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ABSTRACT

The precise design of synthetic polymer ligands using controlled polymerization techniques provides

advantage for the field of nanoscience. We report the topological design of glyco-ligands based on

synthetic polymers for targeting hemagglutinin (HA, lectin on the influenza virus). To achieve precise

arrangement of the glycounits toward the sugar-binding pockets of HA, triarm star glycopolymers were

synthesized. The interaction of the star glycopolymers with HA was found to depend on the length of

the polymer arms, and was maximized when the hydrodynamic diameter of the star glycopolymer was
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comparable to the distance between the sugar-binding pockets of HA. Following the formula of
multivalent interaction, the number of binding sites in the interaction of the glycopolymers with HA
was estimated as 1.8 ~ 2.7. Considering one HA molecule has three sugar-binding pockets, these values
were reasonable. The binding mode of synthetic glycopolymer-ligands toward lectins could be tuned

using controlled radical polymerization techniques.



Introduction
Building well-defined nanostructures is a fundamental goal in nanotechnology. Synthetic polymers in
nanoscience present many advantages for the development of new materials.* To push up the precision
level of the structure of the synthetic polymers to be comparable to that of natural biopolymers such
as DNA and peptides, controlled polymerization techniques have been developed that allow the
structures of synthetic polymers—molecular weight and monomer sequence—to be well defined.'3
Controlled radical polymerization (CRP) is a particularly promising method for preparing well-
controlled polymers, as a wide range of monomers and solvents can be used.*®

One application for controlled bottom-up nanotechnology is the synthesis of biological ligands.
In nature, biological ligands exhibit multivalent interactions with target molecules.® The
carbohydrate—protein interaction is an example of a multivalent interaction in body, and is involved
with physiological phenomena such as pathogen infection.®-8 Glycoconjugates on the cell surface bind
to multiple sugar-binding pockets on the corresponding protein (lectin) surface, where the cumulative
effect of weak monovalent binding leads to a strong interaction (cluster glycoside effect).® To achieve
the cluster glycoside effect, the spatial arrangement of the glycounits must be considered when
designing the glyco-ligands. An optimized ligand structure that has the precise glycounit arrangement
toward the sugar-binding pockets of the lectin will exhibit a strong interaction, 1! leading to the
development of nano-medicines against pathogens.

The well-defined structures of DNA and peptides enable topological design of ligand structures



(e.g., branched, cyclic, and further three-dimensional structures).!>™*> This property is important for
controlling the spatial arrangement of glycounits because the sugar-binding pockets of some lectins
are placed radially on their surface. For example, influenza virus, which is an important target in
bioscience owing to the threat of pandemic, has the lectin hemagglutinin (HA) on the surface. HA has
a homo trimeric structure, and each subunit has one sugar-binding pocket.'®'” The three binding
pockets exist on the vertices of the triangle shape on the HA surface, and the virus binds to sialyl-
oligosaccharides on the cell surface through the multivalent interaction.*®” Recent studies, aiming to
develop effective virus inhibitors, reported trimeric glyco-ligands based on DNA and peptides with
radial structures, which fit into the arrangement of the three binding pockets of HA.*®-2° However, most
of the synthetic polymer ligands with glycounits (glycopolymers) targeting HA had linear structures, %~
24 and there have been no reports of the topological design of glycopolymers engineered to have precise
glycounit arrangement toward the sugar-binding pockets of HA.

This work describes the topological design of synthetic polymer ligands for HA using CRP. To
control the spatial arrangement of glycounits toward the binding pockets of HA, glycopolymers with
star structures (star glycopolymers) were synthesized (Figure 1a, b). The star glycopolymers were
designed to be a tri-arm structure to allow for multiple binding to the three sugar-binding pockets of
HA. The influence of structures of the star glycopolymers on the interaction with HA was evaluated

by a hemagglutination inhibition assay.



Results and Discussion
Synthesis of star glycopolymers functionalized with 6’-sialyllactose.

The triarm star glycopolymers were prepared by reversible addition-fragmentation chain transfer
(RAFT) polymerization with the trifunctional RAFT agent. In the polymerization procedure, core-first
approach was adopted to guarantee the homogeneity of the number of the polymer arms for the star
polymer molecules.?® Each polymer arm was composed of two block segments: an inert spacer
segment and a glycounit segment. First, the inert block segment was prepared by polymerization of
N,N-dimethylacrylamide (DMA) in N,N-dimethylformamide (DMF). Three star DMA polymers with
different length polymer arms were synthesized, and the target degree of polymerization (DP) was set
at 30, 50, and 100. The conversion rates of these polymers were 80, 86, and 87%, respectively (SD24,
SDus, and SDgs in Table 1). The polymerization kinetics of SDas was studied in detail. The plots of

[M]o/[M] to reaction time and the plots of molecular weight to conversion rate showed the linear
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Figure 1. (a) Schematic illustrations of the synthesis of star glycopolymers carrying 6’-sialyllactose units. (b)
The structures of hemagglutinin (PDB: 5SHMG) (left) and the complex of the star glycopolymer and HA (right).
The amino acids involved in the interaction with sialic acids are shown in red. The black circles and triangle
indicates the sugar-binding pockets on HA and the distance between two pockets, respectively. (c) SEC
chromatographs of the star DMA polymers calibrated by polystyrene standard (DMF with 10 mM LiBr). (d)
SEC chromatographs of the star glycopolymers calibrated by pullulan standard (100 mM NaNOs (aq)).
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correlation (Figure 2a,b). These indicated that the radical concentration was constant, and that the
reaction proceeded as a “living” radical polymerization, respectively. For all polymers, the monomer
consumption stopped when the conversion rate reached ~87% because of the termination reaction that
arose from depletion of the monomer in the latter stages of the polymerization. However, no peak
attributed to star—star coupling was observed in the size exclusion chromatography (SEC) analysis
(Table 1 and Figure 1c).?® Considering the minimized feed amount of initiator (0.02 eq to the
trithiocarbonate of the RAFT agent, Table S1), the intramolecular termination reaction or backbiting

reaction happened in the latter stages of the polymerization.
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Figure 2. Results of the polymerization for SDas. (2) Plots of [M]o/[M] vs reaction time. (b) Plots of molecular
weight (circles) and dispersity (triangles) obtained from SEC analysis vs conversion rate.

The glycounit segment was introduced into the star DMA polymers by block copolymerization
with the glycomonomer in water. 6°-Sialyllactose (6’-SALac) has a natural ligand structure for HA of
human influenza virus (NeubAc-a-(2,6)-Gal), and was therefore chosen as the glycounit. The number
of the monomer units in the polymer structure that is prepared by RAFT block copolymerization is

distributed according to a Poisson distributions,?® and the proportion of polymer chains, where no
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glycomonomers were added, increases with decreasing the target DP. To ensure that all polymer arms
were functionalized with glycounits, the target DP was set at 10 ([M]: [Trithiocarbonate] = 10: 1). The
conversion rates were over 99% for all star glycopolymers (SDnG1o [n = 24, 46, and 95], Table 1).
Although this result of the monomer conversion is not consistent with that of the polymerization of
DMA, it can be explained based on the effect of solvent. Polymerization rate of acrylamide-type
monomer in water increases due to the hydrogen bonding between the amide carbonyl group and water
molecules.?” Thus, the glycomonomer in water was more reactive than DMA in DMF, and the
polymerization of the glycomonomer completely proceeded in spite of depletion of monomer in the
latter stages of the polymerization. In addition, the complete monomer conversion indicated that the
steric hindrance of the bulky glycounits among the adjacent propagating polymer arms did not affect
the polymerization. The order of the molecular weights from the SEC analysis corresponded to the DP
of the DMA blocks in the star glycopolymers (Table 1 and Figure 1d).

The hydrodynamic diameters of the star polymers (Dn) were determined by dynamic light
scattering measurements (Table 1 and Figure S3). The Dn values of the star DMA polymers increased
with the DP of DMA, and the same Dy, trend was observed after the introduction of the glycounit block
segments. This indicates that the size of the star glycopolymers in aqueous solution was controlled by

tuning the target DP of the polymer arms.



Table 1. Properties of RAFT block copolymerization with trifunctional RAFT agent.

R Conv.? DpP¢ Mo,nmR? Mn,sec® Mn s® Dy
Polymer? [M]'Hnri'i[hlo]' Muw/Mp?
(%) (mer) (g/mol) (g/mol) (g/mol) (nm)
SD24 30:1: 0.02 80 24 7,900 4,400 ND 1.11 3.90
SDus 50: 1: 0.02 86 46 14,500 9,900 ND 1.09 4.77
SDgs 100: 1: 0.02 87 95 29,000 21,200 ND 111 7.05
| |
SD24G10 10: 1: 0.05 >99 35 32,900 25,200 24,900 1.20 6.65
SD4sG1o 10: 1: 0.05 >99 56 39,500 35,800 35,900 1.17 7.83
SDgsG10 10: 1: 0.05 > 99 105 54,000 37,500 45,800 1.31 9.13
(@) The star DMA polymer with DP of 24 is abbreviated as SD24. The star glycopolymer that has 24 units of DMA
and 10 units of glycomonomer is abbreviated as SD24G1o. (b) The conversion rate was determined from *H NMR.
(c) The DP of each polymer arm was determined from *H NMR. (d) The molecular weight was calculated using
the equation: Mnanmr = 3 X (MWpma X DPpma + MWaiycounit X DPaiycounit) + MWrart. (€) The molecular weights
were determined by size exclusion chromatography (SEC) analysis and light scattering (LS) measurement.
Mw/Mn was calculated using the values from SEC analysis. ND indicates “not determined”.(f) The hydrodynamic
diameter (Dn) was determined from DLS measurement in 10 mM phosphate buffer solution (1 g/L, n = 3).

To confirm the cross-linked structure of the synthesized star glycopolymers, the ester groups of
SD24G1o, which were derived from the trifunctional RAFT agent, were hydrolysed by incubating the
polymer solution (0.2 M NaOH aqueous solution) at 70 °C for 1 h. The SEC analysis of the uncross-
linked polymer arms revealed the narrow unimodal peak that was shifted to lower molecular weight
than that of SD24Gio (Mw/Mn = 1.09, Figure 3). Furthermore, the absolute molecular weights of
SD24G1o and the uncross-linked polymers, which were determined from light scattering measurement,
were 24,900 g/mol and 9,200 g/mol, respectively (Table 1 and Figure 3). SD24G1o had the cross-linked
structures, and the molecular weight was three times larger than that of each polymer arm, indicating

that the synthesized star glycopolymers have triarm “star” structures.
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Figure 3. SEC chromatographs of SD24G1o (black dotted line) and the hydrolyzed SD24G1o (red line). The values
of Mw/M, were determined from SEC analysis [Eluent: 100 mM NaNOs (aq), Standard: Pullulan for SEC and
polyethylene glycol for LS].
Evaluation of the interaction with the influenza virus.

The interaction of the synthesized star glycopolymers with the influenza virus was evaluated using
a hemagglutination inhibition (H1) assay.?? Fetuin, that is natural glycoprotein,?® and SDas, that has
no glycounit, were used as the positive and negative controls, respectively. The star glycopoymers and
fetuin inhibited the aggregation of red blood cells (RBCs) caused by the virus, demonstrating that the
star glycopolymers interacted with HA on the virus (Figure S4). SDass did not inhibit the aggregation
of RBCs, indicating the absence of non-specific interaction between the spacer segment and HA
(Figure S4). The minimum polymer concentration for HI was defined as the inhibition constant (Ki),
and the K was calculated in terms of glycounit concentration (Figure 4).° The average values of K; for

SD24G10, SD46G10, SD9sG1o, and fetuin (n = 2) were 21, 140, 830, and 49 uM, respectively (Table 2).

The interaction of the monovalent glycounits with HA was evaluated using 6’-SALac (Ki > 20 mM,



Figure S4). The lower K; values of the star glycopolymers indicated that their interactions with HA
were stronger than that of 6’-SALac. The interaction of the star glycopolymers with HA was enhanced
by the cluster glycoside effect. In particular, the interaction of SD24G10 with HA was stronger than that
of fetuin, demonstrating that optimally designed polymers can be effective virus inhibitor candidates
as comparable materials to glycoproteins. In addition, these star glycopolymers did not inhibit the
aggregation of RBCs with the influenza virus strain (HLN1) that has selectivity for the NeubAc-a-
(2,3)-Gal structure, not the Neu5Ac-a-(2,6)-Gal structure (Figure S4).%° This demonstrates that the

selectivity of the glycounits in the star glycopolymers was maintained.
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Figure 4. K; of the star glycopolymers and fetuin against influenza viruses [A/Aichi/2/68 (H3N2)] from the HI
assay (n = 2). The unit is sugar concentration.

Estimation of binding modes in the interaction between the star glycopolymers and hemagglutinin.
The binding modes between the star glycopolymers and HA were estimated using the following

formula suggested by Whitesides.®
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KNPOIJ/ — (KmonO)aN SE—C)

KNZJOly — BKmono— 2)

Where KnPY and K™ indicate the association constants of polyvalent interaction and monovalent
interaction, respectively. The number of binding sites in the interaction between a polyvalent ligand
and a receptor (N), and the degree of cooperativity («) are defined. The association constants of the
star glycopolymers and 6’-SALac with HA (KnP°Y and K™™) were calculated as the inverse of the K;
(Ki of 6’-SALac was assumed to be 20 mM). The N for the star glycopolymers was calculated from
formula (1) assuming o = 1 (Table 2 and a rationale is provided in the Supporting Information). The N
of SD24G10, SD46G10, and SDgsG1o were estimated to be 2.7, 2.3, and 1.8, respectively. As one HA
molecule has three sugar-binding pockets, these values were considered reasonable. The synthesized
star glycopolymers interacted with HA thorough the multiple binding sites reflecting the topological
design of the molecules (Figure 5). This discussion is based on the assumption that one star
glycopolymer molecule interacted with one HA molecule (a rationale is provided in the Supporting
Information). In Figure 5, the polymer arms are stretched out, and the all glycounits are arranged
toward the outside of the star polymer molecule. However, the structures of the star glycopolymers
were not rigid in this work, and it was possible that the long polymer arms wrapped some of the
glycounits.

To verify the accuracy of the formula (1), the interaction of the star glycopolymers with another
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Table 2. Summary of the constants calculated with K; for HA and hydrodynamic diameters of the star

glycopolymers.

Ki KNpon N& ﬂb PG c
Polymer -

(M) (M) ¢) ) (unit/nm?)
SD24G1o 2.1x10° 47620 2.7 952 0.22
SD46G1o 1.4 x10™% 7140 2.3 143 0.16
SDgsGio 8.3 x10™* 1210 1.8 24 0.11

The association constant was calculated using the formula: KyPY = 1/K;. (a) N was
determined using the formula KyPoY = (K™m)@N “assuming o = 1 and K™ =50 M1
from K; of 6’-SALac. (b) # was determined using formula: KyPY = gK™r°_(c) The
glycounit density on the molecular surface was calculated using following formula:
pc = the number of glycounits in the star glycopolymer molecule (30 units)/surface
area (S), where S = nDy2.

..................................................................................................................................................

lectin (sambucus sieboldiana agglutinin, SSA) was evaluated (Figure S5). A monovalent interaction
between the star glycopolymers and SSA (N = 1) was expected because the distance between the two
sugar-binding pockets of SSA is greater than the diameters of the star glycopolymers (Table 1 and
Figure S6, PDB: 1rz0).3! As anticipated, the estimated N of SD24G1o, SD46G10, and SDesGuo in the
interaction with SSA was close to 1 (Table S2). This supported the estimation for the interaction with
HA, and indicated that the synthesized star glycopolymers interacted with HA and SSA through
multiple-site and one-site binding modes, respectively, depending on the distance between the sugar-
binding pockets on the lectins. The binding modes of the star glycopolymers with the lectins were
controlled by tuning the length of the polymer arms, that is, the spatial arrangement of the glycounits.
Interestingly, this result is not consistent with that of the work by Stenzel and co-workers,*? where the
clear correlation between the structure of star glycopolymers and the interaction with a plant lectin was
not observed. It is considered to be due to the different molecular mobility of the star polymers. The

influence both of the polymer component (monomer type and bulkiness of the side chains) and of the
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topological structure (the number of polymer arms) on the interaction with target lectins can be factors,

and is under investigation.
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Figure 5. lllustration of the expected binding modes between the star glycopolymers and HA. Dy and N indicate
the hydrodynamic diameters and the number of binding sites for each polymer, respectively.

An enhancement factor B was also calculated based on formula (2). The values of g for SD24Gao,
SD46G1o, and SDgsGio for the interaction with HA were above 952, 143, and 24, respectively. While
the number of the glycounits in the star glycopolymers was the same (30 units), § was different for
each star glycopolymer. The efficiency of the glycounits in the interactions was studied in terms of
glycounit density on the molecular surface (ps), which was calculated using the Dy of the polymers
assuming the star glycopolymer molecules to be spherical. The pg of the glycopolymers was 0.22, 0.16,
and 0.11 unit/nm?, for SD24G10, SD4sG10, and SDesG1o, respectively (Table 2). The star glycopolymer
with the highest pc showed the highest £ in the interaction with HA. Conversely, the  decreased as pc

increased for the interaction with SSA (Table S2). This indicates that pg is not the only factor that
13



determines the interaction of the star glycopolymers with lectins, and the multivalent interaction with
the target is more important, demonstrating that the design of the spatial arrangement of the glycounits
toward the sugar-binding pockets of the target lectin is essential in creating effective biological

ligands.33-%

Conclusion

In summary, we synthesized star glycopolymers functionalized with 6’-siallyllactose by RAFT block
copolymerization. The structures of the star glycopolymers were well-defined, and the hydrodynamic
diameters correlated with their DMA block segment DP. The star glycopolymers interacted with the
H3N2 influenza virus showing the specificity of the glycounits in the polymer structures. The spatial
arrangement of the glycounits toward the sugar-binding pockets of the lectins had a greater effect than
the density of the glycounits on the molecular surface. This work is demonstrating that the topological
design of glycopolymer-ligands can be achieved using CRP techniques, and their interactions can be
tuned for the development of synthetic nanomedicine. This contributes to establishing the design
criteria for achieving synthetic polymers that are comparable to natural biopolymers such as DNA and

peptides. We hope that synthetic polymers will open up new opportunities in biotechnology.

Experimental Section
2-{[(Butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (BTPA),*® 6’-sialyllactose azide (6’-SALac
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azide),®"3® and tris(benzyltriazolylmethyl)amine (TBTA)*® were prepared according to previous papers.

Synthesis of 2-(((2-(((butylthio)carbonothioyl)thio)propanoyl)oxy)methyl)-2-methylpropane-1,3-diyl
bis(2-(((butylthio)carbonothioyl)thio)propanoate) (trifunctional RAFT agent).

To the solution of BTPA (4.46 g, 18.7 mmol), trimethylolethane (500 mg, 4.16 mmol), and DMAP
(212 mg, 1.73 mmol) in dry CH.Cl, (60 mL), EDC-HCI (2.39 g, 12.48 mmol) was added at 0 °C (the
color changed to red from yellow). After stirring for 10 min, the ice bath was removed and the solution
was kept stirring at room temperature for 18 h. The progress of the reaction was confirmed on TLC
(EtOAcC: Hexane = 1: 1). The organic phase was washed with 1 wt% HCI (ag) (120 mL x 3), MilliQ-
water (120 mL x 2), and dried with Na,SO4. The filtrate was concentrated under reduced pressure, and
purified by column chromatography (EtOAc: Hexane = 1: 1, R¢ = 0.9). The product was obtained as
yellow oil (2.56 g, 79%). *H NMR (400 MHz, CDCls) & in ppm: 4.85 (q, 3H, ester—CH(CH3)-S), 4.00
(m, 6H, CHs—(CHz—ester-)3), 3.37 (ddd, 6H, —-S-CH>-C3zH), 1.69 (quin, 6H, —-SCH>—CH>—C>Hs),
1.60 (d, 9H, ester—-CH(CHj3)-S), 1.44 (sext, 6H, -SC2H4+—~CH>—CHz), 1.00 (s, 3H, CH3—(CH>—ester-)s),
0.95 (t, 9H, SCsHg—CHs). 3C NMR (400 MHz, CDCl3) & in ppm: 222.0 (C=S), 170.8 (C=0), 66.7
(C-0-C=0), 47.5 (ester—(CH3)CH-S), 38.7 ((CHs)C—(ester-)s), 37.1 (-S-C-CsHy), 30.0 (-SC-C-
CoHs), 22.2 (-SC>—C-CHs3), 17.0 ((CHs)CH—(ester-)s), 16.6 (ester—(CHs)CH-S), 13.7 (SCs—CHy).

Mass Spectrometry (+ESI-MS) m/z: 803.41 [M+Na].
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Synthesis of 2-(2-propynyloxy)ethyl acrylamide.

To the solution of 2-(2-propynyloxy)ethylamine (2 g, 20.2 mmol) and DIPEA (3.45 mL, 20.2 mmol)
in dry CH2Cl, (32 mL), acryloyl chloride (1.71 mL, 21.2 mmol) in dry CH2Cl> (4 mL) was slowly
dropped at 0 °C. The solution was kept stirring at room temperature for 20 h. The progress of the
reaction was confirmed on TLC (EtOAc: hexane = 2: 1). The solution was concentrated under reduced
pressure, and purified by column chromatography (EtOAc: hexane = 2: 1). The product was obtained
as pale yellow liquid (2.76 g, 89%), and preserved at —20 °C with a small amount of hydroquinone.
IH NMR (400 MHz, CDCls) & in ppm: 6.29 (dd, 1H, trans CH2=CH), 6.10 (dd, 1H, CH,=CH), 5.99
(br, 1H, Amide), 5.65 (dd, 1H, cis CH2=CH), 4.17 (d, 2H, O-CHx-C=), 3.64 (t, 2H, HN-CHo—CHo—
0), 3.57 (t, 2H, HN-CH>—CH>-0), 2.46 (t, 1H, —-C=CH). *C NMR (400 MHz, CDCls) & in ppm:
165.7 (C=0), 130.9 (CH2=CH), 126.6 (CH2=CH), 79.4 (-C=CH), 75.0 (-C=CH), 68.7 (-C-C-0),

58.4 (O—C—C=CH), 39.2 (HN-C-C). Mass Spectrometry (+ESI-MS) m/z: 329.18 [2M+Na].

Synthesis of 6’-sialyllactose acrylamide (6’-SALacAAm).

TBTA (80 mg, 0.15 mmol) was dissolved in MeOH (15 mL), and CuSOa (24 mg, 0.15 mmol) in H20
(2 mL) was added. The solution of 6’-SALac azide (1.0 g, 1.52 mmol) and 2-(2-propynyloxy)ethyl
acrylamide (221 mg, 1.44 mmol) in H20 (13 mL) was added, and the oxygen was removed by nitrogen
bubbling for 15 min. L+ Asc-Na (30 mg, 0.15 mmol) in H2O (1 mL) was added by syringe, and the
solution was kept stirring at room temperature for 18 h under nitrogen atmosphere. The progress of the
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reaction was confirmed on TLC (H2O: MeCN = 1: 5). The solution was concentrated, and the
precipitation was filtered. The crude product was purified by reverse-phase chromatography (gradient
from water to methanol). The product was obtained as white solid after freeze-drying (719 mg, 60%).
H NMR (400 MHz, D20) § in ppm: 8.18 (s, 1H, triazole), 6.15 (dd, 1H, trans CH,=CH), 6.10 (dd,
1H, CH2=CH), 5.70 (m, 2H, cis CH2=CH and H-1), 4.63 (O-CH>-triazole), 4.39 (d, 1H, H-1"), 4.00-
3.45 (m, 23H, sugar-H and HN-CH2-CH2-0), 3.39 (t, 2H, HN-CH,-CH2-0), 2.63 (dd, 1H, H-3""¢),
1.92 (s, 3H, NHCO-CHys), 1.65 (t, 1H, H-3"4). *C NMR (400 MHz, D,0) § in ppm: 174.9 (O=C-
ONa), 173.5 (CHs~CONH), 168.8 (CONH, amide), 144.3 (C=C(NH)-CH,-O, triazole), 129.9
(CH2=CH), 127.4 (CH2=CH), 124.2 (sugar-N-C=C, triazole), 103.3 (C-1’), 100.3 (C-2’), 87.2 (C-1),
78.7,77.6,74.8,73.8,72.6,72.4,71.9, 70.8, 68.6 (sugar-C), 68.4 (HN-C-C-0), 68.2 (-O-C-triazole),
63.7, 62.7 (C-6’ and C-9”), 60.0 (C-6), 51.8 (C-5"), 40.2 (C-3”), 39.1 (HN-C-C-0), 22.1 (NHCO-

CHzs). Mass Spectrometry (+ESI-MS) m/z: 834.59 [M+H], 856.60 [M+Na].

Preparation of triarm DMA polymers (SD24, SDass, and SDgs).

N,N-Dimethylacrylamide (DMA), the trifunctional RAFT agent, and AIPD were dissolved in the
solvent (DMF: water = 95: 5). The monomer concentration and the ratio of reactants are shown in
Table S1. The ratio of [Trithio]: [Initiator] = 1: 0.02. The solution was prepared in a glass tube, and
degassed by freeze-thaw cycles (three times). The glass tube was sealed and put in an oil bath. The
reaction proceeded at 70 °C for 3 h. The reaction was stopped by exposing the solution to air. The
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monomer conversion was determined using *H NMR measurement. The polymer solutions were
diluted with MeOH (0.8 mL), and precipitated in Et2O (twice). The polymers were dried in vacuo, and
obtained as yellow powder.

'H NMR (400 MHz, D20) & in ppm: 3.93 (brs, CHs—(CHz—ester-)3), 3.34 (brs —-S—CH>—CsHy), 3.10-
2.70 (CON(CHp3)2 and —SCH>-C2H4—CHj3), 2.70-2.30 (brs, -CH- main chain), 1.75-1.20 (brd, —-CH.-

main chain), 1.03 (ester—CH(CHj3)-S), 0.96 (CH3—(CHx—ester-)3), 0.80 (SC3Hs—CHy3).

Preparation of triarm glycopolymers (SD24G10, SD46G10, and SDg5G10).

StarDMA, 6’-SALacAAm, and AIPD were dissolved in water, and this solution was prepared in a
glass tube. The general procedure is the same as the preparation of StarDMA. The polymer solutions
were dialyzed against water for 6 h, and freeze-dried to obtain the products.

'H NMR (400 MHz, D20) & in ppm: 8.18 (s, triazole), 5.68 (s, H-1), 4.54 (s, O—CH—triazole), 4.39
(d, H-1"), 4.05-3.42 (m, sugar-H and HN-CH>—-CH>-0), 3.08-2.35 [br, CON(CH3)2, H-3", -CH-
(main chain), and —-SCH>—C;H4—CHz], 1.92 (s, 3H, NHCO-CH3), 1.75-1.12 [brd, H-3""ax and —CH2—

(main chain)], 1.05 (brs, ester—CH(CH3)-S), 0.97 (brs, CHs—(CHz—ester—)3), 0.71 (brs, SC3sHs—CHy).

Cleavage of polymer arms of triarm glycopolymers.
SD24G1o0 (2 mg) was dissolved in NaOH aq (0.2 M, 500 pL), and incubated at 70 °C for 1 h. Then, HCI
aq (0.2 M, 500 pL) was added to neutralize the solution. The sample was used for SEC and LS without
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purification.

Hemagglutination inhibition (HI) assay.

Phosphate-buffered saline (PBS) was added into a 96-well plate (25 uL/well) except the first lane.
Glycopolymer solution (2 mg/mL, 50 uL) was injected in the first lane. The solution in the first lane
were diluted by two steps (25 pL). Influenza virus solution [A/Aichi/2/68 (H3N2) or A/Puerto
Rico/8/34 (H1N1), 4 HAU] was injected in each well (25 uL/well). The 96-well plate was incubated
for 1 h at 4 °C. Red blood cells in the purchased blood cell suspension were washed by centrifugation
with PBS three times. The concentrated red blood cells were resuspended in PBS (0.5 v/v%) and was
injected in each well (50 pL). The 96-well plate was incubated for 2 h at 4 °C (n = 2). Precipitation of

red blood cells was determined by visual inspection.

Supporting Information

Materials, characterization, *H and *C NMR spectra of the compounds (Figure S1), the detailed
condition of the RAFT polymerization (Table S1), the SEC chromatographs (Figure S2), the data of
DLS measurements, the results of hemagglutination inhibition assay (Figure S4, S5, and Table S2),

and image of SSA on RasMol software (Figure S6) are available in the Supporting Information.

Notes:
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