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Single protein encapsulation in well-defined cavities of spherical complexes ('Grad. School of
Engineering, The Univ. of Tokyo, *Inst. for integrated Radiation and Nuclear Science, Kyoto
Univ., *Inst. for Molecular Science, *UTIAS, The Univ. of Tokyo) oRisa Ebihara,' Takahiro
Nakama,' Ken Morishima?, Masaaki Sugiyama?, Maho Yagi-Utsumi®, Makoto Fujita'-**

Protein encapsulation within artificial hosts is useful for protein functional modulation and
stabilization, but precise control of encapsulation is difficult due to the inhomogeneity of host
cavities. In this work, we have reported single protein encapsulation in well-defined cavities of
Mi;L4 cages constructed by self-assembly of bis-pyridine ligands (L) and Pd(II) ions (M),
'H diffusion-ordered spectroscopy (DOSY) NMR and analytical ultracentrifugation (AUC)
verify precise protein encapsulation in a single-molecule state. By using different sizes of cages,
15 kinds of proteins with 3-6 nm diameter were encapsulated within the cage in a single-
molecule state. By isolating proteins within their cavity, the interactions and aggregation of the
proteins were inhibited, thus significantly stabilizing them against organic solvents.

Keywords : protein encapsulation, self-assembly, M;:L»4 cage, protein stabilization, nano space

ANLHRA S~DH 37 BaET, BER E X R0 BRERERIEIC A H7205, 7R
A NEMORE—PED To DIGE 72 BT L\, ARS8 Tk, BERERIREE RO —3K 2=
f~D & R EORS oL WwET 5, B (L) & PAIDA A M)D H CES
WL VT D Miola HZESERO2 (T BN FORFHIE DI RE I DR L —8M
IR NERZE (AR 4-6 nm) A AEEET D70, FEE RS /X BN FIRE Th D
(Fig. 12), '"HDOSY NMR 243 AT 1 Ly(AUC) DRI E D> B ES IR~ 1 537D % L 737 B
BIRACERE SN2 AR SN, dil L2 A XOERRESRZ V5 2 & TRoRER
3-6 nm DFfF 15 FifHAD & /37 H OB 045 % 2k LTz (Fig. 1b), @I Z v~
NRIBIR, F R EROMEAEN - BEESIIH S TREMEDNE LM E LT,

(b) 42 &
Lysozyme e - .
. : @ Stabilized within cage
1 = Trypsin #% )
e ,gf @ Encapsulated in cage
L) &
10 £y
—_ Cytoch RNase A = [
= ytoc .rome ¢ a %%: Py
= 9 Proteinase K 3
& T o7 ° -chymotrypi
=3 %;Elastase. ec-chyme! wp"?:.‘__
£ 8- ; .“' . CLE Lipase %"
g ) 2&' . s
2 o i
o Ubiquitin -~ 98« Thorombin
8 7 - | L ] ;\
. 2 ¢ GFP TR
Protein@MizLz4 cage Ligand 64 "% . '.s )
Insulin E‘“ ;) Thermolysi e
— lysin 3
L1: XPy= b= R=-H s * A e . _
= a-lactalbumin v
L2: X-Py= b=~ R=-H .
L3: X-Py= F=——» R = -CHeN*(CHzJsNOs- 4 T T T T T T T 1
- 3 4 5 6 7
L4: X-Py= p=—)—=—,» R=-CHzN'(CHJaNOs

Largest diameter [nm]

Fig. 1 (a) Protein encapsulated in M ;L4 cages. (b) Scope of single protein encapsulation in the cages.
1) D. Fujita, et al., Chem 2021, 7,2672. 2) T. Nakama, R. Ebihara, et al., Chem. Sci. 2023, 14, 2910.
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