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Biotinylated glycopolymers that bind to the protein streptavidin were synthesized by atom transfer radical
polymerization (ATRP). Poly(methacrylate)s with pendgricetylo-glucosamines were prepared by polymerizing

the protected monomer, followed by deprotection. Alternatively, the unprotected monomer was directly polymerized.
Both paths provided well-defined glycopolymers with narrow molecular weight distributions £{PDI07—

1.23). The number-average molecular weights determined by gel permeation chromatography increased with
increasing initial monomer-to-initiator ratios. The polymers were synthesized using a biotin-functionalized initiator
for ATRP. Confirmation of the end group and binding to the protein streptavidin was achievétityIR and

surface plamon resonance.

Introduction narrow molecular weight distributiorf§2” This technique is
tolerant to a wide range of functional grodpsand has been
Natural polysaccharides are essential for many processes irsuccessfully used to synthesize glycopolyntéré® For ex-
the body and can be used exogenously to elicit biological ample, Fukuda and co-workers prepared well-defined glucose-
response$However, differences in macromolecular lengths and substituted homopolymers and block copolymers by ATRP in
structures lead to variations in biological activitfds. addition, solution and from a surface-immobilized initia#r3° Armes
polysaccharides are challenging to synthesize and modify and co-workers have published the synthesis of sugar side chain
making some applications, such as attachment to surfaces angoly(methacrylate) homo and block copolymers by ATRP and
protein conjugate formation, difficult. Fortunately, synthetic studied the self-assembly of the block copolymers in soldiof.
polymers with pendent saccharides, also known as glyco- Hyperbranched glycopolymers and brushes were recently re-
polymers, exhibit similar bioactivitiesFor example, it has been  ported by Miler and co-workerg#35:38
demonstrated that sulfated glycopolymers mimic the polysac-  One of the many advantages of ATRP is the ability to readily
charide heparin and similarly act as anticoagulants or modulatorssynthesize polymers with functionalized end groghsn
of growth factor activity!™’ As a result of increasing interest  particular there has been a lot of interest by our group and others
in utilizing the synthetic counterparts of natural polysaccharides, in preparing semitelechelic polymers using functionalized ATRP
improvements in the syntheses of glycopolymers have been theinjtiators that react with proteins. We synthesized a pyridyl
focus of many groups. disulfide initiator that provided poly(2-hydroxyethyl methacry-
A number of polymerization strategies have been undertakenlate) with narrow molecular weight distributiof%Since free
to prepare well-defined glycopolymers with narrow molecular cysteines are rare in proteins and can be introduced by site-
weight distributions Kiessling and co-workers have used ring-  specific mutagenest$,coupling via a disulfide bond represents
opening metathesis polymerization (ROMP) to synthesize a way to achieve site-specific conjugation. We showed that the
glycopolymers$~16 In many cases, the polymerizations were as-synthesized polymers reacted with the free cysteine of bovine
conducted in agueous solution or emulsion conditions. Theseserum albumin (BSA) without any postpolymerization modifi-
polymers were employed to study carbohydrgisotein interac- cation steps. Haddleton et al. prepared water-soluble poly-
tions and proved to be inhibitors of Concanavalin-A-induced (methacrylates) wittN-maleimide end groups by performing a
cell agglutination and selectin binding. Davis and co-workers reverse Diels-Alder reaction on the polymer chains; the
and Lowe et al. have reported the polymerization of meth- resulting polymers were conjugated to BSAIn addition,
acrylates with pendant glucosides by reversible addition aldehyde and\-succiminidyl ester end-functionalized polymers
fragmentation chain transfer (RAFT) polymerizatidre® Chaikof for conjugation to lysine residues of proteins have been
and co-workers have preparddacetylb-glucosamine and  synthesized?43
lactose-based glycopolymers via cyanoxyl-mediated free-radical  polymers that bind to ligand binding sites have also been
polymerizatior.®2+25 The sulfated and nonsulfated variants - prepared by ATRP. In particular, biotinylated polymers have
of these polymers were studied as potential heparin mimics. peen synthesized. Biotin is a ligand for avidin and streptavidin
A technique that has recently been employed to prepare and exhibits a very strong binding interaction with these proteins
glycopolymers is atom transfer radical polymerization (ATRP). (K, ~ 105 M~1).44 Because four binding sites for biotin are
ATRP is a controlled radical polymerization method that available, this interaction has been exploited to combine different
produces polymers with predictable molecular weights and molecules or to engineer surfaces. Wooley and co-workers
recently synthesized biotinylated poly(acrylic ackdpoly-
* Author to whom correspondence should be addressed. E-mail: (Methyl acrylate) (PAAs-PMA) by ATRP and showed that self-
maynard@chem.ucla.edu. assembled structures prepared from the polymers conjugate to
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avidin#®> We synthesized biotinylated smart polymers, phly(  toluene, 9:1). The overall yield for the reaction was 72¢4.NMR
isopropylacrylamide) (polyNIPAAm), utilizing a biotinylated  (DMSO-de): 6 7.94 (d, 1H, NH,J = 2.0 Hz), 6.05 (s, 1H, ECH,),
ATRP initiator and demonstrated binding to the protein strepta- 5.68 (s, 1H, G=CHy), 5.08 (t, 1H, H3J = 10.2 Hz), 4.82 (t, 1H, H4,
vidin.46 J=9.9 Hz), 4.68 (d, 1H, H1) = 8.5 Hz), 4.20-4.15 (m, 3H, H6éb,
Polymers with pendent saccharides and protein-reactive endCH0C0), 3.99 (dd, 1H, H6a) = 2.1 andJ = 12.2 Hz), 3.92-3.80
groups have many potential applications. Despite this, only a (M 2H, H5, OCH), 3.74-3.68 (m, 2H, H2, OCH), 2.0 (s, 3H,
limited number of end-functionalized glycopolymers have been COCH). 1.96 (s, 3H, COCH), 1'907(15' 3H, COCh), 1.87 (s, 3H,
reportedt152325323747q our knowledge there have been no CCHB): 1.71 (s, 3H, COCH). IR (cm™): 3336 w, 2960 w, 1743 s,
reported examples of biotinylated glycopolymers prepared by 1672 m, 1547 m, 1369 m, 1227 s, 1037 s.
ATRP. Herein, we report the first synthesis by ATRP of Synthesis of Glycomonqmer 4'n.a 25 mL round-bottom ﬂa.‘SB
biotinylated glycopolymers; specifically polymers with- (0.50 g, 1.10 mmol) was dissolved in methanol (5 mL) and stirred for
acetylglucosamine (GlCNAC,) attached fo the side chains were 10 min under argon. Sodium methoxide in a 30% methanol solution
. . e .~ (21uL, 0.11 mmol) was added, and the reaction was followed by thin-
gqn?:id&rg(l)i?r)\/eprr:st%EZsa\:\(/ai‘tE(glt(t:rl\alﬂila';;?i:?;%?r’r?gn?ﬁg dﬁ‘?c;?il:)rrlle layer chromatography (TLC; acetonitrile/water, 9:1). After 7 min the

o A reaction was terminated by addition of DOWEX 50W, and the mixture
is involved in diverse cellular processes and has been detectedyag stirred for another 20 min. The solution was filtered to remove

on transcription factors, protein kinases, and cytoskeletal ihe resin, concentrated, and purified by column chromatography
proteins!®4°Additionally, GIcNAc modifications have recently  (chloroform/methanol, 9:1). The yield was 66%i NMR (D;0): 0
been understood to be involved in diseases such as cancer ang.99 (s, 1H, &CH,), 5.58 (s, 1H, &CHy), 4.39 (d, 1H, H1,) = 8.5
diabeteg? Therefore, the polymers with GIcNAc side chains Hz), 4.14 (t, 2H, CHOCO,J = 4.3 Hz), 3.96-3.91 (m, 1H, OCH),

and biotin end groups described herein may be employed t03.77-3.72 (m, 2H, OCH, H6b), 3.60-3.49 (m, 2H, H6a, H2), 3.38
modify streptavidin-coated surfaces, for example, commercially 3.33 (m, 1H, H5), 3.292.25 (m, 2H, H3, H4), 1.80 (s, 3H, HCOGH
available chips for surface plasmon resonance (SPR) and1.76 (s, 3H, CCH). IR (cm): 3264 s, 2962 w, 1717 m, 1651 m,
nanoparticles, to investigate biological interactions that involve 1553 m, 1320 m, 1297 m, 1070 s, 1030 s.

GIcNAc. The synthesis that we report involves the use of a  Synthesis of Glycopolymers 6 and 7 from Biotin Initiator 5. The
biotinylated initiator for ATRP and thus is a general approach glycomonomer and biotin initiator were evacuatedfilled in a 25 mL

to prepare a wide range of biotinylated glycopolymers. The air-free reaction tube with argon three times, and then degassed dimethy!
synthesis of a suitable initiator, polymerization of protected and sulfoxide (DMSO) was added. From an oxygen-free stock solution, an

unprotected\-acetylo-glucosamine side chain methacrylates, 2liquot containing CuBr and MeTREN in DMSO was added to the
and end group verification is discussed. reaction tube to start the polymerization. The polymerization was

terminated after 15 min by exposure to oxygen. The protected
glycopolymer6 was diluted in methanol and precipitated from ether
Materials and Methods three times. Polymes IR (cm™%): 3321, 2952, 1741, 1667, 1536, 1433,
1367, 1223, 1157, 1034. Glycopolymeéwas isolated by evaporation
Materials. All chemicals were purchased from Aldrich or Acros  of the DMSO, diluted in water, and extensively dialyzed for 3 days
and used as received, unless otherwise specified. Copper bromideagainst water (10« 5 L). The polymer was collected as a white solid
(CuBr) was purified by stirring in glacial acetic acid overnight and  after lyophilization. Polymef? IR (cm™): 3331, 2926, 2461, 1722,
rinsing with ethanol and diethyl ether prior to drying under vacuum. 1634, 1423, 1272, 1155, 1117, 1074, 1015.

The oxazoline2,** the ligand tris(2-(dimethylamino)ethyl)amine (Me Deprotection of Glycopolymer 6.In a 15 mL round-bottom flask
TREN)2 and the biotin-conjugated ATRP initiat6f>°were synthe- 6 (25 mg, 0.054 mmol) was dissolved in 1 mL of chloroform/methanol
sized according to published procedures. (1:1) and stirred under argon for 15 min. A catalytic amount of sodium

Analytical Techniques 'H NMR spectra were recorded on a Bruker  methoxide in a 30% methanol solution (2D, 0.005 mmol) was added
Avance 500 spectrometer; all polymer spectra were taken with a tg the solution, which was left stirring under argon gas. Aftén the
minimum delay time of 10 s. Gel permeation chromatography (GPC) mixture was centrifuged, and the precipitate was redissolved in de-
was conducted on a Shimadzu high-performance liquid chromatographyionized water and neutralized Wwit. M HCI. The polymer was isolated
system equipped with a refractive index detector RID-10A and two py |yophilization. The solids were diluted in water and extensively
Polymer Laboratories PLgel &am mixed D columns (with guard  gjalyzed for 3 days in water (1& 5 L). The purified polymer was
column). LiBr (0.1 M) in N,N-dimethylformamide (DMF) at 40C collected as a white solid after lyophilization. IR (cht 3355, 2938,
was used as a solvent (flow rate 0.8 mL/min). Near-monodisperse poly- 2465, 1714, 1634, 1471, 1425, 1271, 1155, 1114, 1070, 1028
(methyl methacrylate) standards (Polymer Laboratories) were employed  Kinetic Studies of the Polymerization of 3 in Methanol. The
for calibration. Chromatograms were processed with the EZStart 7.2 glycomonomer ) and biotin initiator 5) were added to a 25 mL air-
chromatography software. SPR measurements were performed with agree reaction tube and evacuateefilled with argon gas three times
Biacore X instrument equipped with a streptavidin-coated sensor chip g create an oxygen-free atmosphere. Degassed methanol was then
(Biacore). A buffer composed of 20 mM Tris, 150 mM sodium chloride, 4qded. From a stock solution, an aliquot of CuBr and-Bigyridine
and 0.005% surfactant P20 was used with a flow rate ot fnin. (bipy) in degassed methanol was added to the reaction tube, and the
Infrared spectra were obtained with a Perkin-Elmer Spectrum One mixture was immediately placed in a 3T oil bath to start the

instrument equipped with a universal attenuated total reflectance (ATR) polymerization. Samples were taken from the mixture at defined time

accessory. _ _ points. The methanol was removed, and the samples were diluted into

Synthesis of Prot_ected Glycomonomer .3 This reaction was DMSO-ds for 'H NMR analysis and DMF for GPC analysis. After 90
performed as described by Tokura and co-workemsith some min, the protected glycopolymesd was diluted in methanol and
modification. In a 50 mL round-bottom flask, (1.0 g, 3.04 mmol) precipitated from ether three times

and 10-camphorsulfonic acid (CSA, 70 mg, 0.30 mmol) were dissolved

in dry 1,2-dicholoroethane (15 mL). To the mixture, 2-hydroxyethyl

methacrylate (HEMA, 0.55 mL, 4.56 mmol) and 4-methoxyphenol Results and Discussion

(~200 ppm) were added, and the reaction mixture was heated to reflux

for 6 h under argon. The reaction was quenched by the addition of ~Glycomonomer SynthesisThe protected glycomonomer was
Et;N and cooled to room temperature. The crude mixture was Synthesized in two steps (Scheme 1) starting with the com-
concentrated and purified by column chromatography (ethyl acetate/ mercially available 2-acetamid0-2-de0ﬁy|3-gIucopyranoseCDV
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Scheme 1. Synthesis of the Glycomonomers
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1,3,4,6-tetraacetaté)( Intermediate was synthesized following

mination of the polymer chains. However, the molecular weight

a procedure described by Hirabayashi and co-workers usingdistributions were all narrow (PDIs= 1.17-1.23), which

trimethylsilyl trifluoromethanesulfonate (TMS-triflaté).Ox-
azoline2 was then treated with HEMA in the presence of CSA
to provide the glycomonomes in a 72% vyield. We initially

demonstrated that well-defined polymers were synthesized. The
number-average molecular weighid,(s) were between 16 100
and 52 600 (Table 1). These values were significantly higher

attempted the deprotection of the monomer with potassium than the targeted molecular weights (463 500). The
carbonate, which caused hydrolysis of the methacrylate ester.discrepancy could be partially attributed to the GPC calibration

Instead, we obtained in 66% yield using a catalytic amount

using poly(methyl methacrylate) standards. To determine the

of sodium methoxide and quenching after 7 min. Longer times molecular weights more accurately, tHeé NMR spectra were
resulted in cleavage of the methacrylate group. Both the inspected. For polymegb and6cit was not possible to observe
protected and the unprotected monomers were subjected tahe end group. For polymeda, several peaks at 4.5, 3.2, and

polymerization.

Polymerization of Protected Glycomonomer 3ATRP of
the protected glycomonom& (Scheme 2) was explored. A
biotin-conjugated initiator§) was synthesized as previously
described46 and utilized in the polymerization ([monomegr]
[initiator]p = 50:1). ATRP of3 was conducted in DMSO with

2.8 ppm originating from the biotin were identified (Figure 2).
The protected polymers were purified by precipitation, which
may not have removed residual unreacted initiator. Therefore,
polymer6a was deprotected to render it soluble in water and
extensively dialyzed prior to molecular weight analysis by NMR.
Deprotection of Glycopolymer 6.Polymer6awas subjected

CuBr and Mg-TREN. The polymerization was fast and reached to a catalytic amount of sodium methoxide in a 1:1 mixture of

a high conversion of 94% to polyméb in 15 min. It was
possible to change the initial monomer-to-initiator ratios and
maintain good conversions. When ATRP with 10:1 and 100:1
ratios were employed, 88% and 73% conversiorgatand6c,
respectively, were achieved (Table 1).

chloroform and methanol (Scheme 2). Fortunately, as the
product formed, it precipitated out of solution. This effectively
protected the ester group of the poly(methacrylate) from
cleavage. The polymer became soluble in water as expected
and was extensively dialyzed against water for 3 days to remove

Gel permeation chromatography was performed to analyze any unbound biotinylated initiator and impurities prior to
the molecular weights of the polymers. The GPC traces (Figure analysis by'H NMR. Inspection of the peaks centered at 2 ppm

1) did indicate slight low molecular weight tailing at higher

in the 'H NMR spectrum of the resulting polymer (Figure 3)

monomer-to-initiator ratios, which suggested some early ter- indicated that the acetate groups were removed. Only the 8%%5
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Table 1. Molecular Weights of Glycopolymers 6 and 7

Vazquez-Dorbatt and Maynard

conversion? My My M PDI
polymer [M]o/[1]o solvent (%) (GPC) (*H NMR) (theory) (GPC)

6a? 10:1 DMSO 88 16 100 14 300 4000 1.17
6bb 50:1 DMSO 94 40 700 21 600 1.17
6cP 100:1 DMSO 73 52 600 33500 1.23
6d¢ 10:1 MeOH 83 13 000 3800 1.13
7ab 10:1 DMSO 78 14 300 11 400 2600 1.14
7b? 50:1 DMSO 86 43100 14 300 1.07
7cb 100:1 DMSO 94 68 400 31300 1.16
7d¢ 10:1 MeOH 98 11 800 9100 3300 1.08

aDetermined by 'H NMR. ? Polymerization conditions [M]o = 50% w/v, DMSO, 23 °C, [5]o/[CuBr]o/[Mes-TREN]y = 1:1:1, reaction time = 15 min.
¢ Polymerization conditions [M]o = 25% w/v, MeOH, 30 °C, [5]o/[CuBr]o/[bipy]o = 1:1:2, reaction time = 1.5 h.

— — polymer 6a j\
polymer 6b HN” ONH

~ — - - polymer 6¢ “"? g “H f
. ", o a
. w s /\/\n/ N~ NN -
o fo) o

3.7 3.9 41 4.3 4.5 4.7 4.9 51 53
log MW

Figure 1. GPC chromatograms of protected biotinylated glycopoly-
mers synthesized with CuBr/Mes-TREN as the catalyst ([3]o = 50%
w/v, DMSO, 23 °C, [5]o/[CuBr]o/[Mes-TREN]p = 1:1:1, 15 min;
conversions 88%, 94%, 73% for [M]o/[I]o = 10 (6a), 50 (6b), 100 (6c),
respectively).

T T T T T T T T T T
5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 ppm

j\ Figure 3. 1H NMR spectrum (500 MHz) in D,O of the product of the

HNT CNH b deprotection of glycopolymer 6a with NaOMe in a 30% methanol

H H " solution. The biotin peak used for molecular weight analysis is marked
s "u/\/\n/"\/\o/\/o 2 n by an asterisk.

respectively). In addition, the €0 stretch of the acetates in
6aat 1223 cmi! was no longer visible, and the-@H stretch at

. OAc 23
J k-0
d
h i__o

LA o 3355 cnT! was obvious after deprotection.
™9 N The molecular weight of the deprotected polymer was
c.d,fij @ calculated by comparison of the biotin peaks (*, Figure 3) to
ehg . b the proton peaks of the polymer backbone methyl groups (b,
1 Figure 3). The resultindv, of the deprotected polymer was

calculated to be 10400 and corresponded td.aof 14 300

J (Table 1) of the original protected glycopolyméa. These
results showed that the molecular weight discrepancy was not
solely due to calibration with PMMA standards.

Polymerization of Monomer 3 in Methanol. The ATRP of
3 in methanol was also explored. The initial monomer-to-
initiator ratio was 10:1, the catalyst was CuBr and bipy, and

corresponding to thél-acetyl group remained. Integration of ~the polymerization was conducted at 30. The reaction was

the peaks corresponding to the polymer confirmed that hydroly- Slower than that in DMSO, reaching a high conversion in 90
sis of the sugar side chains had not occurred (SupportingMin. The polymerization was monitored, and the linear first-
Information). Importantly, peaks corresponding to biotin were order kinetic plot (Figure 4a) indicated that the concentration
still detectable, demonstrating that the deprotection did not affect of radicals remained constant to 83% conversion. Wheby

the end group. Infrared characterization also confirmed that the GPC of 13 000 after 90 min of polymerization was higher than
deprotection was successful (see Supporting Information for the expected (Table 1) indicating initiator inefficiency. However,
spectra). The band corresponding to the carbonyl stretch of thethe molecular weight versus percent conversion (Figure 4b) plot
esters became less intense relative to the amide carbonyl stretcwas linear throughout the reaction, and the molecular weight
in the unprotected polymer (1714 and 1634 énmmespectively) distributions were narrow. Taken together these data indicate a
compared to that of the protected polymer (1741 and 1662cm  degree of control for the ATRP & using biotin initiator5. CDV

T T T T T T T T T T T T T
7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 1.5 1.0

ojs ppn‘|
Figure 2. '™H NMR spectrum (500 MHz) in CDCls of glycopolymer
6a ([M]o/[1]o/[CuBrlo/[Mes-TREN]o = 10:1:1:1).
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Figure 4. Polymerization of monomer 3 in methanol from initiator 5
at 30 °C [3]J/[5)/[CuBr]o/[bipylo = 10:1:1:2): (a) kinetic plot; (b)
experimental M, (from GPC) and PDI vs conversion.

= = polymer 7a
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Figure 5. GPC chromatograms of deprotected biotinylated glyco-
polymers synthesized with CuBr/Mes-TREN as the catalyst ([4]o =
50% w/v, DMSO, 23 °C, [5]o/[CuBr]o/[Mes-TREN]o = 1:1:1, 15 min;
conversions 78%, 86%, 94% for [M]o/[lJo = 10 (7a), 50 (7b), 100 (7c),
respectively).

Polymerization of Monomer 4. Instead of synthesizing the
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s "u/\/\n/n NP 2

_

T T T T T T T T
45 4.0 35 3.0 25 20 15 1.0

Figure 6. H NMR spectrum (500 MHz) in DO of glycopolymer 7a
(IM]o/[I]o/[CuBr]o/[Mes-TREN]p = 10:1:1:1). The biotin peak used for
molecular weight analysis is marked by an asterisk.
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Figure 7. SPR sensorgram of glycopolymer 7b (data taken on a

Biacore X equipped with a streptavidin-coated sensor chip; running

buffer = 20 mM Tris, 150 mM sodium chloride, 0.005% surfactant

P20; flow rate = 5 uL/min).

methyl proton peaks (b, Figure 6 fofa) to calculate the
molecular weights. Forait was determined that the degree of
polymerization was approximately 34, corresponding tda

of 11 400. For7d the M, was 9100. Similar to polymega, the
molecular weight values thus obtained¥yNMR were slightly
lower than that determined by GPC and significantly higher
than the targetell, (Table 1). Nonetheless, different molecular
weights (between 11 800 and 68 400, Table 1) were readily
accessible by altering the initial monomer-to-initiator ratios. As
expected IR analysis of the polymers revealed spectra identical
to that of the deprotectedla (Supporting Information).

polymer and then deprotecting the monosaccharide pendant Polymer Interaction with Streptavidin. We tested the ability
group, it was also possible to polymerize the unprotected of the biotinylated polymers to bind to the protein streptavidin

monomer directly. Monome4 was polymerized witlb as the
initiator in DMSO with CuBr and Mg TREN or methanol with

CuBr and bipy?* ATRP was conducted using different initial

monomer-to-initiator ratios. The resulting polymers{d) were

obtained with high conversions (#88%) and narrow molecular
weight distributions (PDIs= 1.07-1.16, Table 1). The GPC
traces (Figure 5 fofi7a—c) exhibited low molecular weight

tailing, particularly when higher monomer-to-initiator ratios were

employed. For polymerga ([M] o/[l] o = 10:1, DMSO) andrd

(IM]o/[l]o = 10:1, MeOH) it was possible to detect the peaks

arising from the biotin moiety in thtH NMR spectra. The peak

at 4.3 ppm (*, Figure 6 foira) was compared to the backbone

using SPR. SPR is a powerful tool to directly observe binding
events. The unprotected glycopolymers were injected into the
SPR chamber containing a streptavidin-coated chip. Immediately
a change in response units was observed (sensorgram provided
for 7b in Figure 7). The affinity of biotin for streptavidin is
strong K, ~ 105 M~1), and as expected, polymer binding to
the streptavidin surface was not affected by the injection of
buffer containig 2 M NaCl, which would disrupt electrostatic
interactions. These results clearly demonstrate that the polymers
bind to the protein streptavidin. Importantly, this binding was
observed for polymers where the biotin end group was not
visible in theH NMR spectrum, further confirming that th&DV
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end group was present. These results also indicated that it is (19) Albertin, L.; Stenzel, M. H.; Barner-Kowollik, C.; Foster, L. J. R;
feasible to utilize these glycopolymers for surface engineering Davis, T. P.Macromolecules2005, 35, 9075-0084.
with the protein streptavidin as a linker to the substrate. (20) Lowe, A. B.; Sumerlin, B. S.; McCormick, C. Bolymer2003,44,

6761-6765.
(21) Grande, D.; Baskaran, S.; Baskaran, C.; Gnanou, Y.; Chaikof, E. L.
Conclusions Macromolecule00Q 33, 1123-1125.
(22) Grande, D.; Baskaran, S.; Chaikof, E.Nlacromolecule2001,34,
- o ; 1640-1646.
b Vx_e}.lllqgetlrr;ed ?Iotlnyllatgdrg|\)I/VCC:pO|?’/merrS ﬂ?r?nsénirnesllzteg (23) Sun, X. L.; Faucher, K. M.; Houston, M.; Grande, D.; Chaikof, E.
Dy - IN€ glycopolymers were prepared from biotinylate L. J. Am. Chem. S0@002,124, 7258-7259.
initiators either by direct polymerization of the unprotected (24) Faucher, K. M.; Sun, X. L.; Chaikof, E. Langmuir2003,19, 1664
monosaccharide side chain monomers or by polymerization of 1670.
the protected monomer. The protected polymer was readily (25) Hou, S. J.; Sun, X. L.; Dong, C. M.; Chaikof, E. Bioconjugate
deprotected without cleaving the end group. Both routes Chem.2004, 15, 954-959.

; ; ; itriby.  (26) Matyjaszewski, K.; Xia, J. HChem. Re. 2001,101, 2921-2990.
provided glycopolymers with narrow molecular weight distribu (27) Kamigaito, M.. Ando, T.. Sawamoto, NChem. Re. 2001, 101

tions. Polymerization of the deprotected monomer provided a 3689-3745.
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