHHHHHHHHHHRH HHHHHHHHHRRHHHH
DmCecropin B GWLRKLGKKIE-RIGQHTRDASIQVLG--IAQQAANVAATAR
DmCecropin C  GWLKKLGKRIE-RIGQHTRDATIQGLG--IAQQAANVAATAR
DvCecropin-1  GWLKKIGKKIE-RIGQHTRDATIQGLG--IAQQAANVAATAR
HeCecropin-A  KW--KLFKKIE-KVGONIRDGIIK-AGP-AVAVVGQATQIAK
HcCecropin-B  KW--KVFKKIE-KMGRNIRNGIVK-AGP-AIAVLGE--AKAL
rﬂe teroscorpine GWINEE--KIQKKIDEKI--GNNI-LGGMAKAVVHK---LAK GEFQCVA-NIDTMGNCETHCQKTSGEKGFCHG-TK-- -CKCGKPLSYI

ClDefensin GFGCPFD---E-RACHAHCQSVGRRGGYC-GNFRMT-CYCYKN
AgDefensin GFGVGS-§----- LCAAHCIARRYRGGYC-NS-KAV-CVC-RN
AaDefensin GFGCPF-N---QGACHRHCRSIRRRGGYCAGLFKQT-CTCYR
LgDefensin GFGCPL-N---QGACHRHCRSIRRRGGYCAGFFKQT-CTCYRN

Ficure. 1 Comparison of amino- and carboxyl- terminal sequence of Heteroscorpine-1 with
cecropins and invertebrate defensins. Identical residues are shaded in dark grey, conservative
replacement in light grey. H, a-helix by secondary structure prediction. Disulfide bridges
between Cys residues are shown at the bottom. Insects: Dm, Drosophila melanogaster; Dv,
Drosophila virilis; Hc, Hyalophora cecropia; Cl, Centruroides limpidus; Scorpions:

Ag,Anopheles quadriannulatus; Aa, Androctonus australis; Lg, Leiurus quinquestriatus
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Hydrophilic side
EEKIQKKIDEKINNLGGMAKAVVHK

FiGURrE 2. The helical wheel projection showing amphipathicity of Heteroscorpine-1 N-terminal

sequence. (http://rzlab.ucr.edu/scripts/wheel/wheel.cgi) indicates the presence of hydrophobicity

at one side of the helix and hydrophilicity at another side. The hydrophobic moment (),
calculated as the vector sum of the hydrophobicities of all residues, assuming an ideal a-helix,
is 6.55 at angle 322.1. Symbols: hydrophilic residues, circles; hydrophobic residues, diamonds;

potentially negatively charged, triangles; and potentially positively charged, pentagons.

Table 1 shows major characteristics of HS-1 and its N- and C-termini, comparing with
the original cecropin and defensin sequence. Full-length HS-1 contains 76 amino acids, of these,
34 and 42 amino acids are called CD and DD, respectively. When comparing theoretical pl, we
found that both pl of CD and DD are lower than those of cecropin and defensin (pl of CD is 9.6,
cecropin is 11.57, DD is 7.78, defensin is 9.69). As for net charge, both domains has smaller
positive charges than cecropin and defensin, with DD appears to have much smaller net charge.
The charge difference from cecropin and defensin are 2 and 6 in CD and DD, respectively. It has
been well established that positive charge in antimicrobial peptides is important for interacting
with bacterial cell walls (Jang et al., 2002; Koprivnjak et al., 2002). Higher charge difference
from original peptides in DD suggests lower antimicrobial activity. The experimental support is

shown in later Figures.

In addition to pl and net charge, CD and DD sequences were analyzed by GOR and
SOPMA program for theoretical helix content. The result shows that CD contains similar helical
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content to that of cecropin, while DD has no helical content at all. Defensin, on the other hand,

contain some helical structure when analyzed with SOPMA program (13.51%).

TaABLE 1. Major characteristics of Heteroscorpine-1

Characteristics of Heteroscorpine-1 (HS-1) as a hybrid of cecropin and defensin

length net mean % a-helix
Mr
peptide (aa) (Da) pl charge hydrophobicity GOR SOPMA  phosphorylation
Full length HS-1 76 82986 8.79 4 -0.553 2895 3553 T22,S23
CD 34 37744 9.6 3 -0.447 52.44 8235 none
Cecropin 39 42269 11.57 5 -0.3 48.72 61.54 none
DD 42 45421  7.78 1 -0.638 0 0 T22,S23
Defensin 37 42118 9.69 7 -0.576 0 13.51 none

TABLE 2. Antibacterial activity of HS-1 cecropin- and defensin-like domains. Broth

microdilution assay was performed with S.aureus, K.pneumoniae, B.subtilis 6633 and

Ps.aeruginosa using 0.1g gentamycin as positive control. The values are the average of three

experiments.

% Inhibition
0.1mg/ml CD
Microbes Gentamicin 20 40 80 160
S.aureus 92.4 N/A N/A N/A 30.53+7.21
K.pneumoniae 86.47 N/A N/A N/A 20.8 +1.56
B.subtilis 59.62 55.9£3.35 37.84£11.98 38.54 £ 8.53 N/A
Ps.aeruginosa 45.08 N/A N/A N/A N/A
DD
S.aureus N/A N/A 11.93+1.50 1571 £5.75
K.pneumoniae N/A N/A N/A 15.22+ 4.75
B.subtilis 33.35+13.13 49.16 + 7.09 22.89+17.42 40.4 £ 11.47
Ps.aeruginosa N/A N/A N/A N/A
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Differential bactericidal activity of HS-1 CD and DD

HS-1 could inhibit growth of bacteria in its full-length. Nevertheless, the length of
peptides that can exert antimicrobial activity could be as small as 10-20 amino acids. In this
light, HS-1 might therefore have smaller region(s) that can act on bacteria. Since it is a hybrid
peptide of cecropin and defensin, we expect that only half of HS-1 could still exhibit
antimicrobial activity. We therefore tested both domains, CD and DD, and used gentamycin as
positive control. The results in Table 2 show that at lower concentration both CD and DD could
inhibit only B.subtilis. At higher concentration, both CD and DD could inhibit S.aureus and
K.pneumoniae , whereas Ps.aeruginosa could not be inhibited at all. It can be seen that higher
concentration of peptides did not give higher inhibition. In contrast, as for B. subtilis, 20 uM
peptides has best activity. CD activity was almost equal to that of gentamycin, whereas DD had
about 20% lower inhibition. The concentration-independence of both peptides is in contradicted
with the general rule of thumps where higher concentration of peptides can give higher activity.
Our results might concern with peptide aggregation during testing experiments, leaving just
small portion of active peptides to act on bacterial cell walls. The higher concentration of peptide
used might lead to more aggregation and less active peptides, therefore, leading to lower
bacteridal effect.

The results from Table 2 also indicate that CD showed better inhibition than DD.
Different activity might arise from different structure organization in CD and DD. As compared
with cecropin and defensin parent peptide structure, CD has major helical content and DD has
major beta-strand content. The amphipathicity of helix in CD structure might be the responsible
determinant in better inhibitory effect of CD.
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FiGure 3. Limited proteolysis of HS-1 cecropin- and defensin-like domains (CD and DD).
Peptides were incubated in buffer with or without 30% TFE, a chemical that can promote
secondary structure formation, then hydrolyzed with trypsin at indicated time point at RT. The
reaction mixture was stopped with 1 M Tris pH 8, and resolved in 16.5% Tris-tricine SDS-PAGE

CD is more capable of being induced-folded than DD

Normally antimicrobial peptides stay unstructured in the solution, but once docking on
bacterial cell walls and membrane they start to fold and their function begins. Therefore, the
ability of peptide of being induced to fold in hydrophobic environment is essential in
antimicrobial activity. In this study, we tested the induced-folding ability of CD and DD for
membrane-mimicking environment, 30% TFE. Induced-folding will allow peptides to have more
compact structure and able to resist tryptic digest. As shown in Figure 3, under normal condition
both CD and DD was completely digested in 10 minutes (lane 3 left and right panels). However,
when under membrane-mimicking environment both domains could resist tryptic digest. The
result indicates that both peptides cold fold under right condition, which reflects the nature of
antimicrobial peptides. When comparing CD and DD in resisting trypsin after 30 minutes, we
found undigested CD left in solution more than undigested DD (lane 7 left and right panels).
This finding demonstrates that CD might have more compact structure than DD under
membrane-mimicking environment. The compact structure of CD could lead to better membrane

penetration and therefore more bacterial growth inhibition as seen in Table 2.
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FIGURE 4. Scanning electron microscopy of B. subtilis 6633 and K. pneumoniae under different
conditions: treated with CD (A), DD (B), and magainin Il (C). Those without any treatments
(panel 1), treated with peptides for 1 h (panel 2), and treated with peptides for 2 h (panel 3). The
samples were prepared for examination under scanning electron microscope. Bars indicate size

in nm.
CD caused more cell blebling and deformation than DD

The effect of CD and DD on bacterial cell walls was visualized by scanning electron
microscope, using magainin Il as positive control and the gram positive B. subtilis 6633 and the
gram negative K. pneumoniae (Figure 4). All peptides caused cell death in slightly different
overall cell deformation, i.e. cell shrinkage, rugged cell wall, and cell burst. The effect of CD is
comparable with potent antimicrobial peptide magainin Il in both gram negative and positive
bacteria. The effect was more pronounced in gram negative bacteria, showing ragged cell wall of
K. pneumoniae (panel 3, 2 hr). On the other hand, DD could cause only moderate cell shrinkage.

Altogether, SEM result demonstrates stronger effect of CD than DD in destroying cell wall.
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FIGURE 5. Peptide-induced membrane permeability in bacterial (a) and model (b) membrane. (a)
Peptide-induced outer membrane permeabilization assessed by the NPN uptake in B.subtillis
(ATCC 6633). Mid-log phase B.subtillis were collected and incubated with NPN in the presence
of various concentrations of CD, DD and Gentamicin . NPN was taken up into cells when the
outer membrane was disrupted by the peptides. The uptake of NPN was measured by the
increase of fluorescence and showed as percentage of maximum fluorescence of complete lysis
in Triton X-100. (b) Permeabilization of LUV was determined by measuring fluorescence release
of calcein when membrane was disrupted by CD, DD and Dermaseptin . The maximum level of
fluorescence (100%) was determined by complete lysis of LUVs with Triton X-100.

CD has stronger membrane permeability than DD

To observe peptide action on bacterial membrane at molecular level, outer membrane
penetration and calcein leakage on modeled membrane were performed. NPN uptake was used as
indicator of outer membrane penetration of peptides. This fluorescent probe emits no
fluorescence under aqueous solution, but it emits high fluorescence intensity in hydrophobic
environment like in bacterial membrane. Peptide-disrupted outer membrane have exposed
hydrophobic patch that could attract NPN molecule, calling NPN uptake of outer membrane.
More disruption of membrane by peptides would therefore result in more NPN fluorescence.

Figure 5 (a) displays percentage of NPN uptake under CD, DD and gentamycin treatment using
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triton-X 100 as positive control (100% NPN uptake). CD had strongest membrane disruption
effect, following by gentamycin and, DD i.e. CD in all concentrations caused about 50% NPN
uptake, while gentamycin caused 30% and DD 20%, respectively. The result is in agreement
with higher growth inhibitory effect of CD (Table 2 and Figure 4). Lower effect of gentamycin
in outer membrane disruption indicates different mechanism of cell killing from antimicrobial

peptides.

Membrane permeability of CD and DD was compared in calcein leakage assay using
large unilamellar vesicles composing of phospholipids mimicking bacterial membrane. The
result shows that CD could caused calcein leakage to about 50 % while DD had almost no effect
on the leakage even when increasing peptide concentration up to 80 uM. The result suggests that
DD, while being able to interact with outer membrane, fails to penetrate into the membrane. In

contrast, CD can cause both outer and inner membrane permeability.

In our experiment, we also included demaseptin, a well-studied antimicrobial peptide, in
the study as internal control. Effect of dermaseptin is marginally less pronounced than that of CD
in causing the leakage, as the effect was saturated at 40 % with 20 uM peptide concentration
(Figure 5 (b)).

TABLE 3. Tryptophan emission maxima of 5 puM peptides in HEPEs buffer (pH 7.4), in the
presence of 0.6 mM DOPG:DOPC (2 : 3, w/w) LUVs. Number in bracelets indicate wavelength
shift

Concentration of Peptide

] HEPES buffer
Domain in DOPG:DOPC
(nm)
5uM 10 uM 20 uM
CD 350 333 (17) 334 (16) 330 (20)
DD 350 338 (12) 344 (6) 352(2)

To monitor local environment of tryptophan residue as the peptide penetrates the

membrane, tryptophan blue shift fluorescence was followed. When peptide was in buffer,
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tryptophan maximum emission fluorescence is at 350 nm in both CD and DD (Table 3). Addition
of liposome to peptide solution induced peptide binding to membrane. The binding and
penetration of peptide into lipid bilayer change tryptophan’s local environment from hydrophilic
to hydrophobic, causing shift of emission maximum toward shorter wavelength as due to higher
quantum yield of tryptophan. As can be seen in Table 3, CD at all three concentrations had blue
shift vary from 16-20 nm, indicating deeper penetration of peptide into hydrophobic membrane
bilayer. In contrast, DD at low concentration had 12-nm blue shift, while at higher
concentrations less blue shift was found (6 nm at 10 uM and 2 nm at 20 uM). This indicates that
DD at higher concentration seemed to be in solution rather than docking and penetrating into
membrane. This result might come from prone of aggregation of DD as it has more 3 structure
than CD. Taken together from NPN assay, calcein leakage assay, and tryptophan blue shift, CD
appears to have stronger membrane disruption ability than DD. The structure determinant for
activity might be helical content and amphipaticity that are found in CD but not DD.

Conclusion

HS-1 N- and C-terminal domains (CD and DD) were tested for antimicrobial activity to
seek for shorter sequence in taking action on bacterial killing. Both domains possess bactericidal
activity, with higher action in CD. CD also caused more membrane disruption than DD,
implying amphipaticity and helical content in CD is structural determinant for peptide action.
Shorter active sequence of HS-1 found in this study might provide as the beginning to design for

therapeutic use of scorpine family toxin.
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