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Two neuraminic acid-based, C-glycoside polymers were synthesized. Preliminary studies on one of these polymers showed potent neuraminidase
inhibitory activity, suggesting potential utility as an antipathogenic surface coating for the preparation of antimicrobial biomaterials.

There is growing demand for biomaterials capable of binding salivary mucin MG2 (MW ~20 000), which contains a
and killing harmful microorganism? In nature, glycopro- relatively homogeneous collection of oligosaccharides, mainly
teins, such as mucins, form a biofilm on the surface of sialylated disaccharides and trisaccharitbimds to a wide
epithelial cells, providing a protective barrier by binding variety of microorganisms. In contrast, high molecular weight
microorganisms. The carbohydrate moieties in mucins rep- (~400 000) salivary mucin, MG1, which has a divergent
resent 50—90% of their molecular weight, and consist of a collection of glycans, binds to limited sites on microorgan-
large number of small sialylated glycans, attached throughisms. The differences between these two natural mucins
O-glycosidic linkages to the serine and threonine residuessuggest that synthetic mucin-like polymers with homoge-
of their polypeptide backborfeThese multiple glycan chains  neous neuraminic acid pendants might be useful as protective
result in tight binding to microbial receptors through mul- layers to bind pathogens.

tivalent interactiond.Studies show that low molecular weight Neuraminic acid (Neu5Ac) is an abundant sugar in
glycoproteins and acts as an attachment site for many

! The University of lowa. pathogens. These glycoproteins are susceptible to cleavage
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factor by uncovering toxin binding sitésInhibition of

neuraminidase has afforded potential strategies for the

development of antiviral and antibacterial agefitsTwo

neuraminidase inhibitors, Zanamirvir (Relenza, Glaxo Smith-

Kline) and Oseltamivir (Tamiflu, Hoffman-La Roche), are

currently used clinically as prophylactic agents against

influenza®

Several groups have developed inhibitors of the influenza

virus that are polyvalent in Neu5A€ The synthetic random
copolymers incorporating Neu5Ag-glycoside moieties have
been shown to be effective in inhibiting influenza virus-
induced agglutination of erythrocytes in vittbOur labora-

tory has extensive experience in the chemoenzymatic syn-

thesis of synthetic polymers containing sugar pendémtse

have also been particularly interested in the synthesis and

biological evaluation of neuraminic acid containing mol-
eculest® The current study is focused on developing the
highly efficient synthesis of catabolically stable neuraminic
acid basedC-glycoside polymers for investigation as poten-
tial biomaterials for application as antimicrobial barriers.

Two such polymers were generated in this study, both

based on the initial formation @-glycosides of neuraminic
acid. The first route involves the enzymatic polymerization
of a phenolicC-glycoside with soybean peroxidase. The
second route involves the vinyl polymerization of a terminal
allyl group on the aglycone.

C-Glycosylation donor, peracetylated neuraminic acid
phenyl sulfone 1), was synthesized according to a published
proceduré? Samarium iodide mediate€-glycosylation
chemistry was utilized to construct a«C bond connection
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aReagents and conditions: (a) THF, $MD h. (b) NaOMe,
MeOH, 8 h, followed by 0.2 M KOH. (c) Soy Bean peroxidase,
H>0,, sodium phosphate buffer, pH 7.0, 18 h.

radish peroxidase (HRP) and Soybean peroxidase (SBP) are

between the neuraminic acid donor and an acceptor bearing2ble to catalyze €C bond formation, at the ortho-position

the ketone moiety® Compound3 represents a Neu5Ac
C-glycoside linked to a phenolic aglycone (Schemé®1).

of the electron donating group-containing phenolic mono-
mers, under mild conditions. Polymerization@{glycoside

Carefully designed protecting group chemistry in the donor 4 in aqueous sodium phosphate buffer (pH 7) with soybean
and the acceptor simplified monomer synthesis. SimultaneousPeroxidase (SBP) and-R, afforded a mucin-like polymer
deprotection of the acetyl groups and hydrolysis of the methyl 5 having a molecular weight of 20 000Molecular weight

ester afforded the water-soluble phendliglycoside mono-
mer (4). Both3 and4 were racemic R,S) mixtures at the
newly formed hydroxylmethylene glycosidic carbon. Horse-
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was determined by gel permeation chromatography and
calculated based on a standard curve with use of polysac-
charide standards. The molecular weight of polyraes
similar to that of MG2 mucin (MUC 7).

(16) To prepare methyl 5-acetamido-4,7,8,9-t€racetyl-2,6-anhydro-
3,5-dideoxy-2€-[(2-hydroxy-butylphenyl-acetate) methydlerythro-L-
manno-nononat8, Neu5Ac phenyl sulfoné& (100 mg) and 5 equiv of 4-(3-
oxobutyl)phenyl acetat® were dried together under high vacuum for 4 h.
Smkb (4 equiv, freshly prepared from Sm and IgEH,l, 0.1 M in THF)
was added under argon in one portion at room temperature with vigorous
stirring. The dark blue solution was stirred overnight. The reaction mixture
was diluted with ether and extracted with 1 N HCI, saturatedSi@s,
saturated NaHC¢ and brine solution. The organic layer was dried over
anhydrous Nz50,. The filtrate was concentrated under reduced pressure
and purified on a silica gel column with EtOAc as eluent. Theglycoside
was obtained as oil in 82% yieldH NMR (CDCl3) ¢ 1.80—2.20 (19H,
6COCH;, H-3ax, H,CH,Ph), 2.45 (m, 1 H, H-&), 2.63—2.67 (ddd, 1H,
CH,Ph), 2.78—2.85 (ddd, 1H, CGiRh), 3.76 (d, 3H, COOC}), 3.95—4.10
(m, 3 H, H-5, H-6, H-9a), 4.34 (m, 1 H, H-9b), 4.74 (m, H-4), 5.22 (m, 1
H, NH), 5.8 (m, 1 H, H-7), 5.40 (m, 1 H, H-8). HRFABMS: calcd for
Ca2HasNOssNa [M + NaJt 704.2556, foundn/z704.2530 [M+ Na]"

(17) To prepare phenolic mucin analodgagully deprotected monomer
4 (10 mg, 0.022 mmol) was dissolved in sodium phosphate buffer (50 mM,
pH 7, 200uL) 80 vol % in CHCN. Soybean peroxidase (1 mg) was added
to the solution, followed by the dropwise (14/4 min) addition of HO,

(100 uL 0.2 M). After 12 h, the reaction mixture was freeze-dried and
subjected to BioGel P-10 column to determine molecular weighhMR

of resulting polymer shows broad peaks in the phenolic and carbohydrate
regions. The intrinstic viscosity is 2.5 103 m¥kg.
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Polymer5 was investigated as a neuraminidase inhibitor

with use of an assay commonly applied to simple Neu5Ac- Scheme 2

_C-glyco_sidesl.s Specifically, K; values were determined by oAc OAC

incubation of the fluorescent substraté(2-methylumbel- CO,Me O Y

liferyl)- o-D-N-acetylneuraminic acid. perfringensieuramini- ONH SO.Ph ij_/ — .
dase, and sodium acetate buffer at pH 5 in the presence o = 2 *

various concentrations &. The results were fit to different AcO OA: .

inhibition models, with the best fit obtained for a competitive
inhibition model giving aK; of 900 nM based on the
concentration of polymer. The observi&g was over 10-
fold lower than simple Neu5AE&-glycosides with hydro-
phobic aglycone&® This enhanced inhibitory activity is
ascribed to the multivalency of the polymeric inhibitor, which
likely results from an increase of the local concentration of
the inhibitor. The synthesis of this neuraminic acid-based
polymer occurs under mild conditions, using an enzymatic
reaction, and may be feasible under physiological conditions.
Thus, a stable mucin-like polymer might be synthesized in
situ (at the surface of a wound) by application obr a
suitable derivative.

Next, we examined the potential utility of such synthetic CHz
materials as protective layers against pathogen infection.
Preliminary studies showed that mucin analogweuld be
incorporated on biomaterials through simple coating tech- 2Reagents and conditions: (a) STHF. (b) NaOMe, MeOH,
niques. Treatment of polystyrene beads80 mesh) with 1 N NaOH. (c) 2,2"-azobis-(2-amidinopropane) dihydrochloride at
polymer5 resulted in its binding at a high loading capacity
(2.9 mg of5/mL of polystyrene resin), presumably through ]
hydrophobic interactions. The resulting activated surface is €Yclohexanone (6¥ Deprotection of7 afforded monomer
currently being evaluated for its ability to inhibit pathogen 8> Which was polymerized with 2;2zobis(2-amidinopro-
infection. Modification of polymer5 was next undertaken ~ Pane) dihydrochloridé? The resulting polymer9 was
in an attempt to prepare higher molecular weight glycopro- Précipitated from 80% aqueous methanol to yield a highly
teins that resemble most natural muci#She use of multiple ~ disperse material with a MW 20 000 making it potentially
monomers or cross-linkers can often facilitate the enzymatic MOre su'ltable as a synthetic mucous barrier for anti-infective
preparation of higher molecular weight polymers. However, applications. . _
the copolymerization oft with arbutin (4-hydroxyphenyl- These two synthetic polymers prepared bealinked
B-p-glucopyranoside) or bisphenol A as comonomers, while Neu5Ac, a specific, lectin-binding carbohydrate unit. These

affording copolymers, did not result in higher molecular polymers are, therefore, likely capable of tight multivalent
weight mucin analogues. interactions with proteins and may find use as mimics of

| the natural glycans found in mucins. By applying such
polymers to surfaces, such as glass, plastics, woven and
nonwoven fibers, medical instruments, etc., it may be
possible to establish a protective layer against pathogens.

A second mucin-like polymer was prepared by chemica
polymerization (Scheme 2). Monom@&r containing a cy-
clohexylallyl functionality, was synthesized from the-
glycosylation of Neu5Ac peracetyl-sulforiewith 2-allyl
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(18) Potier, M.; Mameli, L.; Belisle, M.; Dallaire, L.; Melancon, S. B.
Anal. Biochem1979,94, 287—296. (21) To deprotect poly(vinyl) mucin analogue monorBer solution of
(19) (a) Marquart, M.; Jamieson, A.; Blackwell, J.; GerkenBiorhe- C-glycoside8 (33 mg) was added to MeOH (1 mL) and NaOMe in MeOH

ology 1995,32, 431. (b) Raju, T. S.; Davidson, E. Biochem. Biophys. (0.5 M, 1 mL). The mixture was stirred overnight at room temperature,
Res. Commuril994,205, 402. (c) Baszkin, A.; Proust, J. E.; Monsenego, then neutralized with of Amberlite IR-120 (Bl exchange resin, filtered,

P.; Boissonnade, M. MBiorheology1990,27, 503. (d) Slomiany, B. L.; and concentrated to dryness. The residue was purified by silica gel

Sarosiek, J.; Slomiany, ABiochem. Biophys. Res. Commuad®887, 783. chromatography eluting with 100% methylene chloride, 90% and 80%
(20) To prepare protected all@-glycoside monomer, C-glycosylation methylene chloride in methandiH NMR (D20) (R:S1:1) 6 1.20—1.79

between Neu5Ac phenyl sulfone doriband 2-allylcyclohexoné acceptor (m, H-3eq, CH x 4 in cyclohexane), 1.94 (d, 3 H, NHCOGKI2.39 (m,

was carried out according to a similar procedure describegl fiine reaction 1 H, H-3), 3.35—3.80 (m, 9 H).

mixture was purified on silica gel chromatography with ethyl acetate as (22) To prepare poly(vinyl) mucin analog@emonome (30 mg) was
eluent to obtair7 as a racemic compound (yield 45%). The ratio of two  dissolved in bidistilled water (2 mL). The mixture was purged with argon
diastereomers was closed to 1*H. NMR (CDCl) ¢ 1.25—1.70 (m, 8H, for 10 min and warmed in an oil bath up to 70 with continuous stirring.

CH, x 4 in cyclohexane), 1.89 (3H, KECONH), 2.03—2.20 (15H, The polymerization was started by addition of the initiator-22obis-(2-
4COQHS3, H-3ax, H.CH=), 2.45-2.56 (m, 2 H, H-3, CH in cyclohexane), amidinopropane) dihydrochloride dissolved in bidistilled water (0.1 mL).
2.63—2.67 (ddd, 1H, B,Ph), 2.78—2.85 (ddd, 1H, i&3Ph), 3.80 (d, 3 H, The reaction time was 24 h. The reaction mixture was freeze-dried and the

COOH3), 3.95-4.13 (m, 3 H, H-5, H-6, H-9a), 4.304.40 (m, 1 H, H-9b), product was precipitated in 80% methanol. The precipitate was centrifuged
491 (m, 2 H, H-4, H-7), 5.31 (m, 1 H, NH), 5.2%.31 (m, 3 H,=CH, and white powder was obtained after complete drying. GPC analysis showed
H-8), 5.65—5.85 (m, 1 H, CH). that the molecular weight & was greater than 20 000.
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