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Abstract

Neuroregeneration after trauma requires growth and reconnection of neurons to reestablish
information flow in appropriate direction across the damaged tissue. To support this process,
biomaterials for nerve tissue regeneration need to provide spatial information to adhesion
receptors on the cells membrane and provide directionality to growing neurites. Here
photoactivatable adhesive peptides based on the CASIKVAVSADR laminin-peptidomimetic are
presented and applied to spatiotemporal control of neuronal growth to biomaterials in vitro. The
introduction of a photoremovable group (NVOC, DMNPB, or HANBP) at the amine terminal
group of the K residue temporally inhibited the activity the peptide. The bioactivity was regained
by controlled light exposure. When used in neuronal culture substrates, the peptides allowed
light-based control of the attachment and differentiation of neuronal cells. Site-selective
irradiation activated adhesive and differentiation cues and guide seeded neurons to grow in
predefined patterns. This is the first demonstration of ligand-based light-controlled interaction

between neuronal cells and biomaterials.

Keywords: phototriggered cell adhesion, laminin peptidomimetics, neuronal adhesion, IKVAV,

guided axon growth
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Introduction

Nerve tissue engineering requires synthetic scaffolds that support the attachment, development
and connection of neurons to reestablish information flow in particular directions. In vivo,
adhesion and directionality for the growth of neuronal processes is provided by the spatial
arrangement of extracellular adhesive proteins and membrane receptors of other cells (i.e. glia)
along which neurons migrate and extend their processes.!™! In vitro, spatial organization of
neuronal growth has been mainly realized using surface patterning and microstructuring
techniques. Relevant examples are aligned electrospun nanofibers,’ micro-contact printed
substrates,'®! aligned peptide amphiphile nanofibers,) or magnetically aligned composite
hydrogels.®

An interesting strategy to guide positioning and migration of cells in desired directions, not yet
realized with neurons, is by using photoactivatable cell adhesive ligands and light to site-
selective activate molecular interaction with cell membrane receptors.!® In this approach, the
adhesive ligand is modified with a photolabile moiety (a “caging group”) that inactivates
recognition by the adhesive receptor at the cell membrane.!®! Biomaterials modified with the
caged ligands are initially not able to interact with the cells. Light exposure cleaves the
chromophore and switches on the latent bioactivity on the biomaterial. This strategy has enabled
spatiotemporal control of ligand-mediated cell adhesion in vitro ® " and in vivo.!®! It requires
previous identification of adhesive molecules able to support effective attachment of the
particular cell type and development of photoactivatable variants.

The protein laminin is an abundant adhesive protein in neural tissue and plays a fundamental role
in neural attachment, migration and differentiation.” Different adhesive membrane receptors of

the integrin family can bind to laminin, such as o1ps asP1, aspsand agBs® Laminin is commonly
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used as adhesive protein in in vitro neural cell cultures to facilitate adhesion of neuronal cells and
neurite out-growth on biomaterials. Laminin peptidomimetics containing the YIGSR, IKVAV, or
RKRLQVQLSIRT sequences have also been used as laminin alternatives.*®! These are small
molecules and allow better control over binding chemistry and coating densities on biomaterials
than the bulky laminin. Among them, IKVAV containing peptides have been demonstrated to
stimulate neurite growth, branching and maturation when coupled to biomaterials, by interacting
with the integrin receptors o3f1, oyf1, and (1651.[11] The pentamer IKVAV is highly hydrophobic
and shows low solubility. In this sequence, the isoleucine and lysine amino acids in the IKVAV
core have been found crucial for recognition of oasfi, osPi, and ogPs integrin.[lz] The
commercially available 19-mer peptide CSRARKQAASIKVAVSADR (IK-19) is the most
widely used IKVAV variant.*¥) In 1K-19 the biologically active IKVAV sequence is flanked by
positively charged tails that enhance the water solubility of the hydrophobic IKVAV sequence
and prevent formation of aggregates.™ In addition, the positively charged amino acids support
cellular attachment by ionic interaction with the negatively charged cell membrane. The 12-mer
AASIKVAVSADR has also been reported as shorter alternative to 1K-19.2 The shorter
sequence simplifies the synthesis and eventually improves specificity in the control of neuron-
substrate interactions.

In this manuscript, photo-triggerable variants of the CASIKVAVSADR (I1K-12) laminin mimetic
peptide are developed and used to functionalize hydrogels and direct neuronal growth on
synthetic biomaterials (Figure 1). The photoactivatable IK-12 peptides contain a photolabile
group at the amine side chain of the Lys rest. Optoregulated attachment, development and
directional migration of neural progenitor cells (NPCs) on derivatized hydrogels is demonstrated.

Site-selective irradiation activated the laminin-mimetic peptide and provided spatial adhesive
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and differentiation guidance to seeded neurons. This is the first demonstration of a molecularly
controlled, light-guided neuronal growth, in contrast to other attempts using a laser beam as a
physical guiding cue to redirect axon growth.™ This simple and flexible approach for neuronal

guidance can be extended to different material types, and eventually 3D constructs.

Results and discussion

The development of photoactivatable peptides requires careful selection of the molecular site at
which the photoremovable chromophore can be introduced in order to effectively inhibit
bioactivity. Reported data have demonstrated that the isoleucine and lysine amino acids of the
IKVAV sequence are crucial for integrin recognition.™ The amine side chain of the lysine is an
appropriate site for binding a photocleavable group, since amine groups offer multiple
possibilities for functionalization.[®® An important issue to consider with IKVVAV containing
peptides is the low solubility of IKVAV sequence, which mainly contains hydrophobic residues.
The introduction of chromophores at the amine group of the Lys rest is expected to further

decrease solubility.
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Figure 1. Schematic representation of the use of phototriggerable laminin-mimetic peptides to
optoregulate neuronal attachment and differentiation on synthetic biomaterials. The hydrogel
functionalized with photoactivatable 1K-12 peptide does not interact with the neural progenitor
cells (NPCs). Light exposure activates IK-12 by removing the chromophore, providing an
adhesive and differentiation cue to NPCs. The chemical structure of the synthesized

photoactivatable variants of 1K-12 is also shown.

Three different variants of photoactivatable Lys were synthesized by introducing a
photoremovable protecting group (i.e. “cage”) on the amine side chain. The selected
chromophores were: 6-nitroveratryl alcohol (NVOC)[Ga], 3-(4,5-dimethoxy-2-nitrophenyl)-2-butanol
(DMNPB),®> 7 8 and  2,2'-((3-(1-hydroxypropan-2-yl)-4"-nitro-[1,1"-biphenyl]-4-
yl)azanediyl)bis(ethan-1-ol) (HANBP)™ (Fig. 1). This selection was based on different reasons.

NVOC is a commercially available photocleavable of the o-nitrobenzyl family that can be

6
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readily incorporated to Lys in one step reaction. This chromophore was used to work out
optimum reaction conditions for the caged peptide synthesis. The DMNPB caging group is an o-
nitrophenethyl derivative that showed good photolysis efficiency and better hydrolytic stability
than NVOC in previous cell experiments in our group.l’ The photolabile HANBP group, a new
variant of the o-nitrobiphenyl donor—acceptor family, is expected to show improved
photoresponse (due to its extended conjugated structure) and better water solubility than
DMNPB.2® Additionally, o-nitrobiphenyls show good two-photon absorption cross-section and
could be good candidates for photoactivation in 3D.1**! The chromophores DMNPB and HANBP
were synthesized in 4- and 8-step synthetic routes. DMNPB was synthesized according to
reported protocols.’” The synthesis of HANPB-Lys required the adaptation of a published
protocol™*® by rearranging the order of the synthetic steps (Scheme 1). In our case the hydroxy
group of the pinacolato borate intermediate (1) was activated with triphosgene to get the
chloroformate (2) and coupled to the amine group of Lys, followed by Suzuki coupling to iodo-
N-phenyldiethanolamine (4). The introduction of the free dihydroxyethylamine group at this
point avoided additional (de)protection steps. Additionally, the free —OH groups of HANBP
proved orthogonal during subsequent solid-phase peptide synthesis, which again avoided the use
of a protecting group at the chromophore. The final HANBP-Lys (5) and well as NVOC- and
DMNPB-variants were obtained at 350-750 mg scale in good yields (see Supporting Information

for synthetic and characterization details).
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Scheme 1. Synthesis of Fmoc-Lys(HANPB)-OH Reagents and conditions: (i): triphosgene,

K2COs, toluene, 8h; (ii) Fmoc-Lys-OH, water:dioxane (1:1), Na,COs, 24h; (iii) iodine,

pyridine:dioxane (1:1), 24h; (iv) BusNBr, Pd(OAc),, K,COs, ethanol:water (2:1), microwave,

150°C, 10 min.

IK-12 and the photoactivatable derived peptides IK-12(NVOC), IK-12(DMNPB) and IK-

12(HANBP) were obtained by solid-phase peptide synthesis, purified by HPLC and

characterized by mass spectrometry. The three phototriggerable peptides showed reduced water

solubility (ca. 0.75 mg mL™) in relation to IK-12 (1 mg mL™), but high enough to be used in the

subsequent steps. The photolytic removal of the chromophore from the caged peptides at the

corresponding Amax (345 nm for NVOC, 365 nm for DMNPB, and 420 nm for HANBP, see

This article is protected by copyright. All rights reserved.
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reactions in Fig. S1, Supporting Information) was studied by UV-Vis spectroscopy of 1mM

solutions after irradiation for increasing times. HPLC characterization of the irradiated solutions

demonstrated successful cleavage of the chromophore and generation of 1K-12 in all three cases

(Fig. S2). The measured photolysis efficiency for uncaging increased in the order NVOC <

DMNPB < HANBP (15%, 12% and 48 % respectively as calculated from HPLC profiles after 30

min exposure at Amax). The photolysis mechanism of the HANBP chromophore is shown in Fig.
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Figure 2. Photocleavage of 1K-12(NVOC)/(DMNPB)/(HANBP) variants. Photolysis reactions

(a-c), followed by UV-Vis of hydrogel films functionalized with the photoactivatable peptides,

after irradiation and washing. UV-Vis spectra were recorded after light exposure for increasing
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times. Irradiation was performed at Amax: 345 nm for NVOC,[Ga] 365 nm for DMNPB,[Gb] and 420

nm for HANBP (based on a previous report™®).

The photoactivatable IK-12 peptides were covalently bound to poly(acrylamide-co-acrylic acid)
P(AAmM-AA) hydrogel films. These gels have been recently demonstrated as valuable platforms
for study of neuron differentiation and maturation.*”? Gels of 2-kPa stiffness were selected for
the neuronal cultures based on the current understanding that neurons prefer soft substrates for
development in vitro.[*® The obtained peptide concentration, as calculated from UV spectra of
the modified hydrogel films after washing (see Experimental Section for details), was similar for
all three phototriggerable variants (IK12-NVOC: 0.39 mM, -DMNPB: 0.33 mM, -HANBP: 0.36
mM under specified coupling conditions). The similar coupling efficiency found may be related
to the comparable water solubility of the three peptides. The photoactivation of the hydrogel-
bound ligands was followed by measuring UV-Vis spectra of the hydrogel films after increasing
exposure times and washing (Figure 2). The photolysis cleaves the chromophore from the caged
IK-12 peptide and the washing step removes it from the gel. Decay in the UV-Vis spectra was
observed in all cases, indicating effective photocleavage of the chromophore from the hydrogel
upon light irradiation. The measured photolysis efficiencies for uncaging followed the same
trend as observed in the solution experiments (uncaging ratios of 17%, 14% and 48% for 1K12-

NVOC, -DMNPB and -HANBP respectively after 15 minutes of exposure at Amax).

Preliminary experiments were performed to assess the activity of plain 1K-12 and the expected
inhibition by introducing modifications at the Lys rest. For this purpose, gels were functionalized

with IK-12 and also with the sequence CASIEVAVSADR (IE-12), where the Lys rest was

10
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substituted by a glutamate rest (E).*) Neural progenitor cells (NPCs) from mouse embryonic
cortex (E14.5) were seeded on the 1K-12 and IE-12 functionalized gels. NPCs are very active,
and the current benchmark for the study of neural functionality. Cells on IK-12 showed high
viability, underwent neuronal differentiation and developed elongated axon and dendrites,
branches and dendritic filopodia within 24h at comparable levels to laminin (LN), or
laminin/poly-D-lysine (LN/PDL) functionalized hydrogels typically used for neuronal cultures
(Figure 3 and Table S2 for quantification).l*) On the contrary, hydrogels functionalized with IE-
12 failed to attach NPCs or support differentiation. Neurons did not develop long process and
exhibit low cell viability on the 1E-12 substrates (Figure 3 and Table S2). These results indicate
that changes in the K residue of IKVAV impair the bioactivity of IK-12 and confirm the
suitability of this position for caging.

Laminin/Poly-D-Lysine Laminin

LN/PDL —

*% % %k
:
O
o~
S AR
@ 604
> 60
-
H-CASIKVAVSADR-OH H-CASIEVAVSADR-OH E
) 40
@ I
O 20 4
1 T T T
LN/PDL LN IK-12 IE-12
I ocx-Cy3lismi-AFass Il DAPI Peptide Seq uence

Figure 3. Neural progenitor cells (NPCs) from embryonic cortex (E-14.5) on IK-12 and IE-12
modified 2-kPa P(AAm-AA) hydrogels after 24 h culture. (a) Immunofluorescence images of
cells showing the neuronal features. The DCX stains cell body, SMI marks axonal filament and

nucleus is stained by DAPI. (b) Quantification of cell viability after 24h of cell culture. The
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significance of data obtained for the different samples was analysed by Tukey- test (mean + SD,

ANOVA, ** p <0.01, *** p <0.001) and compared to LN/PDL and LN controls.

Hydrogels functionalized with the photoactivatable peptides 1K-12(NVOC), IK-12(DMNPB)
and IK-12(HANBP) were then tested. Only few cells attached on caged substrates, confirming
the inhibition of the bioactivity of the peptides as a consequence of the introduction of the
chromophore in the Lys rest. Cells retained a rounded morphology, show poor cell viability (19-
28%) similar to the values observed on hydrogels modified with the IE-12 peptide (27%), and
did not develop processes (Figure 4a, non-irradiated samples and Figure S3). When 1K-12
(NVOC)/ (DMNPB)/(HANBP) modified substrates were pre-irradiated before cell seeding, cells
attached and developed neuronal morphologies (Figure 4a, pre-irradiated) like those observed on
IK-12 (Figure 3) and remained viable over 4 days (Figure S3). These results confirm that the
photolysis reaction on the gel-immobilized peptide was successful and the activity of

photoactivatable IK-12 could be restored after exposure.

Neuronal growth on the photoactivated IK-12 hydrogels was quantified by analyzing the number
of processes and secondary branches, the length of axon, and the number of dendritic filopodia
(Figure 4 and Table S2 in Supporting Information). All pre-irradiated substrates promoted the
growth of neurites, branches and dendritic filopodia of cells during 2 days culture. A 4-5 fold
increase in the number of process, a 8-13 fold increase in the number of branches and a 10-15
fold increase in the number of dendritic filopodia was observed on irradiated vs. non-irradiated
photoactivatable 1K-12 modified hydrogels. It should be noted that dendritic filopodia could be

the morphological precursors of neuronal spines,®” which are required for formation of

12
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synapses.? Moreover, the developed axon displayed a 4-6 fold increase in length on pre-
irradiated substrates. This effect was more pronounced on pre-irradiated 1K-12(HANBP) gels

and attributed to higher uncaging efficiency at given conditions.

IK-12 (NVOC) IK-12 (DMNPB) IK-12 (HANBP)

—
Q
P

Pre-irradiated Non-irradiated

B smi-ar4ss [l pcx-cys JlioAP
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Figure 4. Behavior of neural progenitor cells seeded on non-irradiated and pre-irradiated
hydrogels modified with photoactivatable IK-12 variants. (a) microscopy images showing the
morphology of cells before and after light exposure, 48 h after seeding and (b) quantification of
axonal length, number of neurites, branches and dendritic filopodia developed in neurons after
48 h. Pre-irradiation was performed for 15 min at Anax 345 nm for IK-12(NVOC), 365 nm for
IK-12(DMNPB), and 420 nm for IK-12 (HANBP). The significance of samples was analyzed by

Tukey- test (mean £ SD, ANOVA, ** p <0.01, *** p <0.001) in comparison to 1K-12.
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In summary, the three variants of photoactivatable IK-12 peptide can mediate photo-triggerable
neuronal differentiation, being IK-12(HANBP) the one that performs best. Uncaging efficiency,
hydrolytic stability, water solubility, and synthetic effort are all parameters to be considered for
the final performance of a photo-activatable probe on biomaterials. Here, the three
phototriggerable peptides showed similar water solubility and appropriate hydrolytic stability (at
least 48 h in cell culture medium). The higher photolysis efficiency of the HANBP
photocleavable group (2.8 - 3.4 folds vs. other variants) conferred this peptide a superior

performance in our experiments.

The ability of the photoactivatable peptides to guide the position of neurons on the gel surface
upon light exposure was then tested. IK-12(HANBP) modified hydrogels were pre-irradiated
through a mask to generate a micropattern of activated and non-activated IK-12(HANBP)
modified regions (Figure 5). Neural stem cells (NSCs) dissociated from neurospheres were
seeded on modified hydrogels. Neurospheres are a source of undifferentiated stem cells,
frequently used to follow differentiation of neurons in biomaterials®®? and easier to handle than
NPCs. In control experiments, dissociated NSCs showed no attachment to non-irradiated IK-
12(HANBP) modified gels. However, attachment and growth of neurites and branches on pre-
fully irradiated samples was observed. Cell survival and growth on fully illuminated substrate
were comparable to control IK-12 substrate, and cells differentiated into neurons, as established
by SMI and DCX staining (Figure 5). On mask-illuminated samples, cells followed the irradiated
pattern and specifically attached and spatially aligned on the photoactivated 1K-12 regions of the
substrate. The observed neuronal patterns on IK-12(HANBP) modified gels were maintained for

at least 4 days, demonstrating that the photoactivatable peptide is hydrolytically stable in cell

15

This article is protected by copyright. All rights reserved.



ChemBioChem 10.1002/cbic.201800118

culture conditions. Cells were found exclusively on the illuminated area demonstrating the
specificity of the interactions, and did not cross to neighbor illuminated stripes (at the chosen
pattern dimensions, see Experimental Section for details). Our results demonstrate the possibility
of spatial guidance of neuronal attachment, migration and differentiation on IK-12(HANBP)

modified hydrogels.

(a) Non-irradiated (b) Pre-fully irradiated (c) Pre-mask irradiated

I ocx-cys [ swi-arsss [ AP

(d) 100+
80
(e) *kk *
o —_—
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< = 60+ '
© c ‘
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2 3 |
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D 40 o
5 5
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201 S5 20-
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IK-12(HANBP) IK-12(HANBP)

Figure 5. Dissociated NSCs from neurosphere (P-3) seeded on hydrogels functionalized with

IK-12(HANBP) peptide, 24 h after seeding. Substrates were (a) non-irradiated, (b) pre-fully
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irradiated, or (c) pre-mask-illuminated (mask: 10um strips separated by a 100 um gap). Cell
survival and axon length are also represented (d-e). Immunofluorescence images of cells
showing the neuronal features, DCX stains cell body, SMI marks axonal filament and nucleus is
stained by DAPI. The graph shows cell survival ratio and length of axon with statistical
significance analyzed by Tukey- test in comparison to IK-12 (mean = SD, ANOVA, ** p <0.01,

w3k 1) <0.001).

Conclusion

Three different photo-activatable short laminin-mimetic peptides were developed to support
spatiotemporal control of neuronal attachment and differentiation to biomaterials. The
introduction of a photoremovable protecting group at the Lys rest of the IKVAV active sequence
allowed for optoregulated bioactivity of the peptidomimetic. Hydrogels functionalized with the
photoactivatable peptides allowed light-mediated cell attachment and neuronal development to
grades comparable to standard laminin or laminin/polylysine modified substrates. IK-
12(HANBP) showed the best performance in terms of photochemical efficiency and bioactivity.
This is a general strategy biomaterials strategy to optoregulate site-selective neurite outgrowth on
any material of choice and points to the possibility to light-directed axonal growth on customized

materials and geometries.

Experimental Section
Materials
All chemicals were purchased from commercial sources (Sigma Aldrich, Acros, or Novabiochem

Merck) and used without purification. Fmoc-solid-phase peptide synthesis (Fmoc-SPPS) was

17
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performed manually following the procedure described in the Supporting Information. Details on
the syntheses of chromophores and photoactivatable peptides are described in the Supporting

Information.

Hydrogel preparation and functionalization

Gel Preparation Protocol

Poly(acrylamide-co-acrylic acid) P(AAm-AA) gels were prepared and characterized by
following reported procedures.!”! Briefly, acrylamide (60 mg) was dissolved in PBS (1 mL).
Acrylic acid (6 pL) and N,N-methylene-bis-acrylamide (0.4 mg) were added and the pH of
solution was adjusted to pH 8 by using 0.1M NaOH ag. solution. The solution was degassed to
remove oxygen and the free radical initiator ammonium persulfate (10% solution, 1/100 of total
volume) and N,N,N’,N'-tetramethylethylenediamine catalyst (1/1000 of total volume) was added.
10 uL drops of the monomer solution were placed on hydrophobic Sigmacote-coated glass slides
and covered with 3-acryloxypropyl-trimethoxysilane (APTS) functionalized coverslips. Samples
were left for polymerization during 5 minutes, subsequently peeled-off from the hydrophobic
slide and kept immersed in MilliQ water until use. The obtained thin film gel had a stiffness of 2
kPa as characterized by dynamic mechanical analysis following the procedure described in our
previous report.!?*

Functionalization of hydrogels with 1K-12 derivatives

IK-12 peptide and its derivatives were coupled to P(AAM-AA) gels after EDC/NHS activation of
the carboxylic groups in the gel and coupling to the amine group of the IK-12 peptide. Gels were
covered with 100 pL of aqueous solution of EDC (0.2M) and NHS (0.1M) in MES buffer (0.1M,

containing 0.5 M NaCl for 15 min. Gels were washed with water and incubated with one drop
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(30 pL) of peptide solution (0.5 mgmL™ in PBS, pH 7.4) for 1 hour at room temperature and
then washed 3 times with water.

Photolysis of IK-12(NVOC)/(DMNPB)/(HANBP) variants bound to thin film hydrogels

Gels functionalized with caged IK-12 variants were irradiated at the corresponding Amax for the
different chromophores (i.e. 345, 365 and 420 nm for NVOC, DMNPB, and HANBP,
respectively). A Xe-lamp coupled to a monochromator (Polychrome V, TILL Photonics GmbH,
Gréfelting, Germany) was used for irradiation. The irradiance values were comparable at the
different wavelengths: 0.28 mW at 345 nm, 0.22 mW at 365 nm, and 0.34 mW at 420 nm.
Substrates were illuminated for 15 min, as this was the shortest illumination time required for
activation in all the three gels. At shorter irradiation times (5-15 min) no response from the
DMNPB and NVOC variants was observed; while longer illumination times (20-40 min) resulted
in topographical defects on the hydrogels due to drying.

Patterned irradiation was performed by placing a quartz mask on top of the substrate during
exposure. The mask was patterned with 10um glass while 100um chrome stripes. The 1K-12
caged (NVOC/DMNPB/HANPB) functionalized gels were irradiated at respective wavelengths
for different time intervals, followed by washing with PBS to remove photolyzed by-product. A
10 um width of illuminated stripes proved the best to accommodate the body of a single cell. The
optimal separation among illuminated lines was 100 um. At lower separation (e.g. 50 pm), cells
attached on one illuminated line were able to cross to the neighbor irradiated line.

Calculation of peptide density and binding efficiency on gels by UV-vis spectroscopy

The concentration of photoactivatable ligand in the hydrogel films was calculated from the UV
absorbance (Figure 2) at Amax according to Beer-Lambert law:

C—A
e
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The extinction coefficient gma Value was taken from literature (NVOC: 6210 Micm? at 365
nm?! DMNPB: 4100 M*cm™ at 346 nm ! and HANBP: 7500 M™*cm™ at 397 nm ), the
absorbance value A at respective Amax Was determined from UV-vis spectra of the films and the
path length | corresponded to the swollen thickness of hydrogel film (~ 0.007 cm) and was
obtained for each film from fluorescence correlation spectroscopy.!*! The binding efficiency was
calculated by the ratio between the absorbance of peptide solutions, before (Ai) and after (Aa)

coupling to hydrogel, according to following equation:

Ai — Aa

1
T x100

binding efficiency (%) =

Cell culture experiments

Embryonic cortical progenitors

All animal procedures were carried out in accordance with the Policies on the Use of Animals
approved by the Institute of Physiological Chemistry, University Medical Center, Johannes
Gutenberg University Mainz. Cerebral cortex of embryonic mouse (E14.5) obtained from
C57BL/6 mice was digested in 0.5% trypsin EDTA (GIBCO) for 15 min at 37 °C. Then trypsin
was inactivated by the plating DMEM medium (GIBCO) and 10% FBS (Hyclone) and gently
triturated with a 5-ml disposable pipette to get single cells. Centrifugation at 1000 rpm was
performed for 5 min, cell pellets were re-suspended in 1 ml differentiating medium DMEM/F12
(GIBCO) and 2% B27(Invitrogen) and cell density was counted. Substrates functionalized with
different ligands were sterilized with ethanol, washed with PBS and placed in 24-well cell
culture plate. 5x10° cells were seeded in each well, cell growth was followed by regular intervals
and cells were fixed after 24-48 hours.!*"]

Neurosphere Culture
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The cells isolated from cerebral cortex of embryonic mouse (E14.5) obtained from C57BL/6
mice as described above, were centrifuged at 1000 rpm for 5 min and cell pellet was resuspended
in DMEM/F12 media containing 1% N2 (Invitrogen), 0.1% Heparin, 20 ng/ml basic fibroblast
growth factors (bFGF, Invitrogen), 20 ng/ml epidermal growth factors (EGF, Invitrogen) and
penicillin-streptomycin (N2 complete medium)./??® 2 Dissociated cells were seeded in 6-well
plate and maintained as undifferentiated neurospheres. The neurospheres were gathered and
dissociated mechanically with 1 ml pipette. Then medium was changed from N2 complete media
to differentiation media (DMEM-F12/glutamax, 2% B27, penicillin-streptomycin). Finally,
dissociated neural stem cells were seeded (50,000 cells per well in 24-well plate) on IK-12
patterned hydrogel and maintained for 2-4 days. The absence of growth factors and addition of
differentiation medium (B27) supported neuronal cells survival in comparison to glial cells.
Immuno-staining

Cells were fixed with 4% PFA solution (paraformaldehyde) for 10 min and washed 3 times with
PBS pH 7.4 followed by blocking and permeabilization by incubating for 45 min with bovine
serum albumin BSA 2% and Triton 0.2% in PBS at room temperature. Cells were incubated for 2
hours at room temperature with 1:500 DCX (guinea pig, Dianova) to stain cell body and 1:800
SMI-312 (mouse, Biolegend) to stain axon. Cells were washed 3 times with PBS followed by
incubation for 2 hours at room temperature with 1:500 Cy3 (anti-guinea pig) and 1:800 (alexa
488 anti-mouse). The samples were mounted with immune select Antifading Mounting Medium
(Dianova) containing DAPI for nucleus staining by using following standard protocols. Images
were taken with Zeiss Axio Observer microscope at 0.42 pum per px. Cell viability and
proliferation was calculated from time-lapse videos. Length of axons was measured using F1JI

software, while number of neurites, dendrites and dendritic filopodia were counted manually.!”!
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Statistical Analysis

Data were expressed as mean + standard deviation. For each condition, a minimum of three
independent experiments were performed with sample size larger than 25 fields in all cases. The
value of p < 0.05 was used for statistical significance. A one-way ANOVA with a Tukey test of
the variance was used to determine the statistical significance between groups. The statistics was
performed for non-irradiated and fully irradiated samples in comparison to IK-12 samples, and

significance difference was set to* a< 0.05, **a< 0.01, ***0< 0.001.
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Graphic for Table of Contents

@@4

T

Text Suqgestion for the Table of Contents:

On the light spot: Soft hydrogels functionalized with photo-activatable laminin-mimetic
peptides provide a strategy to optoregulate the interaction of neuronal cells with a biomaterial.
Site-selective irradiation activated the laminin-mimetic peptide and provided spatial adhesive

and differentiation guidance to seeded neurons.
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