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AFSCTlE, TERAEMMOD TN L 2By THEEEROAIR) LEL, MlENEREEREZFRIHL, fRmo
ARMESOUR IS DREEZ R 2 Z Lok v, MRt B oA 2 B L=,

F—ROMS T, BAEES TREROBETIESCE QGRS OBESEMELE L ToFIHIZ O TR L.
T, NTWICEREES TRESEZEEL, oot LTRIRT 208 ED b Tnsd. Fixld, Zh
FCEAGRKBOBRHEEICER L, FEMEZBER L C&72. EAEKMSIE, EAES F2HAIE L < B4
THZEICLVERESN, WRTOERE &38R 2N MAEET 5. FrZ, MIENCTERENHEMICE
ML, b 2MENERERGE, ZEREAEMENEEICEOND Y, ERINTWS. RIFIE T,
RPN RS LRI X 2 B A S OB SR b O S 2R A U, #rREE R R AR B O B 38 o RE MR
ST REEE OB AT

B W TIE, ZAKREEEIND BRMRANCHEM LT 2EAEESEZFAL, N T ARER~EREEN
WTHZEl, MBI DIEE AR LS ENUBRL T2 2 Ee@lk Lz, SAMREMSIT, e,
WS, BR7e ElTx L CREmIE 2 HERF T 2 B W2 EMEE A T 53, pH 10 L Lo MR CIREi+ 5. 7=
H1~Y v 7 RELMEND X T _TTF RE@E LIANSREEER, Z2AKREAE & RN I T2 Lok
EAENNA SN ZARERPMIENTEREND. INLORKMETENL, Z2AKREREFR L-BRRT
MEORBEER Z R T2, FAEROZAMRIERIT, pH 10 DL EOEFEMERIKIC LR L=, fEREfRIC LY
M ENDEEHEMT L A RIGETHMESNDS. 2T, BAEMO LA X 0KV pH TIAREATRE 2R 25 BAR
FEEmAERE L, ARSI, BEROSAMRERS CIEMTE 720 pH 85 TIAEMR L, PWEBESRIZEE & HERr
Li-EEfmr ot S, 7z, BEE2NA L ERAMSSE 1 BEERET L, BERIEMEZ M L 75 5R,
BRI L DR O LWEMHIR T2 N TE 72, UELY, Z2AKOEREEREZFATS5 2 & THIKaXN
one-pot TEEHEZNW LR MmN AR S, BEEOLERT ETREE MR Lo /50D OB ER S, B
FRFM B L COF RN RS-,

FomTIE, Z2ARESERIAL, BRSNS 72 2855 70 ZEIE SR 2R SIAfRS% D IRIKE T
fREF S, EAEBS FREEEROB - EFIELZIES L-. BRIZIE, 2AKRERNOBEERR LD 2L
T4 FREBICE D EEEIL L, HITERELZET 5D 2 & T, RBEMRE b IAET T RIS R 2 R S8
2. WIOIZ, SAEERNORERSFRE~Y AT A 28N LT BREKEZHRE L, BRAN oA bEY
72, FeWTC, BRARESEZEBEL, MENY ALY ¢ RiEG 2R S -1%, \EBRRR CEEsEs2 L Th
RIS R AR~ M9 2 L 2@k L. —0F, WERTICBWTIRLIC L 2 HEERR+EOEELTIlX, 7
VA LRBRIC L DEBEERNEER I, HIREERIEETE o, B EXY, BBNTYALT ¢ N
AR L%, AT 52 LIC X0 EamNEa ON RS RP R TEX A Z LR ENTZ. ZOFE
FRAT2 2L T, BORBEICRSEAEREO LSRR S THERNSBR T2 EPNRB I,

FNETIE, HFoETHL LEEFEeMoBEAERR~EHL, 74 7 Ay MEGEKRZME L. BARI0I2X
Edan it Sibd % ThCatB B H'EAFIMH L, ThCatB fifuPICIEET DD T 4 T A v MEEIROMEE A
Hpt=., FOEDIT, MENOBEBESTFRIA~T AT A 28 A L ERKZRE L, BRMEN TRk S
W7, BREESIL BALEATAUREBMICS ALY 4 RS ZIERL, BB A L < Ty HER
FLENEEIENT-. o T, BEEEREZEMT DT TT7 4T A MEEEHEET LN TE. Uk
D, IR I X 0 BEEFE LR BRI 2L T 4 RS THBIL L, R EZRBT 777 4
T A MMEEIROREE 2 ER L.

FBHETE, FENOENEETORRELEZOERELE LD, MIENMEREHRICE 20 THESCR R
EREMEOKREZRAT 5 Z LT, MM eEREAROMELER L. £, MRNERGSOS 7 HE
ERETHZEICLY, MROBEMMIECERMES DOEAEOMEZ TS Z LN TE, HieliEr 5952
LW TEIZ, RO FEEE2 2EAEMABICERAT2 2 LT, BEORRIUSE L CRRT 2 E A EREO,
HEIOEy T &R 280 HE A2 EAEM M ZMHETE, MiEtirel s LCoAP RSN S.
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In this thesis, I have constructed novel biomaterials by utilizing in cell protein crystallization and

dissolution of protein crystals.

In chapter II, I have succeeded in construction of protein crystals, which can be used as enzyme
containers for long-term storage of enzymes with retention of activity. To construct enzyme
containers utilizing protein crystals, we focused on polyhedra crystals, which crystallize in insect
cells. Polyhedra crystals have the ability to encapsulate exogenous enzymes in insect cells and
retain activity of encapsulated enzymes against harsh conditions, such as dryness, freezing and
acid. By engineering the interfaces between monomers in polyhedra crystals to control solubility of
the crystals, we can construct mutant polyhedra crystals, which can be dissolved and release
encapsulated enzymes with retention of activity.

Chapter III describes a method for construction of supramolecular protein assemblies within
protein crystals. Recently, supramolecular protein assemblies have been rationally designed via
chemical engineering of protein—protein interactions. However, it remains challenging to
construct protein assemblies with higher ordered structures in solution. Here we propose a
strategy for the construction of protein assemblies utilizing protein crystal, which have highly
ordered arrangements of protein molecules. Polyhedra crystals have unique protein cages
composed of trimers within the crystals. To construct the protein cages, we introduced cysteine
residues at interfaces between monomers. By oxidation of the cysteine mutant crystals for
cross-linking between monomers through disulfide bonds and dissolution of the crystals, we have
succeeded in construction of supramolecular protein cages from the crystals.

Chapter IV describes the construction of one-dimensional extended structures utilizing protein
crystals. By applying the method of chapter III to TbCatB crystals, which are formed in insect
cells, we also have succeed in construction of filament structures from ThCatB mutant crystals
without oxidation treatment.

In conclusion, we can construct various protein-based materials utilizing in cell protein crystals by
design of protein-protein interfaces within protein crystals in order to control dissolution of
protein crystals and supramolecular structures dissolved from the crystals.
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