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Methods
Peptide synthesis and purification: Synthesis was carried out via solid-phase Fmoc-based chemistry with 0.5 M
HBTU in DMF and 2 M DIEA in NMP as activator and activator base solutions respectively. Fmoc-protected
aminoacids were dissolved at 0.2 M in DMF and the deprotection solution used for the removal of Fmoc groups
was a 20% v/v solution of 4-metylpiperidin in DMF. Peptide side chains removal and cleavage was performed
with TFA:H2O:EDT:TIS (94:2.5:2.5:1) cocktail. EDT has been used as scavenger to prevent the oxidative
formation of intramolecular or intermolecular disulfide bonds among cysteines. Furthermore, the C-terminal
of peptide was amidated after the cleavage of the peptide sequence and the N-terminal was acetylated using a
20% v/v solution of Ac2O in DMF. Raw peptide was precipitated using cold ethyl ether and then lyophilized
(Labconco). The resulting raw peptide was purified by a Waters binary HPLC (> 95%) on a RestekTM Prep C18
column, using a gradient of acetonitrile in H2O with 0.1% TFA over 20 min. The molecular weight of purified
peptide has been identified via single quadrupole mass detection (Waters LC-MS Alliance-3100) and also
confirmed by MALDI-TOF spectroscopy (4800 Applied Biosystems). Purified peptide powder was subsequently
dissolved in 0.1 M HCl solution in order to remove the presence of possible TFA salts.
Cross-linking reaction: The purified CK peptide was dissolved at a concentration of 5% (w/v) in distilled water,
sonicated for 20 minutes and incubated at 4°C for 24h, the day prior to the cross-linking reaction. Right before
the cross-linking reaction, sulfo-SMCC (Thermofischer scientific) was dissolved in 1ml of DPBS (Thermofisher
scientific 1X, w/o MgCl2 and CaCl2) and H2O (1:1 v/v; pH 7.4).
The sulfo-SMCC quenching for Raman experiments was done by adding 1:1 v/v solution of Tris-HCl
(9.6mg/ml, 5X molar excess) and β-mercaptoethanol (4.8mg/ml, 5X molar excess), and incubated overnight at
RT. Subsequently, the fully-quenched sulfo-SMCC was centrifuged at 10000 rpm for 5min, the supernatant was
removed and the resulting concentrated pellet was suspended in 1ml of DPBS-H2O (1:1 v/v; pH 7.4) before use.
Ellman’s Reagent assay: Ellman’s reagent was prepared by suspending 4mg DTNB in 1ml of 0.1M sodium
phosphate, pH 8, containing 1mM EDTA (Reaction buffer). Right before analysis, 50μl of Ellman’s reagent
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solution was added to 1ml of Reaction buffer (working solution). 100μl of CK and crossCK peptides were
mixed with working solution and incubated at room temperature for 15min. The quantitating of free sulfhydryl
groups was recorded at 412nm through a 1cm spectrophotometric cuvette using an Infinite M200 Pro plate
reader (Tecan). For each sample, the sulfhydryl groups were estimated at 0, 2, 4, 6, 8 and 24h. As blank was
used 1ml of Reaction buffer. The concentration of sulfhydryl groups and the respective percentage value, was
calculated as follows: c = A/bE where c is the concentration in moles/liter, A is the absorbance, b is the path
length in centimeters, and E is the molar absorptivity expressed in M-1 cm-1. All measured were processed with
OriginTM 8 software using Boltzmann fitting.
Fourier Transform Infrared Spectroscopy analysis: A 2μl aliquot of the CK peptide solution and the crossCK
film were deposited on the reflection diamond element of the ATR device and the spectra were collected after
solvent evaporation. Twenty acquisitions were recorded per each spectrum, using the following conditions: 4 cm-1
spectrum resolution, 25kHz scan speed, 1000 scan coaddition, and triangular apodization. All the measured
spectra were reported after the ATR correction, smoothing and an automatic baseline correction using OriginTM
8 software.
Raman analysis: Spectra from four different points of the same sample were measured and averaged, each
sample was done in triplicate. Collection time for each spectrum was 5 min. Spectra were collected from sulfoSMCC, CK, crossCK and fq-sulfo-SMCC-CK. All spectra were processed by OriginTM 8 software.
X-ray diffraction (XRD) analysis: The CK peptide and crossCK film were prepared 24 hours before the
analysis and stored at 4°C. On the day of the analysis the CK peptide solution to the concentration of 5% (w/v)
was centrifuged at 12000 rpm for 10min and the resulting concentrated pellet was dropped on MicroRTTM X-ray
Capillary (Mitegen) and left to evaporate. Instead, the crossCK film was placed directly on MicroRTTM X-ray
Capillary and left to evaporate. Data were analyzed with FIT2D [1] and processed with OriginTM 8 software.
Wide-angle X-ray scattering (WAXS): CK peptide and crossCK film were dissolved at a concentration of 5%
(w/v) and incubated at 4°C for 24h, after that they were lyophilized before the measurements. Prior to analysis,
all the samples were loaded on a multi-sample holder and fixed on it with kapton tape. Data analysis was
performed with Igor Pro software in combination with NIKA useful for the sample-to-detector distance and
beam center.[2]
Atomic Force Microscope analysis (AFM): Imaging and measurements were collected at 30 minutes, 2h, 4h, 6h
and 1 day after starting of cross-linking reaction. Right before the deposition of samples on a freshly mica
surface, peptides solutions were diluted to final the concentration of 0.01% (w/v) in DPBS (Thermofisher
scientific 1X, w/o MgCl2 and CaCl2), to mimic the cross-linking reaction conditions. A 2μl of each solution was
kept on mica for 2 min at RT and subsequently the surface was rinsed with distilled water to remove loosely
bound proteins.
Rheological tests: Peptides were dissolved at 5% (w/v) concentration the day prior the analysis. To monitor the
sol–gel transition and to evaluate the G’ increase as a function of time, a 15 h time sweep test (constant angular
frequency, 1 Hz; constant strain, 1%) was carried out. For the CK peptide the assembly was triggered by adding
DPBS laterally to the peptide solution positioned in the 34μm cone-plate truncation gap, while for the crossCK
peptide the assembly and the simultaneous triggering of cross-linking reaction were triggered by adding
sulfo-SMCC in DBPS-H2O (1:1 v/v). Afterwards, a frequency sweep test (0,1 to 1000 Hz, 1% strain) was
performed for the identification of both G’ and G’’ on the self-assembled scaffolds. Also, on the assembled
scaffolds was recorded the stress-to-rupture by applying 0.01%-1000% strain range at 1Hz oscillatory frequency.
Through flow procedure, the viscosity of assembled solutions was measured as a function of shear rate with an
increasing ramp.
| www.editorialmanager.com/nare/default.asp

Nano Res.

Molecular dynamic simulations: Explicit CG water molecules and Cl- ions, sufficient to fulfill the neutralization
condition, completed the simulated systems. Three unconstrained production simulations of the equilibrated
systems were carried out in isothermal-isobaric ensemble at 300 K and 1 atm by means of v-rescale method [3]
(coupling constant of 1 ps) and Berendsen algorithm [4] (coupling constant of 2 ps) respectively. The total
length of each production simulation is 3 μs that can be roughly scaled to an effective simulation time 12 μs at
atomistic level. [5] An integration time of 20 fs is used and snapshots were saved at each 100 ps. Electrostatic
interactions and Lennard-Jones potentials are modeled with shifted functions at 0.0–1.2 nm and 0.9–1.2 nm
respectively.
hNSC viability, proliferation and differentiation Assays: For biomaterial testing hNSCs were seeded at
density of 3 x 104 cells/cm2 in 96-well plate on CK and crossCK discs and cultured for 7 DIV (days in vitro).
Cultrex-BME® substrate and untreated-bottom well surface were respectively positive and negative controls.
hNSCs were differentiated with basal medium (without growth factors) supplemented with βFGF (10 ng/ml).
At 2DIV, βFGF medium was replaced with basal medium supplemented with LIF (Chemicon) (20 ng/ml) and
BDNF (Peprotech) (20 ng/mL). Fresh medium was added every 3 days. After 7DIV, tetrazolium compound MTT
(Sigma-Aldrich) was used to evaluate cell viability. MTT was added to the culture medium at concentration of
10% and incubated for 4h at 37°C. Tetrazolium compound is reduced by metabolically active cells into
insoluble purple formazan. Then medium was replaced with 50μl DMSO (Sigma-Aldrich) and incubated for
10 minutes to dissolve insoluble formazan crystals. The absorbance, directly proportional to the number of
viable cells (linear calibration curve was previously obtained), was detected at 540 nm using Infinite M200®
PRO microplate reader (Tecan). For immunofluorescence tests, cells at 7DIV (and 14DIV) were fixed with 4%
paraformaldehyde, then samples were washed with DPBS, permeabilized with 0.3% Triton X-100 and blocked
with 10% NGS. To assess hNSC differentiation the following antibodies were used: rabbit anti-GFAP (1:500,
DakoCytomation), mouse anti-Beta III Tubulin (1:500, Covance), mouse anti-GalC (1:200, Chemicon), mouse
anti-O4 (1:200, Chemicon), goat anti-Mouse Alexa 488 (1:1000, Molecular Probes) and goat anti-Rabbit Cy3
(1:1000, Jackson Immunoresearch). Cell nuclei were stained with Hoechst (1:500, Invitrogen). Fluorescence
images were obtained with Zeiss microscopes ApoTome System and processed using ImageJ software.
hNSCs were also inserted in crossCK hollow microchannels through 33G Hamilton syringe connected to
micromanipulator for qualitative differentiation tests: cells were then cultured for 14 DIV and stained as
previously described.
TNBSA assay: 2,4,6-trinitrobenzene sulfonic acid (TNBSA) (Thermo Scientific) specifically reacts with primary
amino groups to give a yellow-colored product that can be monitored at 335 nm. [6] 100μl of CK and crossCK
peptides were treated with TNBSA (50μl, 0.01% w/v in 0.1 M NaHCO3, pH = 8.5) and incubated for 2h at 37°C.
To stop the reaction 25μl of 1N HCl was added to the solution. The quantification of primary amino groups
was recorded at 335 nm through a 1cm spectrophotometric cuvette using an Infinite M200 Pro plate reader
(Tecan). For each sample, primary amino groups were estimated at 0, 2, 4, 6, 8 and 24 h. 0.1M NaHCO3 was
used blank. Primary amino groups were quantized based on molar absorptivity using the extinction coefficient
of TNBSA (10,000 M-1 cm-1). [7] All measurements were processed with OriginTM 8 software using Boltzmann
fitting.
Abbreviations: Fluorenylmethyloxycarbonyl (Fmoc), N,N-dimethylformamide (DMF), N,N,N’,N’-TetramethylO-(1H-benzotriazol-1-yl)uraniumhexafluorophosphate, O-(Benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophosphate (HBTU), N,N-Diisopropylethylamine (DIEA), N-methyl-2-pyrrolidinone (NMP),
Trifluoroacetic acid (TFA), 1,2-ethanedithiol (EDT), triisopropylsilane (TIS), acetic anhydride (Ac2O) high
performance liquid chromatography (HPLC), Fourier Transform Infrared Spectroscopy (FTIR), X-ray diffraction
(XRD), Wide-angle X-ray scattering (WAXS), Atomic force miscroscope (AFM), Dulbecco's phosphate-buffered
saline (DPBS), storage modulus (G’), loss modulus (G’’), Human Neural Stem Cells (hNSC), Basic Fibroblast
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Growth Factor (βFGF), Leukemia Inhibitory Factor (LIF), Brain Derived Neurotrophic Factor (BDNF), 3-[4,
5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT), dimethylformamide (DMSO), normal goat
serum (NGS), sodium bicarbonate (NaHCO3).

Figure S1 (a) Frequency sweep test of crossCK at concentration of sulfo-SMCC of 0.45, 0.91, 2.7, 5.4 and 15mM. Black dashed lines
stand for the crossCK (10mM sulfo-SMCC) G' and G" values reported in the main manuscript. The typical hydrogel profile was
confirmed for all crossCK peptides, displaying a predominant solid-like behavior (solid dots) as compared to the viscous-liquid
component (empty dots). (a1) Average value of G' at the range of 0.1-100Hz. (b, b1) Strain-stress failure tests of crossCK. The samples
showed an increase in the failure point dependent on the concentration of cross-linking agent (b2).

Figure S2 Tricine-SDS-PAGE (10-16%) analysis of CK subjected to cross-linking reaction for 1h (lane 2), 2h (lane 3) and 4h (lane 4).
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Figure S3 MALDI-TOF analysis. Mass spectrum of cross-linked CK dimer. The detected value is in agreement with predicted
molecular weight.

Figure S4 ATR-FTIR spectra of crossCK peptides previously reacted with different concentration of sulfo-SMCC. All peptides spectra
displayed a broad band at 1530 cm-1 in the Amide II region, which is indicative of β-sheet aggregation. Peaks at 1630 cm-1 and 1695 cm-1
(Amide I region) indicate the presence of antiparallel β-sheet structures.
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Figure S5 AFM analysis. (A) Morphological analysis of crossCK at 2h, 4h and 6h of cross-linking reaction. Right column represents
high-magnified fields highlighted on the left images (white box) (B) 3D image of clustered network of crossCK nanofibers. (C) Widths
distribution of nanofibers of CK and crossCK at 6h of reaction time. (D) Widths distribution of crossCK nanofibers during the time course
of the cross-linking reaction.

Figure S6 (A) CG simulations of CK peptide. (Ai) spacing of 1.6 nm (red dots) was assigned to the distance between two different
paired bilayers. The obtained CK molecular conformations at the end of the MDs are compatible with the cross-linking reaction and in
agreement with previously described empirical measurements (see also Table S1).
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Figure S7 Single-channel fluorescence images of the merge fields depicted in Figure 7. Scale bars = 100 microns.
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Figure S8 Peptides solutions were monitored by spectrophotometric TNBSA assay for 24h. While CK peptide (in red) did not display
changes in percentage of the free primary amino groups (steady 100% values), crossCK peptide (in blue) showed a decrease of free amino
groups during the time course of reaction. Decreased percentage of amino groups is indicative not only of the effective linking between the
NHS-ester groups of sulfo-SMCC with the primary amino groups of Lysines located in the peptide self-assembling backbones, but also of the
change in the total net positive charge of the cross-linked peptide.
Table S1 Comparison between XRD and molecular dynamic simulations distances detected for CK.

Distance (Å)

Experimental data

Simulation data

Peak

Peak

3.27

3.8

4.5

4.5

6

6

13

12

24

24
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