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Abstract

Slippery, porous polymeric antimicrobial surfaces for biofilm attachment inhibition of the clinical 

strain Pseudomonas aeruginosa (PA14) have been prepared. Porous BMA-EDMA, characterized 

for its hydrophobic properties, was infused with a slippery liquid creating a hydrophobic liquid 

interface and characterized by water contact angle and SEM. A low shear force bioreactor was 

used to prepare biofilms on these antimicrobial surfaces. Biofilm attachment was studied using 

fluorescence microscopy coupled with image analysis in ImageJ. While the literature presents that 

these slippery polymers work well as antimicrobial surfaces for several strains of Pseudomonas 
aeruginosa, it has been found to be strain dependent. This report demonstrates that slippery 

surfaces do not work well for the strain PA14, and biofilm covered >3.5 times more area as 

compared to the control glass surfaces.
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Introduction

Biofilms are communities of microorganisms organized by extracellular polymeric 

substance matrices adhered to a surface, which are typically found at the interface between a 

liquid and a solid surface.1 When biofilms are grown in the presence of media, biofilm 

adhesion is influenced by a number of factors, including surface roughness and 

hydrophobicity, media flow rate and composition, and even the bacterial cell surface.1–4 

Biofilms have been found to adhere to many different types of surfaces, including medical 
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devices, such as in implants during surgery, which can cause severe medical complications.
2,5 They also infiltrate natural water systems, such as rivers and lakes, as well as water 

supply lines like water pipes introducing bacteria into drinking water which could lead to 

infections.3,6,7 Therefore, there is a pressing need to design surface materials that have the 

ability to deter bacterial attachment. Early designs for these types of antibacterial surfaces 

either involved materials that leach biocides, or antibacterial metals such as silver.8 

However, there are concerns that these methods may induce more resistant bacteria and 

cause toxicity to other living organisms.9,10 More recently, photocatalyic materials have 

been developed where semiconductors, such as zinc oxide and titanium dioxide absorb 

radiation energy forming superoxide and hydrogen peroxide that will kill bacterial cells.
9,11,12 Further, exploration in nano-topography changes has led to the development of 

surface modifications including polymer brushes13 and nature-inspired nanopillars.10

While there are many possible lines of defense against biofilm development, prevention of 

initial adhesion has been a major focus in recent years, specifically with bio-surfactants and 

superhydrophobic surfaces.9 Bio-surfactants are amphiphilic compounds produced by 

microorganisms as part of bacteria quorum-sensing, cell surface, and metabolic systems.14 

Their antimicrobial properties have been a significant topic of interest and several 

compounds have been identified and commercialized for the inhibition of biofilm growth.15 

Similarly, superhydrophobic surfaces - inspired by the lotus leaf - have been found to change 

the behavior of bacterial adhesion by the repellent nature of the surface.16 Made up of 

nanostructures that reduce the surface contact area and attraction forces of the surface, these 

superhydrophobic surfaces cause “beading” or the “lotus effect” and are characterized to 

have a very large water contact angle (≥150°).17 Many methods have been developed to 

fabricate these surfaces, including the development of highly porous polymeric material 

such as poly(L-lactic acid) (PLLA).17,18

Continued inspiration from nature, the Nepenthes pitcher plant has led to the development of 

slippery liquid-infused porous surfaces (SLIPS) where a liquid interface forms a repellent 

surface. In these surfaces, the porous structure is used as the solid support but the pores can 

be infused with a liquid lubricant.19 In this study, the macro sized porous polymer poly(butyl 

methacrylate-co-ethylene dimethyacrylate) (BMA-EDMA) is lubricated with 

perflouropolyether (PFPE) to form SLIPS as an antibacterial surface.

Pseudomonas aeruginosa (PA) is a Gram-negative bacterium with high thriving capabilities 

in a variety of environmental and nutrimental conditions.20 PA is a common cause of 

community-acquired and hospital-acquired infections and found to be closely associated to 

injuries, such as severe burns, and immunocompromised hosts, such as in cystic fibrosis 

(CF)5,20–22 AIDS, and cancer patients.5,22 The formation of PA biofilms has been most 

seriously connected to CF, where lung infections are the leading cause of death for this 

disease.5 In this work, the strain used is PA14 which is a human isolate and commonly used 

as a reference strain because it has been identified as a strain capable of infecting animals, 

plants, insects, and nematodes.21

Bioreactors are used in the study of biofilms to mimic real life conditions.23 In this work, a 

drip flow reactor (DFR) was used to simulate PA growth in common infections such as 
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catheters and lungs of CF patients. The biofilm growth conditions in DFR represent a low-

shear environment where nutrients in media are flowing across cells that are attaching to a 

surface over time to form a biofilm with a high cell density.24

There is literature precedence of several different PA strains that were grown on the slippery 

BMA-EDMA surfaces using DFR. These reports demonstrated that many PA strains show a 

decrease of bacterial attachment, and thus an inhibition of biofilm accumulation. However, 

some bacterial strains show more attachment on superhydrophobic surfaces and an increase 

in biofilm mass, which may be due to the fact that different genotypes express different 

phenotypic attachment properties.16,25 Therefore, we have studied the initial attachment and 

growth of the clinically relevant PA14 strain on the SLIPS surfaces in a drip flow reactor to 

determine whether this strain’s biofilm formation can be inhibited on SLIPS.

Methods

PA14 growth

Bacteria were obtained from a frozen glycerol stock kept at −70 °C. The bacteria were 

scraped out of the vial using a sterile tip and streaked onto agar plate. The agar plate was 

placed in the incubator at 37 °C overnight for colony growth. An overnight culture was 

prepared in 20 mL of sterile minimal media (0.0478 M Na2HPO4 , 0.022 M KH2PO4, 

0.00856 M NaCl, 0.0374 M NH4Cl, 2 mM MgSO4, 0.1 mM CaCl2 and 0.2% Glucose) in an 

autoclaved 125 mL sidearm flask. A colony was picked from the streaked agar plate and the 

minimal media was inoculated. The culture was grown for 12–16 hours on a New Brunswick 

Scientific incubator shaker I2400 at 37 °C 180–220 rpm. The optical density was determined 

using a Spectronic 20D+ and the culture was grown until an OD of 0.2 was achieved.

The complete polymer modification procedures and characterization are addressed in the 

supplementary information (Figure S1 to Figure S4). Two BMA-EDMA-modified slides 

were obtained and immersed in 90% ethyl alcohol and laid flat under UV light for two 

hours. After which, the UV light was turned off and the slides were angled by 20° and 

infused with perflouropolyether (PFPE) Krytox oil and left for two hours to drain excess oil. 

Finally, the slides were laid flat and left under UV light overnight for a complete SLIPS 

modification. Unmodified glass slides used for biofilm growth comparison were flame 

sterilized using 90% ethyl alcohol.

Initial Attachment Measurements

PA14 with a genetic modification that allows for constitutive express of enhanced green 

fluorescent protein (EGFP) was used for initial bacterial attachment studies. The genetic 

modification of PA14/EGFP was performed at the Helmholtz Institute for Infectious Disease 

Research. Cultures were grown from glycerol stock cultures stored at −70 °C and 

maintained for three week periods on tryptic soy agar. Prior to measurements, liquid cultures 

were grown overnight in tryptic soy broth at 37 °C in an incubator with 180–200 rpm rotary 

shaking. The culture was transferred into M9 minimal media by centrifuging it at a low 

speed (1380xg) to pellet the bacteria and decanting and replacing the tryptic soy broth with 
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M9 minimal media. Cultures were diluted in M9 minimal media to between 5 × 108 and 1.4 

× 109 cells/mL.

Bacterial cultures were quantified initially using a Petroff-Hausser bacterial counting 

chamber and an Olympus BX60 fluorescence microscope. All cell counts were based on 

three images from different regions of the Petroff-Hausser counting grid. BMA-EDMA-

modified glass slides and oil-infused BMA-EDMA-modified (SLIPS) glass slides were 

prepared and used for the initial attachment quantification. A drop (20.0 µL) of bacterial 

culture was placed on the slide surface and photographed from above and in profile. After 

5.0 minutes, 2.00 µL of bacterial culture were removed from the drop without disturbing the 

slide surface using a micropipet. This culture was transferred to the Petroff-Hausser counting 

chamber. The number of attached cells was determined by the difference between the initial 

count and the count after the attachment period. Surface area of contact was determined by 

ImageJ analysis of the drop images. Briefly, the diameter of contact between the drop and 

the surface was determined using the images of the total drop diameter (top view) and the 

shape (profile image) of the drop. The area of contact between the drop and the surface was 

then calculated assuming a circular drop profile using area =πr2. Three attachment trials 

were performed for each surface.

Drip Flow

Four slides (two unmodified glass slides and two SLIPS-modified slides) was placed in petri 

dishes and 25 mL of PA14 culture (OD 0.2) were added to each petri dish. The slides were 

incubated at room temperature for a six hour attachment and incubation period.

Autoclaved peristaltic tubing was connected on a sterile surface using MasterFlex silicone 

tubing and Thermo Scientific tubing connectors. A waste container was added at the bottom 

to collect all runoff waste from the reactor (Figure 1). For cleaning, 1:128 CiDecon solution 

was ran through the tubing. Afterwards, 70% ethyl alcohol solution was run through the 

tubing. Finally, sterile water was run through the tubing. The DFR was placed in a UV hood 

for a ten minute sterilization period. After the six hour incubation period, the slides were 

transferred from the petri dishes to the DFR in a sterile hood. The needles were placed into 

the designated holes at the top of the reactor to each reactor chamber as shown in Figure 1. 

A 10 L carboy with 10 L of sterilized minimal media was connected to the tubing. The 

peristaltic pump was turned on and set to a flow rate that was calibrated to 0.8 mL per 

minute. The reactor ran for eighteen hours.

Staining and Fixing

Detection of bacteria was accomplished with the DNA-specific stain 4′,6-Diamidine-2′-
phenylindole dihydrochloride (DAPI). Slides were removed from each reactor chamber, 

gently washed twice with fresh minimal media, and incubated for 25 minutes in a dark 

chamber with freshly diluted 10 μg/ml DAPI in sterile minimal media solution at room 

temperature. Bacteria were then fixed for 1 hour in 4% paraformaldehyde in 1x phosphate 

buffered saline (PBS) and stored in a dark environment prior to imaging.
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Fluorescence Microscopy

Biofilm growth was analyzed by epifluorescence microscopy on a Leica DMi8 inverted 

microscope at 400x magnification with a DAPI filter. Fluorescence images were captured 

using a cooled CCD camera (Leica DCF7000 T) in monochrome mode and LAS X software. 

Exposure times were <100 ms. At least 7 different fields were captured per sample.

Quantification of Biofilm Coverage

The area occupied by biofilm was quantified using ImageJ. A threshold was set for each 

image and a binary image was produced where all pixels with an intensity above the 

threshold were white, and those below it, black. The threshold value was adjusted to include 

visible bacteria and exclude background staining. The area covered by bacteria was 

calculated from the white pixels. Covered area and total area for all fields captured from a 

single sample were combined, with percent covered being defined as the combined covered 

area divided by the combined total area. A two-sided Student’s t-test was used for statistical 

evaluation of the data sets.

Results and Discussion

Antimicrobial surfaces, SLIPS, were prepared by a previously described method with a few 

modifications and is described fully in the supplementary information (Figure S1).25–27 

Glass slides were modified with a porous polymer, BMA-EDMA, by two methods that 

controlled the height of the polymer surface. As previously described, Teflon tape was used 

to control the height when the polymer mixture was sandwiched between two silanized 

slides and polymerized by UV exposure.26 However, the tape can be stretched producing 

varying height and doesn’t allow for complete modification of the glass slide. A second 

method was developed using 15 µm silica beads, where height could be controlled to the 

diameter of the beads used and the polymer modification completely covered the entire 

slide. To complete the SLIPS modification, the polymer was infused with PFPE liquid 

forming a fluidic, hydrophobic interface. The modified slides were characterized with IR, 

SEM and water contact angle and confirmed a similar surface compared to previous reports 

(Figure S2–S3, Table S1).25,27

The principle behind the prevention of biofilm growth on these superhydrophobic surfaces is 

that bacterial attachment is inhibited by the very “slippery” liquid interface on top of the 

superhydrophobic polymer structure. To explore the inhibition of initial attachment of PA14 

bacteria, an attachment assay was carried out by the quantification of unattached cells from a 

culture before and after a five minute contact period with a modified surface (Figure 2).

Comparing BMA-EDMA-modified and oil-infused BMA-EDMA-modified surfaces 

(SLIPS), initial attachment of bacteria was found to be 1.3 (±0.5) and 1.4 (±1.1) million 

cells per mm2, respectively, demonstrating no significant difference in initial attachment 

behavior (Figure 2). In a previous investigation of biofilm formation on SLIPS surfaces, 

BMA-EDMA-modified surfaces exhibited similar or greater biofilm growth compared to the 

growth on unmodified glass surfaces for multiple strains of PA. However, with the exception 

of PA49, SLIPS-modified surfaces had less biofilm growth.25
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To further study the antimicrobial properties of SLIPS, biofilms of strain PA14 were grown 

on both SLIPS-modified and unmodified glass slides in the low-shear environment of a 

DFR. Slides were seeded using a log-phase culture, after which minimal media was allowed 

to flow down the slides at a rate of 0.8 mL min−1 for 18 hours (Figure 3). Afterwards, slides 

were removed from the reactor and gently rinsed with minimal media to remove the 

presence of lingering planktonic bacteria. The biofilm on each slide was stained with DAPI 

and chemically fixed.

Growth of PA14 biofilm was measured by detection of DAPI using fluorescence 

microscopy. However, biofilm growth in a DFR exhibits some heterogeneity due to minute 

fluctuations in how media is able to flow down the slide. Thus, in an effort to quantify the 

growth of the biofilm across the entire slide, multiple non-overlapping fields were 

systematically imaged along each slide. At least 7 fields were imaged per slide, accounting 

for >0.5mm2 of the slide (an average of 19.4 fields were imaged per slide accounting for 

>1.4mm2). It was necessary to apply a threshold for each image (Figure 4) to visualize 

biofilm growth and calculate the area of the slide that was covered by biofilm. For the 

accurate determination of biofilm coverage, all fields on a single slide were combined to get 

an average biofilm coverage across the slide. This procedure allowed for the calculation of 

percent biofilm coverage by taking the combined covered area divided by the combined total 

area.

Contrary to previous reports from Li et al., slides modified with SLIPS were found to have 

significantly more biofilm growth than unmodified glass slides (p < 0.02).25 An average of 

24.1% (±17.8) of SLIPS-modified slides (n=9) were occupied by PA14 biofilm, compared to 

only 6.7% (±6.9) in unmodified glass slides (n=10) (Figure 5). The heterogeneity of the 

biofilm samples was likely responsible for the large stand deviations in Figures 4 and 5. This 

was addressed by sampling each slide multiple times to obtain an accurate average of the 

biofilm coverage. To confirm that DAPI only stained the biofilm, blank SLIPS-modified and 

unmodified slides were stained, but neither slide was found to have any significant DAPI 

fluorescence (data not shown). Furthermore, minimal changes in water contact angle (< 4°) 

showed that the SLIPS modification was minimally impacted by the continuous flow of 

media (Table S1), which suggests that surface stability was not a factor in the bacterial 

adherence or growth.

It is not currently clear why our results do not match prior studies as reported by Li et al.25 

But it is clear from our results that the clinical isolate PA14 must attach to the SLIPS surface 

by a slightly different mechanism, and is actually enhanced by the slippery surface. It is also 

unclear which of the genetic abnormalities harbored by PA14 might be responsible for this 

different behavior. The results demonstrate that biofilms may have different preferences of 

surfaces when it comes to attachment. In fact, some strains may prefer to grow on 

hydrophobic surfaces such as SLIPS. Our results question the universality of the 

antimicrobial properties of SLIPS.
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Conclusion

In this study, we have analyzed the antibacterial property of slippery liquid-infused porous 

BMA-EDMA surfaces (SLIPS) in a drip flow reactor. The results show that P. aeruginosa 
(PA14) had a greater amount of biofilm growth on the SLIPS in comparison to the glass 

surfaces which contradicts prior reported growth of PA14 on BMA-EDMA SLIPS surfaces 

by Li et al.25 and other SLIPS studies.19 Characterization of the surfaces confirmed that 

modifications of the SLIPS slides were similar to those reported. This bacterial adhesion 

behavior was further confirmed by verifying the continuous stability of the SLIPS by water 

contact angle before and after the 18 hr incubation period. While our work does contradict 

previous research, it reinforces the strain dependent bacterial adhesion behavior and the need 

for further investigations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

Funding was provided by NSF-IRES Grant Number 1459838, NSF-LSAMP, Grant Number HRD-1619654, 2016–
2021; HRD-1102461, 2011–2017, the National Institute for General Medical Science (NIGMS) (5P20GM103427), 
and the Camille and Henry Dreyfus Foundation

References

(1). Donlan RM Biofilms: Microbial Life on Surfaces. Emerg Infect Dis 2002, 8 (9), 881–890. 
[PubMed: 12194761] 

(2). Veerachamy Suganthan; Yarlagadda Tejasri; Manivasagam Geetha; Yarlagadda Prasad KDV. 
Bacterial Adherence and Biofilm Formation on Medical Implants: A Review. Proc Inst Mech Eng 
H 2014, 228 (10), 1083–1099. [PubMed: 25406229] 

(3). Percival SL; Knapp JS; Wales DS; Edyvean RGJ The Effect of Turbulent Flow and Surface 
Roughness on Biofilm Formation in Drinking Water. Journal of Industrial Microbiology and 
Biotechnology 1999, 22 (3), 152–159.

(4). Valquier-Flynn H; Wilson CL; Holmes AE; Wentworth CD Growth Rate of Pseudomonas 
Aeruginosa Biofilms on Slippery Butyl Methacrylate-Co-Ethylene Dimethacrylate (BMA-
EDMA), Glass and Polycarbonate Surfaces. J Biotechnol Biomater 2017, 7 (4).

(5). Lyczak JB; Cannon CL; Pier GB Establishment of Pseudomonas Aeruginosa Infection: Lessons 
from a Versatile Opportunist1*Address for Correspondence: Channing Laboratory, 181 
Longwood Avenue, Boston, MA 02115, USA. Microbes and Infection 2000, 2 (9), 1051–1060. 
[PubMed: 10967285] 

(6). Percival SL; Knapp JS; Edyvean R; Wales DS Biofilm Development on Stainless Steel in Mains 
Water. Water Research 1998, 32 (1), 243–253.

(7). Ling F; Whitaker R; LeChevallier MW; Liu W-T Drinking Water Microbiome Assembly Induced 
by Water Stagnation. The ISME Journal 2018, 1.

(8). Lalley J; Dionysiou DD; Varma RS; Shankara S; Yang DJ; Nadagouda MN Silver-Based 
Antibacterial Surfaces for Drinking Water Disinfection—an Overview. Current Opinion in 
Chemical Engineering 2014, 3, 25–29.

(9). Zhang X; Wang L; Levänen E Superhydrophobic Surfaces for the Reduction of Bacterial 
Adhesion. RSC Advances 2013, 3 (30), 12003–12020.

(10). Hasan J; Crawford RJ; Ivanova EP Antibacterial Surfaces: The Quest for a New Generation of 
Biomaterials. Trends in Biotechnology 2013, 31 (5), 295–304. [PubMed: 23434154] 

Wilson et al. Page 7

Int J Nanotechnol Eng Med. Author manuscript; available in PMC 2020 January 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(11). Gladis F; Eggert A; Karsten U; Schumann R Prevention of Biofilm Growth on Man-Made 
Surfaces: Evaluation of Antialgal Activity of Two Biocides and Photocatalytic Nanoparticles. 
Biofouling 2010, 26 (1), 89–101. [PubMed: 20390559] 

(12). Visai L; De Nardo L; Punta C; Melone L; Cigada A; Imbriani M; Arciola CR Titanium Oxide 
Antibacterial Surfaces in Biomedical Devices. The International Journal of Artificial Organs 
2011, 34 (9), 929–946. [PubMed: 22094576] 

(13). Bog U; de los Santos Pereira A; Mueller SL; Havenridge S; Parrillo V; Bruns M; Holmes AE; 
Rodriguez-Emmenegger C; Fuchs H; Hirtz M Clickable Antifouling Polymer Brushes for 
Polymer Pen Lithography. ACS Applied Materials & Interfaces 2017, 9 (13), 12109–12117. 
[PubMed: 28296390] 

(14). Banat IM; De Rienzo MAD; Quinn GA Microbial Biofilms: Biosurfactants as Antibiofilm 
Agents. Applied Microbiology and Biotechnology 2014, 98 (24), 9915–9929. [PubMed: 
25359476] 

(15). Rienzo MADD; Stevenson PS; Marchant R; Banat IM Pseudomonas Aeruginosa Biofilm 
Disruption Using Microbial Surfactants. Journal of Applied Microbiology 120 (4), 868–876. 
[PubMed: 26742560] 

(16). Zhu H; Guo Z; Liu W Adhesion Behaviors on Superhydrophobic Surfaces. Chem. Commun 
2014, 50 (30), 3900–3913.

(17). Sousa C; Rodrigues D; Oliveira R; Song W; Mano JF; Azeredo J Superhydrophobic Poly(L-
Lactic Acid) Surface as Potential Bacterial Colonization Substrate. AMB Express 2011, 1 (1), 34. 
[PubMed: 22018163] 

(18). Mikos AG; Thorsen AJ; Czerwonka LA; Bao Y; Langer R; Winslow DN; Vacanti JP Preparation 
and Characterization of Poly(l-Lactic Acid) Foams. Polymer 1994, 35 (5), 1068–1077.

(19). Epstein AK; Wong T-S; Belisle RA; Boggs EM; Aizenberg J Liquid-Infused Structured Surfaces 
with Exceptional Anti-Biofouling Performance. PNAS 2012, 109 (33), 13182–13187. [PubMed: 
22847405] 

(20). LaBauve Annette E; Wargo Matthew J Growth and Laboratory Maintenance of Pseudomonas 
Aeruginosa. Current Protocols in Microbiology 2012, 25 (1), 6E.1.1–6E.1.8.

(21). Kukavica-Ibrulj I; Bragonzi A; Paroni M; Winstanley C; Sanschagrin F; O’Toole GA; Levesque 
RC In Vivo Growth of Pseudomonas Aeruginosa Strains PAO1 and PA14 and the Hypervirulent 
Strain LESB58 in a Rat Model of Chronic Lung Infection. J. Bacteriol 2008, 190 (8), 2804–2813. 
[PubMed: 18083816] 

(22). He J; Baldini RL; Déziel E; Saucier M; Zhang Q; Liberati NT; Lee D; Urbach J; Goodman HM; 
Rahme LG The Broad Host Range Pathogen Pseudomonas Aeruginosa Strain PA14 Carries Two 
Pathogenicity Islands Harboring Plant and Animal Virulence Genes. PNAS 2004, 101 (8), 2530–
2535. [PubMed: 14983043] 

(23). Azeredo J; Azevedo NF; Briandet R; Cerca N; Coenye T; Costa AR; Desvaux M; Di Bonaventura 
G; Hébraud M; Jaglic Z; et al. Critical Review on Biofilm Methods. Critical Reviews in 
Microbiology 2017, 43 (3), 313–351. [PubMed: 27868469] 

(24). Goeres DM; Hamilton MA; Beck NA; Buckinham-Meyer K; Hilyard JD; Loetterle L; Stewart PS 
A Method for Growing a Biofilm under Low Shear at the Air Liquid Interface Using the Drip 
Flow Biofilm Reactor. Nature Protocols 2009, 4 (3), 783–788. [PubMed: 19528953] 

(25). Li J; Kleintschek T; Rieder A; Cheng Y; Baumbach T; Obst U; Schwartz T; Levkin PA 
Hydrophobic Liquid-Infused Porous Polymer Surfaces for Antibacterial Applications. ACS Appl. 
Mater. Interfaces 2013, 5 (14), 6704–6711. [PubMed: 23777668] 

(26). Li JS; Ueda E; Nallapaneni A; Li LX; Levkin PA Printable Superhydrophilic–Superhydrophobic 
Micropatterns Based on Supported Lipid Layers. Langmuir 2012, 28 (22), 8286–8291. [PubMed: 
22594681] 

(27). Levkin PA; Svec F; Fréchet JMJ Porous Polymer Coatings: A Versatile Approach to 
Superhydrophobic Surfaces. Advanced Functional Materials 2009, 19 (12), 1993–1998. 
[PubMed: 20160978] 

(28). Lamour G; Hamraoui A; Buvailo A; Xing Y; Keuleyan S; Prakash V; Eftekhari-Bafrooei A; 
Borguet E Contact Angle Measurements Using a Simplified Experimental Setup. J. Chem. Educ 
2010, 87 (12), 1403–1407.

Wilson et al. Page 8

Int J Nanotechnol Eng Med. Author manuscript; available in PMC 2020 January 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
Schematic and laboratory set up of the drip flow reactor
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Figure 2: 
Average number of attached PA14 (EGFP) cells per mm2 of the surface after 5 minutes for a 

20 µL drop of culture (5 × 108 to 1.4 × 109 cells/mL) on BMA-EDMA and oil-infused 

BMA-EDMA (SLIPS) surfaces. Averages are based on three independent trials and error 

bars represent standard deviation.
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Figure 3: 
Schematic of the biofilm study performed. Glass slides were first modified to a slippery 

surface as a BMA-EDMA porous polymer followed by infusion with oil, perfluoropolyether 

[PFPE] (1). A biofilm of PA14 was grown in a DFR for 18 hr (2). For biofilm quantification, 

the slides were stained with DAPI and imaged by fluorescence microscopy (3). Using 

ImageJ, images were quantified to calculate the surface coverage of the biofilm (4).
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Figure 4: 
Fluorescence microscopy images after 18 hr PA14 growth in DFR stained with DAPI 

(white). A) Glass surface with 6.6% surface coverage. B) Slippery BMA-EDMA surface 

with 22.8% surface coverage. Scale bars are set at 40 µm.
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Figure 5: 
Comparison of area occupied by PA14 biofilm grown on SLIPS-modified and unmodified 

glass slides. Percent coverage was calculated by taking the area occupied by biofilm in all 

images taken from a single slide divided by the total area imaged. 10 total SLIPS-modified 

and 9 total unmodified glass slides were imaged.
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