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A5 3C1E Design of Intracellular CO Release Materials Constructed by Supramolecular Proteins (#8437 2& FAEIC & 2 I
—I LR B BIORE) ) LB L, LT O 6 Eh LI,

% 1% [General Introduction] TlE, AMFIEIZI VT H L= —E&{k %3 (carbon monoxide, CO)ZDW T, Z DAl
TOFEARERELMINAL > & DB TIEEZT Ln, BERIGIC X > THIBRAN THEIICEES ATV Co i, v 7T
[BERIGICEGT 5 28Ik > T, TxDONO7EEH L OFRENLRET HDMWEEA L TNDR, MR AT =X A
DUWTHERIBAZRI DB FE SN TS, ZHNETIL, BBA AR VEEREZFRIAE Lofiastn s o Co fkic ko T
CO DHEREICBT Daia st LT E oA, IR = ABEIRIZIE, MIIZED A ENICLS < MIRANTREETH DT
DI TO CO HHEEENIEFITH N E W) SR B o7, & 2T, R TIE, &Ry 1 & oBfERE <,
HMPINIRIE T COLEICHEEEZ RFFT 52 LN TE D, B FERBEEZINVR=AEHEADO X ¥ ) 7 F+E& LTHNWS Z
LIZE - T, MEROBGEEIT T,

% 2 % TllIntracellular CO Release from Composite of Ferritin and Ruthenium Carbonyl Complexes | Ti%, 2> TRy 1HE A
BThHd 7Y F o (ferriting Fr)SHIAEPN 7 LR = LSRRGS T & LCRIFT&E 5 2 & &R LT, pH 8 ICFHH L 7= 4&fH
WP TLT =0 WAL R=VEEIR(RUCO) & Fr & RS S, #G RUCO-Fr 21572, BLfhsh X BRiG mAE i & Ok
SIS FEIZ K 5T, Fr N0 RUCO OEREIE A FIE Lz, S 51T, Frad, RuUCO R LI LT, VT =7 LD

WSS OMm EE CO MHEEORILIZF G L TWD Z EbH LN E L, EROMEREZMFRTEDF XY Y THTT
BHBH I ENSMoT, B MMERBHIHEK293 #H)IZ RUCO-Fr Z 7RI L 7= & Z A, MIBPNICIEET 5 55K nuclear
factor kappa B (NF-«B) 23 &AL & v, E DG kIX, $ A b A > tumor necrosis factor-o. (TNF-o) D fF1E T COAFHIE X
7=, RUCO DA TIE NF-xB OIFHE(LITE Z 59, Fr 2 VT CO 2@k T2 2 LICL > TE U TRETZ LiTmsh
L7z,

% 3 % [ APhotoactive CO Releasing Protein Cage for Dose-Regulated Delivery in Living Cells] TiX. HIlENIZHIT 5 CO
o2 A4 I 7 EBOFIEZITV, 2 TR L7 CO & TNF-ad@E)IZ L 5 NF-«B I ML Ofifl 2 7=, CO
B ZERET 27201, ~ U A AR VEHR(MNCO)E Fr iZE AT 2 Z & & Lz, MnCO IE, "Dz & -
TCOEMHEEDIENMTEDLERESINTEY ., AR LEZEARMNCOFND G b RIS, AR B LZRZ 0
HCOMMMNEINDZ LEMR LT, I DICEDMBEITEOBFRIIKT L TELT D2 &b ooz, 25 &Rk
> HEK293 HifaiFAt % % FAV T, MnCO-Fr 72 Bk &7z CO O RERAZE 24, TNF-aSlINSn 5, Xv
%< O CO M SN J/AIT, BRI NFxB MEMIL SN D Z L 2L LTz,

%5 4 ¥ TConstruction of Photoactive CO Release Protein Needle] Ti%, FMAANIZISIT 25 CO AL E D B\ E M % FLH 3 2
EEREME L, MIBNTOTRE - FEOHBENFETH L LB N5, AT.HEAEEH (protein needle, PN)IZIEH L7z,
FERIZIL, PN ~= U W ANV R = NVEEREERT 272012, PN ORI~ A T2 0 & J S & BB LRI
ALz, & L7z MnCOPNBAIRIZ, Fr ok L FEEIC, FIBEOMEHIZ L T CO 2T 2 Z Enmmnoie,

% 5 % [Visible Light-induced Intracellular Rapid CO Release from Bipyridyl Ligand-Modified Protein Needle Carrier] Ti,
U U UEANL T (bpy)IHE A LTm~ o H v B LR = L EER(MnCO-bpy) % . PN ~MERiT 2 Z LIk - T, 4 TAK LT
MNCO-PN O ATt~ 2 SOGHED Y, D F D | CO MHEE DM LA R4, BARIIZIE, PNIZV AT 1 Uik %
bpy iov LA X FEZHEATEZLICL ST, VAT A v —< LA I FRITORRBRCFERG %/ LT, MnCO-bpy-PN
AR LTz, AIHDEHREFED MnCO-bpy-PN @ CO AkHHIEEEAY, MNnCO-PN & LE_TH ELCWA Z ENREREINT, =
ORI IRE G AL L7 MnCO-bpy L IZIZRI UEZ /R L CTH Y, PN EA~RISHEEMERE L7 FILHEfiS i Z &R
Dhoic, X HIZ, MnCO-bpy DA T, HelLa Miflaizxt L CHEMZ /R L7ZDIZxt L, MnCO-bpy-PN [T/RE 2202722
EPD, PNEXF Y U TH1TETHZ LIk o AEEEAR ELZZ E BB L,

% 6 % [General Conclusion] TlE, 22 ENHH 5 B THOLNIAERE & ZOBE IOV TR, Boy+EAEN
AR NG 8 7 LR = VB RIE X v U 7 & LTHHTH 2 & famfhiT iz,

i« FRSCEERIL, FISC 2000 52 & L3 300 #5 % 1 EET O8I 220, b L<IEZEIL 800 #5412 L TS Zavy,
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Chapter 1: General Introduction In this chapter, the author summarized general functions of carbon
monoxide (CO) in living cells and the delivery systems from outside cells. Although the systems has been
constructed by using metal carbonyl complexes, there are several shortcomings, such as low uptake efficiency
and fast degradation, which have made us difficult to evaluate the cellular functions of CO in detail. To address
the problems, it has been thought to be synthesized carrier molecules of the metal carbonyl complexes. The
author focused on developing the carriers by using supramolecular proteins.

Chapter 2: Intracellular CO Release from Composite of Ferritin and Ruthenium Carbonyl Complexes
In this chapter, a ferritin (Fr) protein cage was modified with a ruthenium carbonyl complexes (RuCO). The
composite of RuCO and Fr (RuCO-Fr) can activate a nuclear factor-«B (NF-kB) in a presence of tumor necrosis
factor-a (TNF-o), while a typical RuCO did not show any effects.

Chapter 3: A Photoactive CO Releasing Protein Cage for Dose-Regulated Delivery in Living Cells In
this chapter, to modulate dose and timing of CO release, a photoactive manganese carbonyl complex (MnCO)
was conjugated with Fr. A designed Fr mutant stabilized a Mn(CO); units in the cage, which can release CO with
visible light irradiation. The photoactive CO release system enabled to evaluate an optimized dose and timing
for activating NF-kB associated with a stimulation of TNF-a..

Chapter 4: Construction of Photoactive CO Release Protein Needle In this chapter, an artificial protein
needle (PN) has also been utilized as a carrier of Mn carbonyl complexes. A hexahistidine sequence (His-tag)
can serve as specific coordination site of the Mn carbonyl complex. One molecule of CO was released from the
composite of Mn carbonyl moieties and PN (MnCO-PN).

Chapter 5: Visible Light-induced Intracellular Rapid CO Release from Bipyridyl Ligand-Modified
Protein Needle Carrier In this chapter, a bipyridyl (bpy) ligand-modified MnCO complex (MnCO-bpy)
was conjugated with PN to improve a responsiveness of MnCO-PN to visible light. A CO release rate of the
composite of MnCO-bpy and PN (MnCO-bpy-PN) was faster than that of MnCO-PN. It was confirmed that
the rapid CO release property of the MnCO-bpy-PN composite was retained in cellular environment under
visible light irradiation. In addition, the MnCO-bpy-PN composite did not show any cytotoxicity in
mammalian cells.

Chapter 6: General Conclusion In this chapter, concluded that the supramolecular protein-based
intracellular CO release system might be available for finding the intracellular functions of CO.
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