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Study on the bactericidal and biological effects of silver nanoparticles

under ultraviolet radiation
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Ag': silver ion

AgNOs: silver nitrate

AgNPs: silver nanoparticles

BSA: bovine serum albumin

BSFGE: biased sinusoidal field gel electrophoresis
CBB: coomassie brilliant blue

CPDs: cyclobutane pyrimidine dimers

DCFH-DA: 6-carboxy-2’,7’-dichlorodihydrofluorescein diacetate, di (acetoxymethyl ester)
dG: deoxyguanosine

DMEM: Dulbecco’s modified Eagle’s medium
DSBs: DNA double-strand breaks

DTNB: 5,5'-Dithiobis (2-nitrobenzoic acid)

E. coli: Escherichia coli

ELISA: enzyme-linked immunosorbent assay
FBS: fetal bovine serum

FCM: flow cytometry

Fpg: formamidopyrimidine DNA glycosylase

FS: forward-scattered light

v-H2AX: phosphorylation of histone H2AX

GR: glutathione reductase

GSH: glutathione

HPLC: high-performance liquid chromatography
ICP-AES: inductively coupled plasma - atomic emission spectrometry
NADPH: nicotinamide-adenine dinucleotide phosphate
NER: nucleotide excision repaira

8-OHdG: 8-hydroxy-2'-deoxyguanosine

PARP-1: poly(ADP-ribose)polymerase-1

6-4PPs: (6-4) photoproducts

ROS: reactive oxygen species

SS: side-scattered light

SSBs: DNA single-strand breaks

UV: ultraviolet rays

XPA: xeroderma pigmentosum group A protein
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KIZADEMZAMERFT DT DITHETH D | FEx REEFENZ S R ROWETH
%o BRIRKOMASIINDOREL R T H7T-OICEHETH Y | EDT2DDKDOFEFE L
ME R~ A LTV 5, 28508 (Ultraviolet rays: UV) 12 X 28 IE. & TOKRMIFIE
RIZKH L THEZITHY . UV 2 LiHRERSINL, KA OSE THED BTV D
[1]. #1%1E. SODIS (Solar water disinfection) & FEiEL 25 K55G UV I K 2 %5 TR
A A ADWFFEREBINZ LV IR HFES HL, D EOKDORFIZITRHFEETH 5 Z & H3GE
X TWA[2], UV IiEZ DR FIZ X - T UVA (320 — 400 nm), UVB (280 — 320 nm),
UVC (280 nm LLF) 12531 BV 5[3], EROEW UVA ITE A m W DS &
K< BEROREW UVB & UVC 3R E A RIT O ANE I8 R DMK T2 D TRER T ORI
BRICIIEDN B Do - T, THF UV ORERZ M LS5 2 N EELRFEICAR
S>TWD,

ST, HILIZ > THROBRENRIZZ S OEEBEE > TV 5D, ORI HUE R
PRI, KRB DEL, bR, &EH, BLOZEROFEAR N2 L £ 051 CTHIA
SNTWDH[4], MITEFEIRDEZH D Z LIFF Y vy - n—~vDRBHIGIL, 7 A
U 7 ORRERARICITFFICER A 2 ANTEE LTI L Ebiv T\ b, ITFETIE, -
T ) a T —ORBIEN, SRR R, SBELR . T R Y~ — RS,
WY ~— T R EOR 2 RERROEMEI BB S, 26 D02 TOREOERM
Bt & 2R EOPEIEMEL BT 5 2 E NP LT > TV AH[5,6], ¥Rz, 7/ A
ZOEEMEHT GRSV 7 CERA 42 (AGY) TIEERD B AL WA 22 Bl 11 &2 7~k 2
EDRHIFFINTWB[B], 6> T, #87F / Ki+ (Silver nanoparticles: AgNPs) 135 & —fi%
HNZEEH S, A% OFHIZHREDR D305 T/ MEtO—2 & e 5T %, —J7, AgNPs
(X, MR, EE, VA AZNRICANEMLT 2 2 EBBRIRENTWA[6]8, £
DINRD AT = A DT E BRI S TR,

WA, Bkx 72T 7 R & UV OFHBEEIZISH S TS, gk # 2 (TiOy)
TR E L THATH YD, KEETHLE L OEROTE R I S
NTWB[7], UV BB X 7= 7 7 — L > (Fullerene: Ceo) I3 KXHE (Escherichia coli: E.
coli) IZEFE NI 2~ T 2 LN STV D [8], IS S 4172 Ceo ld—EIHEEFE (10,)
DK EZFHFE L], TNPTIEIREZ LT EEX 6N TWDH, Bbdifs (Zinc
oxide: ZnO) 7 / Ki+Tix., UVA BLWNUVB & WV CHRE 2 & ot 2 BE L7-
LA, ME T 28N ER TS 2 ENE SN TWVWAI10], ZiuiE, UV
(2 &% ZnO R+ DIEMEN IR & & 2 5D [11], $RICI 1T D8 TIL, iHlReE (Silver
nitrate: AQNO3) & UV A Z AT 56 2 &Ik > T, A VA ME 7R ED
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REHALZ T 2 Z L AVRESN TV AH[12-14], ZHuid, BEEEAEOTOF 4 —
SV (SH ) 2 AgrE SR A TER LR R ERERE S Kb s Z &, £7, Ag-e SH A
OEERIZ, UVIBFHZ LD, £ AV T 4 RTTVINRVANT 4 BT U IVEER
THZENEKEZEZ BN TWSH[14],

—J7. WL ODLOWFRIZIBNT, SRR, FFIST /A AORT- Tk, kx 7efliA
Db MRS LT, BEE BN RIND Z ERHE SN TS, 15-150nm 1
2> AgNPs VEFIZITIE, R, I LRz, 36 & OVHRAIILC 3610 2 MR 0> A A7 SR o a Bl
EMEAR T S8 25 2 ERHE STV H[15-18], iz 1L, Eom H[17]1%, & b Jurkat T
HIBIZ 1T 5 AgNPs DEEEZ | b A b L AICEET 5 RaRA > MIHH L
PERRER 21T > 7GR, AgNPs X Nrf-2 33 X OV NF-xB + 7 J /U nEfR H % 1 L C p38-
MAPK ZiEME(L L, £ OfEF. DNA 5, MlgEIHE LB KO R b — X258
+5Z & & LTz, Foldbjerg H[18]1%. b i LAz HIRE AB49 (CF5 1T 2 EInF T
12k % AgNPs 38 XN AGT ORI HOW T, A 7 a7 LA T & O CTRET L7z,
EH 24 FEf#%, AgNPs [ZA X T4 A2, B\ a v /7 EABB IO A F U EH
BORBRE FAIEDHZ L0 5, AgNPs R e il DIGE NG EEZ TS Z
EMTRREINTZ, LL, TILHD AT = AL HOWTUIFEZMA I T,

Fex NAFERELD ETUV OBEEZRET D2 LT TERY, UV FETF, BEx
) KRR R A KT A EHE[7-11)1E. FA- B b N OIS AT 5 Do
ERTAREMENSEZZ 6N, BT, L0 @EWEREDES R SN T2 AgNPs 13,
UV BRS T, KV BEE R B2 e MCHEZDABEENEZ X b D, ZiLE TIZ, AgNPs
FIL UV BEALO AR S 2B WIS RanTE N, o EE
TERICEET 28l X S <ENTH D, EEOEIRRELZZBET 2 L. #AE1EHIC
KA EZREHTHZ LITEELRRETHDL EELLND,

HFEOWRIZ L D & AgNPs (X EICEET DNA G5 X E 232 LML T
V5 [19,20], F 7. UVA XA 72 2 b7 DNA 1815 T & % 8-hydroxy-2'-deoxyguanosine
(8-OHAG) Z#AEE4 5 Z & AHMiE SN TW5[21], UVB, UVC [ZEH2 DNA Hikkiowk
IWEAL, DNA B AR L, 2 6P EEEIRIBIZERE D BRIZ, cyclobutane pyrimidine
dimers (CPDs) <> (6-4) photoproducts (6-4PPs) %k 9 %[22]. AgNPs & UV NZEn <
L. DNA g5l &30\ o Z Lk, TN OEABREIC LT, L0 EHER
DNA ENAERM S D ATREMEDS B, X512, 2 b OEEIT, 55 DNA EH &
VN D HIEERE A2 MEFF - 2 72 DI B2 DNA RIS DEE L 720 | HIRSERCZ2 982
HOJRK & 72 5[21,22], L > T, DNAHBEZFAMIT S Z L1 AgNPs & UV OB h~
DBEEHELZRFT 5 ETHETH S,



IR, 7 u~FUEOZ ks DNA BEAER., BEICEERBERIH D Z L3k
HINTWD[23-25], 1 TH, b X M EAEOMA 2EFEMNIL, 7 n~TF ik
DIAIZBE I > TV 5[26,27], BlxI1E, B X BT R®FbEND E, Za~vF
EEDFEA, T L72 DNA 2872 Z ERHE SN TV DH[26], £ 2T, UV &
L7854, DNABIGARSENELT L2 ENTREEND, £/, ~Tesa~vF v
(BESIRAE) FUTTE AL S 4172 DNA ALK (Double-strand breaks: DSBs), CPDs 35 &
N 6-4PPs %0 DNA 1L, =—27 m~F 2 (FRIRRE) kv, EE LIS VWD &
WA SNTWD[2324], ZNHDZ LB, B A R AEMDOZE{KIZ AgNPs & UV (Z
X% DNA#BEAR., BEICHRSEEL TS Z R TFHENS, > T, DNAHES
DFHIIZBNT, B X M AEMOEL S BET RETH D,

AWFETIL, UV AT & AgNPs 1T X 2 8RBV 2B R T ik o it 5 L dklz, £
Db MEEMEAS~OREE R LT, 8 1 FETIL AgNPs & UV OEAITERIC L 2%
FhH %A, E.coli Z# VTR L7z, F2 B L3 ETIL, AgNPs & UV OEGIRTE
%D DNA G D4R, % 4 FTl3 AgNPs BREZ % D DNA #1154k, EEICEET S
b2 R AEREO LI OWT, b MM EZ OV TRE L, S50, 2. 38
F A EDRIRI D AGNPs Db b ~DREFHMNEE TH D Z L ARIRS iz
. HH5ETIE, AGNPs (21 % b A R AEAIZ LA FIH LT, AgNPs D 5228 % 313
HEGAY ) —= v T RO 2RI T,



B1E BRBETICBIT 28T T OFBRREHIEDBHZE

1-1 i

ITAE, AgNPs DB FEMEICE B L7283 L <HIIM L T2 [4], Bi7£80% 100 nm
LIFDF 2R f1d, Z2DOH A AR ETH/NSWDT, L0 EREIT~ERE LT,
F7o, BT —DORFENBDT D Z LIV, FEREICBIT HRFRmEENSHEINT 5
T2, v A 7 A ZRLFITHARBE R, 2 LTl LWRE L R~ T aletE 2 A LT
%, Choi 5[28]1%. fH{LAIE I L OVE. coli 2 VT AgNPs, AgrB LR e o1 Fod
RHERE I 2T~ To, AGNPs X AgTB L UMR= 1 A R K 2 (5O ETIEME 2> T
WAHZ EEBHLMNI LT, £72, 62 nm £V 9.2 nm YA XD AgNPs D533 5 0T
EWEREIEEZ AT D5 2 EDNHESNTEBY[29]. LV /Wi A XD BEE IR
ENRNHDZENEBEZOND, SHIZ, AgNPs O Tid, =MAFE L ORRIK XL 0 Bk
WOT70 X0 BETEEE Ff > CTd Z & BHE Z[30]. RirRRICinNZ, RS HIE
EEE AT HDRF & ENTND,

ITDOHTFEIC KL - T, AgNOs & UV R D2 EAE S22 LIk, K&
WEREDI R A2 L D LT 5RAN R EN TV 5[12-14], Butkus H[13]1%. BEHK DT
DT HIT, Coliphage MS-2 % & TeflEK 2 H W T, AgNOs & UVC OEATERRED
HENRIZOWTEREIT o712, TORE, IR RBEBRD RS, £, KD
W, pH FOMEITRELZZ T T, EiREEH I X MR &b, K DIE
FOF LWHIFO—>o L LTIRB L7z, Kim 5[14]i%. AgNOsz & UVA SCH# LD
AVEAIZ X - T, E.coli 3 X} Coliphage MS-2 (2569~ 2 X BN BN S - Z & %
WEL, ZOABI=ALE L THIAN AgT e SH EOMAEMISEZIREZEL TS, Zh
5 DOWFFETIE AgNOs 2 IV TUW 528, AgNPs & UV OEAIREED T, X BEE
RN RDN B D Z & DY AgNPs B D EBER A 026 PR S D, LrL. AgNPs & UV
DRI DR HEH AT OV T OIFZEIT SRS TR,

Z ZCTAZETIE, E.coli ZHWT, AgNPs & UV OEASIREIC L D ZE D RIZHON
THETL7=, F72. E. coli W~ AgNPs DHL Y AR EDZEl, 1 IO AgNPs 75 Jik
Mz AgrEZIE L, ZEZNETCHED A T = X LT DUV TRMT L7z,

1-2  FEBRMER LU0k
1-2-1  EBRAE
E. coli (NBRC3972) % National Institute of Technology and Evaluation (Japan) 7> 5 A

L7z, A X:<0.lum, 2-35um, 5-8pum ¥ X <45 um OFRL7- 1% Sigma-Aldrich

4



(MO, USA) 75, <1 um 3 L <106 um (& Wako Pure Chemicals Ind. (Japan) 7> 50§ A
L7=, W& 320 — 390 nm (Peak: 352 nm) 35 X UNK & 350 — 400 nm (Peak: 369 nm) @
UV & = — 7% Hitachi Ltd. (Japan) 7°5. & 280 — 320 nm (Peak: 310 nm) 35 J OV
$: 305 — 325 nm (Peak: 315 nm) @ (% Koninklijke Philips Electronics N.V. (Netherland) 7>
HEEA L7z,

1-2-2 #RIF A R v 7 BIR O

fEAERNC 1.5 mL A 7 aF 2—7H T, $Ri12% 30 mg/mL ORFEIZ/RD LD
2, ZBEKIBE ST, 20%, ~A 7 v T a—7 2EHAE S (Cosmo
Bio, Japan) Z T 153, @HE AL L7z, B ORRL O EEE (T kL
%) 1. B—#% A4 X—F (Malvern Ins., U.K) (2 X W FHHI L7z, <0.1 um DOERK; ¥
(AgNPs) 1% 4259 nm 7= -7z, >2 — 3.5 um OIRKI 1%, B—F VA X—F /|2 L V5
HTERVDOTHRF L2 T,

UVA JRET S 78RR+ 2 54 % 726, AgNPs (<0.1 nm) 1% 3mL 78k %2 &1 35
mm dish (Corning, MA, USA) (2% % L (1 mg/mL), 0—-50kJ/m?®> UV Z & L=, +
72, H0; T b S iu7c AgNPs 2457, 15 mL vf 7 a2 F 2 —7 OH T,
AgNPs (1mg/mL) & H202(1M) % 1 KRFEBUG L7z, £ Dk, £ Z I L 7= AgNPs
IFZARBEK T3S L, 30mg/mL D A kv 7 JEEE CARBEIKICHEISRE LT,

AgNO3 A b v 7 IRIRIZZRBE /K T 10mg/mL & 725 X 9\ ZFRRL L | 6 BT £ T-20C
TIRAFE LT,

1-2-3  KIBH ORTR: &

E.colilX, 7V u—/LA v 7iEIZ L - T-80°C CHARE SN TS, EBRAETH .
Hifs L7 E. coli ZK RIZEWT, ot EEFANRNF 27D THEEY, 30 mL LB
KE&Hh (Bacto Trypton 10 g, Bacto Yeast extract 5 g, NaCl 10 g. 5N NaOH 0.2 mL % 75 %4
AKILICEML, A= 7 L—7THEAE L7ZH D) 25T 50 mL F = — 7 (2 S
. 18 ARG LT,

1-2-4  $RRIF1ER 36 L ONESMR FRS

FERM B | Ak L7z E. coli (0.Deoo=1) (% 3mLPBS % & TeJdH L 7= 35 mmdish (Z
BB L 7=, E. coli IO TEIB CTROMNICIRE LN o, Bk (1 RRFNE
DEBELIAMTIEL, <0.1 pm (<100 nm) P XD AgNPs Z{#f L72) (0.1 — 1 mg/mL).,
AgNOs (0.5 - 50 ug/mL) % 1 -4 e CTEH., 3L VUV % 8- 50 kIm? ISt L7c, &
72, UV ORGSR EIIM S (Atto, Japan) % HWCRIFFIZHIE L=, sz~



VTR CHRBEICERE L, 1 B0 &% 50 kIim? 357012, 7k uv
F o — 7 O OREEEZ R L,

SH 2% A4 % N-acetylcysteine (NAC) Z HWW\ 7 EER TlX, E.coli IIMEF=DH, =il
TR L2 5. NAC (107 -10°M) % 0.5 BEERTTER & H7=,

1-2-5 KIBEOAEFRORE

R T & UV IERZ O RIBE OAFRIT, a2 v =—FKiEIc L - “C?J%”E L7z, d8KI
T-L UV CUER ST E. coli & LB BEHIC AR L (300 1547 HR). Z 37°CT 18
PR AT A B 2 LT, ﬁ%bkEmﬁ@&*ﬁﬁM(mmm:iLB7V~%
(LB E%#h1iZ Bacto Agar (Becton Dickinson, MD, USA) % 1.5% (w/w) & 725 X 912Nz
T2 D) ITHWT, 37TCTHE Lz, 4 FFHRICIER SN a e =—KZFHl L., &
1FRE2PE L=, A1F#IE Colony Forming Unit (CFU)/mL T3 L. LA F ORI
SWTER LT,

ATFE (CFUIML) = 2o = —HoE ARG £ /mL

1-2-6  KIBEN~DEKL 1 DI Y JAZ & DHIE

AgNPs, UVA FUR 36 OV H202 12 L 0 g fb S U7 $RML1- % E. coli 1T 4 RFEVEA L 7=,
RLERf%Z . E. coli Z[EIX L, PBS T 3 [EIPEH L7z, R+ OMIRANEDY AL ST flow
cytometry (FCM) (FACS CANT™ [I: Becton Dickinson, NJ, USA) % fi\ T L 7=, FCM
Tl AITEGELE (forward-scatter light: FS) & HIJ5HLELSE (side-scatter light: SS) C.
FRORE SBLOWEEEZ#NTT5Z ENAHETH Y FSB LSS OfEIZZENZE I,
SHfR DR E 7 Sl DB Z L T\ D, BVIAENTZRLFNEWNIEE SS O
EAELSRDZERHLNE RS> TVSH[3L],

1-2-7 A AV UV —2EOHIE

AgNPs O Z N> b i &7z Agh D £ % inductively coupled plasma-atomic emission
spectrometry (ICP-AES) (Varian 730ES) % W T4 L7z, AgNPs, UVA a4t L0
H20, #LEE X 4172 AgNPs (500 uL; 1 mg/mL) /K&K % % HT T = — 7 (GE Healthcare,
NJ, USA) (212, =R T 0.5 — 96 K], 10 mL ORE /KO HFITHEAE L 72N 5B L
7= E7- AgNOs (100 uM) FEHEE % 255K CEABERIIC AR L, 25, 125, 6.25, 3.125
uM 35 X V0 uM & AgNOz FEHER 2 8L L 7=, AgT O & i3 AgNOs FEHER CIERL L
To MR ERR A WV CRHE LTz,

1-2-8 TN HFF o EOHEIE



GR (glutathione reductase) — DTNB (5,5'-dithiobis (2-nitrobenzoic acid) VU -1 7 Lk
(GSH assay) (2 X 23 BE NI L OE. coli ND 7' v % F 4 (Glutathione: GSH) &%
HE LTz,

RERE DA, AgNPs, UVA HEH IS 1OV Ho0, L8 X 4172 AgNPs (1 mg/mL) % F250
INCHEG L7273 6 25°CTC 24 WEfHlA v F 2 _X—v a3 > L, mO0BE%,. 15 ub ok
AL 15 ul @ GSH (B &S 0 — 100 uM) ZEA L., IR T 0.5 BMbUG Lz, X
JEt%. 30 ub ORUSIR G 2 ik & LTz,

E. coli @354, E. coli i3 AgNPs & UVA {EA 24 FEfii#£1Z[A1 L, GSH assay 35 L Y
Protein assay CHEH T 572912 Z2I12431F 7=, GSH assay D 7= 812, E. coli Z 300 uL
@ 10% 5-sulfasalicylic acid (SSA) ¥&IRICHE L, =i T 10 oMIC#E Lz, o7
Ty BErR . 30 ub o BB A EFENE LT,

3R U7= 30 pL oikHZ, 118 ul @ NADPH &% (0.4 mM) 3 L1810 ub @ GR &
& (4units/mL) EiEA L, 37CTLHHA U FaX—F L1z, D%, 50uL © DTNB
WK (AmM) 2L, v~/ 27 r~71L— KU —4%— (Bio-Tek, VT, USA) % T 412
nm TG ZHIE L=, £7=. 15uL @ GSH (1 mM) HE#EjF & 585 ul @ SSA IRk &
AL, SOICEAWEZ SSA ik CBRSHIICAIN L, 25, 12,5, 6.25, 3.125uM
L0 uM @ GSH R AT L, LT v &A1 OMEREIER LT,

Protein assay M7= (Z., E. coli % 100 pL Lysis Buffer 7% (100 mM Tris (pH8.0), 50
mM EDTA. 0.5% TritonX-100) (2 L, 1 /0 CEEEFHAAEE L7, JK EITH) 2 e
HrE L2tk U T Em AL, 4ul o EEA %R E LT, Bio-Rad protein assay
kit (Bio-Rad Labo., CA, USA) ZH\W\W T4 1V E&%1T~>7-, E.coli N®D GSH & &
I+ GSH IE#Efh#R & F N CRHE S 41, protein assay DS FAZFE SV THIE L7,

1-2-9 BT

ETOFERIL, 3-4 VKL, BEMEOHD Z L 2R Lz, T—XIX1EOE
BROYEIEE LTRLTWD (n=2-5), AEZMEIL Dunnett’s t test 2 VT —Itkd
B ANOVA ([Z KL VAT > 7o, MEHAYRA ML, *P<0.01 TR LT,

1-3  EBRFE R

1-3-1 $RAMRERE TICd T 248RF /R 712 X 2 KIGHEIC K9 5 R gh -

E. coli {Z AgNPs % 4 FF1ER L7-1%. UVA F =2 —7 (Peak: 352 nm) % VT4
L7z, Fig. LIZAEFFEZRT, UVA OFMIEMH TIX, E. coli OREDRITBE I
Mxo 7z, AgNPs BUBWERT IR, fERIRERMFRNAR T U722y, H3ERE /) & 524 4l



T HITIEE SR o712, UVA BE T T AgNPs 1EH Tik. AgNPs O1FE i K17
(R R RN R BlE STz (Fig. 1A), 2 OFAE R F N FIE UVA OGS & (Fig.
1B) B L OMREIETD AgNPs DOFEFMKRE (Fig. 1C) (2K TFE L7z, £7=. AgNOs (Tt~
C. AgNPs [ ZFAE 72k E 2R A7~ L (Fig. 1D), & B2, SRR DRIBEI/ NS WVIE EF%
R RIXBHE C©H -~ 7= (Fig. 1E),
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Figure 1. Remarkable bactericidal activity of concomitant treatment with AgNPs and UVA

(A) E. coli treated with AgNPs for 4 h was exposed to 50 kJ/m? of UVA (peak: 352 nm). The survival was
determined by colony formation assay and described as CFU/mL. Il treated with only AgNPs; @:
treated with both AgNPs and UVA.

(B) E. coli treated with AgNPs (1 mg/mL) for 4 h was exposed to several doses of UVA (peak: 352 nm). ®@:
untreated; M: treated with both AgNPs and UVA.

(C) E. coli treated with AgNPs (1 mg/mL) for several hours was exposed to 50 kJ/m? of UVA (peak: 352
nm). @: untreated; M: treated with both AgNPs and UVA.

(D) The bactericidal effect of AgNPs (1 mg/mL) was compared with that of AgNO3 under the same
conditions of UVA (peak: 352 nm).

(E) E. coli treated with several sized Ag particles (1 mg/mL) for 4 h was exposed to 50 kJ/m? of UVA (peak:
352 nm).
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Figure 2. Contribution of UV wavelengths to the significant antibacterial effect after concomitant
exposure to AgNPs and UV

E. coli treated with AgNPs for 4 h was exposed to 50 kJ/m? of UV. The wavelength characteristics of UVA

(the peak is 352 nm (A) and 369 nm (B)) and UVB (the peak is 310 nm (C) and 315 nm (D)) were placed in

the figures. Cell survival was determined by colony formation assay and described as CFU/mL. I: treated

with only AgNPs; @: treated with both AgNPs and each UV.
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AgNPs % i #)IZ E. coli (Z/EH L7=%. UVA Z{Ef L7= (Ag-UV), B L " AgNPs H
RIZ UVA 2 LT, 2% E. coli \IZ/EH LT2IEE (Ag+UV) CIdBEE 2B R 2R
NEIE S NT=728, UVA 2 &0 E. coli ICHRET L7-1%. AgNPs Z{Ef L7-JIEE (UV-
Ag) TIIZENFRD Hi7ein-o 7z (Fig. 3A), £72. Ag+UV OFRFE R 1T UVA Hib £
\ZIKfFE L= (Fig.3B), ZDZ &, AgNPs D AN UVA TRL S5 2 &3, %)
RHRBEIZFE L TWDHO TR N EBZ DN, £ 2T, BOBLENIRS S
H20, % VT AgNPs Z BifALERL L, FHEDSE(L S 7z AgNPs Z1ERL L7z, Ho0, ALFR
% L7= AgNPs 13 HoOp VBRI FEAK 7B BREE e R 3 &2 7 L= (Fig. 3C),

L EOFER LV . UVA BBE T To AgNPs fEFIZ & » TEhERMIIZ E. coli 8% HE T&
5 &, FRITIE AgNPs OEREMNBIE L TV D Z ENBH LT -7, LI DO EER

TIE, 28 UVA BRI T2 1T 2 AgNPs fEHI Tl N EnoBEMEMR LY & BEZE

R E NP RENT=ONERE LT,

1-3-3  KRIBE~OERF ki1 OHLY IA I~

AgNPs DR FENRIZE RN O AgNPs DELY iAA w2k < BE LT\ 5 Z L B3is
SINTWA[6,30], & Z T, UVA BES HoOp ALBRIZ X o THEFIN ~D AgNPs DIV
IAFEDMERET D 0% FCM & VTR L7z,

AgNPs DIYEHIIREE A28 2 T E. coli ~DH VD iAH Zfagt L7z & 2 A SS L)Y AgNPs
TEREE AR EH L7228 10, AgNPs i E. coli NICED AT D Z & A4
L7z (Fig. 4A), £7o /NS WY A XOERKIF1F & SSTRE D FH-PBIEZE I 4L (Fig. 4B),
INSWY A ZDERRLFITKRIGE NI D IAENLT W &R S Lz, 0.lum A X
LUF @D AgNPs T, E. coli ~DH Y IABZEN LD DNTEZ N &1E, Fig. 1E TRE
7201 um HA XLLF D AgNPs TRENR D mNFEFEE —E L7z, L L7 5 UVA
B L H0, TER(L S 4172 AgNPs & ALBE X 71720y AgNPs 13, UV iAAEIZE LR )
57 (Fig.4C), S F v . AgNPs EHiA ek L CTH . E.coli N~DHE VAT R L7
ol
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Figure 3. Oxidation of AgNPs and the relationship with antibacterial activity

(A) The order of treatments with AgNPs and UV was changed and a colony formation assay was performed.
Ag: treated with only AgNPs (1 mg/mL); UV: exposed to only UVA (the peak is 352 nm); Ag-UV:
treated with AgNPs (1 mg/mL), followed by exposure to UVA; UV-Ag: exposed to UVA, followed by
treatment with AgNPs; Ag+UV: treated with AgNPs (1 mg/mL) pre-exposed to UVA (peak: 352 nm).

(B) AgNPs were exposed to several doses of UVA. The pre-exposed AgNPs were added to the E. coli culture
dish for 4 h and a colony formation assay was performed. ®: untreated; M: treated with AgNPs pre-
exposed to UVA.

(C) AgNPs were treated with several doses of H.O; for 1 h. The oxidized AgNPs were added to the E. coli
culture dish for 4 h and a colony formation assay was performed. ®: untreated; B: treated with AgNPs
treated with H20..

The survival data was described as CFU/mL. The statistical significance of differences between untreated

AgNPs, and AgNPs exposed to UVA or treated with H2O», is represented *p < 0.01.
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Figure 4. Incorporation of AgNPs after exposure to UVA or oxidation by H,0,

The incorporation of AgNPs by E. coli was analyzed using FS/SS in FCM.

(A) Dose-dependent incorporation of AgNPs. E. coli was treated with AgNPs (0.1, 0.3 and 1 mg/mL) for 4
h and analyzed using FCM.

(B) Incorporation of Ag particles (1 mg/mL) of different sizes for 4 h.

(C) Incorporation of AgNPs (1 mg/mL) and AgNPs pre-exposed to UVA (50 kJ/m?, peak: 352 nm) and pre-
treated with 1 M H,O; for 1 h.

To make the increase of SS by incorporation of AgNPs clear, a line at the highest SS intensity of untreated

cells was added in each dot plot and histogram.
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1-3-4 SRR K BDERT VR T OBRL L ERA AV ) — 2 EDOE G-

AgNPs DH A XIZ/hEWEE LY E. coli ICHRDIAENLT <, T L TEWEED
RERTZENRHLMNT -T2, LU, UVA FRE T AgNPs DR RE /) & lLifE S
D705, MAN~D AgNPs DRV IAAZEITEL S RN LR a iz, —J7. AgNPs
DOFRERNEILAGNPs 2> S i SN 72 AgHTHEER L TV 5 Z & Vs S Tu5[28,29],
Z 2T, UVA BEHZ KD AgNPs DR DR D TLHEIE, AgNPs 722 b S vz Agh &
DIEEIHEIET DD E I ), i L7z Agt& ICP-AES THIET 5 Z &1 L W Et
L7z,

UVA BREHZ 20 AgNPs 2> 5 K ~D Agr D HHHIE 24 FEfH A » % 2 _—3 3 1212,
2 fsicsime, & BICHRKEMIC ER Lz (Fig.5A), £72. UV IREIC X 2
BOZbERmETLZE Z A, Agonly, UVB (310 nm). UVA (352nm). UVA (369 nm) &
§% . e nEIL 5, 7.6, 10, 24uM Tdh - 7= (Fig.5B), F£7=. H0 ALFEL I
29uM Th o7z, ZiE, Fig.2 ODFER E —H L, AT EIZUVB LV UVA
&7z AgNPs O B Eno 7z, T OFEFIE, UVA BEIZ L 5 AgNPs OR1LIZ
X0 AGOMHENSERIND Z EDNBERBRFEIRICEFLE L TWDLZ L 2R LT
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Figure 5. Determination of Ag* released from AgNPs

Ag" released from AgNPs was analyzed using ICP-AES. Water suspensions of AgNPs and UV- or

H,0O,-treated AgNPs (500 pL, 1 mg/mL) were dialyzed against 10 mL of water for 0.5 to 120 h at

room temperature.

(A) Dialysis time-dependent release of Ag*. Dotted column: release of Ag* from AgNPs, black column:
release of Ag* from AgNPs pre-exposed to UVA (50 kl/m?, the peak is 352 nm) for 1 h.

(B) UV wavelength-dependent release of Ag*. The release of Ag* from AgNPs pre-exposed to several
wavelengths of UV (50 kJ/m?) and from AgNPs pre-treated with H.O, (1 M) for 1 h, was determined.

The statistical significance of differences between untreated AgNPs, and AgNPs exposed to UVA or treated
with H,Op, is represented *p < 0.01.
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1-3-5 R Wit & ERIMRIEZ O RIGEWN 7 v 2 F 4 &0 24k

#MAETlE, GSH. Cysteine, Homocysteine %5 SH k4 H 9 2% 4y 1%, % 72 /e A
BRI DR &M 2 T D& B2 H LT\ 5, GSH 1% SH &2 H 4 2 £ RmE D
FCITMIENI R b B EICHFET D, AgHE SH B E UG L, SH &2 H 3 2 Higbsy
T OMREZHET D Z ENHEINTVWDI32], FFiZ, AgNPs TIZAIAENIZELY A E
NHES, &R (Reactive oxygen species: ROS) 23 EAE S ND LW o T2 iiERH Y
[33,34]. Ag'& i LIz AERNPIER Ly 1%, ROS IZ X » THE I N DL 72815
ERIEICE NI ENTREIND, I T, B S Agtd, RN 1. RRICHT
BALME L OREGET LT, REDRICTFG L TWLNE S et L,

E. coli i NAC OfFE T, UVA MRS T To AgNPs Z1Ef &8, AFEREZNE L
(Fig. 6Aand B), AgNPs {Ef. 3 X OEE(L L 7= AgNPs fERIC L 2 &2 3%, NAC (12
Lo Tmaicmilsniz, 2>£9., AgNAC D SHEEZN L THAETHZ LT, &
NOBMIKN GSH %D SH B2 G320 FLRiaT 5 2 EBE S D rTRetEn S
bz,

IZ . AgNPs 785 it &35 AghD GSH ~D#EA & fist L7= (Fig. 6C), Agte GSH
DT % & GSH assay TIEATE72< 72 %, GSH 1% AgNPs DFEHIZ & 0 8
L7z, &51Z, AgNPs O HI/EH LV UVA FRE X472 AgNPs D 5725, LD GSH @
BN Uiz, HO ALFE S 7= AgNPs Tl & HICEAFE R "Bl snz, %
7. AgNPs EI# D E. coli N GSH DIREIZIHWTH ., AgNPs O EAEH L D UVA
HUH 3 KOV H20, TRA{E S 4172 AgNPs D 5 723 BHZ 72 GSH DX N 27~ L 7= (Fig. 6D),

UL EDOFERIE, UVA U T T AgNPs fEHIZ L - T, E. coli NIZ Agr Dt &
WL, SH &2 6T 2/MENS FEICHKEGT 22 & THRIEZIKT S H, ZORRH
FERBRENRAE R LTI 2 L B ORB LTz,
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Figure 6. Reaction of Ag* released from AgNPs with a molecule having a —SH group

(A)

(B)

©)

(D)

E. coli was treated for 4 h with AgNPs (1 mg/mL) and exposed to 50 kJ/m? of UVA (peak: 352 nm) in
the presence of NAC. Cell survival was determined by colony formation assay and described as
CFU/mL. @: untreated; M: treated with both AgNPs and UVA.

E. coli was treated for 4 h with AgNPs (1 mg/mL) pre-treated with H-O, (1 M) in the presence of NAC.
Cell survival was determined by colony formation assay and described as CFU/mL. ®: untreated; H:
treated with AgNPs pre-treated with H,O5.

Amount of GSH-Ag adduct formed after the mixing of AgNPs and GSH in vitro was determined by the
GSH assay. l: GSH only; €: GSH+AgNPs; A:GSH+AgNPs pre-exposed to 50 kJ/m? of UVA (peak:
352 nm); ®: GSH+AgNPs pre-treated with H.O, (1 M).

Amount of GSH-Ag adduct formed in E. coli after treatment with AgNPs was determined by the GSH
assay. Ag: treated with only AgNPs (1 mg/mL); UV: exposed to only UVA (50 kJ/m?, the peak is 352
nm); Ag-UV: treated with AgNPs (1 mg/mL), followed by exposure to UVA; Ag+UV: treated with
AgNPs (1 mg/mL) pre-exposed to UVA; Ag+H,0;: treated with AgNPs (1 mg/mL) pre-treated with
H20- (1 M). The statistical significance of differences with untreated AgNPs is represented *p< 0.01.
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1-4 B

ARFETIE, E. coli ZHW\ T, UVA FRETIZEIT D AgNPs |12 LD FREZIH & 2 D A
T3 = R L% TR L7, UVA BT T AgNPs 1EFIE BEE 72 R 2 R 2 7k L
72, AgNOs (Ag") DFREFE R & i35 & AgNPs (1 mg/mL) @575 AgNOs (50
ug/mL, 5 300uM) X0 LR TH 72, AgNPs 2Ok S b AgrO &L, 7 —

FENFHOREDK 01% Th D Z & NPE STV H[29], ZHITHESITFIE, 4 H
DFEERTIE, EH L7z AgNPs (1 mg/mL) 2255 1 pg/mL (5 uM) @O Ag™ 23 S iz
Tl D, ORI L7z AgNOs (50 pg/mL., #9300 uM) OFEE I K)o 7=
IZH 03 59, AgNOs3 (2~ AgNPs D B E WRE IR A /R L2 12725, &
ST, TR OMRDPBE R ERRBICTFS T2 0nE 2 bhi,

Z DR RN TERRL - DY A XIHEAF LT, Fig. 1E THEA L72<0.1 um OH A XD
AgNPs (3 UVA I XD mWERE R AR L7 DIZR L, Zav &k D RE W (0.2 um)
PILAITNEEAE HDIWVFE ST EBE G AR oTz, ITE, WS ONOHFET
(X, T 2RO A X EFRIFEERFE DT L OB EEICBEE L T\ D 2 &R &
TV 5[29,30], %l z1E. Lok 5[29]i% 10 — 100 nm H X AgNPs % F\ T E. coli
WZxF9 5 AgNPs OEtEEIET L., TN ODNRL 7OV A XEKGFTDHZ L2 HEL T
W5, Fig.4 I ONC Fig. 1E 1238 T E. coli ~0 AgNPs D HL Y JA I~ & F 2528 0.1
um O A ZLLF D AgNPs TLEH T2 Z ERHIA LD T, F ./ A TR 2 IZHH
FANIZER D A E N R Z /T 2 EOVRB S 7z, Lo L UVA FREHZ X - T,
B IABREF EH Ligdho722 Ev5 | E. coli 2857 5121 0.1 pm LU T CTHIFEN
WV IAEND Z ENRMATH LN, UVA IZE D EREEN EH L28H TIERun
EEZ LT,

Fig.51ZFB W T AgNPs K26 D Ag' U U — A &% ICP-AES Z W TH 72 R
UVA BBEHZ X > CTAQg' D U U — 2 ENEINT 5 Z LV HIH L7z, o> T AT i
IMBPE 2B EDRICFGE L TN D 2 ERBZ LN, WL O0OWFTEN AgH i E
RN DD Z & WA LT\ AH[32,35], HERZEWZ &2, UVA BT S 4172 AgNPs 2>
St &7 AgOEIX Fig. 1D TEH L7= AgNOs DOEEE LV /7 D K- 7223,
AgNOs X ¥ AgNPs & UVA OB AVEFIC L 2B R 8o 7=, D F V. AgNPs 1%
E.coli ®HIZHLY iAFE I, UVA BURIC L0 Bk S 4v, e CaEliengic Aghiti3 %
720, BREDENEN-TZEEZLND,

Ag'IEINADH 7 & a7 —E 7 & OMBGESH L OB S AHAAER L, £ DORER,
ATP G R B FER Dl 4% 2 42 U 5 [29], FFREHDOHEELIZ K - T, ROS ARk o Al sett:
238 0 [33-36]. ROS (ZmWEEEZATAHZ LT L<HLNTWS, £-. AgTidfiia
FEEEE L, BEAEICHEA TS LICE-oT, 7 BN OfEA 5 & 2+
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[32]. ARAFFETIE. AgTEHIIENSG 1TH D GSH D& Bt L7=fES (Fig.5). Ag'
N GSH EfEATDHZ L EFALMNC L, F7-, UVAIREHZ XV E. coli N GSH @
BAONEETHD Z bR LT, Ko T, UVA BBEHC L - Tt S vz Aghid, A
DORERERIZREAE & ON L, £ OREREBENTEMEIZ DN D 2 EREZ b,

ARANTIE, MIEAN D H02 & AgNPs DL, AgHE O INA 5| & ik Z 4782
KDO—>ThH D EHEIND[37], £, T /7R FHITMRNIZE Y A ENTZEE. H0;
i L35 ROS OAEMREFET HZ ENWMEINTWVWAH[38], =512, Aghe SH
#% FF> GSH, Cysteine, Homocysteine 72 & OFIE{LIy 7 & ORUGE. PLls{bsr 1D
FERE &2 bt AN OER(L 2 BN S & 5 [34], ASHFZE Tid, Ho02 THLER X 717= AgNPs
ZHAWT, AgrO i EZ R L-#5 % (Fig. 5). AgT o 823 KRIE IS #9555
AT, £70. HoOp THLEE SN 7- AgNPs 1% GSH OfiaiN ToRD & & bic, BEE
HEEE R LT (Fig. 3), - T, AgNPs fERIZ X % Ho0, DRMISPNIEEE O _EH-28,
AgNPs R X8, Ag'V UV —2EOHINZ5I & L, #tEo ERICEE L2 L
Hh—KE L TEZHILDH,AgNPs & UVA, & 5 IZHIAEN H.0, OEE1ER 23N - T
E. coli NIZ Ag* DR B RIEIZHEM L, MRNS FISHET 5 2 & THREAIKT S
W, FORRBEEREFEIREZ R LI LR TRINT,

UVA BSTTIZ31T 5 AgNPs 12 X - THIERAYIZ E. coli ZF% W T& 575, UVB Tl
WRHRITERO o 7o, ZHuE, UVA LR L C, UVB IZEENE W OIT,
E. coli BBIKICIRSIRET HZ N TERN oD EBEZBND, £7-. UVB I
AgNPs DFFEIE F Tl SN T L E 9 /lREMERH 5, & 51T, UVA BREHNT, ki D FEH
bS5 EILc, Ecoli OFTHE Rafxi I U h L0 H0, 7 Y. ROS %/
L, 250 ROS IHRA LR FOERHZ S bS5 EELH DL, I
HOBEMMNG, UVA Ko THHRMREFEDIRD A TChoToEZEX bND, &6
2. AgNPs BE{ER TiX. S.aureus. L.mesenteroides <> Coliphage MS-2 73 EiZ%l4 5
B EZ T 2 ENHE SN TWD D T[6,14]. E. coli LIAADOBAMIZB N T,
UVA 77 F T AgNPs fEFIZ L W BEE R EIREZ R T Z B 6D,

BLEONRERZ Fig. 7TI2E LD, H 1 EITBWTIE, FEITUVA BE FICBIT5
AgNPs (2 X % E. coli (2T DR REZFEELTo, mWEREIRZ R T20DIC
I%. E.coli W~ AgNPs OELY iAZ & | E. coli N CTOERGERI 72 Agh o Ji A3t 5 428
Thd, &6, i EN7- AgHE E. coli DAy & SHEZ N L THAET S 2 L
T, ZNO G FaARNEHEA L BRI EDNREZ R LD TIERWNEEZ BV,
FLIX, AgNPs & UVA OOFRM, frke, ER. KB L OERMEEEDEEICHEH S
LZEEMGFLTND,
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E2E UVARKRTICBITAET JAIFICL Db MEBSHRA~DEE

2-1  J¥im

51 EIZHB VT UVA BBE Iz 5 AgNPs 7EI E. coli (25t L CHAZE 22 A 40 %
AT ZEERALMNI LI, Fald, BEMIZ UV IZIEE S LTV 5D, UVA 77 T,
EWEEE IR Z AgNPs 23R T O THIUT, Fx b MM LR ELRT Z LN
el s b,

UV OEKGHFIZED D=3 F—HITH 6% TH Y, e (8 52%), 7RI
() 42%) 1T % & BRI ROVR | ZDONF =R F =D R EWTCDMIER EOfkx
AW B R G2 %, UV OFELR/EREEIIDNABETH D, UV ICK->TAT
7 DNA 513, Z D% TRINERRBEDIRK 720 . 2Bk, BHEAIZ
OO EEZBNTVWD[21,22], UV IZZDOHEIZL > T DNA 55T 20
B RR L, ROEED UVA Tk, MilBNO=a2F 7 I K7 T=0UX 7 VAT
K (Nicotinamide adenine dinucleotide: NADH) °7 J B 75 =YX 7 LAF K
(Flavin adenine dinucleotide: FAD) %5 UVA % W9~ % ta3E [ 23MFAE L, 24155 UVA
2N UIhie &5, Jibkt & 4172 NADH X° FAD 23 & JERHEIZ R 5 RF, ROS ZHifa
I L, Z0fER,. DNA IS, EREOUW-CIRE Otz 5] i =37 [21], &
W UVB, UVC TiX, CPDs 35X 6-4PPs NE SND Z &N k< mbhn Tk
DICIl. ZAUZDOWTIEEH 3 EICFEMIZRLE LT,

—J5. AgNPs bk~ 7 fidHO b MlAZIZx LT DNABE 25| X 232 & s
XN TV 5H[17,19,20,39,40], Avalos 5[39]i. 4 ¥ b MEGFEMAEZ FHV T, AgNPs
TEHI @ DNA 152 et L7 fE R, 2 TOMaRIZIBW T, AgNPs DIEHERE R X
O A RIRAFRIIC DNA OUIEr 28 L7 Z £ 2R L=, & 512, CHO-K1 fifigicd
WTIE AgNPs ZALBR3 % & HIRRE & BN T2 6 2364 L fIaN OB b & 7%
et DNAHEE ThH % 8-OHAG #4Emk T 5 Z & R3#iE S 4L TV 5[19], 7€ - T, AgNPs
EUVAIZENZENDNABEZF ISR FZ et EAERIEX, LV EER
DNAHEEZ 5| S EZ T AlEeEN H 5,

ITAE, DNA HEFfio—>& LTk X2 hr H2AX &V > 139 HH DV L
(phosphorylated histone H2AX: y-H2AX) 7237EH 41T\ 5, DNA 50 H ¢, DSBs i
N ARCTBIBIER B O ST DV AT % @b 53R R D3 H i b EHFE7c DNA 815
THDHLEEZLNTWD, y-H2AX IX DSBs OAERRSIEN & 7> TARLT 2720, &
HERSHR D K 512 DSBs M EAERNCAERR SN DKFIZ L » TEEIN 541, — 77,
DNA I I1I{/A<°> DNA 7 = 2 U 7 . DNA —AR$HUr (Single-strand breaks: SSBs). [
{7 DNA #1535 LTV UV #%& DNA & (Pyrimidine dimers) 264 R L 7c £ F i
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PERENZ A Y | DNA ER-MToN 5810, BT +— 7 2 FEiEEGICHE%E, 20
A NV RIZE 5T DSBs R H2AX NV Vgt S D Z & 3diE ST 5[42],
F7-. DNAHEEGZEE T 5B TDSBs 23 U, y-H2AX BNEE S D Z L G &
ALTWAB[43], y-H2AX Z W=7 A @S X MR TER L2 A3 5720, Bl
£, DNAHEEZHRHT 2720 OF AR FE LB 2 LTV AH[43),

% Z CARETIZ, UVA & AgNPs [FIFFIREZ % O b ML, 712 DNA ~D52 8% | -
H2AX 1235 B LIRET L7z,

2-2  EB RN X OU5E

2-2-1 EBFE

b RS #fAE HaCaT i Dr. Norbert Fusening (German Cancer Research Center, Germany)
Tt nre, v MR LR BYEME AS49 B L OE FELEMIE MCF-7 (X
Japanese Collection of Research Bioresources (Japan) 7»HHEA L7z, 72, 55 1% 1-2-1
(2R L7248k F (<0.1pm, 2-3.5um, 5-8um, <45um 35 X 1<106 um) 5 L TF UVA
F = —7 (320 -390 nm (Peak: 352 nm)) # v 7=,

2-2-2 MR

HaCaT. A549 35 X O MCF-7 #liai% 37°C. 5% CO, D5 F T L, 80% =2 7 )L
T b e o TR AT o T2, FEBRICHW DML 35 mmdish (0F &, FEBRY B I
dish 12 80% = > 7 /L= FDIRBEIZ /2 D L D ITFE L7,

2-2-3  RRIFYEA I LU UVA B

AT T IR Y B2 8 L\ 10% fetal bovine serum (FBS) % % ¢¢ Dulbecco’s modified
Eagle’s medium (DMEM) EFHUIZHEHIZAZHL L 7o, FEBRY AIX, 1812227
& ol B ATIC S U 72 8RKI+ (0.1 — 1 mg/mL) 35 X O AgNO3 (0 — 50 pM) % 4 B
MIVEH =72, PBS (+) ##%(0.9 mM CaCl, « 2H20, 0.5 mM MgCl; - 6H,0 L 725 & 9
IZ PBS THliBlL7-% D) (2AHA L, UVA (Peak: 352nm) % 50 kJ/m? FR&F L 7=, FRES#£
PBS (+) #&iZ% 10% FBS % & ¢¢ DMEM BFHIZAZH# L 7=, Ml 37°C. 5% CO, D5
T, 0 - 48 BRI Tl L7=, £7=. NAC & 7= 3R Tix, #fi NAC (20 mM)
% 0.5 I ATEN S ¥z,

2-2-4  HER O ELEROME
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ERRLTIERA 3 LUV UVA BRES L7-% ., PBS THE L. A549 35 XL OY MCF-7 #ifia A T
Y 72 (Trypsin (2.5%) 0.65 mL, EDTA (0.02%) 6.5 mL, PBS5.85mL) 3 & Uf HaCaT
IR R U 2 (Trypsin (2.5%) 0.2 mL, EDTA(0.02%)5mL. PBS4.8mL) /LFRIZ L
D ABRE A B L7z, R L 7o MR AR R 100 pL l2%kf L kU X 7L —8HR (PBS 100
mL. NaN365mg. trypanbluelg)100 uL Z A0 %, MERFHFEE 2 H\CARMIE & SEH
DEEN T ML, ZOEIGINOEFREFRE LT,

2-2-5 U REZ T uy MEIZE Hy-H2AX OfR

Western blotting (2 & - Ty-H2AX O A217 - 7=, $RR-EH 3 KOV UVA FRE L 7=
#%. #fEZEIY L, 1 mL MS Buffer (5 mM Tris-HCI (pH7.5). 1 mM EDTA (pH7.5), 210
mM mannitol, 70 mM sucrose, 1% protease inhibitor) Zi1x. &ETF A ¥ —7T 10 [A]
A hmr—27 L7cth, KET 10 oMEE LT, 0%, @O0 L BELZ TRk,
Western Blotting F Lysis Buffer (50 mM Tris (pH8.0). 5mM EDTA, 150 mM NaCl, 0.5%
nonidet P-40) (28 L, 1 /0[] CHEERAHE U7, K EICK 2 BefEE Ui 2 524
(2R L7-1% . Bio-Rad protein assay kit # W\ T ¥ > /R J E&E T T, BT
DH R BEEADET, 125%K ) 727 VAT 2 K7 VEHWT, vkE) Buffer (Tris
(hydroxymethyl) aminomethane 3g. glycine14.4g. SDS1g #7Z& /K 1LIZ L7z D)
T 20 mA., K 2 I[Pk EN LorHE L 72, 478 L 72 8 B 'E % Blotting Buffer (Tris
(hydroxymethyl) aminomethane 12.1 g. glycine 14.4g. methanol 50 mL % Z88/K 1L 2L
7=H?) BEL O Blotting 3 (Atto, Japan) % FHVWTESMIIZ Polyvinylidine Fluoride
(PVDF) (Millipore, MA, USA) JEIZHEE L7z, $25 L7-1% 1% skimmilk T 1 F¢fij~7 = »
X LT, FD%., 1%skimmilk & 0.1% Tween 20 Z & ¢¢ PBS (0.1% TPBS) %45 &
THE > 72 IR BRI X > T 1/1000 124 R L7 — kLA % 4CT—Br s S 72, —RAL
RBOE L7214, 0.1% TPBS T 3 [mIffeif L, [A L < 1% skim milk & 0.1% TPBS % % &
TH| - 72IRARIZ K- T 1/1000 (2R L7z bk % 2 BERIOG S 72, IRPUAk
BO& L%, 0.3% TPBS T3 [al, & 52 0.1%TPBS T3 RIFEHL-, BHZ /37 D
N R B % ~ b Pierce Western Blotting Substrate Plus (Thermo Fisher
Scientific, MA, USA) % W T, 7 2L figig & (Atto, Japan) THiH L7,

V-H2AX B D720 D — R B L O " IRFUAIZLL T D@ Y Th 5,
—WR$PUA : Anti-phospho-H2A.X (Ser139) (rabbit polyclonal) (Millipore, MA, USA)
—YRPUA : Peroxidase-conjugated AffiniPure Goat Anti-Rabbit 1gG (H+L) (Jackson Immuno
Research Labo., PA, USA)

77 F v (Actin) RO HO—REB L O ZREUKIZLL T D@ TH D,
—IRPLIR : Anti-actin (C-11) (Santa Cruz Biotechnology, CA, USA)
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T WRPLIK : Peroxidase-Conjugated AffiniPure Rabbit Anti-Goat 1gG (H+L) (Jackson Immuno
Research Labo., PA, USA)

2-2-6 SR YLAIEIC K Dy-H2AX g Rt

FPFYLATEIZ L o Ty-H2AX O (7 + — 7 A Dft) #1T7->7-, MCF-7 fifu%
Micro Cover Glass (¢=10 mm; Matsunami Glass, Japan) % & ¢ 35 mm dish (2 & &, 2-2-3
IR L7z X 9123 Lz, AgNPs & UVA, 38 XN H02 (5 mM) A 4L L 72 MCF-7 i
fid % &\ 7= Micro Cover Glass % 3.7% Formalin C 15 /3. [EE L7z, PBS T 3 [FIVLiE
L. 2% TritonX-100 IxE & Nz, 3 ZrMIC=RiEEE L7-, 3 /rfft%. PBS T 3 [y
L. HUARF R (0.2% TritonX-100, 1% bovine serum albumin (BSA)) (2 X - T 1/100
WA LT — iRz 2 R FOR ST, —IRPUR 2 FOs S 7%, PBS T 3[BTk
L. [ U< FUARBRAHEIRIZ X - T 1/100 ISR L7 ZkFUA % 2 R RUS S 72,
PBS < 3 [E¥:4%. Propidium lodide (PI) (20 pg/mL) &% CHGeta L, ~ 7 > MAK T
AT A RATAZEE Uiz, #EEMEE (Olympus, Japan) (2 &> Ty-H2AX O 7 4 —
T Az LTz,

Vv-H2AX B D720 O — kB L O RHUAIILL T O®E Y TH D,
—KPLIK . Anti-phospho-H2A.X (Ser139), clone JBW301 (mouse monoclonal) (Millipore,
MA, USA)
T IRHUA : Flourescein (FITC)-conjugated AffiniPure Goat Anti-Mouse 1gG (H+L) (Jackson
Immuno Research Labo., PA, USA)

2-2-7 DNA RGO

RA T AIERLEY 7 VESUKE) (Biased sinusoidal field gel electrophoresis: BSFGE)
(Atto, Japan) |Z & > T MCF-7 ffiflgiZ17 % DSBs Ot #1T -7, A L 7= MCF-7
Mz RY o TR L., 36 pb @ 10 mg/mL KRS 7 4 v — A (Lonza Group Ltd.,
Switzerland) ##% (10 mM Tris-HCI (pH8.0), 1 mM EDTA) (Zf&E L, o7y
IVERER AW T, 1 71y 73 A4 X10mmx&mm, JEE 1.5mm O 7 L7 L a1k
LT, YN TN % 4SCTREIZEILSE21%, 1.5mL F = — 728 L 0.5 mg/mL
proteinase K % (1% sodium n-lauroyl sarcosinate, 0.5 M EDTA (pH8.0). 10 mM Tris-
HCL) % 1mL iz 50°C, 24 FFfEIG S W7z, s Lz, o7 V7% 08% 7T 4
o — A/ (Lonza Group Ltd., Switzerland) (27 77 A LESIKEI 1T - 72, vKENT
DC %+ 30V, AC fE[E 198V, AC J& 4 0.001 Hz 7> 0.005 Hz F CTE#EAVICE(L &
HRNRDG 32 WHIT 572, FIvkEMEEIRIT 0.5XTBE & L. FEMERE R A Hads
(Atto, Japan) 35 L OMEERM AIMEIRZEE (Atto, Japan) % FHWTukEhH, #12 20°C & R EF
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U7c, VKBNS T4, 77V Z DK EFEEIR CAvER L 72 ethidium bromide (EtBr) (10 ug/mL) T
1Rt L b A A )L 2 2 —4& — (Bio-Rad Labo., CA, USA) # W TCEE A iR
L7z,

2-2-8 AN ~DERL - DEL Y A Fr B DI E

EERETH 80% = > 7 Lk OIRAEIZ 72 o T2 MRS ERRL T~ (0— 1 mg/mL) % 4 I
WEH S® 7=, Tk, Minz FY 7Tl BEL, #F 1= 1-2-6 IRk
I ITARIRIN D ERRLT-DHLY A A & & FCM & W ClIE L7z,

2-2-9  8-OHdG Dkt

MCF-7 i (9 610° {# ; 100 mm dish 2 #47) (2 AgNPs & UVA Z{EF =&, 1EH
T EZISHAEZ I L DNA X% / —/Likik 2 ATl L7e, fillf L 7= DNA
[T AALAIITIK 100 pL IT¥EfR L7-1%, EFE A FIE L7 1.5 mL Tube T 4 CT—HRAL
& L7, DNA & 260 nm OWINIEEIZ X > CHIE L7 (Beckman Coulter, Inc., CA,
USA), 100 mmdish 2 #z43? MCF-7 i 2> 5% 300 pg @ DNA 23 & 57z, b7
DNA 40 pg % &Te DNA KIFHR IR RIK &2 0z 225 uL IR L7z £, 200 mM EE
fig) kU 7 (pH 4.8) 2.5 uL & nuclease P1 4 uL (500 units/mL) %Nz, ZEFEHLE.
37 CT2WMA »FaX—hF L7z, £D#%, 50mM Tris-HCL 1.5 uL (pH 7.4). alkaline
phosphatase 0.4 uL (4000 units/mL) % ¥R L CEEFREMEL, S 51T 37 CT 2 KA >~
F 2 N— bk UK R ZAT > T2, K53 R % Ultra-free MC (Millipore, MA, USA) %
FHVY, 12000 rpm, 15 4yffdsmDs LER & v /X7 24T - 7=, 8-OHAG OfHizix, ECD f}
& HPLC (Shimadzu, Japan) % I\ NTHTu, 103HD T 4 %277 = (deoxyguanosine:
dG) (Zxf9° 5 8-OHAG DIEH & FiH L7=,

2-2-10 NV EZFF o BEONE
1 1-2-8 LRIERIC, MY GSH &2 HIE L7,

2-2-11 {EMERRFFEOMIE

AN ROS & i, i d Mt 7 v — 7 6-Carboxy-2°,7°-dichlorodihydrofluorescein
diacetate, di (acetoxymethyl ester) (DCFH-DA) % F|H L#IE L 7=, DCFH-DA [ZHfilar
ICBAES A, MilaNT= 27 7 —BIC K BT B F b LIFEOER DCFH 12720, &
HIZROSIZH Y FRLS b S, 58< #6795 DCFICA LT 5, HOGIREL I/ i
YLD ROS LU ZEHef$ 5, MCF-7 #if@iZ 10 mM DCFH-DA % 1 uL T 30 43 1EH
L7-%%. AgNPs 33 X TN AgNOs EF L7z, 1EM L7 MCF-7 i@ Z [y L, PBS T 31l
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e L7, FCM BEHF =2 — 72 PBS T3mLICFHE LY 7 LZ2RIM LT, FCM
O FITCIZHEL L CHIE LT,

2-2-12 WE
H1E 129 LRIRICAEBEMEZIT T2, HatfU7e B/ EMIX, *p <0.05, **p <0.01
TF LT,

2-3  FEERRE R

2-3-1 UVA BUR T IZ3BIT 28T/ K -1ER 1% O A= {7 =

bt FEEHIIG HaCaT, b Mfifui)E Bz iRpsiiie A549 J6 LUt M FLpHilE MCF-
7. TNENAMIIZERT b Z2 4 FFRMEAH L72# . UVA (Peak: 352 nm) % T
Y LTz, 2Dk, NIRRT A—T v A 2 HAWT, BERREKT (Fig.8A), B X
Y AgNPs OYERIEEEMRAT (Fig. 8B) HUZRfifa/Ef =22 E L 7=, AgNPs 3 XL T8 UVA
ZNFNOEMER TIX. £ TOMBKRICBWTAEFERO LT RIK TABER ST,
F72. UVA & AgNPs ODEEIERIZ L - T, MCF-7 3 X O A549 flifidlZ 35\ W\ CTHAFSH
DNEREZA Lz, LasL, HaCaT flifid Tix. UVA S T To AgNPs TERIC K 54
FOEITRD e oTz, T b DOFESRIL. UVA RS T To AgNPs fERHIZE W
TiE, MRERICKERICHREEN LT 5 2 L 2R LTV,

512, UVA TF1E FIZBW T, AgNPs & AgNOs (AgY) 1EAIZ X 2 AEFRE LA
5 L7= (Fig. 8C), UVA M FICk1T 5 AgNOs 1Ef Tik. flakkicBb 54, 34
TORRICBWTAGFEROIE TR X - S,
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Figure 8. Cytotoxicity of combined treatment with AgNPs and UVA in three types of cell lines

Cell survival was determined after treatment with AgNPs or AgNOs and UVA using the Trypan blue

exclusion assay.

(A) Time-dependent survival. Cells treated with AgNPs (1 mg/mL) for 4 h were exposed to 50 kJ/m? of
UVA and cultured for the indicated time. o: treated with only AgNPs; A : treated with both AgNPs and
UVA.

(B) AgNP-dose-dependent survival at 24 h. Cells treated with AgNPs for 4 h were exposed to 50 kJ/m? of
UVA. e: treated with only AgNPs; A treated with both AgNPs and UVA.

(C) AgNOs-dose-dependent survival at 24 h. Cells treated with AgNO; for 4 h were exposed to 50 kl/m? of
UVA. e: treated with only AgNOs; A: treated with both AgNO3 and UVA.

Data represent the mean =S.D. (n= 3). *p< 0.05, **p< 0.01.
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2-3-2 UVA BS T2 T 28T/ K112 L % DNA ZARSOIWr Ok & Z3UTPE D y-
H2AX O TTE

UVA R T2 % AgNPs 1E 28 MCF-7 35 J TN A549 i L2 BEE 22 il 3 4 R
TZEEHLMNT LT, I, UVA BBS T ToO AgNPs 1ERT% Dy-H2AX ZRaEt L.
DNA {53l 24T - 7= (Fig. 9A), MCF-7 fifliTliZ. UVA. AgNPs Lo Bl
TEF L0 SEAITER O RR -H2AX DBl S e, 2 ud, BRETE OB &ER
M3 L OV UVA o BEHEI2KAE L7= (Fig. 9B and C), A549 #llfiiiZ:\ T & [a] CAHEA 23
Bl Eh-, —J., y-H2AX OFFE L, HaCaT #ifid TIERD b o7z,

MCF-7 flifeiZ 35 1F % . AgNPs & UVA 1ER1% 1 IRFfE] T Dy-H2AX D5 4u g % Fig.
9B (27T, UVA FREF Tidy-H2AX 1788 H 720 03, AgNPs HVE A CTldy-H2AX @
TA—HANBHB LT, F72., UVA BRI T To AgNPs fEAIIC L 0 BAZE 72y-H2AX @
T —HANHB L=, y-H2AX 7+ —H ZADAERIE, 5mM D H0, 2 W 7=/EH T
LB ST,

I B2, BSFGE (2 X - T DSBs O #4177 (Fig.9C), MCF-7 fifuiZ AgNPs %
HAM{EMA T 5 & . AgNPs OfERREKIFHIIC DSBs 2301 L7223, UVA B PRG ClI
N2 LB bR -T2, —J7. UVA FRES T To AgNPs /EIZ L 0 . AgNPs
DIERBREEITAFIIIC XL D 58V DSBs MBIEE STz, ZiuH OfERIE, UVA lE T
® AgNPs {E TlE y-H2AX DIEERIZ 72 5 DSBs DAERS N TLHE L7= Z & 2ok LTz,
Fig. 9D %, AgNOs & UVA Z1EM L 721 Dy-H2AX DR A< LT %, UVA RS

BT 5 AgNOs TEH 1%, AgNOs DYEHIREEITARAFRIIZy-H2AX D ARk % TiitE uto -
DJLHE L 7oy-H2AX 13X, Fig. 8C (21T DM DFER & —F L T, & TOMAEKIZ
WTHBIEI N, THUHDOREERE D AgNPs 726 D Ag DA, y-H2AX O)Eﬁk z
FhH L TV AR N TR S LT,
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Figure 9. Generation of y-H2AX and DSBs after combined treatment with AgNPs and UVA

(A) y-H2AX detected by western blotting. Cells were treated with AgNPs (~ 1 mg/mL) for 4 h and irradiated
with UVA (6.25 — 50 kJ/m?). The cells were harvested at a predetermined time (1 — 6 h). Actin and CBB
staining were used as a standard for equal loading of proteins.

(B) y-H2AX foci detected by immunofluorescence staining. MCF-7 cells were treated with AgNPs (1
mg/mL) for 4 h and irradiated with UVA (50 kJ/m?) or H,0, (5 mM) for 1 h. Cells were fixed for 6 h
after treatment, and immunofluorescence staining was performed. Nuclei were stained with P1.

(C) DSBs detected by BSFGE. MCF-7 cells were treated with AgNPs (~ 1 mg/mL) for 4 h and irradiated
with UVA (50 kJ/m?) or H02 (5 mM) for 1 h. Cells were harvested 6 h after the treatment and then
analyzed by BSFGE.

(D) Generation of y-H2AX after combined treatment with AgNOz and UVA. Cells treated with AgNO3 (5 —
50 uM) for 4 h were exposed to 50 kJ/m? of UVA. Cells were harvested 6 h after the treatment and then
analyzed by western blotting.
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2-3-3 R R DOEY iAAZE L y-H2AX TLHEED RS 5

51 EIZBWT, Ecoli iZRT AREICITHIEAN~ORY IAANERETHL Z N
IRENT=ZD T, AR DE N L Dy-H2AX DAERLOE L, HIIAN O AgNPs D ELY IA
HEIZEEL TWDH EFE X2, £ 2T, HMiaiZB T 5 AgNPs DY iAAL &%, FCM
? SS FREIZ LV A L7= (Fig. 10A), SS J#JE1X, AgNPs OERIC L » T L 7=,
SS D X, MCF-7 fificis W T b m <. HaCaT Mifd CIdENTH o 72,

—J7. UVA BH T T AgNPs /EFA3y-H2AX % B S87-2 L7226, AgNPs D Ht
VIAZ DY UVA BREHZ LV L SRR B 2 b b, £ 2T, MCF-7 fifaiz
BT, UVA & & L7=#% D SS OFfE DL 2 H-7= (Fig. 10B), SS 78JE 1L AgNPs
DOVEFEFBERIFRIICEIIN L7228, UVA ORRENZ X > TEL Lo T2, #EN A~
AgNPs DHLY IAZ T ARESERS O DNA HEOTUEICEIET 5 2 L 23R L7203,
AgNPs OEL Y AT UVA BREHZ Lo TREI e o7z,

S 51T, AgNPs DELY AF & y-H2AX £ O BIRZ S 572012, FH—FE THW
D IABEINE D 5 ODRER DY A XDk % W CEBRAE{T-> 7= (Fig. 11), SS
SREE DAL D, BNl pm B XV 2-3.5 um DR 71X, 2RI MCF-7 JifE N

IZHLY IAE Tz, 5—8 um BLEOR - CITMIENICER Y A E N0~ 7= (Fig. 11A),
L2rL. UVA TR L TH, SS MEIFZ(L L2 o 7o, MIENIZZ IV IAEND
<0.1 pm 35 LN 2-3.5 um DOERRL -5, UVA BRE T E o iila st 2~ L7z (Fig. 11B),
F 72, UVA IR I L Dy-H2AX DTS | <0.1 um @ AgNPs O & CTHEIZE S vz (Fig.
11C),

RIZ, MCF-7 fifa 4 iV T, $ikF5  X{KAFAY72 DSBs DJE L4 BSFGE IZ &V
7= (Fig. 11D), AgNPs BHIER TiL, ¥ XIEAFHIIZ DNA Oz 5[ k2 L
72o F£72. UVA BE FC5 - 8 um UL EOIRRI 7+ OEAERH CTIld, 2Bt LR
D HENRDSTZA, <01 um B L2 — 3.5 um ORI F/EFA TIE. 58\ DNA OBk
DR INT, ZNHORERIT, L0 /S0 XORAL1E, MIENIZEY A E R
7 <, UVA BEHIZEB W TH 8L DSBs 2R 5 Z & 2R L7,
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Figure 10. Difference in uptake of AgNPs depending on the cell line
Intercellular uptake of AgNPs in the three cell lines. Cells were treated with AgNPs (1 mg/mL) for 4 h.
FS and SS were analyzed using FCM, and SS intensity was expressed using the histograms.
Intercellular uptake of AgNPs after combined treatment with AgNPs and UVA in MCF-7 cells. MCF-7
cells were treated with several doses (100 — 1000 pug/mL) of AgNPs for 4 h and exposed to 50 kJ/m? of
UVA. FS and SS were analyzed using FCM, and SS intensity was expressed using the histograms.
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Figure 11. Size-dependent uptake of Ag particles and y-H2AX generation

(A) Intercellular uptake of Ag particles. MCF-7 cells were treated with Ag particles (1 mg/mL) of different
sizes (< 0.1 um, 2—-3.5um, 58 um, <45 pm and < 106 um) for 4 h and exposed to 50 kJ/m? of UVA.
FS and SS were analyzed using FCM, and SS intensity was expressed using the histograms.

(B) Size-dependent survival at 24 h. MCF-7 cells were treated with Ag particles (1 mg/mL) for 4 h and
irradiated with UVA (50 kJ/m?). Survival was determined by the Trypan blue exclusion assay. *p< 0.05,
**p< 0.01.

(C) Size-dependent generation of y-H2AX. MCF-7 cells were treated with Ag particles (1 mg/mL) for 4 h
and irradiated with UVA (50 kJ/m?). Cells were harvested for 6 h after the treatment and then analyzed
by western blotting.

(D) Size-dependent generation of DSBs. MCF-7 cells were treated with Ag particles (1 mg/mL) for 4 h and
irradiated with UVA (50 kJ/m?). Cells were harvested for 6 h after the treatment and then analyzed by
BSFGE.
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2-3-4 DNA G T A IEMEERFERE OG-

AgNPs 35 L OV UVA 13211240 ROS (IZBH# 3% DNA {50 —->THh % 8-OHIG D
AR A FET D Z L NIME SN TVWA[L9,20], Fig. 12A 1%, MCF-7 281} % UVA M
$FTD AgNPs IZ & 5 8-OHAG D/ERLZ R LTV %, AgNPs HIR{ER X 8-OHAG @
BN, UVA BIRTIX, T RZIb LRSS 720> 72, UVA & AgNPs @
BEMREFE,, 8-OHAG DJEAKIZFHRAICHEIR X iz, Fig. 12B 1, K704 1 X
£ 8-OHAG D2k AR LTV 5, AgNPs (<0.1 pm) {2 X % 8-OHAG DHEMNT F <,
2-35um B L <45 um ORI 1Tl 1T & A ERRN 2 o7, S HIT, UVA BT
T, L0/t A ORI 7128V T, 8-OHAG DAL TLEE L7, F7-, 8-OHIG
DKL, UVA RS T2 T AgNOs 12 LV B3R < u7= (Fig. 12C),

AgNPs i 5 U U — A& L7z AgTiEzZh BRI GSH @ XL 9 Zadtlz(b sy 1@ SH
LT %, Lo T, Mlaismib L, Bl DNA G DRINTAERT D2 &
DT END, 2T, £7 . AgNPs 35 L TN UVA EH L 7= O#iia N GSH @ & % |
E L72 (Fig. 13A), AN GSH OIREIT AgNPs Z1EF 2 Z L2 K Vi L7223,
<A 7t A ORI TIREN 2B LEE SN ho 7o, £72. GSH 2% UVA IR
FHZ X > THEIZED Uiz, SHEEZH T2 NAC 1L, i {LAIER L O AgtOREAID
W7 e L Co%EIE R LT d, NAC ORTLERIZ K - T, GSH DD 2318 L7,
—J7. AgNO3 Z/EH L T% GSH I3J84> L. NAC{EFIELE DRUvD ZEI1E 5 Z & A3
Bl L7 (Fig. 13B),

RIZ, MCF-7 fifi@iz 317 % AgNPs |2 & DRI OEeb 2 fifaiR s e 7' m — 7
DCFH-DA % AW CEHT L 7= (Fig. 13C), DCF dtsRE L. /NS W XDk +1E
XML, £7. NAC IZ L - Tl &7z, AgNOs & 7EHIIR B RO Al
NI b2 BN S+, 58412 NAC IZ X - THfll & 472 (Fig. 13D), & 512, NAC OfF
E TR 5, y-H2AX DAk &8 ~7= (Fig. 13E), NAC I, UVA FR& T T AgNPs
IZ X VFHE I NDy-H2AX Z3B 0 CFlE L7z, £72. NAC ORIALELZ X - T, UVA
MRS T T AgNPs {2 L 0 JTiE L 7= DSBs OIS HIH S 7z (Fig. 13F), 2 b D
Hix, AgNPs 205 Sz Ag 3 Bilg by @ SH 3 & RS L, ZOfE5:. fian
DOIRLIRREZ HIH T & 77, 8-OHIG DAEMAFFE L, T y-H2AX DK & 72 -7z
ZEERELT,
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Figure 12. Formation of 8-OHdG after exposure to AgNPs and UVA

(A) Generation of 8-OHdG after combined treatment with AgNPs and UVA. MCF-7 cells were treated with
AgNPs (1 mg/mL) for 4 h and irradiated with UVA (50 kJ/m?). The level of 8-OHdG was measured
using HPLC with an ECD as described in the Materials and Methods.

(B) Particle size-dependent generation of 8-OHdG. MCF-7 cells were treated with Ag particles of three
different sizes (1 mg/mL) for 4 h and irradiated with UVA (50 ki/m?).

(C) Generation of 8-OHAG after combined treatment with AgNO3 and UVA. MCF-7 cells were treated with
AgNO3 (50 uM) for 4 h and irradiated with UVA (50 kJ/m?).

Data are presented as the mean + S.D. (n=5). *p< 0.05, **p< 0.01.
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Figure 13. Intracellular oxidation after exposure to AgNPs and UVA

(A)

(B)
©)
(D)
(E)

(F)

Intracellular GSH after coexposure to Ag particles of three different sizes and UVA. MCF-7 cells were
treated with AgNPs (1 mg/mL) for 4 h and irradiated with UVA (50 kJ/m?). Cells were harvested
immediately after the treatment and GSH was determined using the GSH assay. Values were corrected
based on the results of the protein assay. To inhibit the effect of Ag ions, NAC (20 mM) was added 0.5
h before addition of Ag particles. Data are presented as the mean + S.D. (n= 3). *p< 0.05, **p< 0.01.
Intracellular GSH levels after coexposure to AgNO3 and UVA.

Intracellular oxidation dependent on the size of Ag particles. MCF-7 cells incubated in the presence of
DCFH-DA (10 uM) for 0.5 h were treated with Ag particles (1 mg/mL) for 4 h, and DCF intensity were
analyzed by FCM. NAC (20 mM) was added 0.5 h before treatment with Ag particles.

Intracellular oxidation after exposure to AQNO3z. MCF-7 cells incubated in the presence of DCFH-DA
(10 uM) for 0.5 h were treated with AgNO3 (5 — 50 uM) for 4 h.

Generation of y-H2AX in the presence of NAC after combined treatment with AgNPs and UVA. MCF-
7 cells were incubated with the antioxidant NAC (20 mM) for 0.5 h, then treatment with AgNPs (1
mg/mL) and UVA (50 kJ/m?). Cells were harvested 6 h after the treatment and then analyzed by western
blotting.

Formation of DSBs in the presence of NAC after combined treatment with AgNPs and UVA. MCF-7
cells were incubated with NAC (20 mM) for 0.5 h, then treated with AgNPs (1 mg/mL) and UVA (50
kJ/m?). Cells were harvested 6 h after the treatment and then analyzed by BSFGE.
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2-4 B

v-H2AX |X, DSBs D% O B OMIFLISE T H[41], DSBs X, b DNA 15
5. DNA fHiif&, SSBs 33 L UNDNA 7 2 2 U > 7 72 ¥ DNA HIEDE1E. DNA &
73— OWITIEIER Y, B RRKIC L v AU 5[42,43], 6> T, y-H2AX 1%,
DNA D~ —h — L Bl ST 5, AgNPs BEIRIEFA L, B 5 2MCy-H2AX % 753
L. £7-. AgNOs b RO B E %7~ L7= (Fig. 9Aand D), AgNPs 23y-H2AX % i
HEHEZZD L, —OITHMIENICEY A F 172 AgNPs 23 E % DNA IZERH L., ¥
AIIZ DSBs Z 5| & Z L7z a[REETdH D, Lar L, AgNPs (2 XV FHE S f172y-H2AX
X, EDOIRBIZE VBRI (Fig.9) 2248 E L2 &v5, AgNPs X DNA %42t
HIZEIBr L2 ol b B b D, —F, MIRNIZERY IAE L7z AgNPs 72 B it &
7= AgHi, GSH 7 & OHIERLAI Sy T D SH 3L & G L, MR OB L DL % 75
WL [FBEAIC DSBs 25| & Z T AfREMEN E 2 b D, MIlEN OER{EE L OV ROS @
FEEE, 8-OHAG % &ieu < D DfRfb! DNA HEEZFHE L, Th b oBEEIx, #
7 — 7 OEEOFEFR, DSBs #5851 5 Z ERHEINTWAH[44,45], 72, 8-
OHAG 1IXKHH ED =2 LD X7 VAT REB TAET 584G, DNA 7') a2
7 — B & L, W5 OBEHNAL CYIlr &, DSBs 4 U 5 Z & N A[HET & 5 [46,47].,
X512, ROSIE, SSBs ##E 352 L b L < HMBHIL TS, 8-OHAG 35 & U SSBs 7>
5725 % EIREH X, DSBs 1272 % AIHEMEAS IS STV 5 [48],

AgNPs |2 L 258 S Dy-H2AX OAERIT UVA BRE FCTF L < S iz, UVA
XL ROS Z#HE L, 8-OHAG 3 LN SSBs &Rk T 5 Z EMEI H LTV 5[21], LA L,
UVA FRE T T AgNPs |2 X 2758 S u7=y-H2AX 1%, TR EMER ORI & v
H5EV b, HERNTH -7, UVA BRE Tik, ROS TR L. Mlaftiz{bie h 4 S 51
BKFEELZEN”EZLND, /2. UVA BE T TiX, BEIZL D AgNPs 225 U Y
— 295 AgFOBENKIBICHEINT 2 Z &2 - CTiE L, Ziud S bIcHimbeHl s
FOSHIELKINTHZ ENTE D, Ag e GSH 1 L O Cysteine D L 95 2l N BLER
EF5r1- OO OHE ML, HIlEN O bZ X HIZTTHE L, 8-OHAG DARIZ D723 %
ZEMBEZILND,

e, 70 h, =7 I RITABEOR EDONL DD X A TOERBIL,
UV BRMEERERB L ORBAMEZED S 2 ERHE SN TV 5[49-51], 1 CH,
FEBO R = ALI IS BFT SN TE, X7 VAT FREEE B X OEEREE
HOFAFEB2,53NC L - T, FEERFIEDIRIRE O b FRIL, UV I K DEENRA DR
S AVER Z &5 8 4 [50], ik 21X xeroderma pigmentosum group A protein (XPA). poly(ADP-
ribose)polymerase-1 (PARP-1) 3 & T zinc finger DNA-binding proteins 72 & DWW < D7D
DNA HEEEEAE DOIGME 2L ET 5[52], PARP-1 ZfHET %5 L, ROS IZL - TF
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XS5 8-OHAG DEE 3 S 4105 [54], AgNPs Xk S =7V 258 L O
FrET DIEEREEERSE CTH 5 formamidopyrimidine DNA glycosylase (Fpg) % P
L[55]. & 51, DNAHEEIGEEE S AT AMCEET A28 F2 2 7 L X2 L —y
a3 THIELHMEINTWD[E6], DI Enn, UVA BREFIZE W T, AgNPs (2
£ % DSBs ¥ X Uy-H2AX DAERKDHEFEICTLET 56 5 —Drfgeft & LT, AgNPs
2 DNA HIEEEZET 2 ENBEZXbND, ZHICONTIE, S%FEMR R %
ITHORENRD D,

MCF-7 flfiix, 3 SOk H T, UVA BT T AgNPs fERICH T 2 b &
VSR A R o Tz, LUATO A Tldk, B B A498 Mildls Lt~ orm 77—
RAW 264.7 #ifa X, AgNPs O EEMERN ATk L TRV S MEE R L, & LTl B R AS49
AR VVEZ M2 AT 5 2 ERHE I T 5[16], RAW 264.7 MIFIZ KT 2 @,
% LT AB49 M Z %3 D ARV VS MR, B X OMhoe)g T/ K2 W TEHERES
NTWA[BT], T OWFFRIE. AR ORESR & —E LT,

F7o. FAx OMIFIERIZKTT 5 AgNPs Offifa MR X ONEREMEIX, R0 1 XK
FLTWDZ ENHE I TV 5[15,58], 3 FEHD AgNPs (<5, <20 35 L (<50 nm) %,
4 FFEOMICAER L7254, L 0 /NS 72 AgNPs O 573, X 0 B IZHAIZ A 5 [15],
X502, invivo TiX, XKW /E72 AgNPs 723 L 0 BEIZH O PRIE %3558 L712[59], ASHF
ZEClE, MCF-7 fiflZ31F 5 AgNPs OIfEN D ELY A A &L 3 D DOMfakkOH T,
KbmEmWIZ EZRLTE, £72, MCF-7 #filalzdsid D AgNPs DA X{KAFE 72 B Y 1A
ML, EFROZELE L OY-H2AX OFFEEMHEL TWe, 612, Ko/t Ao
D AgNPs X, L0 ZhRAICHIBIN A R b L. E2{b5 DNA 54 FHE LT,

—5 . ffEstE X UY-H2AX OARIZIL, MFENIZEY A E L7z AgNPs 7> 5 D Ag?
DRI L Z 2 Hivl-, UVA BBE T T AgNOs fEA TliE, EFEROKETFB LW
V-H2AX OAERIT, & TOMIBRIZI W TEIZE S vz, AWFZE i, /4 L7 AgNPs
DO S AgTOREEIL, T 25 AgNOs ORFE L 01X MK 72208,
AgNPs 2SHIRINIZHEL Y SA D DO TH UL (MCF-7 #ifi). AgNOs & [Rl CFRE DO
FEOy-H2AX Rl & 232 E N O Lz (Fig. 8 and 9), ©F V| I T AgHs
B S5 2 & X, ML X OY-H2AX OFRICB W TEETH L Z &0
Bz bz,

B2 EONEKZ Fig. 14 1ITF L 72, 5 2 BIZH W TIL UVA S TiZisT 5 AgNPs
TEHIZ XV b MEEEMIEICET D DSBs & ZAUITEE 9 y-H2AX OARRN LT 5 Z &
ZHGE LT, TRV -H2AX OARRIX, T/ A XD AgNPs O O HL Y A3 LY
AN COFRGER) 72 AT O X AN HIERLEE DR FIZL W b7 b Iz,
DSBs # £ Uy-H2AX OFFEIL, UVA ORGHZ L > T H TR S 17z, DSBs 1XE1E
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Figure 14. Incorporation of AgNPs and phosphorylation of histone H2AX
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3-1 Fri

%1 2 FEITBWT, UVA B T2k 5 AgNPs fEFIZ & % E. coli I2x)3 27
WROER, BILOE MEEMEICKT 25 DNA HBEOTLEEZHA LN L, ZhvE
T, UVA ZHWTHRFT L TE 7228, FEEIE, A IR S UVA 721 Tl &
W ED UVB b [FIRFICHRE S LTV 5,

UVB & UVA Tix DNA 25T 2 8EN < 8725, DNA OWSEET 260 nm f}
ISR Z BT 5, UVB IXE =R X—%2H T 5728, [Ei: DNA HIEITRIT S
. TN OHEEZEIET S, it Sh7- DNA BN ILEIREEIC R D BRIZ CPDs <° 6-
4PPs MIERL S 415, CPDs X 6-4PPs 2N IEH IZEE S WIGEIE, BRER LA,
MADY A7 DN S8 %[22],

—J. H 1, 2 EIZBWT, UVA BRI TI231T 5 AgNPs 7ERIC L 5 VW ik E 2
K OEE 7 DNA #51%. E .coli 8L MAZNIZELY JA £ 4172 AgNPs 725 Ag A
BMHENDZENFERTHD Z EZHLNI L, Bk, Agiidt Mo L CHEREME
ThHhoHEZZLNTEE, b MTKT 25 Ag-O B LA L2 3IEF IR 54T
W5, B MIxT 5 AGgTOEMEEZ R T REILT., ST OSROE AN ) % BRIkt
I L TITON T RIEDOHZEIZ LD bbb aivlz, AgHE SH 283 55iibm & o
P&z LT, ROS AR L[60]. £72, EHEIB LT DNA LHAEENT L2 LR
e SN TV 5[61,62], Ag'& DNA OFHAAEM L, DNA W= /L ¥ —35 LU DNA
DOLARKEE 228 L &8, UVB (2 X% DNA HIELERICEET DR EZ 5N D,
Bl z 1, Ag&AES L7- DNA I, UVB BREHIZ XL D CPDs DAL Z# R 5 &9
HERH H[63], FEMIZHASNICEN TRV, BFHL ., AgHIERIFE T R4 5] i
Z L., CPDs OHIFMEZFHFET HEEZE2LND, 2O LMD, AgZE Y U —RT 5
AgNPs 78 UVA 7217 T72< . UVB BBRIF FICB W T, kv B/ DNA 5525 X i
I RREMENE X B D, o T, AgNPs & UVB DEGERTEIZ L 5 DNA 54 Rk
DEALZFHIT 2 Z 1%, B h~OEAEELZRFT 5 L THETH D,

AWFZETIL, M. b MEEEMIIC AgNPs Z1EH] L. UVB BSH1%. DNA 5Lk
DELERFTHTETH o7z, L LaRnD, RS LT 5 ERR T,
UVB IZ AgNPs ODFFE F Tl SN TLE D 72D, BatdT 5 Z ERRARELE 72, =
NE TORF T, AgNPs 2B IFRET 2 AT EETHD Z E NN TEZDT, K
T CIE. AgNPs O 0 12 AgNOs (Agh) Z VT, FAAZNIZELY iA E 7= AgNPs 7)»
5 AgTOIH S D IRRE A L, CPDs 3 X Y 6-4PPs A=k D2 AL % MKt 24T

> 7,
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3-2 FEBMEHE XU

3-2-1 FEBRAE
2 2-2-1 1T L- b FEJEMN HaCaT, B L O 1 8 1-2-1 I2/R L7~ UVB F =
—7 (280 -320 nm (Peak: 310 nm)) % Hv 7=,

3-2-2 M ooRsE
B2 E2-2-2 ok Lz PEJEMIEE HaCaT 2 VY., Bi& L7z,

3-2-3  FHERERIEAF L OV UVB U
#5233 2-2-3 TR L7k 912 AgNOs TEFI B LTV UVB BEF L 7=,

3-2-4  HHRADELFROPE
B2 % 2-2-4 LIABRIC, AgNOs fEHIES KON UVB BS L7-t%, Ml £ 7% R Y
N T N—iETHIE LT,

3-25 v REZ Ty MEIZL Dy-H2AX Ot
%2 7 2-2-5 L [FAIERIZ, Western blotting |2 L » Ty-H2AX O 21T~ 7=,

3-2-6 S YLOIEIZ K Dy-H2AX B ok
523 2-2-6 L [RIERIC, SREYOIEIZ K o Ty-H2AX ot (7 + — 1 ADkH) %
1T-o7,

3-2-7 y-H2AX & i &3 o 4H BE O fig At

FCM % FH\\C HaCaT #2351 Dy-H2AX DFEE & in A1 o fighr 217 - 7=,
AgNOs & UVB Z4LEE L 7= HaCaT Miflaz KU 7> TREU L, 70%O ethanol |2 T 12
WA [E E L7, PBS C 3 [EI¥E##. 200 ub @ FCM F¥EIR (0.2% TritonX-100, 1%
BSA) (W L7=, 5 /rff#. FCM FEHRIC K-> T 1/100 2/ R L7 —&kbiik % 0°C
T2 RIOGE STz, EHIZ, FCM K T 3 | L. [ U< FCM HRIZ L -
T 1100 (ZA7 R L7 Zk$uik % 2 RFf OGS S 7%, FCM AR < 3 Bl L7z,
FCM BT =2 —7 DJEIZ 2 uL @ PR (20 pg/mL) 3LV 1 pl @ RNase # (20
ug/mL) ZMz., FCM AR T 1 mL IR L=V 728 L7, FCM 2T
fluorescein isothiocyanate (FITC) & Pl O 2 & L 7=,

V-H2AX B D70 D — B L O RBUAIZLL T O®E Y TH D,

38



— KPR : Anti-phospho-H2A.X (Ser139), clone JBW301 (mouse monoclonal) (Millipore,
MA, USA)

TIRHFLIK : Flourescein (FITC)-conjugated AffiniPure Goat Anti-Mouse 1gG (H+L) (Jackson
Immuno Research Labo., PA, USA)

3-2-8 YL ikiZ X % CPDs O

v-H2AX D% & CPDs G DG Z fiftr+ 2 72, Ml O—E O B E %3
% L7-, HaCaT #ifla% 35mm 47 RAET 4 ¥ = (=12 mm; Iwaki, Japan) |ZF X, &
2 B 2-2-2 |ZR L7z & 9 12 HaCaT #ifid 2 5578 L7z, AgNOs & 1 IRFfEJALEE L 7-#% . DMEM
BhaERE Lz, AT L7 4% — (9=3 um; Millipore, MA, USA) ®/N L% Fl|
LC, i 1-3 » Fr & AR > BRI UVC (Peak: 254 nm) (Atto, Japan) % 0.1 kJ/m? &
Bt LU7-, F72. UVC OREHREITIRH TS (Atto, Japan) % H\WCRIFFIZHIE L=,
HERZ Yo 7L LR CHEBEICERE L, 25 M Ic T &3 0.1 Kiim? & 95 72i2,
VIV EEENRT 2 — T O ORREE A T Uiz, BETR, AT LT 4V H— R R
H LU, B L E#B L O 1 HE#% o HaCaT #ifi % 6% formalin T 15 4. & 612,
2% TritonX-100 {A#R C 3 oMICEE S v/, 3 fitgk. PBS T 3 [HIBEE L. 0.2%
TritonX-100, 1% BSA ¥&iZIZ & - T 1/100 (277 L 72y-H2AX O— R ik % 2 BEE B
SHT, —PURE OESE72%, PBS T3PS L, [F U< 0.2% TritonX-100, 1%
BSA ¥k 1/100 [T L 72y-H2AX O ZRFiik % 2 R BOG S W72, 2 R, Mg
Z & 512 6% formalin T 15 2y fEIEE L7z, [EE L7z, 2mL @ 2N HCL ##Z T 30 7
B =RIEFE L7=, PBS T3 [m¥E¥% L. PBS (2 X > T 1/3000 (Z#HK L 7= CPDs ™ —¥&
Uik %z 2 B SOG S 72, PBS T3 HIBEH L, & HIZPBSIZ & - T 1/100 IZAR L 7=
CPDs O _WRbifk% 2 FribUs S ¥z, ZIRPURISHZ, PBS T 3 [BIEF L. 4',6-
diamidino-2-phenylindole (DAPI) ¥A#& (20 pg/mL) TYfa L7-, ~ 7 v MRIEZTH T L
7o BT N—=T T A% ST, SOCBMERIC L > TR L7,

V-H2AX B D72 b D — R ¥ KO PULIL 3-2-7 IR L7V Th 5,

CPDs D 7= D — kB L O RHUKIZLL FDOEY TH D,
— PR : Anti-cyclobutane pyrimidine dimers (CPDs) (Cosmo Bio, Japan)
IR BriK : Cyb-Conjugated AffiniPure Goat Anti-Mouse 1gG (H+L) (Jackson Immuno
Research Labo., PA, USA)

3-2-9 ELISA {£I2 & % CPDs 35 L 1) 6-4PPs Dt
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Enzyme-Linked ImmunoSorbent Assay (ELISA) (2 & % HaCaT fifa~a, 35 KO
fans & HH L 72 DNA ~® AgNO3 f7£1E FIZ 31 5 UVB FRET% D CPDs 35 X O) 6-4PPs
DR EAT - 72,

MR O A TX, HaCaT AlAalc AgNOs Z/ER L 721, UVB(0.1-0.3kl/m?) % M4 L
2. =D, QIAmp DNA Mini Kit (Qiagen, Japan) % VT DNA ZHhiH L7=, #itH L
72 DNA 1T H BRI R BE 7K 200 pb ([Z¥EfE L7-1%%. 260 nm ORI RFIZ L - THIE L

(NanoDrop, Thermo Fisher Scientific, MA, USA),
AR S L 72 DNA OF41%, HaCaT Mifidn o DNA Zfi L, FEBi 7L
& L7-., DNA RE % 2 ug/mL (CPDs) 35 L 1N 40 pg/mL (6-4PPs) (2725 Ko lcEn®
AUAHEE L, AgNOs & 20°CC 1 BRRISS Lz, UG L72t%. UVB (0.2-0.4ki/im?) %
B L7,

FBRETH . 96 well plate (Z 50 pL 0.003% protamine sulfate solution ¥4 % 37°C T—H#f
a—7 4 7 Lz, kbl L7z DNA 13, CPDs 35 & U 6-4PPs ¥ 7" )L ® DNA &
02, 4pgmLIiZ725 X5 IcENENHIL, 74+ —%— 2% H\T, 100°CT 10
57 DNAZEME L T2, JK B2 15 3mAI L, —Bi=—7 ¢ 27 L7z 96 well plate (2 & <
AV KT LTz CPDs 3 X T 6-4PPs i 7 /L% 50 uliwell 1z 7z, 37°C T—HpA
»Fa_— kL7, 0.05% TPBS T 5 [mleif L. well ZHz22S 72 K 912 50 pub @
2% FBS # ALz, SHIT, 74 /VATHEPML, 37CT30 oA »F=—hK L7,
0.05% TPBS C 5 [E%#4% L .PBS (2 & > C 1/3000 (Z#7FR L 7= Anti-cyclobutane pyrimidine
dimers (CPDs) (Cosmo Bio, Japan) F7-i%, 1/1500 (Z#7fR L 7= Anti-(6-4) photoproducts
(6-4PPs) (Cosmo Bio, Japan) % 100 puL/well Ait7z, & 5612, 74 VA THEL, 37C
T30 A v F 2 X— b L7z, 0.05% TPBS C5 [HIHE#4 L, PBS (& - T 1/2000 (Z
7B L 7= Biotin-F (ab’) 2 Goat Anti-Mouse IgG (H+L) (Invitrogen, CA, USA) #i{&% 100
ul/well Afv7z, & HI1Z, 74V A THEM L, 37°CT 30 oA > Fa—hLT,
0.05% TPBS T 5 [A[## L. PBS (2 X - T 1/10000 (277K L 7= Streptavidin Horseradish
Peroxidase (HRP) Conjugate (Invitrogen, CA, USA) % 100 uL/well Aiv7=, S 5IT, 7«
NVATEPL, 37°C T304 A o F2_X—hL7, 0.05%TPBS T5EIEHL, 7 =
> % Buffer (citric acid monohydrate 5.1 g. NazHPO, 7.3 g ZZ&H/K 1 LIZL7=H D) %
150 pL/well Adv7=, 5 43[4, 7 = ik Buffer 225 U, FE AL (o-phenylene diamine
8mg. H2024uL, 7 = » ¥ Buffer20mL) % 100 uL/well Az, & HIZ, 74 /VAT
BERL, 37TC T30 A > FaX— F L7, 2MH.S0s % 50 uLiwell iz, ~-A1 7
27 L— KU —&—% T 492 nm TG ZRIE LT,

Iy

3-2-10 DNA IZHEE LT8R A A v mOHIE
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DNA (ZfES L72 Ag*DIRE % ICP-AES % VTt L=, AgNOs Z1EH L 7=Hifa
i%. 0.6 mL 1% n-lauroylsarcosine sodium salt (2 & > CIAfE L7-, &I, 0.6 mL
CsCl(1.5g/mL) @ EIZIRIIL, & D%, 298000 g (90000 rpm), 27<C C 12 WFfi#EE L
9% (Hitachi, Japan) Z &2 X - CHIFEIN DNA %558 L7,

3-2-11 ME

51 # 1-2-9 278 L7z K 912 A B M E L Dunnett’s test 4 VN CT— oL iE ANOVA
Ik ViT~7=, F£7=. Fig. 18 I Mann-Whitney U test |2 X W 1T 7-, Hati72H =M
X, *p <0.05, **p <0.01, ***p <0.001 TF* L7,

3-3 EERAE R

3-3-1 RA A UAFETICHIT D UVB IR O E %

HaCaT #fifili AgNOs % 1 W¢fHfFEH L721%. UVB (Peak: 310nm) % M4 L7z (Fig.
15), AgNO; HM T AEFRDOK FIZb T Th 7=, UVB 1EA TIZIRERIKIFMIC
ALFREMET Lz, —F5 ., AgNOsf77E T UVB % T &1 5 & B R AEFROIK T
BlE I 7= (Fig. 15A), AgNOs f7/E FIZH T 5 UVB FREHIZ X 2 AFEOIKTIL,
AgNOs DIERIRERFR, 72 UVB ORRET EKFIICITHE L 72 (Fig. 15Band C), &
512, UVB FREFATO AgNOs DFE IR 2 RV ME E #3858 & - 7= (Fig. 15D),
ZALH DOFERIT, AgNOs & UVB B HENICE N OMICEZEZ 5.2 5 2 & &R
e LTV,

3-3-2 $RA A UAFE FIZEIT H UVB B DOy-H2AX O TLHE & Hifa & #1 oo B8 5

TG ihIZ L 5T AgNOs & UVB 1EH % Oy-H2AX DRt Z1T 572, N ODy-
H2AX DOilifg 7z Fig. 16A (Rd (£ - LR, £ - 2F18). AgNOs HAE Tldy-
H2AX D 7 7 — 71 A 1338 B2, UVB RS Tl y-H2AX D7 4 —H Z A3
L7z, F£72. AgNO; 777 FD UVB MREHIZ L 0 BEE 22y-H2AX D7 4 — 5 AR HBL L
7. UVB BREHC L 0 SN Dy-H2AX (£ 3 DD /R Z — 2 ZoRd 2 E RN ST
% [64]. large foci (ELRZ2BfER SR 7 4 —F R), small foci (/N S W RBEBGSIR 7 +—F
R), BELW pan-nucleus distribution (N EED Y E > TNWDL LI R T +— D A)TH
%o AWFZETIL. AgNOs #7E FIZH T2 UVB IREHC L v . #Z%< @ small 7 +—7
ANREL, BEATEWESEZ R LT (Fig. 16A0-®),

WIZ. Western blotting {2 & > C AgNO3 & UVB 1Ef % Dy-H2AX DR 217 - 7=,
AgNOs fF1E FIZE1T 5 UVB BBE TiX, ENENOFMIEH LV & 50 w-H2AX 238]
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L3N 7- (Fig.16B), F7=Ziuid., AgNOs DIERIEE, UVB O &, AgNOs DR
FatOEHREMICH& AT L7 (Fig. 16C, D and E),

S BT, y-H2AX DAL & fifia 8B & DRk &2 gt L7z (Fig. 17), 1EM#% 1 Rz
BB TIE, AgNOs 36 L OV UVB 1E T MRS Bl 28 % 5- % 727 o 72 (Fig. 17A), UVB
PRI 72 Oy-H2AX O FF LA A 02 C OB Cals S, HRY TR - 72
(Fig. 17B), — 7. AgNOs3 77-7E FIZH1T 5 UVB FRE £ Oy-H2AX OF E /8L,
faJE ] & T EBIR TH Y . RTOBMITRW BRSO (Fig. 17B),
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Figure 15. Cytotoxicity of the combined treatment with Ag* and UVB

Cell survival was determined at each indicated time after treatment with AgNO3 and UVB by the Trypan

blue exclusion assay.

(A) Time-dependent survival. Cells were treated with AgQNO3 (50 uM) for 1 h and irradiated with UVB (0.3
ki/m?). m: AgNO3; @: UVB; o: AgNO3 + UVB.

(B) AgNOs-dose-dependent survival at 24 h. Cells were treated with AgNOz (5 — 50 uM) for 1 h and
irradiated with UVB (0.3 kJ/m?). m: AgNOs3; ®: AgNO3 + UVB.

(C) UVB-dose-dependent survival at 24 h. Cells were treated with AgNO3 (50 uM) for 1 h and irradiated
with UVB (0.1 - 0.4 kJ/m?). m: UVB; e: AgNOs + UVB.

(D) AgNOs-treated time-dependent survival at 24 h. Cells were treated with AgNOs (50 puM) for a
predetermined time (0 — 1 h) and irradiated with UVB (0.3 kJ/m?). m: AgNOs; e: AgNO3 + UVB.
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Figure 16. Generation of y-H2AX after the combined treatment with Ag* and UVB
(A) Leftpanels: magnified images of y-H2AX signals 1 h after the treatment with AgNO; (50 uM) and UVB

B)
©
D)
(E)

(0.3 kJ/m?). Right panels: images of y-H2AX 1 h after the treatment with AgNO3 (50 uM) and/or UVB
(0.3 kJ/m?). Left side images: y-H2AX, middle images: DAPI staining, right side images: merged images
of y-H2AX and DAPIL. Numbered cells (O — ® in right panels) are shown as magnified images in left
panels.

Time-dependent generation of y-H2AX foci. Cells were treated with AgNO3 (50 uM) for 1 h and
irradiated with UVB (0.3 kJ/m?). Cells were harvested at a predetermined time (1 — 8 h).
AgNOs-dose-dependent generation of y-H2AX. Cells were treated with AgNO3 (5 — 50 uM) for 1 h and
irradiated with UVB (0.3 kJ/m?). Cells were harvested 1 h after the treatment.

UVB-dose-dependent generation of y-H2AX. Cells were treated with AgNO3 (50 uM) for 1 h and
irradiated with UVB (0.1 — 0.4 kJ/m?). Cells were harvested 1 h after the treatment.

AgNO;-treated time-dependent generation of y-H2AX. Cells were treated with AgNO3 (50 uM) for each
indicated time (0 — 1 h) and irradiated with UVB (0.3 kJ/m?). Cells were harvested 1 h after the treatment.
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Figure 17. Relationship between generation of y-H2AX and the cell cycle phase
(A) Cells treated with AgNOs (50 uM, 1h) and/or UVB (0.3 kJ/m?) were fixed 1 h after the treatments, and

B)

stained with antibodies for y-H2AX and PI. The cell cycle phase and corresponding generation of y-
H2AX were analyzed using FCM. Inserts in dot-plots show cell cycle distribution analyzed by PI
staining.

The cells in each cell phase in Figure 17A were gated and the distribution of the fluorescence intensities
of y-H2AX was shown as histograms.
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3-3-3 U IV EROERICE 2 DA A DB

UVB NSt S % & MifdOH T CPDs 33 & (N 6-4PPs ML S5 [22], A6 D
5. DNA ERLE 72 1EEOBIC DSBs #5812 L, H2AX & U Vb &85,
% ZCT.AgNO; & UVB JREHZ X 0 y-H2AX 2370 L 7= H i % 50 L 7= CPDs <° 6-4PPs
DA OENIE R Z H TR L7,

EFT.UVCE T AN F =B LICEHS R L7z, 740 # —% 18 L T UVC D &
AT FRE N ER T AR T D AR Dy-H2AX B XN CPDs 7 4 —H A &30 LT, v-
H2AX 7 +—7 A1X, UVC BBETOEZICITHRE S ho 7223, Ziunhid 1Rk,
B & 2>2 CPDs & A UACE CHiZ S - (Fig. 18A), £7-. UVC BBHIC L v FEsh
72y-H2AX 7 4 — 1 ADHE IR 1L, AgNOs ARLELARIZ b~ AgNOs % LB L 7= #fl
o CHEIZE - T- (Fig. 18B), ZiL5H DFEFIX. AgNOs ALFE L 7= MRz B 1T 5 y-
H2AX 7 % —Hh ZERE DO TTHEIX CPDs FERL DN LD b D TH o722 L 2R LT,

A B
v-H2AX (1h) "
1209 >
I
% 100 ::,.; :..
E kK 5
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Figure 18. Generation of y-H2AX at the site of CPDs

(A) Cells were treated with AgNO;3 for 1 h and local-irradiated with UVC (0.1 kJ/m?). They were fixed
immediately (0 h) or 1 h after irradiation and double stained with anti-CPDs and y-H2AX. Left side
images: y-H2AX, middle images: CPDs, right side images: merged images of y-H2AX and CPDs.

(B) Fluorescence intensities of CPDs (0 h) and y-H2AX foci (1 h) at the site of CPDs were measured in
individual cells using Image J (ver.1.38). At least 200 foci were analyzed and each fluorescence intensity

was plotted. Average fluorescence intensity of the cell population in each treatment was presented as a
dot-line. *p< 0.01.
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I, AgNOs f7-7E FIZH 1T % UVB B 1% D CPDs 35 & 1Y 6-4PPs D%, ELISA
BEIC L > TER L (Fig. 19), #MIC UVB & AgNOs Z1/EFl &85 & UVB &
{KTFHIIZ CPDs & 6-4PPs OAERRENHIM L, AgNOs /e FHRE S H 5 &, S B IZH
F7¢ CPDs, 3 LT 6-4PPs oI @lE2 Sv7- (Fig. 19A), F£7-. fhiHi L7= DNA 2
AgNO; ZfEH &1, UVB B L7 &L 2 A, MlIZ/ERH L7eSA LRI URERD R S
7z (Fig. 19B),

A Cellular DNA
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Figure 19. Determination of thymine dimers after the treatment with Ag* and/or UVB

(A) Cells were treated with AgNO;3 (50 uM) for 1h and irradiated with UVB (0.2 — 0.4 kJ/m?). Cells were
harvested immediately after irradiation and DNA was extracted. The formation of CPDs and 6-4PPs
was quantified by ELISA, as described in the Materials and Methods.

(B) Cellular DNA extracted from HaCaT cells was treated with AgNO; (50 uM) for 1 h and irradiated with
UVB (0.2 — 0.4 kJ/m?). Formation of CPDs and 6-4PPs was quantified by ELISA. *p< 0.05, **p< 0.01,
*Hxp<0.001.
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3-3-4 $RA A & DNA OFEEME

HaCaT Az AgNOs % 0 38 KO8 1 RFf/EH L7c# . #% DNA ZiEfbt o U LE A
FRIFER DA EEC X0 i U=, Bl L7= DNA SRS L7 Agr O 13 ICP-AES %
WCHIE L7z, HlitH L7 DNA IZFEE L2 AgT DI 1L, AgNOs % 0 FEIER L7= b
DIZE, 1EEERA L2 b D0 RNEEICE - 7= (Fig. 20),

4000
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Ag* Intensity
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untreated AgNO,(0h) AgNO;(1h)

background
—  level

Figure 20. Detection of Ag* bound to cellular DNA

Cells were treated with AgNOs for 1 h. Cellular DNA was recovered by CsCl density gradient centrifugation,
as described in the Materials and Methods. Ag" bound cellular DNA was detected using ICP-AES. The
vertical axis shows the actual measurement value of Ag intensity. Background level means the value for a
water sample. Data was represented as the mean + S.D. by three independent experiments.
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34 BE

B2 BEIZBWTy-H2AX OFFEAZFH L. UVA BH T2 % AgNPs (2 X % DNA
BEAREZTUET 22 L 2H LN L, RETIE, b MJEREMREZ AT, Ag
AF T, UVB BREHZ X By-H2AX 230325 2 & 29 TR LT, i, UVB fRg
12X % CPDs X° 6-4PPs DA D TLHEIZEE R L Tz,

AQTEE T UVB BBEFIZ L V. CPDs 38 XN 6-4PPs DB TLHET HEEH & LT,
Ag'& DNA R E O BAERIZ L2 =X —RINOZELNE R bivd, Fil 2L,
DNAF DY h v L0 5-AF Ly b DN R F—RINNE N, & by
YD AFALIFE L < UVB HRIH#% DT F > D CPDs & 6-4PPs DIEEZ NS & 5
[65,66], ¥ h T D AF AL L FEIZ, AgtEREA LIZE Y S PURN LD UVB O x
X —HWINT 5 Z L TENIE, CPDs 38 LW 6-4PPs T DR E 7259, T
IZOWTIE, ABFEMRRFT 21T 5 LERH D,

F 72, CPDs 3 L U 6-4PPs Dk LT 2B & LT, Ag'& DNA X & OFE A
ERZ X 5= L F =IO E{LLISMZ, DNA RGO (L B 2 Hivb, CPDs
FEROBEEIZ, — oD I Y056 _EiEANERSEREIKFET A Z ENHD
NTNB[67], AGHEEHRE Y Uikt K ORI, BRI & BRI AER T 5,
F AGUIETF I UDONR) BT, VR DHLRFUALBI NS T =TT
DON@) RTERET DI ENTES[68], =512, AghiZ. [Ag*)/[nucleotide] b iZ)& U
T. DNA 8HflD AT 38 LW GC (I & o+ 5[69]. AWFIE Tl ICP-AES %
LT, Ag"& DNA BHEAEEHT 2 Z L 2B 602 LT (Fig. 20), 7%k, DNA & Ag'
DOFAEAEHIX. DNA 7 FONEEEZ 2T 5 2 E DML TWA[61]D T, Aghix
CPDs 35 & U} 6-4PPs DRI B 72 S RUGHEN AR IE DRI G OB A 5 &R Z 32 &
WARETH D, £, AL EREORE S, DNA OV G AL <H, CPDs O
TR Z RE T 2 ATREVEDR B D, £ < DERFR 1L, BZ O BEY Y I U0 O
EEBLSEDLZ LI, REMOIRICEEE2 525 Z LB RETWAH[70,71],
B 21X, TATA #5642 > /37 B 1X DNA LR E 2 B, 6-4PPs 2T L9 < 975
[72,73], CPDs OJEAkIL c-jun, c-fos 35 L OYPCNA D7 & & — & —fElk CHIGH X v, 4F
IZ c-fos D7 a2 — & —FHII T 25 (R SN2 Z E B LS I TV B ([74], A
ZECIE. UVB ZBRET3 20C, Agha 1 RERIER L7, AgQHicxt 3 2854 v /78
DISEE LN AGIUSHEAS L7z DNA IZXHT DEE X X7 EOZEEX, KEM DK
DOHFRIZFT G- H00 5 LILRLy,

DNA {5 OFHE & L Ty-H2AX ZIEET 5 &, AgNO3 DfF7E FC UVB FREHZ L -
THE SN Dy-H2AX BRI NS Z EnElE S 7 (Fig. 16), Bigniew 5[75]1%.
UVB 2L » THE S Dy-H2AX (1F, FRiC S Wififa T ARbnb Z &R LT
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%, G1, G2/M AN CTEIEL S izy-H2AX 1E. S #ifiim L v & L <&~ 7273, UVB
R BIKFER TH -7, SHITHR O 7y-H2AX X, DNA EELKFE L TER Sz
EEBEZ BN, RIFSEICEIT 5, AgTOIFE T TO UVB FREHZ K 2y-H2AX OfF E e
T, MR & TGRS o T, HEEUTIRAE L TBRL L7zy-H2AX & 572 - T

oD A J1 =X L55y-H2AX OFFEICFET 5 2 L AVRIE S iz, — DD ATHEMEIZ. DNA
BEIZHAFE L C DSBs 21 % Z & T 5, Hanasoge ©[76]1%.y-H2AX 73 nucleotide
excision repair (NER) DEIBH A7 v 712 K> CTARR S 7172 DNAEE FRIARDOZEREIC

THEINDZ EE2MELTWD, AgHi CPDs 38 X T 6-4PPs DI AL & B N éﬁ%
DT, AEE P ERITMRICHEINT %, £7-. NER Ti, HERH#RICS] &V THEE
O T—AEGWr 25 S Z L, ZORER., HEELNEHOIEFTEIL L &L bioF
UIX7 LAF RO TE Y HEhd, BESMAE)Y IRz g —AREH
DX v v 7LD y-H2AX DNFFE SN B[77]. AgHEX v v FEE ZLET 5 /REM b
EZOND, REOWETIE, DNA-AGHES KD IR TGN B ZERIZ B~
T AL —3 LT DNA BHIZI > T AgNPs DA R U U I RERLESND Z &R En
TWA[78,79], 5, Faﬁﬁéréu@ Z DSBs DEELE A/ L Ty-H2AX BFEEIND
AIREME A /R LT 5,

CPDs 35 L TN 6-4PPs DR HENNT 5 Z &, JVDSBs 235352 &1, &6 56
HE MK L THEABREELEEZEZOND, TNHDOHRENMEEINNWEEED &,
DNA ZEBFHER S, FEB TIOR3 %5, DNA BIEEHILIZI W TILE X k2 H2AX
N U Sd & XPA, PCNA, TFIIH SO EER 2 o R 7 BN Z OELIC S
T 5[80], ZANDHITI BT, Hix REE S F A BREHAIZEE S Y. DNA BE 203
ELAT2EBZLN TS, AGOFIE FTIE, T HOEEMEEREL O £<4£
o, esEohnaitbd s, 4%, LI OWTHIHLTHETN,

FIWONEE Fig.2LIcE LT, HIEIZBWTIX, AgFOHFIEIZL Y, UVB R
iz otofﬂ%ﬁ}zéhé CPDs & 6-4PPs 2381325 Z & ZB 5T Lz, 2NN &
720 AQTOTFIE FIZEIT S UVB BBE: Oy-H2AX DA Z TS w7, 7=, Ag
DFFEIZL Y . DNA iaf%@ﬂg WEBIET D AEEELH D EE X O, Ag @ﬁf@
UVB IZ X 5 DNA BEARRICHE LY 525 Z L1, KRSUTHDTHLMMZLEZH O
Th D,
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Figure 21. Ag* enhance UVB-induced phosphorylation of histone H2AX
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AT BFPTFIZEAER N HI Y VBB LE FOFHEA =X L

4-1  Fri

B2 BIONIEICEBNT, UV, AgNPs T EHEMERIC LV FE SN 5 DNA
BEN, WEOEARBICL 0 ENT 52 L 25N L7, DNA #ELZTET 5
BH &L LT, Agte DNA OFEEIZ X D UV RIROZELL, AgrEEHEOREIZL D
MINERIE B 2 b5, —J5, AgNPs 2L D DNA O 7 n~F U fEENRE(L L, UV
(ZxPT B E N BT B ATREtE b R AR T R e B 70,

BEAMD 7 7 5 DNA 1L, N T e~F ot Jidh a2 EAEBEAIRE LT
REICHT D el ENTIEET S[27], iEF, I<KERSNTWH A M Uidr e~ T
VR T DG S R Th D, EA RO N KRERRT S 20~30 DT 3/
FRIISRREEICZ LS, B A M T — L T, 7T'F Uk, ATk, U b
Y, xR RMEMIEZ T, B ARt DNA OMHEERAICEELZRIFL, Z7u~TF
ENET D, EARHUNRTITN D, TAXF= DGR ENS WM
NI THDHITENG, WL X o BRREEMED DNA LBMEZ RS, 22T,
EAXARDY T - TAX=DOT )RR T BT U T 5 &, MNP Ein5
ZLTEARSEDNADOHAERAMNIFE Y 7 v~F &N MR L, #&H L7- DNA
MNHINT 5 Z ENHESNTVWD[26], £ 212, UV B SN D L. DNA EHEARSE
EELSEDLAEENSTRIND, —FH, Za~vTF UiEoZ bt DNA HIEEHEIC
R BELR D B 5 [80], tHHE5 L7 DNA 2 EEH T 212137 n~TF U EEEFED, £ 2
IZ DNA 1512 XPA, PCNA, TFIIH OB 2B HE 2SO ERNH H, Lo
T, B A RN UEHIICEIT S DNA 7 v~ F U2 kid, DNA HEEE IR L TE
WARE 2 RT- LTV D0E LIV,

Z Z T RETIZAGNPS (2 X D B 2 kv H3 DALZHERT D ZALIZ W TG L 7=,
ZORER, e AN HIWHFEEOEY DV U i<, EFHAICHEEIND
ZEPHBMNIIRoTD T, ZOA N = ALERT LT,

4-2  FEERAERRS KOV E
4-2-1 EERAEH
2 # 2-2-1 \ZoR L7~ NRZEMNG HaCaT, b FAfifa i iz s e A549 35 &

Ot FFEMINE MCF-7 Z2 v o, £72. % 18 1-2-1 [ R L72ERRL T (<0.1 pm, 2 —
3.5um, 5-8um, <45pum ¥ X O<106 pm) Z=HEH L7z,
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4-2-2 i OREE
B2 % 2-2-2 2 L72 X 91T HaCaT., A549 1 L U MCF-7 #lifi & B5# L 7=,

4-2-3  SRKIF-1EH

MU X EBRAT H IZ 0.5% FBS % &1 DMEM HsHilc i A2 2c e L, EBRY AICS
WA LT, EBRE I, 13 1-2-2 IR L2 K 912 AgNPs, AgNOs 35 L T UVA
PR (AgNPs (UVA)) F 7213 Ha02 21k (AgNPs (H202)) & 417- AgNPs (0.1 — 1 mg/mL)
Z 024 FFfEIEH S ¥ 7,

AgNPs DLV iA A% [HET 2 72 DAAEIZ 10 mM sodium azide (NaN3) 35 &2 TV 50 mM
2-deoxyglucoe (2-DG) %, VU —R L7z Ag*%#BrET D728 20mMNAC &, 77 F
D EA % L9 5 72 % Phalloidin (Pha; 0 — 100 uM) (Wako Pure Chemicals Ind., Japan)
B, T FUOESERET S, LatrunculinB (LatB; 0 — 100 uM) (Wako Pure
Chemicals Ind., Japan) % 7zi% Cytochalasin B (CCB; 0 — 20 uM) % . Aurora kinase B
(AURKB) D&% FRE T 5 728 ZM 447439 (ZM; 5 uM) (Santa Cruz Biotechnology, CA,
USA) %, ZNhEi % 30 Rl EA &7,

4-2-4 DT AKX Ty MEIZE D p-H3S10, G-actin 35 X T p-AURK D F

G-actin B XU p-AURK Z it T 5728, SRR T{EA L7-%. MfaZEN L, 0.1mL
MS Buffer Z i1 2, K T 30 fElF#E L7z, Ok, wO00BEL BiE 2k LTl
I U7z, p-H3S10 Z A4 % 72D $RIF1EM L7zt% ., Ml [m L, 5 2 % 2-2-5 (2
RLULTEE D ICHIEE LT, £D%., 5 2 % 2-2-5 L [AERIZ, Western blotting (2 &> T
p-H3S10, G-actin 35 L T p-AURK DR H 21T - 72,

p-H3S10 B D72 D — kB L O IRFURIZILL FOEY Th 5,
— KU : Anti-phospho-Histone H3 (Ser10) clone 3H10 (rabbit polyclonal) (Millipore, MA,
USA)
T IRFLIK : Peroxidase-Conjugated AffiniPure Goat Anti-Rabbit IgG (H+L) (Jackson Immuno
Research Labo., PA, USA)

Ac-H3K9, K14 5 X O Total-Ac-H3 & H D72 8 O — kB L O R PURIZLL F D@ Y ¢

H 5,
—IRPLIK : Anti-acetyl-Histone H3 (Lys9 or 14, Total) (rabbit polyclonal) (Millipore, MA,
USA)
—YKPUA : Peroxidase-Conjugated AffiniPure Goat Anti-Rabbit 19G (H+L) (Jackson Immuno
Research Labo., PA, USA)
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Tri-Me-K4, K27 3 XU Di-Me-H3K9 #H D72 D —k I L O ZRHUKITLL T Did@
D TdHD,
—IRPLIR : Anti-di- or tri-methyl-Histone H3 (Lys4, 9 or 27) (mouse polyclonal) (Monoclonal
antibody labo., Japan)
TIRHFLIK : Peroxidase-Conjugated AffiniPure Goat Anti- Mouse IgG (H+L) (Jackson Immuno
Research Labo., PA, USA)

G-actin D72 H D —REB L O RHUKIZLLFOMEY TH 5,
—IRPLIR : Anti-actin (C-11) (Santa Cruz Biotechnology, CA, USA)
T WRPLIK : Peroxidase-Conjugated AffiniPure Rabbit Anti-Goat 1gG (H+L) (Jackson Immuno
Research Labo., PA, USA)

p-AURK I D 7= O — R B L O PUKIZLL F D@ Y Th 5,
— PR Phospho-Aurora A (Thr288)/Aurora B (Thr232)/Auroa C (Thr98) (D13A11) XP™
Rabbit mAb } X O Aurora B/AM1 Antibody (Cell Signaling Technology, MA, USA)
T WRPUIK : Peroxidase-Conjugated AffiniPure Goat Anti-Rabbit 1gG (H+L) (Jackson Immuno
Research Labo., PA, USA)

4-2-5 SPEYLEIEIZ K D p-H3S10 36 L Y F-actin 2 O ff i

W2 B 2-2-6 & [FAIRRIC. RIEYLAIEIC K o T p-H3S10 B L O F-actin O H A1T -
2o p-H3S10 B HH D72 D —RE L O ZIRGURIL, 4-2-4 IR LTeHUR 2 L7z, =
7=, F-actin #7212, Anti-stain™ 555 Fluorescent Phalloidin (Cytoskeleton, CO, USA)
2 LT,

4-2-6 RN ~DERL 7D HL Y A F 2 DI E

EERATH 80% = 7L N DIRFEIZ 7 - 7o A MIIRIZERRI 7 (0—1mg/mL) % 1
WEA &E=, To%, fMilnz bY 7y ChIL, BE L, 52 3 2-2-8 II/RLZ &
NN DERRLF DI Y iAFH &% FCM Z FHIWTHIE L7z,

4-2-7 T INEFF o BEOHIE
1 1-2-8 L [REARICHIIEN GSH &4 HIE L7z,

4-2-8 FCM |Z & % F-actin &

FCM % VT AB49 fliIZ %59~ AgNPs (EI#1Z3517 5 MliIPY F-actin RO %
1To7z, LB L7= AB49 fifid s U 7" v Tl L, 3.7% formalin “C 15 I E L
7=, FCM HIWE (0.2% TritonX-100, 1% BSA) T 3 [HEEH#. FCM HIRIKIC L - T
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1/500 | %7 L 7= Anti-stain™ 555 Fluorescent Phalloidin %z 25°C C 1 BRI S S W72 1%
FCM R T 3 [EIeif L=, FCM HEE T ImL ISFAR L= 7 v &R L 7=,
FCM |Z X > T. 555 Fluorescent Phalloidin O Y62 HIE L7,

4-2-9 Cofilinl / v 7 7 U Ml OIER

Stealth RNAi™ siRNA target human Cofilin 1 (oligo ID: HSS141560; HSS141561,
HSS173851) 35 J2 U~ Negative control siRNA (. Life Technologies #1:7> 51 A L 72, A549
FAARIE, 35 mm dish (28 &, FH2FE 112 IR LK ITEE L, 30% a2 7>
NMZ72 5728, RNAIi MAX k7 > 233K (Life Technologies Co., Japan) % f# M L C.
SIRNA Z M2 01 nM IZ72 5 KO T A7 27 b LTz, 51T, Miflaix 37°C,
5% CO2 DS:ME T C 24 WiflE52% L7214, 10% FBS % 7 1r DMEM K255 2 2 L
72, 24 WfE#%. 0.5% FBS % & i DMEM B HIICEE 2 25#a L, & 512 24 IRIE 8 L
7o FEBRY HIC dish 12 80% > 7Ly FOYREEIC A D L O ICTHEE LT,

Flo. w7 XU R EMKRT D2, Cofilin 1 @ mRNA FH &% HIE Lz,
RNA 3 total RNA isolation kit (Macherey-Nagel GmbH & Co. KG, Germany) % V> THili
H L7, it L7= RNA (X PrimeScript® RT reagent kit (Takara, Japan) % >
complementary DNA (cDNA) (2855 L7z, % D74, SYBR Green PCR Master Mix (Roche
Applied Science, Germany) % H\ T LightCycler® Nano System (F. Hoffmann-La Roche,
Switzerland) T, U7 /L% A A& PCR t%1T->72, 95°C, 10 43 — 95°C, 10 ¥ —
60°C. 10f> — 72°C, 15 — 95C., 30 — Melting carve from 60°C — 95°C i
W CPCR %% L7=, 1 L7= Primer (Thermo Fisher Scientific, MA, USA) LA FdD
WY TH D,

Cofilin 1: 5>-GGTGCTCTTCTGCCTGAGTG-3’; 5>-TCTTGACAAAGGTGGCGTAG-3’
GAPDH: 5’-GAGTCAACGGATTTGGTCGT-3’; 5’-TTGATTTTGGAGGGATCTCG-3’

4-2-10 S AREIGFREILOR T

W AJFEIRT c-fos, c-jun @ mRNA ZELEIL 4-2-9 L RERICHRET L7, EH L
Primer (Thermo Fisher Scientific, MA, USA) XL F DY Th 5,
c-jun: 5’>-TGCCTCCAAGTGCCGAAAAA-3’; 5>-GACTTTCTGTTTAAGCTGTGCC-3’
c-fos: 5’-CGGGCTTCAACGCAGACTA-3’; 5°>-GGTCCGTGCAGAAGTCCTG-3’
GAPDH: 5’-GAGTCAACGGATTTGGTCGT-3’; 5>-TTGATTTTGGAGGGATCTCG-3’

4-2-11 7 v~ F 5 (Chromation Immunoprecipitation; ChIP) %
(1) Primer OEXFEHE
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HBYEIEF c-jun O 7 1 E—& —DRlFIfE#H (% DBTSS (Data Base of Transcriptional
Start Sites) 7>5H AF L7z, Primer OF% 1%~ U —® Primer %5t 7 kT % Primer 3
ZFIH L7c, cjun Bin T DI G aG R 4 27 & LT, -1000 bp, -80 bp, +150 bp, +1000
bp. +2000 bp D #1 Primer Z 3¢5t L 7=, DBTSS % - TS L 7= ¥ LEL 41 % Primer
BICATIL, a7 h¥A X753 150 bP LAT & 72D K 5125z E L T Primer &
% Et U7 %5t L 7= Primer 1% Operon #EIZ33C L 7=, 8% 5+ L 7= Primer Z LL FIZos L7z,
-1000 F: 5’-GCGTGTTGTGTTAAGCGTGT-3"; R: 5’-CTCGGAGGGGCAGTTTTTAT-3’
-80 F: 5’-GCGACGCGAGCCAATG-3’; R: 5’-AGCCCGAGCTCAACACTTATCT-3’
+150 F: 5’-GGCAGACAGACAGACACAGC-3’; R: 5’-GAGACCAGGCTCTCTGGACA-3’
+1000 F: 5°>-GCAGCCCAAACTAACCTCAC-3’; R: 5’-CAGGGTCATGCTCTGTTTCA-3’
+2000 F: 5’-CAGGTGGCACAGCTTAAACA-3’; R: 5’>-TTTTTCTCTCCGTCGCAACT-3’

(2) Zu~FrDlA1t

100 mm dish (2 A549 M Z#E &, 852 7 2-2-3 1R Lz X H I 2 55 L7-,
B2 4-2-3 2R L72 L 912 AgNPs ZEH S ® 721, U 773 BRI L0 e % [R1IY
L7z, ffRskZz 57> b L, M) 5.0x108 & 72 % X 5 1% L7, 3000 rpm, 3 %3
MO XY Mz & Lot BiG 25T, FACS buffer (2% FBS. 0.1% NaNs & 7¢
%X 9 PBS CIHALL=H D) % 10mL N Z 7=, 114E &k (formaldehyde ¥&i% (37%)
Z %R & 725 X 912 FACS buffer THIR) 4 1mL Iz =ik 8 nMINKIS ST, £
O, 1mL 7'V > o Nz [E @25 1k &8 7-1%. 1300rpm, 5 4E 0%, i
T 4CT 10 Bls = A =TT 72, FEE 1300 rpm, 5 srfilim Ok, RiGa#
T. XLy M7 a7 7—EHEHA (F. Hoffmann-LaRoche, Switzerland) % & ¢ SDS A
fi##% (50 mM Tris-HCI (pH 8.0). 10mM EDTA. 1%SDS) Zz Xy 7 4 72XV
TN LT, BEE VY aF A4 X RF 2—7 (Watoson, Japan) (25 L 7=k,
K BT 10 o FRE LT, 2 PAZUE SR e © 30 i B AL A2 7 BTV, 7 r v
F &M Ak L7z, 2000 rpm, 8 ZyfEliE L. EiEEHLWVWS Y aFf XA RFa—7
B L7,

(3) 7 u~TF UELRRE

7 < F oIRGB L X One day ChIP kit (Nippon gene, Japan) ZfffH L7-, Wrh
b7 v~F> 132uL 1234720 . ChIP %R buffer 2 484 uL X IRAG L, HRIZER %
HLn ) arf A RFa—7 2 K2280 uL $o03F L. 9 1 RKOFH LW U 2
FTARXRF 2—7121F 28uL 3EL, ZiuX Input HE L C-80CTHRAF LTz, —FHD
Fa—71FFy MIBO IgG % 2 L, & 9 —F D F = —71Z1E Anti-phospho-Histone
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H3 (Ser10) (rabbit polyclonal) Z 2uL iz, ¥¥ v 7 vy 7 Z LT 4CIZTr—T
— X —THE L7, ROH, 12000 rom, 10 srfEeEO L2%, E3E % ChIP buffer % M
WP &2 1772 Sepharose B — A AW OF o — 72 LIBH L7-1%. 4°CI2T 30 50
n—7—X%—TCIRE L7, £7-. -80°CTHRAEL TIW 7 Input 7> 5 DNA Z 4T %
71T 150 uL @ ethanol Z iz T 10 Fr[##E# . 10000 rpm, 10 4y L7z, &L
BT#H% EEEARRE, B STV, 30 0 ORER KD 725, 1mL @ ChIP buffer
A TIRAG L=, 3000rpm, 2 3 0m ME Tz, EiEEBRWZ%, B 1mL
® ChIPbuffer Z/MZ CTH AN FL, HLLHELEZ 1I5ML F2—72FH 8mL D
ChIPbuffer Z il 2 CEW= b DIZE&E/H LT, K ET 5 ArEE X7, 2000 rpm,
3fE L L, BIEZFRD ImL £ TR T&E, KD ImL &2 Lne Y a4 X RF
2 — 72 Uiz, B 3000 rpm, 2 FrfiliEOfg BIEZ B RICkRE . 2 21T Purifying
slurry 2 100 uL Iz 72, F ¥ v 71 v 7 % LT 10 434 A /v L7-#%. proteinase K %
luL ML 7z, 2 aE 55COH—FEI X —ZnF 303> =4 7 L1z, 30 BHEHE
10 3R A v U721, 12000rpm, 143fiE 0oL, 70pL EiEZH LWF 2 —7I1ZB L
oo EHIT, Y OPIT H0 % 130 ul Nz T, BHITHT 2, 2205, 130 ul B
DHRIFEDT 2 —TICB L, ZORPICIIHR I N DNANEENTE D, -20C
TR LT,

(4) U T NHA I PCR

4-2-11 (1) Ta%FF L7 Primer 35 & O Master Mix (5 uL ChIP DNA. 10 uL Master Mix
(Tag). 2 uL Forward and reverse primer mix (each 0.2 uL) & 3 uL H20 ZIBA L72 D)
TIRA L, RIS AERL, 8 #F = —7 (F. Hoffmann-La Roche, Switzerland) (Z 15 uL
FTONEL, KRIC, FBHRIL7Z DNA Z 5ul 3§ ol %z, <\ L%, 5 AL
WTAE L F T L, 4-2-91R LTI X D ICARORETY 7V A L PCR RS &
1To7=, i/ L7=% Primer % 4-2-11 (1) Primer O FHIEICR LZ, BELHIT Input %
10, 30, 100 fEA R L7z o 7 VAR L TER L, ZOMmERR LY ChIP > 7 Lo
ISR 2 HH L7z, 7238, Primer Z & OHIEZIER (AE) 2 ROXMNHR D=,
AE = 10V iobE)
REE7 /7 LEEIR O p-H3S10 JLHEIZ DV T Input D% FEUE & L T%Input & L CHEH
L72, %lnput 2Rk HXUFLLF D@D TH S,
%lnput = AECH INPUt-CLCIP) 5 00%
72%. Ct mput & Ct chip I Real-time PCR OFEREGLNTZ AL v VR UL RETH Y |
LightCycler nano software 1.0 @ Automatic Quantification {2 & W & H L 7=,
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4-2-12 HaTE
#1129 LRBRICHE B EMEEIT o T2, et A B ML, *p <0.05, **p <0.01
THxR LT,

4-3  FEERHE R

4-3-1 R 7R FICL D e AR H3 DU VgL

AgNPs |Z L% B A k> H3 BAERFDZEAL % Fig. 22A 2R T, FRIRKE 2B i -
72D, EARCH3WEFEHDOEY >0V Rl (p-H3S10) T, 90 < F 7= Frcizisk
BINTE, BEARNCHIOFEH . UEFEHDY P rBX W Total D7 & F 14k (Ac-H3K9,
Ac-H3K14 ¥ L O Total-Ac-H3 = ZH) IO\ Tik, AgNPs 1B 2 BERILIZIR T L
7o EAXARVH34AFBHDY D KU AF AL (Tri-Me-H3K4) 1%, 7 F LAk LA
CHHADFBD O, S BIZ.EA RN HIOEHD Y DY 2 F Lk (Di-Me-H3K9)
I%. AgNPs /Ef# 2 FFI DR < FFE S22, B ARV H32T ZBHDOY VD R
AF AL (Tri-Me-H3K27) 13, AERAENBIE SN0 -7, LLFO3EERIL AgNPs
12 % p-H3S10 12 H L. p-H3S10 DFFE A ) = X L & 3R R L 7=,

HaCaT, A549 35 JL TN MCF-7, £V E N A-#li i AgNPs Z 1 IRFfEI/EH L 721% . Western
blotting = & - T p-H3S10 D#i i 21T - 7= (Fig. 22B), p-H3S10 %, AgNPs D 1E
KFERICHE S T, p-H3S10 DFREIX, MCF-7>A549>HaCaT Th 5, 2 I E
W, HaCaT #iig X VW A549 35 1 O MCF-7 fliEPNIZ AgNPs DY AR B - 7=
ZEEBELMILE (Fig. 10A), 2D Z E0d, MK OEW X D p-H3S10 DFFED
EUME, y-H2AX DA RK & RIERISHIFEN O AgNPs DY iAAEIZBEHE L T\ d & X
bz,

BB RIS S 7z AgNPs D182 7 —47 w M, & FOIBIOKEEEZ L
b, b MR bR B AB49 12351 5 AgNPs |2 L » TaF¥ S 415 p-H3S10
DY ES % Fig. 22C (2R T, ARABRHIFEDZ < 13 p-H3S10 2813 & A E R B 70
AR BENT RFY 72 Y A IS A R IR B W) T O A IR ITER Y p-H3S10 O
FEN R ST (Fig. 22CQ), —J7. AgNPs TERMIIE TIX, 1ZIEEToOMILIZB T
BNE2ENE IRk E > TWIBBBIE SN, ZORBOINTND, Ml
MY UBEENTNDZ ERBZ O, ARADRITHES UV Vb L 13825 2 LR
Eh7- (Fig. 22C@ and ©),

S BT, AgNPs |2 & 5358 S D IRFREAFRY 72 p-H3S10 D2 bz et L7z (Fig.
22D), A549 5 L O HaCaT #ifaic AgNPs Z{ERH 3 % & p-H3S10 2MERE#% )5 24
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WP E CHEMOIC e 2 STz, DL EDORE LV | AgNPs 13459 & Bip - 7= p-
H3S10 # FrfemIICifiEd 5 Z L LT LTz,

HaCaT A549 MCF-7

° ° °
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Figure 22. Histone modifications after the treatment with AgNPs.

(A)

(B)

(©)

(D)

Time-dependent histone modifications after the treatment with AgNPs. A549 cells were treated with
AgNPs (1 mg/mL). The nuclear fraction was extracted and western blotting was carried out using several
antibodies for modified histones. H3 (CBB staining) was used as a standard for the equal loading of
proteins for SDS-PAGE.

p-H3S10 after treatment with AgNPs. HaCaT, A549 and MCF-7 cells were treated with AgNPs (0 — 0.3
mg/mL) for 1 h. H3 (CBB staining) was used as a standard for the equal loading of proteins for SDS-
PAGE.

Images of p-H3S10 after treatment with AgNPs. A549T cells treated with AgNPs (1 mg/mL) for 1 h
were stained with the antibody for p-H3S10 and PI. Left side images: p-H3S10; middle images: PI
staining; right side images: merged images of p-H3S10 and PI. Numbered cells (© — @ in right panels)
are shown as magnified images in left panels.

p-H3S10 after treatment with AgNPs. HaCaT and A549 cells were treated with AgNPs (1 mg/mL) for
~24 h. H3 (CBB staining) was used as a standard for the equal loading of proteins for SDS-PAGE.
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Figure 23. Incorporation of Ag particles into cells, and subsequent p-H3S10

HaCaT and A549 cells were treated with several doses (0 — 1 mg/mL) of AgNPs for 1 h.

(A) Intercellular uptake of AgNPs. HaCaT and A549 cells were treated with several doses (0 — 1 mg/mL) of
AgNPs for 1 h. FS and SS were analyzed using FCM.

(B) p-H3S10 after treatment with AgNPs. H3 (CBB staining) was used as a standard for the equal loading
of proteins for SDS-PAGE.

(C) Intercellular uptake of Ag particles. HaCaT and A549 cells were treated with Ag particles (1 mg/mL) of
different sizes (< 0.1 um, 2 — 3.5 um, 5 — 8 um, < 45 um and < 106 um) for 1 h. FS and SS were
analyzed using FCM.

(D) p-H3S10 after treatment with Ag particles. H3 (CBB staining) was used as a standard for the equal
loading of proteins for SDS-PAGE.

(E) Intercellular uptake of AgNPs in the presence of endocytosis inhibitors. HaCaT and A549 cells were
treated with AgNPs in the presence of 10 mM NaNszand 50 mM 2-DG to inhibit endocytosis. SS was
analyzed using FCM.

(F) p-H3S10 in the presence of endocytosis inhibitors. H3 (CBB staining) was used as a standard for the
equal loading of proteins for SDS-PAGE.
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Figure 24. Release of Ag ions from AgNPs and p-H3S10

(A) p-H3S10 after treatment with AgGNO3. HaCaT and A549 cells were treated with AgNO3 (50 uM) for 10
h. H3 (CBB staining) was used as a standard for the equal loading of proteins for SDS-PAGE.

(B) p-H3S10 after treatment with AgNPs in the presence of NAC (20 mM). HaCaT and A549 cells were
treated with NAC for 0.5 h and treated with AgNPs (1 mg/mL) for 1 h.

(C) Intercellular uptake of AgNPs in the presence of NAC (20 mM). HaCaT and A549 cells were treated
with NAC for 0.5 h and treated with AgNPs (1 mg/mL) for 1 h. The cells were analyzed using SS in
FCM.
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Figure 25. p-H3S10 after treatment with oxidized AgNPs

A549 cells were treated with AgNPs (0.3, 0.5 and 1 mg/mL) pre-exposed to UVA (50 kJ/m?, peak: 369 nm)

or 1 M HxO>for 1 h.

(A) p-H3S10 after the treatment with oxidized AgNPs. H3 (CBB staining) was used as a standard for the
equal loading of proteins for SDS-PAGE. The western blotting bands were determined using Image J
version 1.38 and the data are represented as a ratio to the untreated control. *p < 0.05, **p < 0.01.

(B) Intercellular uptake of oxidized AgNPs, SS was analyzed by FCM.

(C) Intracellular GSH after treatment with oxidized AgNPs. The amount of intracellular GSH was
determined by the GSH assay. Values were corrected based on the results of the protein assay. *p < 0.05.
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Figure 26. Depolymerization of actin after treatment with AgNPs

(A) Release of G-actin after treatment with AgNPs. A549 cells were treated with AgNPs (0 — 1 mg/mL) for
0 — 24 h. Actin (CBB staining) was used as a standard for the equal loading of proteins for SDS-PAGE.

(B) Depolymerization of F-actin after treatment with AgNPs. A549 cells were treated with AgNPs (0 — 1
mg/mL) for 1 h, and stained with Anti-stain™ 555 Fluorescent Phalloidin for F-actin. The
depolymerization of F-actin were analyzed using FCM.

(C) Images of F-actin after treatment with AgNPs. HaCaT or A549 cells treated with AgNPs (0 — 1 mg/mL)
for 1 h were stained with the Anti-stain™ 555 Fluorescent Phalloidin for F-actin and DAPI. Left side
images: F-actin, middle images: DAPI staining, right side images: merged images of F-actin and DAPI.
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Figure 27. Dynamic state of actin after treatment with AgNPs and p-H3S10

(A) Dynamic state of Actin after treatment with LatrunculinB (LatB) or Phalloidin (Pha). A549 cells were
treated with LatB (0 — 100 uM) or Pha (0 — 100 uM) for 1 h. Actin (CBB staining) was used as a
standard for the equal loading of proteins for SDS-PAGE.

(B) p-H3S10 after treatment with AgNPs in the presence of Pha (0 — 100 uM). A549 cells were treated with
Pha for 0.5 h and treated with AgNPs (0 — 1 mg/mL) for 1 h.

(C) p-H3S10 after treatment with AgNPs in the presence of LatB (0 — 10 uM) or Cytochalasin B (CCB; 0
— 20 uM). A549 cells were treated with LatB or CCB for 0.5 h and treated with AgNPs (0 — 1 mg/mL)
for 1 h.

(D) Images of p-H3S10 after treatment with AgNPs in the presence of Pha (10 uM), LatB (5 uM) or CCB
(20 uM). A549 cells were treated with Pha, LatB or CCB for 0.5 h and treated with AgNPs (1 mg/mL)
for 1 h. They were stained with the antibody for p-H3S10 and PI. Upper side images: p-H3S10, middle
images: Pl staining, lower side images: merged images of p-H3S10 and PI.

(E) Intercellular uptake of AgNPs in the presence of CCB (20 uM). A549 cells were treated with CCB for
0.5 h and treated with AgNPs (0 — 1 mg/mL) for 1 h. The cells were analyzed using SS in FCM.
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Figure 28. Release of Ag ions from AgNPs and depolymerization of actin

(A) Release of G-actin after treatment with AgNPs in the presence of NAC (20 mM). A549 cells were treated
with NAC for 0.5 h and treated with AgNPs (0 — 1 mg/mL) for 1 h. Actin (CBB staining) was used as a
standard for the equal loading of proteins for SDS-PAGE.

(B) Release of G-actin after treatment with AgNOs. A549 cells were treated with AgNO3 (0 — 50 uM) for
0.5h.

(C) p-H3S10 after treatment with AgNOs in the presence of LatB (50 uM) or CCB (20 uM). A549 cells
were treated with LatB or CCB for 0.5 h and treated with AgNO3 (0-50 uM) for 1 h.
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TW5[84], £Z T, Cofilinl @/ v 7 ¥ Hilaz/ER L. AgNPs (2L % p-H3S10
OFE LT 7 F U BEAMES., BLOZEDOHKRD AURKB OIEMHAL O BIHE 2 /E L7,
A8l A\ L 7= Life Technologies #1:0> Stealth RNAi™ siRNA target human Cofilin1 @ / v
7 27 o HRZ Fig. 30A 12RT, 30D SIRNA & TIZBWTEW / v 7 &0 RN
b b, LD FEERIT oligo ID: HSS141560 @ siRNA Z W THT - 7=,

B EABHEHS Pha i, AgNPs IZX 2355 S5 p-H3S10 #1256 Z L Rk L7z
(Fig.27B), Pha Z/EH L7=#% LRI CIREETH D Z LM T E NS Cofilinl / v 7 X

IR A VTR L72AE R, Cofilin 1 @/ w7 Z%7 Tld AgNPs D ELD A&
ZL L7220, Cofilinl @/ w7 #7250 . AgNPs & AgNOs 12 & % p-H3S10
FHENIHI SN D Z EAURE LTz (Fig. 30B and C),
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Figure 29. Phosphorylation of Aurora kinase after treatment with AgNPs and p-H3S10

(A) p-AURKA, B, C and AURKB after treatment with AgNPs. A549 cells were treated with AgNPs (1
mg/mL) for ~10 h.

(B) p-H3S10 after treatment with AgNPs in the presence of ZM 447439 (ZM; 5 uM). A549 cells were
treated with ZM for 0.5 h and treated with AgNPs (0 — 1 mg/mL) for 0 — 10 h.

(C) Images of p-H3S10 after treatment with AgNPs in the presence of ZM (5 uM). A549 cells were treated
with ZM for 0.5 h and treated with AgNPs (1 mg/mL) for 1 h. They were stained with the antibody for
p-H3S10 and PI. Upper side images: p-H3S10, middle images: Pl staining, lower side images: merged
images of p-H3S10 and PI.

(D) Intercellular uptake of AgNPs in the presence of ZM (5 uM). A549 cells were treated with ZM for 0.5
h and treated with AgNPs (0 — 1 mg/mL) for 1 h. The cells were analyzed using SS in FCM.

(E) Release of G-actin after treatment with AgNPs in the presence of ZM (5 uM). A549 cells were treated
with ZM for 0.5 h and treated with AgNPs (0 — 1 mg/mL) for 1 h.

(F) p-AURKB after treatment with AgNPs in the presence of LatB (0 — 10 uM). A549 cells were treated
with LatB for 0.5 h and treated with AgNPs (1 mg/mL) for 1 h. p-AURK was determined using western
blotting, where the intensity of each band was extracted using Image J version 1.38. The extent of p-
AURK in cells treated with AgNPs, versus untreated control cells, was calculated. Correlations were
calculated using the least-squares method.
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Figure 30. Relationship between actin and the generation of p-H3S10.

(A) Expression of cofilin 1 mRNA in cells knocked down using siRNA. A549 cells were transfected with
SiRNA (oligo ID: HSS141560; HSS141561 and HSS173851) or negative control siRNA as described in
the experimental procedures. Fold-changes were normalized to GAPDH levels and the ratio to untreated
samples was calculated. Stealth sSiRNA oligo ID: HSS141560 was used in the following experiments.

(B) Intercellular uptake of AgNPs in cofilin 1-knockdown cells after the treatment with AgNPs or AgNO:s.
Cells in which cofilin 1 was knocked down using siRNA were treated with AgNPs (1 mg/mL) for 1 h,
or AgNOs (50 uM) for 0.5 h. The cells were analyzed using SS in FCM.

(C) p-H3S10 or G-actin in cofilin 1-knockdown cells after the treatment with AgNPs or AgNOQOs. Cells in
which cofilin 1 was knocked down using siRNA were treated with AgNPs (1 mg/mL) for 1 h, or AgNOs
(50 uM) for 0.5 h. H3 or Actin (CBB staining) was used as a standard for the equal loading of proteins
for SDS-PAGE. Con: control, siC: control siRNA, siR: cofilin 1 siRNA.
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4-3-6 T RiFIZE D A b H3 U UMb & DS A JRGE AR - 58 B )

c-fos X c-jun FHED N AFBIE T DOEEIEMEIZH T 5 p-H3S10 O HIL L <FHRS
BN A T BE—4—N p-H3S10 241 L CTHRAREL FIREZIEM LT 5 Z & Tn
A DAEHEIZ B 53 2 Al REMEDNE 2 53TV 5H[85,86], c-fos <X° c-jun 1723 ARG 1D
FCRLE< B E A N O(LEER & BREIENE & OREMERSRTF SN TE s
FTH Y, 12-O-tetradecanoylphorbol 13-acetate ZEDIEN A 7 1 E—F —|Z X > THL
FHEMNRMNIND ZENOALEME ORNA T 0T — g UIEME L BREREERS S &
EZ BN TUW5[87,88], & Z T, AgNPs IZ K DB &5 p-H3S10 A3, A AJFGE S 1
® c-fos, c-jun OERENZBI G35 D% ChIP L% W TR L7z,

AgNPs 1EF 4. IR R J OBFRIIKIFEAC cjun BIZ 238 X iz, —F. cfos @
FELERD ey 72 (Fig. 31A), £7-. AgNPs (2L 2358 S5 p-H3S10 DR A
SO DERENE AL ~D % 5-% ChIP i£% H\WCTRiET L7e (Fig. 31B), 2 AJEGE G 1
O c-jun 5T ORRG BAAA RUE LT 2 M & ST BRI S B X OVRIEIC ST bp
HEANTZEBALIC 1T D p-H3S10 OFFEZ I~ T, £ OREE, c-jun (ZHAGBHAA U
IZBWT DI, AgNPs fEfItL, B 72 p-H3S10 OISR STz, U Vb o TiiE
(TR BB AR SEAEIC IR 5T D 2 &S, p-H3S10 MERBIN 7D Y 7 )L— h A v
NMZBAG-T 2 rIREMED R S HL7z,
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Figure 31. p-H3S10 at promoter regions for c-jun after treatment with AgNPs.
(A) Induction of c-jun or c-fos MRNA after the treatment with AgNPs. A549 cells were treated with several

(B)

doses (0.001, 0.01, 0.1 and 1 mg/mL) of AgNPs for ~8 h. Data were normalized to GAPDH levels and
the ratio of c-jun or c-fos induction in treated samples versus untreated samples was calculated.
**p < 0.01.

p-H3S10 at promoter regions for c-jun. Schematic diagram representing the relative positions of the c-
jun regions amplified by the primers used in the PCR step of ChIP assays. Untranslated regions are
indicated by open boxes and coding regions are shown by filled boxes. Cross-linked chromatin
fragments were prepared from A549 cells treated with AgNPs (1 mg/mL) for 1.5 h. The data are given
as enrichment values against input and represented as a ratio to the untreated (—1000). Gray column:
untreated, black column: treated with AgNPs. **p < 0.01.
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4-4  FE5

ARZTIE, AgNPs (X, b MEFEMIARICEV T, p-H3S10 2 g4 o2 L %
WO THLMNZ LTe, TOFEEA =L LT, AgNPs SHIFENICELD iAE 1L, £
LT, MlEMNIZE D IAENT AgNPs 205 U U — R L2 AP T 7 F U 2 EA, ES
SHENNEKE 72D AURKB % U U lfb L p-H3S10 25| 2§ & B 2 bl

AgNPs |Z X 2558 S 7z p-H3S10 O EE I TRk Fric 235 2 L 2B 6 »
IZ L7z (Fig. 22A), F7=. U VEBBLOFEMREIL, RRLT OV A XD/ NS0 J7 D358 )
-7= (Fig. 23D), ZAUiE. AR L7=y-H2AX OiFE & FEREIC, AgNPs OFN DY
IAABEITIESBEE L TWDH Z EMB X b, SHIT, FHLFEIIRLI L DT AgNPs
DB IRICEBNTH, /NS XD AgNPs 28 E. coli NIZE D IAEND Z & A4
HTholz, TNHDOZ LEEbED L, AgNPs DHELY IAZIE, AgNPs 12XV 5l &2
I INDERA RAERKISICBWTCEERRF-EE XL 6N,

p-H3S10 | THifa I 1T 5 7 a~F > OREICESS5-3 5 & & $12[89,90], &
FIFIC K > TBEFOBENEHRIEISNIBEBICOFEINL Z ERMLNTND
[85,86], A DIFE . AR LI E D YetaffEE D T VLA R 541 5 23, Fig.
22B DS E YL EAIEIZ L D p-H3S10 DB OfE R Mtz Iz U ik S 2 Feidz
LTz, E72, p-H3S10 23558 S AU/ RFfI #7725 30 43 & FEFITH N Z &2 AgNPs (2
£ % p-H3S10 OFEIFH R DEUMSE D DO TIiF < | DAFERLR - HEORE DB T
DERBEIEMALIZE G L T\ EE X b, T, =y 7B LN FEOREL D&
JBIZ X D p-H3S10 ZFFE L, 2Dk, BB FRELEBBAICDRN D Z ERHE SN
TUWA[91,92], &I X DFFE X L7z p-H3S10 1323 AUFGELE T (c-jun 35 K DY c-fos) @
HREIEMEE @D D Z LD, BB ORNDAREMENRH H[91], £z, = v A
4 1%, Mitogen-activated protein kinase pathway (MAPK) %41 L T p-H3S10 % #5i& 5
HZEHLHBEMNTIINTVNA[92], AWFFRIZISVT, AgNPs 12 X % c-fos 35 KT c-jun
DERGIEM 2 et L7oAE . AgNPs (2 XV 558 S 47z p-H3S10 1 c-jun Bin 125 <
B L CWD Z ENALNE 2o T2, Bl U7 I IARMSE & —20 L, AgNPs BRFZ 14 .
R ITFEORD L AlREERE 2 b b,

F£7-. AgNPs (2 X % p-H3S10 D& X, AURK family 1> AURKB DiE MK IZ5E <
B 5 Z L 2B 6T L, BsTFOEEIEMHLIZEE 35 p-H3S10 %, Snfl,
MSK, IKK-aZDF T —BIC X VFEIND Z NG I N T\ 5[93-95], #i %1,
MSK1/MSK2 % / » 7 7 v+ L7=#IE Cik, BRI X 2 U BB R S 720 A3,
SRR R 72 ) VI X 5 2 & AHIE STV A [93], — 77 AURK family 13,
RN R RAIC H3 2 U VR b T 2% — B D& LT, xpl. H3EEEREE
B o 2 T s 5250 B 72[96], DT, AURKB (%, Inner centromere protein

72



(INCENP) & Survivin EBEEKEZIEA L, ILFE THIERESR T = v 7 "1 N O}iR %
T TWVDLZENILSHABATVDH[97], AW TIL, AURKB i%, Aifib L 72 73 5801 4F
AT H3 U b AHET 5 2 LS. DAREE FICEEE T 5 p-H3S10 7581
HIZENEESNE, UL, AUKRBICE D U vk EnzmoxF—EE2 N LT
p-H3S10 N E TWAAREME L H V. ZHICHOW T E SITEER T NI L & 2 5
N5,

X 51T, AgNPs IZ LD AURKB DR bIX, 77 F v EHALEA LatB ORITEAIC
X vkl &y (Fig. 29F), AgNPs (Z=> RH A b — 2% L CHIFINIZELY IA F
NHZEDRELHIMBENTWAIBL, 77 F Uik, MlaOIRZ L, 72 6 NS M ES)
M BEEME. MIESEL, = RV A =Y REOZE O T 1 A TEER&E
R LT\ 5[82], Rho famliy ZiZU® & L2078 G EAESZDO Ty 1
(WASP,WAVE famliy £ H'E <" Arp 23 EE1K) OIEMHLIZ LY . 77 F ITEAE &
MREE G 2 M IR A HIET 5 2 &G SN TWH[98], £, HEMICE T
Rho famliy & AURK family (%, Cdkl-cyclin B {&1F289I12 U Rk (EMAL) 2% 5 2
EMHLMMIEINTVD[83,99], ZDZ e, AgNPs fEF# . Cdkl-cyclin B % &4
kL., 77 F v OfEASZILHESE, 512, [FFHZ AURKB % U U ig{k L. p-H3S10
AR ITAREMENRB Z BN,

AgNPs |2 X 23538 S L= R 72 p-H3S10 (Zxf LT, B A h> H3 7 & F ik
(Ac-H3K9, Ac-H3K14 35 1 Of Total-Ac-H3) 1%, AgNPs g%, 2 REfE LU O REREHT T
TELCICRDT 5 2 ERBD BN (Fig 22A), L E T, b R FAERRITZFNZE
AUVHNE U CHERET 5 B 2 H L. AWICZE O & (I BE M 20 & B bl Tz,
LovL, BUETIE, B A M AEAIT AL 2o T X | B2 2154 T A ALICBE S
HZEMHBNE TS TWNA[100,101], BIAIX, H3EU 10 &FEN Y b d
EERRNUTETFMMERICLD 14 FHOY D OT7 B F bMet SN D Z Ln
WE SN TVDH[I01] , ZHUTARWFETHEON IR R LT~ LR oTc, EX MY
DT eF b H e, 7uavFroEErikd, gt Lz DNA 284252 &2
EZOND, KR TRENT AgNPs (2L Db 2 AEMOBELL. 7 o~ TF 4%
EEESHE, UV IZX % DNA BIEAERICEE LI AEERSB 2 6 d, Zihuco
WL, SROMFTRETH 5,

£7-. LLETOIZRICEB W T, 727 F 7 DNABEICSET S ps3 I 5 LT3
ZENHME SN TWA[L02,103], 77 F 7 4 T A 2 MIEEREIC p53 O AIHAR N B
FEIZREE L, Z£Df%, pb3 & F-actin 5 L. DNA HBIGIZISET 5, AL TIL,
AgNPs TER%Z DT 7 F o ket LToRE R, AgNPs fEHIZ L O 7 7 F 3B 6 DTl
HATHZEZHLMN L (Fig.26), 2D Z Lnh, AgNPSBRZER ., 77 F L DA
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{b2% DNA EISERIBITET L REEDL + o0& 2 b, 222\ T, 4% LY
AR RRET SR D B LD,

AgNPs (2 L% p-H3S10 DFFiE A h = X ANz T, BBEEWZ &1, AgNPs Hijl
TEFIZ p-H3S10 2 L BE LIS L 00 b b3, MO AFRICITIT L A AN
2N ETHD (Fig. 8), AgNPs fERIZ & » THA U7z DNA HENE2IEE S
(XIS, AgNPs fERTIC & By-H2AX 23k O Ic i &b 2 & ikaiah L 7=
DTHY (Fig. 9). F£7=. AgNPs {EAIZ XK % p-H3S10 1323 AJFE R DR B B
HZENKETHLMNI -T2, ZHHOHAIL AgNPs TEFIC X B3 A & DRFHE
PAERIETHHDTHY ., 5% D AgNPs OAEKEEBIIFEICHE W TEERMLTH S
EEZLND,

B ABEDONK % Fig. 3L IZF L W7z, 5 4 FIZIBVWTIL, FIZ AgNPs (2 L D p-H3S10
DEHGMICIHEE I N D Z & 2 FZFE L 7=, AgNPs |2 K 5 p-H3S10 OFFE 21X, AgNPs 23
ARNICED IAEND Z ENMATHDH EEZEZ BT, £, MBRNICEYIAENTZ
AgNPs 225V U —A L7z A" T 7 F o2 EAG, BESGIE, TANKFKE 2D
AURKB % U izfk L. p-H3S10 75:6[%@:3“: ENREFEZ DT, IHIT, BARER
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Figure 32. AgNPs-induced phosphorylation of histone H3 at Ser 10

74



BEE5E bBRAM H3 VUMb 7u—Y A M A—F—DHIFBEEEE L
F 7 BLF O AR EEIM R HE OB R

5-1 FFia
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WVIAENRT <, MIRICA-T2HE . Hix RasBICoi, I, #EEE R
%@ﬁ%é$%%ﬁémfwémmmﬂikﬁmw U IAEINT=TF ki3 DNA
R Far RUVT, HlEEE WSl B ICEEE 525 2 ERBREINTND
Lt Kka IRIBRETT VRT3 Fex OAETRREICET 1R % wa<&%zané
ZOEIRRBT T, FHx XN T R OREMESCEMEIC OV T 7 ik & £F
OUENDY | FNEADTHODT ) Bl GIEOMSI A EEND, Lo LBRT
X7 BEEFME T 2 720 OFAREEIXEE > TE LT, £ O AT PR
DIRRETH 5,

AFFRETITZNETIZ, 7a—H A b A—Z—O[IFEELE SS 58E 2RI LT,
HERA PN~ ORLF D BUA - Z (R B DIRIC R T & 2 TiELA I L TW 5 [31], £7z.
ZOFEIT FHLBIO 2 mOHH LICARIZIAEY (E. coli), b MEFEMIM (HaCaT.
A549, MCF-7) %, £kx OFHlX SIS ARETH D, ZHEFMATIEL, Eokkk
ARD . EDkRIe A ORI IAENST W EBHA TV —= 7 TED,

LorL, 7a—H%A M A—F—@ SS EETITRL - DHLY IAZ LG TE 720,
WA ENT R T2 THNERICEETZ LIFRLT, < SAMVIAENTHM O
BHE X SRTEFERII RIS N THA 9, DF 0, AgNPs DA IRFEEZ GEE
THODY 5 —DDKF% SS A & RIRFIHRFTTIUX, BV IAEN TR DA
WEZLVERICT A ENTEX S, £ COAETIE, ZORMEXRO—D2 L LT,
% 4 FECIR<7= p-H3S10 |27 B L. SS &L [RIFFHIE L. AgNPs O AR ZEE D A 5
HAT25ZENHEHTODIENERGT LTz,

5-2 SEERMENS L OV E

5-2-1 FEERASE
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B2 2-2-1 1R Lz b M EZFFHIAN HaCaT, 38 L O b ififla AL b R i fi A549
Wz, £z, F1E 1-2-1 128 L72#RRIF (<01 pm, 2-35um, 5-8 um, <45
um 3 X O<106um) %M L7=,

5-2-2 O E;EE
28 2-2-3 Rk L7- X 912 HaCaT., 35 L O AB49 i A B23% L T-,

5-2-3 4SRRI T1EA
4 FE 4-2-3 L EARIZERRI A ER LT,

5-2-4 DU ZAH 7 my MEIZED p-H3S10 O
o5 4 4-2-4 L [RIARIZ. Western blotting |2 & - C p-H3S10 O H & 47572,

5-2-5 IR ~DERRL 1 DEL Y AR E DR E
WA A4-2-6 L FIREIC, FMRNOSRR OB AR EILX FCM Z W CHIE LT,

5-2-6 SRR TOEVIALE L b A F o H3 U (IR O fRkTiE

FCM @ SS 58 Z F5A% & L 72K ORI N ~DHEL Y iAA & p-H3S10, i )7 % ) E 3
52 IRV AgNPs DN RBIR BB DIREE & 72 5 ATRetE A MGt 5 720 RN~
AgNPs DHELY iAZx (SS O EHIfE) & p-H3S10 DFRE & OFHBE & fi#HT L7=, Western
blotting |Z & = THHi L7z p-H3S10 D /N> K OSREE X Imagel (version 1.38) % H W TE
w7z, £72. AgNPs Z1/EH L7 MBIz dsi) % p-H3S10 OFREE 1L, ARA1EH O xR
Zxh LTRSS, MBEREIE. R/ h S RIEE AW TERE LT,

5-3 FERRAER

5-3-1 $RF 7 hiTIck D A b H3 U UL & RN EL Y JA Fx B O FH B

AgNPs DIV JAZx & p-H3S10 & DOERZ IMEIZ T2 72 DIT, Fig. 23 B LN 24 127
L 7= A549 5 1. O HaCaT #if o> p-H3S10 /X RZ&2E Ak L, FCM @ SS & p-H3S10
DOFREEDFEEfEZ 7 v v b L7z (Fig. 33 and 34), AgNPs D {E I EE DM LE,
AgNPs DIV JAZ & (FCM @ SS 5REEF-#)fE) F5 KO8 AgNPs (2 X % p-H3S10 D iR EE
XEARAVIZHIN U 72 (Fig. 33Aand 34A), F£7-. AgNPs OHLY iAFA & L AgNPs |2 X 5
p-H3S10 DFREE LB LTz, T EOMEfREIEX, R*=0.9602, R*=0.9001 ¥ L O
R?=0.9260 T 5,
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WRIZ, Fe72 2 A XERRL 712 X D AR O HLY iAA & & p-H3S10 DOFHE B % figdT L 72
(Fig. 33Band 34B), Z D, MV AL ED L D> 72 AgNPs 35 KO 2 - 3.5 um DR+
720 p-H3S10 Z i L7=7-% . AgNPs OHLY iAZ & & p-H3S10 OFHRSIEFE S H L7
o7, F72, NaN3F LUV 2-DG OIF(E FIZBW T, AgNPs OIEFREE, BV iAA &
BEONY At OFEBIM: 2 AT L 7255 5 % Fig. 33C and 34C 127~ L 7=, AgNPs O1EH
IR &0 AL R, MEMIRE & p-H3S10, = 61T, BV iAA&E L p-H3S10 OFHES # 7R
FTEBEL, FEROFLE T TIIEMROMER T/ - T, x il & FATIC R o 72,

5-3-2 $RF R FICEDE AN H3 U UERE EERA A DOFBY

AgNPs D HL Y iAZ 5 & p-H3S10 OFRVVFEBE L ¥ | p-H3S10 Id, AgNPs D iV A%
KL TWB EEZBNDMN, EiL, AL OBV IAHLENE L TH. AgNPs DFH N>
55U U—R L7 AGTOEIT BT OIIRSCEEEIRRESIZ X ofﬁ IGEELELLND,
% ZC, Fig.33D and 34D X NAC DFF(E T3 K OFEAAE Tick T 5, AgNPs DHELY 1A
A i & p-H3S10 DR DFEfE % 7 = > k L7z, AgNPs @f’EﬁH/EEzé: SS 5# AL D FH B
121X, NAC ORIMERIZEE L 2o 7-, LaxL. NAC ORIEA L. AgNPs O1EF

FEIZPEOWFEE XD p-H3S10, 3 LT AgNPs D ELY AR EDHENINZFE S & p-H3S10
D E 2 72, Ziud, p-H3S10 #3583 570, AR ETHDHZ L &R L
Tz,

VI EOFEFRIZE v, AgNPs (2 X % p-H3S10 (21%, AgNPs 25#inpNIcE D IAE N5
Ll ZLT, HIBENICERVIAENZR 0B AgTSRE TS 2 WS LT
Wb L EEMERE LTz, fiE-> T, FCM @ SS TREE 24812 & L 7= R+ DHIEN ~DELY
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Figure 33. Correlation between intercellular uptake of AgNPs and p-H3S10 in A549 cells.

(A) Ab549 cells were treated with several doses (1 — 1000 pug/mL) of AgNPs for 1 h. Correlation between
intercellular uptake of AgNPs (average values of SS) and p-H3S10. p-H3S10 was determined using
western blotting, where the intensity of each band was extracted using Image J version 1.38. The extent
of p-H3S10 in cells treated with AgNPs, versus untreated control cells, was calculated. Correlations
were calculated using the least-squares method.

(B) A549 cells were treated with Ag particles (1 mg/mL) of different sizes (< 0.1 ym, 2 — 3.5 um,5—8
um, < 45 um and < 106 um) for 1 h. Red circles: AgNPs (listed size: < 0.1 um), Black circles: Ag
particles (listed size: 2 — 3.5 um, 5 — 8 um, < 45 pm and < 106 um).

(C) AbB49 cells were treated with AgNPs in the presence of 10 mM NaNsz and 50 mM 2-DG to inhibit
endocytosis. Circles: inhibitors (—); triangles: inhibitors (+). Solid line: inhibitors (—); dotted line:
inhibitors (+).

(D) A549 cells were treated with AgNPs in the presence of 20 mM NAC to remover of Ag ions. Circles:
NAC (-); triangles: NAC (+). Solid line: NAC (-); dotted line: NAC (+).
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Figure 34. Correlation between intercellular uptake of AgNPs and p-H3S10 in HaCaT cells.

(A) HaCaT cells were treated with several doses (1 — 1000 ug/mL) of AgNPs for 1 h. Correlation between
intercellular uptake of AgNPs (average values of SS) and p-H3S10. p-H3S10 was determined using
western blotting, where the intensity of each band was extracted using Image J version 1.38. The extent
of p-H3S10 in cells treated with AgNPs, versus untreated control cells, was calculated. Correlations
were calculated using the least-squares method.

(B) HaCaT cells were treated with Ag particles (1 mg/mL) of different sizes (< 0.1 um, 2 —3.5um, 5 -8
um, < 45 um and < 106 um) for 1 h. Red circles: AgNPs (listed size: < 0.1 um); Black circles: Ag
particles (listed size: 2 — 3.5 um, 5— 8 um, < 45 um and < 106 um).

(C) HaCaT cells were treated with AgNPs in the presence of 10 mM NaNsz and 50 mM 2-DG to inhibit
endocytosis. Circles: inhibitors (—); triangles: inhibitors (+). Solid line: inhibitors (—); dotted line:
inhibitors (+).

(D) HaCaT cells were treated with AgNPs in the presence of 20 mM NAC to remover of Ag ions. Circles:
NAC (-); triangles: NAC (+). Solid line: NAC (-); dotted line: NAC (+).
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