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1 Experimental Section

All purchased chemicals and reagents were of analytical grade. Pseudomonas aeruginosa (P.
aeruginosa, ATCC 27853) was obtained from ATCC (American Type Culture Collection, Beijing
Zhongyuan Ltd). Absorption spectra were measured on a Varian Cary 500 UV—vis spectrophotometer.
Fluorescence spectra were obtained on a Varian Cary Eclipse fluorescence spectrophotometer. Zeta
potentials were determined on a Horiba LB- 550 dynamic light scattering nano-analyzer. Fluorescence
imaging was carried out using a Nikon AIR confocal laser-scanning microscope.
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Scheme S1. Synthesis of PEG-pyr and Gal-pyr. Reagents and conditions: (i) 1,3-
dicyclohexylcarbodiimide (DDC) in MeCN; (ii) CuSOs4-H20, sodium ascorbate in THF/H20.

Synthesis of PEG-pyr. To a solution of 2 (177 mg, 0.6 mmol) in CH3CN (10 mL), DCC (253 mg, 1.2
mmol) was added, and the resulting mixture was stirred at room temperature for 3 h. Then, 1 (42.6 mg,
0.61 mmol) was added, and the resulting mixture was stirred at room temperature for 6 h under an
argon atmosphere. Then, the mixture was diluted by CH>Cl> and washed by brine. The combined
organic layer was dried over MgSQyg, filtered, and concentrated in vacuum to give a crude product,
which was purified by column chromatography (CH2Cl,/MeOH = 10:1, v/v) to obtain PEG-pyr as a
yellow solid (21 mg, 86%). TLC: Rt 0.2 (CH.Cl/MeOH = 10:1, v/v). *H NMR (400 MHz, CDCls): 6
8.29 (d, J = 8.4 Hz, 1H), 8.16-8.15 (m, 2H), 8.11-8.08 (m, 2H), 8.02-7.95 (m, 3H), 7.85-7.83 (d, J =
7.6 Hz, 1H), 4.26-4.23 (t, J = 6.8 Hz, 2H), 3.68-3.65 (m, 4H), 3.60 (s, 4H), 3.54-3.52 (t, J = 5.9 Hz,
2H), 3.39-3.35 (t, J = 6.3 Hz, 2H), 2.51-2.47 (t, J = 5.9 Hz, 2H), 2.22-2.15 (m, 3H); °C NMR (101
MHz, CDCls): 6 170.4, 146.2, 131.7, 129.7, 129.6, 125.8, 122.6, 120.7, 120.5, 120.3, 86.2, 73.9, 70.9,
70.8, 67.9, 66.9, 64.1, 61.2, 20.5. HRMS (ESI, m/z): [M + K]* calcd for C2sH2s0sK* 459.1574, found
459.2356.

Synthesis of Gal-pyr. To a solution of a (281.4 mg, 0.6 mmol)* and b (200 mg, 0.6 mmol)? in
THF/H20 (10 mL/2 mL, v/v), sodium ascorbate (443 mg, 2.2 mmol) and CuSO4-5H.0 (280 mg, 1.1
mmol) were added. The resulting mixture was stirred at room temperature for 12 h under an argon
atmosphere. Then, the mixture was diluted by CH-Cl. and washed using EDTA (5 mL, 300 mmol) and
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then brine. The combined organic layer was dried over MgSOyg, filtered, and concentrated in vacuum
to give a crude product, which was purified by column chromatography (CH2Cl2/MeOH = 5:1, v/v) to
obtain Gal-pyr as a yellow solid (25 mg, 82%). TLC: Rt 0.3 (CH.Clz/MeOH = 5:1, v/v). *H NMR (400
MHz, Methanol-ds): § 8.29 (d, J = 9.3 Hz, 1H), 8.21-8.08 (m, 4H), 8.03 (s, 2H), 7.99 (t, J = 7.6 Hz,
1H), 7.94-7.83 (m, 2H), 4.64-4.60 (m, 1H), 4.51 (t, J = 4.9 Hz, 2H), 4.47 (s, 1H), 4.15 (d, J = 7.5 Hz,
1H), 3.88-3.81 (m, 1H), 3.79-3.76 (m, 3H), 3.76-3.66 (m, 2H), 3.57-3.45 (m, 3H), 3.45-3.42 (m, 7H),
3.38-3.32 (m, 2H), 2.40 (t, J = 7.3 Hz, 2H), 2.23-2.08 (m, 2H); *C NMR (101 MHz, Methanol-ds): 6
175.6, 137.2,132.6, 132.1, 131.2, 129.7, 128.4, 128.2, 127.5, 126.8, 126.0, 125.9, 125.8, 125.6, 124.9,
124.3, 104.8, 76.5, 74.7, 72.3, 71.1, 70.1, 69.3, 62.3, 51.2, 36.4, 35.4, 33.6, 28.9. HRMS (ESI, m/z):
[M + Na]" calcd for CssH42N4O9Na* 685.2849, found 685.2848.

High-resolution transmission electron microscopic (HRTEM) and zeta potential measurement.
GNR-PEO (7.5 pg mL™) or PEG-pyr/Gal-pyr/GNR-PEO (3 uM/7 uM/7.5 ug mL™) was dropped
onto 200 mesh holey carbon copper grid, and then dried under atmospheric pressure. Then, HRTEM
images were recorded on JEOL 2100 equipped with a Gatan Orius charged-coupled device camera
(Tridiem energy filter operating at 200 kV) and Talos F200X TEM. A Malvern Zetasizer Nano ZS
instrument was used to measure zeta potential. A deionized water solution of GNR-PEO (7.5 ug mL"
1 or PEG-pyr/Gal-pyr/GNR-PEO (3 uM/7 uM/7.5 ug mL™) was moved into a pre-rinsed folded
capillary cell, and measurements were done at 25 °C for all samples using an applied voltage of 150 V.
A minimum of three replicates were done for each sample.

Synthesis of GNR-PEO2000. GNR-PEO2000 was prepared following our previously reported
protocol. Briefly, GNR-COOH (50 mg, 0.03 mmol repeating units) and poly (ethylene oxide) (PEO,
0.6 mmol) were added into a dried 100 mL Schlenk tube. Then, a mixed solvent of dry THF (30 mL)
and DMF (15 mL) was added into the tube. Strong sonication was applied to obtain a homogeneous
dispersion. Then, dimethylaminopyridine (DMAP, 2.2 mg, 4.6 x 10 mmol) was added into the
mixture, which was further stirred for several minutes. After the mixture was cooled to 0 °C, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC, 27.5 mg, 0.037 mmol) was added.
The mixture was stirred at 0 °C for 30 min and then at room temperature for 3 days. Afterwards, the
mixture was dialyzed with a membrane of 14 kDa molecular weight cutoff against pure water by
renewing the external water for more than 10 times over a period of 3 days to remove the unreacted
PEO. Finally, the resulting mixture was freeze-dried for 2 days to yield GNR-PE02000.3

Preparation of PEG-pyr/Gal-pyr/GNR-PEO. To a deionized water solution of GNR-PEO (1 mL,
15 pg mLY), PEG-pyr/Gal-pyr with varying molar ratios (10 pL, 2 mM) was added. The resulting
mixture was sonicated for 10 min, and then stirred at room temperature for 12 h in the dark. The mixture



was then centrifuged three times at 10000 rpm for 20 min to remove residual compounds to obtain the
supramolecular glycomaterial.

Preparation of TMP/PEG-pyr/Gal-pyr/GNR-PEO Composites. A deionized water (50 mL)
solution of PEG-pyr/Gal-pyr/GNR-PEO (0-20 uM/20-0 uM/15 pg mL1) was sonicated for 30 min.
Then, 100 pL DMSO solution of trimethoprim (TMP) (0.5 g mL™*) was added for a further sonication
for 30 min. Free TMP molecules were excluded by centrifugation at 10000 rpm for 20 min to obtain
the PEG-pyr/Gal-pyr/GNR-PEO/TMP composite. To calculate the TMP loading efficiency, the
absorbance of the supernatant was measured at 280 nm using a Varian Cary 500 UV-vis
spectrophotometer and compared to a standard curve. The loading efficiency was calculated by
subtracting the unloaded TMP from added TMP.*® Loading of other antibiotics followed the same
procedures.

Quantification of Gal-pyr by the anthrone method. To prepare the anthrone reagent, 100 mg of
anthrone was dissolved in 50 mL of concentrated H2SO4 (95%). To a 1 mL deionized water solution
of different supramolecular glycomaterials (PEG-pyr/Gal-pyr/GNR-PEO containing PEG-pyr/Gal-
pyr at varying molar ratios), 3 mL of the anthrone reagent was added, and the mixture was vortexed
and then incubated at 90 °C for 15 minutes. After the mixture was cooled down to temperature, the
UV-vis absorption at 627 nm was detected by a Varian Cary 500 UV—vis spectrophotometer. Gal-pyr
was quantified by comparing to a standard curve based on D-galactose.®

Bacterial cultures and viability tests. P. aeruginosa (ATCC 27853) cells was cultured in a Luria-
Bertani (LB) culture medium (20 mL), which were allowed to grow at 37 °C with shaking for 12 h.
The plate-counting method was used to determine the number of colony-forming units (CFU). P.
aeruginosa cells were seeded at a density of 10 CFU mL™ in a 96-well plate, followed by incubation
with antibiotics or different glycomaterials in the absence and presence of light irradiation (808 nm, 1
W cm?, 15 min). The resulting suspensions were cultured for 3 h, diluted, and then spread on agar
culture plate by the spread plate method. Following another incubation at 37 °C for 16-20 h, bacterial
CFUs were counted and the corresponding viabilities were calculated using the following formula (eq
1). All experiments were run in triplet.

c1
Viability% = (T) x 100% (1)

where C1 and C are the bacterial CFUs of the experimental (treated with different antibiotics and
glycomaterials) and control group (treated with sterile water), respectively.



Eradication of Pseudomonas aeruginosa-derived biofilms. P. aeruginosa (ATCC 27853) from a
single colony was cultured in a LB medium (2 mL). Then, the culture was placed in an orbital shaker
(180 r. p. m.) for 16 h at 37 °C. The resulting culture was diluted with fresh LB medium to an ODsoo
of 0.02, and then was transferred to a 96-well microtiter plate. Then, cultures were incubated for 16 h
at 37 °C to obtain the P. aeruginosa-based biofilms.” To evaluate antibacterial activity, the established
P. aeruginosa biofilms were coated on glass slides, followed by addition of different materials. Then,
the glass slides were irradiated with 808 nm laser light (1 W cm2) for 30 min, and then incubated for
16 h at 37 °C. Subsequently, 20 uL of live/dead staining solution (Syto9/propidium iodide (PI)) was
added onto the glass slices with a final concentration of Syto9 and PI being 1.4 uM and 8.3 uM,
respectively. Finally, the glass slides were placed inside a well plate covered with a fresh air-permeable
foil, and then moved to an incubator for 2 h at 37 °C prior to fluorescence imaging. The different
proportions of green (Syto9: live bacteria) and red (PI: dead bacteria) biovolumes were calculated using
ImageJ software.
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Figure S1. (a) UV-vis absorption spectra of glycoaldehyde converted from D-galactose (Gal) in the
presence of anthrone and H»>SOs. (b) Plotting the maximum UV-vis absorption intensity of
glycoaldehyde as a function of Gal concentration. (¢) UV-vis absorption spectra of glycoaldehyde
converted from Gal-Pyr on the supramolecular glycomaterials (PEG-pyr/Gal-pyr/GNR-PEO)
containing PEG-pyr/Gal-pyr at varying molar ratios in the presence of anthrone and H2SOa. (d)
Plotting the UV-vis maximum absorption intensity of glycoaldehyde as a function of Gal-pyr
concentration.

According to equation (1), the concentrations of Gal-pyr from supramolecular glycomaterials
containing PEG-pyr/Gal-pyr with varying molar ratios (From 10:0 to 0:10) were calculated to be ~0,
1.8 uM, 3.8 uM, 5.8 uM, 7.8 uM, 9.8 uM, 12.2 uM, 14.2 uM, 16.2 uM, 18.4 uM and 20.4 pM,
respectively.

(Y —3.7x107%)
~0.00195

where Y is the absorption of anthrone at 627 nm.

(1)




——GNR-PEO

—— (Gal-pyr/PEG-pyr = 10/0))GNR-PEO
—— (Gal-pyr/PEG-pyr = 7/3)/GNR-PEO
—— (Gal-pyr/PEG-pyr = 0/10)/GNR-PEO

25.9%
25 16.6%
- 14.5%
13.8%
0 I I I =
0 200 400 600 800

Temperature (°C)

Figure S2. TGA curves of GNR-PEO, (Gal-pyr:PEG-pyr = 10:0)/GNR-PEO, (Gal-pyr:PEG-pyr
= 7:3)/GNR-PEO and (Gal-pyr: PEG-pyr = 0:10)/GNR-PEO measured under N, atmosphere (40
mL min) with an increasing temperature rate of 10 °C min™. The weight percentage of the GNR
backbone is determined to be 25.9%.

The total weight of Gal-pyr/PEG-pyr on the glycomaterials were then determined by equation (2).
We note that TGA requires a large amount of samples; therefore we only used three representative
samples (Gal-pyr/PEG-pyr = 10:0, 3:7 and 0:10) for the analysis.

MPEG—pyr + MGal—pyr = Mt X (1 - Wresidue) - 121 (2)

where Wresidue 1S the weight percentage of the GNR-PEO backbone after thermal treatment over 500
°C according to the TGA curve, 1.21 is the weight of the grafted PEO chains on GNR-PEO expressed
in mg, M; is the total weight of a TGA sample, and Mpeo-pyr and Maal-pyr are the weight of PEO-pyr
and Gal-pyr, respectively; the weight of Gal-pyr was obtained from the anthrone method.

According to both equations (1) and (2), the concentrations of Gal-pyr and PEG-pyr in the groups
of (Gal-pyr:PEG-pyr = 10:0)/GNR-PEO, (Gal-pyr:PEG-pyr = 7:3)/GNR-PEO and (Gal-
pyr:PEG-pyr = 0:10)/GNR-PEO were determined to be 20.4 uM/0.3 uM, 14.2 uM/5.9 puM and
~0/18.8 uM. The calculated ratios are close to the ratios of the final added concentrations between
PEG-pyr and Gal-pyr.
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Figure S3. Fluorescence emission spectra of PEG-pyr/Gal-pyr at varying molar ratios (fixed
concentration = 20 uM) with increasing concentrations of PNA (4-20 nM) in the absence and presence
of GNR-PEO (15 pg mL™) in deionized water. Excitation wavelength = 370 nm.
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Figure S4. Measuring the binding constants (Ka) between the supramolecular glycomaterials with
PEG-pyr/Gal-pyr at different ratios (fixed concentration = 20 uM) in the absence and presence of
GNR-PEO (15 pg mL™?) with PNA in deionized water. K, values were calculated by the following
equation (eq 2).
(Fo—F)™t = Fy " + (KqFoCpya)™
where Fo and F are the fluorescence intensity of supramolecular glycomaterials without and with
increasing concentrations of PNA, respectively; Cpna is the concentration of PNA; Ka represents the
binding constant.?

(2)
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Figure S5. (a) Fluorescence emission spectra of PEG-pyr/Gal-pyr/GNR-PEO (6 uM/14 uM/15 ug
mL™) with increasing concentrations of PNA (4-20 nM) pre-treated with an excess of free p-D-
galactose (10 mM) in deionized water. Excitation wavelength = 370 nm. (b) Measuring the binding
constants (Ka) between PEG-pyr/Gal-pyr/GNR-PEO (6 uM/14 uM/15 pg mL) and PNA pre-treated
with an excess of free B-D-galactose (10 mM) in deionized water.
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Figure S6. (a) Quantification of the TMP-loading capacity of PEG-pyr/Gal-pyr/GNR-PEO (6
UM/14 uM/15 pg mL?). Time-dependent UV-vis absorption spectra of free TMP in the supernatant
of TMP-loaded PEG-pyr/Gal-pyr/GNR-PEO after centrifugation (10000 rpm, 5 min) without (b)
and with (c) light irradiation (808 nm, 1 W cm, 0-12 h). (d) Time-dependent release of TMP from
PEG-pyr/Gal-pyr/GNR-PEO (6 pM/14 pM/15 pg mL™Y) in Tris-HCI solution (0.01 M, pH 7.4)
without and with light irradiation (808 nm, 1 W cm, 0-12 h).
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Figure S7. Relative viability of P. aeruginosa treated with PEG-pyr/Gal-pyr/GNR-PEO (6 uM/14
UM/15 ng mLY) without and with pretreatment of an excess of free p-D-galactose (10 mM) in the
absence and presence of light irradiation (808 nm, 1 W cm, 15 min).
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Table S1. Binding constant (Ka) of the supramolecular glycomaterial with varying PEG-pyr/Gal-

pyr ratios (0:10-10:0) for PNA measured in deionized water.

Ka (107 M)
PEG-pyr/Gal-pyr ratio® PNAD
0/10 33
1/9 =6
218 6.7
37 11.2
4/ 3.1
w/ GNR-PEO® 5/5 58
6/4 53
713 3
8/2 1
oM 0.003
100 0.00005
w/o GNR-PEO! 3 0.005
0/10 3008

aMolar ratio between PEG-pyr and Gal-pyr (fixed concentration: 20 pM); "Peanut agglutinin; ‘with
GNR-PEO; “without GNR-PEO.
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Table S2. Summary of the binding strength between PNA and various reported glycoclusters.

Lectin Glycoclusters/glycomaterials Ka Ref
Lactose-modified triazatruxene glycocluster | 5.8 x 10°M* 10
Bivalent lactoside 5.1 x 104 M
Tetravalent lactoside 3.5 x10° M 1
Galactose 1.7 x 103 M?
Bivalent lactoside 1.9 x 103 M?
Thiodigalactoside 1.5 x 103 M
Thiodisaccharide 1.3 x 103 M?
Monovalent thiodigalactoside 2.2 x103M? 12
Divalent thiodigalactoside 6.4 x 103 M
Tetravalent thiodigalactoside 13.1 x 103 Mt
Monovalent a-D-galactose polymers 6.3 x 10* M?
Monovalent B-D-galactose polymers 2.5x10* M

PNA Monovalent a-D- galactopyranoside 1.8 x 103 M! 13,14
Monovalent B-D- galactopyranoside 1.0 x 103 M?
Monovalent Lactose 1.3 x 103 M
Lactose-based glycodendrimer 6.2 x 10" M 15
Glycocluster 3.4x10°M1 16
Glycocluster 1.8 x 10* M! 17
Monovalent a-D-galactoside 1.8 x 103M*? 18
Monovalent B-D-galactoside 0.9 x 103 M
Monovalent B-D-lactoside 1.4 x103M? 19
Multivalent lactose-nucleo-cages 105 M1 20
Heptavalent glycodendrimer 2.8 x 10°M™!
Tetradecavalent glycodendrimer 0.7 x 105M™ 21
Heptakis-galactose B-cyclodextrin 0.9 x 105M™!

Lectin Glycoclusters/glycomaterials Kd Ref
Glycocluster 0.16 mM 22
Glycocluster 34.8nM 23
Glycodendriprotein, mono-antennary-f-D-
gaI};ctose i & 1.8x10°M
Glycodendriprotein, bi-antennary-f-D-

PNA galilctose i & L1x10°M
Glycodendriprotein, bi-antennary-p-D- 15 x 10°M 24
galactose
Glycodendriprotein, tri-antennary-f-D- 3.4 % 104 M
galactose
Glycodendriprotein, tetra-antennary-p-b- 14 x107M
galactose

14
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