
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/softmatter

Soft Matter

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Soft Matter  

COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx Soft Matter., 2016, 00, 1-3 | 1  

Please do not adjust margins 

Please do not adjust margins 

Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

A self-assembling β-peptide hydrogel for neural tissue engineering 

S. Motamed,a M. Del Borgo,b K. Kulkarni,c N. Habila,b K. Zhou,a P. Perlmutter,c J.S. Forsythea* and 
M.I. Aguilarb* 

We report a new class of β-peptide based hydrogel for neural tissue 

engineering. Our β-peptide forms a network of nanofibres in 

aqueous solution, resulting in a stable hydrogel at physiological 

conditions. The hydrogel shows excellent compatibility with neural 

cells and provides a suitable environment for cells to adhere and 

proliferate. 

Hydrogels possess physical features of soft tissues and have 

been explored widely for their use in nerve regeneration and 

drug delivery1. Hydrogels are capable of providing a supportive 

3-dimensional (3D) microenvironment for cells to adhere, 

infiltrate, migrate, and proliferate2. Such superior properties 

are credited to their hydrophilic nature which allows a 

significant amount of water to be absorbed and retained. This 

property, together with their high porosity, facilitates the rapid 

diffusion of nutrients and metabolites to and from cells3. 

Injectable hydrogels are of interest, since drugs and cells can be 

incorporated into the polymer solution by mixing prior to 

injection and can be implanted in the body with minimal 

surgical procedures1e, 2f.  

Hydrogels based on peptide self-assembly are extremely 

promising candidates to provide a suitable microenvironment 

for cells due to their ability to control the structural and 

functional properties of the end-product4. Self-assembly of 

peptides occurs either spontaneously or due to changes in the 

environmental conditions such as temperature, pH and ionic 

strength. This leads to the formation of nanofibres and 

subsequently a fibrillar network which absorbs water and forms 

hydrogels. Several modes of peptide self-assembly have been 

utilised, such as: ionic self-complimentary peptides, ß-hairpin 

peptides, multidomain peptides, Fmoc-protected peptides, 

acetylated aliphatic peptides and peptide amphiphiles4a, 4b, 5, all 

based on α-amino acids. α-Peptide hydrogels have been used in 

neural tissue engineering where they have been investigated as 

injectable matrices to provide both a physical and biological 

support following injury to the brain6. However these materials 

suffer from degradation by proteolytic enzymes which limit 

their long-term application. For the potential repair of large 

brain lesions caused by traumatic brain injury, it may be 

preferable to use a slow-degrading peptide matrix, which could 

provide long-term physical support to the surrounding brain 

parenchyma2b. The superior metabolic stability of β-peptides 

makes them promising candidates to overcome the degradation 

observed in α-peptide-based hydrogels over time7. Single β-

amino acid substitutions have been used to stabilise a wide 

range of α-peptides against proteolytic stability but still 

retaining their bioactivity8. This approach has also been applied 

to the stabilisation of α-peptide-based hybrid hydrogels9. 

Despite improvement in the proteolytic-stability of the 

hydrogel, the non-uniform fibre diameter and inappropriate 

stiffness limited their efficacy for optimum cell adhesion9a, 9e. 

Approaches reported so far for the formation of β-amino acid 

containing peptide-based hydrogels are based on external 

stimuli, including changes in pH and temperature, raising 

concerns over cell encapsulation in tissue engineering9a, 9e. 

Herein we report a β-peptide that does not require a pH or 

thermal trigger for gelation and have assessed its 

biocompatibility using neural cells. To the best of our 

knowledge, this is the first report of a peptide hydrogel 

comprising exclusively β-amino acids, which was used as a 

scaffold for tissue engineering. 

We recently developed a completely new approach to peptide 

based self-assembly in which helical N-acetyl-β3-peptides 

spontaneously form fibres ranging in size from nano- to macro-

scale10. The peptide monomers self-assemble in a unique head-

to-tail fashion which is driven by a 3-point hydrogen-bonding 

motif associated with the 14-helical structure of N-acetyl-β3-

peptides. These peptides self-assemble into helices irrespective 
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of the monomer sequence, and can therefore be modified with 

specific functional groups without affecting their ability to form 

fibres. A number of groups have demonstrated that 

incorporation of a hydrophobic acyl tail within a peptide 

sequence to produce a peptide amphiphile directs their self-

assembly into nano-cylinders with uniform diameter thereby 

leading to stable hydrogels11. In order to achieve a similar level 

of control of our β-peptide fibre morphology, we introduced an 

alkyl chain to the side chain of a β-peptide. The tri-β-peptide Ac-

βAzβKβA-OH was synthesized (via solid-phase peptide 

synthesis) containing a β-homo-lysine (K) residue to enhance 

peptide solubility in aqueous buffer. The C14 alkyl chain, was 

then introduced on solid support by reducing the azide moiety 

using triphenylphosphine followed by acylation with myristic 

acid to form the final peptide structure (Fig. 1a,b & Fig. ESI-1). 

The C14 acylated tripeptide resulted in the formation of fibres 

with highly consistent diameter as confirmed by atomic force 

microscopy (AFM) and transmission electron microscopy (TEM) 

shown in Fig. 1c,d. It can be seen that the peptide self-

assembled into a flexible fibrous mesh even at a low 

concentration of 0.25mg ml-1 in water. An interwoven network 

of numerous nanofibres with bundles entraps water, resulting 

in the formation of a stable β-peptide hydrogel. The β-peptide 

started to form a hydrogel at a concentration of 7.5 mg mL-1 in 

PBS buffer (pH 7.4) and maintained a stable structure under 

physiological conditions over weeks at an acceptably low 

concentration of 10 mg mL-1, comparable to previous studies12. 

The inversion test shown in Fig. 1e provides strong visual 

evidence of the formation of highly stable hydrogel in buffer, 

demonstrating that the hydrogel retained its 3D structure and 

was able to support its own weight.  
 

 

Fig. 1. (a) Schematic of supramolecular self-assembly of N-acetylated β3-peptide. Helices 

of β3-tripeptides when N-acetylated provide six axially oriented hydrogen bonds, which 

leads to nanofibre formation. (b) Solid phase peptide synthesis of the C14 acylated, N-

acetyl-β3-tripeptide. (c) AFM characterization of nanofibrous network of self-assembled 

peptide (0.25mg ml-1) after 24 hr incubation time (200-400 kHz probe resonance, 10-50 

nm probe amplitudes); (d) TEM characterization of nanofibrous network of self-

assembled peptide (0.25mg ml-1) (e) Inversion test showing the formation of a highly 

stable hydrogel that retains its 3D structure and supports its own weight. 

 

 

 

 

To determine the suitability of our β-peptide hydrogel in nerve 

regeneration applications, the mechanical properties of the 

hydrogel was investigated by rheological testing. The elastic 

response component, G’ (storage modulus), of 5 to 11 times 

higher than the viscous response component, G” (loss 

modulus), demonstrated a phase transition into a viscoelastic 

material and further confirmed hydrogel-like behaviour of our 

material. It was not possible to record the initial phase 

transition from sol-to-gel state in the rheology study due to the 

rapid formation of hydrogel. The hydrogel reached its plateau 

value of 1.2 kPa after 1 hour (Fig. ESI-3a). The frequency sweep 

curve showed broad linear viscoelastic properties with the 

storage modulus dominating across the whole range of 

frequencies (0.1-100 rad s-1), indicating a wide processing 

regime for the hydrogel (Fig. ESI-3b). Furthermore, as far as we 

can ascertain, there is no report in the literature that describes 

such superior hydrogel stiffness for β-peptide hydrogels9a, 9e. 

Cycles of step-strain oscillatory rheology were performed to 

investigate the injectability of the hydrogel. Fig. 2 represents 

step-strain measurements of the hydrogel. In order to disturb 

the hydrogel 3D network and to ensure the gel-to-sol 

conversion, the hydrogel was exposed to high strain (100%) for 

1 minute. The hydrogel recovery behaviour upon relaxation 

under low strain value (1%) was then monitored. The hydrogel 

exhibited shear-thinning behaviour at high strains, developing 

fully injectable properties13. Upon reduction of strain, the 

hydrogel showed exceptionally rapid and complete recovery 

within seconds which would allow facile surgical handling 

during implantation and maintain appropriate shape after 

implantation3b. The fast recovery of the hydrogel stiffness was 

confirmed by 3 cycles, demonstrating the reversible and robust 

nature of hydrogel structures. The rapid recovery of the 

hydrogel is attributed to hydrogen bonding and non-covalent 

interactions which are responsible for the formation of the 3D 

network. Interestingly, high strain breaks the fibrous network 

by perturbing the non-covalent interactions, without destroying 

the fibres, resulting in the breakdown of the gel into a sol state. 

After reducing the strain, the fibres start to re-organize the 3D 

network of the hydrogel in a relatively short time.  

 

Fig. 2. Rheological behaviour of the β-peptide hydrogel (10mg ml-1) showed fast and 

complete recovery after network disruption by high strain (100%) for 1 minute. High 

strain = 100%; low strain = 1%; Frequency = 1 Hz; Temperature = 35°C. 
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In neural tissue engineering the implanted hydrogel should 

provide a favourable 3D microenvironment for neural cells and 

should therefore be non-toxic and allow cells to adhere and 

proliferate2a, 2c. To investigate the cytotoxicity of our hydrogel, 

a thin layer of sterilized hydrogel was seeded with SN4741 cells, 

a clonal substantia nigra dopaminergic neuronal progenitor cell 

line14. To investigate the interaction of cells with the hydrogel, 

cells were stained with calcein AM/ethidium, imaged using 

fluorescence microscopy after one day and were compared 

with cells cultured on uncoated tissue culture plate (TCPS) as 

the positive control. After one day, some live cells were seen on 

top of the hydrogel equilibrated with PBS; although they had a 

rounded morphology compared to the elongated cells in the 

TCPS (Fig. ESI-6a), suggesting little or no interaction with the 

material. It was hypothesized that the low level of viable cells 

on top of the hydrogel is due to the absence of a bioactive motif 

in the peptide sequence and not the cytotoxicity of the β-

peptide hydrogel.  

Upon implantation in the body, the hydrogel would be 

immersed in the body fluid and proteins, which can induce cell 

attachment to the material. To mimic in vivo conditions, the 

hydrogel was equilibrated with culture medium, with and 

without serum for one day. We hypothesized that the proteins 

in the serum would deposit on top of the hydrogel and promote 

cell attachment. After one day of cell culture, cells were able to 

attach, spread and elongate on top of the hydrogel equilibrated 

with serum (Fig. 3a). By contrast, the attached cells on top of 

the hydrogel equilibrated without serum (Fig. ESI-6b) exhibited 

less spreading morphology than that of TCPS (Fig. 3b) and 

hydrogel equilibrated with serum. These results confirm that 

proteins derived from serum make the hydrogel a promising 

environment for cells to adhere and proliferate. A very high 

viability of cells on top of the hydrogel equilibrated with serum 

similar to TCPS also demonstrates the non-toxicity of the 

hydrogel to cells (Fig. ESI-7).  

Fig. 3. Growth of SN4741 cells and live/dead cells assay on peptide hydrogels equilibrated 

with media containing serum for one day at two time points (1 day and 3 days cell 

culture) – Green cells represent live cells, stained with calcein AM. Red cells represent 

dead cells, stained with ethidium homodimer. a) Peptide hydrogel equilibrated with 

culture media containing serum for 1 day – 1 day culture, b) TCPS – 1 day culture, c) 

Peptide hydrogel equilibrated with culture media containing serum for 1 day – 3 days 

culture, d) TCPS – 3 days culture. Scale bar 100µm. Higher magnification images ESI-5. 

The culture was continued for 3 days to investigate the 

persistence of cell proliferation for an extended time period on 

top of the hydrogel. As can be seen in Fig. 3c, cells developed an 

extensive network, quite similar to the cells on TCPS (Fig. 3d) 

and also maintained their dopaminergic phenotype (Fig. ESI-8). 

However, the population of cells on top of the hydrogel were 

lower than the TCPS. This is due to the fact that cells penetrated 

into the hydrogel over time and it was difficult to capture a 

focused image. Interestingly, microscopic observation showed 

excellent integrity of the hydrogel over three days, with no 

visible fractures in the whole layer of hydrogel. This confirms 

the high stability of the β-peptide hydrogel in comparison to α-

peptide hydrogels, where the latter starts to show fractures 

within similar time periods, possibly due to proteolytic 

degradation of the α-peptide building blocks15. Moreover, the 

resistance of our β-peptide to proteolysis (Fig. ESI-2) and UV 

(Fig. ESI-4) degradation further highlights the stability of this β-

peptide material. The non-toxicity, high cell viability and 

excellent structural integrity of our β-peptide hydrogel could 

therefore lead to outperforming traditional α-peptide 

hydrogels for nerve regeneration applications. 

Conclusions 

We have introduced a new class of peptide-based hydrogels 

solely composed of β-amino acid building blocks via a facile 

single step protocol. Our β-peptide hydrogels rapidly self-

assemble in aqueous environment, can be chemically modified 

at the monomer level and are mechanically stable and 

biocompatible. These properties combine to generate a 

hydrogel which is non-toxic, with a similar stiffness to brain 

tissue, and provides a suitable environment for cells to adhere 

and proliferate. The enhanced self-healing property of the 

hydrogel will allow minimal post-operative damage upon 

implantation in the body, resulting in rapid recovery. 

Acknowledgement 

The authors wish to thank Adam Costin and Georg Ramm for 

their assistance with TEM. 

Notes and references 

1. (a) D. Fon, A. Al-Abboodi, P. P. Chan, K. Zhou, P. Crack, D. I. 

Finkelstein and J. S. Forsythe, Adv Healthc Mater, 2014, 3, 761-

774; (b) G. Cellot, E. Cilia, S. Cipollone, V. Rancic, A. Sucapane, S. 

Giordani, L. Gambazzi, H. Markram, M. Grandolfo, D. Scaini, F. 

Gelain, L. Casalis, M. Prato, M. Giugliano and L. Ballerini, Nat 

Nano, 2009, 4, 8; (c) D. R. Nisbet, K. E. Crompton, M. K. Horne, D. 

I. Finkelstein and J. S. Forsythe, J. Biomed. Mater. Res., Part B, 

2008, 87B, 251-263; (d) S. Woerly, Biomaterials, 1993, 14, 1056-

1058; eM. K. Nguyen and D. S. Lee, Macromol. Biosci., 2010, 10. 

2. (a) F. J. O'Brien, Mater. Today, 2011, 14, 88-95; (b) J. T. S. 

Pettikiriarachchi, C. L. Parish, M. S. Shoichet, J. S. Forsythe and D. 

R. Nisbet, Aust. J. Chem., 2010, 63, 1143-1154; (c) G. Orive, E. 

Anitua, J. L. Pedraz and D. F. Emerich, Nat. Rev. Neurosci., 2009, 

a                                                 b 

 

 

 

 

 

 
c                                                  d 

Page 3 of 5 Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION Soft Matter 

4 | Soft Matter., 2016., 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

10, 682-692; (d) N. Annabi, A. Tamayol, J. A. Uquillas, M. Akbari, 

L. E. Bertassoni, C. Cha, G. Camci-Unal, M. R. Dokmeci, N. A. 

Peppas and A. Khademhosseini, Adv. Mater., 2014, 26, 85-124; (e) 

C. W. Peak, J. K. Carrow, A. Thakur, A. Singh and A. K. Gaharwar, 

Cell Mol Bioeng, 2015, 8, 404-415; (f) L. Yu and J. Ding, Chem. Soc. 

Rev., 2008, 37, 1473-1481. 

3. (a) A. Hejcl, P. Lesny, M. Pradny, J. Michalek, P. Jendelova, J. 

Stulik and E. Sykova, Physiol. Res., 2008, 57 Suppl 3, S121-132; (b) 

A. S. Hoffman, Adv. Drug Delivery Rev., 2002, 54, 3-12. 

4. (a) R. G. Ellis-Behnke, Y.-X. Liang, S.-W. You, D. K. C. Tay, S. 

Zhang, K.-F. So and G. E. Schneider, Proc. Natl. Acad. Sci. U. S. A., 

2006, 103, 5054-5059; (b) M. Zhou, A. M. Smith, A. K. Das, N. W. 

Hodson, R. F. Collins, R. V. Ulijn and J. E. Gough, Biomaterials, 

2009, 30, 2523-2530; (c) N. A. Peppas, J. Z. Hilt, A. 

Khademhosseini and R. Langer, Adv. Mater., 2006, 18, 1345-1360. 

5. (a) T. C. Holmes, S. de Lacalle, X. Su, G. Liu, A. Rich and S. 

Zhang, Proc. Natl. Acad. Sci. U. S. A., 2000, 97, 6728-6733; (b) R. 

P. Nagarkar and J. P. Schneider, Methods Mol. Biol., 2008, 474, 61-

77; (c) V. A. Kumar, S. Shi, B. K. Wang, I. C. Li, A. A. Jalan, B. Sarkar, 

N. C. Wickremasinghe and J. D. Hartgerink, J. Am. Chem. Soc., 

2015, 137, 4823-4830; (d) V. Jayawarna, M. Ali, T. A. Jowitt, A. F. 

Miller, A. Saiani, J. E. Gough and R. V. Ulijn, Adv. Mater., 2006, 18, 

611-614; (e) A. Mishra, K.-H. Chan, M. R. Reithofer and C. A. E. 

Hauser, RSC Adv., 2013, 3, 9985-9993; (f) M. R. Reithofer, K.-H. 

Chan, A. Lakshmanan, D. H. Lam, A. Mishra, B. Gopalan, M. Joshi, 

S. Wang and C. A. E. Hauser, Chem. Sci, 2014, 5, 625-630; (g) S. 

Sur, F. Tantakitti, J. B. Matson and S. I. Stupp, Biomater. Sci., 2015, 

3, 520-532; (h) H. Cui, M. J. Webber and S. I. Stupp, Biopolymers, 

2010, 94, 1-18. 

6. T. Y. Cheng, M. H. Chen, W. H. Chang, M. Y. Huang and T. W. 

Wang, Biomaterials, 2013, 34, 2005-2016. 

7. (a) J. Frackenpohl, P. I. Arvidsson, J. V. Schreiber and D. 

Seebach, ChemBioChem, 2001, 2, 445-455; (b) D. F. Hook, F. 

Gessier, C. Noti, P. Kast and D. Seebach, ChemBioChem, 2004, 5, 

691-706; (c) H. Wiegand, B. Wirz, A. Schweitzer, G. P. Camenisch, 

M. I. Rodriguez Perez, G. Gross, R. Woessner, R. Voges, P. I. 

Arvidsson, J. Frackenpohl and D. Seebach, Biopharm. Drug 

Dispos., 2002, 23, 251-262; (d) D. F. Hook, P. Bindschädler, Y. R. 

Mahajan, R. Šebesta, P. Kast and D. Seebach, Chem. Biodiversity, 

2005, 2, 591-632. 

8. (a) M.-I. Aguilar, A. W. Purcell, R. Devi, R. Lew, J. Rossjohn, A. 

I. Smith and P. Perlmutter, Org. Biomol. Chem., 2007, 5, 2884-

2890; (b) E. S. Jones, M. P. Del Borgo, J. F. Kirsch, D. Clayton, S. 

Bosnyak, I. Welungoda, N. Hausler, S. Unabia, P. Perlmutter and 

W. G. Thomas, Hypertension, 2011, 57, 570-576; (c) C. A. 

McDonald, N. L. Payne, G. Sun, D. J. Clayton, M. P. Del Borgo, M.-

I. Aguilar, P. Perlmutter and C. C. Bernard, J. Neuroimmunol., 

2014, 277, 67-76; (d) D. Clayton, I. Hanchapola, W. G. Thomas, R. 

E. Widdop, A. I. Smith, P. Perlmutter and M.-I. Aguilar, Front 

Pharmacol, 2015, 6. 

9. (a) Z. Yang, G. Liang and B. Xu, Chem. Commun., 2006, 738-

740; (b) Z. Yang, G. Liang, M. Ma, Y. Gao and B. Xu, Small, 2007, 3, 

558-562; (c) F. F. Da Silva, F. L. De Menezes, L. L. Da Luz and S. 

Alves Jr, New J. Chem., 2014, 38, 893-896; (d) V. Castelletto, G. 

Cheng, B. W. Greenland, I. W. Hamley and P. J. F. Harris, Langmuir, 

2011, 27, 2980-2988; (e) J. Nanda and A. Banerjee, Soft Matter, 

2012, 8, 3380-3386. 

10. (a) M. P. Del Borgo, A. I. Mechler, D. Traore, C. Forsyth, J. A. 

Wilce, M. C. J. Wilce, M.-I. Aguilar and P. Perlmutter, Angew. 

Chem., Int. Ed., 2013, 52, 8266-8270; (b) R. S. Seoudi, M. P. Del 

Borgo, K. Kulkarni, P. Perlmutter, M.-I. Aguilar and A. Mechler, 

New J. Chem., 2015, 39, 3280-3287; (c) R. S. Seoudi, A. Dowd, M. 

Del Borgo, K. Kulkarni, P. Perlmutter, M.-I. Aguilar and A. Mechler, 

Pure Appl. Chem., 2015, 87, 1021-1028; (d) Romila D. Gopalan, 

Mark P. Del Borgo, Adam I. Mechler, P. Perlmutter and M.-I. 

Aguilar, Chem. Biol., 2015, 22, 1417-1423. 

11. (a) J. D. Hartgerink, E. Beniash and S. I. Stupp, Proc. Natl. Acad. 

Sci. U. S. A., 2002, 99, 5133-5138; (b) I. W. Hamley, Soft Matter, 

2011, 7, 4122-4138. 

12. (a) E. J. Berns, S. Sur, L. Pan, J. E. Goldberger, S. Suresh, S. 

Zhang, J. A. Kessler and S. I. Stupp, Biomaterials, 2014, 35, 185-

195; (b) S. Lindsey, J. H. Piatt, P. Worthington, C. Sönmez, S. 

Satheye, J. P. Schneider, D. J. Pochan and S. A. Langhans, 

Biomacromolecules, 2015, 16, 2672-2683; (c) K. A. Black, B. F. Lin, 

E. A. Wonder, S. S. Desai, E. J. Chung, B. D. Ulery, R. S. Katari and 

M. V. Tirrell, Tissue Eng. A, 2015, 21, 1333-1342. 

13. (a) E. A. Appel, M. W. Tibbitt, M. J. Webber, B. A. Mattix, O. 

Veiseh and R. Langer, Nat Commun, 2015, 6, 6295; (b) A. K. Das, I. 

Maity, H. S. Parmar, T. O. McDonald and M. Konda, 

Biomacromolecules, 2015, 16, 1157-1168. 

14. (a) J. H. Son, H. S. Chun, T. H. Joh, S. Cho, B. Conti and J. W. 

Lee, J. Neurosci., 1999, 19, 10-20; (b) K. S. Kang, S.-I. Lee, J. M. 

Hong, J. W. Lee, H. Y. Cho, J. H. Son, S. H. Paek and D.-W. Cho, J. 

Controlled Release, 2014, 175, 10-16. 

15. S. Marchesan, C. D. Easton, K. E. Styan, L. J. Waddington, F. 

Kushkaki, L. Goodall, K. M. McLean, J. S. Forsythe and P. G. 

Hartley, Nanoscale, 2014, 6, 5172-5180. 

 
 

Page 4 of 5Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Graphical Abstract 

We have synthesised the first helical β
3

-peptide amphiphile and shown its ability to form an 

injectable, stable and biocompatible hydrogel. 
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