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Abstract

TANADAT I RIZBUEAIZONVES TR, BEERERYSDBERINVEZE
AR EBE T B 5DDSHEAE L TOF AN BFE D, Bk, ChETICENET
BPEAUNVEZDINAICHERKABCTRATLAZEBRELTELN,. ChEaKRETBEMIC
DVWTRREBUTETCVWEN 21z, TSTARRTR., IV RYA M= ALK > THEERIC
BYRAENLAIZRNVED TN, TURVY—LRVYY—LBREOBUERETICSVTE
MO FENRR<HHTERATLOBEZBEL L. BEANICE. £F. BHEV/NIEZ
AEBAREBIIID VERBRERFAALS-STINERTEDEZNIVES TN OpHELIZL B RE
MZREL . AaLS-ST1ZAKBEATHRIR TS &, BERHN16nmNDSS T )L (small shell)
EBEREK29MDOLY T)L (large shell ) 2R L 2o EERXITBHIEHEERTE RASERE
LEBHARNVEZRRRITSZCET, TRTENOZILOHRICENZ NIV EZNSARET
HBERERALEL, RIC, SYITIELZTIDTNENEY A XHBRIOINIZ T 1 —TH
BERERL, ER2pHICHABL LU BREERPTOZTNTNOS I)IOREMZEHN LRI EE
AVTFHMEL 2, TOFEBR. AaLS-STIZ TILEHFTE, ST, LI EEIC, pHELAT D5
BUERBCTO TIINBEEL, BELLED IINRETIERFNERE L, L. REEXUN
VEZEBRLEINCHBVTEEBRUERETICE TR IIIOBENTRE N, S&RIEF. &
INDBRELCI > THERNVEN HHEI, TOEMERTIEEZRIATDTFETHD. B
MURRTCTHRIZDEAD I ATLR. FROICHAAEBRENTERNIYEOREP IV K
V—LARNTONBYEOHEBECFATED EHEFE LD,

Artificial protein shells hold promise for a novel drug delivery system (DDS) capable of transporting
functional proteins into target cells. While successful encapsulation of target proteins within these
shells has been achieved, the development of techniques for their controlled release remains a
challenge. In this study, we aimed to design a system wherein artificial protein shells, internalized
by cells through endocytosis, could efficiently release therapeutic molecules within acidic
environments such as endosomes or lysosomes. We assessed the stability of the AaLS-ST1 shell,
which is a mutant of lumazine synthase from Aquifex aeolicus designed to encapsulate target
proteins. Expression of AaLS-ST1 in Escherichia coli led to the formation of two distinct shell types:
S shells (small shell) with a diameter of approximately 16 nm and L shells (large shell) with a
diameter of approximately 29 nm. Through co-expression of target proteins fused with the shell-
interacting domain, we validated the encapsulation capability of each shell for target proteins.
Subsequently, S shells and L shells were purified through size exclusion chromatography, and the
stability of each shell variant was assessed using dynamic light scattering in phosphate buffer
solutions adjusted to different pH values. Notably, both S shells and L shells collapsed and
aggregated in weakly acidic environments with a pH below 6. Furthermore, this collapse
phenomenon was also evident in shells containing encapsulated proteins. We now aim to confirm
that the encapsulated proteins are released as a result of the shell collapsing and to demonstrate
their activity. The potential utilization of this pH-dependent disassembly system is anticipated in the
future for the targeted release of cargo substances within cancer tissues or endosomes, where
weakly acidic environments are present.
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Development of pH-dependent disassembly of artificial protein shells

1. HREREBEOHE
DANADATY RICBELEEATIY YR OBY TIVIE, REREERY D 2By vV B2 RN C X T
5#7-7DDS#EE & L TCOFMAN TSNS, HLld,. INETICENET R VNI BEEZ T IILRICHERCH
BTEVRATLEBRERLTEALDN., INERETHIRMCOVWTIERAEBILTE TWAL >, £ TEAHRTIE,
IVRYA M=V RICE > THIIERICRYRAENEZAIY VY NRIBES TN, TURY—LP )Y Y —LIREDHEN
RIETICBVWTENDFEMNRRSBMETEZ VAT LDEBEAER L, BANICIE. £, EMY VRV EERN
SHRERILT Y VARBREEEALS-STINERT 29 VR IBY T IVDpHEICL 2L EMAMRET L7, AalLS-
ST KBERNTHERET S L, ERKNTI6 nmDSY )L (small shell) & BE#H29 nmdDLY )L (large shell) %
L7ze Y VEBINEHEEERTZRNAMVERE LIENY VR VEEHRHER TSI E T, TNEThOY T)ILOF
ISR VR IVBEEZRNEBURETHD I EEER L, RIS, SYTIELYIILOZENEFNEY 4 IR/ OT 7]
Z74—ToOBEBRL. ELSpHICHELLY VEBRERPTOZNETNOY TILORERZBIAHEEZAL
T L7z, ZOFER. AaLS-STTY TJLEAEATIE, SY )b, LY )L EHIC, pH 6UATOEBERIBELTY =LY
BRIEL. BREELAY T LANRET 2R FI/ERRINE, £/, RBY U VEEZSEELAY I VICBWTEHBEMIR
BETICE TV TIIORENATRERIN, SHIE. YTIOBREICL > TREY Y R7ENRES N, ZOEKER
FTIEERIETDFECTH D, BERMRIETCTHRIET 2RV TILY AT LR, FERMICHABBRENLRNESMED
MEP TV RV —ALARTORBYPEOREREICFIATES EHFSND,

2. MAKRREEDOHE (F:R)

Artificial protein shells hold promise for a novel drug delivery system (DDS) capable of transporting functional
proteins into target cells. While successful encapsulation of target proteins within these shells has been
achieved, the development of techniques for their controlled release remains a challenge. In this study, we
aimed to design a system wherein artificial protein shells, internalized by cells through endocytosis, could
efficiently release therapeutic molecules within acidic environments such as endosomes or lysosomes. We
assessed the stability of the AaLS-ST1 shell, which is a mutant of lumazine synthase from Aquifex aeolicus
designed to encapsulate target proteins. Expression of AaLS-ST1 in Escherichia coli led to the formation of two
distinct shell types: S shells (small shell) with a diameter of approximately 16 nm and L shells (large shell) with a
diameter of approximately 29 nm. Through co-expression of target proteins fused with the shell-interacting
domain, we validated the encapsulation capability of each shell for target proteins. Subsequently, S shells and L
shells were purified through size exclusion chromatography, and the stability of each shell variant was assessed
using dynamic light scattering in phosphate buffer solutions adjusted to different pH values. Notably, both S
shells and L shells collapsed and aggregated in weakly acidic environments with a pH below 6. Furthermore,
this collapse phenomenon was also evident in shells containing encapsulated proteins. We now aim to confirm
that the encapsulated proteins are released as a result of the shell collapsing and to demonstrate their activity.
The potential utilization of this pH-dependent disassembly system is anticipated in the future for the targeted
release of cargo substances within cancer tissues or endosomes, where weakly acidic environments are
present.
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