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Two facile, convenient, and versatile synthetic approaches are used to covalently attach carbohydrate residues to
conjugated polyg-phenylene)s (PPPs) for highly water-soluble PPPs bearingannopyranosyl ang-gluco-
pyranosyl pendants (polymes and B), which highly fluoresce in phosphate buffer (pH 7.0). The post-
polymerization functionalization approach is to treat bromo-bearing PPP (polymwéh 1-thiolethyl--D-mannose
tetraacetate or 1-thigl-p-glucose tetraacetate in THF solution in the presence fG§ at room temperature
through formation of thioether bridges, affording polyn&a or 2b. The prepolymerization functionalization
approach is to polymerize a well-defined sugar-carrying monomer, affording polaérolymers2a and 2b

were deacetylated under Zerhipleonditions in methanol and methylene chloride containing sodium methoxide,
affording polymersA andB, respectively. The multivalent display of carbohydrates on the fluorescent conjugated
glycopolymer overcomes the characteristic low binding affinity of the individual carbohydrates to their receptor
proteins. Titration of concanavalin A (Con A) éeemannose-bearing polymérresulted in significant fluorescent
quenching of the polymer with StertVolmer quenching constant of 455 10°. Incubation of polymeA with
Escherichia coli (E. colijead to formation of fluorescently stained bacterial clustgr&lucose-bearing polymer

B displayed no response to Con A aRkdcoli.

Introduction Scheme 1. Chemical Structures of a-Mannose-Bearing Polymer
A and f3-Glucose-Bearing Polymer B
Protein—carbohydrate interactions are involved in a wide How
variety of cellular recognition processes including cell growth ’WB&&A oH
regulation, differentiation, adhesion, cancer cell metastasis, Hon y‘ﬁ'ﬂ‘b m
cellular trafficking, inflammation by bacteria and viruses, and on oH
the immune responsé. These specific interactions occur n M/ n
through glycoproteins, glycolipids, and polysaccharide displays H 0
found on cell surfaces and proteins with carbohydrate-binding Polymer A Polymer B
domains called lectink.However, since it is known that
individual carbohydrate-protein interactions are generally weak, such as carboxylic acid to PPE significantly enhances water
it is important to investigate how such weak carbohydrate  solubility of carbohydrate-bearing PPEs by preventingther
protein interactions can be amplified by the glycoside clusters Stacking interactions of PPE backbones via charge reput$ion.
expressed on the cell surface, and how the overall binding However, the presence of ionic groups in conjugated polymers
capacity with protein receptors, commonly with multiple binding Might cause interfering responses due to nonspecific electrostatic
sites, is enhanced over the affinity of individual monovalent interactions in complicated biological samplés.
ligands through cooperative multiple interactiérdultivalent In this communication, we choose pgyghenylene)s (PPPs)
forms of carbohydrate ligands, either glycopolymers or glyco- to enhance water-solubility of neutral conjugated glycopolymers
dendrimers, have been employed to demonstrate that inhibitorybecause they display relatively weakers stacking interactions
potencies of glycosides are enhanced over their monovalentamong polymer backbones than PPEs due to the rotatable
counterparts although the levels of enhancement 4&y. Phenylene groups in the PPP backbéh®/e present simple,
Fluorescent conjugated glycopolymers combining scaffolding convenient, and versatile prepolymerization and postpolymer-
and reporting functions into one package are very attractive for ization functionalization methods to dEVE|Op water-soluble
biosensing applications because of their intrinsic fluorescence Neutral fluorescent-mannose-bearing PPP (polym&j and
and their high sensitivity to minor external stimuli due to A-glucose-bearing PPP (polymi) to detect Con A ané. coli
amplification by a cooperative system respofieMannose- Dby multivalent cooperative interactioriScheme L Polymers
grafted p0|yp_pheny|ene_ethyny|ene)s (PPEs) have been pre- A andB not Only dlsplay h|gh SOlUb|l|ty in water but also hlghly
pared to successfully detect Con A daccoli by polymerization ~ fluoresce in phosphate buffer solution (pH 7.2). The presence
of well-defined sugar-carrying monomer partially chemical ~ of Con A significantly quenches the fluorescencetahannose-
modification of PPE bearing carboxylic acid groups with amine- bearing polymeA with a Stern-Volmer quenching constant
functionalized carbohydrates through amide bridydutral of 4.5 x 107, whereas titration of Con A to a phosphate buffer
PPEs bearing carbohydrate pendants display low water solubil-solution containings-glucose-bearing polymeB shows no
ity, 10 probably due to strongr—x stacking interactions of ~ change in the polymer fluorescence. Polymebinds specif-

hydrophobic PPE backbones. Introduction of anionic groups ically to FimH adhesion of bacterial type 1 pili, resulting in
fluorescently stained bacteria clusters and shows significantly

* To whom correspondence should be addressed. E-mail: hyliu@mtu.edu. stronger interactions with FimH protein compared with free
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mannose in the competition assay. However, polyfndisplays 4.10 (m, 8H), 3.85-3.87 (m, 4H), 3.79-3.82 (m, 2H), 3.753.77 (m,

no response to mutant ORN208 strain which is deficient in the 4H), 3.70-3.72 (m, 4H), 3.653.68 (m, 6H), 2.86:2.82 (1, J = 7.2

fimH gene and expresses abnormal type 1 pili that fail to mediate Hz, 4H), 2.73-2.76 (t,J = 6.8 Hz, 4H), 2.622.65 (t,J = 6.8 Hz,

p-mannose-specific binding. 4H), 2.13 (s, 6H), 2.08 (s, 6H), 2.03 (s, 6H), 1.97 (s, 6H) ppiG.
NMR (400 MHz, CDC}): 6 171.91, 170.83, 170.21, 170.03, 169.94,
153.30, 123.66, 97.84, 86.61, 71.35, 70.90, 70.49, 69.83, 69.70, 69.35,

Experimental Section 69.21, 68.94, 68.13, 66.27, 64.08, 62.67, 35.01, 31.55, 27.65, 21.08,
20.96, 20.91, 20.87 ppm. HRMS: Calcd, 1551.2343 for {MH]*
Instrumentation. *H NMR and**C NMR spectra were taken ona  (CsgHgyl:030S,). Found, 1551.2347.
400 MHz Varian Unity Inova spectrophotometéH and **C NMR Polymer 1.Under a nitrogen atmosphere, monorét.20 g, 1.34
spectra were recorded in CDLhnd chemical shiftsd) are given in mmol), 1,4-phenyldiboronic acid (0.28 g, 1.68 mmol), Pd(9P(LO

ppm relative to solvent peaksH, 4 7.26;'%C:, 6 77.3) as intemal ) a0 potassium carbonate (2.50 g, 18.12 mmol) were placed in a
standard. UV spectra were taken on a Hewlett-Packard 8452A Diode 54 i1 round-bottom flask. and THE (45 mL) was added. The mixture

Array UV—visible spectrophotometer. A total of 10 mL of stock

/ . h was stirred at 70C for 48 h under nitrogen and then precipitated by
solution was prepared with 10 mg/mL of Con A in phosphate buffer

’ : ; " addition to methanol. The polymer was filtered, washed with methanol
solution (PBS; pH of 7.2) and used to titrate into a PBS solution of 54 acetone, and then dried under vacuum for 24 h to afford the neutral
a-mannose-functionalized polymer (010" mol/L) in the presence precursor (polymet) (700 mg, 73%) as a light yellow soliéH NMR

of 0.1 mM CaC} and 0.1 mM MnCJ. Fluorescence spectra were (400 MHz, CDC}): & 7.53 (broad, 4H), 7.29 (broad, 2H), 4.26 (m,
obtained on a Spex Fluorolog 1681 0.22 m steady-state fluorometer.4H), 4.11 (m, 4H), 3.473.82 (m, 20H), 2.89 (m, 4H) ppm. GPC (THF,

Molecular weights of the polymers were determineq by gel permeation polystyrene standardyl,; 28 500 g/mol; PDI: 1.75. Polymérdisplays
chromatography (GPC) by using a Waters Associates model 6000A 5,q6ntion maxima at 339 nm and emission maxima at 440 nm in
liquid chromatograph. Three American Polymer Standards Corp. chloroform solution.

Ultrastyragel columns in series with porosity indices of, 1100*, and Pol A Pol A d b 00l izati
10° A were used and housed in an oven thermostated &C30rhe olymer AA. FOlymer A was prepared by postpolymerization
functionalization of the polymed via thioether formation of the

ile ph HPL THF which fil
mobile phase was C grade which was filtered and degas'Secibromoalkyl groups with thiol-functionalized carbohydrate. Polyrher

by vacuum filtration through a 0.bm Fluoropore filter prior to use. -
y 9 . b P t (210 mg), 1-thiolethyla-p-mannose tetraacetate (600 mg, 1.38 mmol),

The polymers were detected by a Waters model 440 ultraviole : .
absorbance detector at a wavelength of 254 nm and a Waters modef"lnd potassium carbonate (0.35 g, 3.27 mmol) were placed in a 50 mL

2410 refractive index detector. Molecular weight was measured relative rounq-bottom flask. THF (35 mL) Wa§ addeq to the flask and the
to polystyrene standards reaction vessel was degassed and refilled with The mixture was

Cell growth. Two E. coli bacterial strains that differ only in their stirred at room temperature for 48 h. When the solvent was removed,

mannose-binding ability, ORN178, a mannose-binding strain and the residue was diluted with methylene chlqride (50 mL), washed with
ORN208, a mutant strain that does not bind mannose, were used forwater, and ered over anh_y_drous Mg&Qhe filtrate was concentrated_
this study. ORN178 and ORN208 are generous gifts from Professor and the residue was purified by. flash column chromatography with
Paul Orndorff, North Carolina State University. Cells were grown in {EhtOAcl t(t) r((jam.ci\éectheIe/)g;ssgj-tg!(ile'[thyl?-mannosle teggacg t;(t)e and
sterile Luria-Bertani (LB) media (containing bacto-tryptone (2.5 g), 72e20/eu 'eIdWI Ilezh 3” (@ I')dlnglilvlis 84%%3/'{:'_' aE:bC g
bacto-yeast extract (1.25 g), and NaCl (2.5 g) in 250 mL of deionized S 7 650 ﬁ'e )daA.SHa ;gs(t) y; ov; SZOHI .5—36 29 ( 6H 4Zé3 é)H
water adjusted to pH to 7.0 viit5 M NaOH). A single colony of each 4 244(15051 ’ 122" 405(;22 ’ 2)6H. 2'899%’2 ): 16H (3’ 13)’
strain was lifted from agar plates and inoculated in 10 mL of LB media 1'97 (rﬁ 2452:) ppm)l P(l)lyméa ((;nOO mg))’w;as di.ssol(\?;’d in %’ixtﬁre of
and the culture was grown overnight until thgoreached 1.0. Aliquots y ; ’ . -

of cells (1 mL) were centrifuged at 10 000g for 30 min at@ and CHC, (20 mL) and CHOH (40 mL), and CHONa in CHOH solution

washed twice with 1 mL of PBS buffer (containing 100 mMN&Q,, (6 mL) was e;dded. -zr::i 'rAeﬂsuItlrr]]g mlxtl_Jre Ivvas stirred at roodm
1.75 mM KHPQ,, 140 mM NaCl, and 2.70 mM KCl adjusted to pH temperature underMNor . After the organic solvent was evaporated,

7.2 using HCI). Washed cells were resuspended in 1-mL PBS buffer the resulting residue was dissolved in 10 mL of water, dialyzed in a
cbntaining CaCél (1 mM) and MnC} (1 mM). Cells were incubated cellulose dialysis tube (cutoff 12 000) against water for 2 days (10 water
with 10—20ug of polymer for 30 min with gentle shaking, centrifuged cha_mgles), and lyophilized to gl\{e polym#ex(0.14 g, 91.1%) as a yellow

at 10 00@ for 30 min, and washed four times with PBS buffer and the solid. *H NMR (400 MHz, DO): 0 7.60, 7.14, 4.64.11, 3.43-3.77,

final cell pellet was resuspended in PBS buffer. 2.46. ppm. PolymeA is high_ly spluble ip water and displays absorption
Materials. Unless otherwise indicated, all reagents, solvents, and maxima at 338 nm and emission maxima at 438 nm in phosphate buffer

proteins were obtained from commercial suppliers (Aldrich, Sigma, (pH 7.0).

Fluka, Acros, and Lancaster) and were used without further purification. ~ PolymerA was also prepared by postpolymerization functionaliza-
Air- and moisture-sensitive reactions were conducted in oven-dried tion of the polymerl via thioether formation of the bromoalkyl groups
glassware using standard Schlenk line or drybox techniques under awith 1-thiolethyla-p-mannose. Polymet (210 mg), 1-thiolethyk-
nitrogen atmosphere. Monomkrl-thiolethyla-p-mannose tetraacetate ~ D-mannose (700 mg), and potassium carbonate (0.75 g) were placed

(1a) and 1-thiolethyle-p-mannose were prepared and characterized in @50 mL round-bottom flask. DMF (35 mL) was added to the flask,
according to literature®-15 and the reaction flask was degassed and refilled withAfter the

Monomer 2. Monomer1 (0.5 g, 0.56 mmol), 1-thiolethytp- mixture was stirred at room temperature for 72 h, the resulting mixture
mannose tetraacetate (0.5 g, 1.16 mmol), and potassium carbonate (0.8as dialyzed in a cellulose dialysis tube (cutoff 12 000) against water
g, 5.80 mmol) were placed in a 100 mL round-bottom flask. THF (50 for 3 days (15 water changes), and lyophilized to give polyfeits
mL) was added to the flask, and the reaction vessel was degassed an®lMR data are the same as those above.
refilled with N,. After the mixture was stirred at room temperature for PolymerA was also prepared through prepolymerization function-
24 h, the solvent was removed and the residue was diluted with alization by polymerizing well-defined sugar-carrying monon2er
methylene chloride (50 mL), washed with water, and dried over Under a nitrogen atmosphere, monon2e(0.5 g, 0.31 mmol), 1,4-
anhydrous MgS® The solvent was evaporated, and the crude phenyldiboronic acid (0.06 g, 0.36 mmol), Pd(Bzh(80 mg), and
compound was purified by column chromatography on silica gel with potassium carbonate (0.5 g, 3.62 mmol) were placed in a 50 mL round-
CH.CI/EtOACc (5:3) to give the target compound (0.81 g, 91% yield) bottom flask, and THF (20 mL) was added. The mixture was stirred at
as a white solid!H NMR (400 MHz, CDC}): 6 7.22 (s, 2H), 5.26 70°C for 48 h under nitrogen atmosphere. The purification of polymer
5.29 (m, 4H), 5.22 (m, 2H), 4.83 (s, 2H), 4:24.26 (m, 6H), 4.0% 2awas conducted according to the procedure abtdeNMR data OfCDV
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Scheme 2. Synthetic Route to Fluorescent Conjugated Glycopoly(p-phenylene)s

H
H% %
H
SH

H
H
OH

| DMF, K,CO; |
HO OH), B THF, K R CH;0H
( )ZB'O'B( )2 , K2CO3 ' CHsoN —98, polymer A or B
Pd(PPh3)4, K2CO3 g " 1aor1b R s
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T A OAc
Monomer 2 Stirat 70 °c for48h Polymer 2a 1-thiol-B-D-glucose tetraacetate

polymer 2a are the same as that obtained by post-polymerization
functionalization of polymerl with 1-thiolethyl-w-pD-mannose tetra-
acetate 1a). PolymerA was obtained by de-acetylation under Zemple
conditions in methanol and methylene chloride containing sodium

presence of KCOs, resulting in PPPs bearing peracetylated
o-mannoside of-glucoside residues (polymgaor 2b), which
were deacetylated under Zerhpleonditions in a mixed solution

of methanol and methylene chloride containing sodium meth-

methoxide and its NMR data are the same as those obtained by theOdee resulting ina-mannose-bearing PPP (polyma) or

postpolymerization functionalization above.

Polymer B. PolymerB was prepared in a similar way to polymer
A except using 1-thiop-b-glucose tetraacetatélf) instead of 1-thiol-
ethyl-o-mannose tetraacetatédj. *H NMR (400 MHz, D:0): ¢ 7.60,
7.27, 4.09-3.95, 3.86-3.40, 2.42 ppm. PolymemB is highly soluble

in water and displays absorption maxima at 339 nm and emission

maxima at 439 nm in phosphate buffer (pH 7.2).

PolymerB was also prepared by postpolymerization functionaliza-
tion of the polymerl via thioether formation of the bromoalkyl groups
with 1-thiol-8-p-glucose. Polymerl (200 mg), 1-thiolg-p-glucose

fB-glucose-bearing PPP (polymB) (Scheme 2). The bromide-
bearing polymedf was obtained by polymerization of a bromide-
bearing diiodoaryl monomed) and 1,4-phenyldiboronic acid

in the palladium-catalyzed Suzuki coupling reaction condition
(Scheme 2). The latter methodology is generally advantageous
because it needs fewer reaction steps than the prepolymerization
functionalization method, allows easy control of the number of
sugars along the polymeric chain and provides an effective
means to rapidly attach a variety of different carbohydrates to

sodium salt hydrate (650 mg), and potassium carbonate (0.75 g) wereConjugated polymers. Polymérdisplays absorption maxima

placed in a 50 mL round-bottom flask. DMF (35 mL) was added to

the flask, and the reaction flask was degassed and refilled with N

After the mixture was stirred at room temperature for 72 h, the resulting
mixture was dialyzed in a cellulose dialysis tube (cutoff 12 000) against
water for 3 days (15 water changes) and lyophilized to give Polymer
B. Its NMR data are the same as those above.

Results and Discussion

We explored simple, convenient, versatile prepolymerization
and postpolymerization functionalization methods to attach
carbohydrate residues to a pgiyghenylene) (PPP) scaffold
through flexible oligo(ethylene glycol) tethers. The prepoly-
merization functionalization method is to prepare a well-defined
o-mannoside-carrying diiodoaryl monom@) énd polymerize
it with 1,4-phenyldiboronic acid by the palladium-catalyzed

at 339 nm and emission maxima at 440 nm in chloroform
solution, which were ascribed to the—s* transition of the
conjugated polymer backbone. Polymferexhibits absorption
maxima at 338 nm and emission maxima at 438 nm in phosphate
buffer solution (pH 7.2). PolymeB displays absorption maxima

at 339 nm and emission maxima at 439 nm in phosphate buffer
(pH 7.2). PolymersA and B were found to be very stable in
deionized water and phosphate buffer solution (PBS). Moreover,
they are easily dissolved in aqueous media without aggregation
and highly fluorescent in phosphate buffer (pH 7.2). These
properties have made their applications in biological systems
feasible.

We used the fluorescent-mannose-bearing polymé to
study its ability to recognize Con A anfl-glucose-bearing
polymerB as a control polymer to test selectivity. Con A, a
member of the lectin family, selectively binds teomanno-

Suzuki coupling reaction, affording PPP bearing peracetylated Pyranosyl andx-glucopyranosyl residuéé.it exists predomi-

a-mannoside residues (polym&g), which was deacetylated
under Zempla conditions in a mixed solution of methanol and
methylene chloride containing sodium methoxide, resulting in
o-mannose-bearing polyméx (Scheme 2). Monome? was

nantly as a tetramer of four identical subunits of approximately
26 000 Da at neutral and alkaline pH lev&sBelow pH 5.6,
however, it dissociates into active dimers. It binds two metal
ions per monomer; a transition metal, Mrand C&", must be

readily obtained through reaction of bromide-bearing monomer present for saccharide bindiAg Titration of Con A into a

(2) with 1-thiolethyl-a-p-mannose tetraacetate in THF solution
in the presence of ¥CO;, forming thioether bridges (Scheme
2). This approach using well-defined and anomerically pure
building blocks can create well-defined molecular constitution

phosphate buffer solution containiegmannose-bearing poly-
mer A results in a concentration-dependent quenching of the
polymer fluorescence (Figure 1) and a very small decrease of
the polymer U\~visible absorption. However, titration of Con

of fluorescent conjugated glycopolymers. The postpolymeriza- A into a phosphate buffer solution containirfyglucoside-

tion functionalization approach is to treat bromide-bearing
polymer 1 with 1-thiolethyl-a-p-mannose tetraacetatéa] or
1-thiol-8-p-glucose tetraacetatélf) in the THF solution in the

bearing polymeB shows no significant change of the polymer
fluorescence. This is consistent with the literature which showed
that Con A displays no binding ability t8-glucoset’ TheseCDV
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Figure 1. Fluorescent spectra of polymer A in the absence and Figure 2. Fluorescent spectra of polymer B in the absence and
presence of Con A in a phosphate buffer solution containing 1.0 x presence of Con A in a phosphate buffer solution (pH 7.2) containing
10~7 M polymer A, 0.1 mM CacCl,, and 0.1 mM MnCl,. 1.0 x 1077 M polymer B, 0.1 mM CaCl,, and 0.1 mM MnCl..
results clearly indicate that tree-mannose-bearing polyméyr 154 o ®
selectively binds Con A, resulting in quenching of the polymer o °
fluorescence and that the polymer does not possess any 1.4 d
nonspecific binding to Con A. o ¢
Conjugated polymers feature short emissive lifetimes on the 1.3+ .
order of 0.2-0.5 ns unless they contain organometallic frag- = .
mentst21819 As a result, only static quenching is predomi- ~ 42 .
nant!218.19|n static quenching, the quencher forms a ground- .
state complex with the fluorophore which is then quenched after 11
excitation: quenching constaKky in static quenching equals o
the apparent complex formation constant of quencher to 1.0 b
fluorophore. Using the SterfiVolmer relationship offers a 0 2 4 6 8 10 12 14 16 18
simple way to extract binding constadfsA quantitative Concentration of Con A (10° M)

measure of the fluorescence quenching can be achieved by o
Figure 3. Stern—Volmer curve of polymer A with different Con A

concentrations in phosphate buffer containing 1.0 x 10~7 mol/L of
polymer A, 0.1 mM CacCly, and 0.1 mM MnCls.

determining the well-known SterrVolmer constantKs,2°
I/l =1+ Kgy [Q]

wherely is the intensity of fluorescence in the absence of the
qguencher and is the intensity of fluorescence in the presence
of the quencher. [Q] is the concentration of quencher. The
equation reveals thdt/l increases in direct proportion to the
concentration of the quencher, aKdy is the Stera-Volmer
constant, defining the efficiency of quenching. When all other
variables are held constant, the higher kg, the lower the
concentration of quencher required to quench the fluores@nce.
The Stern-Volmer quenching constant of polymérby Con

A was calculated as 4.5 10’ (Figure 3).

Type 1 pili in Escherichia coli(E. coli) are filamentous
proteinaceous appendages composed of FimA, FimF, FimG, and
FimH proteins. FimA accounts for more than 98% of the pilus Figure 4. Visualization of mannose-binding ORN178 strain (left) and
protein, and FimH is uniquely responsible for the binding to mutant ORN208 strain (right) after incubation with a-mannose-bearing
p-mannose. We choose twl. coli strains ORN178 and  Polymer A.

ORN208 for testing and control experiments to investigate the

specific binding of thex-mannose-bearing polymérto FimH the polymer was not removed by rinsing and separation (Figure
protein. The ORN178 strain expresses the wild-type type 1 pili 4). However, polymeB did not bind the ORN178 strain.

that selectively bind mannose, whereas the ORN208 strain is The presence of the ORN178 strain in polym&r in
deficient of the fimH gene and expresses abnormal type 1 pili phosphate buffer solution (pH 7.0) results in a significant
that fail to mediateo-mannose-specific binding. These bacteria quenching of the polymer fluorescence (Figure 5), whereas the
strains in 1 mL of PBS buffer were individually incubated with  presence of the ORN208 strain shows no significant change in
10—20 ug of polymerA or B for 30 min with gentle shaking,  the polymer fluorescence. In addition, the presence of the
centrifuged at 10 0apfor 30 min, washed five times with PBS ~ ORN178 strain in phosphate buffer solution (pH 7.2) containing
buffer and the final cell pellet was resuspended in PBS buffer. f-glucose-bearing polymds displays no significant change in
Incubation of polymerA with ORN178 strain resulted in  the polymer fluorescence. The experimental results indicate that
formation of fluorescently stained bacteria clusters from which polymerA selectively binds the pili of the ORN178 strain b&bv
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2.5x10°- No ORN178 Strain that fluorescent conjugated glycopagiyghenylene)s are a simple
. — — 10mg/L ORN178 Strain detection method for protein and bacteria.
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Figure 5. Fluorescence spectra of polymer A in the absence and @) EA(?Tg]gean3¥2%£27sg4K Whitesides, G. Mngew. Chem., Int.
presence of ORN178 strain in phosphate buffer (pH. 7.2) containing () Jelinek, R.; ’Kolusheva, Chem. Re. 2004 104, 5987-6015.
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not those of the ORN208 strain, demonstrating specific binding  (5) Zeng, Y.; Kong, F. Z.; Yan, Z. TProg. Chem2005 17, 111-121.

of polymerA to FimH protein. (6) Iigfiniaa; V.; Melia, E.; Haddleton, D. MEur. Polym. J2004 40,
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