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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.

Keywords : Protein nanocage; TIP60; Cryo-EM; Nile Red; Solvatochromism
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Isolation of monomers from stable dimeric proteins by confinement in coordination cages
(!Grad. School of Engineering, The Univ. of Tokyo, *Inst. for integrated Radiation and Nuclear
Science, Kyoto Univ., 3Inst. for Molecular Science, *UTIAS, The Univ. of Tokyo) oRisa
Ebihara,' Takahiro Nakama,' Ken Morishima,> Masaaki Sugiyama,” Makoto Fujita'**

Since most proteins form a stable homo-oligomeric structure, it is challenging to analyze
the functions and structures of their monomeric state without mutations. In this work, we have
isolated monomers of oligomeric proteins by confining them in spherical coordination cages
(Fig.1)1-3. M ;o4 spherical cages, self-assembled from bis(pyridine) ligands (L) and Pd(II) ions
(M), form a well-defined inner cavity that can selectively accommodate a single protein of
appropriate size'!. A stable dimeric protein, superoxide dismutase 1 (SOD1, largest diameter: 7
nm, Kq = 10® M) was encapsulated in the cage with a cavity smaller than the protein dimer
(inner diameter: 5 nm). Chemical crosslinking assay using bis(N-hydroxysuccinimide (NHS))
and analytical ultracentrifugation (AUC) confirmed that the SOD1 monomer was selectively
encapsulated. As a result, the enzymatic activity and secondary structure of the native SOD1
monomer were evaluated for the first time.

Keywords : Protein encapsulation, Metallo-cage, Self-assembly, Oligomeric proteins, Well-
defined cavity

KRB T BDL NXRERS BIEMEZ TR T 5, L EBIKEZHERT 557
BOE ) ~—TOMWE « #EICHEN 72508, BREZMZ PICHBEL, &/ ~—
AROMWEEZTAND Z LITNETH S, AR TIX, 2> TG EHR OIS ZE /M 2 H
W, TE EIRE NI DT )~ —Hif AT 5 (Fig. 1), AR RN (L) &
PAID) A F > (M)D B CEEEN B2 D Miplos 220 TRIGERS 13, B - DR EHIEE
SE BN EM AR S S, TOED, TORE SICHTILIZ 7 E
RN EET D2 N TE L0, ITABERNEE 5 nm) £ 0 & K& RLE &K
BRI BEThHHA—R—FF L FF 4 AL X —F 1(SOD1, fix KEA 7nm, Kg=10"8
M)DE /) ~— @i a il le, ZOREE, HHrEE AUC)HIES B A NHS =27 /L
W2 G EER )5, SOD1 &/ ~—MNeRlIc oSN Z ENbhoTz, ZhiZ
£V, KIRD SODI £ / v —OEERTEMESC IS Z il 5 2 &N TE 72,

1) Ligand (L)
2) Pd(ll) ion (M)

7 nm

Fig. 1 Encapsulation of SOD1 monomer in a spherical coordination cage

1) R. Ebihara, et al., Angew. Chem. Int. Ed. Accepted, ¢202419476. 2) T. Nakama, R. Ebihara, ef al.,
Chem. Sci. 2023, 14, 2910. 3) D. Fujita, et al., Chem 2021, 7, 2672.
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Entrapment of Weak Protein—Lipid Complex within Spherical Coordination Cages to Analyze
Its Transient Structure (' Graduate School of Engineering, The University of Tokyo, > Graduate
School of Pharmaceutical Science, Nagoya City University, *UTIAS, The University of Tokyo,
*Institute for Molecular Science) OTakahiro Nakama,' Miri Tadokoro,' Hongkun Liu,' Maho
Yagi-Utusmi,>* Koichi Kato,>* Makoto Fujita'~*

Weak interactions between proteins and ligands are essential for biological processes.
However, structural insights into these transient complexes remain elusive due to the technical
limitations in analyzing them at atomic resolution. Here, we report the entrapment of a weak
protein—lipid complex within a spherical coordination cage to study its transient structure (Fig.
1). When cutinase-like enzyme (CLE), and its lipid ligand were co-encapsulated in a self-
assembled Pd(Il) cage!'?, their enforced proximity mimicked the densely packed cellular
environments, thus enhancing binding at the protein active site. The confinement in a well-
defined cavity of the coordination cage enabled nuclear magnetic resonance (NMR) analysis
of the protein—lipid complex, revealing interactions at the catalytic site and adjacent loops that
are undetectable by standard NMR in bulk solutions.

Keywords : Protein; NMR; Coordination Cage,; Host—Guest; Structure Analysis
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Fig. 1 Encapsulation of a protein—lipid complex in a Pd(Il) coordination cage
1) T. Nakama, et. al., Angew. Chem. Int. Ed. Accepted, €202419476. 2) D. Fujita, et. al., Chem 2021, 7, 2672.
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