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Abstract

HERICHEVT, FUNTEOREFRECZFORALARILPHERNEENORELEICL>TH
HICHBPENATVWD, LEN 2T, IUNVEOBEZATINICHBE TR AN TENE., KB
EEOEEFEETEBERREROBAREEAZOHARICKIULDEI T THD. LAL., BEXHE
BEQDEEOEZNVEOHEZ —THICHBEATREEMECNETTICEIEATVLEL, 22
THEMRETRE, ATRZELEFEDVANINAMOENVES TN ZAVT, ARRBISEE DR
BUNVEBESH AT LAZRRTDEZBNELE, TOLEHIC, ETRE<OHEENE
9 HBMC ( bacterial microcompartment ) EFFNBDEXRE X NVES T I)LEEHICEBL, F
BEOBHNEANVEZNSURBESERBAIZINVES T)IEORILZER& L. BEHNICE. B
MCY IIFERRINIVBEEL THSNBEUMSEPAUWUICEEROT I /BMEEZEAL, error
prone PCR (epPCR) ZFWT S VA LABREREBEALLEZA TSV EBEL DL, EEXJ %
RELEBEUHEONVEZKRBENTHRERAEE, £BLEABEZERLE. COKSICLT
 BHERICE< RSELL EPAWUVEERAZRRL -5, B30, 50, 70 nmO > I)L#
BEFERTDENHASHER 2=, £, encapsulinE RN B MBEEKOZ/NIES TILD
JL—7"#:& (2, HiBit (11 aa), Spytag (13 aa), FP11(16 aa)& FiE 11 5 3 B D split proteins D Zp 2
BE (RTFREE ) ZBALESINEZONVEZRF LI, €512, ZhSencapsulindlZ &
ZRBEATHREAL, YILBBIONKNIS 74— (SEC) THRHEITBZEILEL2T, IO
FERZEED O, £, split proteinsDEH P BEEHEEATEIX A BE (HAFRBERF ) =5
ICHRBELTHE, BRFPTRETREICL2T, split

proteinsDHEERAE, ThICHST T DEREZSECE LU BRIABELIC K > THRETL 1=,

In living organisms, protein functions are intricately regulated by several factors such as gene
expression levels and cellular organelle localization. While artificial control of protein functions
holds promise for elucidating biological phenomena and disease mechanisms, a unified technology
capable of controlling the function of arbitrary proteins, such as enzymes or antibodies, has not yet
been established. Thus, this study aimed to develop a novel protein function control system
responsive to external stimuli using artificially modified non-viral protein shells. To achieve this
goal, we first decided to create a diverse group of artificial protein shells capable of encapsulating
target proteins by utilizing bacterial microcompartment (BMC) shell-forming proteins. We
introduced negatively charged amino acid mutations into BMC shell-forming proteins, EutS and
PduU, and constructed libraries with random mutations using error-prone PCR (epPCR).
Subsequently, we co-expressed toxic proteins tagged with positive charges in Escherichia coli and
screened for bacterial growth. Through this process, we identified PduU mutants that had evolved
to reduce toxicity by forming shells with diameters of approximately 30, 50, and 70 nm around the
toxic proteins. Additionally, we introduced peptide fragments of three split proteins, HiBit (11 aa),
Spytag (13 aa), and FP11 (16 aa), into loop structures of an encapsulin, which is a bacterial-
derived protein shell. We expressed these modified encapsulins in E. coli and confirmed shell
formation by size-exclusion chromatography (SEC). Moreover, we separately prepared the
remaining structures of the split proteins (external stimuli factors) and examined their interactions
with the peptide fragments in the modified encapsulins. We are currently investigating whether
these interactions can induce shell collapse, using SEC and dynamic light scattering.
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1. HRBERERDOBE

EERRICBEWT, VRN VBEDOHEIFETFORREL NILPHIEE/NSEANDREREICL > THAICHEI N TWS,
LD 2T, VR VBOMEEATINICHET 2N TENIE. KREESDLIFIEREMRKROMBRALAE
FEDHBICRIDIET TH S, LH L. BREPRELREDEREDY v/ BOMEEE — T FIE TR ARfTE
NETICHWISNTUVWRY, TEITHEFRTIE, ATRELLEVAIVAMEDS VIR IBEY TV EBWT, AERRIE
IS MDY VNN BHRERIHY AT LAXRARTZEEBNE Lz, ZOEHIC, ETEZLOHMENIET
%BMC (bacterial microcompartment) &M IENZEXRLRY VRN IVEY T IIVEGERICEB L. AEDENSY /XY
BANTARERERRALIYI VN IVEY T VBEDORIHERA ATz, EFMICIZ. BMCY VKRS VX0 E & LTH
S5NBEUtSEPJUUICEBROT7 I /BEEAEA L, error prone PCR (epPCR) #FHWT S VY ARLERAEAL
AT SVERBELLDE, EBY VRS LG VNV BEAKBEATHRRIBEIE, £5L-KBEEZE)
Lfe Z2OEIICLT, BEHERICE &L LAZPAdUUEEEKAERBR L& 25, BREKN30, 50, 70nmD> T
IWIEEAETUR T DI ENBELONER >, /. encapsulinE RN ZHBEBEDY /X2 EY T IILDI— TiEE
IC. HiBit (11 aa), Spytag (13 aa), FP11(16 aa) & FEEN % 3 FEEEDsplit proteinsDEDHEE (RTF K#fH) 28
ALY v RIBAERE L, E5IC. IThbencapsuliniZ&kE KIBERTRIEL, FIILERA27 O~ M7
Z74— (SEC) TRHETBZIELIZL>T. YzILDOFEKEEN DT, £/, split proteinsDEPDHEIEEHEER T
XA VIEBE (AEBRBEF) ZRICARLTHE, BRATRET S I &ICL > T, split proteinsDEE/ERA &
ZFHICHED VT IILDERIEESECH L UEIMMNEELIC K > THRET L 7=,

2. MRABRREEDOHE (F:R)

In living organisms, protein functions are intricately regulated by several factors such as gene expression levels
and cellular organelle localization. While artificial control of protein functions holds promise for elucidating
biological phenomena and disease mechanisms, a unified technology capable of controlling the function off
arbitrary proteins, such as enzymes or antibodies, has not yet been established. Thus, this study aimed to
develop a novel protein function control system responsive to external stimuli using artificially modified non-
viral protein shells. To achieve this goal, we first decided to create a diverse group of artificial protein shells
capable of encapsulating target proteins by utilizing bacterial microcompartment (BMC) shell-forming proteins.
We introduced negatively charged amino acid mutations into BMC shell-forming proteins, EutS and PduU, and
constructed libraries with random mutations using error-prone PCR (epPCR). Subsequently, we co-expressed
toxic proteins tagged with positive charges in Escherichia coli and screened for bacterial growth. Through this
process, we identified PduU mutants that had evolved to reduce toxicity by forming shells with diameters off
approximately 30, 50, and 70 nm around the toxic proteins. Additionally, we introduced peptide fragments of]
three split proteins, HiBit (11 aa), Spytag (13 aa), and FP11 (16 aa), into loop structures of an encapsulin, which
is a bacterial-derived protein shell. We expressed these modified encapsulins in E. coli and confirmed shell
formation by size-exclusion chromatography (SEC). Moreover, we separately prepared the remaining structures
of the split proteins (external stimuli factors) and examined their interactions with the peptide fragments in the
modified encapsulins. We are currently investigating whether these interactions can induce shell collapse,
using SEC and dynamic light scattering.
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