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Why is Antimicrobials (Antibiotic) Research Important ?
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Host-Defence Peptides (HDPs) as an Alternative to Antibiotics

HDPs are part of the innate immune system produced by multicellular organisms for their self-defence
against invasive pathogens.
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Mechanism of HDPs
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Clinical Advantages and Disadvantages of HDPs
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Synthetic Polymers can mimic HDPs/AMPs and Could
Offer a Potential Alternative for Targeting Bacteria



Synthetic Polymers: As a Promising New Generation of Antibacterials

Previous research mainly focused on composition of linear
polymers to optimize antibacterial activity and biocompatibility
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Previous Study
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Our Study
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Polymer Synthesis by PET-RAFT
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The Compositional Structures and Architectures of the Amphiphilic Copolymers
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Linear Polymer (LP)
Polymer X/ Yl Z
LP-20 50/30/20
LP-25 50/25/25
LP-30 50/20/30
X= Cationic
Y= Hydrophilic

Z= Hydrophobic
P= Poly(ethylene glycol) diacrylate

M= N,N*-methylenebis(acrylamide) C= Number of crosslinker groups
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Hyperbranched Polymer (HP)

Polymer
HPP1-20
HPP2-20
HPP3-20
HPP4-20
HPP5-20
HPP2-25
HPP5-25
HPP2-30
HPP5-30

XIYI'ZIC

50/30/20/1
50/30/20/2
50/30/20/3
50/30/20/4
50/30/20/5
50/25/25/2
50/25/25/5
50/20/30/2
50/20/30/5

Polymer
HPM1-20
HPM2-20
HPM3-20
HPM4-20
HPM5-20
HPM2-25
HPM5-25
HPM2-30
HPM5-30

XI'YI'ZIC
50/30/20/1
50/30/20/2
50/30/20/3
50/30/20/4
50/30/20/5
50/25/25/2
50/25/25/5
50/20/30/2
50/20/30/5

wxx P [Crosslinker]:[RAFT agent] =1:1to 5:1
Hydrophobic content = 20-30 %
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The Compositional Structures and Architectures of the Amphiphilic Copolymers
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3-Arm Star Polymer (3SP) 4-Arm Star Polymer (4SP)

Polymer X/ Y/ Z o Polymer X/ Y/ Z
3SP-20 50/30/20 X= Cationic 4SP-20 50/30/20
3SP-25 50/25/25 Y= Hydrophilic 4SP-25 50/25/25
3SP-30 50/20/30 Z= Hydrophobic 4SP-30 50/20/30

We synthesized 27 polymers with different topologies (LPs HPs, 3SPs, and 4SPs)
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Overview of the Polymer Properties

Polymers

Average Hydrodynamic Diameter (nm)

Linear and Star Polymers

34.5-93.5 nm

Hyperbranched Polymers

10.1-113.8 nm

Higher crosslinker ratio can reduce the average hydrodynamic diameter in the HPs

All the copolymers exhibited a positive zeta potential indicating the presence of cationic

moieties
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Size Exclusion Chromatography

1.2 - 4 Linear and Star Polymers
— LP-20 _

2 1.0- » Monomodal molecular weight
'% 35P-20 distributions
T 0.87 4SP-20
3 0 6 HPP5-20 = Dispersity (D) values ranging from
% HPME-20 1.12to0 1.25
£ 0.47 Y0 Hyperbranched Polymers
O
Z 0.2+ = HPP and HPM polymers broad and often

0.0 multimodal distributions

' I 1 I | |
2 3 4 S 6 7 = Dispersity (P) values ranging from 1.21 to

LogM 3.31
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Effect of Topology on Antibacterial and Hemolysis Activity

MICgg56, 20 n (HG/ML) Selectivity Antibacterial Activity
Polymer HCs00 21 (MQ/ML) LP, HPs, and SPs have
PAO1 K12 (PAO1) L . )
| similar antibacterial
—) LP-20 32 i 32 500-1000 16 activity
m | HPP1-20 32 | 32
HPP2.20 _ 32-64 | 32-64 HPP.and HPM.famlly
Z : No differences in the
HPP3-20 | £ 32-64 | 32-64 MIC
O : 90%
HPP4-20 < 32-64 | 32-64
o 1
HPP5-20 = 32-64 64 .
TIi ; Hemocompatibility
=) | HPM1-20 < 32 i 32 SPs>HPs>L Ps
HPM2-20 | 32-64 | 32
HPM3-20 32-64 64 Selectivity
HPM4-20 64 | 64 SPs>HPs>LPs
HPM5-20 32-64 | 64
—) 3SP-20 32 : 16-32 No Hemolysis PAO1 = P, aeruginosa
mmmp| 4SP-20 32-64 32 No Hemolysis K12 = Escherichia coli
B oo scoo ol [ soecuwry S
64 >2000 <125 >250 | <1
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Effect of Topology on Antibacterial and Hemolysis Activity

. | MICg0y, 201 (HG/ML) Selectivity
Polymer | & ’
L | PAO1L K12 (PAO1)
L P25 § Antibacterial Activity
== | HPP2-25 | S 32 Increasing hydrophobic monomer
m=) | HPP5-25 | 5 16-32 proportion slightly enhanced the
HPM2-25 | £ 16-32 antibacterial property
HPM5-25 | 32 | 32-64
=| 3SP-25 | 0| 16-32 @ 16-32
m—) | 4SP-25 32-64 @ 32 Hemocompatibility
MIComr oor (G/ML) Selectivity En_hancmg the cross_llnker rat!o (2to
Polymer | > ' HCxyo, -1 (HQ/ML) 5) in HPs) led to an increase in the
S | PAOL K12 (PAO1) HCcy, values
LP-30 |8
HPP2-30 | § 3SP-25 and 4SP-25 were greater
HPPS-30 | = (>2000 pg/mL) >LP-20 (500-1000
HPM2-30 2 ug/mL) and = HPs with 20 %
HPM5-30 .
35p30 | S hydrophobicity group (>2000 pug/mL)
- o
4SP-30 | ™ L
=== | Colistin No Hemolysis “** No hemagglutination***

| MG scale (sgimL) [ Hesow scalo (uomill |
8
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Conclusion/Outcomes

Antibacterial Activity Antibacterial Activity
3SP and 4SP potent

and similar effects

Antibacterial Activity

LP-20 < LP-25 and LP-30 No differences

iIn MIC90 %

Hemocompatibility Hemocompatibility Hemocompatibility

Increased
hemocompatibility

LP-20 (500-1000 pg/mL)> LP-
25 and LP-30 (<125 pg/mL)

HPs HC50 % (>2000 pg/mL) >
LPs (500-1000 pg/mL)

Highest Selectivity

Linear Polymers Hyperbranched Polymers Star Polymers
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