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ABSTRACT: Platelet-like and cylindrical nanostructures from sugar-
based polymers are designed to mimic the aspect ratio of bacteria and
achieve uroepithelial cell binding and internalization, thereby
improving their potential for local treatment of recurrent urinary
tract infections. Polymer nanostructures, derived from amphiphilic
block polymers composed of zwitterionic poly(D-glucose carbonate)
and semicrystalline poly(L-lactide) segments, were constructed with
morphologies that could be tuned to enhance uroepithelial cell
binding. These nanoparticles exhibited negligible cytotoxicity,
immunotoxicity, and cytokine adsorption, while also offering
substantial silver cation loading capacity, extended release, and in
vitro antimicrobial activity (as effective as free silver cations) against
uropathogenic Escherichia coli. In comparison to spherical analogues,
cylindrical and platelet-like nanostructures engaged in significantly higher association with uroepithelial cells, as measured by flow
cytometry; despite their larger size, platelet-like nanostructures maintained the capacity for cell internalization. This work establishes
initial evidence of degradable platelet-shaped nanostructures as versatile therapeutic carriers for treatment of epithelial infections.

KEYWORDS: Silver-bearing polymer nanostructures, antimicrobial, cell-binding and internalization, platelet-shaped nanostructures,
urinary tract infections

■ INTRODUCTION

Urinary tract infections (UTIs) are among the most common
bacterial infections acquired in the community and in
hospitals,1,2 and recurrent UTIs can arise from re-emergence
of bacterial colonies that are impervious to standard antibiotic
treatment while they persist within epithelial cells lining the
urinary bladder.3,4 Globally, increasing antibiotic resistance
among uropathogens further makes these recalcitrant UTIs
challenging to treat.5−7 Alternative strategies utilize biocides
with low likelihood of resistance development; for example,
silver cations (Ag+), the predominant antimicrobial silver
species, exert activity against a broad spectrum of bacteria and
other microbes and rarely elicit bacterial resistance.8−12

For intracellular delivery of therapeutics, polymer nano-
carriers offer capacity for encapsulating various antimicrobial
agents and for optimizing nanoparticle (NP) cell binding and
uptake, by installing targeting ligands or modulating NP
physical and mechanical properties (e.g., size, shape, chemical
composition, surface chemistry, and modulus).12−18 It is
hypothesized that adherence and internalization of E. coli
within epithelial cells is facilitated by multivalent adhesin−

receptor binding interactions and by the elongated rod-like
aspect ratio of these Gram-negative bacilli,3,19 features that can
both be leveraged in the chemical design of nanocarriers.
Previous work demonstrated that shell cross-linked knedel-like
(SCK) spherical NPs having dimensions of ca. 20−40 nm and
functionalized with E. coli FimHA, the type 1 pilus tip adhesin
that mediates bacterial attachment to bladder epithelium,20

readily bound cultured uroepithelial cells but were rarely
internalized.21,22 This result indicated that, despite specific
interactions between NPs and cell-surface receptors, achieving
epithelial internalization of NPs would require more than
merely installing a targeting ligand. A logical next approach
relies on the optimization of NP size and shape to promote
multivalent cell binding and improve internalization.23,24
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Due in part to their anisotropic properties, rod-like NPs have
attracted growing interest.25,26 Gratton et al. reported rapid
and efficient internalization of rod-like, high-aspect-ratio
hydrogel particles with dimensions as large as 3 μm by
human cervical carcinoma epithelial (HeLa) cells.27 Liu et al.
elucidated the effect of the aspect ratio of rod-like NPs on
cellular uptake, showing that rods with aspect ratios of 4 and 8
were internalized faster by both epithelial and endothelial cells
than rods with an aspect ratio of 17.28 Further, Agarwal et al.
revealed that uptake of disc-shaped hydrophilic NPs into
cultured mammalian cells was more efficient than for nanorods
made from similar materials.29 Additionally, Decuzzi et al. have
shown, theoretically, that nonspherical oblate-shaped particles
bind more strongly and can withstand higher linear shear-flow
forces than spherical NPs,30 a consideration important in
designing NPs for urinary tract use. These observations
highlight the importance of NP morphology and dimension
in creating optimized therapeutic carriers.
Here, we report the design of multifunctional, fully

degradable synthetic zwitterionic block copolymers to afford
micellar nanostructures of spherical, cylindrical, and platelet-
like morphologies, and we evaluate the effect of NP
morphology and dimension on cellular binding and internal-
ization. Biocompatibility of these nanocarriers was evaluated by
measurement of cell viabilities and cytokine expression levels.
Platelet-like and cylindrical nanostructures displayed greater
cell binding and internalization properties, compared to
spherical NPs. Finally, loading capacity and release kinetics
of antimicrobial silver cations were quantified, and the in vitro

antimicrobial activities of silver-loaded NPs against pathogenic
bacteria were determined.

■ RESULTS AND DISCUSSION

Design of Multifunctional Polymeric Nanocarriers
with Varied Morphology. To construct nanocarriers of
varied morphology from biobased amphiphilic block polymers,
synthetic building blocks were designed with tunable backbone
chemical compositions and functional diversity rendered by
side-chain and chain-end groups. Semicrystalline poly(L-
lactide) (PLLA) was used as the hydrophobic segment due
to its excellent performance in crystallization-driven self-
assembly (CDSA), which facilitated formation of high-aspect-
ratio NPs.31 Zwitterionic cysteine-modified poly(D-glucose
carbonate) (PDGC)32 served as the hydrophilic segment,
chosen for its naturally derived cysteine and glucose building
blocks, versatile functionality, and degradability into environ-
mentally benign molecules,33,34 potentially increasing bio-
compatibility and minimizing toxicity.35 Zwitterions were
introduced to the PDGC block for hydrophilicity and
biocompatibility and to enable antimicrobial metal chelation.
In this study, the functional and degradable diblock copolymer
N3-PDGC(cys)-b-PLLA was designed to incorporate the
features of a zwitterionic hydrophilic shell, semicrystalline
hydrophobic core, and specially installed chain-end azido
group for fluorescent labeling (Figure 1a). A series of
fluorescently labeled amphiphilic diblock copolymers having
similar overall degrees of polymerization yet different hydro-
philic-to-hydrophobic ratios was readily prepared in three steps

Figure 1. Synthetic schemes. (a) Synthesis of polymer 1, N3-PDGC-b-PLLA, by ROP of glucose-carbonate and L-lactide monomers with an azido-
containing initiator, followed by postpolymerization modification via thiol−yne reaction with cysteine to prepare the zwitterionic polymer 2, N3-
PDGC(cys)-b-PLLA, and chain-end modification of polymer 2 with DBCO-functionalized fluorescent dye to afford dye-labeled polymer 3, dye-
PDGC(cys)-b-PLLA. (b) AgOAc loading into polymer nanostructures, through interactions with dithioether and carboxylate groups, and release.
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per each block polymer, from an azide-functionalized alcohol
initiator, an alkyne-functionalized cyclic glucose carbonate
monomer, L-lactide comonomer, cysteine, and MB 488
dibenzocyclooctyne (DBCO). These polymers were then
assembled into nanocarriers, and the effects of NP morphology
on epithelial cell binding and internalization were investigated.
Subsequently, NPs were loaded with silver cations and studied
for their ability to inhibit E. coli growth.
Synthesis and Modification of Multifunctional Am-

phiphilic Copolymers. The diblock copolymers were
synthesized through sequential controlled ring-opening poly-
merizations (ROP)34,36−38 of alkyne-functionalized cyclic D-
glucose carbonate, followed by L-lactide. 3-Azido-1-propanol
was utilized as the initiator to afford diblock copolymers with
an azido group at the polymer α-chain end, capable of chemical
conjugation of a fluorescent dye or targeting ligand. Of note,
the monomer addition order is important to place the reactive
azido group at the hydrophilic end of the chain to avail it for
use in micelle surface functionalization. In a one-pot sequential
ROP process, the cyclic carbonate of glucose was allowed to
undergo polymerization at −78 °C in dichloromethane for 10
min, followed by removal of the reaction mixture from the dry
ice/acetone bath and the introduction of L-lactide and
additional dichloromethane, with the polymerization being
allowed to proceed for an additional 2−3 min before being
quenched by the addition of acetic acid. Allowing the
temperature to increase from −78 °C to ca. 0 °C and
decreasing the concentration of the reaction mixture from 0.45
to 0.1 M for polymerization of the second L-lactide block were
important to maintain the narrow dispersity of the polymer,
likely because the reduced viscosity of the reaction mixture
promoted better PLLA chain extension. Informed by our prior
work,32 we designed three different PDGC-to-PLLA ratios
(4:1, 1:1, and 1:2) of polymer 1, N3-PDGC-b-PLLA, to
achieve spherical, cylindrical, and platelet-like nanostructure
morphologies, respectively. Size-exclusion chromatography
(SEC) revealed unimodal molar mass distributions and low
dispersities, demonstrating well-defined structures of the
diblock copolymers (Table S1, Figure S1). After purification
of the polymers by precipitation into methanol, the degree of
polymerization (DPn) of each block was determined from 1H
NMR spectroscopy (Figures S2 and S3) by comparing the
integration of the initiator N3CH2CH2CH2O central methyl-
ene proton resonance (1.95 ppm) with the integrations of the
resonances of protons attached to the glucose anomeric
carbons (5.03 ppm) in the PDGC segment and methine
protons (5.16 ppm) from the PLLA segment, and the molar
mass (Mn) values were then calculated. For the series of three
polymer 1 samples, the DPn values of PDGC vs PLLA, m:n,
were determined to be 70:18, 47:44, and 39:74, providing the
desired 4:1, 1:1, and 1:2 proportions of PDGC-to-PLLA.
Fourier transform infrared (FT-IR) spectroscopy confirmed
the presence of the azide functional group, by an azide
stretching band observed at 2106 cm−1 (Figure S4).
The three polymers 1 were then modified via a photo-

initiated thiol−yne click reaction with cysteine (10 equiv to
alkyne groups) under UV light (365 nm) in the presence of
2,2-dimethoxy-2-phenylacetophenone (DMPA) for 2 h, to
facilitate quantitative conversion of the alkyne functional
groups on the polymers and minimize polymer cross-linking.
Dialysis against nanopure water (pH 3, adjusted with HCl) at
4 °C and lyophilization were performed to afford the series of
three amphiphilic block copolymers 2 as white powders. The

appearance of thioether proton resonances at 3.06 and 3.31
ppm and the disappearance of the alkyne proton signal
resonating at 3.57 ppm (Figures S5 and S6) indicated
successful conjugation of cysteine side-chain substituents.
FT-IR spectroscopy further supported the introduction of
COO−H and N−H groups by showing a broad peak at 3600−
2300 cm−1 (Figure S7), while indicating the carboxylate
(COO−) characteristic of cysteine with a peak attributed to
carboxylate CO stretching at 1627 cm−1 (Figure S8).
Thermogravimetric analysis (TGA) of polymer 2 revealed two-
stage decomposition with different extents of mass loss for the
different m:n values, but an overall trend of 10−20% mass loss
at 160−190 °C and 30−50% mass loss at 220−320 °C (Figure
S9), corresponding to the loss of cysteine moieties and
decomposition of the polymer backbone, respectively, with ca.
20% mass remaining at 500 °C.
The dye-functionalized polymers 3 were obtained by

copper-free strain-promoted azide−alkyne cycloaddition of
MB 488 DBCO with the azido group at the polymer chain end.
Polymer 2 and fluorescent dye MB 488 DBCO were allowed
to undergo reaction in a mixture of DMSO and H2O (10:1) at
room temperature, while wrapped with aluminum foil to avoid
potential photobleaching. This chemistry would enable facile
decoration of polymers 2 with dyes without UV irradiation,
heat, or applying metal catalysts,39,40 thereby reducing
potential toxicity in traditional copper-catalyzed azide−alkyne
cycloaddition, minimizing fluorescence quenching, and im-
proving the cycloaddition reactivity. The appearance of
resonances attributed to DBCO and dye protons in the
aromatic region of 8.28−6.95 ppm indicated successful dye−
polymer conjugation (Figure S10). Diffusion-ordered spectro-
scopic (DOSY-NMR) analysis of polymer 3 samples provided
further evidence of the successful dye−polymer conjugation by
showing the same diffusion coefficient of the chain-end dye
and polymer backbone protons at ca. 5 × 10−11 m2/s, whereas
free dye molecules in the presence of polymer (nonreactive
chain end) displayed a different diffusion coefficient at ca. 4 ×
10−10 m2/s (Figure S11). UV−vis spectroscopy revealed a
maximum absorption at 498 nm, and spectrophotometry of the
dye−polymer conjugate showed an excitation maximum at 501
nm and emission maximum at 528 nm (Figure S12).

Crystallization-Driven Self-Assembly (CDSA) into
Nanostructures with Varied Morphology. Self-assembly
of the three polymer 3 samples was performed through
CDSA,41−45 following previously described procedures,32 to
afford nanostructures of varied morphologies. Briefly, dis-
persions of dye-PDGC(cys)-b-PLLA in nanopure water
(0.05−0.1 mg/mL) were allowed to undergo vortex,
sonication, and then incubation at 65 °C for 30 h, followed
by cooling to room temperature. Transmission electron
microscopy (TEM) analysis (Figure 2) of polymer 3 with a
hydrophilic-to-hydrophobic DP ratio at 70:18, 47:44, and
39:74 showed spheres (Dav = 11 ± 2 nm), cylinders (Lav = 220
± 66 nm, Dav = 17 ± 4 nm), and platelet-like nanostructures
(Lav = 620 ± 110 nm, Wav = 160 ± 35 nm), respectively.
Polymers with the lowest PLLA content (ca. 6 wt %) yielded
spherical micelles with measured diameters (D) of 6−14 nm.
Elongated cylindrical nanostructures were obtained from
polymers having PLLA contents of ca. 18 wt %, while the
platelet-like nanostructures were formed by polymers with
PLLA reaching ca. 30 wt % (1:2, PDGC:PLLA, m = 39, n =
74). The cylindrical micelles had measured length (L) values
from 150−350 nm, with D values of 13−24 nm. Platelet-like
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nanostructures (L = 400−900 nm) were found to be
significantly longer than cylinders and exhibited widths (W)
of 80−230 nm, revealing not only a morphologic aspect ratio

difference but also significant size differences between the
cylinders and platelets. Additionally, only a small quantity of
spherical nanoparticles was observed in cylinder and platelet
samples by TEM (Figure S13), indicating generally narrow-
dispersed nanoparticle morphology within each sample,
beneficial for studying the effects of morphology and size on
performance. In total, these results demonstrated the feasibility
of accessing diverse nanostructure morphologies of polymer 3
to enable investigation of the nanostructure shape and
dimension effects on uroepithelial binding and internalization.

Bladder Epithelial Cell Binding and Internalization.
Flow cytometry and fluorescent confocal microscopy charac-
terizations were carried out on the fluorescently labeled NPs
derived from dye-PDGC(cys)70-b-PLLA18, dye-PDGC(cys)47-
b-PLLA44, and dye-PDGC(cys)39-b-PLLA74 to quantitatively
determine their association with uroepithelial cells and
visualize internalization, respectively. Cultured uroepithelial
cells, either as subconfluent adherent cells or in suspension,
were treated with MB 488-labeled NPs of various morphol-
ogies, using concentrations and exposure times established in
our prior work.21 Cellular association with NPs was quantified
by flow cytometry, and internalization was observed
qualitatively by confocal fluorescence microscopy after cell-
surface staining with AlexaFluor 594-labeled wheat germ
agglutinin (WGA). Shape-dependent differences in uroepithe-
lial binding were observed using dilute (25 μg/mL polymer)
suspensions of NPs. Specifically, NPs with the platelet or
cylinder morphology exhibited higher binding than spheres
(Figure 3a,b). Furthermore, 3D-reconstructed z-stacks of
confocal images were used to localize intracellular NPs. This
analysis visually confirmed more cell association by platelet
NPs (Figure 3c), though precise quantification of internalized
NPs was not possible with this method. Taken together, our
results suggested that the enlarged and elongated dimensions

Figure 2. Morphology characterization of nanostructures. TEM
images (left) and histograms of the diameter/contour length/width
distributions determined from measurement of ca. 50 particles (right)
of the nanostructures assembled from dye-containing block
copolymers (a) dye-PDGC(cys)70-b-PLLA18, (b) dye-PDGC(cys)47-
b-PLLA44, and (c) dye-PDGC(cys)39-b-PLLA74 (scale bar, 200 nm).

Figure 3. Assessment of cell binding and uptake of NPs. (a) Flow cytometric analysis of cultured uroepithelial cells inoculated with MB 488-labeled
PDGC(cys)-b-PLLA NPs having sphere, cylinder, or platelet morphologies. The proportions of cells bearing bound and internalized NPs (over
four experiments) were sphere, 36.2% ± 6.5%; cylinder, 49.5% ± 10.3%; and platelet, 58.4% ± 15.6%. Representative flow plots from one
experiment shown. (b) Binding efficiencies of NPs expressed with sphere set to “1” as the reference condition; the cylinder and platelet were each
statistically greater than the sphere (*P < 0.05 and **P < 0.01 by t test). (c) Confocal microscopy images with orthogonal projections showing
multiple dye-labeled NPs internalized within uroepithelial cells (surfaces labeled with WGA 594); scale bar, 5 μm (all panels).
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offered by the platelet and spherical morphologies confer
improved binding compared with spheres, favoring uroepithe-
lial internalization despite their larger overall size.
Evaluation of Nanostructure Toxicity. The affinity of

polymer nanostructures to the epithelial cell surface could be
mediated by interactions between nanostructure corona and
cell-surface proteins. We therefore investigated their potential
cytotoxicity, immunotoxicity, and cytokine adsorption activity,
which are essential factors to consider for the development of
materials in biomedical applications (Figure 4). To gain further
understanding of the effect of nanostructure morphology and
whether their specific zwitterionic surface characteristics are
beneficial in mitigating the nanostructure toxicity, measure-
ments of zwitterionic NPs were compared with anionic
(carboxylic acid-functionalized N3-PDGC(COOH)-b-PLLA)
and neutral (PEG-functionalized N3-PDGC(PEG)-b-PLLA)
spherical nanoparticles (Figure S14). In vitro cytotoxicity was
appraised by incubating nanostructures of different morphol-
ogies and surface chemistries with cultured uroepithelial cells
(5637; ATCC HTB-9). The three different morphologic
zwitterionic NPs, as well as neutral spherical NPs, exhibited no
observable cytotoxicity to uroepithelial cells over the tested
concentration range (1.5−210 μg/mL, Figure 4a), supporting
the biocompatibility of these core−shell nanostructured
polymeric micelles. In comparison, anionic NPs caused a
reduction in cell viability at concentrations > 60 μg/mL,
consistent with previous results.46 Immunotoxicity was
evaluated by incubating RAW 264.7 mouse macrophages
with various NP formulations for 24 h and then measuring the

expression levels of 23 cytokines using a multiplex assay.47 No
significant overexpression of any of the tested cytokines was
observed when compared to untreated cells (Figure 4b).
Independently, the cytokine adsorption assay was performed
by measuring the levels of 23 cytokine standards when
premixed with polymer NPs of different morphologies and
different surface chemistries (Figure 4c), in comparison to the
same biomarker concentrations in the absence of the test
materials. This experiment was conducted for two purposes.
First, cytokines may be adsorbed on surfaces and/or within
internal regions of NPs, thereby generating inaccurately low
measurements of the immunotoxic effect.47,48 Second, the
adsorption assay provides an indication of the adsorption of
biomolecules (biofouling) onto the NPs. Spherical zwitterionic
NPs showed much lower adsorption of cytokines compared to
anionic and neutral NPs of the same spherical morphology
(Figure 4c). Among zwitterionic NPs of three morphologies,
the least adsorption of the measured cytokines was observed
with platelet-like NPs, while the highest adsorption was
observed for the zwitterionic cylindrical NPs. These results
demonstrated that zwitterionic nanostructures have favorable
antibiofouling properties, supporting their viability as nano-
carriers for biomedical delivery applications.49,50 Further
studies may illuminate the variations observed in cytokine
adsorption with different zwitterionic NP morphologies.

Preparation of Silver-Loaded Nanostructures, Silver
Release Kinetics, and Antibacterial Activity. Silver cations
were chosen as antibacterial cargo for their chemical
compatibility, low propensity to elicit resistance,51 and biocidal

Figure 4. Cytotoxicity, immunotoxicity, and cytokine adsorption assessments of zwitterionic nanostructures of different morphologies, in
comparison with anionic (ani-spheres) and neutral (neu-spheres) polymer nanoparticles. (a) Uroepithelial cell viabilities after treatment with
polymer nanoparticles at concentrations ranging from 1.5 to 210 μg/mL for 72 h (triplicate experiments). (b) Cytokine adsorption of different
polymer nanoparticles was assessed by measuring the concentration of cytokines in supernatants after incubation of RAW cells, as compared to
untreated samples. (c) Heat map for the cytokine adsorption assay showing the relative concentrations of various cytokines after incubation of
cytokine standards with different polymer NPs (control is cytokine standards without nanoparticles).
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activity that does not require active bacterial replication or
macromolecular synthesis. Encapsulation of silver into
zwitterionic nanoparticles was achieved using silver acetate
(40 wt %) via interactions with the cysteine carboxylate groups
and dithioether moieties within the hydrophilic nanostructure
corona (Figure 1b). Total Ag loadings were 8−12 wt % and
were generally independent of NP morphology, as determined
by inductively coupled plasma mass spectrometry (ICP-MS)
(Figure 5a). TEM revealed that the nanostructures retained
their original morphologies after encapsulation of Ag (Figure
S15), likely due to the existence of the semicrystalline PLLA
core of the nanostructures.32

Release of Ag from the nanostructures was determined by
monitoring the decrease of [Ag] inside dialysis cassettes
against 10 mM phosphate buffer with 10 mM NaCl (pH 7.4)
at 37 °C, quantified by ICP-MS (Figure 5b). As expected,
compared to free unbound AgOAc, it was found that these
zwitterionic nanostructures liberated silver in a sustained
manner, with a release half-life (t1/2) of 3−5 h. Furthermore,
packaged silver cations were stable in aqueous solution for
more than a week without visible precipitation, thus displaying
the colloidal stability needed for in vitro and in vivo
applications. The release characteristics of these antimicrobial
nanotherapeutics may be beneficial during local administration
(i.e., direct epithelial treatment).
The antimicrobial activity of Ag-loaded NPs was examined

by measurement of minimum inhibitory concentrations
(MICs) against two strains of E. coli (uropathogenic strain
UTI89 and laboratory strain MG1655). The MICs of the
silver-bearing NPs, expressed as μg/mL of Ag+, were compared
with silver acetate (Figure 5c, averaged from n = 7 replicates).

The silver-loaded NPs showed similar potencies against UTI89
and MG1655 as free silver acetate, with MICs ≤ 3.1 μg/mL,
which were comparable to the values measured with earlier
silver-bearing constructs (1−4 μg/mL Ag+).52,53 These
antibacterial activities against E. coli indicated that the
incorporated silver is readily available for antimicrobial activity
and demonstrated the suitability of using polymer nanostruc-
ture platforms for silver-based antimicrobial delivery.

■ CONCLUSIONS

In summary, we have developed multifunctional polymer
nanocarriers assembled from zwitterionic amphiphilic block
copolymers to probe, fundamentally, the roles of nanostructure
size, shape, and morphology on their interactions with and
responses by biological systems. These constructs exhibit high
biocompatibility and morphology-dependent epithelial cell
binding and internalization and can be loaded with silver
antimicrobials, thereby providing strategies to combat
recurrent urinary tract infections. Natural product-based
amphiphilic diblock copolymers of different hydrophilic-to-
hydrophobic ratios were synthesized by sequential ROPs;
orthogonal “click” modifications introduced zwitterionic
hydrophilic moieties along the side chain and fluorescent
dyes at the α-chain end. Well-defined nanostructures with
tunable size and morphology (spheres, cylinders, and platelets)
were prepared via CDSA. The cylindrical and platelet
morphologies exhibited the highest uroepithelial binding, and
internalization was most evident with platelet NPs. Cyto- and
immunotoxicities were negligible. When loaded with silver
cation antimicrobials, sustained release profiles were obtained,
and growth of two E. coli strains was inhibited, confirming the

Figure 5. Silver loading, release, and antimicrobial activity in nanostructures. (a) Silver-loading capacities (wt %, left axis; bars) and efficiencies (%,
right axis; lines and symbols) of AgOAc with 40 wt % AgOAc feed. (b) Release profiles of silver from dialysis cassettes containing solutions of
silver-loaded NPs at 37 °C in phosphate buffer with 10 mM NaCl. Average values were calculated from triplicate experiments; error bars indicate
the standard error of the mean. (c) MICs (μg/mL Ag+) of silver acetate and silver-bearing NPs (Ag@spheres, Ag@cylinders, and Ag@platelets),
against E. coli strains; *AgOAc MIC values from a prior study52 are shown for comparison.
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availability of the incorporated silver for antimicrobial activity
with potency comparable to free Ag+. The building blocks used
here yielded functional nanomaterials with therapeutic
potential and the ability to degrade into bioresorbable
components. We further demonstrate the importance of
morphology, in addition to composition, in optimizing
nanocarrier design for the epithelial delivery of therapeutic
cargo.
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