* Unknown * | ACSJCA | JCA11.1.4300/W Library-x64 | research.3f (R4.1.i3 HF01:4938 | 2.1) 2018/08/24 11:08:00 | PROD-WS-120 | rq_1546444 |

6/10/2019 03:52:55 | 12 | JCA-DEFAULT

pubs.acs.org/Biomac

. Identification of Critical Surface Parameters Driving Lectin-Mediated

. Capture of Bacteria from Solutions
3 Mohammadali Masigol,T Niloufar Fattahi,’ Niloy Barua,’ Bradley S. Lokitz,"® Scott T. Retterer,

4

Thomas G. Platt,' and Ryan. R. Hansen*"'

8

s "Chemical Engineering Department and Division of Biology, Kansas State University, Manhattan, Kansas 66506, United States

6 *Center for Nanophase Materials Sciences and SBiosciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831,

7

8

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
3S

36
37
38
39
40
4
42
43
44
45
46
47
48
49

—_

United States

© Supporting Information

ABSTRACT: Lectin-functional interfaces are useful for isolation of

bacteria from solutions because they are low-cost and allow =
nondestructive, reversible capture. This study provides a systematic ——
investigation of physical and chemical surface parameters that
influence bacteria capture over lectin-functionalized polymer
interfaces and then applies these findings to construct surfaces
with significantly enhanced bacteria capture. The designer block
copolymer poly(glycidyl methacrylate)-block-poly(vinyldimethyl
azlactone) was used as a lectin attachment layer, and lectin coupling
into the polymer film through azlactone—lectin coupling reactions
was first characterized. Here, experimental parameters including , P
polymer areal chain density, lectin molecular weight, and lectin L o Coneentoc g o]
coupling buffer were systematically varied to identify parameters oo Toneeinn G T
driving highest azlactone conversions and corresponding lectin

surface densities. To introduce physical nanostructures into the attachment layer, nanopillar arrays (NPAs) of varied heights
(300 and 2100 nm) were then used to provide an underlying surface template for the functional polymer layer. Capture of
Escherichia coli on lectin—polymer surfaces coated over both flat and NPA surfaces was then investigated. For flat polymer
interfaces, bacteria were detected on the surface after incubation at a solution concentration of 10° cfu/mL, and a corresponding
detection limit of 1.7 X 10° cfu/mL was quantified. This detection limit was 1 order of magnitude lower than control lectin
surfaces functionalized with standard, carbodiimide coupling chemistry. NPA surfaces containing 300 nm tall pillars further
improved the detection limit to 2.1 X 10 cfu/mL, but also reduced the viability of captured cells. Finally, to investigate the
impact of cell surface parameters on capture, we used Agrobacterium tumefaciens cells genetically modified to allow manipulation
of exopolysaccharide adhesin production levels. Statistical analysis of surface capture levels revealed that lectin surface density
was the primary factor driving capture, as opposed to exopolysaccharide adhesin expression. These findings emphasize the
critical importance of the synthetic interface and the development of surfaces that combine high lectin densities with tailored
physical features to drive high levels of capture. These insights will aid in design of biofunctional interfaces with physicochemical
surface properties favorable for capture and isolation of bacteria cells from solutions.
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1. INTRODUCTION

Developing synthetic biological interfaces that enable reliable
and rapid capture and enrichment of microorganisms is useful
for applications in food and water monitoring, clinical
diagnostics, applied medicine, and industrial and environ-
mental monitoring.' > Microbe capture and enrichment
support rapid, culture-free detection and thus faster, more
informed responses.” Although synthetic interfaces function-
alized with antibodies targeting microbial surface antigens are
most commonly used for capture,”"® carbohydrate recognition
with lectin-functionalized interfaces has been increasingly
considered as an alternative approach, as microorganisms
express extracellular surface carbohydrates in the form of
lipopolysaccharides, glycolipids, and glycoproteins.” Lectins
have advanced glycomic research, as they can be used to

v ACS Publications  © xxxx American Chemical Society

understand the role of glycans in a variety of cellular
processes.g_11 With respect to cell capture, lectin interfaces
have been used for isolating and enriching cancerous cells from
whole blood,'”"? bacterial pathogens from food and environ-
mental samples,'* and for removal of microbial pathogens from
whole blood for sepsis therapy.'> However, limitations in
capture efliciency often arise because carbohydrate—protein
interactions are inherently weaker than antibody—antigen
interactions,"®"” with equilibrium dissociation constants (Kp)
higher by a factor of 10> to 10" Thus, developing
physicochemically tunable interfaces with improved control
of lectin density, orientation, and stability is key for utilizing
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lectin—carbohydrate interactions for cell capture and other
glycomic research applications.'® ™

Synthetic, biofunctional polymers have been used to tune
physicochemical and biological interface properties to improve
cell capture and surface viability.”** For example, polymer
films containing reactive azlactone groups have been used to
immobilize a suite of biomolecules (lectins, proteins, and
peptides) through rapid coupling with amine or thiol
groups.””** Compared to other bioconjugation chemistries
(e.g, EDC—NHS), the higher hydrolytic stability of azlactones,
combined with one-step “click” reactions with biomolecules,
makes it a robust route to biofunctionalization.”*® Azlactone-
functionalized copolymers have been used to generate reliable
platforms for cell culture investigations. For instance, Schmitt
et al. presented a peptide-coupled interface using a triblock
copolymer consisting of glycidyl methacrylate, polyethylene
glycol, and azlactone-based polymers for human mesenchymal
stem cell adhesion and growth. The polymer coatings
generated a highly stable biointerface, allowing for long-term
(>2 week) cell culture experiments.24 Other amine-function-
alized biomolecules can be coupled to polyvinyl dimethyl
azlactone (PVDMA) surfaces as well. Broderick et al.
presented a top-down fabrication method using poly-
(ethylamine)/PVDMA multilayer surfaces to generate pat-
terned arrays of amine-terminated oligonucleotides for DNA
hybridization studies. Azlactone-bearing background regions
were passivated by treatment with D-%lucamine to prevent
nonspecific biomolecule adsorption.”” Neri et al. used
azlactone-bearing polymers to modulate the chemical proper-
ties of graphene. They generated the azlactone—graphene
interface for the selective attachment of chemical and
biological targets such as glutathione disulfide.”®

In order to address limitations associated with lectin-
binding, Hansen et al. applied the dually reactive block
copolymer poly(glycidyl methacrylate)-block-poly(vinyl di-
methyl azlactone) (PGMA-b-PVDMA) to generate three-
dimensional, microscale patterns of lectins over surfaces for
bacteria capture, and demonstrated that these polymer
treatments could couple high lectin densities and capture
significantly more bacteria from solutions compared to surfaces
containing physisorbed lectins.””*’ However, these polymer
coatings were unoptimized, as lectin—polymer and lectin—cell
interactions were not studied. In fact, few reports have
provided a detailed understanding of how experimental
parameters, such as pH or polymer surface density, affect
biomolecule coupling in these systems.’’ The work presented
here builds off the previous system,”” and provides a
fundamental understanding of the critical surface and coupling
parameters that influence lectin—polymer functionalization
over PVDMA-based coatings. In addition to these chemical
parameters, physical surface features such as nanoscale
architecture also impact capture by providing increased surface
area for bacteria interaction.’” For example, Friedlander et al.
recently showed that submicron surface crevices increase
Escherichia coli—surface adhesion by providing anchoring sites
for flagella.’® Given this premise, we used nanofabrication
methods to generate nanopillar arrays (NPAs)** with
controlled pillar heights to provide an interface with a tailored
nanostructure. This allowed for further investigation on the
impact of nanoscale surface features on a lectin-based capture
in this system. The combination of favorable physical and
chemical surface features was then used to construct surfaces
providing improved gains in sensitivity and capture efficiency.

Finally, the effect of exopolysaccharide production levels on
capture over these interfaces is investigated, which is important
as capture is also influenced by surface properties of the
bacterial cell, such as amount of extracellular polymeric
substances present.”> For these studies, Agrobacterium
tumefaciens was selected as a model microbe as it can release
a broad range of exopolysaccharides such as cellulose,
succinoglycan, f-1,2 glucan, $-1,3 glucan, and unipolar
polysaccharides (UPPs).***” Prior research has established
an A. tumefaciens strain whose UPP adhesin production can be
experimentall7y manipulated in the absence of other exopoly-
saccharides.”*® This biological resource allowed for an
experimental evaluation of the relative importance of lectin
surface density and adhesin production to bacterial cell
capture.

2. EXPERIMENTAL SECTION

2.1. Materials. Sodium carbonate (Na,COj;), sodium bicarbonate
(NaHCO;,), 2-(N-morpholino)ethanesulfonic acid hemisodium salt
(MES), 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid
(HEPES), manganese(Il) chloride (MnCl,), calcium chloride
(CaCly), anhydrous toluene, 3-aminopropyl triethoxysilane
(APTES), N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide
(EDC), N-hydroxysuccinimide (NHS), dimethylformamide (DMF),
succinic anhydride (SA), triethylamine, isopropyl -p-1-thiogalacto-
pyranoside (IPTG), and glutaraldehyde solution (25 wt % in water)
were purchased from Sigma-Aldrich. Triticum vulgare lectin (wheat
germ agglutinin, WGA), Helix pomatia lectin (HPA), and
concanavalin A from Canavalia ensiformis (ConA) were purchased
from Sigma-Aldrich and diluted to specific concentrations in buffer
and stored at —20 °C. WGA—FITC conjugate and HPA—Alexa Fluor
488 conjugate were purchased from Fisher Scientific, diluted to the
desired concentration in 1X phosphate-buffered saline (PBS), and
stored at —20 °C. 1X PBS buffer (pH 7.4), carbonate/bicarbonate
buffer (pH 9.3, pH 10.0, and pH 10.4), HEPES buffer (pH 8.0), and
MES buffer (pH 6.0) were made using standard recipes.”” WGA and
HPA were dissolved in the buffers with pH 7.4, 9.3, and 10.4. ConA
was dissolved in the buffers with pH 6.0, 8.0, and 10.0 that contained
100 uM of MnCl, and CaCl, (Mn?* and Ca*" are critical for the
carbohydrate interaction).*® E. coli K12-mCherry and A. tumefaciens
JX110 (AcrdSAcelAexoAAchvAB mutant of strain CS8) carrying
pJW110 (encoding an IPTG-inducible P, -pleD) were stored in 25%
glycerol stocks at —80 °C.*”*® PGMA¢-b-PVDMA, 5 was synthesized
as reported by Lokitz et al,*' and stored at —20 °C until use. A LIVE/
DEAD BacLight Bacterial Viability Kit was purchased from
ThermoFisher Scientific and stored at —20 °C until use. Silicon
(Si) wafers were purchased from WRS Materials.

2.2. Polymer Cross-Linking over Flat Si Substrates and
Lectin Functionalization. Flat Si wafers (9 X 9 mm) were treated
with oxygen plasma (3 min), then treated with Piranha solution (3:1
v/v H,50,/30% H,0, at 120 °C for 30 min) (Caution! strongly
corrosive) for cleaning and to generate surface hydroxyl groups to be
reacted with the epoxy group existing in the PGMA block.* The
wafers were then washed with ultrapure water and used within 24 h of
cleaning. The PGMAg,-b-PVDMA, ;5 polymer was dissolved in
anhydrous chloroform at the specified concentration. The solution
(100 uL) was spin-coated over wafers (1500 rpm, 15 s), and
substrates were then placed in a vacuum oven for 18 h (annealing
temperature: 110 °C). Cross-linking of the PGMA epoxy groups to
the surface hydroxyl groups allowed for covalent attachment to the Si
substrate.*’ After annealing, acetone was used to sonicate the
polymer-coated surfaces for 10 min to remove physisorbed polymer.
The substrates were dried with N, and stored at vacuum condition

until further use. Using the ellipsometry data, the areal chain density
41,42

has been calculated using the following equation
hpN,
c=—="
M, (1)
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In this equation, & corresponds to polymer film thickness (nm), p is
the density of the block co-polymer (g/cm®), N, and M, represent
Avogadro’s number and polymer molecular weight (34 231 g/mol),
respectively. Lectin functionalization to the PVDMA chains (Scheme
S1A) was conducted by incubating solutions of WGA, HPA, or ConA
in their appropriate buffers over azlactone-functionalized substrates
for 1 h. Substrates were incubated in 100 uL volumes at 0.1 mg/mL
lectin concentrations unless otherwise noted. A 0.05% solution of
Tween 20 in appropriate buffer was used to wash the substrates.
Identical protocols were followed for functionalization over polymer-
coated nanopillar surfaces from Section 2.3.

2.3. Fabrication of NPA Surfaces. NPA surfaces were created
using a combination of mask-less reactive ion etching (RIE) and
plasma-enhanced chemical vapor deposition (PECVD). Clean 4”
(100) silicon wafers were etched in an Oxford Plasmalab 100 RIE
system (Oxford Instruments, Concord, MA) for the desired time (3.3
or 10.3 min) using a “black silicon” etch recipe (100 W dc bias,
1000 W ICP RF power, 20 °C, 35 mT, 65 sccm SFq, 45 sccm O,).
This etch process simultaneously generates random SiO, micromasks
across the sample surface while removing exposed silicon, creating
nanopillar texturing. A thin (~32 nm) layer of SiO, was then
deposited on the samples via PECVD to provide an oxide attachment
layer for the PGMA4-b-PVDMA ;5 polymer. Samples were placed in
an Oxford Plasmalab 100 PECVD system (Oxford Instruments,
Concord, MA) and coated with SiO, at approximately 1.1 nm/min
for 30 s (350 °C, 1000 mT, 20 W RF power, 170 sccm 5% silane in
Ar, 170 sccm N,O). Samples were imaged in an FEI NovaLab Dual
Beam system prior to being coated with SiO,. Coating of PGMA4-b-
PVDMA, ;5 on samples was performed according to the procedure
described in Section 2.2. Polymer-coated nanopillar surfaces are
referenced according to their pillar dimensions as low aspect ratio
NPA (LAR-NPA) and high aspect ratio NPA (HAR-NPA).

2.4. Preparation of Bacterial Samples and Capture
Conditions. Liquid cultures were prepared by inoculating a single
colony of E. coli K12-mCherry in 3 mL of LB media (37 °C, 215
rpm). Bacteria were harvested by centrifugation, washed and re-
suspended in 1X PBS solution. E. coli-mCherry solution with desired
optical density OD) was incubated over the lectin-functionalized
substrates by gentle rocking. After incubation of 1 mL of microbe
solution for 1 h, the substrates were immersed in 1X PBS buffer
(0.05% Tween 20) to remove unattached bacteria followed by fixing
the attached cells using 2.5% glutaraldehyde in ultrapure water. The
substrates were then washed using ultrapure water and dried by
aspirating water off the surface. Bacteria concentration in solution was
quantified using OD (ODgy,) measurements. A. tumefaciens was
cultured in AT minimal media supplemented with 0.5% glucose (w/
v), 15 mM (NH,),S0,, and 100 mg/mL gentamicin.***> For each
culture a single colony of A. tumefaciens JX110 pJW110 was inoculated
into 2 mL of media and cultured for 22—24 h (28 °C, 215 rpm). We
then used 10 uL of this culture to inoculate 2 mL of fresh media
supplemented with either 0, 50, 100, 200, or 400 yuM IPTG. These
cultures grew for an additional 10—14 h such that log phase cultures
could be used for subsequent experiments. A growth curve verified
that these cells were taken in the log phase after this amount of time
(Figure S1).

2.5. Lectin Binding Assay. The UPP production by A.
tumefaciens JX110 pJW110 was visualized by using WGA labeled
with FITC.>” The washed cell solution (1.0 mL) was incubated with
10 pg/mL solutions of WGA—FITC (1.0 mg/mL) for 1.5 h at 25 °C
while shaking at 200 rpm. Lectins unattached to the bacteria were
removed by spinning down the cell suspension (4000 rpm, 10 min)
and washing the solution twice. The solution was resuspended to an
ODgp of 0.1 and 10 uL of the labeled cell suspension was pipetted
between a glass slide (75 X 75 mm) and a coverslip (20 X 20 mm).
The fluorescent intensity of the labeled cells was determined using a
fluorescent microscope (Nikon Eclipse Ti-E).

2.6. EDC—NHS Coupling. Lectins were coupled to the Si wafer
surfaces using EDC—NHS chemistry (Scheme S1B) following a
standardized coupling protocol described in the works of Kim et al.*®
and Patel et al.*’ Briefly, Si wafers were cleaned in Piranha solution

(3:1 v/v H,S80,/30% H,0,) at 120 °C for 30 min (Caution! strongly
corrosive), then incubated with a 3% (v/v) solution of APTES in
anhydrous toluene for 24 h to make an APTES film on the surface.
Toluene was used to sonicate the substrates for 20 min. The surfaces
were then cured at 100 °C for 24 h, followed by sonication in
ultrapure water for 20 min. Substrates were then incubated in DMF
including S mg/mL of SA and 5% (v/v) trimethylamine for 4 h. The
surfaces were immersed in a solution of EDC (50 mg/mL) and NHS
(5 mg/mL) in 0.25 M of MES (pH 6.0) for 3 h to introduce NHS
ester groups over the substrates. Functionalized surfaces were then
immobilized with WGA (same as PVDMA surfaces) followed by
incubation with different concentrations of E. coli cell suspensions.

2.7. Limit of Detection Determination. Limit of detection
(LOD) is reported in terms of a solution concentration and was
calculated according to the International Conference on Harmo-
nisation (ICH) definition. This uses a combination of (1)
microscopic evaluation of cells captured on a surface after incubation
at a given solution concentration and (2) standard deviation and slope
of the response (3 X 6/m), where ¢ is the standard deviation from the
replicates’ analysis near the detection limit, and m is the slope of the
calibration curve,**™%°

2.8. Live/Dead Assay. A live/dead assay was used to measure
bacteria viability after surface capture following the procedure
described in the LIVE/DEAD BacLight Bacterial Viability Kit,
L7012.>" Briefly, 2 uL of SYTO 9 and 2 uL of propidium iodide
fluorescent dyes were added to 1 mL of NaCl 0.85 wt % solution and
thoroughly mixed. Flat and nanopillar surfaces were spin-coated
(1500 rpm, 15 s) with a 0.75 wt % solution of PGMA4-b-PVDMA,
and then functionalized with WGA. E. coli solution (1 mL) (10* cfu/
mL) was then incubated on the surfaces. After 1 h, bacteria on each
surface were stained with 200 uL of SYTO 9/propidium iodide
mixture for 15 min in a light-protected environment. SYTO 9
penetrates into the membrane of all cells, whereas propidium iodide
only permeates dead cells and reduces SYTO 9 fluorescence when
both dyes are present.’"*> Samples were then washed with the buffer
to remove unattached dye and imaged with a fluorescent microscope.

2.9. Instrumentation. 2.9.1. Fourier Transform Infrared Spec-
troscopy. A PerkinElmer attenuated total reflection—Fourier trans-
form infrared spectroscopy (ATR—FTIR) was used to generate IR
spectra and measure the peak intensity of the azlactone carbonyl
group at 1818 cm™. Before analyzing the samples, ethanol was used
to clean the crystal and the background spectrum of the diamond
crystal was obtained (64 scans). The spectra acquired were examined,
background-subtracted, and baseline-corrected by using Perkin
software.

2.9.2. Ellipsometry. A J.A. Woollam M-2000U variable angle
spectroscopic ellipsometer was used to determine the polymer film
thickness spin-coated over the Si wafers (wavelength range 245—999
nm). Optical properties were explained by a Cauchy model,
considering: (1) polymer layer represented a uniform layer and (2)
the refractive indices for PVDMA and PGMA at 632 nm were
considered as 1.52 and 1.50, respectively.*'

2.9.3. Brightfield and Fluorescence Microscopy. An upright
microscope (BXS1, Olympus) and a fluorescent microscope (Eclipse
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Ti-E, Nikon) were used to take brightfield and fluorescent images of 313

surfaces containing fluorescent lectins or captured bacteria. Lectin
levels were quantified using NIS-Element software and reported as
average fluorescent intensity per area + standard deviation.

2.9.4. Scanning Electron Microscopy. Characterization of surfaces
was performed using scanning electron microscopy (SEM; FEI
VERSA 3D DUAL BEAM) at 10 kV under 25 000 and 65 000
magnification. Bacteria were fixed for 15 min with 2.5%
glutaraldehyde, and dehydrated in isopropanol solution (70 wt %)
for 1S min. Prior to SEM analysis, the surfaces were coated with a thin
gold film (3.2 nm) using an EMS 150R plus rotary pumped coater
(Electron Microscopy Science).

2.10. Image Analysis. Image] software was used to count the
number of attached bacteria on the surfaces. Five to six representative
images of each substrate were taken at different locations and reported
as average =+ standard deviation.
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Figure 1. Surface characterization of lectin-functionalized PGMA-b-PVDMA, ;5 films using ellipsometry, ATR—FTIR, and fluorescent
microscopy. (A) Azlactone reaction conversion after WGA coupling at each polymer surface density before and after WGA functionalization. (A
inset) IR spectra of surfaces functionalized with 0.75 wt % polymer (blue line) and then coupled with WGA (red line). (B) WGA density measured
for surfaces precoated with different polymer concentrations. (C) Fluorescent intensity of polymer-functionalized surfaces immobilized with 0.1
mg/mL of WGA—FITC or HPA—A488 in 1X PBS (control: 1x PBS without lectin incubated over substrates). ** = P < 0.01, * = P < 0.05,
statistical differences apply to both WGA and HPA data sets. n = 3 independent substrates per condition. Values are the average + standard

deviation.

2.11. Statistical Analysis of Data. One-way ANOVA was used
to compare group means and to test whether there was any statistical
evidence that the associated population means were significantly
different.> Post-hoc Tukey’s tests were used to make pair-wise
comparisons.”* The statistical significance of the results was
confirmed at 95% confidence level. Calculations were performed by
MINITAB 17 software and all values reported as the mean with the
standard deviation.

3. RESULTS AND DISCUSSION

3.1. Investigation of Lectin—Polymer Interactions on
Flat Substrates. The goal of this study was to investigate the
effect of PVDMA chain density on lectin coupling in an effort
to identify the polymer chain densities that provide the highest
levels of azlactone conversion and highest corresponding lectin
density. Whereas higher PVDMA chain densities, and thus
higher densities of azlactone groups, would be expected to
increase lectin surface loading, other factors including steric
hindrance of polymer brushes or changes in polymer
morphology could render higher fractions of azlactone groups
inaccessible for coupling. To investigate this, different
concentrations of polymer (0.25—1 wt %) were first spin-
coated over Si wafers followed by annealing and sonica-
tion.>**® Polymer film thickness and IR spectra of each sample
were then measured (Figures S2 and S3) and subsequent
calculation of areal chain densities was calculated using eq 1.
Film thickness and areal chain density showed a linear increase
with polymer solution concentration, consistent with Lokitz et
al.*' The overall range of thickness was found to be 30—110

nm, whereas the areal chain density was 0.5—2.2 chains/nm?.
Further, ATR—FTIR characterization of these substrates after
WGA lectin coupling showed the expected decrease in the
peak at 1818 cm™' because of the ring opening, covalent
reaction between azlactones and lectins,””>” and a correspond-
ing appearance of an amide peak at ~1600 cm™" (Figure S3).

Azlactone conversion measured for each PVDMA chain
density is shown in Figure 1A, as well as representative FTIR
spectra of azlactone peak absorbance (inset). To account for
the fact that azlactone hydrolysis from aqueous buffer could
also cause a decrease in absorbance, control substrates that
were incubated with coupling buffer only (1x PBS) were also
measured, and showed 6—7% hydrolysis in every case,
independent of PVDMA chain density. With lectin coupling,
a significant portion of azlactone groups remained unreacted at

each polymer density. Whereas this is partially due to the

hydrophobic nature of the polymer that results in collapse of 372

VDMA chains, a decrease in azlactone conversion with higher
PVDMA chain densities is also noted. This trend suggests that
as polymer chains become more compact, steric hindrance
reduces the intermolecular interaction between lectin and
polymer brushes.**"®° A comparison of P-values from
azlactone conversion data in Figure 1A reveals that the most
significant impact of polymer chain density occurred between
1.0 and 1.6 chains/nm*. Comparable trends have been noted
with other PVDMA systems. For example, Aden et al. studied
the surface properties and the reaction of PVDMA films with
molecule amines (hexylamine, tetradecylamine, and octadecyl-
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Figure 2. Results demonstrating the lectin addition and hydrolysis of azlactone groups at various pH. Variation of azlactone reaction conversion
with different pH levels calculated by the percentage decrease in the height of the IR spectra peak at 1818 cm™ because of (A) WGA
immobilization, (B) HPA, and (C) ConA. Contribution of each lectin was measured by subtracting the summation (buffer + lectin) from
hydrolysis data (buffer). * = P < 0.05, n = 3 independent substrates per condition. Values are the average + standard deviation.

amine) and concluded that the degree of functionalization is
lowered when the chain density of polymers increases.”’ In
another work, neutron reflectometry analysis of PVDMA
brushes coupled with amines indicated that the degree of
functionalization of polymer decreases when the grafting
density of brush chains increases.”” We further estimated the
resulting lectin density on these surfaces by assuming that
conversion of one azlactone group was equivalent to
attachment of one lectin, shown in Figure 1B. As evident,
applying higher polymer concentrations results in more lectin
density up to a polymer density of 1.6 chains/nm?; beyond this
point there was no change.

To verify the trends in Figure 1A,B, independent fluorescent
measurements of lectin density were also performed using
fluorescently labeled lectins (WGA—FITC and HPA—Alexa
488). Figure 1C shows the fluorescent intensity of polymer-
functionalized substrates before and after treatment with
solutions of WGA. The plot reveals increases in lectin density
because of higher fluorescent intensity with increasing polymer
concentration up to 1.6 chains/ nm?, followed by saturation at
higher densities, consistent with the trend in Figure 1B,
providing additional evidence of steric hindrance at higher
polymer densities. To investigate if similar trends were noted
with other lectins, analogous studies were performed with a
significantly larger lectin (HPA & 70 kDa compared to WGA
35 kDa), which showed a similar trend. It is worth
mentioning that the intention of Figure 1C is not to compare
the florescent intensity of WGA—FITC with HPA—Alexa fluor
488 at each polymer concentration, as each has been
conjugated with a different type and number of fluorophores.
These combined results led us to use surfaces with a chain
density of 1.6 chains/nm? in order to provide maximum lectin
loading for further use.

3.2. Investigation of a Lectin Panel for PVYDMA
Coupling and Microbe Capture. Despite the widespread
potential to functionalize PVDMA-based polymers with
biomolecules, coupling buffers that maximize PVDMA
conversion with lectins have not been studied. Schmitt et al.
reported that peptide coupling was significantly affected by

~
~

change in pH, as an increase of pH from 7.4 to 9.5 enabled
optimum coupling efficiency of cRGDfK peptides to
PVDMA.*" Here, the effect of coupling buffers on WGA,
HPA, and ConA lectins was investigated using buffers with pH
values commonly used in the literature.*”**~% The selection
of these three lectins and the pH values tested were based on

428

differences in molecular weight, isoelectric point, number of 429

azlactone-reactive lysine residues, and sugar specificity (Table
S1). Whereas higher pH buffers favor nucleophilic addition
with primary amino nucleophiles, the rate of azlactone
hydrolysis will also increase and consequently compromise
the reactive groups available. Figure 2A—C demonstrates the
effect of solution pH on hydrolysis and aminolysis of the
azlactone ring. Here, azlactone reaction conversion was again
measured using ATR—FTIR to identify the optimum pH,
leading to the highest conversion for each lectin. Polymer-
functionalized surfaces were also exposed to each buffer
without lectin to quantify the effect from azlactone hydrolysis.
The percentage decrease in the 1818 cm™ peak can be
attributed to the sum of the reactions of azlactone with amines
and hydroxyl groups. The net contribution of amines then can
be calculated by subtracting the summation from hydrolysis
data. As can be seen for all three lectins, increasing pH to an
intermediate level (pH 9.3 or 8.0) enhanced the lectin—
azlactone reaction conversion marginally, reaching ~30%. The
optimal pH found at 9.3 is likely because this is slightly above
the pK, of lysine residues present on the protein (pK, =
8.95),% resulting in deprotonated amino groups that most
efficiently couple with the azlactones. The lower levels of HPA
coupling compared to the other lectins may be due to the
lower number of lysine residues present (Table S1).

To identify lectins that enable the highest bacteria capture
levels, this panel of lectins was coupled to polymer surfaces at
the pH showing highest levels of coupling, and capture levels
for model E. coli mCherry cells at high concentrations (10°
cfu/mL) were quantified. As lectins provide valuable interfaces
for glycoprofiling cell-surfaces, proteins, and other glycoconju-
gates,”’ the secondary goal here was to verify that polymer-
functionalized surfaces coupled with different lectins could
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Figure 3. (A) Representative fluorescent images of E. coli-mCherry captured by the polymer surfaces immobilized with WGA, HPA, and ConA at
high concentrations (10° cfu/mL). As the control, BSA solution (1 wt %) was incubated on the PVDMA substrates to account for nonspecific
binding of cells to the surface under these conditions. (B) Calculated number of captured E. coli on the surface via using Image]. The values were
given as the mean of five different surface locations from three independent surfaces. *** = P < 0.001, ** = P < 0.01. Values are the average +

standard deviation.

462 produce a differential binding response consistent with
463 literature. The results in Figure 3 indicate that E. coli capturing
464 capacity of WGA is higher than that of HPA and ConA,
465 suggesting that WGA lectin had higher binding affinity for E.
466 coli than HPA and ConA. The difference in capture ability
467 might be due to the lectin size, sugar specificity, or the
468 composition of the bacteria cell wall.®® Similarly, Wang et al.
469 described a surface plasmon resonance sensor coupled with
470 WGA and ConA lectins for E. coli O157:H7 capture, also
471 indicating higher capture of E. coli by WGA compared to
472 ConA.”> Hsu and Mahal reported a lectin microarray for fast
473 analysis of the carbohydrates present on bacterial cell surfaces,
474 and demonstrated that lectin surfaces produced differential
475 binding levels, with WGA-functional surfaces capturing more
476 E. coli compared to ConA.”

477 3.3. Characterization of PVDMA-Coated NPA Surfa-
478 ces. In order to integrate physical nanostructures into our
479 capture surfaces, we generated high-density NPAs on silicon
480 surfaces using RIE etching, as described in Section 2.3. These
481 structures were designed to serve as an underlying surface
482 template for the PVDMA polymer films, providing the
483 interface with pronounced nanoscale architecture. Etch times
434 were varied to generate low-aspect ratio NPAs (LAR-NPAs)
4ss and high-aspect ratio NPAs (HAR-NPAs). Figure 4A,B show
486 SEM images of substrates with LAR-NPA surfaces prior to the
487 PVDMA coating step. These nanopillars appear to be 300 + 59
488 nm in height with an average diameter of 73 + 9 nm. After
489 PVDMA spin-coating and annealing, the polymer appears
490 visible on the nanopillars, as shown in Figure 4C. An increase
491 in average pillar diameter to 120 & 6 nm because of addition of
492 the polymer coating was measured and pillar aggregation was
493 also noted. The apparent thickness of the polymer films on
494 nonaggregated pillars (~47 nm) was less than the polymer film
495 thickness measured after spin-coating onto flat Si surfaces (80
496 nm, Figure S1), likely because the spin-coating process is
497 nonconformal. HAR-NPA surfaces appeared to have similar
498 pillar diameters as their LAR-NPA counterparts before coating,
499 but the pillars were 2100 + 126 nm in height, as shown in
soo Figure 4D,E. After spin-coating over these surfaces, the
s01 polymer again appeared to cause nanopillar aggregation, as
s02 shown in Figure 4F. Because of excessive pillar aggregation

Figure 4. Scanning electron micrographs of NPAs before and after
PVDMA spin-coating. (AB) Uncoated LAR-NPA surfaces; (C)
PVDMA-coated LAR-NPA surfaces; (D,E) uncoated HAR-NPA
surfaces; (F) PVDMA-coated HAR-NPA surfaces. Spin-coating used
a 0.75 wt % PVDMA solution followed by annealing at 110 °C.

here, we were unable to quantify the increase in individual
pillar diameter because of the polymer. Instead, to further
confirm the presence of the PVDMA polymer on the
nanopillars, additional qualitative characterizations were
made, including energy-dispersive X-ray spectroscopy to verify
a change in surface composition and fluorescence measure-
ments of the coated substrates (Figure S4), which detected an
increase in fluorescence after the spin-coating and annealing
steps because the polymer is weakly autofluorescent.

3.4. Sensitivity and Quantitative Detection of E. coli.
Results obtained from Sections 3.1 to 3.3 were applied to
generate both flat and NPA surfaces coated with lectin-
functional PVDMA for assessment of capture sensitivity. All
polymer films were functionalized under conditions showing
highest levels of lectin coupling and bacteria capture at high
concentrations (0.75 wt % PVDMA spin-coating, WGA lectin,
pH 9.3 coupling buffer) and a set of capture experiments were
performed to quantify the LOD.
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Figure 5. (A) Representative microscopic images of E. coli captured by the WGA immobilized on EDC—NHS surfaces, functional flat- PVDMA
surfaces, and functional LAR-NPA surfaces after contact with bacteria at different concentrations. Yellow arrows indicate a representative bacteria
cell on the surface. (B) Corresponding analysis of the number of captured E. coli for different bacteria solution concentrations. The values were
given as the mean of five different locations from three independent surfaces. Values are the average + standard deviation.

521 To first benchmark the gains in sensitivity from the flat
522 polymer surfaces against standardized capture substrates, a
523 side-by-side comparison of capture levels was performed using
524 lectin substrates functionalized with an EDC—NHS coupling
s25 chemistry protocol.” Different concentrations of bacterial
526 culture (ranging from 10* to 10° cfu/mL) were contacted with
527 WGA functionalized to either flat PVDMA or EDC—NHS
s28 surfaces and incubated for 1 h (Figure SA(i),(ii)). For a wider
529 observation of these surfaces, see Figure SS. For flat, WGA-
s30 functionalized PVDMA surfaces (herein referred to as
functional flat-PVDMA), the number of cells captured was
significantly higher at concentrations between 10*> and 10* cfu/
533 mL (P < 0.01), as shown in Figure SB. An estimated detection
s34 limit of 1.7 X 10° cfu/mL was calculated and a linear
s3s correlation between the number of captured bacteria and the
536 logarithm of E. coli concentration was also observed. The result
537 at 10° cfu/mL (Figure SA(ii)) was presented to demonstrate
538 bacteria capture near the LOD. For control EDC—NHS
539 substrates, no bacteria were observed at a concentration of 10°
s40 cfu/mL, and the LOD was estimated as 1.6 X 10* cfu/mL.
s41 Compared with the EDC—NHS cross-linking protocol, the
s42 functional flat-PVDMA surface exhibited a lower detection
543 limit by roughly 1 order of magnitude. This improvement in
s44 sensitivity is attributed to the increased lectin density and
s45 uniformity over the PVDMA polymer. We quantified that a
546 41.9% increase in lectin density was present relative to the
s47 control, based on fluorescence measurement (Figure S6).
s48 Further comparison of capture levels at diluted bacteria
s49 concentrations (10* cfu/mL) also shows that capture
sso efficiency, defined as the number of cells captured on the
ss1 surface compared to the number of cells initially in solution,
ss2 improved from 51.8 to 72.9%.

ss3 This comparison quantifies the gains in sensitivity that can
ss4 be achieved using the polymer compared to conventional
sss interface chemistry. Additional advantages of using the
ss6 polymer relative to the standard substrates include (1) high
ss7 hydrolytic stability of PVDMA compared to NHS esters, which
ss8 are susceptible to hydrolysis,25 making it a more robust
559 platform for biofunctionalization; (2) a facile, one-step protein
seé0 bioconjugation using a rapid “click” reaction with no
s61 byproducts; and (3) facile control of reactive site densities
s62 through modulating the polymer solution deposition proce-
s63 dure (Figure S2). This last benefit is particularly useful, as it

wv n
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enables one to modulate the range and strength of the cell- s64
binding interaction. 565

To access the impact of incorporating nanostructure into the sés
lectin-functionalized polymer films, the sensitivity was accessed s67
in an analogous fashion for NPA surfaces after PVDMA- s68
coating and WGA functionalization; these surfaces are herein s69
referred to as “functional NPAs”. Figure 5 demonstrates s70
additional gains in capture efliciency and sensitivity using the s71
functional LAR-NPA surfaces, as cell capture levels were 572
significantly increased at all solution concentrations between 573
10% and 10* cfu/mL (P < 0.01). With the addition of the LAR- 574
NPAs, the LOD using the PVDMA coatings improved from s7s
1.7 X 10° to 2.1 X 10* cfu/mL. Binary fluorescent images 576
instead of brightfield images are provided for the functional 577
LAR-NPA surfaces for image clarity (Figure SA(iii)). To check s7s
for nonspecific capture of bacteria because of the presence of 579
the nanostructures, a negative control was performed by sso
instead passivating LAR-NPA surfaces with BSA. Here, capture ss1
of E. coli was minimal (12 + 3 cells/mm?) at solution ss2
concentrations of 10* cfu/mL. Capture on functional HAR- ss3
LAR surfaces was not quantified, as distinctive changes in cell s84
morphology were noted; this will be discussed in Section 3.5. sss

The positive effects from the nanostructure are consistent sss
with multiple findings from the literature. For example, Jalali et s87
al. presented a microfluidic device containing three-dimen- sss
sional, shrub-like nano—micro islands (NMI) for capture and sso
detection of E. coli and Staphylococus aureus. The fluorescent so0
intensity of both captured on 3D NMI structures was 591
improved compared to flat platforms.”” With respect to 592
eukaryotic cell capture, Wang et al. reported Si NPAs 593
immobilized with epithelial-cell adhesion-molecule antibodies 594
to isolate circulating tumor cells and found that the s9s
functionalized NPAs increased cell adhesion 10-fold compared s96
to smooth Si substrates.”' Chen et al. measured a similar so7
increase in CTC capture by increasing the roughness of the s98
capture surface from 1 to 150 nm.” 599

The gains in sensitivity quantified for lectin-based capture 600
from (i) use of the PVDMA polymer and (ii) addition of 601
nanostructure give these interfaces relevance to a variety of 602
different diagnostic applications where lectin-based bacteria 603
capture is traditionally limited. For example, contaminated 604
water samples containing fecal coliforms such as Enterococci 605
and Escherichia bacteria generally range in concentrations from 606
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607 10° to 10° cfu/mL.”>”* With respect to clinical applications,
608 urinary tract infections (UTIs) often require detection on the
609 order of 10° cfu/mL, depending on the type of bacteria
610 present.”” Both flat and NPA surfaces are applicable for UTI
611 diagnosis. Finally, literature reports the initial symptoms of
612 sepsis in an adult when bacteria are present in blood at 1—100
613 cfu/mL.”*”” Lectins have been shown to be particularly useful
614 for isolation of bacteria from blood; for example, engineered
615 mannose binding lectin was recently applied to remove Gram-
616 negative and Gram-positive pathogens from blood at high
617 specificity in a blood cleansing device.'> Our highest sensitivity
618 surfaces, achieved with functional LAR-NPAs surfaces,
619 achieves an LOD on the order of 10* cfu/mL, approaching
620 the upper-end of the sensitivity requirement for applications to
621 blood infections. Whereas further development is required for
622 bacteria isolation directly from clinical or environmental
623 samples, we have observed similar capture levels between the
624 buffer and the LB media (Figure S7), suggesting that these
625 surfaces are useful for capture from more complex media.

626  3.5. Bacteria Viability after Capture on Functional
627 NPA Surfaces. Whereas functional NPAs improved cell
628 capture, nanopillars may also have bactericidal properties as
629 they can cause mechanical cell deformation and lysis by
630 puncturing and rupturing the cell membrane on contact.”® To
631 characterize the effect of the nanopillar structure on cell
632 viability, both SEM images and live/dead assays were used.
633 Figure 6A shows the SEM images of E. coli after capture on

[Functional flat-PVDMA|

~
oo

M
oot

o 40
e e
Figure 6. (A) Scanning electron micrographs and microscopic images
of E. coli after capture onto functional NPA surfaces. Bacteria or
cellular debris were colored pink to distinguish them from the pillars.
(B) Representative fluorescent images and % of live cells after capture
to each surface. Control: attached bacteria were exposed to a 2.5%
glutaraldehyde solution and 70% isopropanol solution to verify that
dead cells could be detected with the live/dead assay. Live/dead assay
images were adjusted with Image] to maximize color contrast.

634 functional LAR-NPA and functional HAR-NPA surfaces.
635 Whereas the cell structure was maintained on LAR-NPA
636 surfaces (Figure 6A(i)), significant deformation in cell
637 morphology becomes apparent on HAR-NPA surfaces. Here,
638 intact bacteria appear more stretched and deformed across the
639 pillars (Figure 6A(ii)) and cellular debris also becomes visible
640 across the surface (Figure 6A(iii)), indicating that cell lysis is
641 occurring. Live-dead assays indicate that while 48 + 6.8% of
642 the attached E. coli cells remained alive after contact on the flat
643 PVDMA surfaces, viability decreased upon contact with the
644 NPAs; 12 + 4.5% of cells were live on LAR-NPAs and 9 + 4%

of intact cells were alive on HAR-NPAs (Figure 6B). Taken 645
together, the combined results in Figures 5 and 6 emphasize 646
the potential trade-offs offered by each capture surface. For 647
applications where only capture and detection sensitivity are 648
important, LAR-NPA surfaces are most beneficial. However, 649
for applications requiring retrieval of live cells for culture-based 650
follow-up analysis (e.g., enrichment for genotyping, testing for 651
antibiotic resistance, etc.), nonstructured, flat PVDMA surfaces 652
may be more beneficial. 653
3.6. Importance of Bacteria UPP Expression Versus cs4
Lectin Density on Capture. Whereas lectin density is key for 6ss
improving bacteria capture, the structure and composition of 636
the bacteria’s extracellular surface can also play a significant 657
role.*® Here, we systematically modulated production of an 658
exopolysaccharide adhesin, a critical bacterial cell surface 659
feature, to understand its effect on lectin-based surface capture. 660
This was achieved using A. tumefaciens JX110 pJW110, a s61
mutant strain that produces modulated levels of UPP adhesin 662
in response to varied degree of pleD gene expression. The UPP 663
adhesin is localized to one pole of A. tumefaciens cells and plays 664
a key role in initiating stable surface attachment.*®””
Extracellular UPP levels can be controlled by varying IPTG 66
inducer concentration in culture media. Without IPTG 667
induction, very low levels of UPP are inherently present and s6s
this strain also lacks other major exopolysaccharides produced 669
by A. tumefaciens. Upon induction, UPP is produced and binds 70
WGA lectin because it is partly composed of N-acetyl 671
glucosamine (GIcNAc) components. Consequently, this 672
system allows us to experimentally manipulate the degree to 673
which bacterial cells present extracellular surface features 674
required for capture by lectin-functional interfaces. Further, 675
this experimental system allows us to manipulate these features 676
over a broad and quantitative range, including levels exceeding 677
that of unmanipulated, planktonic A. tumefaciens cells.”” 678
It was first verified that UPP expression could be modulated 679
by culturing JX110 pJW110 in culture media supplemented 680
with either 0, 50, 100, 200, or 400 uM IPTG. Similar 6s1
experimental conditions reported in Xu et al. were sufficient to 6s2
produce substantial overexpression of the UPP adhesin relative 683
to uninduced controls.”” Extracellular glycan levels were then 6s4
characterized with a solution-phase lectin binding assay using 6ss
WGA-FITC, binding to GlcNAc components present on the 686
extracellular surface.”” As shown in Figure 7A, increasing the 687 7
IPTG concentration resulted in proportionally hi_gher UPP 688
production consistent with the results of Xu et al.”” Post hoc 6s9
Tukey’s test was applied to identify three groups with 6%
significantly different fluorescence levels (denoted by groups 691
a, b, and c in Figure 7A). On the basis of this, we used IPTG 692
concentrations of 0, 200, and 400 uM for subsequent 693
experiments in which cells produced varying levels of UPP 694
(P < 0.05). Across this range of IPTG concentrations, a wide 695
range of UPP levels was achieved for further study; increasing 696
IPTG from O to 200 uM raised the cell fluorescent intensity by 697
96%, whereas an additional increase to 400 uM increased cell 698
fluorescence by another 35%. To measure the impact that UPP 699
production levels had on capture, WGA surface density was 700
held constant (0.46 lectins/nm?) and capture was measured by 701
incubating the surfaces with JX110 pJW110 populations 702
cultured at each of the three different IPTG concentrations 703
identified from Figure 7A. Each population was incubated over 704
the lectin-functional surface at the same concentration (ODgq, 705
= 0.1) and experimental conditions. As shown in Figure 7B, a 706
slight increase in bacteria capture was measured as UPP 707
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Figure 7. (A) Variation of fluorescent intensity of A. tumefaciens JX110 cells after culturing at different IPTG concentrations and labeling with
FITC-conjugated WGA lectins. One-way ANOVA and Tukey’s test were applied to measure overall and pairwise p-values, respectively. Tukey test
categorized IPTG concentrations into three different groups (a, b, and ¢). (B) Number of captured A. tumefaciens JX110 cells on the surface at
different IPTG concentrations. All solutions of JX110 cells were incubated on the surface at OD 0.1 and lectin density was held constant at 0.46
WGA/nm? (C) Number of captured A. tumefaciens JX110 on the surface at different lectin densities. All solutions were again incubated over the
surface at OD 0.1 and the IPTG concentration was kept constant at 200 yM. The values were given as the mean of five different locations from
three independent surfaces. ** = P < 0.01, * = P < 0.05, NS = not significant. Values are the average + standard deviation.

expression increased. However, the difference was not
statistically significant (P > 0.05). To compare these changes
to changes caused by varying the WGA surface density,
populations of cells showing intermediate levels of UPP
expression (IPTG = 200 uM) were cultured; then their capture
was measured across surfaces with varied WGA densities
(Figure 7C). JX110 pJW110 populations were incubated over
the surface at the same concentration as in the previous
experiment (ODgy, = 0.1). Here, the number of captured
bacteria showed a strong dependence on WGA density, as
increasing WGA densities from 0.23 to 0.39 or to 0.46 WGA/
nm> generated significant increases in capture (P < 0.05).
Results from Figure 7A,B demonstrate that bacteria capture
increases as both the levels of extracellular adhesin increase and
as lectin surface densities increase, which is consistent with
other reports,”**"* and with the theory that multivalent
lectin—oligosaccharide interactions increase binding
strength.'®®” Comparing the two different factors, it appears
that lectin surface densities had a greater impact on capture
efficiency as a twofold increase in lectin density generated a
statistically significant increase in capture level, whereas a
threefold increase in extracellular glycosylation levels did not.
This finding is highly favorable, because in real capture
applications the lectin surface density on the synthetic interface
can be easily manipulated using the parameters discussed
previously (see Figures 1—4), whereas the extracellular glycan
levels of the targeted bacteria cannot be controlled. This
highlights the importance of the synthetic interface for driving
capture and for loading high levels of lectin to the surface in
order to efliciently capture bacteria as they encounter the
surface.

4. CONCLUSIONS

Lectin proteins bind extracellular glycan structures with high
specificity and can be functionalized to synthetic interfaces for
nondestructive cell capture and glycomic profiling. In the

742 present research we performed a systematic study of

parameters that influence lectin coupling to the azlactone-
functional block copolymer, PGMA-b-PVDMA, /5, and used
these findings to construct capture surfaces with maximized
lectin density and pronounced nanoscale surface structures for
highest capture efficiency and detection sensitivity at 10* cfu/
mL. It was shown that applying higher polymer concentrations

743
744
745
746
747
748

led to higher lectin surface density up to a polymer density of 749

1.6 chains/nm;” further increases did not impact lectin density,
likely because of steric hindrance. Functional NPA surfaces
were able to provide more interaction area with cells to
enhance cell capture. Gains in E. coli capture on flat and
nanopillar surfaces were quantified, and compared to standard
carbodiimide (EDC—NHS) coupling (LOD: 1.6 X 10* cfu/
mL); 1 order of magnitude improvement in detection
sensitivity was achieved by introducing the functional polymer

to flat surfaces (LOD: 1.7 X 10° cfu/mL), whereas 2 orders of 7ss

magnitude improvement in detection sensitivity was measured
for the nanopillar surface (LOD: 2.1 X 10* cfu/mL). The range
of detection sensitivities achieved for our flat and NPA surfaces
offer potential use in a variety of applications including
diagnosis of UTI, blood infections, and detection of bacterial
pathogens in water-applications where lectin-based capture has
traditionally been limited. Finally, our experiments indicate
that lectin surface density, modulated by the underlying
polymer chain density, allows for one to efficiently tune the
strength of the binding interaction, and that this parameter had
a greater impact than extracellular glycosylation levels on
bacterial cell capture. Taken together, this work emphasizes the
critical role of the synthetic interface design for efficient
isolation of bacteria from solutions.
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778 PGMA4-b-PVDMA, ;s and EDC/NHS surface function-
779 alization scheme; growth curve of the A. tumefaciens
780 JX110 culture solution; ellipsometry analysis of Si
781 surfaces spin-coated with different polymer concen-
782 trations; ATR—FTIR analysis of Si surfaces spin-coated
783 with different polymer concentrations; SEM—EDX and
784 autofluorescence analysis of bare Si and PVDMA-coated
785 surfaces; microscopic images of E. coli captured on Si
786 surfaces functionalized with PGMA,-b-PVDMA, ¢ and
787 EDC/NHS treatment method at different bacteria
788 concentrations; representative fluorescent images of
789 lectin surfaces functionalized using EDC/NHS and
790 VDMA coupling; comparison of bacteria capture from
791 1X PBS and LB media; and properties of the lectin panel
792 used (PDF)
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