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Background
Bioprinting and Bioinks:
• Bioinks are liquid solutions used to pattern cells.
• Ideal Properties for bioinks are: biocompatibility, 

tunable stiffness, easy processing, and bioactivity.

Hagfish Protein Hydrogels:
• Extremely soft, with stiffness of ~ 5 kPa. This softness 

makes this hydrogel one of the softest biomaterials.
• Protein based, with potentially bioactive sequences.
• Recombinant hagfish protein has a high yield, making 

this a cost-effective solution at scale.

Acknowledgements

Bailey.McFarland@aggiemail.usu.edu

Goals
• Produce viable bioink from Hagfish keratin 

proteins. 
• Characterize this bioink and explore 

potential uses.
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Conclusions & Future Work

Figure 1: Spheres of hagfish hydrogel shrinking over the course of 60 minutes.
The hydrogels shrink roughly 50% (left), and hagfish hydrogels being tested
using the MicroTester (right). Results from these tests showed a wide range of
stiffnesses depending on the post treatment used.

Properties

Methods

Printing Techniques
Different tissues require different stiffnesses. Bioinks with 
tunable properties offer a wider range of applications. 
Hagfish hydrogels properties can be tuned through several 
post treatments. Additionally, controlling hydrogels size 
through non-reversible shrinking allows for finer minimum 
feature size. Figure 1 shows examples of these properties.
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Recombinant Hagfish Bioink.

• As Hagfish bioink is being developed, mechanical testing 
documents the range of stiffness and toughness of the 
bioprinted materials.

• The CellScale Micro Tester used calculates the deflection 
of a testing beam (A) to determine the force of 
resistance from the sample (B). This system allows for 
testing of forces as small as 10 nN. 
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• Hagfish bioink provides a promising option for protein 
based bioprinting.

• The high tunability, ability to use different methods for 
patterning, and overall low Young’s modulus make these 
hydrogels ideal for neurons.

• Future work will utilize this bioink to develop more 
complex neurological tissue models.
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Gelatin Beads
Bioprinting techniques are 
varied and aide in producing 
different morphologies in the 
final product. F.R.E.S.H. 
bioprinting (top) uses a matrix of 
gelatin beads that support the 
hagfish hydrogel and allow for 
distinct shapes and clean stops 
and starts. 
Coaxial Bioprinting
Coaxial bioprinting (upper 
right) allows for careful 
control of the size of the inner 
core, in this case hagfish protein. 
With this method we can create 
hydrogels as fine the single 
micron level (lower right).
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Figure 2: Freeze dried hagfish bioink (top left) is stable and can be
reconstituted in DI Water (bottom left), and hagfish hydrogels show a layered
cross section, possibly due to crosslinking dynamics.


