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ANTI-BACTERIAL PEPTIDES
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to 10202301275X, filed on § May 2023, which is incorporated

herein by reference in its cntirety.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the field of cell biology. In particular, the present

invention relates to antimicrobial peptides.

BACKGROUND
[0003] Chronic wound management is a large and growing problem due to the aging population, and
the sharp rise in the incidence of diabetes and obesity worldwide. The incidence of chronic wounds
such as diabetic foot ulcers and burn injuries has been increasing over years. In Singapore, for example,
the number of diabetic individuals is estimated to rise to 1 million by 2050 and the population of
Singaporeans aged above 65 will reach up to 900.000 by 2030 (Gov.sg). Specifically with regards to
diabetic foot ulceration, for example, Singapore has one of the highest rates of lower extremity
amputations as compared to other developed countries (Committee of Supply Debate 2016, Minister of
Health Gan Kim Yong, 13 April 2016), which poscs cconomical burdens to the healthcare system and
individuals. Therefore, the problem of treatment of chronic wounds calls for effective treatment options.
[0004] Chronic wounds are typically due to the occurrence of nosocomial bacterial infection that
complicates skin lesions. In some cases, pathogens, necrotic tissue, and the extracellular matrix (ECM)
secreted by the pathogens form into a membranous layer termed “biofilm”. Biofilms are difficult to
manage due to the presence of the protective matrix barrier. As of today, antibiotics stand as the first
line of treatment against wound infections, for example, in the form of wound dressings to facilitate
tissue regeneration. However, none of them actively manage chronic infections beyond the use of
limited choices of existing antibiotics. Furthermore, bacteria that cause chronic wounds are
predominantly multidrug resistant (MDR) bacteria, which can casily survive standard antibiotic
treatments by gaining antimicrobial resistance (AMR). The emergence of antibiotic resistant bacterial
infections accompanied with the dearth of new antibiotics creates challenges to the management of
chronic wounds. Attempts have been made to treat chronic wounds infected with multidrug resistant
(MDR) bacterial strains, such as the development of combination therapies using antibiotics in
combination with either anti-microbial peptides (AMPs) or polymers. Unfortunately, most of those
therapies resulted in adverse effects, further increased in antimicrobial resistance (AMR), and high cost

in treatment, which are not desirable for patients and healthcare facilities. Alternative methods such as
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skin grafting are considered as gold standard in chronic wound management. However, skin grafting is
limited by the quality and quantity of donor skin, which does not solve the problem of bacterial
clearance either. Similarly, other new procedures such as delivery of angiogenesis-inducing growth
factors and cytokines and hyperbaric oxygen therapy do not resolve the fundamental issue of infections.
As an alternative, anti-microbial peptides (AMPs) arc at the limelight due to the less likelihood to induce
bacterial resistance. Yet most of the anti-microbial peptides (AMPs) failed at preclinical stages due to
the following reasons: (i) limited broad-spectrum anti-microbial activity (works only on certain types
of bacteria); (ii) targeting of eukaryotic cells, (iii) hemolytic and/or cytotoxic effects at anti-microbial
concentrations; (iv) low anti-microbial activity in clinically relevant environments; and (v) proteolytic
degradation. Regarding the targeting of eukaryotic cells, such targeting with substances can carry
certain risks due to cytotoxic effects. Such targeting substances can damage or kill cells, affecting not
just targeted cells but also surrounding healthy cells, leading to broad cellular harm. Additionally,
targeting of eukaryotic cells raises concerns about acute toxicity, which results from short-term
cxposurc and can vary from mild to severe symptoms, and systemic toxicity, which impacts multiple
organ systems, causing widespread health issues. Such toxicity risks are significant for both topical
applications, applied directly to the skin and systemic applications, meant to affect the body more
broadly.

[0005] Therefore, what is needed is an anti-microbial agent effective in treating chronic wounds, and
method of treating chronic wounds using the anti-microbial agent. Furthermore, other desirable features
and characteristics will become apparent from the subsequent detailed description and the appended

claims, taken in conjunction with the accompanying drawings and this background of the disclosure.

SUMMARY

[0006] In one aspect, the present disclosure provides a peptide comprising the sequence of
KKLLKKX:X-KLX:KKX4L (SEQ ID NO: 49), wherein: X, is S, W, L, K, 4-biphenyl-L-alalnine, 1-
naphthyl-L-alanine, or 2-naphthyl-L-alanine; X, is V, L, or K; X31is S, L, or K; and X41is A, L, K, or 2-
aminoisobutyric acid.

[0007] In another aspect, the present disclosure provides a peptide comprising the sequence of
XiXoKLX3KKXGLKLXs X6 X7L (SEQ ID NO: 50), wherein: X is S, W, L, K, 4-biphenyl-L-alalnine, 1-
naphthyl-L-alaninc, or 2-naphthyl-L-alaninc; X>is V, L, or K; X3is S, L, or K; Xa is A, L, K, or 2-
aminoisobutyric acid; Xs is A, L, K, or 2-aminoisobutyric acid; X¢is Q, L, or K; and X7is S, L, or K.
[0008] In another aspect, the present disclosure provides a peptide comprising the sequence of
KKLLKKX XoKLXKKXALKLXsXsX7L (SEQ ID NO: 51), wherein: X is S, W, L, K, 4-biphenyl-L-
alalnine, 1-naphthyl-L-alanine, or 2-naphthyl-L-alanine; X»is V, L, or K; X3is S, L, or K; X4 is A, L,
K, or 2-Aminoisobutyric acid; X5 is A, L. K, or 2-Aminoisobutyric acid; Xe is Q, L, or K; and X7 is S,
L,or K.
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[0009] In another aspect, the present disclosure provides a composition comprising one or more of the
peptides as disclosed herein.

|00010] In another aspect, the present disclosure provides a pharmaceutical composition comprising the
peptide as disclosed herein, or the composition as disclosed herein, and a pharmaceutically acceptable
carricr or cxcipicnt.

[00011]In another aspect, the present disclosure provides a wound dressing comprising the peptide as
disclosed herein, the composition as disclosed herein, or the pharmaceutical composition as disclosed
herein.

[00012]In another aspect, the present disclosure provides a nucleic acid composition encoding the
peptide as disclosed herein.

[00013]In another aspect, the present disclosure provides an expression vector comprising the nucleic
acid composition as disclosed herein.

[00014]In another aspect, the present disclosure provides a host cell comprising one or more of the
nucleic acid compositions as disclosed herein, or onc or morc of the cxpression vectors as disclosed
herein.

[00015]In another aspect, the present disclosure provides a method of treating or preventing the
recurrence of a bacterial infection in a subject, comprises administering to the subject a
pharmaceutically effective amount of the peptide as disclosed herein, the composition as disclosed
herein, the pharmaceutical composition as disclosed herein, or the wound dressing as disclosed herein.
[00016]In another aspect, the present disclosure provides a method of promoting wound healing and
tissue regeneration in a subject, wherein the method comprises administering to the subject a
pharmaceutically effective amount of the peptide as disclosed herein, the composition as disclosed
hercin, the pharmaccutical composition as discloscd hercin, or the wound dressing as discloscd hercin.
[00017]In another aspect, the present disclosure provides a method of reducing biofilm/preventing
formation of biofilm in a subject, wherein the method comprises administering to the subject a
pharmaceutically effective amount of the peptide as disclosed herein, the composition as disclosed

herein, the pharmaceutical composition as disclosed herein, or the wound dressing as disclosed herein.

FIGURE DESCRIPTION
[00018]Figure 1 providcs a demonstration of the development process for peptide variants starting
from the base sequence of E1A, which is a 21-residue short region within peptide ENO3 (SEQ ID NO:
52). The variants are generated by separating the distribution of basic amino acid (Lysine) and
hydrophobic residues that align on opposing faces, forming a unique cationic arm which can interact
with the negatively charged bacterial membrane, thereby disrupting the membrane of the bacteria.
Figure 1A shows a Helical Wheel of the peptide sequence of E1A and Figure 1B shows a Helical
Wheel of the exemplary peptide sequence of E1AMI. Helical Wheels predict protein sequence
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segments with either helical or non-helical potential by showing projections of a protein's amino acid
sequence onto a plane perpendicular to the axis of the helix. The hydrophobic and the polar residues,
charged and uncharged are indicated in different shades. Comparing Figure 1A and Figure 1B, the
changes from E1A to EIAMI are the separation of positively charged, basic Lysine residues from other
non-polar or polar (acid or uncharged) residucs and substitution of negatively charged Glutamate (10)
to Leucine to prevent possible repulsion of the peptide in contact with bacterial membrane. Figure 1C
shows a Helical Wheel of the exemplary peptide sequence of E1AM2, which includes further
substitutions such as Asparagine (3) to Leucine, Glutamine (4) to Leucine, Serine (7) to Tryptophan,
Lysine (19) to Glutamine, Lysine (20) to Serine, and Asparagine (21) to Leucine from E1AM1 (Figure
1B) to obtain more hydrophobic residues at the other end which can target the lipid chains of the
bacterial membrane. Figure 1D provides the full sequences of the peptide variants E1A, EIAMI1, and
E1AM2, with the changes in EIAMI and E1AM?2 compared to the E1A sequences indicated in bold.
[00019] Figure 2 verifies the effects of exemplary variant peptides in disrupting bacterial membranes.
To test whether exemplary peptide E1AM?2 causcs membranc damage in bacteria, live and dead staining
of exemplary bacteria strain Pseudomonas aeruginosa (ATCC 14213, PA) are performed in the
presence of different concentrations of E1AM2 peptide. As confirmed in the representative images of
Pseudomonas aeruginosa (PA) in Figure 2A, EIAM2 at its 1X minimum inhibitory concentration
(MIC) (3.125 pM) and 1X minimum bactericidal concentration (MBC) (6.25 uM) caused membrane
damage evident from the 100% incorporation of propidium iodide (PI) in all the cells. Scale bar-3um.
The lesser number of PA cells observed upon E1AM?2 treatment at these concentrations is due to leaking
of the bacteria caused by membrane disruption. Thus, peptide variants with the cationic arm show
bacterial membrane disrupting ability. Figure 2B provides a quantification of Syto-9 and Pl-positive
Pseudomonas aeruginosa (PA) cclls 24 hours post EIAM2 trcatment. The reduction in positively
stained cells shows the disruption of bacterial cells at increased concentrations of tested variant peptide.
[00020] Figure 3 shows the effects of the exemplary peptide EIAM2 (SEQ ID NO: 2) in disintegration
of biofilm. Scanning electron microscope (SEM) analysis is conducted for Pseudomonas aeruginosa
(PA) in the presence or absence of E1AM2 (1X minimum inhibitory concentration (MIC)) using heat-
inactivated Pseudomonas aeruginosa (PA) as a positive control. In the absence of EIAM2,
Pseudomonas aeruginosa (PA) formed extracellular polysaccharides (EPS), confirming the presence of
biofilm, as exemplified in the representative scanning electron microscope (SEM) images of Figure 3.
Scale bar-1 um. Addition of ETAM2 completely disrupts the biofilm, showing no presence of
cxtraccllular polysaccharides (EPS), comparable to heat-inactivatcd Pseudomonas aeruginosa (PA).
The variant peptides, such as EIAM2, have therefore been validated to show anti-biofilm activity,
which is critical for bacterial clearance at the wound sites.

[00021]Figure 4 shows that the exemplary variant peptide EIAM2 displays in vivo anti-bacterial
efficacy. As demonstrated in a mouse excisional wound infection model caused by Pseudomonas

aeruginosa (PA) infection, EIAM2 at 1x minimum bactericidal concentration (MBC) (6.25 uM) is
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effective in reducing PA infection in vivo, indicating significant bacterial clearance at the wound site in
contrast to phosphate buffered saline (PBS) negative control. Figure 4 provides the colony forming unit
(CFU) counts of Pseudomonas aeruginosa (PA) normalized to volume and the weight of the tissue
excised for counting for ETAM2 (6.25 pM, 1x minimum bactericidal concentration (MBC)) or PBS.
The CFU counts drop signiticantly in the presence of exemplary peptide E1AM2, demonstrating the in
vivo bactericidal effects of the peptide. Excisional wounds in mice are infected with Pseudomonas
aeruginosa (PA) for 24 hrs followed by 24 hrs of treatment with EIAM?2 or PBS. Each circle represents
a single mouse. Statistical analysis was performed by the two-tailed t-test using GraphPad, *p <0.05.
[00022] Figure 5 provides further alternation of the variant peptide sequences based on EIAM2 (SEQ
ID NO: 2) to improve efficacy and cost-effectivity. Substitution of amino acids to either leucine or
lysine residues in a state-of-the-art HPA3NT3-analog peptide has been shown to result in an increased
anti-bacterial potency and reduced hemolytic activity. As shown in the Helical Wheels structures in
Figure 5A to Figure 5V compared to E1AM2, different amino acids are replaced by either leucine or
lysinc in E1AM2 at positions, 7, 8, 11, 14, 18, 19, and 20 of the basc scquence of E1A
(KVNQIGSVTESIQACKLAQSN, SEQ ID NO: 53), all of which have intact cationic arm, which was
previously shown to disrupt bacterial membrane. The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of the variant peptides are tested against exemplary
bacteria Pseudomonas aeruginosa (PA) and methicillin resistant Staphylococcus aureus (BAA1717-
USA 300, SA), with a positive control pexiganan (PEX), which is known for anti-bacterial effects
against PA and SA (see Table 5). The tested variants show reduced or comparable MIC and MBC
compared to EIAM2 and pexiganan against both PA and SA. For example, variants Q19L (SEQ ID
NO: 27) (i.e. variant peptide carrying a mutation from amino acid Q to L at position 19 of base sequence
E1A having SEQ ID NO: 53) and V8L (SEQ ID NO: 19) (i.c. variant peptidc carrying a mutation from
amino acid V to L at position 8 of base sequence E1A having SEQ ID NO: 53) exhibit reduced MIC
and MBC while variant W7L (SEQ ID NO: 7) exhibits reduced MIC against PA. (W7L, SEQ ID NO:
17; W7K, SEQID NO: 18; V8L, SEQ ID NO: 19; V8K, SEQ ID NO: 20; S11L, SEQID NO: 21; S11K,
SEQ ID NO: 22; A14L, SEQ ID NO: 23; A14K, SEQ ID NO: 24; A18L, SEQ ID NO: 25; A18K, SEQ
ID NO: 26; Q19L, SEQ ID NO: 27; QI9K, SEQ ID NO:28; S20L, SEQ ID NO: 29; S20K, SEQ ID
NO: 30; W7LVSLQIOL, SEQ ID NO: 34; VSLQ19L, SEQ ID NO: 39; VSLQI9L N-1, SEQ ID NO:
40; VELQI9L N-2, SEQ ID NO: 41, VELQI19L N-3, SEQ ID NO: 42; V8LQIOL C-1, SEQ ID NO: 43;
VELQI9L C-2, 44; VSLQIOL C-3, SEQ ID NO: 45)

[00023]Figure 6 dcmonstratcs the long-term anti-bacterial cffects of the cxemplary variant peptides
without development of antimicrobial resistance. The development of antimicrobial resistance is
defined by greater than a 4-fold change to their initial minimum inhibitory concentration (MIC) at day 1.
Exemplary bacteria strains Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA) are
subjected to continuous daily serial passaging over several days, with treatment of exemplary variant

peptides E1IAM?2 (SEQ ID NO: 2) and QI9L (SEQ ID NO: 39) at subinhibitory concentrations.
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Antibiotics such as cefepime, piperacillin, ciprofloxacin, gentamicin, colistin, and known bactericidal
peptide pexiganan (SEQ ID NO: 54) are used as controls. The treatments were discontinued when the
MIC increased by more than four-fold from the initial MIC or when MIC reached >100 uM. As shown
in Figure 6A, Pseudomonas aeruginosa (PA) developed resistance against all the five antibiotics as
well as pexiganan. Exemplary peptide variants EIAM2 and Q19L prevented resistance acquisition in
Pseudomonas aeruginosa (PA) throughout the entire course of treatment over 28 days. Figure 6B
shows that Q19L variant prevented resistance development in Staphylococcus aureus (SA). Both of the
exemplary peptide variants EIAM?2 and Q19L prevented occurrence of antimicrobial resistance during
long-term treatment, better than all the antibiotics and state of the art antimicrobial peptide pexiganan.
[00024]Figure 7 shows that the exemplary peptide variants EIAM?2 (SEQ ID NO: 2) and Q19L (SEQ
ID NO: 27) increase keratinocyte migration in 2D scratch wound model, indicating potentials in
improving wound healing. Wound healing is directly associated with the migration speed of
keratinocytes. The migration speed of human keratinocytes in presence of ETAM2, V8L (SEQ ID NO:
19), and QI19L variants is tcsted in comparison with pexiganan (SEQ ID NO: 54). Migration speed of
human keratinocytes assessed in a 2D scratch assay at D 0 and D 2 timepoints. Decrease in wound area
over time was measured by applying an Imagel plugin “Wound Healing Size Tool” on bright-field
images. The change in wound area over the course of 48 hours was used as a measure of the migration
speed of keratinocytes. Each value is the mean + SD (n=3). The p-value was calculated using ANOVA
for multiple comparisons (Dunnett's multiple comparisons test). ****p <0.0001. ***p <0.001. **p
<0.01. *p <0.05. As can be seen from Figure 7, both EIAM2 (3.125 uM -12.5 uM) and QI19L
(3.125 uM -6.25 uM) increased the migration speed of keratinocytes significantly, implying wound
healing abhility. Both peptides healed wound faster within their respective MIC and MBC
concentrations. V8L maintained keratinocyte migration spced, whercas Q19L showed significant
migration delay only at the highest concentrations (100 pM). These results suggest that the peptide
variants possess wound-healing ability apart from anti-bacterial efficacy. SEQ ID NO: 27 = Q19L; SEQ
IDNO: 2=E1AM2; SEQID NO: 19 = V8L.

[00025] Figure 8 shows that variant peptides such as EIAM2 (SEQ ID NO: 2), V8LQI19L (SEQ ID
NO: 39), VELQIIL C-2 (SEQ ID NO: 44) do not cause hemolysis in human red blood cells (hRBCs),
suggesting minimal adverse effects in vivo. The hemolytic score of the peptide variants and pexiganan
(SEQ ID NO: 54) are compared to a strong hemolytic peptide, melittin 12 as a control. As clearly shown
in Figure 8, none of the peptide variants or pexiganan caused significant hemolysis in hRBCs, even at
high concentrations of 100 pM. E1IAM?2, VBLQI9L and VSLQI19L C-2 variants at their respective
MIC/MBC concentrations showed ~09% hemolysis. The minimum peptide concentration corresponding
to 10 % hemolysis (minimal hemolysis concentration, HC) of E1AM2=50 pM, V8LQ19L=12.5 uM,
V8LQIOL C-2=3.125 pM, and pexiganan=12.5 uM respectively. Readings of the melittin at 3.125 pyM
were normalised to 100%. Therefore, the variant peptides described herein do not exhibit cytotoxicity

and hemolytic activities, which makes them suitable for in vivo applications.

6

PCT/SG2024/050299



10

15

20

25

30

35

WO 2024/232830

[00026]Figure 9 shows the synergistic effects of exemplary peptide variants in combination with
antibiotics. Figure 9A demonstrates reduced minimum inhibitory concentration (MIC) for EIAM2 D-
V8L QI19L C-2-NH2 (SEQ ID NO: 46) against Pseudomonas aeruginosa (PA) in combination with
exemplary antibiotic colistin. Figure 9B demonstrates reduced minimum bactericidal concentration
(MBC) for EIAM2 D-VSL Q19L C-2-NH2 (SEQ ID NO: 46) against Pseudomonas aeruginosa (PA)
in combination with exemplary antibiotic colistin. Figure 9C demonstrates reduced minimum
inhibitory concentration (MIC) for EIAM2 W72Nal VSEL Q19L C-2-NH2 (SEQ ID NO: 47) against
Pseudomonas aeruginosa (PA) in combination with exemplary antibiotic colistin. Figure 9D
demonstrates reduced minimum bactericidal concentration (MBC) for ELIAM2 W72Nal V8L Q19L C-
2-NH2 (SEQ ID NO: 47) against Pseudomonas aeruginosa (PA) in combination with exemplary
antibiotic colistin. Figure 9E demonstrates reduced minimum inhibitory concentration (MIC) for
EIAM2 D-W72Nal V8L Q19L C-2-NH2 (SEQ ID NO: 48) against Pseudomonas aeruginosa (PA) in
combination with exemplary antibiotics gentamicin and piperacillin. Figure 9F demonstrates reduced
minimum bactcricidal concentration (MBC) for EIAM2 D-W72Nal V8L Q19L C-2-NH2 (SEQ ID NO:
48) against Pseudomonas aeruginosa (PA) in combination with exemplary antibiotics gentamicin and
piperacillin. In view of the results above, the peptide variants as described herein show synergistic anti-
bacterial effects when used in combination with antibiotics.

[00027]Figure 10 shows the potent fast-acting, broad-spectrum antibacterial effect of peptide
VELQI9L (SEQ ID NO: 39) against critical and high priority pathogens according to the World Health
Organization (WHO), while also showcasing the lowest minimum inhibitory concentration (MIC)
values. Peptide variant VELQI19L offers a potent fast-acting, broad-spectrum antibacterial effect against
critical and high priority pathogens World Health Organization (WHQ), while showcasing the lowest
MIC values. Figure 10 also demonstratcs MBC values (uM) for the peptide VSLQ19L, comparcd to
pexiganan (SEQ ID NO: 54) and antibiotics against a range of broad-spectrum pathogens classified as
critical and high priority by the WHO.

[00028]Figure 11 demonstrates effective elimination of pathogens by peptide VELQI19L (SEQ ID NO:
39) within the infected tissue of diabetic foot ulcer (DFU) patient. Figure 11A shows the MBC values
in uM for peptide VELQI9L (SEQ ID NO: 39) and its D-variant (SEQ ID NO: 38) (unnatural amino
acids) in comparison with pexiganan (SEQ ID NO: 54) and conventional clinical antiseptics, tested
against pathogens isolated from the infected tissues of DFU patients. Figure 11B shows images of the
slurry resulting from bacterial enumeration post-sonication, alongside the bacteria isolated on plates.
The varicd colours and morphologics highlight the presence of multiple specics and a diverse bacterial
population within the infected tissues. Method: Freshly debrided infected tissues from DFU patients are
weighed and immersed in 2 ml of MHB (Mueller-Hinton Broth) media for 48 hours to soften the tissues,
facilitating the release of bacteria. These samples are subsequently sonicated for 1 minute at a 15A
amplitude using a water bath sonicator to release the bacteria. The resultant slurry is plated on MHB

media supplemented with 1.5% agar to isolate all bacteria. These bacterial isolates are then evaluated
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for their antibacterial efficacy following the CLSI (Clinical and Laboratory Standards Institute)
guidelines.

[00029] Figure 12 demonstrates killing of bacteria by the broad-spectrum antibacterial peptide E1AM2
V8LQII9L (SEQ ID NO: 39) primarily through membrane damage. Figure 12A demonstrates live/dead
visualization of PA performed using LIVE/DEAD BacLight Bacterial Viability and Counting Kit and
visualized using an Olympus IX83 confocal microscope. Scale bar = 3 pm. Figure 12B demonstrates
the comparison of the effects of EIAM2 V8LQISL peptide with the effects of colistin, a membrane-
disrupting antibiotic. The percentage of PA cells with (PI-positive, red) and without (Syto-9 stained,
green) membrane damage following E1AM2 V8LQI9L peptide treatment are shown.

[00030] Figure 13 demonstrates peptide VELQI9L (SEQ ID NO: 39) even at its half-strength MBC
level (0.78 uM) exhibiting a markedly reduced bacterial count with no observable remnants of biofilm
material. V8LQI19L even at its half-strength MBC level (0.78 uM) exhibit a markedly reduced bacterial
count with no observable remnants of biofilm material.

[00031] Figure 14 demonstrates low toxicity and a broad therapeutic window of VELQI19L (SEQ ID
NO: 39) peptide variant in vitro. Figure 14A demonstrates cell proliferation assays conducted on human
keratinocytes (HaCaT) after 24 hours exposure to various doses of the peptide variant VELQI9L and
pexiganan (SEQ ID NO: 54). The peptide variant V8LQ19L was found to be noncytotoxic to HaCaT
cells, even after 24 hours exposure at the highest tested concentrations. Figure 14B demonstrates cell
proliferation assays conducted on fibroblasts (HFF-1) after 24 hours exposure to various doses of the
peptide variant V8LQ19L and pexiganan. The peptide variant VELQ19L was found to be noncytotoxic
to HFF-1 cells, even after 24 hours exposure at the highest tested concentrations. Intriguingly, HFF-1
cells treated with certain concentrations of both pexiganan and V8LQI9L were noted to exhibit
cnhanced prolifcration. Figures 14A and 14B show that hydrogen peroxide (H,O», 3%) that is
commonly applied to chronic wounds as an antiseptic caused significant cytotoxicity to both HaCaT
and HFF-1 cells, highlighting the risk some commercial antiseptic formulations might pose for dermal
applications. Minimal toxicity observed for the VELQI19L variant indicating that it is a safe treatment
option. Figures 14C and 14D demonstrate the safety of peptide VELQ19L via reduction of wound area
over time under increased concentrations of peptide VELQI19L on human keratinocytes. EIAM2
(VBLQIOL) did not impair wound healing even after 16X MBC levels corroborating findings of
proliferation assays. Figure 14C demonstrates that wound area reduction due to the lateral migration
of human keratinocytes using a 2D scratch assay was analyzed at 2-h intervals, with increasing MBC
of the VBLQIOL pcptide. Wound closurc was comparcd with the untrcated samples (circle, red
highlight). For improved clarity, error bars have been omitted from this representation. Figure 14D
shows the time required (hours) for complete wound closure plotted to emphasize early wound closure
dynamics. Each value is the mean £ SD (n = 3). Statistical significance was assessed using ANOVA
for multiple comparisons (Dunnett’s multiple comparisons test). ****p < 0.0001, ***p < 0.001, **p <

0.01, *p < 0.05, ns denotes nonsignificance, p > 0.05.
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[00032]Figure 15 shows the evaluation of peptide VSLQ19L (SEQ ID NO: 39) gel for toxicity analysis.
Figure 15A shows macroscopic images demonstrating response to 1X-4X concentrations of VSLQ19L
gel versus control gel, captured from day O to day 3. Scale: lcm. Figure 15B shows quantitative
analyses displaying the percentage change in wound area on day 1 for both VELQ19L and control gel,
relative to untrcated wounds. Scale: 1em. Figure 15C shows quantitative analyscs displaying the
percentage change in wound area on day 2 for both VELQI19L and control gel, relative to untreated
wounds. Scale: 1cm. Figure 15D shows quantitative analyses displaying the percentage change in
wound area on day 3 for both VELQI19L and control gel, relative to untreated wounds. Scale: lem.
Figure 15E shows quantitative analyses displaying overall time progression for both VSLQI19L and
control gel, relative to untreated wounds. Scale: lem. Figure 15F shows H&E-stained images of the
wound treated with VELQ19L gel, highlighting nascent epidermis (marked with yellow circles). Figure
15G shows the analysis of average re-epithelialization percentage post-treatment with V8LQI9L gel.
Scale bar: 500um. Figure 15H shows representative H&E images of wound tissues from varying
concentrations of VELQI19L hydrogel trcatments at day 3, focusing on the inflammation rcgion.
Amplified inflammation region scale=50um, biological replicates, n=6-12.

[00033] Figure 16 demonstrates significant bacterial clearance at the wound site using VSLQ19L (SEQ
ID NO: 39) gel at 1X MBC compared with treatment with hydrogel alone. Excisional wounds infected
with PA for 24 hours being treated for 24 hours with the EIAM2 V8LQI19L hydrogel at its 1X MBC
concentration, compared with hydrogel-only treatment in a mouse model. V8LQI19L gel at 1X MBC
reduced PA infection based on viable CFU counts. Each circle in the graph represents one mouse.
Statistical significance was determined using a t-test, with *p < 0.05. The data are presented as colony-
forming unit counts presented as means = SEM. In a PA-induced mouse excisional wound infection
modcl, VSLQI19L gel at 1X MBC reduced PA infection based on viable CFU counts, indicating
significant bacterial clearance at the wound site compared with treatment with hydrogel alone.
Collectively, the EIAM2 VSLQI19L peptide showcases unique functionality, combining antibacterial

effectiveness and biocompatibility for dermal applications.

DEFINITIONS
[00034] As used herein, the term “unnatural amino acids™ refers to non-coded or non-proteinogenic
amino acids which are distinct from the 22 proteinogenic amino acids (21 in eukaryotes) which are
naturally encoded in the genome of organisms for the assembly of proteins. Unnatural amino acids can
occur naturally or be synthesized in the laboratory. For cxample, the amino acid is a D-amino acid. As

exemplified in the present disclosure, the unnatural amino acids can be, but are not limited to:
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[00035] As used herein, the term “biofilm”™ is defined as a syntrophic community of microorganisms
attachcd to an incrt or living surface by a sclf-produccd polymeric matrix or an asscmblage of microbial
cells associated with a surface and enclosed in a matrix of primarily polysaccharide material. Biofilms
have been found to be involved in a wide variety of microbial infections in the body, and bacterial
biofilms may impair cutaneous wound healing and reduce topical anti-bacterial efficiency in healing or
treating infected skin wounds. For example, biofilm formation of Pseudomonas aeruginosa, along with
other bacteria, is found in 90% of chronic wound infections, which leads to poor healing and high cost
of treatment. Streptococcus pneumoniae is the main cause of community-acquired pneumonia and
meningitis in children and the elderly, and of sepsis in HIV-infected persons. Escherichia coli biofilms
are responsible for many intestinal infectious diseases. Staphylococcus aureus infects skin and lungs,
lcading to skin infection and pncumonia. The biofilm infections network of Staphylococcus aureus
plays a critical role in preventing immune cells, such as macrophages from eliminating and destroying
bacterial cells. As clearly shown in the SEM images in Figure 3, peptide variants disclosed herein, such
as EIAM2 disintegrate biofilm effectively. Furthermore, biofilm formation by bacteria, such as
Staphylococcus aureus, not only develop resistance against antibiotic medication but also develop
internal resistance toward antimicrobial peptides (AMPs), leading to preventing the inhibition of the
pathogen and maintaining its survival. Contrary to the conventional AMPs, as demonstrated in the
present application in Figure 6, for example, the variant peptides disclosed herein maintain effective

bactericidal ability against the exemplary bacterial strains even after long-term treatment.

10

PCT/SG2024/050299



10

15

20

25

30

35

WO 2024/232830

[00036] As used herein, the term “chronic wounds™ refers to a wound that cannot achieve anatomical
and functional integrities through normal, orderly, and timely repair processes under the influence of
various internal or external factors. Wound healing, as a normal biological process in the human body,
is achieved through four precisely and highly programmed phases: hemostasis, inflammation,
prolifcration, and remodeling. For a wound to heal successfully, all four phases must occur in the proper
sequence and time frame. Chronic wounds are injuries that have not healed and have no tendency to
heal after more than an extended period, for example, one month of treatment. Examples of chronic
wounds include, nonhealing or infected surgical or traumatic wounds, venous ulcers, pressure ulcers,
diabetic foot ulcers, and ischemic ulcers.

[00037] As used herein, the term “nosocomial infection” or “healthcare-associated infections (HAI)”
refers to an infection that is not present or incubating at the time of admission to a treatment and occurs
during or after treatment. These infections include catheter-associated urinary tract infections, central
line-associated bloodstream infections, surgical site infections, ventilator-associated pneumonia,
hospital-acquircd pncumonia, and Clostridium difficilc infections.

[00038] As used herein, the term “diabetes mellitus”, or “diabetes” refers to a heterogencous complex
metabolic disorder characterized by hyperglycemia, i.e. elevated blood glucose concentration secondary
to either resistance to the action of insulin, insufficient insulin secretion, or both. Commonly, diabetes
can be classified into two categories, the type 1 and type 2 diabetes. Type 1 diabetes is characterized by
an absolute deficiency of insulin secretion. Individuals at increased risk of developing this type of
diabetes can often be identified by serological evidence of an autoimmune pathologic process occurring
in the pancreatic islets and by genetic markers. For type 2 diabetes, the cause is a combination of
resistance to insulin action and an inadequate compensatory insulin secretory response. Statistically,
most paticnts with typc 2 diabetes arc obesc, and obesity itsclf causcs some degrec of insulin resistance.
Diabetic patients are in particular susceptible to infections, which accompany chronic hyperglycemia.
[00039] As used herein, the term “diabetic foot ulcer (DFU)” or “diabetic foot infections (DFI)” is one
of the most common and challenging complication associated with the onset of diabetes mellitus, which
lowers the quality of life and results in significant morbidity and mortality for patients. In diabetic
patients, the chronic foot ulcer is typically caused by poor blood circulation and peripheral neuropathy,
which is localized nerve damage. Treatment for diabetic foot ulcer (DFU) is particularly challenging
due to the high recurrence rate and antibiotic resistance.

[00040] As used herein, the term “overweight” refers to a condition of excessive fat deposits. As used
herein, the term “obesity” refers to a chronic complex discasc defined by cxcessive fat deposits that can
impair health, according to World health Organization (WHO). Obesity can lead to increased risk of
type 2 diabetes and heart disease, it can affect bone health and reproduction, it increases the risk of
certain cancers. Obesity influences the quality of living, such as sleeping or moving. Typically for
adults, WHO defines overweight as having a BMI greater than or equal to 25 and obesity as having a

BMI greater than or equal to 30.
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[00041] As used herein, the term “microbe” or “microorganism” refers broadly to bacteria, protozoa,
algae, and fungi.

|00042] As used herein “antimicrobial resistance (AMR)” or “drug resistance” refers to the ability for
pathogens to evade the killing of anti-microbials. Pathogens with antimicrobial resistance (AMR) no
longer responds to medicines, thus making infcetions harder to treat and increasing the risk of discasc
spread, severe illness and death. Anti-microbial agents include, and are not limited to antibiotics, anti-
virals, anti-fungals and anti-parasitics. Anti-microbial agents are medicines used to prevent and treat
infections in humans, animals and plants.

[00043] As used herein, the term “multidrug resistant (MDR) pathogens™ refers to pathogens that have
become resistant to certain antibiotics, and these antibiotics can no longer be used to control or kill the
pathogen. Such pathogens include, but are not limited to fungi, protists, and bacteria. Exemplary
multidrug-resistant fungi include Candida auris, which is resistant to multiple antifungal drugs
commonly used to treat Candida infections. Some strains are resistant to all three available classes of
antifungals drugs. Multidrug resistant bacteria arc commonly found in healthcarc facilitics, clderly carc
centers, for examples, and include bacteria strains such as methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant FEnterococci (VRE), extended-spectrum [-lactamase (ESBLs)
producing Gram-negative bacteria, and Klebsiella pneumoniae carbapenemase (KPC) producing Gram-
negative bacteria.

[00044] As used herein, the term “ESKAPE pathogen” is an acronym comprising the scientific names
of six highly virulent and antibiotic resistant bacterial pathogens, which are Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter spp. These bacterial pathogens can evade or 'escape’ commonly used antibiotics due
to their increasing multi-drug resistance (MDR).

[00045] As used herein, the term “anti-bacterial” or “bactericidal” are used interchangeably and are used
to refer to the ability or characteristics of killing of bacteria cells and/or controlling the development of
bacterial infection in a tissue, an organ, or a subject.

[00046] As used herein, the term “angiogenesis” refers to the growth of blood vessels. The term
“angiogenesis-inducing growth factors” refers to growth factors that induce the growth of blood vessels,
such as vascular endothelial growth factor (VEGF) or basic fibroblast growth factor (bFGF).

|00047] As used herein, the term “biofilm” refers to a membranous tissue formed by pathogens such as
bacteria attached to a chronic wound bed and fused with extracellular matrix secreted by the film. It is
composcd of pathogens and their products, cxtraccllular matrix, nccrotic tissuc, and so on. Clinically,
biofilm is more common in pressure ulcer, diabetic foot ulcer, lower extremity arteriovenous ulcer, and
other chronic wounds.

[00048] As used herein, the term “minimum inhibitory concentration (MIC)” measures the in vitro
levels of susceptibility or resistance of specific bacterial strains to applied antibiotic. Minimum

inhibitory concentration (MIC) is the lowest concentration of an anti-bacterial agent expressed in mg/L
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(ug/mL) which, under strictly controlled in vitro conditions, completely prevents >99% of visible
growth of the test strain of an organism.

100049] As used herein, the term “minimum bactericidal concentration (MBC)” measures the lowest
concentration of anti-bacterial agent required to kill >99% of a particular bacterium.

[00050] As uscd herein, the term “minimum biofilm inhibitory concentration (MBIC)™ is defincd as the
lowest concentration of the anti-bacterial agent to inhibit the initial formation of biofilm. At this
concentration, there is no time-dependent increase in the average number of viable cells in the biofilm.
[00051] As used herein, the term “colony forming unit (CFU)” refers to a unit which estimates the
number of microbial cells in a sample that are viable, able to multiply via binary fission under the

controlled conditions. The higher the CFU is, the more microbial cells there are in the given sample.

DETAILED DESCRIPTION

[00052] Chronic wound management is a large and growing problem in healthcare. As of today,
antibiotics stand as the first linc of trcatment against wound infcctions. Howcver, duc to the drug
resistance in most chronic wound causing pathogens, standard antibiotics treatments show little effect.
The emergence of antibiotic resistant infections accompanied with the dearth of new antibiotics poses
the biggest challenge. What is needed is an anti-bacterial agent effective in treating chronic infections,
without developing significant antimicrobial resistance (AMR).

[00053] Therefore, the present disclosure provides anti-bacterial peptides that can be used to effectively
treat chronic infections, in particular those caused by anti-microbial resistant pathogens. The anti-
bacterial peptides described herein are variants of the base sequence of EIA
(KVNQIGSVTESIQACKLAQSN). As used herein, the term “variant peptides™ or “peptide variants”
both rcfer to the peptides as discloscd herein based on E1A. E1A is a 21-residuc short region within
peptide ENO3 (SEQ ID NO: 52). The variant contains one or more additional modifications compared
to the base sequence of E1A, which include but are not limited to, deletion, insertion, point mutation,
amidation, acetylation, or a combination thereof. For example, as demonstrated in Figure 1A and Figure
1B in comparison, the positively charged, basic lysine residues are separated from other non-polar or
polar (acid or uncharged) residues and negatively charged glutamate (10) are substituted to leucine to
prevent possible repulsion of the peptide in contact with bacterial membrane. The peptide variants
described herein contain cationic arms which disrupt the bacterial membrane to achieve the bactericidal
effects, as demonstrated in the staining results of Figure 2, for example.

[00054]In onc aspecct, thc peptides describcd hercin  comprisc a  gencral scquence  of
KKLLKKX X,KLX3KKX4L (SEQ ID NO: 49). Within said general sequence, variable amino acids are
defined such that X, can be any one of: S, W, L, K, 4-biphenyl-L-alalnine, 1-naphthyl-L-alanine, and
2-naphthyl-L-alanine. Within said general sequence, variable amino acids are defined such that X, can
be any one of: V, L, and K. Within said general sequence, variable amino acids are defined such that

X3 can be any one of: S, L, and K. Within said general sequence, variable amino acids are defined such
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that X4 can be any one of: A, L, K, and 2-aminoisobutyric acid. Therefore, the anti-bacterial peptide
described herein can be defined as comprising the sequence of KKLLKKX;X;KLX3KKX4L (SEQ ID
NO: 49), with X, being a S, W, L, K, 4-biphenyl-L-alalnine, 1-naphthyl-L-alanine, or 2-naphthyl-L-
alanine; X2 being a V, L, or K; X3 being a S, L, or K; and X4 being an A, L, K, or 2-aminoisobutyric
acid.

[00055]1In another aspect, the peptides as described herein comprise the general sequence of
XiXoKLXKKXGLKLXsXeX7L (SEQ ID NO: 50). Within said general sequence, variable amino acids
are defined such that X, can be any one of: S, W, L, K, 4-biphenyl-L-alalnine, 1-naphthyl-L-alanine, or
2-naphthyl-L-alanine. Within said general sequence, variable amino acids are defined such that X can
be any one of: V, L, and K. Within said general sequence, variable amino acids are defined such that
X3 can be any one of: S, L, and K. Within said general sequence, variable amino acids are defined such
that X4 can be any one of: A, L, K, and 2-aminoisobutyric acid. Within said general sequence, variable
amino acids are defined such that Xs can be any one of: A, L, K, and 2-Aminoisobutyric acid. Within
said general sequence, variable amino acids arc defined such that Xs can be any onc of: Q, L, and K.
Within said general sequence, variable amino acids are defined such that X can be any one of: S, L,
and K. Therefore, the anti-bacterial peptide described herein can be defined as comprising the sequence
of X XKL XKKXULKLX X6 X7L (SEQ ID NO: 50), with X being a S, W, L, K, 4-biphenyl-L-alalnine,
1-naphthyl-L-alanine, or 2-naphthyl-L-alanine; X> being V, L, or K; X3 being a S, L, or K; X4 being an
A, L. K, or 2-aminoisobutyric acid; Xs being an A, L, K, or 2-aminoisobutyric acid; Xe being a Q, L,
or K; and X7 being a S, L, or K. In one example, the peptide variant is EIAM1 having a sequence of
KKNQKKSVKLSKKALKLAKKN (SEQ ID NO: 1). In another example, the peptide variant is
ETAM?2 having a sequence of KKLLKKWVKLSKKALKLAQSL (SEQ ID NO: 2).

[00056] The peptide variants as described herein, for cxample, EIAM1 (SEQ ID NO: 1) and EIAM2
(SEQ ID NO: 2) exhibit anti-bacterial effects against wound infecting pathogens. To evaluate their anti-
bacterial potency, broth microdilution method as per the CLSI guidelines 1 was used. Antibiotics
commonly used against chronic wound infections such as colistin, gentamicin, piperacillin,
ciprofloxacin, and cefepime are used as positive control. Pexiganan, a potent antimicrobial peptide of
the art (topical antimicrobial therapy for diabetic foot ulcer infections in Phase III clinical trial
(NCT01590758)). The anti-bacterial potency of the tested agents is quantified using minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). The MIC is defined
as the lowest compound concentration (WM) which can inhibit bacterial growth after an overnight
incubation to >99% bascd on the absorbance rcadings at 600nM. To obtain the MBC data, 1X, 2X and
4X MIC of the peptide variants were plated to obtain the number of viable colonies compared to the
original inoculum. Lowest compound concentration (M) showing >99% bacterial killing is indicated
as their MBC values. As shown in Table 1 below, EIAM2 displayed lower MIC of 3.125 pM and MBC
of 6.25 uM against Pseudomonas aeruginosa (PA), comparable to Pexiganan. EIAM2 displayed a
much lower MIC of 6.25 pM and MBC of 12.5 uM against Staphylococcus aureus (SA), wherein
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pexiganan showed a two-higher value, indicating lower anti-bacterial efficacy. Overall, against both the
bacterial strains evaluated, the exemplary variant peptides demonstrated improved or comparable level

of anti-bacterial potency compared to known antibiotics and peptides.

Table 1: MICs (uM) and MBC (uM) of peptides against clinical isolates of Pseudomonas
aeruginosa (PA) and Staphylococcus aureus (SA)

Pseudomonas aeruginosa (PA) MIC (pM) MBC (uM)
Pexiganan 3.125 6.25
E1AM2-NH2 (SEQ ID NO: 2) 3.125 6.25
Colistin 3.125 6.25
Gentamicin 3.125 6.25
Piperacillin 25 50
Ciprofloxacin 0.78 1.56
Cefepime 12.5 25
Staphylococcus aureus (SA) MIC (uM) MBC (uM)
Pcxiganan 6.25 12.5
E1AM2-NH2 (SEQ ID NO: 2) 6.25 12,5
Colistin >100 >200
Gentamicin 1.56 3.25
Piperacillin 6.25 12.5
Ciprofloxacin 25 50
Cefepime 12.5 25

[00057]The peptide variants as disclosed herein can comprise additional amino acids further to the
sequences defined above. For example, the peptide variants comprise additional amino acids at the C-
terminus. As exemplified in Table 2 of the present application, the peptide variant E1IAM2 C-1-NH2
has a sequence of KKLLKKWVKLSKKALKLAQS (SEQ ID NO: 11); the peptide variant EIAM2 C-
2-NH2 has a sequence of KKLLKKWVKLSKKALKLAQ (SEQ TD NO: 12); the peptide variant
E1AM2 C-3-NH2 has a scquence of KKLLKKWVKLSKKALKLA (SEQ ID NO: 13); the peptide
variant EIAM2 C-4-NH2 has a sequence of KKLLKKWVKLSKKALKL (SEQ ID NO: 14); the
peptide variant E1AM2 C-5-NH2 has a sequence of KKLLKKWVKLSKKALK (SEQ ID NO: 15); the
peptide variant EIAM2 C-6-NH2 has a sequence of KKLLKKWVKLSKKAL (SEQ ID NO: 16).

[00058]In a further example, the peptide variants comprise additional amino acids at the N-terminus.
As exemplified in Table 2 of the present application, the peptide variant EIAM2 N-1-NH2 has a
sequence of KLLKKWVKLSKKALKLAQSL (SEQ ID NO: §5); the peptide variant E1AM2 N-2-NH2
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has a sequence of LLKKWVKLSKKALKLAQSL (SEQ ID NO: 6); the peptide variant EIAM2 N-3-
NH2 has a sequence of LKKWVKLSKKALKLAQSL (SEQ ID NO: 7); the peptide variant EIAM2 N-
4-NH2 has a sequence of KKWVKLSKKALKLAQSL (SEQ ID NO: 8); the peptide variant EIAM2
N-5-NH2 has a sequence of KWVKLSKKALKLAQSL (SEQ ID NO: 9); the peptide variant ETAM2
N-6-NH2 has a scquence of WVKLSKKALKLAQSL (SEQ ID NO: 10). In somc cxamplcs, the anti-
bacterial peptide as described herein has less than 22 amino acid residues.

[00059] The minimum inhibitory concentration (MIC) values for the peptide variants comprising
additional amino acids further to the general sequences defined are shown in Table 2 below, for
example. While the MIC values vary across different peptide variants, the overall values are within the

range for effective killing of bacteria.

Table 2: MICs (uM) of EIAM2 peptide variants against Pseudomonas aeruginosa (PA)

SEQ ID NOs ( C?:r?}ti?aiz d4) Sequence M(IEM*;A
2 E1AM2 KKLLKKWVKLSKKALKLAQSL 3125
5 E1AM2 N-1 KLLKKWVKLSKKALKLAQSL 125
6 E1AM2 N-2 LLKKWVKLSKKALKLAQSL 25
7 E1AM2 N-3 LKKWVKLSKKALKLAQSL 12.5
8 E1AM2 N-4 KKWVKLSKKALKLAQSL >25
9 E1AM2 N-5 KWVKLSKKALKLAQSL >25
10 E1AM2 N-8 WVKLSKKALKLAQSL >25
1 E1AM2 C-1 KKLLKKWVKLSKKALKLAQS >25
12 E1AMZ C-2 KKLLKKWVKLSKKALKLAGQ 25
13 E1AM2 C-3 KKLLKKWVKLSKKALKLA 6.25
14 E1AM2 C-4 KKLLKKW VKLSKKALKL >12.5
15 E1AM2 C-5 KKLLKKWVKLSKKALK >25
16 E1AM2 C-6 KKLLKKWVKLSKKAL >25

[00060] The variant peptides as disclosed hercin can comprisc substitution of onc or morc amino acid
residues compared to the E1A base sequence. For example, the substitution can be from an amino acid
residue to leucine (L) and/or lysine (K) residues to increase anti-bacterial potency and reduce hemolytic
activity, while keeping the cationic arm intact. As exemplified in Figure 5, and Table 3 below, variants
QI9L and V8L (bolded and underlined) exhibited reduction in the minimum inhibitory concentration

(MIC) and minimum bactericidal concentration (MBC) values compared to EIAM2 and pexiganan
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against both Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA). Variant WTL also

exhibited reduced MIC against PA.

Table 3: MICs (uM) and MBC (uM) of E1AM2 variants against Pseudomonas aeruginosa (PA)
and Staphylococcus aureus (SA)

Pa 8A

SEQ D NOs Paptides Seguence Mo BEC | MC MBQ
(-t ERLE Wl | G ]
54 PEX GIEKE LRKAK BFEEA FVKEL KK | 3138 | €28 | 828 12.5
2 B1aM2 KILLK HYRAHLSREALILASEL 325 1 SR 1 825 | 138
17 WL HKHLLK KLVSL SRRAL KLAQS L | 3328 | 38 | €25 | 838

18 WK KRELE REVKL SHEAL KLAQS L 2.8 25 1 wes B
19 VL RELLK KAWLYL SRRAL KLAGS L | 3438 | 3328 | 2435 | 3428
20 V&K LAY MAVHRL SURAL KLARS L | 3323 | 3488 | 2% 128
21 S KRLLH KNV LKKAL KLAOS L 125 wE o628 1 8388
22 SHK KRLLE KWV, KHHAL KLSOS &, 25 WS 28 -3
23 K138 HHLLK BVVVKL SHRLL KLAGS L 138 B8 1§88 1 B3s
24 SHEK HRLLK VWVKL SKEIL RLADS L 2.5 wE s 125
25 At WL AL SKKAL RILQS L €25 §25 1 2128 1 %
26 AYER KILLE WS SKEAL KLRGR L 185 28 2.8 188
27 QIsk KRLLK KIWVKL SKRAL KLALS L 1 3928 | S.428 | 3428 | 3.3

28 QioK WILLH KWWIL SKEAL REAKS L w3 2% 128 25
29 308 KRLLE KWAKL SKEAL KLAGH L 83 25 | 828 | WS

30 F2OK WHLLM KWWIL SREAL KEASK L R R 23 2%

[00061] Variant peptides with combinations of substitutions also exhibit bactericidal activity as
demonstrated in Table 4 below. All the 14 exemplary peptides with multiple substitutions maintain the
strong anti-bacterial activity as can be seen from the MIC and MBC values against exemplary bacterial
strains Pseudomonas aeruginosa (PA) and Staphylococcus aurens (SA). Variant containing Q19L and
V8L substitutions in combination shows synergistic effects by exhibiting reduced MIC/MBC of 1.56
UM against both PA and SA, followed by W7L substitution.

Table 4: MICs (uM) and MBC (uM) of VSLQ19LW7L and V8LQ19L variants

against both Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA)
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PA 84

SEQ IDNGs Peptides Saguence G MEC MIC MaC
{Gramidated) CUNE AU

54 BEX GIGKF LKHAK KFGHRA FYRR KK 2128 828 8.28 13.5

2 ETAM2 HSLLK #WAVHLESRALKLAGSL 3425 5,25 £.25 1ES

39 YaLQek LUK KWLKL SKIAL KLALS L 158 1.68 1.66 1.56

34 WrLMBLGIEL KELLK MLLKL SKRAL KLALS L 3128 3128 31.58 158

[00062] Therefore, in another aspect, the peptide as described herein comprises the general sequence of
KKLLKKX XoKLX3KKX4LKLXsXsX7L (SEQ ID NO: 51). Within said general sequence, variable
amino acids are defined such that X, can be any one of: S, W, L, K, 4-biphenyl-L-alalnine, 1-naphthyl-
L-alanine, or 2-naphthyl-L-alanine. Within said general sequence, variable amino acids are defined such
that X can be any onc of :V, L, and K. Within said gencral scquence, variable amino acids arc defincd
such that X5 can be any one of: S, L, and K. Within said general sequence, variable amino acids are
defined such that X4 can be any one of A, L, K, and 2-aminoisobutyric acid. Within said general
sequence, variable amino acids are defined such that X5 can be any one of A, L, K, and 2-
aminoisobutyric acid. Within said general sequence, variable amino acids are defined such that X¢ can
be any one of Q, L, and K. Within said general sequence, variable amino acids are defined such that X5
can be any one of S, L, and K. Therefore, the anti-bacterial peptide described herein can be defined as
comprising the sequence of KKLLKKX Xo KLX;KKX4LKLXsX6X7L (SEQ ID NO: 51), with X being
a S, W, L, K, 4-biphenyl-L-alalnine, 1-naphthyl-L-alanine, or 2-naphthyl-L-alanine; X, being V, L, or
K; Xs being a S, L, or K; X4 being an A, L, K, or 2-Aminoisobutyric acid; Xs being an A, L, K, or 2-
Aminoisobutyric acid; Xe being a Q, L, or K; and X7 being a S, L, or K.

[00063] The anti-bacterial peptide as described herein can comprise one or more unnatural amino acids,

which improves the stability of the peptides. The unnatural amino acids as exemplified in the present

J

application include, but are not limited to the following:

q
A4 Ay

O (Aib: 2-aminoisobutyric acid),

e

Ay £y

0 (1-Nal:  1-naphthyl-L-alaninc), o (1-nal:  1-naphthyl-D-alaninc),

(Bip: 4-biphenyl-L-alalnine),
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5 5

Ay A
H . H
0 (2-Nal: 2-naphthyl-L-alanine), and o (2-nal: 2-naphthyl-D-
alanine).
[00064]For example, helix-inducing unnatural amino acid aminoisobutyric acid (Aib) is used to replace
alanine at positions 14 & 18 on exemplary peptide VELQI19L. As shown in Table 5, such substitution
5  does not compromise the anti-bacterial activity of the variant peptides. Aib substitution even increased
the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values

against Pseudomonas aeruginosa (PA) by 2 folds. A14Aib replacement increased the MIC/MBC valucs
by 2 folds against Staphylococcus aureus (SA).

10 Table 5: MICs (uM) and MBC (uM) of VSLQ19L variant upon alanine substitution with Aib

against both Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA)

& B

SEG IDNOs Paplides Seguencs Me 1 owase o MBS
{Coaeridated) LTI L T

54 PEX CIGEF LREAK KEGR& RVEL VK A 1 82 1 838 138

2 S1AMZ KRLLI SOWWRLSKKALKLAGEL 5338 § 828 | 828 |

38 VBLGLA KHLLY BWLKL SKYAL KLALS L 158 | 186 | 1.88 1.88

31 VRIS 1485 SRLLK OVLKL TOGAR. KLALE & 3436 1 £25 1 425 | 428

32 VELRTALA T6AR WHELK HOVLKL SHKAL RUAIDRS 4325 § 225 1 1B6 1.55

33 VELEA 13184 KELLE KIVLKL SIMEAINL KLRBRS L | 3435 § 2.1%8 | 18 158

[00065]Tn another example, the animo acid residue within the peptide variant can be replaced by
15  unnatural amino acids such as 4-biphcnyl-L-alalninc (Bip), 1-naphthyl-L-alaninc (1-Nal), and 2-
naphthyl-L-alanine (2-Nal). Bip substitution can improve bacterial membrane disruption, while 1-Nal
and 2-Nal increase the stability of the peptide against proteases. As a demonstration, W7 position of the
peptide is substituted with Bip, 1-Nal, or 2-Nal. Table 6 below shows the respective minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) values against Pseudomonas
20  aeruginosa (PA) and Staphylococcus aureus (SA) at W7 position of the peptide. Against SA, W7
substitution showed comparable MIC/MBC levels to VBLQI19L variant. Bip substitution increased the
MIC/MBC by 2 folds, while the other two remained unchanged.
[00066]Tn another example, the animo acid residue within the peptide variant can be replaced by
unnatural amino acids such as D-form amino acids. Exemplary peptide D-VSELQI9L is shown in Tablc

25 6, which retains the strong anti-bacterial effects as previously demonstrated.
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Table 6: MICs (uM) and MBC (uM) of W7 substitution of V8LQ19L variant against both

Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA)

BA SA

SEQ ID NOs Peptides Jequance WIC | MBC [ MIC | WMBC
{C-amidated; M b | ek L e

54 BEX CIGKF LKREK KPGIA BWKIL KR 436 | ¥RF | £38 123

2 E1AM2 FRULK KIWNURLEKKALBLAGSL 3I28 F S8 I BRS § RS

39 VBLGIAL HKLLIC SWLHL SKHAL KLALS L 186 | 158 1 156 1.56

35 WTEIpYELONER, SKLLK KB HL BKIKRE KEALE L S8 28 | 188 158

36 W TN SLANS KELAY KET-Naliol OKRAL SLALS L 1 3138 | B8 | 188 158

37 QLK KE-NalLKU SEKAL KLALS L | 188 | 88 | 188 188

38 Rkl Rt sl Blala 3436 1 2128 1 348 | SaEk

5  [00067] Apart from the exemplary substitutions provided above, other choices of unnatural amino acids
are known in the art and a person skilled in the art would appreciate that such substitution does not
compromise the anti-bacterial potency from the numerous examples provided herein.
|00068 ] In some cxamplcs, additional variants combining amino acid substitutions and the incorporation
of additional amino acids further to the general sequences defined above shows comparable or improved

10  efficiency in killing bacteria. According to Table 7 below, variants VSLQI19L N-1, VBLQ19L N-2,
VELQIOL N-3, VBLQIOL C-1, VBLQII9L C-2, and V8LQII9L C-3, which comprise both types of
variations in their sequences, demonstrate strong potency against both Pseudomonas aeruginosa (PA)

and Staphylococcus aureus (SA).

15 Table 7: MICs (uM) of VBLQ19L deletion variants against both Pseudomonas aeruginosa (PA)

and Staphylococcus aureus (SA)

PA FA

SEQ IDNOs Peptides Segusnce MC | MBC IS MBC
{Camidated) S| et | e {on}

5: SEX DIGKF LIBAK KFGHA FYRIL KR 3135 1 836 836 25
2 E1Al2 RELLK RWVKLBKRALELAGEL JARE | &8 836 125
33 MELGIOL BHELS SWLEL GKRAL MLALS L 1.58 1.36 1.38 158
40 VRN, N LLK KWL SHRAL KLALSL SAE L OIANE | 158 158
41 VELGHIBE N2 L RVERL SKEAL KLALS L 828 | €36 | 21 1 312
42 WRLOTEON-R B HAWLEL GRRAL KLALR L %28 828 8% 1.56
43 VRLQIBL Gt WRLLE PAYLEL QKKAL BLALS R RO VA S R AR R
44 VRLQIRL G2 RELGK ONLIG, SKIGAL KLAL. 186 | 136 1.86 158
45 VR O] KHLLK KWLRL SHKAL KLA MER% | w635 | #6285 | »K2S

[00069] Table 8 provides further results for variants which comprise three types of variations in their
scquences, demonstrate strong potency against both Pseudomonas aeruginosa (PA) and Staphylococcus
20 aureus (SA).
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Table 8: Anti-bacterial effects of peptides with triple combinations of modifications

Variant Peptides rA SA
SEQ IDNOs MIC MBC MIC (uM) | MBC
(M) {uM) (M)
6 EIAM2 D-VSL Q191 C-2-NH2 1.56 1.56 1.536 1.56
a7 LIAM2 W72Nal V8L Q0L C-2-NIIZ | 1.56 1.56 1.56 156
BIAMZ D-W72ZNal V8L Qi%L C-2- | 1.56 1.56 1.56 156
48 NH2

[00070] Therefore, in one example, the present disclosure provides a peptide variant EIAM2 Q19L-
NH2 having a sequence of KKLLKKWVKLSKKALKLALSL (SEQ ID NO: 27). In another example,
the present disclosure provides a peptide variant ETAM2 V8L-NH2 having a sequence of
KKLLKKWLKLSKKALKLAQSL (SEQ ID NO: 19). In another cxample, the present disclosurc
provides a peptide variant EIAM2 V8L QI9L-NH2 having a sequence of
KKLLKKWLKLSKKALKLALSL (SEQ ID NO: 39). In another example, the present disclosure
provides a peptide variant EIAM2 V8L QI9L C-2-NH2 having a sequence of
KKLLKKWLKLSKKALKLAL (SEQ ID NO: 44). In another example, the present disclosure provides
a peptide variant EIAM2 W7(2-Nal) VSL QI9L C-2-NH2 having a sequence of KKLLKK(2-
Nal)LKLSKKALKLAL (SEQ ID NO: 47).

[00071]In some examples, the peptide as disclosed herein further comprises a partial sequence from
ENO3. This sequence is different from the peptide defined in the claims and disclosure. The partial
scquence from ENO3 can be directly or indirectly linked to the peptide sequence as described herein,
at the N-terminus or the C-terminus of the sequences as described herein. In a specific example, the
ENO3 has an amino acid sequence of SEQ ID NO: 47.

[00072]1n one example the peptides disclosed herein are < 21 amino acids long or between 15 to 21
amino acids long. In some examples, the peptides as disclosed herein are amidated at the C-terminus;
in some examples, the peptides as disclosed herein are acetylated at the N-terminus. Such modifications
can improve the stability of the peptides, compared to unmodified peptides against proteolysis. In one
example, the anti-bacterial potency of untagged (E1AM2), N-uacetylated (Ac-E1AM2), C-amidated
(ETAM2-NH2) and double tagged (Ac-E1AM2-NH2) variants is tested against Pseudomonas
aeruginosa (PA) using CLSI guidelines. As can be seen from Table 9 below, all tested variant peptides

demonstrate strong potency against bacteria.
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Table 9: Effects of terminal modifications of E1AM2 against Pseudomonas aeruginosa (PA)

SEQ ID NOs PA 5’;;?} ?;ig
3 AsE1ANMR 28 e
4 Ac-ETAMINHE | R B R
9 E1AM2 128 28
2 ETAM2NH2 | 3135 | 825

[00073] Chronic wounds mostly present mixed infections where numerous pathogens colonize

together. In some further examples, the peptide variants provided herein show effective bacterial killing

with mixed pathogen environment. Table 10 below provides the minimum inhibitory concentration

(MIC) and minimum bactericidal concentration (MBC) values for exemplary peptide variant E1AM2

in a mixed bacterial cell culture. E1AM2 and antibiotic gentamicin could kill mixed infection at 6.25

UM, as opposed to pexiganan and other antibiotics which were required at higher dosages. Although

the antibiotic gentamicin showed cqual cfficacy to E1IAM2, it induccd resistance development in

bacteria. Thus, the peptides disclosed exhibit maximum anti-bacterial efficacy in a mixed bacterial

infection model mimicking a chronic wound environment.

Table 10: MICs (uM) and MBC (uM) of peptides in a mixed bacterial infection

Mixed MiC MRBC

SEQIDNOs | infection {aMy | My
54 Feolganan 8,35 128

2 E1AMSNH2 828 525

- Garracmion 3425 8.28

- Piperaciiin & 25

- Ciprafioxacin 28 i

- Cefepime 2.5 128

- Cnlistin > >100
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[00074]In another example, the anti-bacterial peptides as described herein are non-cytotoxic. In a
further example, the anti-bacterial peptides as described herein are non-hemolytic. As shown in Figure
8, the peptide variants do not cause hemolysis in human red blood cells (hRBCs) under therapeutic
concentrations.

[00075]In another aspect, the present disclosure provides a composition comprising onc or morc of the
(anti-bacterial) peptides as described herein. In another aspect, the present disclosure provides a
pharmaceutical composition comprising the peptide as described herein, or the composition as
described herein, and a pharmaceutically acceptable carrier or excipient. A pharmaceutically acceptable
acid salt can be formed by reaction of the compound with a suitable acid such as acetic, benzoic, citric,
formic, fumaric, hydrobromic, hydrochloric, maleic, methanesulfonic, naphthalenesulfonic, nitric,
oxalic, p-toluenesulfonic, phosphoric, succinic, sulfuric, tartaric or trifluoroacetic acid.

[00076]1n some examples, the peptide, the composition, or the pharmaceutical composition, is
formulated in the form of a solution, a lyophilized powder, a gel, a lotion, a cream, an ointment, an
acrosol. Formulation of the peptide can be in the form of crecam/gel (for dry wound trcatment) by
integration into delivery systems such as homopolymer, PEG; copolymer, CMC; self-assembly peptide
system; or heparin. For wet wound treatment, the peptide can be formulated in the form of wound
dressing scaffold, for example, by means of natural polymers such as alginate, hyaluronic acid, and
collagen. In some examples, the peptide, the composition, or the pharmaceutical composition is
formulated for topical application, such as an eye drop, an ear drop, a nasal drop, a nasal spray or an
oral spray. In further examples, the peptide, the composition, or the pharmaceutical composition is
embedded in a hydrogel, a polymer, a nanofiber, or attached to a nanoparticle for delivery. Delivery
systems such as hydrogels or poly(lactic-co-glycolic) acid (PLGA) nanoparticles can increase the
bioavailability and stability of the peptides. Formulations according to the invention intended for topical
administration can contain appropriate conventional additives, including, for example, preservatives,
solvents to assist drug penetration, and emollients in ointments and creams. Compositions according to
the disclosure can also contain one or more steroidal anti-inflammatory agents; for example,
betamethasone or dexamethasone. Compositions according to the present disclosure can also comprise
one or more non-steroidal anti-inflammatory agents. such as diclofenac, ibuprofen, ketoprofen, salicylic
acid. The compositions of the present invention can be for topical application, e.g. a composition of the
present invention for topical application also comprising one or more non-steroidal anti-inflammatory
agent or one or more steroidal anti-inflammatory agents as defined herein. A person skilled in the art
would bc able to providc suitable carricr or cxcipicnts for thc manufacturc of pharmaccutical
composition based on the dosage form or routes of administration needed.

[00077] The variant peptides, composition, and pharmaceutical composition of the present disclosure
can also be administered topically to the skin, soft and adipose tissue, wound or mucosa, dermally or
transdermally. The variant peptides, composition, and pharmaceutical composition of the present

disclosure can also be administered directly to the eye or ear, typically in the form of drops of
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micronized suspension or solution in isotonic, pH-adjusted sterile saline. The compounds can also be
inhaled to treat infection of the respiratory tract. Typical inhalers and inhalation formulations can be
used.

[00078]In another aspect, the present disclosure provides a wound dressing comprising the peptide as
described herein, the composition as described herein, or the pharmaccutical composition as described
herein. As used herein, the term “wound dressing” refers to a sterile pad applied to a wound to promote
healing and protect the wound from further harm. A dressing is designed to be in direct contact with the
wound, which may or may not be self-adhesive. In some cases, a wound dressing may be medicated,
i.e. comprising one or more medicaments suitable for wound healing, suppression of infection, pain
management, or other purposes. Material of a wound dressing differs based on the wound type. For
example, the wound dressing can be, and is not limited to an alginate dressing, a hydrocolloid dressing,
or a foam dressing. A person skilled in the art would be able to assess the type, shape, and position of
the wound to be treated and select suitable material and type of dressing to be used.

[00079]In another aspect, the present disclosure provides a nucleic acid composition cncoding the
peptide as described herein. In a further aspect, the present disclosure provides an expression vector
comprising the nucleic acid composition as described herein. In another aspect, the present disclosure
provides a host cell comprising one or more of the nucleic acid compositions as described herein, or
one or more of the expression vectors as described herein. In one example, the host cell is a mammalian
cell, a bacterium, a yeast cell, a fungus cell, or a plant cell.

[00080]In one aspect, the present disclosure provides a method of treating an infection in a subject. In
one example, the method comprises preventing the recurrence of a bacterial infection in a subject. The
recurrence of bacterial infections, alternatively referred to as infection relapse or remission, is
predominantly causcd by the emergence of resistant strains, a phenomenon known as antimicrobial
resistance (AMR). Figure 6 provides an example of such activity with reference to the VELQI9L
peptide variant, which was shown to be effective in preventing the acquisition of AMR in both
Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA). The method as described herein
comprises administering to the subject a pharmaceutically effective amount of the peptide as described
herein, the composition as described herein, the pharmaceutical composition as described herein, or
applying to the subject a wound dressing as described herein. As used herein, the term
“pharmaceutically effective amount” is generally an amount sufficient to reduce the severity and/or
frequency of symptoms, eliminate the symptoms and/or underlying cause, prevent the occurrence of
symptoms and/or their underlying causc, and/or improve or remediate the damage that results from or
is associated with the disease state (e.g., relieving the infection). A person skilled in the art is able to
determine a pharmaceutically effective amount for the peptide, the composition, or the pharmaceutical
composition as disclosed herein based on considerations such as disease state, body size, administration

frequencies and route.
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[00081] As shown in Figure 4, for example, exemplary peptide E1AM2 displays potent in vivo anti-
bacterial efficacy in a mouse excisional wound infection model caused by Pseudomonas aeruginosa
(PA) infection. EIAM2 at 1x MBC (6.25 M) concentration showed effective reduction of PA infection
at the wound site in contrast to PBS treatment.

[00082]In some cxamples, the ctfective bacteria killing concentration range for the variant peptides can
be. but is not limited to at least about 1.5 uM, at least about 2 uM, at least about 2.5 uM, at least about
5 uM, at least about 7.5 uM, at least about 10 uM, at least about 12.5 pM, at least about 15 pM, at least
about 15 uM, at least about 17.5 puM, at least about 20 pM, at least about 25 uM, at least about 35 pM,
or at least about 45 pM. In one example, the effective biofilm disruption concentration ranges from
about 1.5 uM — 25 uM or 1.5 pM — 50 pM. In another example, the concentration is between about 40
UM to 50 uM. For example, as demonstrated in Figure 11, in one instance involving infected tissue
samples from patients with Diabetic Foot Ulcers (DFU), VELQI9L was shown to work at a
concentration of 50pM to eliminate over 99% of the bacteria.

[00083] The bactericidal abilitics of the variant peptides arc not only cffective, but also fast-acting.
Based on a time-kill assay, variant peptides EIAM2, V8L, Q19L and V8LQI19L at their 1X minimum
bactericidal concentration (MBC) levels could kill both Pseudomonas aeruginosa (PA) and
Staphylococceus aureus (SA) strains within minutes. In particular, VELQ19L exhibited killing within
seconds against both Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA). Pexiganan as a

control took the longest time to kill >99% PA. The killing kinetics are detailed in Table 11 below.

Table 11: Killing kinetics of EIAM?2 and variants against Pseudomonas aeruginosa (PA) and

Staphylococcus aureus (SA) strains compared to pexiganan.

Fivews il Tirnw i
MBC P& MBC S&
SEQ ID NOs Poptides {;;};f} S;gg:’i SEQ ID KOs ?@Qﬁ{f&3 §§;§5} iﬁ;@
Kifling Kitting
54 Polganar | 828 518 54 Poxigatan | 123 1
E1882 8.2% 1 2 E1AMZ 2.5 ¥
18 N8 2% * 18 WL 3328 1 »3pen
27 L8 S35 »1G 27 Qi 3128 3
38 W8LQ8L 188 * 39 VR | IR 4

PCT/SG2024/050299

* Indicates killing within segords

[00084]In some examples, the infection is a mixed infection. In some examples, the infection is a mixed
infection comprising Pseudomonas aeruginosa. In some examples, the infection is a mixed infection
comprising Staphylococcus aureus. In one example, the infection is a bacterial infection. In another

example, the subject may further comprise a fungal infection, a protist infection, or a combination
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thereof. In some examples, the infection can be caused by one or more of the following microorganisms:
Salmonella typhimurium, Pseudomonas aeruginosa, Staphylococcus aureus, Enterococcus faecalis,
Klebsiella pneumoniae, Actinetobacter baumannii, Escherichia coli, Enterobactor cloacae, Serratia
marcescens, Fusobacterium nucleatum, Porphyromonas gingivalis, Prevotella intermedia,
Streptococcus sanguinis, or Lactobacillus casei. The peptides described herein can also be used for the
treatment of bacteria including but are not limited to: Actinetobacter baumannii, Acinetobacter
Jjohnsonii, Bacillus anthracis, Bacillus cereus, Chlamydia trachomatis, Clostridium perfringens,
Corynebacterium spp., Cutibacterium acnes, Enterobacteriaceae, Enterobacter spp., Enterobucter
cloacae, Enterococcus faecalis, Escherichia coli, Fusobacterium nucleatum, Haemophilus influenzae,
Klebsiella pneumoniae, Lactobacillus casei, Prevotella intermedia, Porphyromonas gingivalis,
Propionibacterium acnes, Proteus spp., Pseudomonas aeruginosa, Serratia spp., Serratia marcescens,
Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus hominis, Staphylococcus
saprophyticus, Staphylococcus warneri, Streptococcus agalactiae, Streptococcus mitis, Streptococcus
pneumoniae, Streptococcus pyogenes, Streptococcus sanguinis, Staphylococcus epidermidis,
Streptococcus agalactiae, Streptococcus pneumoniae, Streptococcus pyogenes, Haemophilius sp.,
Neisseria sp., Legionella sp., Chlamydia sp., and Moraxella catarrhalis.

[00085]In another example, the infection is a chronic infection, or a nosocomial infection. In a further
example, the infection is an infection caused by a drug resistant microorganism. In a further example,
the infection is caused by a multi-drug resistant microorganism. In some examples, the infection is
resistant to one or more anti-bacterial agents, such as, but are not limited to: vancomycin, ampicillin,
gentamicin, kanamycin A, neomycin B, neomycin C, neomycin E, amikacin, tobramycin, dibekacin,
sisomicin, netilmicin, streptomycin, plazomicin, ticarcillin, pefloxacin, ceftriaxone, and methicillin.
Figurc 6A and 6B provide cxamples of drug resistant bacterial strains, which respond to the treatment
of the exemplary peptides EIAM2 and QI9L described herein even after 28 days of prolonged
treatment.

[00086]In one example, the present disclosure provides the use of the peptide as described herein, the
composition as described herein, or the pharmaceutical composition as described herein in the
manufacture of a medicament for treating an infection in a subject.

[00087]In one aspect, the present disclosure provides a method of promoting wound healing and tissue
regeneration in a subject. The method comprises administering to the subject a pharmaceutically
effective amount of the peptide as described herein, the composition as described herein, the
pharmaccutical composition as described hercin or applying to thc subject a wound drcssing as
described herein. As shown in Figure 7, exemplary peptide variants EIAM2 and QI9L increase
keratinocyte migration in 2D scratch wound model, indicating significant wound-healing ability apart
from anti-bacterial efficacy as wound healing is directly associated with the migration speed of

keratinocytes.
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[00088]In some examples, the effective wound healing concentration range for the variant peptides can
be, but is not limited to at least ahout 3 pM, at least about 3.5 pM, at least about 4 uM, at least about
4.5 uM, at least about 5 puM, at least about 5.5 puM, at least about 6 pM, at least about 6.5 puM, at least
about 8 uM, at least about 10 pM, at least about 12 uM, or at least about 12.5 pM. In one example, the
ctfective biofilm disruption concentration ranges from about 3 pM — 15 puM. For cxample, as illustratcd
by Figure 14, the in vitro data reveal an increase in wound healing, evidenced by significantly faster
wound closure, even when applying concentrations up to 16 times the MBC levels of the peptide. In
vivo results support that there is no impairment of wound healing at concentrations up to 4 times the
MBC (Figure 15), indicating that the peptides as disclosed herein do not hinder the process, even at
elevated concentrations.

[00089]In one example, the wound is an infected wound. In a further example, the wound is suffering
from a chronic infection, a healthcare-associated infection, or a nosocomial infection. In one example,
the wound is infected by one or more microorganisms. In another example, the wound is infected by
one or morc bacteria. In some examples, the wound is infected by onc or more Gram-positive and/or
Gram-negative bacteria strains. In some examples, the wound is infected by bacteria including, but are
not limited to: Salmonella typhimurium, Pseudomonas aeruginosa, Staphylococcus aureus,
Enterococcus  faecalis, Klebsiella pneumoniae, Actinetobacter baumannii, Escherichia coli,
Enterobactor cloacae, Serratia marcescens, Fusobacterium nucleatum, Porphyromonas gingivalis,
Prevotella intermedia, Streptococcus sanguinis, or Lactobacillus casei. In some examples, the
bacterium in the wound is resistant to one or more anti-bacterial agents, such as, but are not limited to:
amikacin, amoxicillin, ampicillin, azithromycin, aztreonam, cefepime, ceftatroline, ceftazidime,
ceftriaxone, ciprofloxacin, clarithromycin, clindamycin, colistin, daptomycin, dibekacin, doripenem,
doxycycline, crtapenem, crythromycin, fusidic acid, gentamicin, kanamycin A, Ievofloxacin, linczolid,
methicillin, meropenem, minocycline, neomycin B, neomycin C, neomycin E, netilmicin, oxacillin,
pefloxacin, piperacillin, plazomicin, rifampicin, sisomicin, streptomycin, tetracycline, ticarcillin,
tigecycline, tobramycin, vancomycin..

[00090]In one example, the present disclosure provides the use of the peptide as described herein, the
composition as described herein, the pharmaceutical composition as described herein, or the wound
dressing as described herein in the manufacture of a medicament for promoting wound healing and
tissue regeneration in a subject.

[00091]In one aspect, the present disclosure provides a method of reducing biofilm in a subject. In
another aspcect, the present disclosure provides a method of preventing formation of biofilm in a subject.
For example, Figure 13 illustrates that in the presence of the peptide V8LQIOL, Pseudomonas
aeruginosa (PA) either fails to form biofilms or experiences complete disruption of existing biofilms,
with no remnants observed, in stark contrast to the control group without the peptide V8LQ19L. The
method comprises administering to the subject a pharmaceutically effective amount of the peptide as

described herein, the composition as described herein, the pharmaceutical composition as described
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herein or applying to the subject a wound dressing as described herein. Figure 3 shows effective
disruption of the biofilm formed by Pseudomonas aeruginosa (PA), which is a major bacteria strain
found in biofilms in chronic wounds. Upon treatment with an exemplary peptide variant E1AM2, the
biofilm is disrupted with extracellular polysaccharides (EPS) formed by PA no longer present under
scanning clectron microscope (SEM) imaging.

[00092]1In one example, the biofilm comprises one or more Gram-positive or Gram-negative bacteria
strains. In a further example, bacteria present in the biofilm can be, and are not limited to: Actinetobacter
baumannii, Acinetobacter johnsonii, Bacillus anthracis, Bacillus cereus, Chlamydia trachomatis,
Clostridium  perfringens, Corynebacterium spp., Cutibacterium acnes, Enterobacteriaceae,
Enterobacter spp., Enterobacter cloacae, Enterococcus faecalis, Escherichia coli, Fusobacterium
nucleatum, Haemophilus influenzae, Klebsiella pneumoniae, Lactobacillus casei, Prevotella
intermedia, Porphyromonas gingivalis, Propionibacterium acnes, Proteus spp., Pseudomonas
aeruginosa, Serratia spp., Servatia marcescens, Staphylococcus aureus, Staphylococcus epidermidis,
Staphylococcus hominis, Staphylococcus saprophyticus, Staphylococcus warneri, Streptococcus
agalactiae, Streptococcus mitis, Streptococcus pneumoniae, Streptococcus pyogenes and Streptococcus
sanguinis. In one example, the bacteria present in the biofilm is resistant to one or more anti-bacterial
agents. In a further example, the one or more anti-bacterial agents can be, but are not limited to
amikacin, amoxicillin, ampicillin, azithromycin, aztreonam, cefepime, ceftatroline, ceftazidime,
ceftriaxone, ciprofloxacin, clarithromycin, clindamycin, colistin, daptomycin, dibekacin, doripenem,
doxycycline, ertapenem, erythromycin, fusidic acid, gentamicin, kanamycin A, levofloxacin, linezolid,
methicillin, meropenem, minocycline, neomycin B, neomycin C, neomycin E, netilmicin, oxacillin,
pefloxacin, piperacillin, plazomicin, rifampicin, sisomicin, streptomycin, tetracycline, ticarcillin,
tigeeycline, tobramycin, vancomycin..

[00093]1In some examples, the effective biofilm disruption concentration range for the variant peptides
can be, but is not limited to at least about 1 uM, at least about 1.5 pM., at least about 2 uM, at least about
2.5 1M, at least about 5 puM, at least about 7.5 pM, at least about 10 pM, at least about 12.5 pM, at least
about 15 uM, at least about 15 puM, at least about 17.5 pM, at least about 20 uM, at least about 25 uM,
at least about 35 puMm, or at least about 45 pM. In one example, the effective biofilm disruption
concentration ranges from about 1.5 uM — 25 pM or 1.5 pM - 50 pM. In another example, a
concentration of 50 uM was shown to be effective.

[00094]In some examples, the present disclosure provides the use of the peptide as described herein,
the composition as described herein, the pharmaccutical composition as described herein or the wound
dressing as described herein in the manufacture of a medicament for reducing biofilm in a subject or
preventing the formation of biofilm in a subject.

[00095]In some examples, the methods described herein further comprises administering an antibiotic
agent to the subject. As shown in Figure 9, the combination of peptide and antibiotic is able to reduce

minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values of the
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antibiotic, thus potentiating/augmenting the antibiotics. Figure 9 demonstrates the significant
synergistic effects between the variant peptides with exemplary antibiotics such as colistin, gentamicin,
and piperacillin.

[00096] The antibiotic agent can be used in combination with the variant peptides can be, but is not
limited to: gentamicin ((3R,4R,5R)-2-{[(15,25,3R.45,6R)-4,6-diamino-3-{[(2R,3R,65)-3-amino-6-
[(1R)-1-(methylamino)ethyl]oxan-2-ylloxy }-2-hydroxycyclohexyl]oxy }-5-methyl-4-
(methylamino)oxane-3,5-diol), colistin (N-(4-amino-1-(1-(4-amino-1-ox0-1-(3,12,23-tris(2-
aminoethyl)- 20-(1-hydroxyethyl)-6,9-diisobutyl-2,5,8,11,14,19,22-heptaoxo- 1,4,7,10,13,18-
hexaazacyclotricosan-15-ylamino)butan-2-ylamino)-  3-hydroxybutan-2-ylamino)-1-oxobutan-2-yl)-
N,5-dimethylheptanamide)  piperacillin =~ ((25,5R,6R)-6-{[(2R)-2-[(4-ethyl-2.3-dioxo-piperazine-1-
carbonyl)amino]-2-phenyl-acetyl]amino }-3,3-dimethyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid), kanamycin A (2-(aminomethyl)- 6-|4,6-diamino-3- |4-amino-3,5-dihydroxy-6-
(hydroxymethyl) tetrahydropyran-2-ylJoxy- 2-hydroxy- cyclohexoxy]- tetrahydropyran- 3,4,5-triol),
kanamycin B ((25,3R.45,55,6R)-4-amino-2-{[(25,3R,4S5,6R)-4,6-diamino-3-{[(2R,3R,4R,5S,6R)-3-
amino-6-(aminomethyl)-4,5-dihydroxyoxan-2-yl]oxy }-2-hydroxycyclohexyl]oxy }-6-
(hydroxymethyl)oxane-3,5-diol), nalidixic acid (1-Ethyl-7-methyl-4-oxo-[1,8naphthyridine-3-
carboxylic acid), ampicillin ((25,5R,6R)-6-([(2R)-2-Amino-2-phenylacetyl]amino)-3,3-dimethyl-7-
oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid), vancomycin
((1S.2R,18R.,19R.225,25R 28R 40S)- 48- ([(2S.3R.4S,55,6R)- 3- ([(25.45.55,65)- 4- amino- 5-
hydroxy- 4,6- dimethyloxan- 2- ylJoxy}- 4.5- dihydroxy- 6- (hydroxymethyl)oxan- 2- ylJoxy}- 22-
(carbamoylmethyl)- 5,15- dichloro- 2,18,32,35,37- pentahydroxy- 19- [(2R)- 4- methyl- 2-
(methylamino)pentanamido]-  20,23,26,42,44-  pentaoxo- 7,13- dioxa- 21,24,27,41,43-
pentaazaoctacyclo[26.14.2.23:6 21417 1812 12933 (51025 (343 pentaconta-
3,5,8(48).9,11,14,16,29(45),30.32,34,36,38,46,49- pentadecaene- 40- carboxylic acid), linezolid ((S)-
N-({3-[3-fluoro-4-(morpholin-4-yl)phenyl]-2-o0x0-1,3-oxazolidin-5-yl }methyl)acetamide) and
ciprofloxacin (1-cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-quinoline-3-carboxylic acid).
[00097]In one example, the peptide, the composition, the pharmaceutical composition, or the wound
dressing, is administered/applied together with the one or more antibiotic agents. In another example,
the peptide, the composition, the pharmaceutical composition, or the wound dressing, is
administered/applied separately with the one or more antibiotic agents.

[00098] In some examples, the subject to be treated is, has been, or is at risk of being diagnosed to be
obesc or overweight. In some cxamples, the subject to be treated is, has been, or is at risk of being
diagnosed to be diabetic. In some examples, the subject to be treated has diabetic foot ulcer and/or
diabetic foot infections. In some examples, the subject to be treated has bacterial infection in the lungs,
eyes, ears, nose, pharynx, larynx, soft tissue or skin.

[00099] Further provided in Table 12 below are the minimum inhibitory concentration (MIC) and

minimum bactericidal concentration (MBC) of the peptide variants in Killing bacteria involved in lung,

29

PCT/SG2024/050299



10

15

20

25

WO 2024/232830

and ear-eye infections, indicating broad-spectrum activities besides chronic wound healing. Bacteria
strains involved in lung infection in cystic fibrosis patients (PA-BAA 2110) and ear-eye infections (PA-
CRM 9027) are treated with exemplary variant peptides, such as E1IAM2 and Q19L. Both variants could
successfully clear the pathogens strains with MBC of 6.25 uM. Thus, the variant peptides as disclosed

herein have broad-spectrum applications against various types of infections.

Table 12: MICs (uM) and MBC (uM) of variant peptides, pexiganan and antibiotics against

Pseudomonas aeruginosa (PA) strains

SEQ ID NOs ?& MG §§B€ i".&‘ WS_ MBQ
BAA-ZTI0 | (VD | M) | L CRMLBOZTY | M) | W)
54 Pexiganan 3138 1838 Fexiganan R R I e
2 E1AR2 IASB 1 8.E8 ET1AMZ 138 | 3138
27 el 828 (828 RS LN 838 (835
~ Lolistin B2E 18325 Colistin 3,125 3125
“ Gentaminin 25 28 Gentarndoin $.28 {138
- Piperaciliin 1EE 1 2B Pineraciiin 828 (B2R
- Ciprofloacin (158 | LB Chuolioxaein {188 | 188
- Tefapime 128 (138 Cefopime 1.8 | 1.88
[000100] Variant peptides of the present disclosurc can thercfore be used for the trecatment or

control of nasal carriage of pathogenic bacteria, in particular colonization of the nasospharynx by such
pathogens, which is also useful in prophylaxis of recurrent acute bacterial infections.

[000101] In some further examples, the mode of administration for the peptide as described
herein, the composition as described herein, and the pharmaceutical composition as described herein
can be, but is not limited to intramuscular, topical, transdermal, and intravenous administration. As
demonstrated herein, for example, in Figures 6A and 6B , the infection does not develop resistance to
the peptide as described herein, the composition as described herein, and the pharmaceutical
composition as described herein, or the wound dressing of as described herein after administration of

the samc, for cxample, over 28 days.

[000102] The disclosure illustratively described herein may suitably be practiced in the absence
of any element or elements, limitation or limitations, not specifically disclosed herein. Thus, for
example, the terms "comprising”, "including”, "containing", etc. shall be read expansively and without
limitation. Additionally, the terms and expressions employed herein have been used as terms of
description and not of limitation, and there is no intention in the use of such terms and expressions of

excluding any equivalents of the features shown and described or portions thereof, but it is recognized
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that various modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the inventions embodied therein
herein disclosed may be resorted to by those skilled in the art, and that such modifications and variations
arc considercd to be within the scope of this invention.

[000103] It should further be appreciated that the exemplary embodiments are only examples,
and are not intended to limit the scope, applicability, dimensions, or configuration of the invention in
any way. Rather, the foregoing detailed description will provide those skilled in the art with a
convenient road map for implementing an exemplary embodiment of the invention, it being understood
that various changes may be made in the function and arrangement of elements and method of
fabrication described in an exemplary embodiment without departing from the scope of the invention

as set forth in the appended claims.

EXAMPLES
METHODS

Bacterial strains

[000104] Pseudomonas — aeruginosa  (ATCC 14213, PA), and methicillin resistant
Staphylococcus aureus (BAA1717-USA 300, SA) were obtained from The American Type Culture
Collection (ATCC).

Peptide synthesis
[000105] Short-length AMPs were then synthesized to >98% purity commercially by Mimotopes
Pty Ltd by solid phasc peptide synthesis (SPSS).

Anti-bacterial assay

[000106] Examination of the potency of modified short peptides against PA and SA strains was
performed by using the broth microdilution protocol from the Clinical and Laboratory Standards
Institute (CLSI) guidelines (CLSI 2012) as described. Briefly, five freshly plated bacteria colonies were
grown in cation adjusted MH2 broth (BD Biosciences) in a shaker incubator at 37 °C, 220 RPM. Cells
were grown to an optical density (OD600) of ~0.2 mcasurcd using a Microplate Spectrophotometer
(Molecular Devices Spectra Max Plus). 100 pL of microbial culture containing ~ 5x10° CFU/mL of
bacteria in the respective broths were introduced into each well containing 100 pL of peptides and
incubated overnight at 37 °C. Next, to check the bactericidal effects, 100 pL from each well was
transferred and spread on sterile MH2 agar plates. The plates were incubated overnight at 37 °C and the
number of colonies forming units (CFU) were calculated the following day. Readings of bacteria grown

in media without any treatments were normalized to 100% as media control. For the mixed infection
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study, three freshly plated bacteria colonies each from PA, SA and ST plates were grown together in
cation adjusted MH2 broth and proceeded as described above. MIC and MBC values were defined as
the lowest peptide concentration (WM) required to either inhibit (MIC) or kill (MBC) >99% bacteria

compared to the media control.

Antimicrobial resistance evolution assay

[000107] We assessed resistance development of Pseudomonas aeruginosa (PA) and
Staphylococeus  aureus (SA) strains by sequential passaging in the presence of sub-inhibitory
concentrations of chronic wound relevant antibiotics (colistin, ciprofloxacin, gentamicin, piperacillin,
and cefepime) and our modified short peptide, E1IAM2. Briefly, sequential passaging of PA, and SA
cells was done with sub-inhibitory concentrations of antibiotics or EIAM2 up to 4 weeks. The cells
grown in those concentrations of antibiotics or peptides were diluted to A600 nm (OD600) of ~0.2 and
serially passaged daily with the same concentrations at 37 °C with agitation at 24 h intervals.
Experiment was discontinucd once the MIC reached >100uM or incrcascd by >4-tfold from the initial

start point (day 1) or when the bacterial cells failed to grow any further.

Cell viability Assay

[000108] CyQUANT™ Direct Cell Proliferation Assay (ThermoFisher Scientific, Catalogue)
was performed as per manufacturer’s instructions to determine the safety of the peptides to human
keratinocytes. Peptide EIAM2 was incubated from sub-inhibitory concentrations to 100uM with the
keratinocytes (HaCaT) for 48 hours. The fluorescence intensity and number of stained cells were

determined using the LionHeart FX Automated Microscope (BioTek, VT, USA).

2D scratch assay

[000109] Wound areas of the human keratinocyte culture were assessed in presence of peptides
in a 2D scratch assay at the 0 hour, and 48-hour time points by applying an Image] plugin, “Wound
Healing Size Tool” on brightficld images. Quantification of wound width was calculated by obtaining
the averaged Euclidean distance between each paired pixel at the lateral wound edges. The change in

wound area over the course of 48 hours was used as a measure of the migration speed of keratinocytes.
Live-dead staining of bacteria

[000110] PA was trcatcd with E1IAM2 for 24 hours followed by live-dead saining in accordance
to the manufacturers” instruction (LIVE/DEADT™ BacLight™ Bacterial Viability Kit, for microscopy

& quantitative assays).

Time-kill Assay
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[000111] Pseudomonas aeruginosa (PA) and Staphylococcus aureus (SA) strains were
grown as per CLSI guidelines. AMPs were added to the bacterial cultures at their 1X MBC
concentrations. Upon treatment, the bacterial cultures were enumerated for viable counts immediately

within 1 min, 5 min, 15min, 30 min and 60 min post-treatments.

Microscopy

[000112] Using the inverted BioTck Lionhcart LX Automatcd Microscope, brightficld images
were obtained at 4X magnification to observe the wound area at timepoints 0 (before treatment) and 48
hours-post treatment. Microscopy settings were maintained as focus offset (781.3um), illumination (2),
integration Time (21) with no gain. To cover the entire well, montage images of four rows by three
columns were stitched together by enabling the "image stitching”" function and images were saved in

tiff-format.

Hemolysis assay

[000113] Examination of hemolytic activity of ultra-short peptides was performed by isolating
the red blood cells (RBCs) from human blood samples by centrifugation (1000g, 4°C, 10min) and
resuspension in 27mL PBS. This washing step was repeated four times before the RBCs were diluted
to a 10% (v/v) suspension. Diluted RBC suspension (50ulL) was aliquoted into each well of a round-
bottom 96-well clear plate containing peptides ranging from 3.125 pM to 100 pM increasing in 2-fold
increments. Hemolytic properties of E1IAM2 and pexiganan were evaluated with melittin used as a
positive control, and PBS as a negative control. The plates were incubated at 37°C, for 30min and then
centrifuged (1258g, 4°C, 6min). 75uL of supernatant were transferred into a flat-bottom clear 96-well
plate and the ODS576 nm was read. Readings of the melittin sample at 3.125 pM were normalized to
100%.

Murine Excisional Wound Model

[000114] The murine wound infection model was carried out as described in 4 with minor
modifications. Before infection, PA strain was diluted to an OD ~0.5, and normalized to 1-3 x 107
CFU/ml. A 6 mm biopsy punch (Integra Miltex, New York, USA) was used to create a full-thickness
wound, and an inoculum of ~10° CFU of the bacteria in a 5 ul volume was applied. The wound was
sealed with a Finn chamber on a Scanpor tape (Smart Practice, Phoenix, AZ, USA), and the chamber
was fixed to the skin via Tegaderm patch (3MTM, Minnesota, USA). After 24 h post-infection, the Finn
chambers were removed and either EIAM2 (6.125 uM) or PBS were added, prior to re-sealing with the
tegaderm patch for another 24 hours The mice were euthanized and a 1 cm x 1 cm squared piece of skin
surrounding the wound site was excised and collected in sterile 1x PBS. Enumeration of the bacterial

count was done as described.
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Statistical analysis
[000115] Results were represented as means = SEM. Student’s t-test was used to determine

differences in means between two groups. The p value was calculated using ANOVA for multiple

comparisons with corrections and p < 0.05 being considered as significant.

COMPARATIVE RESULTS

[000116] The modified variant peptides described herein are fast-acting, non-cytotoxic, non-
hemolytic and exhibit efficacy in mixed bacterial infection model which closely represents a chronic
wound setting. Besides having strong anti-bacterial potential, the variant peptides also displayed wound
healing functions, marking them as ideal therapeutics against chronic wound infections. Besides chronic
wound healing, peptides also exhibited wider applicability to treat skin, soft tissue, lung, ear, and eye

infections. None of the existing antimicrobial peptides (AMPs) exhibit these advantages despite years

of research.
Table 13: Comparison of AMPs in clinical trial with peptide VSLQ19L
o vnmn e ' Aopiextion : Moénlstssrmmi I 208 ”Exrms:«mm Reobg
bt - : H prewie L eIty wgpert
S e T o -
Payarven s : E3 38 X d
VVVVV AT el Exd v o ¥
Mefiten [T S ) F H ¥ v
% B repared ¥ % 5
RSV 12 - ¥ s <
BT 3 X ~
apS2EAY 32 ® '
- X
SEQID NO: 54 " ¥ Y
SEQIDNO: 39; vumets | N -

[000117] Active peptide sequences based on ENO3 exerting significant bactericidal antibiofilm
properties, and relevant to chronic wound healing are previously disclosed. The previously disclosed
antimicrobial peptides (AMPs) are longer (>22-residues) in length, which would be more costly in
production. Comparative data between the wild-type ENO3- based peptides (E1A) and the variant

peptides described herein shows advantageous cffects of the variant peptides (Table 14).
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Table 14. Comparison of wild-type peptides to variant peptides

Characteristics

Wild-type peptide E1A
(SEQID NO: 1)

Peptide VSLQ19L
(SEQ ID NO: 39)

Killing efficacy

Does not achieve >99%

inhibition or killing, even at

500uM, indicating the
MIC/MBC cannot be
determined

>99% (MIC/MBC=1.56pM)

Cationicity

Non-cationic (cannot  disrupt

bacterial membrane)

Cationic (bacterial membrane

disruptor)

Mechanism of killing bacteria | Unknown/ non-membrane | Membrane disintegration
disruptor
Termini-modification No C-termini amidated

[000118]

Additionally, Table 15 below provides comparison between the variant peptides as

described herein and known potent antimicrobial peptide (AMP) Pexiganan.

Table 15. Comparison of peptide VSL.Q19L to Pexiganan

Characteristics Pexiganan (SEQ ID NO: 54) | VSLQ19L (SEQ ID NO: 39)
Size 22-residucs <21-residucs

AMR prevention in PA and SA | Gives rise to AMR Prevent AMR

MIC/MBC against PA 3.125/6.25 1.56/1.56

MIC/MBC against SA 6.12/12.5 1.56/1.56

Cytotoxicity at high | Cytotoxic Non-cytotoxic

concentration (100pM)

Table 16. Comparison of peptide YSLQ1YL to Standard of care

Features Antifotics ;my dut!: 9 | 0, ;m;du s Granudscyn Prantosan Lead peptids
Antibactertal Efficacy Limnited/Narrow Broad-spectrum o Broadwepectrum | Beoad-spectrum
AMR Pravention No Mo reponts availshie Yes
Wound Nealing Support impairs wornd hesling Yes
Hegligible Cytotoxiity Qytotonicity shserved Yos
o Allergic/Adverse Comant irritation RGS medisted stress
Reactions Attesgic darmatitis responses £ pidermal neernsis Yas Irvitation Yes
Targeted bacteria-specific Mo stich potentiaf Yas
eradication

35




WO 2024/232830

10

15

20

25

PCT/SG2024/050299

Table 17. Bacterial strains according to their severity levels as determined by the WHO

Thae ¥

N

S Adnetobucter baumanni 1 Erterscoveus faadum
Carbapenens resistany | venoomycisesistant

B
1 perdoifiivnon-susceptibde

AHO Briority Hist for RED of now amtibiotics

BE

Sreptococcus pamoniag

@*Psaudamsmsaemgimwi\\\\ Staphylococtus auras 3 Hammophilug influsnzas
Carbapenesrt resiatant  methicilnecesistant

S Enterobacteriaceas
Cacbapanemn rasistant,

1 oand resistarg

ESBY-producing ‘S Helicobacter pylort

alasithrovncin-resistant

\\\\ Campylobacter spp.

arapfoiifin.resistaat

Uovancomysineintermadiate )
iav Shigefla spp.

fuorapiaoloneresistant

Huoroguinolone-resistant 3

v Satmonaliae

3 fhoroguinelone-resistant 3

¢ Neisseria gonorrhoeae
¢ cophalospurin-resistant

D Hudronuisdlonarasistaat §

[000119] The discovery of the variant peptides described herein is not novel to a person skilled

in the art. The variant peptides comprise a serine and two alanine residucs in their conserved sequences,

which are required for good anti-bacterial activity. These (wo amino acids are not known (o enhance

anti-bacterial activity and would not have been thought to be included into a peptide sequence. Although

it is possible to predict the effect of modifications via structural analysis, peptides behave differently in

practice. Thus, mere prediction based on bioinformatics would not be sufficient and should be tested

with real experimental data, which poses undue burden to person skilled in the art.

SEQUENCES
[000120] The sequences disclosed in the present application include:
Peptides Scequence SEQ ID NOs
E1AMI1-NH2 KKNQKKSVKLSKKALKLAKKN 1
E1AM2-NH2 KKLLKKWVKLSKKALKLAQSL 2
Ac-E1AM2 Ac- KKLLKKWVKLSKKALKLAQSL 3
Ac-E1AM2-NH2 Ac- KKLLKKWVKLSKKALKLAQSL 4
E1AM2 N-1-NH2 | KLLKKWVKLSKKALKLAQSL 5
EIAM2 N-2-NH2 | LLKKWVKLSKKALKLAQSL 6
E1AM2 N-3-NH2 | LKKWVKLSKKALKLAQSL 7
E1AM2 N-4-NH2 | KKWVKLSKKALKLAQSL 8
E1AM2 N-5-NH2 | KWVKLSKKALKLAQSL 9
E1AM2 N-6-NH2 | WVKLSKKALKLAQSL 10
E1AM2 C-1-NH2 | KKLLKKWVKLSKKALKLAQS 11
E1AM2 C-2-NH2 | KKLLKKWVKLSKKALKLAQ 12
E1AM?2 C-3-NH2 | KKLLKKWVKLSKKALKLA 13
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E1AM?2 C-4-NH2

KKLLKKWVKLSKKALKL

14

E1AM2 C-5-NH2

KKLLKKWVKLSKKALK

E1AM2 C-6-NH2

KKLLKKWVKLSKKAL

16

E1AM2 W7L-NH2

KKLLKKLVKLSKKALKLAQSL

E1AM2 W7K-NH2

KKLLKKKVKLSKKALKLAQSL

E1AM?2 V8L-NH2

KKLLKKWLKLSKKALKLAQSL

E1AM2 VBK-NH2 | KKLLKKWKKLSKKALKLAQSL 20

E1AM?2 S11L-NH2 | KKLLKKWVKLLKKALKLAQSL 21

E1AM?2 S11K-NH2 | KKLLKKWVKLKKKALKLAQSL 22

E1AM2 A141-NH2 | KKLLKKWVKLSKKLLKLAQSL 23

E1AM2 A14K- KKLLKKWVKLSKKKLKLAQSL

NH2 24

E1AM2 A18L-NH2 | KKLLKKWVKLSKKALKLLQSL 25

E1AM?2 A18K- KKLLKKWVKLSKKALKLKQSL

NH2 26

E1AM2 Q19L- KKLLKKWVKLSKKALKLALSL

NH2 27

E1AM2 Q19K- KKLLKKWVKLSKKALKLAKSL

NH2 28

E1AM?2 S20L-NH2 | KKLLKKWVKLSKKALKLAQLL 29

E1AM?2 S20K-NH2 | KKLLKKWVKLSKKALKLAQKL 30

E1AM2 VEL QI9L | KKLLKKWLKLSKK(Aib)LKLALSL

A14Aib-NH2 31

E1AM2 V8L QI9L | KKLLKKWLKLSKKALKL(Aib)LSL

A18Aib-NH2 32

E1AM2 V8L QI9L | KKLLKKWLKLSKK(Aib)LKL(Aib)LSL

A1418Aib-NH2 33

E1AM2 W7L VSL | KKLLKKLLKLSKKALKLALSL

QI19L-NH2 34

E1AM2 W7(Bip) KKLLKK(Bip) LKLSKKALKLALSL

V8L QI9L-NH2 35

E1AM2 W7(1-Nal) | KKLLKK(1-Na) LKLSKKALKLALSL

V8L Q19L-NH2 36

E1AM2 W7(2-Nal) | KKLLKK(2-Nal)LKLSKKALKLALSL

V8L Q19L-NH2 37

E1AM2 D-VSL kkllkkwlklskkalklalsl

QI19L-NH2 38

E1AM2 V8L KKLLKKWLKLSKKALKLALSL

Q19L-NH2 39

E1AM2 VEL QI9L | KLLKKWLKLSKKALKLALSL

N-1-NH2 40

EIAM2 VSL QI19L | LLKKWLKLSKKALKLALSL

N-2-NH2 41

E1AM2 VSL Q19L | LKKWLKLSKKALKLALSL

N-3-NH2 42

E1AM2 VEL QI9L | KKLLKKWLKLSKKALKLALS

C-1-NH2 43

EIAM2 V8L QI9L. | KKLLKKWLKLSKKALKLAL

C-2-NH2 44
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EIAM2 V8L QI9L. | KKLLKKWLKLSKKALKLA

C-3-NH2 45

E1AM?2 D-VSL kkllkkwlklskkalklal

QI9L C-2-NH2 46

E1AM2 KKLLKK(2-Nal)LKLSKKALKLAL

W7(2-Nal) V8L

QI19L C-2-NH2 47

E1AM2 D- kkllkk(2-nal)lklskkalklal

W7(2-Nal) V8L

QI9L C-2-NH2 48

General formula T KKLLKKX XoKLX3KK XL 49

General formula IT | X, XOKLXGKKXULKLX X XL 50

General formula TIT | KKLLKKXXoKLX;KKX,LKLX XX 51

Human ENO3 MAMOQKIFAREILDSRGNPTVEVDLHTAKGRFR
AAVPSGASTGIYEALELRDGDKGRYLGKGVLK
AVENINNTLGPALLQKKLSVVDQEKVDKFMIEL
DGTENKSKFGANATLGVSLAVCKAGAAEKGVP
LYRHIADLAGNPDLILPVPAFNVINGGSHAGNK
LAMQEFMILPVGASSFKEAMRIGAEVYHHLKG
VIKAKYGKDATNVGDEGGFAPNILENNEALELL
KTAIQAAGYPDKVVIGMDVAASEFYRNGKYDL
DFKSPDDPARHITGEKLGELYKSFIKNYPVVSIE
DPFDQDDWATWTSFLSGVNIQIVGDDLTVTNPK
RIAQAVEKKACNCLLLKVNQIGSVTESIQACKL
AQSNGWGVMVSHRSGETEDTFIADLVVGLCTG
QIKTGAPCRSERLAKYNQLMRIEEALGDKAITFA
GRKFRNPKAK 52

E1A KVNQIGSVTESIQACKLAQSN 53

Pexiganan GIGKFLKKAKKFGKAFVKILKK 54
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CLAIMS

What is claimed is:

1. A peptide comprising the sequence of KKLLKKX, X,KLX;KKXLL (SEQ ID NO: 49), wherein:
Xi1is S, W, L, K, 4-biphenyl-L-alanine, 1-naphthyl-L-alanine, or 2-naphthyl-L-alanine;
X3is V,L,orK;
X3is S, L, or K; and
Xy is A, L, K, or 2-aminoisobutyric acid.
2. The anti-bacterial peptide of claim 1, wherein the peptide sequence comprises the sequence
KKLLKKWYVKLSKKAL (SEQ ID NO: 6).
3. The peptide of claim 1, wherein the peptide sequence consists of any onc of the following:
(a) KKLLKKWVKLSKKALKLAQS (SEQ 1D NO: 11);
(b) KKLLKKWVKLSKKALKLAQ (SEQ ID NO: 12);
(c) KKLLKKWVKLSKKALKLA (SEQ ID NO: 13);
(d) KKLLKKWVKLSKKALKL (SEQ ID NO: 14);
(e) KKLLKKWVKLSKKALK (SEQ ID NO: 15);
(fy KKLLKKWVKLSKKAL (SEQ ID NO: 16); or
(g) KKNQKKSVKLSKKALKLAKKN (SEQ ID NO: 1).
4. A peptide comprising the sequence of X XoKLXGKKXUWLKLX5X6XL (SEQ ID NO: 50),
wherein:
Xy is S, W, L, K, 4-biphenyl-L-alalnine, 1-naphthyl-L-alanine, or 2-naphthyl-L-alanine;
X>is V, L, orK;
X3is S, L, or K;
Xais A, L, K, or 2-Aminoisobutyric acid;
Xsis A, L, K, or 2-Aminoisobutyric acid;
Xsis Q, L, or K; and
X7is S, L, or K.
5. The peptide of claim 4, wherein the peplide sequence comprises the sequence of
WVKLSKKALKLAQSL (SEQ ID NO: 10).
6. The peptide of claim 4, wherein the peptide sequence consists of any one of the following:
(a) KLLKKWVKLSKKALKLAQSL (SEQ ID NO: 5);
(b) LLKKWVKLSKKALKLAQSL (SEQ ID NO: 6);
(c) LKKWVKLSKKALKLAQSL (SEQ ID NO: 7);
(d) KKWVKLSKKALKLAQSL (SEQ ID NO: 8);
(¢) KWVKLSKKALKLAQSL (SEQ ID NO: 9); or
(f) WVKLSKKALKLAQSL (SEQ TD NO: 10).
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7. A peptide comprising the sequence of KKLLKKX;XoKLXKKXLKLXsX:X7L (SEQ ID NO: 51),
whercin:
X1is S, W, L, K, 4-biphenyl-L-alalnine, 1-naphthyl-L-alanine, or 2-naphthyl-L-alanine;
X2is V, L, or K;
Xzis S, L, or K;
X41is A, L, K, or 2-aminoisobutyric acid;
Xsis A, L, K, or 2-aminoisobutyric acid;
Xesis Q, L, or K; and
X718 S, L, or K.
8. The peptide of claim 7, wherein the peptide sequence consists of any onc of the scquences of
(i) KKLLKKWVKLSKKALKLAQSL (E1AM2, SEQ ID NO: 2);
(ii) KKLLKKWVKLSKKALKLALSL (E1AM2 QI9L, SEQ ID NO: 27);
(iii) KKLLKKWLKLSKKALKLAQSL (E1AM2 V8L, SEQ ID NO: 19);
(iv) KKLLKKWLKLSKKALKLALSL (EIAM2 V8L Q19L, SEQ ID NO: 39);
(v) KKLLKKWLKLSKKALKLALSL (E1AM2 V8L Q19L C-2, SEQ ID NO: 44); or
(vi) KKLLKK(2-Nal)LKLSKKALKLAL (E1IAM2 W7(2-Nal) V8L QI9L C-2, SEQ ID NO: 47).
9. The peptide of any one of the claims 1, 2, 4, 5, and 7, wherein the peptide further comprises a partial

scquence from ENO3.

10. The peptide of any one of the preceding claims, wherein the peplide has less than 22 amino
acid residues.

11. A composition comprising one or more of the peptides of any one of claims 1-10.

12. A pharmaceutical composition comprising the peptide of any one of claims 1-10, or the

composition of claim 11, and a pharmaceutically acceptable carrier or excipient.
13. A wound dressing comprising the peptide of any one of claims 1-10, the composition of claim

11, or the pharmaccutical composition of claim 12.

14. A nucleic acid composition encoding the peptide of any one of claims 1-10.
15. An expression vector comprising the nucleic acid composition of claim 14,
16. A host cell comprising one or more of the nucleic acid compositions of claim 14, or one or

morc of the cxpression vectors of claim 15.

17. A method of (reating or prevenling the recurrence of a bacterial infection in a subject,
comprising administering to the subject a pharmaceutically effective amount of the peptide of any one
of claims 1-10, the composition of claim 11, the pharmaceutical composition of claim 12, or the wound
dressing of claim 13.

18. A method of promoting wound healing and tissue regeneration in a subject, wherein the method
comprises administering to the subject a pharmaceutically effective amount of a peptide of any one of
claims 1-10, the composition of claim 11, the pharmaceutical composition of claim 12, or the wound

dressing of claim 13.
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19. A method of reducing biofilm/preventing formation of biofilm in a subject, wherein the method
compriscs administering to the subject a pharmaccutically cffective amount of a peptide of any onc of

claims 1-10, the composition of claim 11, the pharmaceutical composition of claim 12, or the wound

dressing of claim 13.
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