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#1

7 T AH—A DBIGFEED GO term ~D474E

p-value GOid GO term
7.05E-08 GO:0016043  cellular component organization
1.36E-07 GO:0009893  positive regulation of metabolic process
1.68E-07 GO:0031325  positive regulation of cellular metabolic process
2.85E-07 GO:0044267  cellular protein metabolic process
4.96E-07 GO:0042981 regulation of apoptosis
5.62E-07 GO:0010941  regulation of cell death
6.33E-07 GO:0043067 regulation of programmed cell death
9.32E-07 GO:0051173  positive regulation of nitrogen compound metabolic process
1.07E-06 GO:0043068 positive regulation of programmed cell death
1.31E-06 GO:0051254  positive regulation of RNA metabolic process
1.54E-06 GO:0032880 regulation of protein localization
1.71E-06 GO:0009891  positive regulation of biosynthetic process
1.76E-06 GO:0045893  positive regulation of transcription, DNA-dependent
1.91E-06 GO0:0010942  positive regulation of cell death
1.92E-06 GO:0010604  positive regulation of macromolecule metabolic process
2.14E-06 (G0:0031328  positive regulation of cellular biosynthetic process
2.35E-06 GO:0043065  positive regulation of apoptosis

F2 7T ALZ—B DELEFEED GO term ~D4¥E

p-value GO id GO term
1.36E-08 GO:0006354 transcription elongation, DNA-dependent
1.47E-07 GO:0006368 transcription elongation from RNA polymerase I promoter
2.59E-07 GO:0050434  positive regulation of viral transcription
7.34E-07 GO:0046782  regulation of viral transcription
2.32B-06 GO:0048524  positive regulation of viral reproduction
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#3 7T AZ—C OBLGTED GO term ~D53%H

p-value GO id GO term
2.20E-17 GO:0007049  cell cycle
2.53E-17 GO:0000278  mitotic cell cycle
2.75E-15 GO:0022403  cell cycle phase
2.87E-14 GO0:0022402  cell cycle process
3.75E-14 GO0:0051325 interphase
1.15E-13 GO:0051329 interphase of mitotic cell cycle
A78E-13 GO-0006139 nucleobase, nucleoside, nucleotide and nucleic acid metabolic
process
7.28E-13 GO:0006996  organelle organization
5.37E-12 GO0:0044248  cellular catabolic process
1.85E-11 GO:0016043  cellular component organization
4.89E-11 GO:0009150  purine ribonucleotide metabolic process
8.80E-11 GO0:0009259  ribonucleotide metabolic process
8.99E-11 GO:0009056  catabolic process
1.00E-10 GO:0044419 interspecies interaction between organisms
5.00E-10 GO:0009154  purine ribonucleotide catabolic process
5.48E-10 GO:0009261 ribonucleotide catabolic process
6.94E-10 GO:0009205  purine ribonucleoside triphosphate metabolic process
7.24E-10  GO:0009199  ribonucleoside triphosphate metabolic process
8.61E-10 GO:0009144  purine nucleoside triphosphate metabolic process
1.10E-09 GO:0009203 ribonucleoside triphosphate catabolic process
1.10E-09 GO:0009207  purine ribonucleoside triphosphate catabolic process
1.14E-09 GO:0009146  purine nucleoside triphosphate catabolic process
1.31E-09 GO:0009143  nucleoside triphosphate catabolic process
1.32E-09 GO:0009141  nucleoside triphosphate metabolic process
1.32E-09 GO:0009166 nucleotide catabolic process
1.56E-09 GO:0006195  purine nucleotide catabolic process
1.57E-09 GO:0006163  purine nucleotide metabolic process
4.49E-09 GO:0034655 nucleobase, nucleoside, nucleotide and nucleic acid catabolic process
4.49E-09 GO:0034656 nucleobase, nucleoside and nucleotide catabolic process
1.01E-08 GO:0046700  heterocycle catabolic process
1.22E-08 GO:0044270  cellular nitrogen compound catabolic process
1.25E-08 GO:0046907 intracellular transport
1.83E-08 GO:0000086  G2/M transition of mitotic cell cycle
2.27E-08 GO:0006753 nucleoside phosphate metabolic process
2.27E-08 GO:0009117  nucleotide metabolic process
2.43E-08 GO:0044267  cellular protein metabolic process
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3.29E-08
3.63E-08
7.00E-08
7.16E-08
7.92E-08
1.02E-07
1.64E-07
2.17E-07
2.33E-07
2.44E-07
2.73E-07
2.77E-07
3.97E-07
4.91E-07
5.91E-07
6.27E-07
6.27E-07
7.39E-07
8.85E-07
8.87E-07
9.10E-07
9.47E-07
1.28E-06
1.45E-06
1.88E-06
2.04E-06

GO:0055086
G0:0044265
GO:0032268
GO:0045184
GO:0009057
GO:0060255
G0:0051301
GO:0015031
G0:0046483
GO:0033036
G0:0044282
GO:0000087
GO:0051246
GO:0051649
GO:0051641
GO:0000280
GO:0007067
GO:0051726
GO:0044257
G0O:0000279
GO:0006886
GO:0008104
G0:0033554
GO:0048285
G0:0051603
GO:0006511

nucleobase, nucleoside and nucleotide metabolic process
cellular macromolecule catabolic process
regulation of cellular protein metabolic process
establishment of protein localization
macromolecule catabolic process

regulation of macromolecule metabolic process
cell division

protein transport

heterocycle metabolic process

macromolecule localization

small molecule catabolic process

M phase of mitotic cell cycle

regulation of protein metabolic process
establishment of localization in cell

cellular localization

nuclear division

mitosis

regulation of cell cycle

cellular protein catabolic process

M phase

intracellular protein transport

protein localization

cellular response to stress

organelle fission

proteolysis involved in cellular protein catabolic process

ubiquitin-dependent protein catabolic process

-62-



F£4 7T AL —D OELEFED GO term ~D734E

p-value GO id GO term
7.56E-14 GO:0019080  viral genome expression
7.56E-14 GO:0019083  viral transcription
2.61E-12 GO:0043624  cellular protein complex disassembly
2.84E-12 GO:0006415  translational termination
3.15E-12 GO:0043241  protein complex disassembly
3.19E-12 GO:0034623  cellular macromolecular complex disassembly
3.79E-12 GO:0032984  macromolecular complex disassembly
1.66E-11 GO:0031018  endocrine pancreas development
2.24E-11 GO:0019058  viral infectious cycle
1.33E-10 GO:0031016  pancreas development
3.69E-10 GO:0006414 translational elongation
7.44E-10 GO:0022415  viral reproductive process
1.10E-09 GO:0022411  cellular component disassembly
2.13E-08 GO:0016043  cellular component organization
8.24E-08 GO:0035270  endocrine system development
1.10E-07 GO:0034621  cellular macromolecular complex subunit organization
1.44E-07 GO:0043933  macromolecular complex subunit organization
4.77E-07 GO:0016032  viral reproduction
9.43E-07 GO:0048610  cellular process involved in reproduction
1.15E-06 GO:0010605 negative regulation of macromolecule metabolic process
1.31E-06 GO:0009058  biosynthetic process
1.33E-06 GO:0044249  cellular biosynthetic process
1.51E-06 GO:0051179  localization
1.63E-06 GO:0032774  RNA biosynthetic process
1.76E-06 GO:0071822  protein complex subunit organization
2.21E-06 GO:0006412 translation
2.27E-06 GO:0048523 negative regulation of cellular process
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5 75 AF—E DBLEFEED GO term ~D454E

p-value GOid GO term
6.51E-11 GO:0016043  cellular component organization
6.71E-11 GO:0034623  cellular macromolecular complex disassembly
7.84E-11 GO:0032984  macromolecular complex disassembly
8.06E-11 GO:0006415  translational termination
4.37E-10 GO:0043624  cellular protein complex disassembly
5.12E-10  GO:0043241  protein complex disassembly
1.23E-09 GO:0019080  viral genome expression
1.23E-09 GO:0019083  viral transcription
2.21E-09 GO:0022411  cellular component disassembly
5.52E-09 GO:0006414 translational elongation
4.44E-08 GO:0044267  cellular protein metabolic process
2.38E-07 GO:0019058  viral infectious cycle
2.57E-07 GO0:0031018  endocrine pancreas development
4.39E-07 GO:0043933  macromolecular complex subunit organization
6.96E-07 GO0:0022415  viral reproductive process
8.15E-07 GO:0048519  negative regulation of biological process
8.33E-07 GO:0031016  pancreas development
1.01E-06 GO:0048523 negative regulation of cellular process
1.03E-06 GO:0007169  transmembrane receptor protein tyrosine kinase signaling pathway
1.73E-06  G0:0034621  cellular macromolecular complex subunit organization
2.32E-06 GO:0035270  endocrine system development
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#6 7T AH—F OEMEFED GO term ~D533E

p-value GO id GO term
2.55E-16 GO:0007049  cell cycle
5.42E-16 GO:0006396 RNA processing
1.43E-15 GO:0022403  cell cycle phase
1.80E-15 GO:0022402  cell cycle process
9.63E-15 G0:0000278  mitotic cell cycle
6.09E-14 GO:0016071  mRNA metabolic process
4.53E-12 GO:0051301  cell division
1.84E-11 GO:0000279 M phase
7.07E-11 GO:0008380 RNA splicing
9.24E-11 GO:0006397 mRNA processing
1.20E-10 GO:0051726  regulation of cell cycle
5.48E-10 GO:0000280 nuclear division
5.48E-10 GO:0007067  mitosis
9.38E-10 GO:0000087 M phase of mitotic cell cycle
1.70E-09 GO:0048285  organelle fission
1.92E-09 GO:0000375  RNA splicing, via transesterification reactions
RNA splicing, via transesterification reactions with bulged adenosine
5.13E-09 GO:0000377
as nucleophile
5.13E-09 GO:0000398 nuclear mRNA splicing, via spliceosome
8.80E-09 GO:0006996  organelle organization
9.03E-09 GO:0016043  cellular component organization
1.12E-08 GO:0044248  cellular catabolic process
1.50E-08 GO:0006974  response to DNA damage stimulus
1.92E-08 GO:0000236  mitotic prometaphase
2.59E-08 GO:0010564 regulation of cell cycle process
3.17E-08 GO:0034622 cellular macromolecular complex assembly
3.31E-08 GO:0016070 RNA metabolic process
3.94E-08 GO:0043933  macromolecular complex subunit organization
5.09E-08 GO:0000075  cell cycle checkpoint
5.20E-08 GO:0044085  cellular component biogenesis
8.92E-08 GO:0006259 DNA metabolic process
9.61E-08 GO:0009057 macromolecule catabolic process
1.08E-07 GO:0044265  cellular macromolecule catabolic process
1.72E-07 GO:0000082  G1/S transition of mitotic cell cycle
1.98E-07 GO:0008104  protein localization
2.18E-07 GO:0022613  ribonucleoprotein complex biogenesis
3.55E-07 GO:0009056 catabolic process
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3.58E-07

3.59E-07

3.64E-07
4.86E-07
4.91E-07
5.14E-07
6.89E-07
7.25E-07
1.01E-06
1.01E-06
1.08E-06
1.12E-06
1.56E-06
1.70E-06
1.81E-06
1.81E-06
2.03E-06
2.03E-06
2.09E-06
2.27E-06

G0:0022618

GO:0031145

GO:0051329
GO:0051325
GO:0034660
GO:0051340
GO:0010467
G0:0007346
GO:0010941
GO0:0034470
G0:0034621
GO:0043067
GO:0000077
GO:0022607
GO:0042981
GO:0051438
GO:0006753
GO:0009117
GO:0033036
GO:0007093

ribonucleoprotein complex assembly
anaphase-promoting complex-dependent proteasomal ubiquitin-
dependent protein catabolic process

interphase of mitotic cell cycle

interphase

ncRNA metabolic process

regulation of ligase activity

gene expression

regulation of mitotic cell cycle

regulation of cell death

ncRNA processing

cellular macromolecular complex subunit organization
regulation of programmed cell death

DNA damage checkpoint

cellular component assembly

regulation of apoptosis

regulation of ubiquitin-protein ligase activity
nucleoside phosphate metabolic process

nucleotide metabolic process

macromolecule localization

mitotic cell cycle checkpoint
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F /=T U TLEERICBW TR RRABICER SN THWD D00, F /=T
U T NOEEMITELEFSCIEH S TRy, EE, 7/ <7 ) 7 LEBOE
PRI L I SR D0H BN, T/ =T U T A LMOEWE & OEE/ER
EFRATH S, £z, 7/ <7 VT MHMEFERRBFERI U CTh, WEILEOHE N R
B LI Lo TAKEERET HRREERDH D, TOD, FA—0F/~TV
ThAERWTS, BREFICL > THERBELRZZ LB TFRISND, Lo T,
F =T VT NDEKEELFMT 572 O0RBRTIZ, 7/ <7V 7 L0yE{E
HIME % ERRICIER T ABRERND D, £ THEEIT. T/ HFOwB g
WRIETHEEFETIEREMMOEELP LT H20, @BEIY (ACL,
CuCl, CuCl: X" ZnCle) DOHEMFITHS SiO2 T/ K+ KO TiO:2 7/ K+ ORL 425
FOY — 2 EBLLOBACERT Uiz, X BIZ, SiOe F A+ KO TiOs2 F / i+ % &
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ST DR LT, Si02 T/ K TIXIEFRIO A DN & FHFE D IEDE~D KER %
PES RELBABED BNE, LL., T 0B —XEBALOERILIE, RIFRIZIT
BB poT, SHIZ, QCM ENS P —F BAIDRER D Si0 T / B 7 KT TiO:
FIRFDOELBIZE CuCl BFEA L, TNOOHAEICEETRD bivieholz,
ZDXHIT, SiO: TR FICB W TCEBEMDOEFI S B — X BALORRRE
{ED35BD b0, &BEY OMIRENEL OHIIENER VAL EIZKIFE T )/ kLT
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5L B A
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T/ =T Y TIVIEZEFICBW TR 4 722
FBRICERINTODIE00 s, —RiEE
FHETRBICHBESEREN TS, L
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in vivo X OVin vitro BMHREBRNEE ST
WBbOD, F =TV T NAOREMITE
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BEEFME L 2, ZORRE, Si0, 7/ K
F0EFT D &L AICL, CuCl BT CuCly
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SRR IEF L TH, AICL, CrCly, CuCl,

CuCl,, FeCl,, FeCl;, NiCl, %O ZnCl, @
AR L Lo, E0.
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BREET D &, V79 AN ~DHH DI Y IAT

BI3EM L2, —F., TiO, 7/ K 734G T
T CuCl, CuCl, XD ZnCLZBE L TH,
HEBEPN~ DR R QTSR DB Y SAH BT 2L
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m%%%gmﬁﬁé;&_iorEW%g
WEALT DA ReERNER S Tns |, %
DI, F—DF ) ~T VT aRei
BRICHNTS, BESFHFICL o TREROR
RPERDZENREFICTHTES, L
Mo T, F /=T VT IDEKEE LA
THODORRTIL, T /~T U T 0
HALFRME 2 ERICIEIR T 5 Z A
Thd °y TITHEEIL, T/ HFOW
LR EICRIETHET & BELY
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5T ) RLF DRLF R O —Z BALOEAL
AIEAT LTz, EHIC, F/RFEBEELL
TRBREETF~A 7237 (QCM) &
Y —EERIL . QCM JRIC X Y T KT
W29 DB O E B & MR LT,

B. W5k

1. &

Bt A% (Si0y) R (—RE
IR F & 25 nom) KRN _EiLF F
(TiO,) T/ Ki+ (—REHRLI T 36
nm) D 10% KEEIKREZ CIK 7/ 7 v 7 £
AEHNBAFLE, B, ZhbnT )
B /KIREBIRIL, S HEE oMo RS
EEER,

@R E LT, MEEE TORMIC
BT SiO, T/ K377 T CHIJE D
W L7, BAET VI =7 A (AICL).
fLdd (1) (CuCl) K OV#E LR (II)
(CuCl) (Wb Fiestisk T 2R L
) AW, &bz, Sio, T/ RFE W
TiO, 7 / RiF3L4F T CHifa B S 2L LR
Do T HEAL TSR (ZnCly)  (Fndeilisk T 3k
X&th) RV,

2. RLFAE

SR IET T R OFERFETITRIT 5
T RLF DR TIFORL TR, P — 28
AL RARRNE S AT I ELSZ2 (REFETFHE
X&) ZHWT, BEEELRIC L v Al
ELT, REEE TORFEREEZERL T,
RERF DT R+ KO BV ORI
THEI 100 pg/mL OV 1 mmol/L & L7,
BB, WEIITRFEE V2= N EH
L. FEEEH 100 B R OVEIERE 25°C O
SMETHIE LT,

2. ¥—HEN -
SREHIT T ROELETICRBIT S
F BT DY — X ELL, B— &mu%m



BRES AT b ELSZ2 ZAWVWT, BERIK
EeEELE (=Y — Ky 77—k Ik
VHIE LTz, BIEREOT /AT R OEEE
L OREL, R FRBER & Rk, *
NFN 100 pg/mL K1 mmol/L & L7z,
R, WEIITE—FEMMET 1 ARt
Na=y NEEHRAL, 7Y R
400 psec, FEEEIFK 10 B K OVIE R E
25°C DS THIE L7z,

3. WEZE)

QCM & v ¥ — i O & BB, & K SR
BEREtA =7 &) T KT EEE
{bL7e, ZOKEREKEDEEFRE P —
L (BREHA =oT L) ICREBL, &
R T/ R+ EEL LTz QCM &
P—EER LT, 728, BEELETEROKE
R OREBBELHSEH LT Sio, F
JRIF R TiO, F /KLt OB EELE
%, 52~55 pglem’® ThH o7z,

ERLL 727 B FEE/ QCM ¥ —
TV &Sy R EAEAAEITEEE AFFINIX
QNp (RS HA =7 2) (052 E L1z,
T —E VIR 490 L A, &
R R OMBRHEE 2 2 ZEh 25°C KO
300 rpm ZEXE L7, QCM & P —NE
E L%, 500 mmol/L @ CuCl, /KIFHK %
10 pL FOWRM L, KEIREIF O LIRS
& 1sec Z & WHIE LT,

T—ZMEHTY 7 F 7 =7 AQUA Version
20 (&A= 7 2) ZAVT,
CuCl, /KEEWR OB IRIRMEFIZ BT 2
([Guest]) & REVEZ LA (AF) & O
2% 7w b L. Langmuir 2R 5
(1) (2% > TIEBBRIR GRS L 2 dh#
T4 T 4 TR, REEER K %
BHLES,

_ AF max-[Guest]
~ Ka+[Guest]
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EHlz, RN (2) KIvEAEER
(Ko) ZEHILZS,

P — @

Ka

4. FEFHRE

T R DR TR I OE — X ELAZ DN
T, — BB BT R &R et
TFEEZ THREE L L7~ Dunnett DS EELEE
ToTce WTNOREIZBWTHEEKYE
IfERRER 5% R & Lz,

C. WHRERKEUELE
1. hrv%

SRBEAMIEFTROIFELETICBT S
SiO, T / Ki ORI HGEL TR B 434 K UYL
FRE#ESAEEFNENR 1 KUK 2 ITR
L7, BELBESMEOEE S L I
100 nm HIZIZHAA D E— 7 BFED b,
EH 5B DOILTEITEE D THE RS
FOETRD N hote (K1 LUK
2), Cumulant EHIZ LV &BHEALYEET
KOFERFTICRT S Si0, 7/ K+ D
R FREEE L2, &R R
EIRLER L ORICARREITR D b
hotz (1,

S RBEAMIEETROELETICRT 2
TiO, 7~/ RIF ORI REHCELIR B 4347 B UYL
FRAEE S E N TR 3 KUK 4 128
L, BELRES M A OE# S L b
10~100 nm DEIZHARD E— 27 B3R 5
., &b bbb ZnCl, OILFIT LS TRIFE
NKEL RBFMIHFRT 7 M AER
NEHLNE (K3 ROK 4), LaL,
Cumulant {EIZ XV &BE/HIEGFTRR
FERAFETIZRIT B TiO, T/ KT DKL
FREBR LD, @BREYILFH L IE
HEREL ORIICEERZITRD bR 0-



- (F 1),

SYERE 23 RTINS R A ot T4
BEA & FFET DT R ORI TR E
E L2823, fAKFICBNTE Si0, T/ K
FEQ TiO, T/ R+ EL L L& EEA
YD ITFITfE o TR FRITEL L7 h>
o7 (F D, L7EA->T, 1 mmol/L FRE
D REAHDOIEFIL, T R F ORI T
B LN EEZBND,

2. ¥—XENr
SRBEBAMILFET ROELTFETICBITD
Si0, F /R F DX — X B DS A 5 1
A~ LUTe, @BHEALMIESLIFET TIE—40 mV
fHEZE—7 RO BTN, &REIAY
HET TNV THUOEBENMSTE 5 mV
fHECE—27 B3 b, &BHE ot
TRIZRE S BEE R AR DZENRED vk (K
5)e EHIZ, WTNOEBEADIZENT
b, BB ISR & IR L ORI
Si0, F / KIF DB — & BAITH B /2750588
oz (F2),
BB IEF TROELFETIZRBIT S
TiO, F / KiFD¥ — X BT OSAT % 6 17
LTz, @REMDIGFET RO ERTFT L
HIT 30 mV FHILICE—27 BB, &
BHEACS O ILTFITAE S B 2 A OEITFR
bohphole (M 6), LML, Wit
DEREADTBNTYH, &BEAMILE
LR L OMIC TiO, 7/ RiFD¥
—ZEBMICEBRRERRD SN (F 2),
Si0, 7/ R+ K W TiO, /K FDEH
bb BB DOIIFICES> T — X BL
BEM LN, TNE 0¥ —2 B O
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®1 SREAYITFTICET D Si0:F / RF KO TiO: 7/ KLF OFEIR 7 (nm)

Nanoparticles w/o metal w/ AlCl3 w/ CuCl w/ CuClz w/ ZnClz
chlorides
SiOe2 133.9+0.6 127.943.2 164.4+27.9 130.9+2.5 131.4+0.9
TiO2 45.7+2.1 55.9+18.6 56.2+6.2 46.5+2.7 67.7+6.7
% 2 @REAMILFTICET 5 Si02 ) / Ki+ K N TiO: 7/ b 0¥ —F BALL (mV)
Nanoparticles w/o metal wi AlCls wi CuCl w/ CuClz w/ ZnCla
chlorides
SiO2 —38.08+£2.42 | 3.83+0.69%* | 3.67+0.74%* | 8.15+0.81%* | 6.37+0.66%*
TiOg 33.75+0.20 38.24+2.22% | 25.70+£0.84** | 29.32+2.21% | 26.37+0.11%*
*: p<0.05, **:p<0.01
#£3  SiOe T/ RLFRORTiIO F /R FIHES T A CuCle O E
Nanoparticles Ka (M) Ka (M)
Si02 6.72E-03 1.49E+02
TiO2 7.52E-03 1.33E+02
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