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Abstract

Project Code : MRG6080030

Project Title : De novo design of potent antimicrobial peptides and their mode of

action

Investigator : Nualyai Yaraksa, Ph.D., Ubon Ratchathani Rajabhat University

E-mail Address : nualyai.yaraksa@gmail.com

Project Period : 2 years (3 April 2017-3 April 2019)

As potential therapeutic, antimicrobial peptides (AMPs) with shorter length and
simple amino acid composition can be better candidates for clinical and commercial
development. KL12, a novel cationic (-helical antimicrobial peptide consisting of 12
amino acid residues, was designed by de novo design based on unique characteristics
of naturally occurring AMPs and chemically synthesized. The peptide has a net charge
of +6 with a total hydrophobic ratio of 50%. The antimicrobial experiments revealed that
KL12 strongly inhibited the growth of human pathogenic bacteria. The analysis of
minimum inhibitory concentrations (MICs) which inhibited the five pathogenic bacteria
namely Staphylococcus aureus ATCC25923, Staphylococcus saprophyticus ATCC15035,
Staphylococcus aureus MRSA DMST20654, Salmonella typhi DMST22842 and
Escherichia coli ATCC25922 using broth microdilution assay showed that MICs of KL12
was ranging from 2 ug/mL to 64 pg/mL. Interaction with lipopolysaccaharide (LPS) and
lipotheicoic acid (LTA) suggests that the peptide was able to bind and neutralize LPS
and LTA. Fluorescence studies and electron microscopy analyses indicated that KL12

kills microbial by permeabilizing the cell membrane and damaging membrane integrity.

Keywords : antimicrobial peptides, designed peptides, peptides synthesis, mode of

action



Executive Summary

1. Introduction to the research problem and its significance

Pathogens resistances to antibiotics are becoming a global incidence for human health
worldwide. Almost all antibiotics are baffled by the great ability to adaptation of pathogens and the
emergence of new agents, discovered with up-dated technologies. The development of new
antibiotic compounds like antimicrobial peptides (AMPs) is necessary. AMPs are good candidates as
new antibiotics since they are natural defenses of most living organisms against invading pathogens.
These peptides are small, cationic and amphipathic molecules. AMPs induce the direct destruction
of a wide diversity of microorganisms. Owing to their ability to attack different microorganisms,
including bacteria, viruses and fungi, together with the growing problem of resistance to conventional
antibiotics, AMPs have been regarded as promising candidates for the development of novel
antibiotics. The fact that microorganisms are less efficient in developing effective resistance
mechanisms against AMPs than against classical antibiotics. While thousands of AMPs are
identified, only few of them are developed in view of clinical applications. The natural AMPs are far
from perfect (poor pharmaceutical and pharmacokinetic properties) and some of them cause toxicity
to the eukaryotes. Further, the high manufacturing cost of peptides is arguably the principal problem
preventing the widespread clinical use of this class of antibacterial therapeutic. In this respect, an
AMP with a short size and a simple amino acid composition would be a more favorable lead
molecule to reduce production costs and to facilitate pharmaceutical optimization. Rational design
and thereafter chemical synthesis are important approaches in the search for substitutes of
conventional antibiotics because it can overcome the limitations in large-scale production and
application of natural peptides.

Rational design methods aim to create novel peptides with improved antimicrobial activity,
lower toxicity to human cells and reduced size. In other words, it is much more specific in creating a
pharmaceutical with higher specificity to microorganisms, avoiding side effects. The rational design
methods can be classified into three major classes: physicochemical, template-based and de novo
methods. This study focuses on de novo methods because they are very interesting in terms of
achieving a yield from multiple AMPs with little amino acid conservation. Instead of using one pivotal
sequence to develop analogues, de novo methods can use amino acid patterns or amino acid
frequencies and positioning preferences, generating several sequences with no clear relation.

Therefore, the aim of this project is to create novel potent antimicrobial peptides by de novo
design based on unique characteristics of naturally occurring AMPs: short, preferably cationic, with
Ol-L-amino acids, and with more than 30% of hydrophobic residues. The Antimicrobial Peptide
Database (APD: http://aps.unmc.edu/AP/ main.html) are anticipated to build short peptides with
cationic properties. In addition, APD has a prediction interface, which allows input of peptide
sequences, and prediction of whether the new peptide has the potential to be antimicrobial based on
known factors. Two types of amino acid side chains play important roles in antimicrobial activity of

peptides, which are (i) the bulky nonpolar side chains, for instance proline (P), phenylalanine (F) and
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tryptophan (W) providing a distinct preference for the interfacial region of lipid bilayers as well as (ii)
the cationic side chains arginine (R), lysine (K) and histidine (H) mediating peptide interactions with
negatively charged membranes or cell walls of bacteria. However, a previous result have shown that
arginine (R)-containing peptides cause relatively strong calcein leakage from zwitterionic 1-palmitoyl-
2-oleoylphosphatidylcholine, eukaryotic mimic membrane, whereas lysine (K)-substituted analogues
showed less membrane lytic activity. Therefore, in this study we choose lysine (K) as a positively
charged provider in the peptide structure instead of arginine (R) and some of designed peptides will
be end-tagging by hydrophobic amino acid (W) stretches to enhance bactericidal potency. The
sequences and physicochemical properties of six designed peptides are show in Table 1. The
designed peptides will be chemically synthesized using solid-phase methodology with Fmoc-
protected amino acids. Then, elucidation of their antimicrobial activity is planned to be achieved by
microbiological techniques. Further, the cytotoxicity of antimicrobial peptides will be tested against
human red blood cells (HRBCs) and Vero cells. Finally, to better understand the effects of the
peptides on bacterial cells, the fluorescence probes technique will be performed for determination of
membrane potential and permeability as well as the scanning electron microscopy (SEM) to directly
observe the peptide-membrane interaction will be used. In conclusion, the knowledge gained from
the proposed project may open up novel approaches towards the development of potent
antimicrobial peptides that reduce the antibiotic drug resistance in bacteria and towards the

understanding of their killing mechanism of action on live bacterial cells.
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Table 1 The sequences and physicochemical properties of six designed peptides.

Name Sequence Design The APD The total molecular Protein-binding
defined total net charge | weight (Da) | Potential (Boman
hydrophobic index) (kcal/mol)
ratio (%)

KL8 KLLKKLLK The sequence of peptide contains a standard 50 +4 983.335 0.31

Ol-helix (KLLK).
KL12 KLLKKLLKKLLK The sequence of peptide contains a standard 50 +6 1465.995 0.31

Ol-helix (KLLK).
KLW9 KKWLKKLLK N-terminal domain contains two cationic lysine 55 +4 1169.548 0.02

(K) residues and one tryptophan (W), a well-
known membrane anchor. C-terminal is a
standard O(-helix (KLLK).

KW8 KWKKWWKK The sequence of peptide consisting exclusively 37 +5 1217.504 2.59

lysine (L) and tryptophan (W).
KL8-WWW KLLKKLLKWWW-NH,, KL8 end-tagging by hydrophobic amino acid 63 +4 1541.974 -0.4

(W) stretches to enhance bactericidal potency.
C-terminal amidation stabilizes the peptide.

KL12-WWW | KLLKKLLKKLLKWWW- KL12 end-tagging by hydrophobic amino acid 60 +6 2024.634 -0.21

NH, (W) stretches to enhance bactericidal potency.

C-terminal amidation stabilizes the peptide.
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2. Objectives
2.1 To design and synthesis short cationic antimicrobial peptides by de novo method based
on characteristics of natural AMPs with high potent antimicrobial activity and low cytotoxicity.

2.2 To investigate the mechanism of action of short cationic antimicrobial peptides.

3. Methodology
3.1 Microorganisms
Gram negative; Salmonella typhi DMST22842 and Escherichia coli ATCC25922
Gram positive; Staphylococcus aureus ATCC25923, Staphylococcus saprophyticus
ATCC15305, Staphylococcus aureus MRSA DMST20654, Bacillus subtilis and Enterococcus faecalis
3.2 Design of Antimicrobial Peptides
The short cationic antimicrobial peptides were designed using the Antimicrobial Peptide

Database (APD: hitp://aps.unmc.edu/AP/main.html). The peptides sequences were chosen base on

following rules: (i) containing positive charged amino acids, (ii) containing Ol-helix, and (iii)
containing hydrophobic amino acids. The sequences and physicochemical properties of six
designed peptides are shown in Table 1. Then, the Peptides were synthesized using solid-phase
methodology with Fmoc-protected amino acids. Purification by preparative reversed phase-HPLC
gave final products that were >95% pure. Then, Peptide structures will be characterized by
electrospray ionization-MS.

3.3 Circular dichroism (CD) spectroscopy

The secondary structures of peptides were examined by CD spectroscopy. Each peptide
was dissolved in 10mM sodium phosphate buffer pH 7.2 or membrane mimic conditions in the
presence of 50% 2,2,2-Trifluoroethanol (TFE) to a final concentration of 0.1 mg/ml. The molar
ellipticities of peptides were determined using a CD spectroscopy. Each spectrum was the average
of five scans over the range 190-260 nm using a quartz cell of 1mm optical path length at room
temperature. The scanning speed was 20 nm/min at an interval of 0.1 nm, 1-s response time and
1.0 nm bandwidth. Before calculation of the final ellipticity, all spectra were smoothed and corrected
for buffer blanks.

3.4 Antimicrobial susceptibility assay

The antibacterial activity of peptides against several Gram-negative and Gram-positive
bacteria was measured using disc diffusion assay. The minimum inhibitory concentration (MIC) was
determined by liquid growth inhibition assays as described in Duval et al. (2009), using a broad
spectrum AMP Magainin2 as the positive control. The MIC of each peptide was defined as the
lowest peptide concentration that completely inhibited growth. To confirm if the peptides were killing
the bacteria, the minimal bactericidal concentration (MBC) was determined.

3.5 Mammalian cytotoxicity assays

Both hemolytic and MTT assays were performed as described in Yaraksa et al. (2013).

3.6 Time-kill assay
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The bacterial strains including S. aureus and E. coli were grown overnight at 37 °C in NB and
harvested at the logarithmic phase of growth by centrifugation at 3000 xg for 5 min, washed three times with
10 mM sodium phosphate (NaPB) pH 7.2. The bacterial cells re-suspended in same buffer at an approximate
density of 10’ CFU/ml. Then, separately exposed to the peptide at a final concentration of 2xMIC for 0, 3, 5,
10, 20, 40 and 60 min at 37 °C. After each observation, samples were serially diluted and plated onto
Nutrient agar (NA) plates to obtain viable colonies.

3.7 Mode of action of peptides assay

3.7.1 Binding affinity for lipopolysaccharide (LPS) and lipotheicoic acid (LTA)
The outer membranes of Gram-positive and Gram-negative bacteria differ
significantly in their composition. Gram-positive bacteria have a thicker peptidoglycan layer and they
have LTA exposed in the outer membrane, whereas Gram-negative bacteria have a thin
peptidoglycan layer and an outer lipid bilayer covered with LPS. These negatively-charged
molecules activate multiple signal transduction pathways and constitute the first physical barrier
which needs to be transversed by AMPs. Therefore, the ability of the peptides to bind to LPS and
LTA was examined and compared using a LAL assay as describe in Torcato et al., 2013.
3.7.2 Outer membrane permeabilization by NPN uptake assay
The outer membrane permeability of the peptides was determined by using the
fluorescent dye N-phenyl-1-napthylamine (NPN) uptake assay, as previously described. Briefly, E.
coli were washed and resuspended in buffer (56 mM HEPES, 5 mM glucose, pH 7.4). NPN was
added to the cell suspension in 96 black well plates to give a final concentration of 10 uM. Peptide
samples were added to 96 black well plates and fluorescence was recorded (excitation A=350 nm,
emission A=420 nm) for 5 min. Changes in fluorescence were recorded using an the microplate
reader. As the outer membrane permeability increased due to the addition of peptide, NPN
incorporated into the membrane resulted in an increase in fluorescence. Polymyxin B (PMB) is used
as a positive control because of its strong outer membrane permeabilizing properties.
3.7.3 Inner membrane permeabilization assay
3.7.3.1 Cytoplasmic membrane depolarization assay
The effect of peptides on the membrane potential of bacterial cell was probed
by membrane sensitive DiOC4-(3) fluorescent assay.
3.7.3.2 NucSpot® 470 influx assay
Inner membrane permeability was determined by measuring NucSpot® 470
influx influx assay. NucSpot® 470 influx can penetrate cells with a compromised plasma membrane
but will not cross the membranes of live cells. The experiment was performed according to Li et al.,
(2012) with some modifications. Melittin peptide (10 pg/mL; cell lytic factor) was used as a positive
control.
3.7.3.3 Cytoplasmic B-galactosidase activity assay
Inner membrane permeabilization was determined by measuring the release
of cytoplasmic B-galactosidase activity from E. coli into the culture medium using ONPG as the
substrate (Ibrahim, Sugimoto, & Aoki, 2000). Logarithmic-phase bacteria grown in nutrient broth

containing 2% lactose were harvested, washed and resuspended in 0.5% NaCl solution. The final
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cell suspension was adjusted to obtain an A420 of 1.2. Bacterial suspension (200 pl) was pipetted
into microtubes. Then the peptide was added and the final concentration adjusted to MIC. The
reactions were incubated for 30 min at 37 °C, the cells centrifuged and the B-galactosidase activity
measured in the resulting supernatant (Marri, Dallai, & Marchini, 1996). The supernatant (200 pl)
was pipetted into the wells of a standard microtiter plate followed by 10 yl ONPG (30 mM) added to
each well. The production of o-nitrophenol over time was determined by monitoring the increase in
A,45 Using a spectrophotometer.

3.7.4 Scanning Electron microscopy

Scanning electron microscopy (SEM) was performed according to Lau et al. (Lau
et al., 2004) with slight modifications. Bacterial cell was grown in nutrient broth and harvested at the
logarithmic phase of growth by centrifugation at 3000 xg for 5 min. The bacterial cells were then
washed twice with 10 mM sodium phosphate buffer pH 7.2 and re-suspended with the same buffer
to a final concentration of 1x10® CFU/ml (ODgy,=0.1). Aliquots of suspensions of Bacterial cell were
individually incubated with MIC and 5xMIC of peptides at 37 °C for 1 h. The 100 pl solutions of the
bacterial cells were carefully pipetted and applied to a 0.2 ym polycarbonate membrane filter for 30
min whereupon cells were fixed with 300 ul of 2.5% (v/v) glutaraldehyde for 1 h. The fixed material
was dehydrated by rinsing (for 15 min) repeatedly with a series of ethanol solutions containing 30%,
50%, 70%, 90% and finally 100% ethanol. Dry materials were coated with a sputter coater (SC7620,
Polaron, England) with gold palladium and examined by SEM operating at 12-20 kV.

4. Schedule for the entire project

Step Month

1-6 6-12 13-18

19-24

1-3 4-6 7-9 10-12 13-15 | 16-18 19-21 22-24

1. Design and synthesis of short cationic antimicrobial

peptides.

2. Determination of secondary of synthetic peptides by

A
\ 4

using CD spectroscopy

3. Antibacterial activity, minimum inhibitory concentration

A
\ 4

(MIC) and Minimum bactericidal concentration (MBC) test

4. Cytotoxicity of synthetic peptides on mammalian cells

(HRBCs and Vero cell)

A
A 4

5. Binding affinity of synthetic peptides for LPS and LTA

A
A 4

assay

6. Antibacterial mechanism analysis by fluorescence

A
v

probe

7. Cytoplasmic B-galactosidase activity assay and

A

Scanning electron microscopy (SEM)

A 4

8. Report and manuscript preparation for publication

A

A 4

5. Expected outputs

Title: De novo design of potent antimicrobial peptides and their mode of action.
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Journal publication: The Journal of Antibiotics

Impact factor: 2.1

6. Budget details

Budget item Year 1 Year 2 Total
1. Honorarium
- Principal investigator (13,000/month, 2 years) 156,000 | 156,000 | 312,000
Sub-total 156,000 | 156,000 | 312,000
2. Materials
- Office materials 2,000 2,000 4,000
- lab material 15,000 15,000 30,000
- Synthesis of peptides (designed peptides and two | 50,000 30,000 80,000
antimicrobial peptides for use as positive control, magainin2 and
Melittin) 3,000 - 3,000
- Chemical reagent for secondary structures analysis 10,000 - 10,000
- Chemical reagent for antibacterial activity, MIC and MBC test 25,000 - 25,000
- Chemical reagent for cytotoxicity assay 30,000 - 30,000
- Chemical reagent for binding affinity of synthetic peptides for
LPS and LTA assay - 65,000 65,000
- Chemical reagent for antibacterial mechanism analysis by
fluorescence, ONPG uptake and Atomic force microscopy (AFM)
Sub-total 135,000 | 112,000 | 247,000
3. Other expenses
- Transportation fee for attend the Academic Research Division 5,000 5,000 10,000
activity - - -
- Presentation costs - 15,000 15,000
- Copy print 2,000 2,000 4,000
- CD spectroscopy, Fluorescence spectrophotometer and AFM 2,000 10,000 12,000
analysis
Sub-total 9,000 32,000 41,000
GRAND TOTAL 300,000 | 300,000 | 600,000
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10 % fetal bovine serum L% supplemented) ‘.Li&l‘ﬁl 37 °C nold ANNAUUIIHINA
95 % W8z CO, 5 % Liwan 24 T2lus

2.5.2.2 9aawILinean dnomsiasmasnilyng (doanalidenu
T 1, 2, 4, 8, 16, 32, 64, 128, 256 ug/ml) 81w 96-well plates ua21u7 37 °C meld
ANMUGHLTIENNA 95% WAz CO, 5% 1Hlwiaan 24 T2lug

2.5.2.3 @AInIIIANBaN L&A M3N T8 Thiasolyl Blue Tetrazolium
Bromide (MTT) ag tisnduiian 30 wfl lasans MTT '«D:QmﬂﬁU%Lﬂumsﬂizﬂauﬁmd
formazan lagtdw s mitochondrial dehydrogenase ﬁEl'ammmﬁwm"lﬁmww:‘lumaﬁﬁ
Lo

2.5.2.4 gae1wsAill MTT aon 3Niw@x DMSO tiaazanunan fomazan

2.5.2.5 e lWiasnAAT uAinueAan 570 wiluwas udaew
oSl ouan13300TInVaLTas (% Cell viability)

26 nagauaNaINisaluntsdndanuanSsvallIinddoiasew
wWSsuneunuIan
261 RusuUARSuRdasnmageuluaInisivad NB 1Watlug19 log-phase
mnfuﬁuﬁwmaﬁﬁm 10mM sodium phosphate buffer pH 7.2

2.6.2 MAnwaILNETaRLUANTanaraulR I wIRTaaLINY 107 CFU/mI
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263 tudauuafiFonasauunulndienududwiusasrinuassn MIC
@2xMIC) i 37 °C innsifivimasuuafiSefitag 0, 3, 5, 10, 20, 40 uas 60 W7 W38
analasnsin serial dilution LRLEI WIBITRATT0ATING83T spread plate

264 1y plate Wauuafi3od 37 °C drudn nswiniwinlaladvoamada

2T ANIRTINTINULRAIANN TN BT IR T IBLTARL L AT IA UL A LTLiY

27 NAROUAIINAINITNIHNIIIUNUANS endotoxin 2 T e A &1
lipopolysaccharide (LPS) i)’lﬂL‘f?ﬂ E. coli 0111:B4 ua¢ lipotheicoic acid (LTA) 910
L‘T;/a S. aureus

2.7.1 ﬁmmsazmmﬂﬂ"lm@?ﬁmnmiwiu@m6] FIUNURTT LPS 1 EU/mI #38817
LTA 500 ng/mil 1w 96 well plate 71 37 °C 1u heating block 1{utaan 30 w1

272 NUmANFITaZaY Limulus Amebocyte Lysate (LAL) Y3016 50 pl Lugin
W 9Uszan e 10 37 wiuwdi 37 °C Tu heating block 1Eluiaa 10 Wi

2.7.3 1@y Chromogenic substrate 438197 100 pl tagintun g dszunms 10 Fuh
LL&T’Jﬂwﬁ 37 °C lu heating block Juiaan 6 win

2.7.4 \&u 25% (v/v) glacial acetic acid 1& well a2 50 Lﬁ'awq@ﬂaﬁ%m

2.7.5 i'ﬂfi'lmsg@ﬂﬁmmoﬁmmm’mﬁu 405 nm @T%mﬂ'%ad microplate reader

2.7.6 A ImnUINm endotoxin ‘ﬁ'mﬁaa%il,ﬁﬂuﬁ'mﬁwy’lmgmmaami LPS
(0.125-1.0 EU/ml) 438815 LTA (62.5-500 ng/ml)

2.7.7 U NUEINNI0 N33R endotoxin lanldgas Bound endotoxin =

1-free endotoxin

2.8 dnwnalnmsnransdeanuaizevasying
2.8.1 M3ANMINIILAA Permeabilization ALUNLLTHTWIONTAILUATISY (Outer

Membrane Permeabilization Assay)

2.8.1.1 Be9LTauuafii3e E. coli luamisinad NB UNf 37 °C IWaglugns
log-phase ﬁnﬂﬁ?uﬁué"mémﬁﬁ’mﬂ'umag (5 mM HEPES, 5 mM glucose, pH 7.4)

2.8.1.2 1@ssuanIazansiaas it uiWasiay 1Aladn ODgy, = 0.1

2.8.1.3 Tiar1sazansiwasuuafiselalu 96 black well plate U103
100 pl MNEWENFT NPN IWanududugaroriniy 10 lulasluard (um)

2.8.1.4 nasazauidindlaslfanududugarowiiuedn Mic dalia
E. coli

2.8.1.5 ‘Y@@hm’mlﬁmaanaaLiamu@T (fluorescence intensity) (excitation

A=350 nm, emission A=420 nm) LT w1181 5 w1l lFu11 §Truz Polymyxin B (PMB)
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uazttd'lng Melittin 1w positive control uwaziasanuintuyesngoalIaiTud ouiy
ﬂéjumquﬁﬁmmzmmzmmsﬁasf LRSENTRZANLLTARNU NPN
2.82 N5AN®ANNILAG Permeabilization ALV TWTWlwy9uUAT R (Inner
Membrane Permeabilization Assay)
2.8.2.1 Cytoplasmic membrane depolarization assay

(1) Bondouuafi3s E coli luaimisinal NB Uufi 37 °C Way
Tugas log-phase mnfuﬂuﬁwmaﬁ@hslﬂ'mwg%ﬁ'ﬁ 5 mM HEPES, 20 mM glucose Liaz
0.1 M KCI, pH 7.4

2) \@3BURITRABLTAR a1 TAza18U LW a5LAN 1A laA ODgy, =
0.1

(3) UNRITAZAILLTARIINNY 3,3-Diethyloxacarbocyanine, iodide
(DIOC5(3), lodide) laslianuidutugarinauasans DIOCs(3), lodide iy 0.4 pM la
du'lidszanm 30 wn %‘%aﬁmn’hmmmLﬁumaowgaammsﬁuﬁa:mﬁ

@) TwaansazanuiTasannds 2.8.2.3 laadli 96 black well plate
WANAZ 90 pl nsiwyng 10 i (@nududugarieminudl MIC) 14 5 mM HEPES,
20 mM glucose, pH 7.4 WJw negative control LLaz Melittin WJu positive control

'
a ' 1

(5) t3u @14 a1 fluorescence intensity (excitation A=482 nm,

emission A=497 nm) Wi} 0-30
2.8.2.2 NucSpot® 470 green influx assay

(1) dsadaunaiii3e E coliluamisinad NB Uuft 37 °C 1Way
14m29 log-phase NiniTud19iTasanuIWes PBS, pH 7.4 udazasimas lwiimas
LA3 1A ODggo = 0.1

(2) Twaarsazanuioaalal 96 black well plate %hauaz 90 ul
mniwdumsazan ol ndlagldanududuriniudn MIC dadie E. coli ﬁwaua%iﬁ'u
1x NucSpot® 470 Iﬁi‘v\@&laz 10 pl

'
a ' '

(3) GuduAnNUTNTaINgaaITRITUG (excitation A=460 nm,

emission A=546 nm) wiif 0-60 lagldidulng Melittin 15u positive control
2.8.2.3 Cytoplasmic B-galactosidase activity assay

(1) WRpaTeunafiBy E. coli luanwsinad NB i 2 % lactose 1
fi 37 °C lﬁa%islmj"m log-phase niniludsTasasaTazats 0.5 % NaCl udazany
LIAR WA TSR ULANIAAT OD4pp=1.2

2) Tamsazanomastalululasfiatusunas 200 i annsiada
ssazansidIndlienududugarioiviiiue Mic da\ta E. coli 1fipuriuend §us
PMB
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(3) vadad 37 °C tilwaan 30 waf annsuinluwwieod
A21UL3238Y 10,000 Yausiaw twiaa 10 win

4) Tulaenanizanlaadlis 96 well plate IMNEULAUIITEITY
f1nTuULtew lag B—galactosidase fa 30 mM ortho—NitrophenyI—B—galactoside (ONPG)
USua 10 pl vab3dszanm 5w

(5) 11 96 96 well plate 131 OD415 nm RN TaNEa S e 71
\RaduanUfAsiniiaa o-nitrophenol Faifluasinias

(6) MWIH % B-galactosidase activity

29 msﬁnmwamaaLﬂﬂ‘nﬁ(@iamaa‘uuaﬁL%ﬂéﬁﬂnﬁaaqaﬂsiﬁﬁﬁtﬁnmsau
LWUUEINIIA %ﬁﬂ?\laﬁaﬁa%% (Field Emission Scanning Electron Microscopy,
FESEM)

2.91 ifu@aumim‘%wéf’mﬂ'w

a

2.9.1.1 Fmsiagaenasouluenisinas NB ﬁqm%{]u 37 °C AuLT8
193014229 log-phase

2.9.1.2 13t oh 3,000 g Lwadszunm 10 wifl tiefuisas
LUATILIe

2.9.1.3 INN1IR19L a8 @28 10 mM sodium phosphate buffer (NaPB) pH
7.0 U523 2 A5s

2914 93NNHUNINITRZA1DLTR8G28 10 mM NaPB 1#'ldd1 0D600
tyzaunms 0.2

2.9.1.5 Tidassazanamasuuafiise 100 lulasaas wazansazanadding
100 laulasfas (1:1) lagauidudura sl lng lEiwnAuan MIC waz 5xMIC adlu
microtube Y@ 1.5 ml ﬁ]’mﬁ?uﬁ’m’li incubated ‘ﬁl 37 °C \Juandszuno 1 %ﬁim

2.9.1.6 N7 fix LTARAE 2.5% glutaraldehyde (w/v) d3zunns 1 fﬁhld
IMdUW polycarbonate membrane

2.9.1.7 89a28 10 mM NaPB

2.9.1.8 ¥LTASLUK membrane ¥1¥iNNNT dehydrate @38 30% ethanol, 50%
ethanol, 70% ethanol LLaz 90% ethanol ag1das 1 ﬂ%”'a ﬂ%&az 15 W19 ANEIAY ﬁ]’mifu
#1988 100% ethanol 2 A%1 A3I2 15 WITLTUAL

2.9.2 GuAeUMTFRITIY nagaRanIIARaIAnaTan
2.9.2.1 141 membrane 1911389 CPD aNiHAMILARaUNIRIUUAILTAS

2922 ﬁwmﬁaaéffsﬂﬂﬁaaﬂawﬁﬂﬁ&ﬁﬂmau
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3. HanN1InNaaal

% 6 3 a a .
3.1 dataseiiliinanaanuuuaa835 De novo 1as35 F-moc synthesis

g: v = Ag ~a
Biochem (Shanghai) a’muuvl,@mnaaumﬁumqwmm:uaﬂﬁumamﬂﬂvlmﬂm HPLC

L8z Mass spectrometry Nal,l,amﬁagﬂﬁ 1-6

A1N15§ILA1ER LA 83T F-moc synthesis a9uaadlua13199 1 3nUTEN GL

Adl o % a {g; v P v ad
MN8N 1 mem@um@a:uiumaal,ﬂﬂvlmmm 6 LW NaNLUUAILIT De novo

Name Sequence Design The APD The molecular Protein-
defined total weight binding
total net (Da) Potential
hydrophobi charge (Boman
c ratio (%) index)
(kcal/mol)
KL8 KLLKKLLK The sequence of peptide 50 +4 983.335 0.31
contains a standard Ol-helix
(KLLK).
KL12 KLLKKLLKKLLK The sequence of peptide 50 +6 1465.995 0.31
contains a standard Ol-helix
(KLLK).
KLW9 KKWLKKLLK N-terminal domain contains two 55 +4 1169.548 0.02
cationic lysine (K) residues and
one tryptophan (W), a well-
known membrane anchor. C-
terminal is a standard Ol-helix
(KLLK).
KW8 KWKKWWKK The sequence of peptide 37 +5 1217.504 2.59
consisting exclusively lysine (L)
and tryptophan (W).
KL8- KLLKKLLKWWW-  KL8 end-tagging by 63 +4 1541.974 -0.4
WWW NH, hydrophobic amino acid (W)
stretches to enhance
bactericidal potency. C-terminal
amidation stabilizes the peptide.
KL12-  KLLKKLLKKLLKW  KL12 end-tagging by 60 +6 2024.634 -0.21
WWW WW-NH, hydrophobic amino acid (W)
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stretches to enhance
bactericidal potency. C-terminal

amidation stabilizes the peptide.

mV
720

+640
L1560
480

1400

l
|

77 12,669

IO

ir’ﬁ 170'

£12.300'

(A)

50 2 || 4

8 10 12 22 min
Rank Time Conc. Area Height
12.300 0. 2283 20697 2581
2 12.669  98.2991 8913200 511928
3 13. 170 1.4726 133532 18359
Total 100 9067429 532868
(B)
Mass Spectrum
Positive
- E 98180
[M+H]+
90
80+
704
60
50-]
4
3
2
1 196730
1721.75 !
oy L T 8557‘65 ‘90?;‘5?“ teohubal] ] lnlwug;.l:slum.l:ll?rﬂsmul oot flate o |...l}12f':nm RTETITS W) futald slda 'w\“lszﬁ?fsq\ _[?0?55 -
400 500 600 700 800 900 ldﬂﬂ 1100 1200 1800 1900 .
e ion -3.5kv .
[S)a;;p;n;n{;:;:ano :2017-2-23 12:37:09 1.0kv
User : CHAO 0.2ml/min
Sample : Peptide 1 KK-§ 50%H20/50%A0N
Inj. Volume £l
MW :983.36
Lot No. :P170220-CI563415
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{ a Ag /a
Eﬂﬁ 1ﬂﬂﬁ@i?%ﬁﬂﬂﬂ?ﬁwﬂiqﬂﬁuﬂzﬂaﬂT%@TSGLﬂﬂqﬂéTﬂU HPLC uae Mass

spectrometry (A) HPLC profile LLaz (B) Mass Spectrum a3 KL8

mV
| (A)
i3ﬁ)
g
|+32|) p
|
I;m
1240 B
200
L0
TI20
+80
“ ) FE8
o— —-'\/ s 3’3 f“
40 2 i 4 6 8 1|0 12 1:1 ijv Ils 2|0 22 min
Rank Time Conc. Area Height
1 5.719 0. 7756 25319 3855
2 9.213 1. 1872 38753 3273
3 9. 498 95.9118 3130801 288776
4 9. 810 1. 3883 45317 7025
5 10.253  0.7371 24060 2356
Total 100 3264250 305285
, (B)
Mmkpam
mo-i — - R — —
3 1 1466.30
- [M+H+
0 i
o
o I
m_
ol
40+
30+
978.30
20+
1054.40
10+ 1129.10 1833.60
4427049320 56020 61505 3430 8230 gg30 | 122490 133790 | 152380 1629.55 D0 144568 1956.15
Attt s cind i b g AL babado g i o gl sl sl
400 500 GO0 700 800 200 1000 100 1200 1300 1400 1500 16K 1700 1800 1900
mz
Sample Information Probe: Esl Probe bias:  -3.5kv
Date and Time : 2017-2-23 12:37:09 Nebulizer Gas Flow:  1.5L/min  Detector: 1.0kv
User . CHAO DL: -20.0v T. Flow: 0.2ml/min
Sample : Peptide 2 KK-12 DL Temp: 250C B. cone: 50%H20/50%ACN
Inj. Volume | Block Temp: 2000
MW :1466.03
Lot No. PI70220-CI563416
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{ a Ag a
Eﬂﬁ 2ﬂﬂ?@i?%aaﬂﬂ?ﬁﬂﬂi@ﬂﬁuﬂzﬂaﬂT%@TSGLﬂﬂqﬂﬁTﬂU HPLC uae Mass

spectrometry (A) HPLC profile LLaz (B) Mass Spectrum vaJ KL12

[mv

E»lim

t1000 3

| £

1900 =

;‘-3{.‘0

700 l

600

500

400

0 |

1200 I | e

Jl S
-100 1 | =
| ~
I

e 2 U4 6 10 12 14 16 18 20 22 min

Rank Time Conc. Area Height

1 13.854  98. 6875 10698058 843852

2 14.475  1.3125 142280 15583

Total 100 10840338 859435

Mass Fpectrum
Postive
118895
|| (MeHp
o0
B
T
o -
50
40
30
20-
1p0d 55

0

43020 $39.10 7008 84310 90708 970.08 110665 y |4gsas  1STOES \ I7RLE0  1859.50

bl A ' okl o 0 A e AL e St Ak bbb s ]
500 0 800 1000 oo 1200 1300 1400 1500 E81] 17000 1800 1900

Sample Information Probe: ESl Probe bias:  -3.5kv ™
Date and Time 1 2017-2-23 12:37:09 Nebulizer Gas Flow:  1L5L/min  Detector: 1.0kv
User - CHAD DL: -20.0v T. Flow: 0.2ml/min
Sample  Peptide 3 KK-9 DL Temp: 250C  Booone:  S0%H20/50%ACN
Inj. Volume i1 Block Temp: 200
MW :1184.59
Lot No. PITO220-CI563417
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{ a Ag /a
;Sﬂﬁ 3 ﬂ’]ﬁ@]i’lﬁ]ﬁﬂﬂﬂ’)’]&lﬂiéﬁ‘ﬂﬁuﬂzﬂE’]ﬂ“ﬁ%@ﬂli’]\‘ll,ﬂllvla‘ﬂ@ﬂﬂEl HPLC uae Mass

spectrometry (A) HPLC profile LLaz (B) Mass Spectrum va3y KLW9

fmv

£ 8§

7.892'

l4s0

1360

70

1180

190 |2«

ril -l'gI // ) T

" 2 4 6 8 10 12 14 16 18 20 22 min

Rank  Time Conc. Area Height

1 7. 590 0. 1521 11904 2136

2 7.784 1. 1321 88612 16045

3 7.892 95. 3806 7465786 658043

4 8. 250 2.2122 173157 18477

6] 8.615 0.9407 73635 6807

6 8. 790 0.1823 14268 2465

Total 100 7827362 703972

Mass Spectrum
R —
] [M+H]+
il sl ol b ol
Sample Information ’ 1600 1700 1800 1900
Date and Time £ 2017-2-23 12:37:09 Probe: ES| Probe bias: -3 Sky e
uw :';zn?;or ; Block Temp: 20T Booone  SO%H20/50%ACN
P10 1563418
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{ a Ag a
:li'l.lﬁ 4 msmwaaummusqwmmwan“ﬁu@mauﬂﬂ"lﬂ@ﬂﬂsl HPLC uae Mass

spectrometry (A) HPLC profile LLaz (B) Mass Spectrum a3y KW8

(A)
mV
1300 &
1200 b
1100
1000
900
1800
1700
!600
500
400
300
200 g )
1100 = KE
I 100 2 4 6 8 10 12 14 16 113 2|0 2 mm
Rank  Time Conc. Area Height
1 12.225  0.3073 57769 56606
2 12.352  97.8745 18400811 1132289
3 13.065 1.8182 341825 25802
Total 100 18800405 1214697
(B)
Mass#pnmum
T :
o] .l mil?:&vup
o i
] |
0] i
304
ulhl-udmhu itliﬂhl-lum.dl-u-l LH“HLUHMH, ;I-_x.:-l"#_lk JJ IIL i La|- LW“JUI!{MLLJ“"—‘IJM?
Sample Information Probe; o ESI Probe bias:  -3.5kv m
Date and Time S 2017-2-23 12:37:09 Nebulizer Gas Flow:  1.5Lamin - [ 1.0kv
User 1 CHAD DL: -20, 0w T. Flow: 0. 2ml'min
Sample : Peptide § KW-11 DL Temp: 20T B conc: S0%6H2OS0%ACN
Inj. Velume i | Block Temyp: 200°C
Lot No. PHO0CIGHI
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1 & A
:li‘ljﬁ 5 ﬂﬁ?@]i’l'ﬂﬁaﬂﬂ’l’]&lﬂiqﬂﬁuﬂzﬂ'e]ﬂ‘liu@]“lli’]\‘il,ﬂﬂvl‘ﬂ@ﬂﬂﬂ HPLC uae Mass

spectrometry (A) HPLC profile LLaz (B) Mass Spectrum Va3 KL8-WWW (A)

mV

-50

12.87¢'

Rank Time

Conc.

Area Height

1 12,876
2 13. 458

95. 9699
4. 0301

5338812 319156
224197 20539

Total

Positive
00—

100

5563009 339695

(B)

Mass Spectrum

355,80

Sample Information
Date and Time
User

Sample

Inj. Volume

Mw

Lot No.

12017224 12:10:19
CHAO
:l:epuagokw-u

:2023.69
P170220-C1563420

1a1g.75
[Ms2H]2+

I3502

d Dﬂ-w lm-cs 90 TIER.10 1233 49 e (
Mm'*m ﬂuik -ulllllil-dlh,-l'lh.ﬂdq 161920172 1726 59 tsszm |9:rs:.o

IDDIJ 1100 1400 1500 "uM ‘ u
1700 1800 I900
Probe: ESI "
: ) L Probe bias: 3
;‘f]?.lllzﬂ Gas Flow:  1.5L/min [):-t:;-rr::.*. J‘.i‘)r;a':"
DI:.THIQ): -i‘:l'i:: T. Flow: 0. 2ml/min
Block Toup: s B. conc: S0%H20/50%ACN

4 a Qg a
E‘ﬂﬁ 6 msmmaaummumﬂmmwaﬂmu@mauﬂﬂ"lﬂm@ﬂ HPLC uae Mass

spectrometry (A) HPLC profile L8z (B) Mass Spectrum w83y KL12-WWW
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v a a ¢ o ¢ {

3.2 ﬁnwﬂmsaa%wsmunmﬂgamaatﬂﬂ1ﬂﬂaaLﬂswzwﬁaﬂLﬂ§aa cD

spectroscopy
=S v aa & a p.{' (>3 [ ™ a a =}
ANIANElaTIRIN 2 36 lay CD LﬂuLﬂﬂuﬂwa@Iﬂsoaswaiz@un@1ﬂgu A9
@7 uazn 13K (penetrate) vt Ing Wi ldlusuibauinad (lipid bilayer) 189
a A a d‘» ° v v a a o = 6 6 o d' v 6
wuafiie mallafivinlddhlanoazBoad jaudusvesdindiuiafuisadaes
A A o Aa A o & A A o o & =i
wuafe I(ﬂUam‘wLn@aammLﬂav;uLéﬁaamaaLmﬂmsmzmz@;ﬂ%Lﬂﬂ"lm@mmimaﬂu
&) { o vV A Qs v g; { v U, ‘3/

Imagﬂmu O-Helix ﬁmlmn@nmuLl,a:aamﬂﬂvlmimvlﬂu%ul,ﬁaﬁmmﬂ@ﬁmu
sana bl IndaiunsarnaaasuuaniTe laidwat19d a9t 397 sanE lasaadng
szaun@AsnlveadInddaanzidauiaias CD spectroscopy landnunlu 2 an1az fe
1) lug1382878 10mM NaPB pH 7.2 W&z 2) Iua15azans 50% TFE a8 Wawy 3N
$1UU'né 3 18% A KL12, KL8-WWW 1az KL12-WWW ﬁl,flaa%'llummzmﬁl 50% TFE
A = ° A a L. ~ A o
FoluuuuinaauuuIUVaILUAALSY (mimic membrane) N3t asuuladlasiaing

(% a A ® QI J ¢ =
szaun@siiduuuy O-Helix qugomuQWﬂluaﬁiazaﬁa 10mM NaPB, pH 7.2 G91Tu
o o @ A « & o & A A [ ~
anwazdnnvassINduidindinaa@anuaiiFs Nan1IMasoILIAIAIA1TI9N 2
LLazgﬂﬁ 7-12 LL&@GI@N&%’NSZ@TU“Q(?\UgﬁmadLﬂﬂvLﬂﬁg\‘]Lﬂi’]zﬁﬁagluﬁ’]iazaﬁﬂ 10 mM
NaPB, pH 7.2 a2 50 % TFE

Aa A

@13197 2 ugaailasidudlassaineszaun@unluny O-Helix uaz B-Sheet 2831t Ing

q

FILATIZALURITAZAE 10mM sodium phosphate buffer pH 7.2 (NaPB) luansazany 50%
2,2,2-Trifluoroethanol (TFE)

% Of content in 10mM NaPB*® % Of content in 50% TFE®
Peptides
Ol-Helix [B-sheet O -Helix B-sheet
KL8 8.88 7.49 17.13 5.15
KL12 11.65 5.60 85.49 0.03
KLW9 8.88 7.48 49.55 0.23
KW8 8.90 7.19 40.02 1.18
KL8-WWW 26.04 22.82 69.09 0.28
KL12-WWW 1.88 40.98 66.75 0.85

* K2D3 method 4 websitehttp://cbdm-01.zdv.uni-mainz.de/~andrade/k2d3/, estimated

maximum error \¥iNAY > 0.32

MRG


http://cbdm-01.zdv.uni-mainz.de/%7Eandrade/k2d3/

Aa

35U 7 lassasszaun@oniizeadd indsaiamed KLs ﬁa%ﬂumiazmﬂ 10 mM NaPB,

9 u

pH 7.2 uaz 50 % TFE
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317 8 Imaa%ﬁas:ﬁunaUgﬁmauﬂﬂv[mi‘éﬁmm:ﬁ KL12 ﬁagﬂumia:mﬂ 10 mM

NaPB, pH 7.2 lLlaz 50 % TFE

0 x 103 [deg x cm? x dmol!]

KLW9

--------
-
-
-

.
- -
-

A}

' 50% TFE
]
L)

Wavelength (nm)

31 9 Iﬂioa%oszé’unaUgﬁmaomﬂ"lm@i(ﬁamﬁzﬁ KLW9 ﬁagﬂumsa:mﬂ 10 mM

NaPB, pH 7.2 lLlaz 50 % TFE

0 x 103 [deg x cm? X dmol]

10- KWS8
0 “\ T . T T 1
140\ 7= 240
104

50% TFE

NaPB

Wavelength (nm)

311 10 Imaa%’mizﬁunaUgﬁmaal,ﬂﬂ"lmﬁé'amﬁzﬁ KW8 ﬁa;ﬂumia:mﬂ 10 mM

NaPB, pH 7.2 llaz 50 % TFE
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201
154

104

KL8-WWW

5

-104

0 x 103 [deg x cm? x dmol]

-15+

‘%0

Wavelength (nm)

3 11 Imaai‘m‘szﬁun@mgﬁmamﬂﬂwﬁé’amﬁzﬁ KL8-WWW ﬁayﬂummzmﬂ 10

mM NaPB, pH

201
154"

10+

7.2 L8z 50 % TFE

">\ 50% TFE

KL12-WWW

0 x 103 [deg x cm? X dmol!]
=

-

Wavelengh (nm)

311 12 Imaa%aizﬁunamgﬁmmLﬂﬂ"Lﬂ@Té’dLﬂﬁ:ﬁ KL12-WWW ﬁaglumiazmﬂ

10 mM NaPB,

pH 7.2 lLlaz 50 % TFE
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¥ v

33nadaugnasudadasvaiisevanddinddaasiziareinaiia Disc
diffusion
iU Inddsaeding 6 LdwunageuanussalumsiusItenuadite 7
soWut dsznaudisunsnuin 5 a1uWus Aa Staphylococcus aureus ATCC25923,
Staphylococcus saprophyticus ATCC15305, Bacillus subtilis, Enterococcus faecalis W& <
Staphylococcus aureus MRSA DMST20654 LLazlbnIyay 2 81 El‘ﬁuf fa Salmonella typhi
DMST22842 . 8 ¥ Escherichia coli ATCC25922 laswawui1 tddlng KL12
ﬁmmmmmlumsﬂ‘ude%aLmﬂﬁﬁsJ"L@T?]ﬁq@ Tasfusslanonaa 5 SEWUT o
S. aureus, S. saprophyticus, S. typhi, E. coli Was S. aureus MRSA 1Ud'lng KL8-Www
was KL12-WWW s1u1308ugaigauuadonasauld 2 suWus Aa S. saprophyticus
W8z S. aureus MRSA 11 Ind KLWO waz KW8 sunsnfuginisiasyaeuuaiie
naxouldiies 1 auWut Aa S. saprophyticus &1y Ing KL8 TigunT0eus9nIs
wigaeswuafSonaseuld nausaluaisnedl 3 uazdaedrinisdudage

Staphylococcus saprophyticus 283U Inasaiazi LLamﬁdgﬂﬁ 13

v
o o

a £ & A a & o o A .
M1379N 3 Naﬂ']sqf]@ﬁallf]ﬂﬁﬂﬂEl\‘]L°ﬁﬂLLUﬂﬂLiﬂTaGLﬂﬂ‘l'ﬂ@ﬁﬂLﬂﬁqzﬂ@'}ULV]Q%@ Disc

diffusion

¥ ags . 6 o I3
WwauuaANIgNA§ay Positive  Negative whillnddoiased

control

control

KL8

KL12  KLW9

KW8

KL8-  KL12-
Www  Www

Gram Positive
Staphylococcus aureus
ATCC25923
Staphylococcus
saprophyticus
ATCC15305

Bacillus subtilis
Enterococcus faecalis
Staphylococcus aureus
MRSA DMST20654
Gram Negative
Salmonella typhi
DMST22842
Escherichia coli

ATCC25922
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\/ o & a & aa o o & a & aa W o
= ﬂUﬂGﬂ'ﬁL'ﬂJity"DadrﬂaLLiJﬂYILSEIYIﬂﬁmJVLYﬂ, -= FJiJF_Nﬂ"limimw‘llﬂdL“HﬂLL]JﬂYILSﬂYIﬂﬁa]JVL&IvLﬂ

aa ) &
Positive control = mﬂgmuz streptomycin 25 ug/disc, Negative control = Winauiaaaisa

gi.lﬁ 13 GBE1LFAINTHUEILTE Staphylococcus saprophyticus vl InaraaTzA
1a8 P = Positive control lﬁﬂﬂﬂﬁ%’mz streptomycin 25 pg/disc, N = Negative control It
inaulasaido waz KL8, KL12, KLW9 uaz KW8 fa i lnaasiaies 20 pg/disc

] ]
o =

1 I3 5 & a g
3.4 wiarananiwagafidindsnisadugenisniyzessauvaiise

(A1 MIC) Llazﬁ’lﬂ’s’mtﬁuﬁuﬁﬂq{ﬂﬂadLﬂﬂlﬂﬁiﬁﬂﬂu’liﬂ‘lhL%BLL‘]JﬂﬁL%EI (MBC)
#1617 MIC kaz MBC 223U Inas9taies ¥inlas3D Resazurin microtiterassay
plate method (Ellﬁ 5) laalgiUdng Magainin2 1T positive control HAN1INARBINLTN
wWilng KL12 $61 MIC daida S. aureus, S. saprophyticus, S. aureus MRSA, S. typhi
WAZE. coli \WiNNU 64, 4, 64, 2 uaz 8 pg/ml aud1ay 1Wu'lng KL8-WWW uas KL12-
WWW 61 MIC do18a S. saprophyticus Winfiu 2 uaz 8 ug/ml au&1ey uaziid1 MIC
@aLT0 S. aureus MRSA Wiy 4 wa 32 pg/ml audey 1w ng KLWe uaz Kws Den
MIC @alda S. saprophyticus WiNNU 64 ez 32 ug/ml §31A1 MBC Wawuin wi'lng
KL12 i1 MBC éiaiiio S, aureus, S. saprophyticus, S. aureus MRSA, S. typhi L8 ¥
E. coli \YinnU 128, 64, 128, 4 uaz 16 pg/ml au&19U WU Ing KL8-WWW uaz KL12-
WWW 61 MIC @atiie S. saprophyticus AL 4 uaz 256 ug/ml audne wazdien MIC
@0138 S. aureus MRSA YA 8 WAz 256 pg/ml aud1ay 1w lnd KLWO uaz KW8 &
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fin MIC diaia S. saprophyticus \iNAL 256 LAz 64 pug/ml NALEAIAIANTINN 4 UazIUN
14 LRAINANIINAROLNIAT MIC azd1 MBC BatlilIng KL12 diawa S. aureus Laz
S. aureus MRSA
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A1319N 4 LFAIAT MIC uaz MBC °llﬂ\‘iLﬂﬂvLﬂ@TE:f{'lLﬂi’]ZﬁGiE]L%E]Y]@]ﬁﬁ]‘u

& - MIC (ug/ml) MBC (ug/ml)
Lpaltuantyy
KL8- KL12- KL8- KL12-
Nnagay KL12 KLW9 KWS8 Magainin2 KL12 KLW9 KW8 Magainin2
WWwW  WWw WWw  WWw

Gram Positive
Staphylococcus
aureus 64 >512 >512  >512 >512 32 128 >512 >512 >512 >512 128
ATCC25923
Staphylococcus
saprophyticus 4 64 2 2 8 2 64 256 64 4 256 128
ATCC15305
Staphylococcus
aureus MRSA 64 >512 >512 4 32 32 128 >512 >512 8 256 128
DMST20654
Gram Negative
Salmonella typhi

2 64 4 256
DMST22842 >512 >512  >512 >512 >512 >512 >512 >512
Escherichia coli >512 >512 >512 >512 >512 >512 >512 >512

8 32 16 64

ATCC25922
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31UN 14 n1Inaxeun1Al MIC uazd1 MBC Pa901U'Ind KL12 dawse S. aureus WAz
S. aureus MRSA

3.5 ms‘nﬂaaum*\m'ﬂuﬁﬁdaL%aﬁﬁmftgﬂagnﬁaﬂifﬂuumaaLﬂﬂ‘lﬂﬁﬁamﬁzﬁ
351 enuiuiudaimadiiaifoauaivesuyse (Hemolytic activity)

ildng 5 dufidanumunsnlunssudimaaiyveateuuaiisy fo

KL12, KLW9, KW8, KL8-WWW L&z KL12-WWW annagauanaitduiudaisasidaiie

meaamgmﬂ@Umim‘%ﬂmﬂﬂvlmﬁﬁmmLﬁuﬁu@m 9 lasld PBS 1f% negative control

wazl? 0.1% Triton X-100 1Husrsiazvinlfiaasifadaauasuan 100% 61 % N3

€ & A a ' ~
LANVDILTANLNALR ammamgmmavlﬂu

% hemolysis = [(Abs415nm in peptide solution - Abs415nm in PBS)] x100
[Abs415nm in 0.1% TritonX-100 - Abs415nm in PBS)]

nan1Inasauwuin tdneg KLWO waz KW ludaunuealoasiie
& A ' = a &
Lﬁammwamwmﬁ 1 ng KL12 anudluiedaimasiialfaanadasiniana1uainw
% U 1 di 2 v % = = o v 6 & A
[Nt Tagazwudn L&Jalmmwwumugam 256 pg/ml 393zvin v Tasiialioaunasuan
Uszanm 22 % uamhanudutudinit 128 pg/ml wuanuiduisdoirasiiafoauasas
drun U Ing KL8-WWW 1az KL12-WWW %uianuldwi 6ol mastialiaauna-

?IE]GNHHETQ\‘]&I"IT] LLﬁﬁ]zlﬂ%ﬂ’)’]&lLﬁ&lﬁ%ﬁ@h Nﬂﬂ’]i‘i’]@]aﬂ\‘iLLﬁ@N@qﬂ]Eﬂﬁ 15
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1201

1004
" %

7 2]

= 804

P

=]

£ 60 - KL12
ﬁ - KLW9
- 40 —a— KWS8
&~

e KL8-WWW
—e— KL12-WWW

' iy Y d )
100 150 200 250 300

h
(=]

Peptide concentrations (ug/ml)

n:i A & & A & 6o &
ill"ﬂ 15 ﬂ’]?ﬂ(ﬂﬁﬂﬂﬂ?quLII%WH@]E]LGITNNLN@LNE]@LL@GN%HE]TENL]JIIVLWQQGLﬂj’]ﬁﬁ

u

MNUUAWINIA Therapeutic index (T1) vt InddaizauvafiGoudazaonug
lagm ldandandiusznitedr MHCMIC laglwnadinnad 5 lag 61 T Agauaaddn

wiln@siudl antimicrobial specificity L%aaﬁﬂﬁufﬁuﬁq@

M19191 5 LaAIAT Therapeutic index (T1) Vot InarsiaszhdaiTauuaiisouday

§il1o
Therapeutic index (TI)
Peptides Sequence S. aureus
S. aureus  S. saprophyticus S. typhi  E. coli
MRSA
KL12 KLLKKLLKKLLK 1 16 1 32 8
KLW9 KKWLKKLLK n.a? >4 n.a. n.a. n.a.
KW8 KWKKWWKK n.a. >128 n.a. n.a. n.a.
KL8-WWW KLLKKLLKWWW-NH2 n.a. 2 1 n.a. n.a.
KLLKKLLKKLLKWWW-
KL12-WWW n.a. 0.5 0.125 n.a. n.a.
NH,

kg
€ o =y

a \ ' o a £ Aaa o
vLﬂJﬁqﬂquﬂ'ﬁqﬂ’] TI vl@ LWBNINNAUN DA UL TBLUANLILAN

3.5.2 anudufndarasiniziasssia Vero cells (Cytotoxicity)
Wl ng 5 idunfienusansalumsguginaiaiyvessanuaiie fa
KL12, KLW9, KW8, KL8-WWW L8z KL12-WWW VNAROLAINNEADLTARNIZLR S
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T4@ Vero cells I@ﬂmsu'mﬂﬂ"lmﬁﬁm’mm?mm@mG] SanfULEasAIZLELI Vero cells
I@ﬂwamsmaauﬁlﬁwaaamﬂé’aaﬁumsmaaummLﬂuﬂH@iaLsﬁaﬁLﬁmﬁammmgwﬁ
vl nasaaszdt nannde wWilng KLwo waz Kws laifianuAsdaisas wWilng
KL12 anudufiwazifinduaivanududu lasazwuin LﬁalﬁﬂaﬁwLﬁwﬁugaﬁa 256
ugiml Fnlwirassoaddafios 21 % wddanudududInin 128 ugiml swanuduiis
TRRLWZLR L9 Vero cells a3 dami U Ing KL8-WWW waz KL12-WWW sindaananis
Awunifieldanududuasud 32 pg/mi il wamsmaaummé’ogﬂﬁ 16 1il899n
wWi'lng KL12 ‘quﬁﬂ?’]Na’]&l’linluﬂ’liﬁ’]m“ﬁaLLUﬂﬁL%EJVLﬁa‘ﬁIEg@ uazdslanuiduwineee
Lsnmﬁ'@ﬁﬁmgﬂ@hm{mm‘ﬁ Gt 39denung KL12 T@nmwinalnnnsauge

wuafiTudall

OKIL12 ® KI.W9 s KWS§ KL8-WWW aKLI2-WWW
1201

% Cell viabili

0 1 2 4 8 16 32 64 128 256

Peptide concentrations (ng/ml)

31U 16 manaseuanuduisdaimasinziiuiziia Vero cells 2a3idIndganmed

1 g a A 6 o 3
3.6 ‘Ylﬂ'di]ﬂﬂ‘]’]&lﬁ’]&l’liﬂi%ﬂ’lim’n%aI,LflJ ﬂﬂtiﬂﬂaﬁtﬂﬂlﬂﬂﬂdlﬂi’lzﬁ
= = [
wIguaunuLIan

1«1'11,‘]_]‘1_]”[,1’]@1( KL12 NWY]@]@E]U@]']’]SJ@’]N’]SQI%H’]‘E%]’]L%E]LL‘]JﬂﬁL%El 2 RIUNWD o

o

S. aureus Waz E. coli B33z lE 10mM sodium phosphate buffer pH 7.2 Lﬂ%@ﬁﬂ?ﬂ@lm%d
AU (negative control) Nan15naaadnuin 1UdIng KL2 fausinnsalunissinge

Aa & ) v = A P Y A ' a A &
LLllﬂ‘Y]LiEl‘YlGﬁﬂGﬁ’]EJW%'E/L@]QEI’NTJ@LTJ sﬁoa:muvlﬂa'ml,ual,ammuvl,ﬂ 5% VL&I&JLGIJESES

A a Aa o P
LUANLILIDADIA NaLLﬁ@ﬂ(ﬂ\‘iEﬂ‘n 17
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(A)

(B)

317 17 (A) My wTauuafisy S. aureus va3uIng KL12 uaz (B) nisngauuafiisy
E. coli vaa1Udlng KL1

3.7 NAFAUAMNFINIIAIHNITIUNUETT LPS was LTA
Wl Ing KL12 snnesauanuaunIalunsdunuans endotioxin 2 78ia fa LPS
waz LTA Liia991nans LPS faswulunsiomasuauuafizounsuay was LTA 9swURnis
LTARYBILLANLIOUATNLAN I(ﬂﬂﬂ’]i“ﬂ@aauﬁﬁ]ﬂ“ﬁ LAL Chromogenic Endotoxin

Quantitation Kit laga1@8nann13N 3N proenzyme 1 Limulus Amebocyte Lysate (LAL)
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29N bacterial endotoxin n3zduliagluzy active enzyme $9azlised FAzun1dou
a1309aw 1% (Ac-lle-Glu-Ala-Arg-pNA) T nanelinans p-Nitroaniline (pNA) @ 9135
gD FMAe mnfuﬁw"lﬂi’mﬁwmig@ﬂﬁmmaﬁmmamﬂﬁlu, 405 nm (A405) lagluns
NaReIIZIINTaIBNNTINNAT3 1 UBBI81T LPS fianuidudu 0.125-1.0 EUm (gﬂ‘ﬁ'
18A) NUNIINNINTIINVEI LTA faaugudu 62.5-500 ng/mi (gﬂﬁ 18B) lazay

WNTWUDI LTA 91 500 ng/ml A8 Uinnuanuutwuad LPS 1.0 EU/mI

(A)
1.4 -+
1.2 4
1
= 1.2458x - 0.0619
. 0.8 - Y X
S R? = 0.9969
< 06
04 4
0.2 -
0 L] T L] L] T 1
0.00 0.20 0.40 0.60 0.80 1.00 1.20
Concentration of LPS (EU/ml)
(B)
1 -
0.8 4
0.6 4 y = 0.002x - 0.0516
S Rz = 0.9826
=t
<C
04 4
0.2 4
<
0 L] L] L] L] L] 1
0 100 200 300 400 500 600

Concentration of LTA (ng/ml)

311 18 (A) NTINNIATTIUVBINT LPS Uaz (B) NTINNNIAITIUVBIANT LTA
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nnsstadouyng KL12 ﬁmmdl’m'l’wme] (2, 4, 8, 16 U8z 32 pyg/mL) UKL
SIUAVANT LPS anutat 1.0 EU/mI %38&15 LTA @nNNg1 500 ng/ml W&3LaTZH
w1UIu10 endotoxin ﬁmﬁaag’Lﬁﬂuﬁ'umwlmmg’mua:ﬁﬂmmmmmmsniumﬁu
AU&13 endotoxin ﬁ%aawﬁm‘[m Ui’ffg@]i Bound endotoxin = 1-free endotoxin l@8NANT
NARBINLIN AMUENANTDIWANTILRUENT endotoxin Tamasriiaasililng KL12 Tuiu
ANUENT® nande Weanuduturasldindifisiuanuanisalunissuiuans
endotoxin AANT® agelsAauiiail3sudsuanuaunralunssuiuans LPS uaz
LTA 2801 Iné KL12 wudn wWilng KL12 Sausinnsalunnsaunuans LTA ladnin

815 LPS Nmmmﬁogﬂﬁ 19

1.0-
g 08-
]
o
S 0.6
3 )
; 04 —~LPS
= ] -=TTA
-
[=]
oA

0.2

0.0

Concentration of peptide (ng/ml)

31U 19 A1usN130lun1IIUAUENT endotoxin §83T#a (LPS uaz LTA) 2a3lding
KL12

1 ‘8 6
3.8 @nwnalnnisinganuaiisasasidding
=t a _— . A & a A
3.8.1 N15ANBINILAA Permeabilization NANLUSHIWHANVBIRLATILT S
(Outer Membrane Permeabilization Assay)
g o . o =
lunInaaasitazltas 1-N-phenylnaphtylamine (NPN) tHudrasiasay 44
NPN Lﬂua'ﬁWQamimsﬁmﬂ@m:l,ﬁ@msﬁamao"lﬁﬁLﬁaa%iluama:l,rmﬁawﬁlﬂu
hydrophobic lagrnndyndaunsavinldiuniususunaniia permeabilization 813 NPN
22191 lIUADUS o hydrophobic 284 lipid bilayer T93s¥inlAd1n15509ua9089 NPN
Ql J 1 { v v v 1 s 1
WK nRan1snaasdnuin wi'lng KL12 Aldanududuivinny 8 pg/ml (A1 MIC
va91td Inaddaima E. coli) Hanuainnsalunsyinlduuususunenvadide E. coli 1ia
- A £ A o A a A = o A ' \
permeabilize LNNIUANTZZIANNENAFOL Aa 5 WH Teaziiu learntlaviaidiwlyen

¥ [ . . Ao A & A '
mmmmaaﬂgaamamum (Fluorescence intensity) VI’]@]VL@]&IQWQEG"II%Liaf_I f UNEAITNIN
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Waldd'lng KL12 fnldiuniususuuanvadide E. coli \ia permeabilize ¥inl#a15 NPN
A A o o A = i A A &£ A = a
sansaafawidn ldgssuiidn hydrophobic LaziiansiSaduasdin uwastlaTouiiay
Audyng Melittin AlEauEdNTr 10 pg/ml Awudn wWilng KL12 Sanuaiunsalunis
M AN UTUTUKENVBILTE E. coli Lia permeabilize baanindyng Melittin wditasnin
911 TIue PMB Aianuidudn 10 pg/ml Sadusnnfanusansavinliluaiususuwuen

& AaAa A . oAl [ A
VBILDRALUANLILLNG permeabilized VL@@ Naﬂ’]iﬂ@aa\‘]ua@\‘]@mgﬂﬂ 20

160000+

120000-

=y
[/ /]
=
[*]
=
£ 80000 %M
]
=
[*] -
S —— CelltNPN
g —a Cell+NPN+KL12
S 40000 N
E —4— CelltNPN-+Melittin
—— CelHNPN+PMB
0
0 1 2 3 4 5

Time (min)

311 20 n13L7ia permeabilization LUNLIUIUTUUENVBILTB E. coli TNARBUAIBTT NPN

uptake

3.8.2 N3A@N®INT3LAA Permeabilization ﬁmmu‘su%%i%’ﬂmtmﬂﬁﬁﬂ (Inner
Membrane Permeabilization Assay)
3.8.2.1 Cytoplasmic membrane depolarization assay
lun1snanasiazldans 3,3-Diethyloxacarbocyanine, iodide
(DIOC,(3), lodide) %dLﬂumiWQaaLimﬁﬁuﬁmﬁ@ carbocyanine dye 7114 lun1sAnens
\Aann2z99nay (depolalization) mauﬁaﬁméﬁaﬁ Faminesasiilenasaunnumunsalu
msﬁﬂmﬁaﬁmmﬁmammﬁL’%ﬂ E.coli \ii@ depolarization 283U Ing KL12 lap@nsn
Woutuyng Melitin A5 positive control wazld 5 mM HEPES, 20 mM glucose
WAz 0.1 M KCl, pH 7.4 1fudraiuqa (control) lasazyuisan E. coli SIunUa17
DIOC5(3), lodide lﬁﬂ’;mlﬁff&liuq@ﬁmﬁ’ﬁu 0.4 pM tHutrandszunos 30 1N wie
aWN161 Fluorescence intensity 9:A97 L&AI31813 DIOC4(3), lodide 'ladnluneluiia
ANLTATUA? nindndlng KL12 Tagldanuidudurinduen MIC udBuiad
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fluorescence intensity FIUAUIAT 0-30 wamInanasnawyn 1willng KL12 sansovii
1#1A@ depolalization mau?iaﬁmsﬁaﬁ E. coli l¢ Gvazdiulanidionaiwllaansaia
f1 Fluorescence intensity 484813 DIOC5(3), lodide {RuTu udtasnin Melittin NaLa s
é’agﬂﬁ' 21

25000
‘@ 20000 1
=
)
R
=
= 1500001
@
[
=
@
g 10000
2 —— Control
S - KL12
—_ 50001
= —+— Melittin
0

0 3 6 9 12 15 18 21 24 27 30

Time (min)

311 21 depolalization vasiiaRuiaad E. coli Mifinarnildng KL12 isuiuding

Melittin ﬁmaauﬁwmsﬂgaamamuﬁ DIOC5(3), lodide

3.8.2.2 NucSpot® 470 green influx assay

MInaaaIitlaans NucSpot® 470 il cell-membrane-impermeant
green fluorescent DNA stain 14n15AN®IA15LAA Permeabilization NLuNLUTWTW U9
uuAfi3e (Inner Membrane Permeabilization) ndafia Tuanziibauaasidudnians
Wasassaudria ez ldmunsnrutuniuswsasaadidn ldaslwaadld wddida
#uladiia permeabilize 813 NucSpot® 470 azanansnswidn lmsluisaduazidn’ly
-5 > v a J
JUAU DNA 283uuafiisoualtianissasuadmdendn laslunisnagauanuainnsalu
syl suTuluvasnuafitsowia permeabilize Vol ng KL12 @nwuisuny
Wi'lng Melittin T duddinandanusnisavildossuuafiSouanionis loidu

AR v & . o & A g o & A a
28148 3918154 positive control laalgi@e E.coli TaiduarunuvadiTanuafiisounsuay
Huwdanasau nanmaassnyin wdlng KL12 Alfanududuyinny 8 ug/ml (fn MIC
va0ldndftdaite E coli) Hanuannsalunsvinldiunususuluva e E coli i
. A &£ Aq o o a A = Y A '

permeabilize LNNTUANTTzIANTNazEL Ao 60 Wl Tsazidulaanilaaisiuly
' . . { o oA &£ { ' d ° v
@in Fluorescence intensity N17@ lafiA1g42uIas 9 wuoaudn Waiddlng KL12 vinlw

Wl IwTuluvaaTa £ coli 1ia permeabilize 813 NucSpot® 470 Gaiiluaisluiana
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] v = Q v =) J {
yuadnaI e laslusaduaz lUIuny DNA wadtian13iSaduailin uaziile
Wisuisunuddlng Melitin Algaiuiduds 10 pg/ml Awud wWulng KL12 &
anusaTnlun s ldusususuluveado E. coli tia permeabilize laaninddlng

Melittin Namsmaamamé’dgﬂﬁ 22

250000
-+ Cell+NucSpot407+PBS

-8 Cell+NucSpot407+KI1.12
200000

— Cell+NucSpot407+Melittin

150000

100000

Fluorescence intensity

50000,

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Time (min)

317 22 m3Lfia permeabilization twaiuIuTUlUVEITE E. coli MnasaudiuaIngaaiss

u

LI%a NucSpot® 470

3.8.2.3 Cytoplasmic B-galactosidase activity assay

miﬁﬂmﬁl,ﬁaéfaan’lﬁzq’mﬂﬂvl,m‘ KL12 Ths¥in LWL LU TIT 6 b1k

AAa A . i A & ' v o o & . P
va9uUafiiufia permeabilization Mifluguialng usdavildianlod B-galactosidase 7

. > o A Y \ \ o s
agmﬂlmeﬁaﬁ E. coli Y1aanantawn3a la dsniinaaasiaziuiddndsrunuisas E. coli

A & A a g’ P v v A A v 4
magaluarminnainldranananlasmianszduliduuafFoairaewlad B-
galactosidase NMNHUITLNLTAR E. coli INAUUUING KL12 Aansduduiyinnudn MIC

Wisuinaunuedaius PMB uazans 0.1 % Triton X-100 L1381 30 w1l aniudu

wageawzdIuldnmeseufanssnvasiawls B-galactosidase Aivroanunnuuan

v o aaa 04 é g; v v v J
wa2911U§AT1nu ONPG datlluasasanvadianlad azldgisazarofmiaaduin
o A A & . . =
suInianIganauuasi 415 nm lasazuaainaiu % [3-galactosidase activity Ly
AU&1Y 0.1 % Triton X-100 NdaLdu 100 % [3-galactosidase activity FIHANIINAR D

Wu31 Aaudutuseaddindiiadudan mic ldinfanssuvesonlod B-

é v [ i ada % {
galactosidase FsliHalTudnInUENUfTIUz PMB dausadlugli 23
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120 -

100 -

80 -

60 -

40

20 A

% pB-galactosidase activity

0.1 % Triton X-100 KL12 Polymyxin B sulfate

Eﬂﬁ 23 N13LN@A permeabilization WL TUTHIULB9LT8 E. coli laun1IRTIInNanIINUD

Lol B-galactosidase

3.9 nsanwmmazesdlinddaimasuuafiisaaisnassganssakdiinasan
LWUUEINIIA ﬁﬁﬂﬂﬁﬁﬁﬁﬂ‘f% (Field Emission Scanning Electron Microscopy,
FESEM)

ol Ing k12 Tdusuimasuuafise S. aureus was E. coli laaldainu
U WA DEN MIC uaz 5xMIC tHwaan 1 52l Weununguisasuuaizoniuquda
wasnl ldvuuruying %é’amﬂﬁ?uﬁﬂvlﬂ'iLﬂﬂ:ﬁ@é’ﬂwmzﬁ%amimﬁwuﬂawaa
waswuafiselaslindas FESEM laguanuin ASLUATITIUIEIUT AN UYL
LRZLANLREWE ﬁﬂﬁLﬁumiﬁa%mmluwﬁaﬁ%’ﬂmaanm Tastawziiialdanuiduds
waauIneiiu 5xMIC |raduuafi3sazuaniFoniguni ot u (Eﬂ'ﬁ' 24C-F uaz 25B-C)

Warisununguaiuau (FUN 24A-B uaz 717 25A)
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31l 24 ANUUSVILTARUUATISE S. aureus LUAFIAIUNNDI FESEM I@mgﬂ A uaz B Aa
lian S. aureus NldlatusrunuiddIng KL12, C uaz D Aa L11wad S. aureus N1 d
srunudUIng KL12 @ududwlvinnudn MIC, E Was F Aa Loaa S. aureus MUY

unuddng KL12 enudutuyinnuan 5xMic Taglfiaainisdy 1 walas

31" 25 ansuzvEasLUATISY E. coli iNadIfiundad FESEM I@mgﬂ A @da 1188
E. coli Nlal'ldvusrunuddIng KL12, B fa wmad E. coli NunsrunutllIng KL12 ana
WU WA LAY MIC, @8 a8 E. coli Nunsrunuitding KL12 aanuiduduivinnuen

s5xMIC Tagldinanisdy 1 Talas
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4. gyUuazrinsalnanImanag
BinseanuuuLazdsaeiUindduBouuafiduronua 6 1§ (KL8
(KLLKKLLK), KL12 (KLLKKLLKKLLK), KLW9 (KKWLKKLLK), KW8 (KWKKWWKK),
KL8 -WWW (KLLKKLLKWWW-NH2) b8 KL12-WWW (KLLKKLLKKLLKWWW-NH2))
mnfuﬁnmimoaﬁﬁw:ﬁunﬁﬂgﬁ 8Le389 CD Spectrophotometry wuda Htlung 3
L Ao KL12, KLB-WWW waz KL12-Www fitilsaglusnsazany 50% TFE da1u

a

o A o & A A L. a A o @
LLUUQ’]@@GLHQ?}NLsﬁﬂaLLUﬂ‘ﬂlﬁﬂ (mimic membrane) Nﬂ’]SLﬂaE]uLLﬂaﬁIﬂiﬂﬂi’Niz@lll'ﬂ@]ﬂ

q

Aa & . ~ & ¢ & (%
niluuuy  O-Helix qugwuam‘lummm’m 10mM NaPB, pH 7.2 Gt uanusme

o @

fdmasasiiludyindimotowuailisy udmaseunniawTeuuafie 7 ae
Wit diznaudisuninuan 5 auWus da Staphylococcus aureus ATCC25923,
Staphylococcus saprophyticus ATCC15305, Bacillus subtilis, Enterococcus faecalis W& <
Staphylococcus aureus MRSA DMST20654 LLALLNTUAY 2 ’) &lﬁuf fa Salmonella typhi

DMST22842 uae Escherichia coli ATCC25922 wawuin tilng KL12 Sanusansal

v
o

v & X A A oA A o o & v & A
nsdugnseunafiSelaafige lavduosldninua 5 a1uWus da S. aureus, S.
saprophyticus, S. typhi, E. coli waz S. aureus MRSA 1UU'Ind KL8-WWW waz
KL12-WWW giansagusadauuafisonasau e 2 suwus fa S. saprophyticus Was S.

q

aureus MRSA 11/1'In¢ KLW9 waz KWS8 mmimﬁ'mﬁ'aﬂﬁm‘%rymammﬁﬁmmaaﬂﬁ
A o & A . ) & ) o & a
We 1 §IUNuD Aa S. saprophyticus 1wl ng KLs lisunsa ULINITLATEYV DY
A A oA 9 o @ A o o ’~ A &
u,u@mmm@aau"l,ﬂsmglwaaamaaaﬂunmm‘sw:ﬂmaaﬂasmunmﬂgmaol,ﬂﬂ"lm@
¢8LA389 CD spectroscopy nanlfa tilne KL12 Lﬁaa%ilum‘iazmﬂ 10mM NaPB, pH
7.2 Hauidu A-Helix agji 11.65 % LL@iLﬁaa%ilumsazmﬂ 50% TFE Gduiuuuudnansg
A A L. A A Y @ a A«
LU ULUIBLAILUANLIY (mimic membrane) aJm'mJasuuﬂmimmﬁasmunmguLﬂu
i A £ = v & & A
WUY A-Helix qugwmﬂu 85.49 % TIuaadlLAnI 1iung KL12 sransnudaswlass
gmﬂmmu O-Helix "l@‘TLﬁaﬁmﬁuﬁ'uLﬁa‘fjwLénaa’mammﬁﬁﬂﬁﬂﬁmmmﬁ'uﬂ'ams
a a A U ot 6
LfﬂmﬂaaLmﬂﬂmeaauvl,wmymywu‘g
1 v v :; (d‘ s g; a d‘y a A
mmm’mmmumq@maaLaJiJ"LmﬂmmmmJslaﬂ'mamumaamal,l,uml,m
(@1 MIC) wawuin wilng KL12 §d1 MIC dalTa S. aureus, S. saprophyticus, S. aureus
MRSA, S. typhi Wa2 E. coli \inny 64, 4, 64, 2 L&z 8 ug/ml aus1au 1ulng KLS-
WWW wag KL12-WWW @1 MIC datTa S. saprophyticus \.YiNNL 2 Las 8 ug/ml

ANURIAU ezl MIC dalla S. aureus MRSA LYINNU 4 Uag 32 pg/ml aus1ay 1

MRG



Tnd KLW9 uaz KW8 Hd1 MIC dial&ia S. saprophyticus ¥iNNL 64 WAz 32 pg/ml 31N

6

nasauaNuiduisdamadda iisagndroihuasanddindwud wilnd KLs-www
uaz KL12-WwWw Sanuidunisdeisadidaifionuasvesunmss uaz Vero cells g9 dn
Willng KL12 fanuidunsdr asnudadendyIng KL12 sinesauanusinisalums
FUTBUUATISY S. aureus wae E. coli tasldanuduturasddindwinny 2xMic wuin
Wu'lng KL12 srunsaaindanuafitsundgedriabaatnisiaisd wasiianasay
ANEINIT b UN1ITIUAL LPS uay LTA 2a9tdUing KL12 wudn wi'lng KL12 &
ANNRINIAlNNIILNL LTA la@ndn LPS
dnsnatnnsidinaaasuuaiiisovraanddng KL12 lavldaas E. coli
Julrasuuafiisonagay Suannsansnanuaunsavaddd ing KL12 Tlunnsvald
\i@ Permeabilization NLNAULLTHTUWUENTILLANLIE (Outer Membrane Permeabilization
= @ . & o Pz g
Assay) 411813 1-N-phenylnaphtylamine (NPN) Hua1a519800 9 NPN iusnsngae-
sarudlagaziianisfausslddilaagluaniizwiadouiidu hydrophobic laanin
wWilnasuisavinldwuiusuausaniia permeabilization 815 NPN 3211 lU3uny
a . .. . d o Yo nl &/
131304 hydrophobic 284 lipid bilayer T43:¥iN A @173 09u&I289 NPN L AND 1% INHE
mMInaaaInuin wWilng KL12 Alfanuiduduvinny 8 pg/mi (61 MIC vaaddindiida
I8 E. coli) Aanuausalunisinldluuiususuwuanaadiia E. coli Lia permeabilize
A £ Aq o A a A = o A ' '
W NTuANNTzuzaAlEnasay Ao 5 wih T9aziduldaniiaaancinn 'l 6n
. . { o (% ' & d ' d o @
Fluorescence intensity ﬁ’m"l,ﬂﬁmgwuﬁam nuaNn Waddlng KL12 vl
\WINTURBNVBILTE  E. coli LAia permeabilize ¥inl#ans NPN anunsatadaniiii e
e A & ' = I
duniiu hydrophobic waztiansidasuasdu uazilaiSouisunuddng Melittin Al
ANMNTUTH 10 pg/ml Awyn wWilng KL12 Sanuswisalunsvinldiuuiususunen
V83170 E. coli tiia permeabilize laani1tddlng Melittin wdoundtu1dfFiue
Polymycin B sulfate (PMB) fianuttaudw 10 pg/ml Taidusnnlanuaiuisavinliiag
& & AA A . vl & =
LUTUTUWUENVBILTASLLUANISHLAA permeabilized lad nBuaAn®IANNFINITAVE Y
[ ° v A . . ~ & P
Ind KL12 Tun13%1141 7@ Permeabilization Ny tusuTwlnaadwuafitsy (Inner
Membrane Permeabilization Assay) lav'lddinen 357 Ao Cytoplasmic membrane
depolarization assay, NucSpot® 470 green influx assay ik & ¢ Cytoplasmic B-
galactosidase activity assay Fanuan1snaasInuin wWulng KL12 Sanuannsayia

IWbeuwmuusuruluzasuuafioiiia Permeabilization 6 landiulngjaaitaniialu
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ansasiduzzuiaidn a9 nilias NucSpot® 470 green Faiduansnillutana

PwaansIdIaefauna luanslwsasuwaz lUauny DNA nagnn el LT RRLATD IR

=1 oA . . . ' '

Wgaal,‘smsﬁumu iatlanagay Cytoplasmic B-galacto&dase activity Wu2n lagunsn
aafanssupadawlsd B-galactosidase Tugrnlavasinfsamasfivusinuding
KL12 tilasaniawles] B-galactosidase 1duansfifilutanazuialng winidingla
sansarilisasuuafiiSoiia Permeabilization ludnwusfiidugwialng toulod B-
galactosidase faz higunsaTieanunle wisanaduldladin luanududuvaaddinan

e ] & o v 6 A A Aa a v J 3 a 6
Winnuen MIC uw ¥ lRiaasuuafiisaifiannudewslaunsdiwuaianaaztian ol B-

. < a A o =S ' a 4

galactosidase T1aanunlundSunmndas 39ldaunsnasranuianssuvasanlad B-
galactosidase NANIINARDIRFDAARBINUNITANBIVAY Chou et al., 2016 NANBINA LN
madnassanuaiizoraaddindsauazid w2 lasldviinisdnsinwudn wdlng
[ 6 a o v 6 a A a e . % & A v
Faared w2 danumansalunsilfisaduuafiSuiia Permeabilization lavnsidiasiu
TUUONUAST L1

& = & & aa o o ea &

mﬂuuﬂnmwamaol,ﬂﬂ"lmmlfnammﬂwmeﬂﬂaaagamiﬂuamﬂmammu
#§4n910 ThaNaad e (Field Emission Scanning Electron Microscopy, FESEM) W&
wuin wid'ng KL12 ﬁﬂﬁlfﬁaaﬁ,mﬂﬁL%Umamuﬁé'ﬂmmzmgm: LRZLANLRERY

{ v v v QI J
TagawizialtanuduturaadlIndiiln 5xMIC iaalUaNS Uz UANLRURILNINEIT%
a =1 o ] = ‘3’ ] 6 A o 1 %
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As potential therapeutic, antimicrobial peptides (AMPs) with shorter length
and simple amino acid composition can be better candidates for clinical and
commercial development. KLL12, a novel cationic a-helical antimicrobial peptide
consisting of 12 amino acid residues, was designed by de novo design based on
unique characteristics of naturally occurring AMPs and chemically synthesized. The
peptide has a net charge of +6 with a total hydrophobic ratio of 50%. The
antimicrobial experiments revealed that KL12 strongly inhibited the growth of human
pathogenic bacteria. The analysis of minimum inhibitory concentrations (MICs)
which inhibited the five pathogenic bacteria namely Staphylococcus aureus
ATCC25923, Staphylococcus saprophyticus ATCC15035, Staphylococcus aureus
MRSA DMST20654, Salmonella typhi DMST22842 and Escherichia coli
ATCC25922 using broth microdilution assay showed that MICs of KL12 was ranging
from 2 pg/mL to 64 pg/mL. Interaction with lipopolysaccaharide (LPS) and
lipotheicoic acid (LTA) suggests that the peptide was able to bind and neutralize LPS
and LTA. Fluorescence studies and electron microscopy analyses indicated that KL12
Kills microbial by permeabilizing the cell membrane and damaging membrane

integrity.

Keywords: antimicrobial peptides, designed peptides, peptides synthesis, mode of

action
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Pathogens resistances to antibiotics are becoming a global incidence for
human health worldwide. Almost all antibiotics are baffled by the great ability to
adaptation of pathogens and the emergence of new agents, discovered with up-dated
technologies. The development of new antibiotic compounds like antimicrobial
peptides (AMPs) is necessary [1]. AMPs are good candidates as new antibiotics since
they are natural defenses of most living organisms against invading pathogens [2-4].
These peptides are small, cationic and amphipathic molecules. Cationic AMPs belong
to the innate immune system and host defense mechanism of a wide range of living
organisms [5, 6]. More than 1900 natural AMPs are registered in the Antimicrobial

Peptide Database (APD: http://aps.unmc.edu/AP/ main.html), emphasizing the

importance of expanding AMP research [7]. AMPs induce the direct destruction of a
wide diversity of microorganisms. Owing to their ability to attack different
microorganisms, including bacteria, viruses and fungi, together with the growing
problem of resistance to conventional antibiotics, AMPs have been regarded as
promising candidates for the development of novel antibiotics [2, 8-10]. The fact that
microorganisms are less efficient in developing effective resistance mechanisms
against AMPs than against classical antibiotics further supports the use of AMPs as
novel therapeutics [2, 9, 11, 12]. In addition, AMPs can act synergistically with
conventional antibiotics [12] . All of AMPs cause lysis by two-step mechanisms,
which consists of (i) binding to a negatively charged membrane with a cationic nature
and (i) permeabilization of the microbial membrane [13]. Nevertheless, these
peptides use many structures and mechanisms to destroy microorganisms, including
binding to an intracellular target such as DNA, RNA and/or protein, and interacting
with enzymes causing inhibition of metabolic processes [14]. These properties confer
considerable potential for the development of these agents as novel therapeutic agents
to overcome the resistance problem [15].

AMPs are currently used clinically in two topical and two systemically applied
formulations for the treatment of several diseases, as well as prophylactically to
prevent infections in neutropenic or cystic fibrosis patients [16]. While thousands of
AMPs are identified, only few of them are developed in view of clinical applications
[1]. The natural AMPs are far from perfect (poor pharmaceutical and pharmacokinetic
properties) and some of them cause toxicity to the eukaryotes. For example, the strong

antibacterial activity is often accompanied with hemolysis to the eukaryotes. Further,

MRG


http://aps.unmc.edu/AP/

the high manufacturing cost of peptides is arguably the principal problem preventing
the widespread clinical use of this class of antibacterial therapeutic [17-19]. In this
respect, an AMP with a short size and a simple amino acid composition would be a
more favorable lead molecule to reduce production costs and to facilitate
pharmaceutical optimization [19, 20]. Rational design and thereafter chemical
synthesis are important approaches in the search for substitutes of conventional
antibiotics because it can overcome the limitations in large-scale production and
application of natural peptides [21].

Rational design methods aim to create novel peptides with improved
antimicrobial activity, lower toxicity to human cells and reduced size. In other words,
it is much more specific in creating a pharmaceutical with higher specificity to
microorganisms, avoiding side effects. The rational design methods can be classified
into three major classes: physicochemical, template-based and de novo methods. This
study focuses on de novo methods because they are very interesting in terms of
achieving a yield from multiple AMPs with little amino acid conservation. Instead of
using one pivotal sequence to develop analogues, de novo methods can use amino
acid patterns or amino acid frequencies and positioning preferences, generating
several sequences with no clear relation.

Therefore, the aim of this project is to create novel potent antimicrobial
peptides by de novo design based on unique characteristics of naturally occurring
AMPs: short, preferably cationic, with a-L-amino acids, and with more than 30% of
hydrophobic  residues.  The  Antimicrobial  Peptide  Database = (APD:
http://aps.unmc.edu/AP/ main.html [22]) are anticipated to build short peptides with
cationic properties. This web tool offers a research interface to select peptides with
search criteria such as length, structure, hydrophobic percentage, net charge and the
target organism as well as provides statistical information on peptide sequence,
structure and function, average peptide length, average net charge per peptide and
frequency of each amino acid.

In addition, APD has a prediction interface, which allows input of peptide
sequences, and prediction of whether the new peptide has the potential to be
antimicrobial based on known factors. The program carries out a residue analysis on
the peptide and in terms of structure, simple predictions can be made. When
hydrophobic residues appear every two or three residues in the peptide sequence, an

amphipathic helix will be predicted. Two types of amino acid side chains play
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important roles in antimicrobial activity of peptides, which are (i) the bulky nonpolar
side chains, for instance proline (P), phenylalanine (F) and tryptophan (W) providing
a distinct preference for the interfacial region of lipid bilayers as well as (ii) the
cationic side chains arginine (R), lysine (K) and histidine (H) mediating peptide
interactions with negatively charged membranes or cell walls of bacteria [23].
However, a previous result have shown that arginine (R)-containing peptides cause
relatively  strong  calcein  leakage = from  zwitterionic  1-palmitoyl-2-
oleoylphosphatidylcholine, eukaryotic mimic membrane, whereas lysine (K)-
substituted analogues showed less membrane lytic activity [24]. Therefore, in this
study we choose lysine (K) as a positively charged provider in the peptide structure
instead of arginine (R) and some of designed peptides will be end-tagging by
hydrophobic amino acid (W) stretches to enhance bactericidal potency.

Six cationic peptides (8 to 15 residues long) were designed to form idealized
amphipathic helices with the hydrophilic (lysine (K)) and hydrophobic (leucine (L)
and tryptophan (W)) domains. The designed peptides will be chemically synthesized
using solid-phase methodology with Fmoc-protected amino acids. Then, elucidation
of their antimicrobial activity is planned to be achieved by microbiological
techniques, Gram-negative as well as Gram-positive bacteria: non-resistant and
resistant strains are selected for the screening. One of them KL12 showed potent
inhibitory activity against bacteria with display little cytotoxicity towards mammalian
cells at all the concentrations tested. Fluorescence studies and electron microscopy
analyses indicated that KL12 kills microbial by permeabilizing the cell membrane and
damaging membrane integrity. This peptide could be a potential candidate for the

treatment of infectious diseases.

Materials and Methods

Peptide design and Synthesis
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The short cationic antimicrobial peptides were designed using the
Antimicrobial Peptide Database (APD: http://aps.unmc.edu/AP/main.html). The

peptides sequences were chosen base on following rules: (i) containing positive
charged amino acids, (ii) containing a-helix, and (iii) containing hydrophobic amino
acids. Six cationic peptides were designed to form idealized amphipathic helices with
the hydrophilic (lysine (K)) and hydrophobic (leucine (L) and tryptophan (W))
domains. Peptides were synthesized using solid-phase methodology with Fmoc-
protected amino acids (GL Biochem (Shanghai) Ltd.). Purification by preparative
reversed phase (RP)-HPLC gave final products that were >95% pure. Peptide
structures were characterized by Electrospray lonization mass spectrometry (ESI-
MS). The sequences and physicochemical properties of six designed peptides are

shown in Table 1. The helical wheel diagrams of these peptides are show in figure 1.

The Strains of Bacteria

Three Gram-positive bacteria namely Staphylococcus aureus ATCC25923,
Staphylococcus saprophyticus ATCC15305 and Staphylococcus aureus MRSA
DMST20654 and 2 Gram-negative bacteria namely Salmonella typhi DMST22842
and Escherichia coli ATCC25922 were selected to measure antibacterial activity of
peptides. The strains were provided by Program of Microbiology in Ubon Ratchatani

Rajabhat University and were stored at 4 °C until use.

Circular dichroism (CD) spectroscopy

The secondary structures of peptides were examined by CD spectroscopy.
Each peptide was dissolved in 10mM sodium phosphate buffer (NaPB) pH 7.2 or
mimicking the hydrophobic environment of the microbial membrane in the presence
of 50% 2,2,2-Trifluoroethanol (TFE) to a final concentration of 0.1 mg/ml. The molar
ellipticities of peptides were determined using a CD spectroscopy. Each spectrum was
the average of five scans over the range 190-240 nm using a quartz cell of Imm
optical path length at room temperature. The scanning speed was 20 nm/min at an
interval of 0.1 nm, 1-s response time and 1.0 nm bandwidth. Before calculation of the

final ellipticity, all spectra were smoothed and corrected for buffer blanks.
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Antimicrobial susceptibility assay

The antibacterial activity of peptides against several Gram-negative and
Gram-positive bacteria, including non-resistant and resistant strains was measured
using liquid growth inhibition assays [1] with slightly modify, using a broad spectrum
AMP Magainin2 as the positive control. Briefly, 50 pl of peptide solution were
incubated in microtiter plates with 50 pl of a suspension of bacteria at a starting OD
of OD600=0.002 in Nutrient broth (NB). Bacterial growth was assayed by
measurement of OD600 after 16 to 20 h incubation at 37 °C. The minimum inhibitory
concentration (MIC) of each peptide was defined as the lowest peptide concentration
that completely inhibited growth [25]. To confirm if the peptides were killing the
bacteria, the minimal bactericidal concentration (MBC) was determined by adding 30
pl of resazurin dyes (0.01% (w/v)) to each well. The plates were incubated at 37 °C
for further 18 h. Wells with blue colouration indicate dead microorganism, whereas
wells with pink colouration indicate live microorganism. The MBC value is the

lowest concentration of the wells with blue colouration [26].

Mammalian cytotoxicity assays

Both hemolytic assays and MTT assays were determined. (i) The hemolytic
activity of peptides was determined based on hemolysis of human red blood cells
(HRBCs). The human red blood cells were centrifuged, washed three times with
saline (0.85% NaCl) and re-suspended to 4% (v/v) in phosphate-buffered saline (35
mM phosphate, pH 7.0, 150 mM NacCl, PBS). One hundred microliters of human red
blood cells solution were incubated with 100 ul of different peptide concentrations for
1 h at 37 °C. The samples were centrifuged for 5 min and hemolysis was determined
by measuring the OD of the supernatant at 415 nm. The percentage of hemolysis was
calculated by using the following formula:

% hemolysis = [(Abs415nm in peptide solution - Abs415nm in PBS)

/(Abs415nm in 0.1% TritonX-100 - Abs415nm in PBS)] x100
Zero hemolysis (blank) and 100% hemolysis were determined in PBS and 0.1%
Triton X-100, respectively. (i) The colorimetric 3-(4 5-dimethylthiazol-2-yl)-2 5-
diphenyltetrazolium bromide assay was used to determine the cytotoxicity of peptides

on Vero cell. Briefly, 1x10° cells per well in Dulbecco’s modified Eagle’s medium-
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F12 (DEMEM-F12) medium supplemented with 10% fetal bovine serum were placed
into 96-well plates. After incubation for 24 h under a fully humidified atmosphere of
95% room air and 5% CO2 at 37 °C, peptides were added to cell cultures at a final
concentration of MIC values. Toxicity was evaluated after 24 h of incubation by
measuring the OD of the culture at 570 nm using 3-(4 5-dimethylthiazol-2-yl)-2 5-
diphenyltetrazolium bromide dye reduction assay based on conversion of the yellow
tetrazolium salt 3-(4 5-dimethylthiazol-2-yl)-2 5-diphenyltetrazolium bromide into

purple formazan crystals by metabolically active cells.

Time-kill assay

The bacterial strains including S. aureus and E. coli were grown overnight at
37 °C in NB and harvested at the logarithmic phase of growth by centrifugation at
3000 xg for 5 min, washed three times with 10 mM sodium phosphate (NaPB) pH 7.2.
The bacterial cells re-suspended in same buffer at an approximate density of 10’
CFU/ml. Then, separately exposed to the peptide at a final concentration of 2xMIC
for 0, 3, 5, 10, 20, 40 and 60 min at 37 °C. After each observation, samples were

serially diluted and plated onto Nutrient agar (NA) plates to obtain viable colonies.

Binding affinity for lipopolysaccharide (LPS) and lipotheicoic acid (LTA)

The outer membranes of Gram-positive and Gram-negative bacteria differ
significantly in their composition. Gram-positive bacteria have a thicker
peptidoglycan layer and they have LTA exposed in the outer membrane, whereas
Gram-negative bacteria have a thin peptidoglycan layer and an outer lipid bilayer
covered with LPS [27]. These negatively-charged molecules activate multiple signal
transduction pathways and constitute the first physical barrier which needs to be
transversed by AMPs [28]. Therefore, the ability of the peptides to bind to LPS and
LTA was examined and compared using a LAL assay as describe in Torcato et al.
[26]. The endpoint chromogenic Limulus Amebocyte Lysate (LAL) test kit was
employed to examine the ability of the peptides to neutralize LPS and LTA. This test
is a sensitive indicator of the presence of free, non-neutralized endotoxin (either LPS
or LTA) [29]. LPS from E. coli O111:B4 (standard provided with the LAL assay Kit)

or LTA from S. aureus (Sigma-Aldrich, Germany) were incubated with various
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concentrations of peptides. Briefly, peptide and LPS (1 EU/mL), or LTA (500 ng/mL,
response equivalent to LPS 1 EU/mL), were incubated for 30 min to allow binding.
LAL reagent was added and incubated for 10 min at 37 °C, followed by addition of
the colourless substrate and incubation for further 6 min. The reaction was stopped
with 25% (v/v) glacial acetic acid and the release of p-nitroaniline followed by
absorbance at 405 nm. Controls with water or peptide only were included to confirm
that all the samples were endotoxin-free. After blank subtraction, the concentration of
free endotoxin was calculated by using calibration curves obtained with LPS (0.125-1
EU/mL) or LTA (62.5-1000 ng/mL). The values were normalized and converted into
bound endotoxin (bound endotoxin=1—free endotoxin) and plotted as a function of

peptide concentration.

Outer Membrane (OM) Permeabilization assay

The outer membrane permeability of the peptides was determined by using the
fluorescent dye N-phenyl-1-napthylamine (NPN) uptake assay, as previously

described [30] Briefly, E. coli were washed and resuspended in buffer (5 mM

HEPES, 5 mM glucose, pH 7.4). NPN (Sigma-aldrich, Germany) was added to the
cell suspension in 96 black well plates to give a final concentration of 10 uM. Peptide
samples were added to 96 black well plates and fluorescence was recorded (excitation
A=350 nm, emission A=420 nm) for 5 min. Changes in fluorescence were recorded
using an the CLARIOstar multi-mode microplate reader (BMG LABTECH,
Germany). As the outer membrane permeability increased due to the addition of
peptide, NPN incorporated into the membrane resulted in an increase in fluorescence.
Polymyxin B (PMB) is used as a positive control because of its strong outer
membrane permeabilizing properties.

Inner Membrane (IM) Permeabilization assay

Inner membrane permeability was determined by measuring NucSpot® 470
influx assay. E. coli cells were grown to mid logarithmic phase at 37 °C, washed two
times and suspended in PBS buffer (1x10® cells/ml). Aliquots of 90 pl of this cell
suspension were deposited in each well of a standard 96 well plate. Ten ul of the
peptide solution (final concentration at MIC value) containing 1x NucSpot® 470

(Biotium, USA) was added to the wells. The time-dependent increase in fluorescence
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excited by binding of the cationic dye to intracellular DNA was monitored using the
CLARIOstar multi-mode microplate reader (BMG LABTECH, Germany). The
excitation and emission wavelengths were 460 nm and 546 nm, respectively. Melittin,
which kills bacteria by targeting membranes and forming a pore, was used as a

positive control.

Cytoplasmic membrane depolarization assay

The effect of peptides on the membrane potential of bacterial cell was probed
by membrane sensitive DiOCs(3) (Biotium, USA) fluorescent assay. Briefly,
Bacterial cell was harvested at an early exponential growth phase in NB at 37 °C,
harvested by centrifugation at 3000xg for 5 min, washed thrice, and diluted to an
ODsoo of 0.1 with 5 mM HEPES buffer (pH 7.4, containing 20 mM glucose)
containing 0.1 M KCI to equilibrate the cytoplasmic and extermal K*. Subsequently,
the cell suspensions were incubate with 0.4 UM DiOCs(3) until DiOCs(3) uptake was
maximal (when the reduction of fluorescence intensity was stable due to self-
quenching of DiIOCs(3) in the untreated bacteria). The desired concentration of
peptides added into a standard 96 well plate. The fluorescence reading was monitored
for 30 min with the CLARIOstar multi-mode microplate reader (BMG LABTECH,
Germany), at an excitation wavelength of 482 nm and an emission wavelength of 497
nm. The fluorescence of 0.1 % Triton X-100-treated cells served as a positive control

for maximum depolarization [31].

Scanning Electron Microscopy

Scanning Electron Microscopy was performed according to [32] with slight
modifications. S. aureus and E. coli was grown in NB and harvested at the
logarithmic phase of growth by centrifugation at 3000 xg for 5 min. The bacterial
cells were then washed twice with 10 mM NaPB pH 7.2 and re-suspended with the
same buffer to a final concentration of 1x108 CFU/ml (ODs00=0.2). Aliquots of
suspensions of bacterial cells were individually incubated with MIC and 5xMIC of

peptides at 37 °C for 1 h. The 100 ul solutions of the bacterial cells were carefully
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pipetted and applied to a 0.2 um polycarbonate membrane filter (Whatman®, USA)
for 30 min whereupon cells were fixed with 300 ul of 2.5% (v/v) glutaraldehyde
(Sigma, USA) for 1 h. The fixed material was dehydrated by rinsing (for 15 min)
repeatedly with a series of ethanol solutions containing 30%, 50%, 70%, 90% and
finally 100% ethanol. Dry materials were coated with a sputter coater (JEOL, JEC-
3000FC, USA) with gold palladium and examined by Field Emission Scanning
Electron Microscopy (FESEM) (JEOL, JSM-7610F Plus, USA) operating at 3.0 kV.

Results and Discussion

CD spectroscopy

To analyse the structure of the peptides in aqueous solution (phosphate buffer)
and membrane mimic conditions in the presence of 50% TFE solution we performed
CD measurements. Four peptides including KL8, KL12, KLW9 and KW8 formed
random coil structures in aqueous solution, whereas KL8-WWW and KL12-WWW
formed a-helix and B-Sheet, respectively (Fig. 2). The conformation of KL8 in the
presence of 50% TFE was the same as that buffer, with a random coil structure.
Whereas the conformation of KL12, KLW9, KW8 and KL12-WWW in the presence
of 50% TFE showed an a-helix structure. In TFE, KL8-WWW showed more an
a-helix structure. The deconvolution of spectrum was determined by using K2D3
program. The results showed that the a-helical content in KL8, KL12, KLW9, KWS8,
KL8-WWW and KL12-WWW peptides (in 50% TFE) were 17.13%, 85.49%,
49.55%, 40.02%, 69.09% and 66.75%, respectively (Table 3). These results implied
that KL12, KLW9, KW8, KL8-WWW and KL12-WWW adopts amphipathic
a-helical structure on the membrane. After the initial electrostatic adsorption, AMPs
aggregate on the surface of bacterial cell and correct orientation according to the
plane of binding, following with the partitioning of the peptide to the membrane and
the a-helical amphipathic structure transition [33]. This conformational
transformation is the key feature for AMPs to partition in bacterial cell membranes,

which ultimately leads to bacterial cell death [34].

Antimicrobial susceptibility assay
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Antimicrobial activities of six peptides (KL8, KL12, KLW9, KW8, KLS8-
WWW and KL12-WWW) were investigated against five bacterial strains. The MICs
were determined and summarized in Table 2. KL8, KLW9, KW8, KL8-WWW and
KL12-WWW showed activities against tested bacteria. Interestingly, KL-12 showed
potent activity against bacteria. The MICs of KL12 for Staphylococcus aureus
ATCC25923, Staphylococcus saprophyticus ATCC15305, Staphylococcus aureus
MRSA DMST20654, Salmonella typhi DMST22842 and Escherichia coli
ATCC25922 were comparable to Magainin2. The results also showed that KL-12
strongly inhibited the growth of Salmonella typhi DMST22842, Staphylococcus
saprophyticus ATCC15305 and Escherichia coli ATCC25922 with the MICs value at
2 ug/ml, 4 pg/ml and 8 pg/ml, respectively.

Mammalian cytotoxicity assays

The five peptides including KL12, KLW9, KW8, KL8-WWW and KL12-
WWW were selected for hemolytic activity and cytotoxicity assays. The hemolytic
activities of these peptides against HRBCs were determined at final peptide
concentrations ranging from 1 to 265 pg/mL. The results showed that KLW9 and
KWS8 are no hemolytic activity, KL12 is low hemolytic activity in the concentration
rang tested whereas KL8-WWW and KL12-WWW are more hemolytic peptides (Fig.
3A). The cytotoxicity of the peptides was assessed in Vero cells. Vero cells are a
kidney epithelial cell line extracted from an African green monkey, representing
normal mammalian cells. The results were similar with hemolytic tested (Fig. 3B).

Time-kill assay

As in many other AMPs, the bacterial killing by KL12 is very rapid process.
Its kinetic activity against the S. aureus ATCC25923 and E. coli ATCC25922 was
complete after a more 5 min exposure, at a concentration two times the MIC (Fig. 4).
This property demonstrated that there are less chances of microbes developing
resistance to it. Such resistance against a particular antibiotic is often encountered in
the case of bacteria exhibiting a long annihilation time, thus giving strains enough

time to revert themselves [35].

Binding affinity for lipopolysaccharide (LPS) and lipotheicoic acid (LTA)
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Gram-positive bacteria have a thicker peptidoglycan layer and they have LTA
exposed in the outer membrane, whereas Gram-negative bacteria have a thin
peptidoglycan layer and an outer lipid bilayer covered with LPS [27]. The ability of
KL12 to bind to LPS and LTA was examined and compared using a LAL test Kit.
Figure 5 shows that the KL12 peptide was able to bind to LPS and LTA, and the
binding was dose-dependent manner. However, KL12 has the weakest activity to bine
to LPS than LTA. Our studies revealed that the peptide in this study have activity to

neutralize both molecules.

OM and IM Permeabilization assay

The outer membrane plays an important role as a protective barrier in Gram-
negative bacteria. Normally, NPN fluoresces weakly in an aqueous environment and
strongly when it enters a hydrophobic environment such as the interior of a membrane
[36]. To explore the abilities of the peptide to penetrate the outer membranes of gram-
negative bacteria was tested. As shown in Fig. 6A, KL12 was able to permeabilize the
outer membranes of E. coli at MIC value (8 pg/mL) and permeabilization was time-
dependent when compared with cells in buffer only and cells with NPN only that
acted as the negative control. KL12 showed greater outer membrane permeabilization
activity than Melittin at same concentration. However, KL12 was lower than the
fluorescence of E. coli treated with the positive control, polymyxin B sulfate.
Therefore, our results indicated that KL12 peptide have permeabilized the outer
membrane of the intact cells similarly to polymyxin B sulfate and other cationic
AMPs including SMAP-29 [37], Indolicidin [38] and Temporin-L [39].

In addition to the outer membrane tested, we determined the ability of peptide
to permeabilize the inner membrane of Gram-negative bacteria by measuring
NucSpot® 470 influx assay. NucSpot® 470 is a cell membrane-impermeant green
fluorescent DNA stain. It can penetrate cells with a compromised plasma membrane
but will not cross the membranes of live cells. Fluorescence of NucSpot® 470 is
enhanced when bound to intracellular nucleic acids. NucSpot® 470 was used to
analyze the effect of KL12 on membranes of living E. coli cells. As shown in Fig. 6B,
the addition of KL12 to E. coli suspensions in the presence of NucSpot® 470 caused

increased fluorescence after 5 min when compared with cells with PBS that acted as
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the negative control. This suggested that the influx of NucSpot® 470 into E. coli cells
increased over time with the increase in plasma membrane permeability induced by
KL12. Like its outer membrane permeability, KL12 showed greater inner membrane
permeability than that by Melittin. The NucSpot® 470 influx analysis demonstrated
that KL12 (final concentration at MIC value) could increase living E. coli cell plasma

membrane permeability.

Cytoplasmic membrane depolarization assay

Upon permeabilization and disruption of the cytoplasmic membrane, the
membrane potential is dissipated, and DiOCs(3) is released into medium, causing an
increase in fluorescence. Hence, depolarization of the KL12 on the E. coli
cytoplasmic membrane was investigated by using the membrane potential sensitive
dye DiOCs(3). The results showed that the peptide KL12 induced time-dependent in
DiOCs(3) fluorescence at 1 x MIC, reflecting cytoplasmic membrane depolarization.

These effects were weaker than those caused by Melittin (Fig.7)

FESEM assay

To further characterize the bactericidal effect of the peptide, we used FESEM
to examine. S. aureus and E. coli were used as models of Gram-positive and Gram-
negative bacteria, respectively. The results show that untreated bacteria displayed a
bright surface with no apparent cellular debris (Fig. 8A and D). In contrast, the
surface exposed to the KL12 peptide gave a wide range of significant abnormalities
(Fig. 8B, C, E and F). The peptide-exposed cells at MIC value showed altered cell
membrane morphology and have the intracellular contents leak extensively (Fig. 8B
and E) and at 5 x MIC clearly demonstrate that the bacterial cells are drastically
physical damaged (Fig. 8C and F). These results revealed that KL12 the membrane as
the target of action. However, the exact mode of action of AMPs can be multiple, but
here, the fast killing kinetics as well as the electron microscopy studies suggested that
the major cause of peptide antimicrobial action is its membrane interactive nature
[35]. Torcato et al. [26] have shown similar concentration-dependent behavior with
analogues of BP100, a synthetic AMP that obtained from a combinatorial chemistry

approach based on a cecropin A-melittin hybrid. At low concentration (1 uM and 10
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KUM), these peptides had little capacity to damage the cell membranes of E. coli and S.
aureus. When treated with 100 uM of BP100 analogues, the bacterial membrane is
disrupted and showed leakages of cytoplasmic contents.

In summary, we report the design, synthesis and antibacterial activity of novel
antibacterial peptides KL12. The antimicrobial experiments revealed that KL12
strongly inhibited the growth of human pathogenic bacteria. Fluorescence studies and
electron microscopy analyze indicated that KL12 kills microbial by permeabilizing

the cell membrane and damaging membrane integrity.
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KLS-WWW

0| Hydrophobic amino acid |

d Hydrophilic amino acid |

Figure 1. Helical wheel diagrams of six designed peptides obtain from
http://rzlab.ucr.edu/ scripts/wheel/wheel.cgi. Cationic peptides were designed to form
idealized amphipathic helices with the hydrophilic (lysine (K)) and hydrophobic
(leucine (L) and tryptophan (W)) domains.
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Figure 4. Killing kinetics by the peptide KL12. (A) S. aureus ATCC2592, (B) E. coli
ATCC25923. Each value shown is the mean * standard error of the mean from three
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Figure 7. The cytoplasmic membrane potential variation of E. coli treated by 1 x MIC

peptides, as assessed by release of the membrane potential-sensitive dye DiOCs(3).

Figure 8. Scanning electron micrographs of S. aureus ATCC25923 (A-C) and E. coli
ATCC25922 (D-F) untreated and treated with peptides. (A and D) Control bacteria
after treatment with 10 mM NaPB, pH 7.2 for 1 h. (B, E) Bacteria after treatment with
KL12 at MIC for 1 h. (C, F) Bacteria after treatment with KL12 at 5xMIC for 1 h.
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Table 1 The sequences and physicochemical properties of six designed peptides.

Name Sequence Design The APD The total net molecular weight (Da)
defined total charge
hydrophobic Calculated @ Measured P
ratio (%)
KL8 KLLKKLLK The sequence of peptide contains a standard o.- 50 +4 983.335 983.36
helix (KLLK).
KL12 KLLKKLLKKLLK  The sequence of peptide contains a standard o.- 50 +6 1465.995 1466.03
helix (KLLK).
KLW9 KKWLKKLLK N-terminal domain contains two cationic lysine 55 +4 1169.548 1184.59
(K) residues and one tryptophan (W), a well-
known membrane anchor. C-terminal is a
standard a-helix (KLLK).
KWwW8 KWKKWWKK The sequence of peptide consisting exclusively 37 +5 1217.504 1217.54
lysine (L) and tryptophan (W).
KL8- KLLKKLLKWWW  KL8 end-tagging by hydrophobic amino acid 63 +4 1541.974 1541.02
WWw -NH: (W) stretches to enhance bactericidal potency.
C-terminal amidation stabilizes the peptide.
KL12- KLLKKLLKKLLK  KL12 end-tagging by hydrophobic amino acid 60 +6 2024.634 2024.69
WWW WWW-NH: (W) stretches to enhance bactericidal potency.

C-terminal amidation stabilizes the peptide.
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Table 2 Antibacterial activities of peptides against Gram-positive and Gram-negative bacteria

The Strains of

Minimum inhibitory concentration, MIC (ug/ml)

Minimal bactericidal concentration, MBC (ug/ml)

Bacteria
KLS8- KL12- - KL8- KL12- -
KL8 KL12 KLW9 KW8 WWW  WWW Magainin2 KL12 KLW9 KWw8 WWW  WWW Magainin2
Staphylococcus
aureus >512 64 >512 >512 >512 >512 32 128 >512 >512 >512 >512 128
ATCC25923
Staphylococcus
saprophyticus >512 4 64 2 2 8 2 64 256 64 4 256 128
ATCC15305
Staphylococcus
aureus MRSA >512 64 >512 >512 4 32 32 128 >512 >512 8 256 128
DMST20654
Salmonella typhi
DMST22842 >512 2 >512 >512 >512 >512 64 4 >512 >512 >512 >512 256
Escherichiacoli 5., ¢ >512  >512  >512  >512 32 16 >512  >512  >512  >512 64

ATCC25922
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Table 3 The percentage content in a-helix and B-sheet of a peptide.

Peptides % Of content in 10mM NaPB? % Of content in 50% TFE?

a-Helix B-Sheet a -Helix B-Sheet
KLS8 8.88 7.49 17.13 5.15
KL12 11.65 5.60 85.49 0.03
KLW9 8.88 7.48 49.55 0.23
KW8 8.90 7.19 40.02 1.18
KL8-WWW 26.04 22.82 69.09 0.28
KL12-WWW 1.88 40.98 66.75 0.85

Abbreviation: NaPB, sodium phosphate buffer.

8The percentage content in alpha helix and beta sheet of a peptide in 10 mM NaPB or 50%
TFE was estimated by the K2D3 method from website: http://cbdm-01.zdv.uni-
mainz.de/~andrade/k2d3/, the estimated maximum error was >0.32.
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