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Statement of Purpose: Advances in understanding of 

extracellular matrix-cell interactions has informed a new 

generation of rationally designed biomaterials [1]. 

Biochemical, structural and mechanical cues, present in 

the native extracellular matrix drive cell behaviour. Fmoc-

FRGDF/PHSRN is a rationally designed biomaterial, a 

self-assembling peptide that relies on π-π stacking to form 

a structurally fibrous network; mimicking the structure of 

the extracellular matrix. Additionally, Fmoc-

FRGDF/PHSRN is based on key cell attachment motifs 

(RGD and PHSRN) from the extracellular matrix protein 

fibronectin. Fmoc-FRGDF/PHSRN has been shown to 

promote cell attachment in vitro due to its structural and 

biochemical similarities to the native extracellular matrix 

[2]. A key limitation of Fmoc-FRGDF/PHSRN is that the 

mechanical properties, and therefore applicability to 

various cell types’ mechanbiology requirements and 

bioprinting, cannot be modulated. By adding an inert 

polysaccharide, namely Agarose in varying 

concentrations, the mechanical properties are modulated 

without disrupting the biochemical and structural 

properties or self-assembling gelation process. 

 

Methods: Self-assembling peptides Fmoc-FRGDF and 

PHSRN were purchased from Pepmic Co., Ltd, China. 

2.5mg Fmoc-FRGDF and 2.5mg PHSRN were added to 

make a total 5mg/mL hydrogel; 400uL Mili-Q was added. 

Hydrogels were formed by pH switch via drop-wise 

addition of NaOH (0.5M) and HCl (0.1M). Low-melting 

point Agarose (Sigma) was prepared in PBS and added to 

a final concentration (0.05-2%) after pH switch but before 

gelation, finally PBS was added to make sample volume 

to 1mL. Samples were stored at 37˚C for 30 minutes after 

addition of Agarose before setting at room temperature 

(~21˚C) overnight. Modular Complex Rheological data 

(Modular Complex Rheometer 302, Anton Paar, Austria) 

in parallel plate geometry (15mm cone, 1° angle, Anton 

Paar) and at constant temperature (37°C) was collected at 

1% Shear Strain. Circular Dichroism data (Jasco J-1500, 

ATA Scientific, Australia) (5 accumulations, smoothed 

using inbuilt software) was collected on hydrogel 

samples. Samples were diluted 1:20 with de-ionised water 

to reduced scattering.  

 

Results: Fmoc-FRGDF/PHSRN-Agarose hybrids formed 

stable hydrogels (Figure 1). Hybrids containing <0.2% 

Agarose however quickly broke under shear. Hybrids 

with 1-2% Agarose increased mechanical rigidity; whilst 

hybrids with 0.05-0.5% Agarose decreased mechanical 

rigidity; range of 0.4-3.2kPa at 1rad/s. Circular Dichroism 

demonstrated that hybrids retained the intermolecular 

structures present; hydrogel structure is not disrupted with 

composition of 0.05-2% Agarose (Figure 2). 

 

 
 

Figure 1. Hybrid Fmoc-FRGDF/PHSRN-Agarose Storage 

(G’) and Loss (G”) Modulus; Rheological Data 

 

 
 

Figure 2. Hybrid Fmoc-FRGDF/PHSRN-Agarose 

intermolecular structure; Circular Dichroism 

 

Conclusions:  Hybrid Fmoc-FRGDF/PHSRN-Agarose 

systems enabled rationally designed hydrogels with 

precise mechanical properties. By adding varying 

concentrations of Agarose to Fmoc-FRGDF/PHSRN the 

mechanical properties could be controlled whilst 

maintaining self-assembly. This makes Agarose an 

attractive addition for mechanical modulation of self-

assembling peptide systems. The use of this hybrid 

hydrogel will facilitate future in vitro and in vivo studies 

and bioink development for bioprinting and regenerative 

medicine. 
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