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Coaxial printing is an advanced 3D bioprinting technique that enables the simultaneous
extrusion of two materials along a shared axis. This technique finds application in tissue
engineering, drug delivery, and environmental systems due to its ability to form multilayered,
perfusable constructs. In this study, we developed hydrogel based bioinks containing
Chlamydomonas reinhardtii microalgae as a model for Engineered Living Materials (ELMs).
Microalgae, with their photosynthetic ability and environmental sensitivity, offer great
potential, though maintaining their viability within printed hydrogels remains challenging.

Two bioink formulations were prepared: one composed of 6-7% GelMA with 3% sodium
alginate, and the second included NIPAM and 1-4% alginate. Structures were printed using a
22G/18G coaxial nozzle. The outer shell of the tubular structure was printed using one of the
hydrogel inks, while the core consisted of Pluronic F-127. After printing, the core material was
removed via UV and ion crosslinking, resulting in a hollow lumen. Fabricated constructs were
evaluated for microalgae viability, perfusion performance (at 4 mL/min), morphology (SEM),
and cytotoxicity assays with and without microalgae inks in collaboration with a Medical
University. The resulting tubes had outer diameters of 900—1000 pum and inner lumens of 300—
450 um. Flow tests confirmed channel integrity during continuous perfusion. SEM imaging
showed lumens and porous, uniform walls. Cytotoxicity tests confirmed high biocompatibility,
with cell viability above 90%.

This coaxial bioprinting strategy demonstrates the ability to produce perfusable,
photosynthetically active constructs with potential in bioengineering applications.

This research was supported by the project OPUS-25 (2023/49/B/ST8/03834) funded by the
National Science Centre.



