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1. Materials and Methods 

2-chlorotrytil resin, O-Benzotriazole-N,N,N,Nô-tetramethyl-uronium-hexafluoro-

phosphate (HBTU), and Fmoc protected amino acids were purchased from GL Biochem 

(Shanghai) Ltd. All solvents were purchased of analytical grade from Merck. Piperidine, 

trifluoroacetic acid (TFA), N,N-diisopropyl ethyl amine (DIPEA), triisopropyl silane (TIPS) 

were from Acros. Sodium dihydrogen phosphate and disodium hydrogen phosphate 

were from BDH AnalaR. High purity Milli-Q-water (MQ water) with a resistivity greater 

than 18 M ɋ cm was obtained from an in-line Millipore RiOs/Origin system. 1H-NMR 

spectra were recorded at 400 MHz and 13C-NMR spectra were recorded at 100 MHz on 

a Varian Innova Instrument with chemical shift reported as ppm (in DMSO or MeCN with 

tetramethylsilane as internal standard). ESI-MS spectra were recorded on an Agilent 

6120 single quadrupole LC-MS system. Oscillatory rheometry was performed on a 

Malvern Kinexus Ultra Plus Rheometer (Alfatest, Milan, Italy) equipped with a 20-mm 

stainless steel parallel plate geometry at the temperature of 25 °C in a Peltier system 

(Alfatest, Milan, Italy). Hydrogels were assembled in situ and measurements were taken 

immediately with a gap set to 1.00 mm. Kinetics were studied over 60 minutes at a set 

frequency of 1 Hz and a set stress of 5 Pa. Stress sweeps were measured with a 

controlled frequency of 1 Hz. CryoTEM and TEM analysis was performed as previously 

described (S. Marchesan, et al. J. Mater. Chem. B 2015, 3, 8123). AFM analysis was 

performed as previously described. (A. M. Garcia, et al., Chem 2018, 4, 1862). FT-IR 

analysis (150 scans, 2 cm-1 resolution) was performed on a System 2000 (Perkin-Elmer) 

using a KBr pellet with the hydrogel sample previously dried overnight. 

 

2. Peptide synthesis 

The peptide was synthesised using standard Fmoc solid phase peptide synthesis with 

HBTU activation. Briefly, Fmoc-amino acid deprotection was performed in a sintered 

funnel, with continuous stirring, in 20% piperidine in N,N-dimethylformamide (DMF) for 
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20 minutes (2 x 10 minutes) until both bromophenol blue and acetaldehyde/chloranil 

tests were positive. HBTU activation was performed with 2.5 equiv. of Fmoc-amino acid, 

2.0 equiv. of HBTU and 2.0 equiv. of HOAt in DMF (4 mL for every equiv. of resin), with 

DIPEA (2 mL of a 1 M solution in DMF for every equiv. of resin). Coupling was performed 

at room temperature for 1.5 h in a sintered funnel with continuous stirring, and 

completeness was monitored by both bromophenol blue and acetaldehyde/chloranil 

tests after thorough washes with DMF and DCM. Final cleavage was obtained using a 

mixture of TFA/DCM/TIPS/water (47.5:47.5:2.5:2.5). The crude peptide was too 

hydrophobic to be precipitated in cold ether, thus the majority of TFA was evaporated 

under argon flow, and the remaining oil was dissolved in a mixture of acetonitrile/water 

and then purified by reverse-phase HPLC (Agilent Technologies). The HPLC Agilent 

1260 Infinity system was equipped with a preparative gradient pump (1311B), 

semipreparative C-18 column (Kinetex, 5 microns, 100 Å, 250 x 10 mm, Phenomenex), 

autosampler (G1329B), Photodiode Array detector (G1315C). The gradient used 

consisted of acetonitrile (MeCN) / water with 0.1% TFA with the following program: t = 0-

2 min. 25% MeCN; t = 16 min. 95% MeCN; t = 20 min. 95% MeCN. The compound was 

then freeze-dried to yield the corresponding peptide as a white fluffy powder. Peptide 

identity was verified by ESI-MS, 1H-NMR and 13C-NMR. 

 

3. DPhe-Phe-Leu spectroscopic data 

 

1H NMR (400 MHz, DMSO-d6) ŭ (ppm): 8.85 (d, J = 7.2 Hz, 1H, NH), 8.52 (d, J = 6.0 Hz, 

1H, NH), 7.92 (s, 3H, NH3
+), 7.31 ï 6.89 (m, 10H, Ar), 4.71 (m, 1H, ŬCH), 4.23 (m, 1H, 

ŬCH), 3.98 (m, 1H, ŬCH), 3.08 (dd, J = 11.2 Hz and 3.2 Hz, 1H, ɓCH2), 2.77 (dd, J = 

11.2 Hz and 3.2 Hz, 1H, ɓCH2), 2.70 (dd, J =  11.2 Hz and 8.6 Hz, 1H, ɓCH2), 2.48 (dd, 
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J =  11.2 Hz and 8.6 Hz, 1H, ɓCH2), 1.63 (m, 1H, ɔCH) 1.55 (m, 2H, ɓCH2), 0.91 (d, J = 

6.5 Hz, 3H, CH3) 0.85 (d, J = 6.5 Hz, 3H, CH3). 13C NMR (100 MHz, DMSO-d6) ŭ (ppm): 

174.3, 171.4, 168.0 (3 x CO); 137.9, 135.0, 129.9, 129.9, 128.2, 128.5, 127.5, 127.0 (Ar); 

54.2, 53.6, 50.8 (3 x ŬC); 39.5, 38.7, 37.3 (3 x ɓC), 24.8, 23.3, 21.8 (ɔC, 2 x ŭC).  

MS (ESI): m/z 426.2 (M+H)+ C24H32N5O4 requires 426.2 

 

Fig. S1. 1H-NMR spectrum of DPhe-Phe-Leu. 

 

Fig. S2. 13C-NMR spectrum of DPhe-Phe-Leu. 
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Fig. S3. ESI-MS spectrum of DPhe-Phe-Leu (positive ion mode). 

 

4. DPhe-Phe-Leu-Asp-Val spectroscopic data 

 

1H NMR (400 MHz, DMSO-d6) ŭ (ppm): 8.78 (d, J = 8.4 Hz, 1H, NH), 8.41 (d, J = 8.4 Hz, 

1H, NH), 8.30 (d, J = 7.6 Hz, 1H, NH), 7.93 (s, 3H, NH3
+), 7.65 (d, J = 8.8 Hz, 1H, NH), 

7.25 ï 6.90 (m, 10H, Ar), 4.72 (m, 1H, ŬCH), 4.62 (m, 1H, ŬCH), 4.35 (m, 1H, ŬCH),  

4.12 (dd, J = 8.4 Hz and 5.2 Hz, 1H, ŬCH), 4.00 (m, 1H, ŬCH), 3.06 (dd, J = 13.6 Hz and 

3.6 Hz, 1H, ɓCH), 2.76 (dd, J = 13.6 Hz and 4.2 Hz, 1H, ɓCH), 2.72 ï 2.66 (m, 2H, ɓCH), 

2.53 ï 2.45 (m, 2H, ɓCH), 2.03 (m, 1H, ɓCH) 1.58 (m, 1H, ɔCH), 1.46 (m, 2H, ɓCH), 0.88 

ï 0.83 (m, 12H, ɔCH and ŭCH). 13C NMR (100 MHz, DMSO-d6) ŭ (ppm): 173.1, 172.4, 

172.1, 171.0, 168.0 (5 x CO); 137.9, 135.0, 129.9, 129.9, 128.9, 128.5, 127.5, 126.9 (Ar); 

57.5, 54.2, 53.6, 51.3, 49.8 (5 x ŬC); 41.7, 38.8, 37.3, 36.2, 30.5 (5 x ɓC), 24.6, 23.5, 

22.1 (3 x ɔC), 19.4, 18.1 (2 x ŭC).  

MS (ESI): m/z 640.3 (M+H)+ C33H46N5O8 requires 640.3 
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Fig. S4. 1H-NMR spectrum of DPhe-Phe-Leu-Asp-Val. 

 

 

Fig. S5. 13C-NMR spectrum of DPhe-Phe-Leu-Asp-Val. 
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Fig. S6. ESI-MS spectrum of DPhe-Phe-Leu-Asp-Val (positive ion mode). 

 

5. Peptide gelation protocol 
 

The tripeptide was dissolved at 0.5 wt. % in sodium phosphate buffer (0.1 M pH 11.8), 

then diluted with an equal volume of sodium phosphate buffer (0.1 M pH 5.8) to reach a 

final concentration of 0.25 wt. % (5.88 mM), getting a final pH of 7.3 ± 0.1. All buffer 

solutions were filtered (0.2 µm) prior to use.  

Peptide gels containing both the tripeptide and the pentapeptide were formed following 

the same protocol, but varying concentrations; gels could be obtained with a ratio 

tripeptide: pentapeptide = 4:1 or higher, e.g., 10 mM : 1 mM (6:1), 15 mM : 3 mM (5:1), 

12 mM : 3 mM (4:1). The pentapeptide gels on its own with MGC 50 mM. 

 

Fig. S7. Photographs of (A) 15 mM tripeptide gel and (B) two-component hydrogel (15 
mM of tripeptide and 1.5 mM of pentapeptide). 
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6. FT-IR spectra 

 

Fig. S8. FT-IR spectrum of DPhe-Phe-Leu powder. 

   

 

Fig. S9. FT-IR spectrum of DPhe-Phe-Leu xerogel. 

 

Fig. S10. FT-IR spectrum of the two-component hydrogel (15 mM DPhe-Phe-Leu and 

1.5 mM DPhe-Phe-Leu-Asp-Val) after 1 hour of self-assembly. 
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7. Oscillatory rheology 

Oscillatory rheometry was performed on a Malvern Kinexus Ultra Plus Rheometer 

(Alfatest, Milan, Italy) equipped with a 20-mm stainless steel parallel plate geometry at 

the temperature of 25 °C in a Peltier system (Alfatest, Milan, Italy). Hydrogels were 

assembled in situ and measurements were taken immediately with a gap set to 1.00 mm. 

Kinetics were studied over 60 minutes at a set frequency of 1 Hz and a set stress of 5 

Pa. Stress sweeps were measured with a controlled frequency of 1 Hz. 

 

Fig. S11. Gelation kinetics reached a plateau within 10 minutes for DPhe-Phe-Leu at 15 

mM. Gô = black line, Gò = grey line. 

 

Fig. S12. Stress sweep for 15 mM DPhe-Phe-Leu hydrogel. Gô = black line, Gò = grey 

line. 
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Fig. S13. Frequency sweep for 15 mM DPhe-Phe-Leu hydrogel. Gô = black line, Gò = grey 

line. 

 

 

Fig. S14. Time sweep for the two-component hydrogel (15 mM DPhe-Phe-Leu and 1.5 

mM DPhe-Phe-Leu-Asp-Val) over 1 hour of assembly. Gô = black line, Gò = grey line. 
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Fig. S15. Stress sweep for the two-component hydrogel (15 mM DPhe-Phe-Leu and 1.5 

mM DPhe-Phe-Leu-Asp-Val). Gô = black line, Gò = grey line. 

 

 

Fig. S16. Frequency sweep for the two-component hydrogel (15 mM DPhe-Phe-Leu and 

1.5 mM DPhe-Phe-Leu-Asp-Val). Gô = black, Gò = grey. 

 

8. Thioflavin T (ThT) fluorescence assay 

Gel precursor solution (0.15 ml) was prepared as described above and immediately put 

on wells of Greiner 96 U Bottom Transparent Polystyrene. After 1 hours, 30 ml of a 

solution of Thioflavin T (24 mM in 20 mM glycine-NaOH pH 7.5, filtered with a 0.2 mm 
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filter) were added in the wells. After 15 minutes, the fluorescence emission was analysed 

using a Tecan Infinite M1000 pro, selecting an excitation wavelength of 446 nm and an 

emission wavelength of 490 nm, with a bandwidth of 20 nm. Each condition was repeated 

twice in triplicate. Average and standard deviations were calculated and plotted with 

Excel. Results are shown in Figure S17. 

 

Fig. S17. ThT assay for DPhe-Phe-Leu (fFL) and DPhe-Phe-Leu-Asp-Val (fFLDV). 
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9. Circular Dichroism (CD) 

A 0.1 mm quartz cell was used on a Jasco J-815 Spectropolarimeter, with 1 s 

integrations, 1 accumulation and a step size of 1 nm with a bandwidth of 1 nm over a 

range of wavelengths from 190 to 280 nm at 25 °C (Peltier). Samples were freshly 

prepared directly in the CD cell and the spectra immediately recorded. 

 

Fig. S18. CD spectrum of DPhe-Phe-Leu at 0.5 wt. % (11.8 mM) in the alkaline buffer. 
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10. TEM and AFM images 

 

 

Fig. S19. TEM images of the two-component hydrogel (15 mM DPhe-Phe-Leu and 1.5 
mM DPhe-Phe-Leu-Asp-Val) after 1 hour of self-assembly, with details showing twisted 
fibers. 
 


