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KR G IS ERRFICEERET 5 2 L IR SN D & L% BRI, T ONLIREE 2 R LSV CIRE T
H1207F TR, EOEWEEENOLEEMEE LTHRH IS TS, ZivE THEEFR#RZEIC LA
72 FRREHT L 0 | e R B T 2O BEI N TV D, — 4T, RERTIE, HIlaN T B RAICHE &
2T D TRl 2 Ry RS D3, & AW R A 5 Z & Vb T %, I, Zhb
ORI Z 37 G hEdaE. (1) invitro fEEAGIZEEAR TR, O RKEICHESEERNTE S, (2) X237
B 7p EHIRAN S %%FHEP‘J WCEEITE D720, Ao A FEERMEIOBRIENED 5T D, LnLARnb,
MR A ST 5 LT, MilaNTX ‘//\"7%%3%%{!: LU CHSREZ BT 2 ICE S 7 v AZHH L7plixig &
A ETR N, HIRRPN & 2R B  ORREIL & | 7°ut;<0)%§3$‘fﬁ£%é%¥%ii:‘-@éﬁ5ﬁ OIS 5 Z L8,
EAEMEOBRRICITEETHD B 2T, Zfiﬁt TIE, TEAREE L LT OBEBRIIZ D728 5 4y FHE D Fr
PEERfR) ZHRYE L, JEATATSE & 0 ERARE & LT%IJEH INTWD 3 FFAOHERMS /X7 H Crystalline
inclusion protein A, B (CipA, CipB) & CrylAa #iER9E L7z, ZOE~D7 7r—F L LT, fabk7mtx

& B L7l b omE it FE OIS 2 B R Lz,

AR OE 2 ETIE, BHUREMEE & KIGHE s 2 BT % CipA DOREERTE Z R ATz, MaNT
CipA I3 Z AT 2 To ORISR EN R EECh o 7o, St B ek sb i, MR Is 1T 2 f sk 2 i
DHTENMETHD EEZ, UIEE TR I T~ //\°7g‘ftaaﬂi (Cell-free protein crystallization,
CFPC) ) # M\, BARAIZIZ, & I3 2 BAl A4 & BRI CEAT 2 2 12 X 26t & s 217
Teotn, ZOFER, 144XV 2 RINT 5 Z EI2L Y CipA O A HERED U, ST ICE) L7z, CipA
X4 BERECLNT 7T ay 7 e LTEBIROKEE AT 22 E RN oTo, BLEXD | fiflakiy
BT DT v ' R & 5 FER 720 o 7o M S % CFPC IZHINAI A8 A U7 FIEDOMENIT £ 0 2L
L7z, VA VRN LTz CipA 13, 14-UF XV X0 SRR S 2 LR S,

%3 mTIE, BAUREMEA T CipA L FHRICHERZIERT S CipB OEREZ HINE Lz, RIBES
CFPC CTHAJk L7= CipB I KA E A fibih T %671 "ﬁ@ﬁ%rﬁ%ﬁK HEERT AN Ch o7z, £ 2T, KRIBEN
THRR LIRS ORiR%E, Bt 5 2 &1 R ARG ARIRBEIZ 1T D CipB O EIRE & A T-, X Hj
Al AR EMATIC LV | CipB fidkiT 4 =K% 6 O%iﬁﬁ“é LT SND 24 BIRT—UREEEZ ELT /r /7‘
Ty L UTHREND Z ERHLMNIR 5T, SBIT, 7 T4 A B TBMEE (cryo-EM) Bk T-fi#dTIC
EIRIBIZIWN T 24 B — VIIIERFR CEATEE E L TIFET D2 2 & BbhoTa, Yﬁ‘{&‘k%ﬁaaﬂtﬁh
% 24 B — UREEDHBIZ LV | CipB fifb I IME D O B4y 1 HIFH AE RS O Fedk 211 © 24 iﬁiﬁ
— VMBI END Z L E LT LT,

%4 ETIE, CRMBEIRICV AT A ) v F R AL %FT 5 CrylAa @Faﬁiﬁﬂﬁ%ﬁmto Bacillus
thuringiensis (Bt ) CHA K L7z CrylAa fitidh 2 Ml DR L, X s 2175 2 N )
TANT 4 REREB N LT, fEfmNIcEiT 2 ¥ //\7%@%"%%%%1‘!3%’@6%% fxi&ﬁ-’r*/\@ 2T
HBUANT 4 REEAIL, CrylAa @ C K KA A V&I DTRITIRESND Z Enbrolz, I, f
ENICIB W T EREERIE (LR v T — 27 ZTERT D728, {kaa@ﬁ/b‘ﬂ: HEETH I ENRBENT, AR
RiL, B LT A d O HESH 2R T 57217 T/ <. Cry toxin f5 O AW FRIBEEE DM N 5 L #ifF
S,

AW TIE, BB L TIEORENLOMEE MR TIE OIS HIZ L Y | CipA. CipB. CrylAa OREEMHTIZEL
L. Wb IR SN D N ENOREEREE I HNMZ UTn, ARpRiE, Mlan g o7 BitfoMRe bz S
IR IE TV 2DIZ, S HEEOBRN ORFHER 2R T2 b D TH D,

% SCE R, FI3C 2000 F & 383 300 35 % 1 I ORIIT 52, & L <ITFEIL 800 #5% 1R L T 7280,
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Protein crystals, formed by a highly ordered protein assembly have been used as solid materials. Protein crystals with
various functions have been constructed by rational molecular design based on crystal structure. Recently, “In-cell protein
crystals” spontaneously formed in living cells, have attracted attention as solid materials with various biological functions.
However, due to their low crystal quality, there are limitations to determining their crystal structure. In this thesis, I focused
on Crystalline inclusion proteins A, B (CipA, CipB), and CrylAa with unknown structures. These crystals have been
reported to have potential as solid materials. I developed a crystallization method and analyzed these proteins to elucidate
the structure.

In Chapter 2, I determined the crystal structure of CipA, which could not be structurally analyzed due to the high twin
fraction. I used the "Cell-free protein crystallization (CFPC)", the twinning fraction was decreased by adding 1,4-dioxane
to the reaction solution. The problem of difficulty in controlling crystallization in cells was solved by this method.

In Chapter 3, I attempted to elucidate the structure of CipB. I found that CipB was composed of a 24-mer cage by
analyzing proteins eluted from CipB crystals purified from £ coli The solubilized CipB cages were re-crystallized
and used for X-ray structure analysis. I reported the details of the CipB cage structures analyzed by X-ray and cryo-EM.

In Chapter 4, I determined the full-length structure of CrylAa, which has a cysteine-rich C-terminal domain. CrylAa
crystals, which crystallize in Bacillus thuringiensis (Bt), were purified from cells, and structurally analyzed to reveal
disulfide formation.

In this thesis, the challenges of structure determination were overcome by the development of crystallization and structure
analysis methods. These findings will lead to an understanding of in vivo crystallization as well as provide molecular design

guidelines.
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