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Supplementary Figure S1. Comparison between PAAm and hydroxy-PAAm hydrogels.
Comparison between (A) a standard PAAm and (B) an hydroxy-PAAm hydrogels (E = 25
kPa). Both hydrogels were printed with circular micropatterns of LM. A red circle surrounds
a circular feature on (A). The scale bars correspond to 100 µm.
Supplementary Figure S2. Contrast between adhesive and passivated areas.
Surface plot profiles of fluorescent images presented in Fig. 2B-D show the deep contrast
between (A) triangular, (B) circular and (C) square-shaped LM micro-printed and BSApassivated zones. Dimensions of the surface plot profiles are: 56x56, 61x61 and 51x51 µm2.
Supplementary Figure S3. Stability of protein micropatterns on hydroxy-PAAm
hydrogels.
Fluorescent images of microprinted hydro-PAAm hydrogels (E=25 kPa) after (A) UV-C
germicidal sterilization inside a biosafety cabinet for 20 min (36 patterns in the field view)
and (B) incubation in a complete endothelial cell growth medium (Cells Applications Inc.,
San Diego, CA) for 8 days at 37°C under 5% C02 (64 patterns in the field view).
Supplementary Figure S4. Dependence of the cell ligand density on the gel stiffness.
The fluorescence intensity of LM-coated hydroxy-PAAm hydrogels is not dependent on the
hydroxy-PAAm hydrogel stiffness (from 3.6 to 25 kPa). Datas are given by Mean ± Standard
Deviation of independent experiments (5 ≤ n ≤ 7).
Supplementary Figure S5. Viability of cells deposited on hydroxy-PAAm hydrogels.
Fluorescent images of live and dead assays on HUVECs cultured on (A) homogeneous-coated
and (B) microprinted hydroxy-PAAm hydrogels. (C) The quantification of cell viability
demonstrated excellent cell survival at 24, 48 and 72 hours after being plated on
homogeneous-coated and micropatterned hydroxy-PAAm surfaces. (D) Quantification of
HUVECs proliferation on 25 and 500 kPa homogeneous-coated subtrates after 1 (white bars)
and 7 (hashed bars) days of culture. The scale bar corresponds to 100 µm.
Supplementary Figure S6. Large view of cells cultured on micropatterns arrays.
Large field-of-view imaging (50 mm2) of individual HUVECs cultured on FN-coated circular
micropatterns on a 25kPa hydroxy-PAAm hydrogel. HUVECs were stained for F-actin after
48 hours in culture.
Supplementary Figure S7. Close view of cells cultured on micropattern arrays.
Fluorescent images of individual HUVECs cultured on FN-micropatterns deposited on
hydroxy-PAAm hydrogels of different stiffnesses. (A) circular patterns (E=2.5 kPa), (B)
triangular patterns (E=15 kPa) and (C) rectangular patterns of different aspect ratios (1:1, 1:2,
1:4 and 1:10). All scale bars correspond to 50 µm.
Supplementary Movie S1. Cytoskeletal organization on soft hydrogels.
Serial confocal micrographs (Z-axis scanned) of a single endothelial cell plated on a 900 µm2
rectangular pattern deposited by microcontact printing on a hydroxy-PAAm hydrogel of 2.5
kPa. HUVECs are stained for DNA (blue), actin (green) and vinculin (red). Cross-sections are
collected from the top to the underneath of the cell.
Supplementary Movie S2. Cytoskeletal organization on stiff hydrogels.
Serial confocal micrographs (Z-axis scanned) of a single endothelial cell plated on a 900 µm2
rectangular pattern deposited by microcontact printing on a hydroxy-PAAm hydrogel of 25
kPa. HUVECs are stained for DNA (blue), actin (green) and vinculin (red). Cross-sections are
collected from the top to the underneath of the cell.
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Supplementary Experimental
1.1. Polydimethylsiloxane stamps: Micropatterns of different shapes (lines, circles,
triangles, squares and rectangles of aspect ratios 1:2, 1:4 and 1:10), and various areas
(1200-2500 µm2) were designed using Clewin software (WieWeb Software, Hengelo,
The Netherlands). A chromium photomask (Toppan Photomask, Corbeil Essonnes,
France) was generated to transfer micropatterns to a silicon master by drie reactive
ion etching (FH Vorarlberg University of Applied Sciences, Microtechnology,
Dornbirn, Austria). Microstamps were obtained by molding the silicon master with
polydimethylsiloxane, PDMS, (Sylgard 184 Silicone Elastomer Kit, Dow Corning,
Midland, MI) cured 3 h at 60°C. The silicon surface was passivated with a
fluorosilane (tridecafluoro-1,1,2,2-tetrahydrooctyl-1-trichlorosilane, Gelest) for 30
min in vacuum to facilitate the peeling of the PDMS from the structured surface.

1.2. Mechanical measurement of hydroxy-PAAm gel stiffness: Hydroxy-PAAm
hydrogels containing from 0,05 to 0,5 % w/w bis-AAm were synthesized. Dynamic
Mechanical Analysis (Mettler Toledo DMA/SDTA 861e, Switzerland) in compression
was undertaken on circular cylindrical samples of diameter varying between 15 and
20 mm and height varying between 6,5 and 10 mm. Samples were sandwiched
between two parallel plates and an oscillating strain of maximum amplitude of 10%
was applied. The stress needed to deform the cylindrical samples (n=5) was measured
over a frequency range of 0,1-10 Hz. During compression testing, a settling time of
approximately one minute was used to achieve a stable measurement of the storage
modulus E’ at each frequency.
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1.3. Infrared spectroscopy: Attenuated total reflectance Fourier transform infrared
(ATR-FTIR) spectra were collected on a Bruker IFS 66v/s FTIR spectrometer using a
single reflectance ATR cell (Golden Gate, equipped with a diamond crystal). All data
were recorded at room temperature, in the spectral range of 900-4000 cm-1, by
accumulating 256 scans with a resolution of 2 cm-1. Five replica spectra were
collected for each sample in order to evaluate reproducibility and a baseline
correction was carried out automatically.

1.4. Microcontact printing on hydroxy-PAAm substrates: PDMS stamps were
sonicated 15 minutes in a 50/50 ethanol-MilliQ water mixture and dried with
compressed nitrogen. PDMS stamps were activated in a UV/O3 oven during 8 minutes
and then incubated for one hour at room temperature with a sterile solution of protein.
Protein-coated PDMS stamps were dried under filtered nitrogen flow and pressed
onto hydroxy-PAAm gel surfaces for one hour room temperature. Microcontact
printed hydroxy-PAAm hydrogels were washed three times with PBS (PAA
Laboratories, Pasching, Austria) at pH = 7.4 and unprinted regions were passivated
with a Bovine Serum Albumine (BSA) solution (5mg/mL in PBS) during one night at
4°C with a gentle rocking. After protein functionalization, hydroxy-PAAm gels were
washed three times with a sterile PBS solution and directly seeded with cells.

1.5. Multicolor microcontact printing: A first PDMS stamp was inked with a 50
µg.mL-1 Rhodamine-tagged FN solution for one hour, a second stamp was inked wth
a 50 µg.mL-1 LM solution for one hour and a third stamp was inked with 50 µg.mL-1
Collagen solution for one hour. These three stamps were then sequentially brought
manually into contact with the same hydroxy-PAAm substrate for 30 min each.
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1.6. Surface protein immunochemistry: LM-coated substrates were first incubated
45 min at 37°C in a anti-laminin antibody produced in rabbit (Sigma,Saint-Louis,MO),
washed three times in PBS and then incubated for 45 minutes with a sheep anti-mouse
antibody labelled with fluorescein isothiocyanate (Sigma, Saint-Louis, MO).
Substrates with bound collagen IV were incubated for 45 minutes at 37°C with anticollagen IV antibobody produced in mouse (Sigma, Saint-Louis, MO), washed three
times in PBS, and incubated for 45 minutes at 37°C with a donkey anti-mouse
antibody labelled with DyLight 405 (Biolegend, San Diego, CA). Slides were
mounted in Slow Fade Gold Antifade (Molecular Probes, Invitrogen, Cergy Pontoise,
France).

1.7. Cell culture and immunochemistry: Primary Human Umbilical Vein
Endothelial Cell, HUVECs (Cells Applications Inc., San Diego, CA), were grown in
complete endothelial cell growth medium (Cells Applications Inc., San Diego, CA)
supplemented with 1% antibiotics and antimycotics (PAA Laboratories, Pasching,
Austria) and maintained at 37°C in a humidified atmosphere with 5% CO2. HUVECs
used between passages 2 and 8 were fixed and permeabilized with a solution of 4%
paraformaldehyde (Electron Microscopy Sciences, Hatfield, PA) and 0.05% Triton X100 (Sigma, Saint-Louis, MO) in PBS for 15 minutes at 37°C and washed three times
in PBS. HUVECs were incubated for 45 minutes at 37°C with 4,6-diamidino-2phenylindole dihydrochloride (DAPI, Molecular Probes, Invitrogen,Cergy Pontoise,
France), Alexa Fluor 488 Phalloidin (Molecular Probes, Invitrogen, Cergy Pontoise,
France) and monoclonal anti-vinculin produced in mouse (HVIN-1 clone, FN 15
clone) washed three times in PBS, and incubated for 45 minutes at 37°C with a goat
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anti-mouse antibody labelled with tetramethylrhodamine (Molecular Probes,
Invitrogen, Cergy Pontoise, France). Immunostained samples were mounted in Slow
Fade Gold Antifade (Molecular Probes, Invitrogen, Cergy Pontoise, France).

1.8. Cell seeding on patterned hydroxy-PAAm gels: HUVECs freshly detached
with accutase (AE Scientific, Belgium) were diluted in fresh media to reach a final
concentration of 50 000 cells per gel. HUVECs were let to sediment and spread on
microprinted hydroxy-PAAm surfaces for at least 6h, up to 48h before fixation at
37°C in a humidified atmosphere with 5% CO2.

1.9. Surface fluorescence quantification: Three different proteins (Streptavidin Atto
565, Sigma,Saint-Louis, MO; Laminin and Fibronectin-rhodamine, tebu-bio, France)
were diluted in PBS at concentration of 5, 10, 20, 30, 40 and 50 µg/mL and printed on
PAAm gels of three different stiffnesses (8.5, 15 and 35 kPa). Several fluorescence
images were acquired for each condition and gray level intensities were measured
using ImageJ software (National Institute of Health). Backgrounds were subtracted to
the total gray level intensity of the images and the corresponding corrected intensities
were then normalized to the total pattern area.

2.0. Epifluorescence imaging: Immunostained samples were observed in
epifluorescence mode with a Nikon Eclipse Ti inverted microscope equipped with
plan fluor 40x 1.45 and a 60x 0.85 N.A. oil immersion objectives. Fluorophores were
excited with a Nikon Intensilight C-HGFI/C-HGFIE Precentered Fiber Illuminator.
Fluorescence images were captured with a Roper QuantEM 512SC EMCCD camera
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(Photometrics, Tucson, AZ) using Nikon Elements AR Software and processed with
ImageJ software (National Institute of Health).

2.1. LIVE/DEAD cell staining: To compare the viability of cells seeded on hydroxyPAAm hydrogels, a live/dead assay was done using the live/dead cell viability assay
kit (Molecular Probes). This assay is based on the reduction of C12-resazurin to redfluorescent C12-resorufin in metabolically active cells and on the uptake of the cellimpermeant, green-fluorescent nucleic acid stain, SYTOX Green dye, in cells with
compromised plasma membranes (usually late apoptotic and necrotic cells). Dead
cells emit mostly green fluorescence and healthy, metabolically active cells emit
mostly red fluorescence; injured cells exhibit reduced red and green fluorescence.
Fluorescence images were captured using an inverted microscope (Nikon Eclipse Ti)
equipped with a Roper QuantEM 512SC EMCCD camera (Photometrics, Tucson,
AZ) to visualize the green living and the red dead cells. Live/dead assay was done
right after 1, 2, 3 and 7 days of culture.

2.2. Magnetic tweezers: The magnetic tweezer was fabricated using a permalloy core
(MµShield, Londonderry, NH) that was equipped with a 720-turn solenoid (Magnetic
Sensor Systems, Van Nuys, CA). The tweezer ensemble was mounted on an inverted
Nikon Eclipse Ti microscope (Nikon, Japan) and was controlled by a automated
micromanipulator system (Eppendorf, Hamburg, Germany). Current in the solenoid
was produced by a voltage-controlled current supply (Kepco Model # BOP 100-4M,
Flushing, NY) that transformed voltage signals from a function generator into a
current signal with amplitudes up to 5A. LabVIEW (National Instruments, Austin,
TX) software was used to program the desired voltage waveform.

	
  

7	
  

Electronic Supplementary Material (ESI) for Lab on a Chip
This journal is © The Royal Society of Chemistry 2013

FN-coated paramagnetic beads were linked to the cytoskeleton of HUVECs
through integrin transmembrane proteins and beads were submitted to magnetic
forces. Assuming the case of a spherical bead embedded in a infinite linear elastic and
incompressible medium, one can obtain an analytical relationship between the applied
mechanical force, F, and the resulting bead translation, U, as a function of the cell’s
Young modulus, E, and bead radius R, such as
!

𝐹 =    ! ESδ

(1)

where S=4πR2 is the bead surface and δ is the normalized bead translation U/R. The
mechanical force applied to the cytoskeleton was estimated from a force-distance
calibration curve obtained from the Stoke’s law by measuring the velocity of
paramagnetic beads moving in a 99% glycerol solution (Sigma, St. Louis, MO).

2.3. Toxicity: The toxicity of hydroxy-PAAm hydrogels was investigated by
quantifying the viability of primary endothelial cells (HUVEC) plated on
homogeneously coated and microprinted soft hydroxy-PAAm hydrogels for 1, 2 and 3
days in culture (ESI, Fig. S5). Both surfaces were characterized by ~80% of viability
after 72 hours in culture, which indicated that cells remained viable and proliferated
across the whole range of stiffnesses. These results demonstrate therefore that
hydroxy-PAAm hydrogels provide an appropriate microenvironment for cell culture
and mechanotransduction investigation. It is noteworthy that the quality of the wellorganized arrays of endothelial cells obtained on microprinted hydroxy-PAAm
hydrogels (ESI Figs. S6 and S7) demonstrated the potential use of this technique for
automated high-throughput assays for cell biology.
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Supplementary Figure S1

Supplementary Figure S2
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Supplementary Figure S4

Supplementary Figure S5
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Supplementary Figure S6

Supplementary Figure S7
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