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Synthesis and characterization of glycopeptide mimetics
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Scheme S1. Synthetic route of glycopeptide mimetics denoted as AGP1, AGP2 and AGP3.
1) Compound 1

Compound 1 was synthesized according to the reported protocols.[!]
2) Compound 2

N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC) (614 mg, 3.2 mmol) and N-hydroxysuccinimide (NHS) (369 mg, 3.2
mmol) were added to 10 mL of DMSO containing compound 1 (1 g, 3.2 mmol). The mixture was incubated for 30 min before tripeptide (i.e., Ala-
Gly-Gly-OH, Gly-Ala-Gly-OH or Gly-Gly-Ala-OH) (650 mg, 3.2 mmol) was added. The reaction was allowed to proceed for 24 h at room
temperature. Deionized water was added to the solution until a yellow precipitate formed. The compound 3 was purified by silica column
chromatography using CH;OH/CH,Cl, (1/5, v/v) as eluent (~85% yield). '"H NMR of n-butylazobenzene-Ala-Gly-Gly-OH (600 MHz, CD;0D) &
(ppm): 7.91 (d, 2H, J =12 Hz), 7.79 (d, 2H, J= 12 Hz), 7.34 (d, 2H, J = 12 Hz), 7.17 (d, 2H, J = 12 Hz), 4.69 (m, 2H), 4.48 (m, 1H), 3.90 (m, 4H),
2.70 (t, 2H), 1.66 (m, 2H), 1.45 (d, 3H), 1.40 (m, 2H), 0.96 (t, 3H). '"H NMR of n-butylazobenzene-Gly-Ala-Gly-OH (600 MHz, CD;0D) 8 (ppm):
7.91(d, 2H, J=12 Hz), 7.79 (d, 2H, J= 12 Hz), 7.34 (d, 2H, J= 12 Hz), 7.17 (d, 2H, J = 12 Hz), 4.69 (s, 2H), 4.46 (m, 1H), 4.00 (s, 2H), 3.90 (m,
2H), 2.7 (t, 2H), 1.66 (m, 2H), 1.39 (m, 5H), 0.96 (t, 3H). '"H NMR of n-butylazobenzene-Gly-Gly-Ala-OH (600 MHz,CD;OD) & (ppm): 7.91 (d,
2H,J=12Hz), 7.79 (d, 2H, J= 12 Hz), 7.34 (d, 2H, J= 12 Hz), 7.18 (d, 2H, J = 12 Hz), 4.70 (s, 2H), 4.40 (m, 1H), 4.01 (s, 2H), 3.93 (m, 2H), 2.70
(t, 2H), 1.66 (m, 2H), 1.40 (m, 5SH), 0.96 (t, 3H).

3) Compound 3

EDC (384 mg, 2 mmol) and NHS (231 mg, 2 mmol) were added to 5 mL of DMSO containing compound 3 (1 g, 2 mmol). The mixture was
incubated for 30 min before N-methyl-D-glucamine (390 mg, 2 mmol) was added. The reaction was allowed to proceed for 24 h at room temperature.
Deionized water was added to the solution until a yellow gel-like agglomerates formed. The compound 3 was obtained by centrifugation and washed
with water several times (~80% yield). '"H NMR of AGP1 (600 MHz, CD;0D) & (ppm): 7.91 (d, 2H, J= 12 Hz), 7.79 (d, 2H, J = 12 Hz), 7.34 (d,
2H,J=12 Hz), 7.17 (d, 2H, J = 12 Hz), 4.69 (m, 2H), 4.48 (m, 1H), 4.20 (m, 1H), 3.95 (m, 4H), 3.66 (m, 7H), 3.44 (m, 1H), 3.08 (s, 1H), 2.97 (s,
1H), 2.70 (t, 2H), 1.66 (m, 2H), 1.45 (d, 3H), 1.39 (m, 2H), 0.96 (t, 3H). 'H NMR of AGP2 (600 MHz, CD;0D) & (ppm): 7.91 (d, 2H, J = 12 Hz),
7.79 (d, 2H, J= 12 Hz), 7.34 (d, 2H, J= 12 Hz), 7.18 (d, 2H, J = 12 Hz), 4.70 (s, 2H), 4.47 (m, 1H), 4.11 (m, 1H), 4.00 (m, 4H), 3.69 (m, 7H), 3.43
(m, 1H), 3.11 (s, 1H), 2.98 (s, 1H), 2.7 (t, 2H), 1.66 (m, 2H), 1.39 (m, 5H), 0.96 (t, 3H). "H NMR of AGP3 (600 MHz,CD;0D) § (ppm): 7.91 (d, 2H,
J=12Hz),7.79 (d, 2H, J= 12 Hz), 7.34 (d, 2H, J= 12 Hz), 7.18 (d, 2H, J = 12 Hz), 4.70 (d, 2H), 3.9 (m, 6H), 3.77 (m, 2H), 3.67 (m, 5H), 3.47 (m,
1H), 3.21 (s, 1H), 2.98 (s, 1H), 2.70 (t, 2H), 1.66 (m, 2H), 1.40 (m, 2H), 1.33 (m, 3H), 0.96 (t, 3H). The purity of compound 3 was analysed by
reverse-phase HPLC on ZORBAX Eclipse Plus C18 Column (4.6 x 100 mm, 3.5 pm) using CH3;OH/H,0 (85/15, v/v) as eluent. Column flow = 1.00
mL min.

4) Analytical reverse-phase HPLC of compound 3
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5) Electrospray ionization mass spectrometry of compound 3
4
w [M+ H]*
0 AGP1 g M+HI
80 -
60 -
M + 2H]2*
. :
40 3 5
L]
[M + Na]*
]
5
20 ©
et
=
04 11 L il 53 i 1 ki |l .
200 a0 a0 s &0 700 800 900 m/2




(3]
1 +
™ AGP2 g M Hl
80+
60 -
[M + 2H]2*
40— ] rE
i ° [M + NaJ*
@
~
2
20—
3 5 P
=
o4 L wliasiion [ ' NP I IR R {Ln i
T T T T T T T T
200 300 400 500 600 700 800 900 m/z
= M + HT*
. AGP3 g IM+HI
80—
60 -
[M + 2H]?*
N
8 y
i ,g' [M + NaJ*
40 ~ =
3
20
» I
2 o 5
& g
0 | 10 H v\.h.ju.l..‘. wib, Wisg kW Gin fim o h H.L " Ll» R .L.. TRV T vl T -
200 a0 400 500 600 700 800 900 m/2




6) 'H NMR spectra
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Experimental methods

1) To prepare solution samples, the AGP powders were fully dissolved in water at desired concentrations at 70 °C before being cooled to room
temperature for self-assembly. 3 mM of AGP molecules in water starts to form a hydrogel according to the inversion tests.

2) TEM samples were prepared as follows: 5 pL of solution sample (0.6 mM) was deposited onto a carbon-coated copper grid. The excess of the
solution was quickly wicked away by a piece of filter paper, and the sample was subsequently left to dry in air. Once dried, the sample was negatively
stained by placing a drop of 2wt% uranyl acetate aqueous solution on the top, and the excess was quickly blotted away to leave a thin layer of uranyl
acetate solution. Again, the sample was left to dry under ambient conditions. TEM imaging of self-assembled nanostructures was performed on
JEOL 2100F at an accelerating voltage of 200 kV. The average width (indicating stdev) of nanostructures was obtained by measuring ~100 structures
in TEM images using a Nano Measurer 1.2 software.

3) For preparation of AFM samples, 20 pL of solution sample (0.6 mM) was deposited onto a silica plate (1 cm x 1 cm) for 3 min. The excess of the
solution was absorbed away by a piece of filter paper, and the sample was subsequently left to dry. AFM imaging of self-assembled nanostructures
was performed on a Bruker Dimension Icon instrument in contact mode in air. The height profiles in the AFM images were measured using a Bruker
NanoScope Analysis software. The average height (indicating stdev) of nanostructures was obtained by measuring ~100 structures in AFM images.

4) Rheological experiments were performed on AGP hydrogels (30 mM) at 25 °C with a theometer (DHR-2, TA instruments) using steel parallel-
plate geometry (25 mm diameter). Strain sweep at a constant angular frequency (1 rad/s) was performed in the 0.1-100% range. Frequency sweep
was obtained from 0.1 to 10 rad/s at a constant strain of 1%. Gel kinetics was obtained by measuring the G’ and G’ as a function of cooling time
with a constant strain value of 1% and angular frequency of 1 rad/s.

5) XRD samples were obtained by drying hydrogels (30 mM) in air at room temperature. XRD analysis of air-dried samples was performed on a
Bruker D8 Advance X-ray diffractometer with Cug, radiation (A = 1.5418A), which was operated at a voltage of 40 kV and a current of 40 mA.

6) For preparation of FT-IR samples, AGP hydrogels (30 mM) were prepared by fully dissolving the powders in D,0O at 70 °C before being cooled
at room temperature for self-assembly. AGP/B-CyD samples were prepared by adding B-CyD (ng.cyp : nage = 8 : 1) to AGP assemblies (0.6 mM)
and dried in air at room temperature. FT-IR spectra were acquired on a Bruker Tensor II FT-IR spectrometer in attenuated total reflection (ATR)
mode, with the wavenumber scanned between 4000 and 400 cm!, and a wavenumber resolution of 4 cm™!.

7) CD/UV spectra of solution samples (0.6 mM) upon response to heat, light or host-guest chemistry were acquired on Applied Photophysics
Chirascan Plus spectrophotometer. In multiple cycle experiments, CD signals of azobenzene were monitored at a specific wavelength (AGP1: 331
nm; AGP2: 374 nm; AGP3: 352 nm) upon response to temperature changes or alternating UV/Vis illumination. The reversible process was repeated
3 cycles.

8) To determine the critical aggregation concentration (CAC) values of AGP molecules, CD spectra of AGP self-assembly solutions at gradually
increasing concentrations were recorded (Fig. S6). We plotted the CD signals of azobenzene (AGP1: 331 nm; AGP2: 374 nm; AGP3: 352 nm) as a
function of concentration values (Fig. S6). The CAC values were obtained from the intersection of lines extrapolated from CD signal values in the
near pre- and post-CAC regions (Fig. S6). It is rational to use CD spectroscopy to determine CAC values of AGP molecules, based on the following
principle: The non-assembling AGP molecules in solution state did not give any CD signal of azobenzene due to the free state of azobenzene in
solution, while the AGP assemblies showed CD signals of azobenzene due to transfer of chiral information from chiral center (Ala) to chromophore
(azobenzene) originated from the self-assembly of AGP molecules.



Rheological properties of AGP hydrogels
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Fig. S1 Rheological properties of AGP hydrogels (30 mM).
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Nanostructure dimensions
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Fig. S2 Representative TEM images and the average width of AGP1 (A, B), AGP2 (C, D), AGP3 (E, F) assemblies.
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Fig. S3 Representative height profiles along the lines in the AFM images and the average height of AGP assemblies.
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CPK molecular model

Fig. S4 The extended molecular length of AGP molecules estimated by CPK molecular model using Materials Studio 8.0 software.
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FT-IR spectra
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Fig. S5 FT-IR spectra of AGP hydrogels in D,O or air-dried AGP/B-CyD samples.
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Critical aggregation concentration (CAC)
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Reversible disassembly-assembly properties of AGP assemblies
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Fig. S7 CD/UV-Vis spectroscopy characterization of AGP assemblies (0.6 mM) upon response to temperature, light or host-guest chemistry.



Fig. S8 TEM imaging of AGP1 assemblies upon alternating UV/Vis photoirradiation (A, B), or host-guest interactions (C, D).
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Molecular dynamics (MD) simulations

1) Atomistic simulation and Coarse-graining of bi-molecule systems

The molecular structures and initial conformations were constructed and energy-minimized by using Avogadro software.l?! The resulting pdb
structural files were then fed into the VMD force field toolkit.®) The resulting parameter and structural files were used for atomistic simulations
using the computational software Gromacs.

The goal of performing atomistic MD simulation is to sample the intra- and inter-actions between a pair of molecules in each case. With the
trajectory of the sufficiently sampled interactions between each pair of molecules, we could build the coarse-grained models for large-scale self-
assembly simulations. However, direct MD simulations were not time-efficient for that goal. To enhance such samplings, we used Metadynamics
sampling method!®! with the PLUMED2[®! software through Gromacs.

Followed by the atomistic simulations, we used the PyCGTOOL to automatically construct the Martini CG models via calculating both interactive
equilibrium and force constants of internal coordinates from the Metadynamics atomistic MD simulation trajectory.l”? The mappings from atoms to
Martini coarse-grained typed beads are based on the general rules for macromolecules and proteins as listed in Fig. S9.I8! Parameters were obtained
based on the interactive bi-molecule systems atomistic simulations as shown in Fig. S10A resulting in the representative conformation in Fig. S10B.[
To understand the potential allosteric effect from the Ala side-chain (compared to two Gly residues), an extra small bead was used for the side-chain.
In this work, we only modeled L-Ala in the coarse-grained simulation to study effects of the residue relative positions on fiber morphologies.

2) Coarse-grained simulation of molecule self-assembly with different system sizes

As discussed in the main text, simulations with small number of molecules were performed for all three types. Fig. SI0C demonstrated the
formation of the di-molecule layer by AGP1 with 32 molecules. It represented the generic formation for all three types of molecules. Again, the
medium sized simulation system with 192 molecules formed this “Y”’-shape structure, which is identical to the structure found at the interfaces of
subunit cells in Fig. 9. The number of molecules participate in forming this structure only is larger than we estimated from the larger structure in
Fig. 9. There are two reasons for this phenomenon. First, in the simulation of 192 molecules, the molecules are more scattered at the starting point
so small fraction of them were not assembled to the “Y”-shape structure. Second, with this structure only in the solvent condition, more molecules
participate in to cover the inner hydrophobic core from the water molecules.

SC5
SC5

SC5

SC5

SP4

Fig. S9 The mapping scheme from atomistic structure to Martini beads.
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Fig. S10 Atomistic (A) and coarse-grained (B) bi-molecule structure of AGP3 and representative simulation results of AGP1 with different number of molecules in
solvated systems: (C) 32 molecules and (D) 192 molecules (inner hydrophobic scaffold only for structural clarity). All solvent molecules both atomistic simulations
and coarse-grained simulations were taken off for Figure clarity.
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Fig. S11 Histogram plots of characteristic distances (as indicated by the solid yellow arrowed lines) of AGP1 assembly between atom (A) 508-C1 and 77-C1; (B) 77-
C1 and 736-C1; (C) 736-C1 and 508-C1. The corresponding curvature is calculated to be 0.13 nm-'.
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Fig. S12 Histogram plots of characteristic distances (as indicated by the solid yellow arrowed lines) of GGA assembly between atom (A) 508-C1 and 77-C1; (B) 77-C1
and 736-C1. The corresponding curvature is calculated to be 0.37 nm-1.

3) Simulation details for atomistic simulations

For both straightforward atomistic and Metadynamics MD simulations, a time step of 2 fs was used for 1ns in a cubic simulation box with the
side of 6 nm. The simulation boxes with periodic boundary conditions were filled with 6,956 SPC-type water molecules. For the Metadynamics MD
simulation, the distances between two (-N=N-) groups from separated molecules were selected as the collective variable. The distance ranges from
0.1 to 6 nm as the size of the box with a grid size of 0.1 nm. All simulations in this work were performed with a canonical ensemble (NVT) at 300

K.

4) Simulation details for Martini coarse-grained simulations
Martini-type coarse-grained models were used. The general guideline of Martini models is to use each coarse-grained bead to represent 2 to 4
heavy atoms in a group from the atomistic structures. Accordingly, several parameterization methods were developed under this guideline for

different type of molecules.!® The resulting mapping from atomistic structures and the Martini beads were labeled in the Fig. S9.

The details of Martini coarse-grained simulations of different system sizes were listed in Table S1. All simulations were performed at 300 K.
Standard Martini water particles were used, each of which represents 4 water molecules of all-atom structures.

Table S1. Simulation details for Martini coarse-grained simulations.

Ir\Inu(:lnet;irl;f Number of water particles Box size (nm) Equ/ilsilt);i)u;rilzteir(nf:)(ns) Pro/dls.ltc;ijogliztlnzzsgns)
2 1,620 5.8 0.2/1 5/5
8 1,559 5.8 0.2/1 5/5
32 3,632 7.7 0.2/1 200/ 5
128 16,081 12.7 0.4/1 400/ 10
192 25,728 14.8 0.4/1 800/ 20
784 50,602 26.4/9.81 0.6/1 950/ 20

IThe largest simulation system was performed in a box (26.4%26.4*9.8), while all other simulations were performed in cubic boxes. As discussed, the molecule positions in this
large system were initialized into spaced two-layer formation.
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Antibiofilm activity of AGP assemblies

1) Biofilm inhibition assays

The amount of biofilm formation in 96-well plates was determined by a microtiter dish method which allows for the formation of a biofilm on
the wall and/or bottom of a microtiter dish.['”) 100 uL of bacterial suspension (2x10% cells mL! of S. aureus in 2xTSB) was incubated with 100 pL
of PBS solution containing 1.2 mM of AGP1, AGP2, AGP3, AGP1/B-CyD or AGP1/B-CyD/ADA at 37 °C in dark for 24 h to allow biofilm formation
(each sample was tested in five wells), following which the plates were gently washed 3 times with water to remove unattached bacterial cells and
media components. (D The plates were then kept at 55 °C for 1 h to rigidly fix the biofilms to the plates, followed by staining the biofilms with 200
uL of crystal violet (0.1% w/v in water) at 37 °C for 15 min. The plates were then exposed to running water until free crystal violet stops releasing
from the biofilms. The biofilms were then dried overnight in air, followed by addition of 200 pL of acetic acid (30% v/v in water) to each well to
solubilize the crystal violet taken up by the bacterial biofilms. The solubilized crystal violet was monitored at ODss, using a Thermo Scientific
Varioskan LUX Multimode Microplate Reader. @ The formed biofilm in 96-well plates was stained with LIVE/DEAD™ BacLight™ Bacterial
Viability Kit and visualized by ZEISS Axio Vert.Al fluorescent microscopy imaging system.

Fig. S13 Fluorescent microscopy imaging of the formed S. aureus biofilms in the presence of PBS (B, as a control), 0.6 mM of AGP2 or AGP3 for 24 h at 37 °C after
SYTO9-staining. The scale bars are 20 pm.

2) Biofilm elimination assays

200 pL of bacterial suspension (10 cells mL-! of S. aureus in TSB) was seeded in 96-well plates and incubated at 37 °C in dark for 24 h. After
biofilm formation, the preformed S. aureus biofilm was incubated with 200 puL of PBS solution containing 0.6 mM of AGP1, AGP2, AGP3, AGP1/B-
CyD, or AGP1/B-CyD/ADA at 37 °C in dark for 24 h. (D Afterward, the medium was aspirated, following which the metabolic activity of the treated
biofilm was quantified by the 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-arboxanilide (XTT) reduction assay, which characterizes
living biomass. Briefly, XTT was freshly dissolved in PBS at a final concentration of 1 mg mL-!. Menadione alcohol solution (0.4 mM) was also
prepared. Before each assay, XTT solution was mixed with menadione solution at a volume ratio of 20 : 1. The XTT-menadione solution (200 pL)
was then added to each well. The microtiter plates were then incubated in the dark for 1 h at 37 °C. Following incubation, the color change resulting
from XTT reduction was measured at 490 nm with a Thermo Scientific Varioskan LUX Multimode Microplate Reader. @) Afterward, the medium
was aspirated, following which the amount of the treated biofilms was quantified by the crystal violet assay that does not differentiate between live
and dead bacterial cells. @) For biofilm morphological study, the treated biofilm was stained with LIVE/DEAD™ BacLight™ Bacterial Viability
Kit and observed by a ZEISS Axio Vert.Al fluorescent microscopy imaging system.
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control

AGP1/B-CyD

Fig. S14 Fluorescent microscopy imaging of the preformed S. aureus biofilms after treatment of PBS (A, as a control), 0.6 mM of AGP1, AGP2, AGP3, AGP1/B-CyD
or AGP1/B-CyD/ADA for 24 h at 37 °C after staining with LIVE/DEAD™ BacLight™ Bacterial Viability Kit (live cells appear green, dead cells appear red; scale bar
=20 pm).
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