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Development of smart Bio-Ink based on the protein nanocage TIP60 (' Keio University, Osaka
University, “Shinshu University) O Maika Yamashita,' Norifumi kawakami,' Arai Ryoichi,
Kenji Miyamoto'

The solvatochromic dye Nile Red (NR) was encapsulated in the engineered protein nanocage
TIP60, which was modified with pyrenyl groups on the interior surface. Cryo-EM revealed that
the pyrenyl groups interacted with each other. The solution color became blue suggesting that
the NR molecule was surrounded by a polar environment despite the hydrophobized interior
surface. The blue color persisted even after application onto paper. Interestingly, when the
paper was pre-treated with sodium dodecyl sulfate (SDS), the blue color transitioned to red,
likely due to SDS disrupting hydrophobic interactions and altering the local polarity around the
NR molecule. Furthermore, reversible color changes were observed upon heating and cooling
the paper. These findings indicate that the polar environment provided by the engineered TIP60
nanocage is retained even after application onto paper, and that temperature changes induce
partial dissociation and re-association of TIP60. Therefore, NR-loaded TIP60 demonstrates
potential as a smart bio-ink capable of responding to temperature changes.
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