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2. Capsular Antigen Fragment 1 (Caf1)

• ‘Hair like’ protein fibres expressed by the Plague bacterium, Yersinia pestis.

• Polymeric protein comprising chains of non-covalently linked monomer subunits.

• Newcastle University is currently the only place in the world investigating Caf1-

based biomaterials.

Figure 1: Schematic of the Caf1 protein polymer, where individual subunits are different colours.

Ideal bioink properties Caf1

Scalability Recombinant production in 300 – 500 mg batches.

Biocompatibility
Structure resembles that of human extracellular 

matrix proteins.

Biomimicry

Protein structure can be engineered at a molecular 

level, e.g. integration of RGDS motif for cell 

adhesion.

Stable and mechanically 

robust

Exceptionally strong donor-acceptor linkages 

convey high stability

Printability ?









?

• The ability to finely control rheological properties using temperature 

could be the key to overcoming the challenges surrounding 3D 

printing biomaterials.

• We have discovered that this process can be controlled at cell-friendly 

temperatures, which will be important for encapsulating live cells.

4. Conclusions and future work

3.2. ‘Dial-up’ and control of hydrogel 

stiffness

3. Results and discussion
3.1. ‘Dial-up’ and control of polymer length

Key conclusions

• We have discovered that the melting 

and refolding of Caf1 is thermally 

reversible (Fig. 2a).

• This means the number of linkages 

between the subunits can be 

controlled, therefore so can the 

number of subunits in the chain.

• A ‘trapping’ temperature, TTRAP, exists 

at which the chain length can be held 

constant (Fig. 2b).

• This allows desired values of 

hydrogel stiffness to be ‘dialled-

up’ easily.

• Crucially, this means the hydrogel 

can be heated, to lower its viscosity 

for printing, then cooled quickly 

upon deposition, to increase its 

viscosity and allow it to form a 

freestanding structure (Fig. 3).

The key to successful printability lies in control of the ‘flow’ of the 

material; it must be enough ‘liquid-like’ to allow extrusion but viscous 

enough to form a freestanding 3D structure upon deposition. 

Figure 2: Schematics of a) the Caf1 reversibly melting into individual subunits and then refolding into 

a linear polymer upon cooling and b) the partial melting of the Caf1 polymer and subsequent ‘trapping’ 

at a chosen degree of polymerisation.
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b)

Figure 3: Schematic showing hydrogel synthesis and subsequent thermal 

unfolding and ‘trapping’ at a chosen stiffness.

Covalently 

cross-linked, 

robust hydrogel
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• Context: 3D bioprinting has the potential to revolutionise 21st century medicine, with applications in regenerative medicine, 

tissue engineering and novel drug design.

• Problem: Central to its success is the ‘bioink’, which is, ideally:

1) Biocompatible (not harmful or toxic to living tissue).

2) Printable (able to be extruded through a nozzle).

• But most current materials prize printability and later modify the material to enhance biomimicry.

• Aim: To develop a novel biomaterial, based on the Caf1 protein, that displays both biocompatibility and printability.

1. Introduction


