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ABSTRACT

Cationic glycopolymers with similar structures of typical poly(ionic liquid)s (PILs) were
synthesized via the quaternization reaction of poly(4-vinyl pyridine) (P4VP) with
halogen-functionalized p-mannose and tetraphenylethylene (TPE) units. Such
post-polymerization modification provided PILs with aggregation-induced emission effect as
well as specific carbohydrate-protein recognition with lectins such as Concanavalin A. The
interactions between cationic glycopolymers and different microorganisms, including
gram-positive Staphylococcus aureus and gram-negative Escherichia coli, were used for the
killing, imaging and detection of bacteria. Besides, these sugar-containing PILs showed
relatively low hemolysis rate due to the presence of saccharide units, which may have

potential application in the field of biomaterials.



Introduction

Pathogenic microorganisms can cause environmental pollution and disease infection, which
seriously damage human health."? The rapid development of antibiotic resistance can further
complicate this situation.> * As a result, various kinds of antimicrobial agents, including
organic (polypeptide,’ saccharides,® antimicrobial enzymes,’ cationic organic polymers®) and
inorganic (silver,” graphene'®, carbon'') materials, have been developed to deal with

microbial resistance.'?

Recently, poly(ionic liquid)s (PILs) have aroused considerable
attention that can cope with microbial drug resistance.'>'* PILs approach bacteria through
electrostatic interaction between cationic groups and negatively charged cell walls, and then
insert hydrophobic fragments into cell membranes, resulting in the rupture and death of
9

bacteria.!> ' Quaternary ammonium,!” phosphonium,'® imidazolium,"” pyridinium,*

1 2

piperidinium,?! and pyrrolidinium?? cation-based PILs have been widely applied in

antibacterial materials.

PILs are often toxic to cells, which greatly limits their application in medicine.”> However,
PILs constructed from biomass-derived monomers can have good biocompatibility.?*
Saccharides such as mannose, glucose etc. are ideal candidates to improve biocompatibility,
which have been used in the preparation of polymers for potential biomedical application.**
26 Furthermore, mannose can target Escherichia coli (E. coli) because of its specific
electrostatic interaction with FimH lectin on the surface of E. coli.?”-?® Therefore, designing
new antibacterial PILs containing saccharides is very promising in regulating cytotoxicity and

targeting bacteria.?® 3



The commonly used colony forming unit counting method for bacterial concentration
detection is criticized because it is time-consuming and tedious.>' Recently, fluorescence
method has been used in detection, screening and imaging of bacteria due to its advantages
such as fast response, high sensitivity and easy operation.*”3* Early in the 21st century, the
concept of aggregation-induced emission (AIE) entered people’s sight and became a hot
spot.>* TPE is a common AIE molecule, which emits fluorescence when its intramolecular
rotation is restricted in the aggregated state.’>7 Bacteria can be detected efficiently by
fluorescence emitted from TPE gathered on bacterial surface. Wang et al. synthesized
fluorescent imidazolium-based PILs, whose TPE units were introduced by anion exchange,

for antibacterial and imaging simultaneously.*®

In this work, it was our aim to design and synthesize functional PILs with both pendent
saccharide units and AIE probes (Scheme 1). These sugar-containing PILs could be seen as
novel cationic glycopolymers, which integrate the properties of typical PILs and
glycopolymers, including the specific carbohydrate-protein recognition and the antibacterial
performance. Owing to the existence of pendent TPE units, the interactions between PILs and
the surface biomacromolecules of bacteria (lections etc.) could cause further aggregation of
PILs, leading to AIE which could be applied to bacterial concentration detection and
fluorescence imaging. Thus the functional polymers developed herein have combined the
properties of AIE polymers, glycopolymers and PILs, which could be used for the killing,
imaging and detection of bacteria (Scheme 1). In addition, the AIE glycopolymers have
shown very good photostability and the strong fluorescence intensity did not attenuate even if

it was stored without protection from sunlight for several days. Moreover, these polymeric



bactericides have demonstrated good biocompatibility with mammalian cells as shown by a

low hemolysis rate towards red blood cells.

Scheme 1. Schematic representation for the detection, imaging and killing of bacteria by AIE

glycopolymers.
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Experimental Section

Materials

Poly(4-vinylpyridine) (P4VP) was synthesized as previously.’* Concanavalin A lectin (Con A,
95%) and 3-bromo-1-propanol (PropanolBr, 97%) were purchased from Aladdin (China).
3-Bromopropyl p-mannopyranoside (ManBr)* (viscous liquid) and
o-(4-tetraphenylethylene-yloxy) -1-bromoethane (TPEBr)* were synthesized as previously.

Staphylococcus aureus (S. aureus, ATCC 6538) and Escherichia coli (E. coli ATCC 25922)



strains were obtained from Shanghai Bioresource Collection Center. Sheep blood was
purchased from Nanjing Quanlong Biotech Corporation. The cutoff molecular of dialysis

membrane (Spectrum Laboratories) was 1000 Da.

Instruments and analysis

'"H NMR spectra were measured by Bruker AVANCE III 500MHz spectrometer. Molecular
weight and dispersity of P4VP were calculated by size exclusion chromatography (SEC) on
Waters system using N, N-dimethylbenzamide (DMF, 40 °C, 1.00 mL min™") as eluent. Zeta
potential measurements were performed using Brookhaven ZetaPALS variable temperature
analyzer. Fourier transform infrared (FTIR) spectra were measured by Nicolet iS5 FTIR
spectrometer. The optical transmittance of solutions were acquired by Shimadzu UV-2600
spectrophotometer. The optical density (OD) of bacterial suspension was read with a
microplate reader (Molecular Devices SpectraMax M3). The fluorescence intensity of
solutions was measured by fluorescence spectrophotometer (Shimadzu, RF 6000). Laser
scanning confocal microscopy (LSCM) was recorded using an OLYMPUS FV3000. Absolute

quantum yield was measured by FLS980 Series of Fluorescence Spectrometers (Edinburgh).

Quaternization reaction of P4VP with organobromine compounds

P4VP (240 mg, ~ 2 mmol 4VP units), bromine-functionalized p-mannose (ManBr, 1204
mg, 4 mmol) or 3-bromo-1-propanol (Bromopropanol, 556 mg, 4 mmol),
bromine-functionalized tetraphenylethylene (TPEBr, 91 mg, 0.2 mmol) and 10 ml of DMSO
were added into a two necked round-bottomed flask. The mixture was bubbled for 15 min

with N> and stirred at 80 °C for 5 days. Solvents and other low mass impurities were removed



by dialysis against methanol and water respectively and then lyophilized. The
mannose-containing polymer product was named as P4VP-ManTPE and the
bromopropanol-containing polymer as P4VP-BPTPE, whose yields were 65% and 71%
respectively. As a control, cationic polymers P4VP-Man and P4VP-TPE, which did not
contain TPE or mannose units, were synthesized in the same way in 77% and 30% yield

respectively.

Determination of fluorescence quantum yield

Quantum yields (®) of PILs in aqueous solution were measured by a relative method by
taking a fresh solution of quinine sulfate as standard and measuring the quantum yield with
excitation wavelength at 350 nm in 0.1 mol L' HSO4 being 54%.*! In order to ensure the
absorbance of quinine sulfate and PILs solution were < 0.05 below 350 nm so as to avoid the
interference from self-absorption. UV/Vis was used to measure the absorbance under A = 350
nm, and the fluorescence measured between A = 370 nm and 600 nm with Aex = 350 nm. The

relative quantum yield is calculated as follows:

where ® means quantum yield; 4 = absorbance at A = 350 nm; F is the integrated area of the

peak from A =370 nm to 600 nm; P is the PILs and S means the standard respectively.

The absolute quantum yield of PILs in aggregation state was measured by fluorescence

spectrometry at Aex = 380 nm.



Recognition between PILs and ConA

Turbidity was exploited to measure the binding ability with the lectin ConA.** ConA (1 mg
mL™") was solubilized in HBS buffer (HEPES 2.38 g, NaCl 8.77 g, and CaCl 0.11 gin 1 L
water, pH = 7.4) and filtered through 0.2 um nylon filters. The concentration of the ConA was
calculated via the UV absorbance A < 280 nm [Absorbance = 1.37 x [ConA] (mg mL™1)]. 4
mg mL! PILs solution was prepared in HBS buffer and equal volumes of PILs and ConA

solutions were mixed and the absorbance was determined continuously for 3 h.

Minimum inhibitory concentration assay

The minimum inhibitory concentration (MIC) method was used to determine the
antibacterial properties of P4VP-ManTPE and P4VP-BPTPE.* Firstly, the PILs solutions
were prepared in a LB medium, and subsequently diluted 2-fold. The strains of S. aureus and
E. coli were cultured in LB broth for 24 hours so as to obtain standard bacterial suspensions,
and then diluted to ODeoo (optical density, A = 600 nm) = 1, under which case the
Concentration £ coi; = 0.5%10° and Concentration s gureus = 2*10°. The final concentration for
the test was further diluted x5000. Subsequently, equal volumes of different concentrations of
PILs solutions and bacterial suspension were mixed and added to 96-well plate in order to
culture at 37 °C for 24 h, prior to the ODsoo reading by a microplate reader. The MIC refers to

the lowest concentration of polymers with an observed antibacterial effect.

Plate counting method to test the antibacterial activity

P4VP-ManTPE and P4VP-BPTPE were dissolved in LB broth with a concentration = 8.0



mg mL™!, and diluted using a gradient method. The bacteria in LB broth (ODgoo = 1, initial
Concentration £ coi = 0.5%10°, Concentration s aueus = 2*10°, and further diluted x5000) was
co-culture with equal volume of PILs solution under different concentrations. After 1.5 h, 5
uL mixed solution was evenly coated on LB agar plate and incubated for 24 h at 37 °C, the
number of bacterial colonies were recorded. The formula used for the antibacterial activity

was:

Nnegative control — Nsample

antibacterial activity (%) = x 100

Nnegative control

where N = the numbers of bacterial colonies, sample and negative control is the bacteria

co-cultured with and without PILs, respectively.*

Morphological changes of the bacteria

The effect of the polymers on the bacteria morphology was observed by scanning electron
microscopy (SEM). S. aureus and E. coli (ODgoo = 0.2) were co-cultured with (or without)
equal volume of PILs (corresponding 2*MIC concentration) in LB broth for 2 h.at 37 °C
Subsequently, the bacteria were immobilized with 2.5 wt% glutaraldehyde and dehydrated

using a gradient method before SEM recording.

Bacterial imaging by LSCM

A bacterial suspension was centrifuged and washed with phosphate buffer (PBS, 0.2 M, pH
= 7.4), followed with dilution to ODsoo = 0.2 with PBS. The bacterial suspension obtained

was co-cultured with equal volume of P4VP-ManTPE or P4VP-BPTPE (0.2 mg mL™! in PBS)



for 2 h at 37 °C, and then fixed with glutaraldehyde prior to dehydration and the treated

sample used for LSCM measurement.

Detection of bacterial concentration by fluorescence intensity

The change in the fluorescence intensity with bacterial concentration was measured by
fluorescence spectrometry. Following centrifugation and washing with PBS buffer, the
bacterial suspension was diluted with PBS to 2*10° CFU mL™! and subsequently diluted using
a gradient method. Equal volumes of bacteria in PBS was mixed with 0.2 mg mL™! of

P4VP-ManTPE or P4VP-BPTPE in PBS, incubated for 2 h at 37 °C.

Hemolysis assay

Fresh sheep blood was centrifuged and washed five times with normal saline. After
removing supernatant, the precipitated red blood cells were diluted to 8 vol% with PBS.
Equal volumes of PAVP-ManTPE and PAVP-BPTPE at different concentrations in PBS were
mixed with the red blood cell suspension. The mixture was centrifuged and the supernatant
was taken to read the ODs7 following incubation for 1 h at 37 °C. The samples with 1%
Triton and PBS instead of PILs solution were positive and negative controls respectively. The

formula of hemolysis rate was:

ODsample - 0Dnegative control % 100%

Hemolysis rate (%) =
0Dpositive control — ODnegative control

where OD was read by microplate reader under 570 nm.



Results and discussion
Synthesis and characterization of the AIE glycopolymers

Scheme 2. Synthesis route to AIE glycopolymers.
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As shown in Scheme 2, copper (0) mediated reversible-deactivation radical polymerization
(Cu(0)-RDRP) was employed to directly polymerize 4-vinylpyridine (4VP) at ambient
temperature in DMSO / H>O mixture (v/v = 1:1) to obtain poly(4-vinylpyridine) (P4VP) at
high conversion (94%).° The SEC elution trace (Figure 1A) of the final P4VP revealed

relatively low dispersity (Mw / My = 1.21, My = 12400 Da).
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Figure 1. (A) SEC elution trace of P4VP, eluent = DMF with DRI detection. (B) FTIR
spectra of P4VP and its quaternized products. (C) 'H NMR (500 MHz, DMSO-ds / D,0)
spectra of P4AVP and P4VP-ManTPE. (D) Zeta potentials ({) of P4VP, P4AVP-ManTPE and
P4VP-BPTPE.

Subsequently, quaternization reaction was used to modify P4VP with organobromine
compounds such as bromine-functionalized tetraphenylethylene (TPEBY),
bromine-functionalized p-mannose (ManBr) or 3-bromo-1-propanol (PropanolBr), which
yielded corresponding PILs, P4AVP-ManTPE and P4VP-BPTPE. As control experiments,
PILs (P4VP-Man and P4VP-TPE) were synthesized in similar way without the addition of
TPEBr or ManBr.

FTIR, 'H NMR and '3*C NMR spectra could indicate the success of quaternization. In FTIR
spectra (Figure 1B), the strong absorbance at 3200 ~ 3600 cm™ and 1050 cm™ was from
hydroxyl and methylene groups of ManBr and PropanolBr, and the absorbance at 774 cm™
was from benzene ring of TPE. In the spectra of quaternization products, the vibration of
pyridine salts appeared at 1640 cm™ and the stretching vibration of C=N at 1600 cm™ almost
disappeared, which indicated the success of quaternization reaction. As shown in the 'H
NMR spectra of P4VP (Figure 1C), the peak of polymer skeleton was shown at 1.2 ~ 1.8 ppm
and peaks of pyridine appeared at 6.6 ppm and 8.3 ppm. In the spectra of P4AVP-ManTPE,
peaks around 3.5 ~ 4.7 ppm were from mannose residues. The characteristic peaks of TPE
residues overlapped with other peaks at 6.5 ~ 8.1 ppm; however, the integral at 4.2 and 6.7
ppm of P4VP-BPTPE increased compared with that of P4VP-BP, which indicated the

existence of TPE (Figure S1). The '*C NMR spectra of P4VP-ManTPE (Figure S2) also



showed the resonances from quaternized 4VP as well as pendant mannose and TPE units. The
{ potentials (Figure 1D) were 59.07 mV and 50.17 mV for P4VP-ManTPE and P4VP-BPTPE,
respectively, while the P4VP was negatively charged (-11.93 mV), which indicated the

positive charge due to the successful quaternization.
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Figure 2. (A) UV-vis absorption spectra of P4AVP-Man, P4VP-ManTPE and P4VP-TPE [0.1
mg mL! in MeOH / H,O (v/v = 1:1)]; (B) Fluorescence intensity of P4VP-Man and
P4VP-ManTPE in mixtures of H,O and MeOH with different water fractions (fw).
Concentration: 0.1 mg mL™!; excitation wavelength: A = 380 nm.

Subsequently, PILs (0.1 mg mL™) in a mixture of MeOH / H,0 (v/v = 1:1) was measured
by ultraviolet spectrophotometer to get relative UV-vis absorption spectra (Figure 2A). The
absorption peaks of P4VP-Man appeared at 202, 226 and 258 nm. Compared with it,
P4VP-TPE revealed a new absorption peak at A = 315 nm, which was characteristic of TPE.
This peak also appeared at the UV absorption spectra of P4AVP-ManTPE, which further
confirmed that pendant TPE was successfully introduced into polymer by quaternization
reaction. The fluorescence properties of the synthesized PAVP-ManTPE and P4VP-Man
dissolved in mixed MeOH / H>O solvent were investigated by fluorescence

spectrophotometer with excitation wavelength at 380 nm. In Figure 2B, fluorescence



intensity of P4VP-ManTPE gradually increased to the maximum with the increase of water
fraction (fw) from 0% to 80%, which was caused by the fact that water was the poor solvent
for TPE and P4VP-ManTPE aggregated gradually with the increase of water. However, when
fw > 80%, the fluorescence intensity began to decreased, which was due to the decrease of
P4VP-ManTPE’s effective concentration in this poor solvent. Interestingly, P4VP-Man also
showed weak fluorescence emission, although it didn’t change significantly with the increase
of fw. This may be similar as AIE effect of natural saccharides.** In addition, with the
increase of the mixed solution’s polarity, the emission peak of PAVP-ManTPE appears blue
shift (Figure S3). The relative quantum yields of P4AVP-ManTPE and PAVP-BPTPE aqueous
solutions were 0.69% and 0.97% respectively with quinine sulphate as a standard, indicating
the relatively low fluorescence when dissolved. Unfortunately, the absolute quantum yields of
P4VP-ManTPE and P4VP-BPTPE powders at solid state, which was measured by FLS980
series of fluorescence spectrometers, cannot be adopted due to the interference of the black
colour of polymer itself and the low content of TPE.
Carbohydrate-protein recognition between PILs and ConA

As various glycoproteins such as lectins are found on the surface of many cells, it was our
hypothesis that the lectin-glycopolymer interaction may help the glycopolymers identify
bacteria better.*> Therefore, the interactions between sugar-containing PILs and lectins was
verified with Concanavalin A (ConA) as the model lectin. When ConA bound with PILs, the
turbidity of mixture would increase, which could be observed by measuring UV absorbance
at 420 nm. In the first 10 minutes, the UV absorbance of the mixed P4AVP-ManTPE (2 mg

mL!) and ConA (0.5 mg mL™) increased obviously, then gradually reached an equilibration.



However, the parallel P4AVP-BPTPE group didn’t change significantly (Figure 3A). This
difference was due to the increase of turbidity caused by the aggregation of sugar-containing
PILs and ConA. It is worth noting that this kind of aggregation also enhanced the
fluorescence emission. When compared with P4VP-BPTPE, the fluorescence intensity of
P4VP-ManTPE increased significantly after binding with ConA (Figure 3B). These results

demonstrated that the sugar-containing PILs can recognize lectins as typical glycopolymers.
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Figure 3. (A) Absorbance curve of the P4AVP-ManTPE and P4VP-BPTPE mixed with ConA
at A = 420 nm. (B) Fluorescence emission spectra of PAVP-ManTPE and P4VP-BPTPE
before and after addition of ConA (excitation wavelength: A = 380 nm).
In vitro antibacterial properties of AIE PILs

Gram-positive S. aureus and gram-negative E. coli were used to investigate the
antibacterial properties of the synthesized AIE PILs. Firstly, minimum inhibitory
concentration (MIC) method was carried out to evaluate the antibacterial effect of
P4VP-ManTPE and PAVP-BPTPE. The samples with different concentrations were prepared
by 2-fold dilutions and incubated with bacterium at 37 °C for 24 h to obtain the MIC for the
bacteria. Both P4VP-ManTPE and PAVP-BPTPE had better antibacterial ability on S. aureus

than E. coli, which was due to the fact that gram-negative bacteria have an outer membrane to



protect the cell from being destroyed (Table 1).4¢

Table 1. Antibacterial properties of P4VP-ManTPE and P4VP-BPTPE measured as MIC.

MIC (ug mL™") for

Sample
E. coli S. aureus
P4VP-ManTPE 1000 15.63
P4VP-BPTPE 500 7.81

The PILs bound bacteria by electrostatic interaction between cationic pyridine rings and
negatively charged bacterial membranes, while the hydrophobic sections may insert into
hydrophobic part of membranes to kill bacteria. Contrary to our prediction, the antibacterial
effect of PAVP-BPTPE was slightly better than that of PAVP-ManTPE, which may be due to
the fact that bromopropanol is more hydrophobic than mannose and is more likely to destroy

the hydrophobic bacterial membranes.
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Figure 4. Bacterial viability of (A) E. coli and (B) S. aureus contacting PAVP-ManTPE and
P4VP-BPTPE for 1.5 h.

Moreover, the plate count method was also carried out to verify the antibacterial ability of
the PILs. The samples under corresponding concentrations (P4VP-ManTPE for 62.50, 500

and 4000 pg mL'; P4VP-BPTPE for 0.98, 7.81 and 62.50 pg mL!) were cultured with



bacteria (ODgoo = 1 and further diluted 5000 times) at 37 °C for 1.5 h, followed by 5 uL of
bacterial suspension coated on LB agar plates. The results shown in Figure 4 and Figure S4

also indicated their bactericidal effects, and the effect of PAVP-BPTPE was slightly better.

Figure 5. SEM images of E. coli (A1-A3) and S. aureus (B1-B3) co-cultured with
P4VP-ManTPE (A2, B2) and P4VP-BPTPE (A3, B3) solution (0.1 mg mL™") for 2 h.
Bacteria incubated without any polymers were used as control (A1, B1) (scale bar = 3 um).
The microbial morphology of E. coli and S. aureus after incubated in PILs solution for 2 h
were characterized by SEM images (Figure 5).Their partial enlarged drawings were shown in
Figure S5. The bacteria in control groups (cultured without polymers) had complete
morphology and smooth surface (Al, Bl), while the structure of bacteria cultured with
P4VP-ManTPE (A2, B2) and PAVP-BPTPE (A3, B3) were found to be partially distorted and
collapsed, which indicated the occurrence of membrane damage (especially for E. coli) by the
quanternized PILs.
Bacterial imaging and concentration detection by AIE polymers
The successful introduction of AIE probes through the quaternization reaction made it

possible for the fluorescent imaging of bacteria. Both E. coli (A1-A3, B1-B3) and S. aureus



(C1-C3, D1-D3) emitted strong blue fluorescence after co-cultured with 0.1 mg mL™'
P4VP-ManTPE (A1-A3, C1-C3) and P4AVP-BPTPE (B1-B3, D1-D3) for 2 h (Figure 6). This
is due to the phenomenon that the cationic polymer accumulates on the surface of the bacteria
by electrostatic and hydrophobic interactions to aggregate TPE groups and enhance
fluorescence emission. It is noted that even under the same concentrations, the presence of
AIE glycopolymers (P4VP-ManTPE) would stain more E. coli and S. aureus and hence made
the images brighter than that of PAVP-BPTPE. This may be due to the fact that PAVP-BPTPE
has only electrostatic effect on bacteria, while P4VP-ManTPE can also bind to the
glycoproteins on the surface of bacteria through carbohydrate-protein recognition, which thus
proved that interactions between AIE glycopolymers and bacteria. It should also be reminded
that as fluorescent reagents, PAVP-ManTPE and P4VP-BPTPE were photostable, which can

retain their fluorescence effect for several days without avoiding light (Figure S6).



Figure 6. Fluorescence (A1-D1), bright-field (A2-D2 ) and superimposed (A3-D3) images of
E. coli (A1-A3, B1-B3) and S. aureus (C1-C3, D1-D3) incubated with P4VP-ManTPE
(A1-A3, C1-C3) and P4VP-BPTPE (B1-B3, D1-D3) (concentration: 0.1 mg mL™") for 2 h.
Excitation wavelength: 300-400 nm, scale bar: 10 um.

The relationship between bacterial concentration and fluorescence intensity was measured

by fluorescence spectrometer. 0.1 mg mL' P4VP-ManTPE and P4VP-BPTPE were



co-cultured with gradient diluted bacterial suspension for 2 h in phosphate buffer (PBS), and
the fluorescence spectra of the mixtures were determined at A = 380 nm. When E. coli mixed
with P4VP-ManTPE is taken as an example (Figure 7A), the fluorescence intensity was
gradually strengthened with the increase in bacterial concentration, as bacterium accumulate
more PILs on their surfaces, limiting the intramolecular rotation of TPE. The results of
detecting S. aureus by P4AVP-ManTPE and detecting E. coli and S. aureus by P4AVP-BPTPE
were displayed in Figure S7, S8 and S9, respectively, and the trend of fluorescence intensity
summarized in Figure 7B. In general, the fluorescence intensity of P4VP-ManTPE and
P4VP-BPTPE will be enhanced with the increase of bacterial concentration, which grows
almost exponentially over the bacterial concentration. The response is more sensitive at

relatively high concentration.
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Figure 7. (A) Fluorescence spectra of 0.1 mg mL"' P4VP-ManTPE mixed with different
concentrations of E. coli in PBS (excitation wavelength: 380 nm). (B) Fluorescence intensity
curves of P4VP-ManTPE (blue) and P4VP-BPTPE (green) with the concentration of E. coli
(solid) and S. aureus (open). Eo: fluorescence intensity of 0.1 mg mL™ PILs in PBS without
bacteria; E: fluorescence intensity of 0.1 mg mL"' PILs in PBS with the corresponding

concentration bacteria (emission wavelength: 460 nm).



Biocompatibility evaluated by hemolysis assay

Finally, the biocompatibility of P4VP-ManTPE and P4VP-BPTPE was assessed by
examining hemolytic effect of red blood cells. We found that the hemolysis rate of
P4VP-ManTPE was much lower than that of P4VP-BPTPE due to the existence of mannose
(Table 2). Even if its concentration reached 4 mg mL™! (4*MIC E. coli), the hemolysis rate
was only 2.95%. However the hemolysis rate of P4VP-BPTPE was as high as 16.93% under
the concentration of 2 mg mL™! (4*MIC E. coli). Thus the hemolysis rate of lower than 5%

allowed P4VP-ManTPE to be used for non-direct contact biomedical materials. 4’ This result

proved that the presence of saccharide units can improve biocompatibility of materials.

Table 2. Hemolysis rates of PAVP-ManTPE and P4VP-BPTPE toward red blood cells.

P4VP-ManTPE P4VP-BPTPE
Concentration Hemolysis rate Concentration Hemolysis rate
(ng mL™) (%) (ng mL™) (%)
4000 (4*MIC E. coli) 2.95 / /
2000 (2*MIC E. coli) 2.26 2000 (4*MIC E. coli) 16.93
1000 (1*MIC E. coli) 1.76 1000 (2*MIC E. coli) 7.23
/ / 500 (1*MIC E. coli) 3.52
62.50 (4*MIC S. aureus) 0.94 / /
31.25 2*MIC S. aureus) 0.82 31.25 (4*MIC S. aureus) 2.80
15.63 (1*MIC S. aureus) 0.42 15.63 (2*MIC S. aureus) 2.15
/ / 7.81 (1*MIC S. aureus) 0.58
Conclusion

In conclusion, we have successfully synthesized cationic glycopolymers with AIE effect by
Cu(0)-RDRP following a facile quaternization reaction. This kind of novel fluorescent

glycopolymer can be adsorbed onto bacterial surface by electrostatic non-covalent



interactions and sugar-agglutinin reaction, so as to be able to kill, image and detect bacteria.
Owing to the outer membrane of gram-negative bacteria, the cationic polymers have better
bactericidal effect on gram-positive bacteria. ConA has been used as a model to verify the
recognition between glycopolymers and proteins. Such recognition induces the aggregation
of TPE units and leads to the significant AIE effect. Compared with
bromopropanol-containing PILs, mannose units in polymers could reduce the toxicity to red
blood cells. When the concentration of bacteria was detected by fluorescence intensity, the
response was more sensitive with the increase of bacterial concentration. The combination of
antibacterial properties, imaging and low hemolysis makes the AIE glycopolymer as a useful
material in the domain of biology, medicine and environmental monitoring. It is our dream to
synthesize glycopolymers with precisely designed sugar code in order to recognize specific

bacteria, which may help us to identify harmful or beneficial bacteria for selective killing.
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