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0mbg900L (H30%) dmdoe s@bm®dEost ©bd-ob Bgpsdomh®y ©s
0139396 Agbb-ob #56a30L 36939b30sL, bmwm dgmeg ddmbggzsdo
Agbb-ob  mombdsy  3mI3wgdudo  (BI-Ag—Agbb-AA)  AA-L
565m30Lol Agbb-30 5543039996 Ag" 0mbgdol s0ygbols 3GmEgLl
Agl-09, Mog 0fi393L Fmobmgdol Bmerol dwogh gobMsl. Agbb-ol
Fobmddol L3gdBHMgdoL 0bg®msfomgwo Mobolizgh Fobsggwrgds (6-
760) o Gmobmddol ‘bmerol 96033bgcmgzsbo  bMs  om
50b0dbogl Agbb Bmdol BMHol ©bT-msb 3MI3egdlido. babyslidom
bs 500b08bMb, GHMI ©bT-0l oMy s0bodbmwo 3Mmiglo 56
5033063905, M3 300093 JOMbIE 5LEGHWOIOL B39bL FmlsBMYdL
000l dgbobgd, GMI HT-0 SMHOL J9MY0 9GSO BIGMMO sEYIBom
695d3090d0.

©63-0056 3m33egdbdo dgmBo 39MEbEOl 0mbgdol  smygbol
36m3gLo B396 sbg39 F9g30Lfogegm MYEMIBHBE SL3MEmBOLOL Tgozsl
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(AA) 990g4g69000. 306506 AgH-0mbgdls 56 259BB0sm b3gJBHMO SO
SbEm MEEMI00LGBIO O SOE bowre sMgdo, sdo@mad ©bI-Ag-ob
3033wgdbl 3199530  MgEMIGHBEH AA-L 0doLomzol, GMI
9ma39bobs 3963bob 0mbgdol >0ygbs osBMI®
000aM35Mgmd3Yy (Ag—Ag?), bmem Agl 5@GmIgdL sd300 L3gdBHGo
bome 560930, Mo Ggbodewgdgel beol ©s35330609m s0bodbwe
36MHm3qLL.

Ag" 00b6700L 50965 MM gobobadwrogzgdmeo 3Mm3glos s
ssbwmgdom 160 fo-ob 9909y h396 bsoaws  dgy30dwos
535330009, 90056mddol L3gdBHOoL godmbPgbsl A = 464 63-by,
bogm 24 bssool 8909 9glodergdgero bgds 5@mdgoolsmgzol
535bslosMgdgmo F0sbmgdol L3gdGHMol 330603905, YmM3gwo39
9b 235993l Lodwsgdsly 30830JOM™, MM YOO 53l 39MEbEOL
00b300L 500l oBHMIME IYMToMIMdsT©Y, oo dgdamdo
30bgblsgoom Bsbmbofowszgdo s HMIgwms bBmdgdo MBmM®
dgBos goég >50 63 [http://nanocomposix.com/kb/silver/optical-

properties].

BsdmMIdo slg39 TgbHogzroE0s, BMEGHMPILb0Zgdom sdmfizgeo
©b3 ©s3M300gdMWo JMBRMOTs30ME0  FOILZYdO 39OEBEOL
Bsbmbofors3gddo. Agbb-ol b9©053060©56 5GMdgdol
B0GHMEILOOdE0s  ©BI-0L MmOToy  L3oGLwby  (bw©.3(d))
23963390 900bEmgdom dgodegds SofgHml, MHmamME 13erga-
©abmOdEooL  dmzwgbs  39MdmE,  BMEHMEILLOZgdOL  F9dgY
5300 543l 39MEbEol  5EGH™IdoL  ILMODdEFOSL  Bofowszol
D9©033060006, 3903Ebwol  sGHMIgdo  s0Hg396 ©BT-ol  Mm®Tsyo
L3060l J0abom s HoMmBMJab0sb 3HMLEob3L. s3GM0Ys®, SEYOWO
593 BMEHMEO0bsToME  gRadAL, Moz odMobsGds  LEYgMo
192896@0L 2s8wom b3d-ols Imerg3mEsby.

F0bmgddob 13gdEHMYOOL sboeroBom (bw©.3(50)) sYObEs, MM
dbmmmo  Agbb-bd ™Moo  3m33gdlol  BMGMEILbO3gdOLLL
03533000 35dmobo@gds 9.. 0bmbdgLBogMmo FadEowo (L. 3(d)),
boem msg0bwgswo Aghb (L. 3(s)) gm@Gmosbboggdol d9dwgy
500 533l 39OEbEoL  Bbmbsfows3gdol  3mBMbBosl, Msdsg
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http://nanocomposix.com/kb/silver/optical-properties
http://nanocomposix.com/kb/silver/optical-properties

LodemErmemE dg0degds godmofjzoml 3gMEbeol os@mdgdol qodmliges
9691 gleMBE0s bLBSMT0 S 50 5963 AgT 0MmbsdY.

Agbb-0bd m®3sgo 3m33rgdbol (bwe. 3(0)) BmEGHMILLOZgdOL
Fnsbmgdol L3gd@Mgdbg 0BMLOYLE03MMO FgMEGHOWOL  sOLYdMDS
50H30390L, O3 LoLEGIL  doshbos MmO  IEYMIsMYMds -
5b039ds9©Y o slbogqdol 9990099, 052500M5:
©olb03ggdsdg ghmo dEyMIscgmds - 3mI3oGHOO0 BmOTS @
dgmeg 9amBoMgmds - BmGHMELLboggdol 90y, 39MEbwol
5@™dgdo  s0fg396  ©b3-0l mMIspo  L3oGMowrol  doaboo o
§5630g86056 goFodrmen Impa®mdm gMmABBM0gd0sb LG MJEHMELl
(L39dBH®OL Logsbg Bobgzs® Lodsmrgbg Aliz o33egds 14060-ob
36060-0¢09).

_—1=0

- t=5-65min, At=5min
“t=80min

© _t=110min

t=10 min

_t=15min

\ ____t=20-45min, At=5min
_t=60 - 90 min, At = 15 min
t =120 - 210 min, At = 30 min

Absorbance [A.U]
Absorbance [A.U.]

T T T T T T T - - - T T T T
400 500 800 700 800 900 1000 400 500 600 700 800 000 1000
Wavelength, 2 [nm] Wavelength, 4 [nm]

by®.3 (5) AgEb—ol Fmsbomgdol L3gdBHMo sbboggdsdmg s ©aLbogzgdol
8990093 (d) Agb6-b3 Bmsbmgdol 1dgdBH™Mo sbboggdsdmy s LlbOgdOL
89993 (5 Frgomol 0bEgeZswom). [AGEE] - 1.94x10* dmav/co (AQP), [6d] -
1.6x10™ deago/eo (P), [NaNOs] - 107 Joae/qo.

3obbowmmos,  Agbb-bd  3md3wgdldo,  BMEGHMEILbO3xdOM
250mf39w90 Josbomddols 139dBHMgooL (330 qdoL
©50M300g0gds  abboggdol  bobaMdwogmdsbyg,  M™Igeros
dmygsboos bS50 3(3)-%g Qo MHmIgaros sMob
§0bs508gamdMmO30 bsbgdwogo ©sLboggdol 36m3gLoLY,
299mbsbeyemo My/Me o t12 30060bs@gddo (Lme. 4(5)). Losg Me
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(Me=Ar0—Aws600) 5606 ©@obboggdol  Lofigol 9Be3by  39MEbwrol
3GHMIgOolL  MomEgbmds  39MEbwol  Babmbsfowszdo, bmeom M
(Mi=Ar0—Ar) 560L 3903beol 5@™Agdol BmEsGvwwo GomEgbmds
©gLMOBOMYPMO t EOHMOL IMIGBEHOLmZoL (Lb3smds Fmnsboddsl
JmMolb  Aco—A: A=43063-Bg). Gmame3E, Loyoomo 4(s) a30839600L
I6OM©EL 5J3l S-0b Boaz9M0 BMMTs, OMIYGEoE F0mOmgdL, G™MI
53HMIg00L BMEHM0bYY30MHJOME0 EILMMBE0S SGOL 3033w gdumEo
5 IMWEHORBMOO 3MmiEglo [d6gyedy, Igwrododzowro, 2013], g.0.
900 5d3lL: 1. 3903beol sGHMIgOol ILMOBdE0sL Baofowazol
D909306000B, Mog 0o30L TbMOZ Fodmofizgal  3mbxmOTs30rE
(33W0gdsl  bobmbofoms3zqgddo; s 2. Agbb-sb  3md3wgdlido
©aLMMBOMYOMEO 39MEbEOL 5GHMIJPO SELMOIOMPYd0D ©BI-obL
b9a3omby.
©) (®)

104 . 4

In M / (Mg-M)]
.

T
1000

T
2000

Time. t (s)

T
3000

T
4000

5000

by®.4 (5) Agbb-bd 3md3wgdbol  BmGHMEILMOdE00L 3069303MGo IMM©o
M/Me s [s"%] 30060065¢9080. (3) Agbb-bd 3m33emgdido gm@Em@alboggdols
990009y  3903EbEOL  5GHM™IgRdoL  EgbmGdEo0L  3obgBHozmGo GO
In[Me/ Me — Ml @3t 300HE0Bs¢330.

Lbm@om 4(0)-bg boh39bgd0s BmEHM©alboggdol d99wgy 39MEbarol
5GHMIgdool gbmGdzool  3obgBozmdo  Ihmo  Agbb-obd
3033egdbobogol In [Me / (Me — Mt)] o t 30606539030, baos
t ©gLMEODOEFOOL EOMS. MMAMO G LMoY 4(d)-6 BBL 9bydomEmols

296@Mgdsls
In[Me/(Me — Mt)] = kt, )
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90mMBowgds  dbmerm  dGol  Loflgobo  dsbo, o9 MBBoLD
M330MHgL0 3390MEJOOL FGMEOm FsbldBOZMHME0s ILMMBdEZOOL
BoBJs®ol 3mBlEsbRs Ky, GMBgmog 1Mol kg = 9 X 107557+ Aghb-
©b3d  3mI3egdlolomzol. EILMEdEOOL  LoBds®ol  3mbLEBEGs ky
30M39¢0 Mool MgodEool dgdmbggzsdo »mob,

kq = voexp (—Eq/RT), (2)
L5SE, Vp- 9JudmbgbEol §ob Tymazo god@mMos, bmwm E; -
©aLEOBEO0OL  5dBH035300L  gbgMP0ss. Mv) Joz30090m, GMI vV, =
10196 (3963beol  5Gmdgdol  8mdGamdgdol  JgRGWBIdMO
boool  360d36gwmdss), 95806 Ez-l 89dgy  860d3690mdsl
00300090m Bsbmbsfioszgdolmaol, MHmIwgdoa 36056
393938060900 ©bd-msb E; = 805meyero/dmen (Agd) gt dmep
3963b@ol 5GMIgdby T = 300K, Gosbog Eq = E5 + Qg Lowsg E,-
5QLMMBE00L 5gd@035300L 9bgMR0ss @O Q4 - SLMGOBEOOL LoMdM
3963boL bsbmbsfowszgdologol, Q4 = 803xmwwo/dmen Ag’ od
300Md0m, Mmd g >ELEOBdE0s M 9MOL  5JEH030BOMYdMWO
[JodomMo gb3gozwm3goos, 1990].

659Omddo  gddbocros, Bobmdsld@sdmemo  (1-1063) wsbgBom
006930090 Mwo  BEWMOILE3IbGHMEo  MYHBMbBLMGO  9bgMaool
23905960l dgomo (FRET) ©MbME-59(393GHMOHM
0b6@9m35sBHMmOM iyz0edo 0dobsmzol, MHMI MHJsEye ©M™Io
5mEgbMdM0350 o batolbmdM0350 dg30835bm© ©b3-ol mGIsyo
130MOEOL bEOBOEIHMBOL boMolbo.

0630530 sMLYIMBL T390 FodEBmemo, MmIgwog LEHMYLME
2393gbol sbgbl ©b3-ol Mm®MToy L30MOEDY, Sbgm  FodEHmmgdl
3969310036905 256539350 gBowol ombgdo. dsyowoms, Ag(I)
0mbgdo  ofj39396  ©g3Mm0boYsgosl, inter-strend  3GMLErobIOL
B0OHIoMIOL s sB939 0939390 06¢YMIosEHMMIdOL 5FMAIISL, gl
0m3gbs 30M39ws@ (dMgyodg, 1996) B39bL WsdMGSEGHMM0sdo odbs
Bobobo. 58 JodsHmegdom B39b ©E3-By gogzsaMdgwgm bbgoalibgs
LEAHOILYWO BodBHMMOOL FogEgbol Tguffogars. s0bodbyeo dobbom
399m309gbgon  oaBbgd0L  gbgtgyool  MHgHBmbsblMo  gos@ebols
139JBHOMLIM300, 39Mdm AO-EB 06 gMH3sms@m®eo {yzowoom.
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©bd dgodgds  250mygbgdme odbgl, OHmymOE MbMmG0ELb
59393G ™Mby 9bgGgool 39©5&0bols 090005@M™6M0. B30b
9Ju3960096Gg0do  godmygbgdMme ogm  9300EOL  BaMobyxolyghol
(AO) s gooowddmmdoool (EB) §yzowo, ULs@sg ©@mbm®l
o600 gbl  5300©0b  bs®obxolxygmo, bmem  5J393GH™OL
90°00w)3dHMI0QO.

dgbfogewoos  Cu?, Cu', Ag-ombgd®g ©s  Agbb-Yby
99dBHOMbMwo s3Hb6980L 9bgmool Fowadsbol 98gdGHIOHMds ©bI-
do  0bGgM3owomgdmwo  AO-sb EB-bBg, ULossg 6583969000
RO gbgbd o MHgHmbsblmMo 9bgtaool goo@ebols (FRET)
39BOOo  9R39JGHOMds.  s©0bodbo dmbsigdgdo  dm3gderos
gb®oe  1-do, ULossg obggg Imyzsbogros 8mbsggdgdo  3wydg
$930gd0L gOHmgMEgdl InGol Mo dsbdowbgs aobwoagdmwmo AO
5 EB-ob dmg3margdo, 51939 dmagdaeos ob@gmzswsgoolomgol
©b63-0b 356M0L0 MB3bgdOL (Hp) I9BsMIO00 3MbEIbEGHM309d0.

31939,  dgbfageomos  ©BI-ob  blbsGol LomdMMo  g89dEHob
393w9bs  gwgdBH®mbmmo  sgBbgool 9bgMaool  Aso@ebols
9839dBHWOMdsby D'—A. 396dm@, ©b3-ob blbs®do Lbgsslibgs
LomdwHo 989dBH0m 253mfi3gMwo ©bd-ol m®dsyo L3oMseol bp
Mdbgdol  Jgd;300M905L  353300©JPM©Om,  MbmMosd  (AO)
0J393¢mObg  (EB)  gbgbaool  goodoboom  (gbMowro  1).
Bob6M3olidE0dwHo (1-1060) 9696a00L 23905960l
RO gbgbGHwo MHYHMmbsblMo dgmm©o, 0dwgzs LodwyoEgdsl
23963LoBO3OM®m  ©BI-0b ME®Togo  L3oGowol  0d  MBBgdOL
3Mb396@®s309, MMIWgdoE 35MA0L0s LEHMILOL go3wgbols G989y
0b@9m35es3oobmzol.

B596mddo obbowMmos -0l Mm®Bsy L3oGMswdo Ag" ombgdoom
0bMEoMgdwo inter-strend 3GMLEOb3OL FMHIoMGOOL IMmEE0o.
inter-strend  3OmbeErobzo  FoMImoygbl  sBLMEOdEOWE  3HMEgLL,
OmIgeog 990ag0s M0 body MBOH™ oME030  sELEMMBdEOWWO
36m3gLboLORSL s 93 HBLMGdEFOMWO 3MMEJLOL O™ FJobL
MOMMIMEX0 SLEMBF0JOOL OHMIBOL X5, 39HIM:

1. 396Ebwol 0mbgdo sELMMdNM©Yd0E 2956060l N7 5Em™Iby,
3M33egdLbol Ho®mBmddbol 3MmEgbdo bgds OHMEHMbOL 450530
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237960606 N1-0056 30@™Bobol N3-1396, 950obo@sdg YO0 593l
60530 3OMGMbME A50sbgwol G-C {iygowdo. 50 sLMGOBEOOL
36m3gLOL O™ T9oyIbL T4;

2. ¢@LEb-30030L sOLHMO Fyzowdo syowo sd3l bd-ol
™m®3ogo  L3oMoEol  qoblbol, Mol T9gass3  BMOIOMEYdS
3963b@ol 0mbgdol 3538060 w9s6obol N1-sbm@bg (N1G*-Ag®),
2oblbor fyz0edo fywol 303wmMo bobEgds godmbobdo (H-N3C)
500w gdl  3OMGMBL  googzogl  N3—N4, Mol 99gao0s3
Be®mdomgds N1G*-Ag™-N3C 3538060, 59 s@LEMBE00L 3GM3gLoL
MM 895009960 T3

3. ©b3-8o gmOGIoOHEIds LEHIOIMLIM3MEOE  A9TOOIOMEO
M350 B30I, HMIgEdos FoMmBmoddbgds X3390l dmMob inter-
strand 360ber0b30 s 59 SELMOBEO0OL 3OMEILOL MM TJoYIbL T3.
inter-strand  36GmbEob3oL  FMEI0MHIOOL  BmEgEo  bdgdsdMo
fomdmagboos 9g-5 bLry@omBy.

1

2 3

N * N 'y w » I
G/:\(‘ H.-.... -0, Y G/:f:\/‘ o NeH w

G -

I N Newe, O\J j =% N
/\;{ \,,\ (\ H ,\\/’L /\ . % ,%/((:. VH\'\Q A \ /(\. u‘_w\;x> j
N e A

W

+ + " C <k W b C
Ag Ag o W Ag = NS
4 ; 5 6
G \\;“ i Y Do
—__N~H 9 v
\ j\/\{\ OS\ G — N 0 Ny G N
\W7 T N— & \__ - ~
NN S (N MAG P a [ NaF
/+' 7A Tl ) L N 0~y S« N, o m\>\ Y
Ag’ g a»(MNH W W =G
W W
1 DPT 2 3
G=C—G'=C— G —
Ag Ag Ag
4 ‘(]l:OJII 5 6

G'—Agh o C'— G'-Ag' -+ C — G'—Ag'—C

b.5 Fomdmpgboos 396HEbanol 0mbgdom 0bwEoMgdwwo inter-strand 3Gmberobzol
R}MOHI0MYool  dmgwo. 1. Be®mIs@o  Mm@beb-30030L  fyz0wo, 2. sOLFmOo
MGLEB-30030L  fyzowo, 3. asblbowo fgzowo, 4. goblbow sMLfim®  yz0wdo
3903baol 0mbgdo ofiygdl  gossyogdst N7—N1, 5. gsblboww fyz0wdo Fywol
303vIMo  LobBYds 03Il 3OMEGMBL  gosgogs N3 —N4, 6. Inter-strand

36mberobzo.
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gb6ogro 1. Cu(ll), Cu(l), Ag(l) ombgdoom, AgEb s Lomdamo LEHMIL 9539dEOL
893wgbs 960l 33s@HB3bY eer’ @s  C3h/Co = Rio-gs/Rao-s”

bogowgby
L&l Bogdregdo epr (%) P Rpo-gs (Bp) @ |Ch _ Rio-ms 3
QBG -AO-EB?® Co  Rio-ms
- 20 15 1
Cu(Il) 58 10-9 0.63
Cu(l) 53 10 0.67
Ag(l) 67 89 057
Agbb 62 9 0.6
LomdM
20°C 20 15 1
50°C 48 10-11 0.7
60°C 52 10 0.67
70°C 76 8-7 0.5
80°C 81 7 0.47
90°C 82 7 0.47
QIQOL0
20°C 30 13 1
100°C, 5 o» 80 7 0.54
100°C, 10 o 87 6 0.46
100°C, 20 o 95 4 0.31

D600l 350s3bol gB39d@wGmds epr = (1= qp/qop) AO-©B (EMBmG) EB-bg
(5J3933MH0) ©9M30©YBX0 o0 Jntol R Bsbdowby. 2 ©bd-ol mGIsgo L3oMswols
00 db9gdol  30m63396¢M309d0, OHMIWdOE 356MRoLos LEBHMILOL go3w9gbol FgdwgY
06®9gH35@5300bmz0l AO-©s6 EB-Bg, Lossg CSh- 5oL mGdspo L3oGswols bp
35630b0 R¥BBOL 3MB396EHME0s bEBMILOL Fo3wgbol 509y, Co- ©BT-0b bp Lsfyolo
dmn®o  30b6396GM5305, Rig_gg — A0 ©5 EB 3m6ol 8s6dogo ©bd-ob Lsfgolo
306396365300L030L, Ry_ps — LEH®gbob 8999y AO ©s EB 8méol ds6dowo; ¥
Lbgasbbgs 939930ob 3ogegbs @B m®dsy L30MEWwBY; ¥ Rag_gs — AO ©s EB dmGol
356domo bp goHmgyegdol 9539d@wIGHMdom 39535LgL epr.

sl33365
1. 0bsdmbsfloerg 396, mOogobsewo  BHgdbmemyom®o

3994335360, LoMBdMMO Fyeol GowEMom, 8MdzoEHMmIdOm
©s Xe @obdMbGH30L  Lobsool  fgshmmo  seFGzowo
B0GMOGodGHmOoL 894dbsdo;
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2. ©oy0bs, HmA 1-2 63 Bmdol 3gHbeErol Bsbmbafowszgdl
(Agbb) s bdmb modnbol ©bBI- Fmeol sSEyowo  5d3L
MOHMN0YOHJIgEgOsL, Mol Fggaswssg Agbb-ob  L3gd@mo
2396030L 939 BHOOM3b 9.0 3oxLemdOHMIme
PoboE3egdsl 6 b63-om,  syMgmzgg  odmgzergbowos
Bobmbofioes3gdol  dmobmddol  0bEgblogmdols  dgdEoMgds
~20% ©b3-056 MHN0gHmgdggdol OmML. ghool dbGog
3ogLmgdOmmdnmwo Fobsgzugds 430P39690L, M™I Agbb-ol ©ba-
056 MOH00gOH»J9gdoLel syowo 5J3b Aghb-do g39mEbwol
3GHMIgool  MMm0gMmddggdol  dglrgliBgdsl  Bobmbsfoms-
39006 2563390 3983505 gd0m, bmenem  dgmegl  dbMog
d056mgdols 0bEH9bLogMmdoL dd;3060M90s 43039690, GMI Agbb-
ol ©63-mob MON0YHMNJIIIOIOLOL  5EYOO 53l M300
3963b0oL b56mbsfoeszgdol 3mHmBosl;

3. 1-2 60 Bmdob 3gMEbEol Bobmboffowszgdol dmsbmddol
L39JBH®gool  (Foduodmdo  A=430.1x0.1 B63) sbsgrobom
©o0bs,  Mmd  Agbhb-8o gombso®o  xaMBgdol o
30dLoMIOMEo  2gmIgBHOool  sMIMLYdMDdS  FoMTMoYgbl
933039 30MMdsL,  Mmd  39MHibol  Bbmbsfowszgdo
0o60moygbgb  mbgzes  §390mgdlL,  OMIwgdoi  ©b3-msb
MOH00YIONJIGIO0LL 13919096 BT-0L BgEs30MU;

4. a3bbowmos 3oOHmdumbomdol (HzO*) ombgdoom Agbb-ol
3mOHmbool d9goboBdo bT-msb MOHPoghmgdggdol MH™.
BoB39bgd0s,  MMI  syowo o3l ©BI-0L  Bgwsdo@ by
JONOOMMEISQ Hs3O* 0mbgdol Qo 3960 Ebeols
Bobmbofos3gdols sELm®mdE0L, Mog megol dbMmog ofj393L
Agbb-Hs0* 333adLgdols BOHIoMYO, 0doL
235035¢olfobgdom, Gmd HzO* 0mbgdol sbmMdEos ©bd-ol
B9a3ombg  dmdowHo  bobosmobos 53  3m33egdLol
§o63mgddbs (Agbb-Hz0*) bogds »g36mm seds0¢)Mo;

5. 9gbfagwogos domsbogdols 139dBHOMBMEHMIYGHO00L
399mygbgdom Agt 0mbgdol smygbol 3Hmiglbo ©bd-Agbb
3M33egdLgddo 909G 0@ ab3MOdobOL 050350
2399myggbgdom. Bsbgz960000, HMI Agbb-00 MmmbIsy 3mI3wgdudo
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(0bd-Ag—Agbb-AA)  OG9NIHBEGH  AA-L  0bsmdOLLL
5543039096 Ag" 0mbgdol seygbol 3Gmagbly Agl-0cg. Agbb-
ob  dmobmddol  L3gdBH®oLb  obgmsfomgmo  Mdboli b
§obozmgds (6-760) o dmsbomddol bmerol 360d36gwmgsbo
BB (~62%) gH»Bb0dzbgwmgbo s0bodbogl Agbhb bmdol
BOHEIL ©bI-msb 3nI3gdlido. bobysLdom Mbs 500bodbmL,
60 ©b3-0l 2oMgdg 506060 3MMEILO o6 033063900,
653 3093 JOHMbI 5LEGHNMGOL Bz9bL ImLoBMYOSL 0dol
dgLobgd, MM EH3-0 sMOL 39RO JoEHOEOBIGHMMO s®Ey bom
690d30gddo.  sbg3zg  Fglfogwowos  39MHEberol  0mbydol
503gbol  3OM3glo  O9MIHbG  d13MmOBdobol  Fgo35L
®9BomdoLsl: ©bd-8o,  MmEoam©gHBMILobmzwgmEogddo
(3CGCGAATTCGCG 5’), 3ol ¢g&do, 3germgbol 9903656sdo
05 350000 dmF3mdo;

JoMgdMOos @S IMZEO0s ol  gbgMyogdo, MHmIgwos
boFotms 1-2 B3 bmdol  Agbb  go3bgwrgdolbogob.
39BLsbEgOWwos, Mmd 163 osdgBHMo Dbmdol Agbb-do,
MHmIwgdog 990agd05b ~30 39MEbeEol  5GHMIgdoLysb ol
d90d@gds 253bgwgl 610 K-00g, bmem 2 63 ©osdgddo
bmdolb Agbb-d0, MMIwgdosg T9ygd0sh ~240 3gMHEberol
5&HMIgd0LoH, ol Ggodegds yo3bgwrgl 340 K-0¢y;
dgLhogomos,  gmGMEsbboggdom  aodmfzgmwo  ©bd
593007900 3mbRMMT530w0 Foolgwrgdo 39Mm3Ebaols
Bobmbofioeszgddo.  boBggbgdos, Gm3  gmEM©ILbboggdoL
3900092 9200 5943l 39MEbol  SEHMIgOOL  ILMOdEOL
Bofosgol  Bgedomosb, Goz  msgzol  dbGog  ofj393L
3MbRMmMIs309 (3300 gdsl Bsbmbsfiows3zgddo. 396 Ebwols
Bsbmbsfos 39006 ©almMdOMmYdMo 39MEbErol SEHMIgd0
5QLMMBOMEYB06 ©HT-0b bgEsdomby, s©fg39b Mo ©BI-0b
060530  L30MEOL Jogboo s FoMmBmJdboosd @oFodman
0myMdm  gOmysbbmBowgdosh  LGHOMIGHMOL  (L3gdEGHmOL
Logobg BobgzoM Lodswwgbg Alz 0g3wgds 14060-sb 36060-

8009);
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8.

10.

11.

Agbb-0bd 3m33agdlol  BMEBHMEILMOBEOOL  3obgBozmeo
d9LHogom Jomgdwos EgblemGMBdE0OL LoBJsMOL 3MBLEBES
kg 005 5@LMMBdE00L LOMdM @, MMICIDOE WYOMOb: ky = 9 X
107567 " oo Qg = 803x%M™ )0/ Ag’, 3963beol
Bobmboffoszgdobmgol MmImgdog 90056 393806 JdM0
©b3-msb;

3d9Jdboros SRTOI NIt R Ty ToTe) (1-1060) WwsHBHom
0bmEomgdMwo RO 9LbEgbEWwo H9HMbsblmeo
9696a00b 4oEsbol dgommo (FRET) mbmé 5J3g3&mmvmen
06@gM3ooBmMme  §yz0do  0dobomgzgol, MHmI  Mgoerw®
©MOM3o MHoMmEIbMmdM0350 @S bomolbmdMogs 9g3535bm©
©63-0b  m®Psgo  L3oGOEOL  BENVOWMOHMIOL  boMolbo.
dogymds 98wdbgds ©bI-do 0bFHIMIswoMgdMmo 530M00b
Bo0obxobgzggdol  (mbmMo)  ©@s  9oooddHmIool
(53393GH™MM0) ImEg3gdol Jogowroml. 6sBg969d0s Cu(ll),
Cu(I), Ag(I) ombgdol, Agbb-ob s LoMdMMO g539dEOL 3w gbs
©b3-0b ™Moy  L3oGMOEdo, 03 “dbgdOL  3MbEIbEGHM300L
099300905B9, OMIWgdoE  395MA0Los  LEHMILOL  493wgbols
399092 06@gm350s300mM30l, o0lgmo IMerg3rEgdobmgols
MHmam©moEss AO s EB;

FRET 9goom@o 0dgggs bodwmowgdsl gobglbobug®hmo ©bd-ob
™m®dogo L3oGMool 00 MBbgdoL 3MBEI6EHMOE0s, MMIwgdos
3960b0s5 LAMYLOL Fo3wgbol 90y 0bEIMIsEsE00LMZOU.
3960m, 9900m©0 0degzs 1sdwgogdsl Bogo@dodmm ©bd-ol
390509000  Bswobo, Lbgsslbgs sB0sbgdmer ©bd-do,
bbgoolibgs 9xMgomeo §o®dmdmdol ©bd-do s ©bd-ob
365¢00B0 Bbgsslbgs 3996 30mbogrme Bymdstgmdsdo;
2396bowMmos, ©b3-0b MmMToy  L3oMowdo Agt ombgdoom
0bnEomgdwo  interstrend 3OMbEroblol  BMGIoMIOOL
dmgwo.  bsBgqbgdos, ©Gm3  inter-strend  3H™LErobzo
§o6M3moygbl  sBLMMBdGoe 3MMEgLl, GMIgwos Bgwygds
6500096039 MBOM FoMGH030 SELMOIGFOO  3OHM(39LOLIYD
Q5 50 5B3LMEODBEFOMMO 3HM3ILOL MM FgoIbL MomMgMwo
5QLMMB309d0L OHMYOOL K oA;
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Jodom-, gm@mjodom- ©s GOGHMNYMHIMmNgH30500 b
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Short Description of the Work

The Subject Actuality. Nanotechnology, which involves research and
development of materials and species at length scales between 1 to 100
nm, has been revolutionized many scientific fields ranging from biology
to medicine. Nanotechnology is very important in biology since many
biological species have molecular structures at the nanoscale levels.
Rapid development in nanotechnology will result in invaluable progress
in the development of life sciences, (for modern life.) Simultaneously
though, applications of nanotechnology should not produce adverse

effects on human health and the environment. To predict and prevent
the potential toxicity of nanomaterials, therefore, the complete
characterization of nanomaterials should be elucidated under conditions
as close to the point of application such as the biological environment.
Therefore, new manufactured nanomaterials should be treated with
caution and the toxic potential should be evaluated. The above clearly
shows that study of any kind of biological action of nanoparticles is very
important.

Introducing of high technologies and, particularly bloodless surgery,
in modern medicine draws attention to photochemical therapy and
photothermo-therapy of malignant and nonmalignant tumors. At the
same time, during last years, attention of scientists is drawn to catalytic
properties of DNA. Particularly, photo-induced processes and those of
charge and energy transfer are of a great interest.

Principal Goals and Tasks of the Reserch. The aim of the present work is
spectroscopic and thermodynamic study of DNA catalytic properties in
the following processes: a) redox; b) formation of inter—strand cross-
links; c) performing of photo-dynamic effects; d) nanoscale resonance
radiationless electron excitation energy transfer.
In order to achieve the goal of the project, we have planned:

- to make thermostable photoreactor equipped with photofilters of

needed range of absorption;
- study of optical properties of silver nanoparticles;
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- research of adsorption of silver nanoparticles on DNA surface and
influence of DNA double helix conformation, intercalates, ionic
strength of the solution and photoirradiation on this process;

- Inter-strend cross-link in DNA indused by silver ions: models and
mechanisms

- FRET method allows to estimate the concentration of double helix
areas with high quality stability applicable for intercalation in
DNA after it was subjected to stress effect. It gives the opportunity
to compare various types of DNAs with 1) different origin; 2)
various damage degrees; 3) being in various functional state.

Scientific Novelty of the Work and Main Results. The aim of the present
work is DNA double helix ability application to: a) double proton
transfer in GC and AT pairs; b) mobile adsorption of HsO* ions; c) inner
mobility including intercalation; d) formation of densely packed regular
structure suitable for light re-emission for spectroscopic and
thermodynamic study of DNA catalytic properties in the following
processes: 1) redox; 2) nanoscale resonance radiationless electron
excitation energy transfer; 3) formation of inter-strand cross-links; 4)
performing of photo-dynamic effects; 5) photoinduced conformation
transfers in silver nanoparticles and making structures having plasmon
characteristics.

Main Results: 1) at interaction with DNA, silver nano particles with
the size 1-2 nm (AgNPs) are adsorbed on it and only partial corrosion of
nanoparticles at the level of Ag* ions is observed; 2) AA reduces silver
ions in ternary complex DNA-Ag-AgNPs. Thus, AgNPs activate the
process of quick reduction of Ag* ions to silver atoms; 3) at photo-
irradiation desorption of silver atoms from the surface of AgNPs takes
place; 4) kinetic study of photo-desorption makes it possible to
determine desorption rate constant and adsorption heat Q,that is equal
Q. = 80 kJ/mol Ag% 5) AgNPs represent liquid drops which moisture the
DNA surface at interaction; 6) The nano-scale method of laser induced
fluorescence resonance energy transfer (FRET) to donor-acceptor
intercalator pair for quantitative and qualitative study of stability quality
DNA double helix in solution in real time is offered. FRET method

26



allows to estimate the concentration of double helix areas with high
quality stability applicable for intercalation in DNA after it was
subjected to stress effect. It gives the opportunity to compare various
types of DNAs with: different origin; various damage degrees; being in
various functional state.

Theoretical and Methodological Basis of the Research. To solve the
problems and to achieve the goals of the work new methodological
approach will be used which considers DNA as a model for such
physical processes as: a) proton and electron transfer; b) nonradiative
transfer of electron excitation energy. On the other hand, such approach
enables to simplify interpretation of the processes that take place at
interaction of DNA double helix with light, small molecules and
nanoparticles.

Particularly, this approach assumes:

1. Presentation of DNA-ligand interaction in solutions as an
approximation to original thermo-dynamic adsorption model;

2. Using electronic spectroscopic phenomenological model for the
intramolecular interactions;

3. Application of nano-scale (1-10 nm) method of laser induced
fluorescence resonance energy transfer that gives us the
opportunity to determine concentration of double helix areas
capable for post-stress intercalation.

As the methods for the research we will apply: Spectrophotometry and

Spectrofluorimetry.

Along with common optical devices we will apply photo-reactor
designed and constructed by us in Andronikashvili Institute of Physics.
Partical Importance of the Work. The potential users of the work results
can be researchers working in different fields of both fundamental and
applied sciences such as biophysics, biochemistry of high-molecular

compounds, molecular biochemistry, genetics,  biotechnology and
oncology.

Implementation of our results in practice, may allow to predict and
prevent the potential toxicity of nanomaterials that certainly will lead to
social as well as economic effect.
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Publication. Materials of thesis published 14 papers. The list given at the
end of the abstract.

Structure and Extent of the Work. The thesis consists of an
introduction, 3 chapters, conclusions and a list of references, it contains
121 pages, including 49 figures, 9 tables and references from 138 names.

Short Description of the Thesis
Chapter I. Digest of Related Literature

There are described DNA's electronic and polielectrolitic
characteristics, DNA absorption spectrum peculiarities and possible
electronic transitions in nucleotides. There are shown the conditions for
keto-enol and amino-imin tautomers. It is discussed the characteristics
of the structural state of nanoparticles and binding mechanism of
organic dyes to DNA, called "intercalation". It is described Pearson
concept about the hard and soft acids and bases, based on which it is
discussed the character of interaction between DNA and metal ions. In
this chapter, also is given the thermodynamic model of the interaction
between DNA and small ligands, on the example of the interaction with
metal ions.

Chapter II. Experimental Methods and Materials

In this chapter, there are given the general principles of absorption
spectroscopy and fluorimetry, also proposed the model of
photodesorbtion of atoms from nanoclusters.

Also it is demonstrated the possibilities of multifunctional compact
precision mobile system which does not need substantial financial and
energy charges. The optical system is able to conduct the following
researches in real time: spectra-photometric, spectra -fluorimetric,
multi-angular light scattering and radiation temperature measuring. The
system also allows to conduct photo-irradiation in visible light spectra,
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including semi-conductor laser irradiation; VHF and microwave
irradiation; simultaneous spectroscopic measurements of both photo and
VHF irradiation at various temperatures.

In this chapter also are described the materials used in the
experiments and optical fluorimetric characteristics of intercalators in
two conditions, monomeric and in complex with DNA.

Chapter III. The Results and Their Discussions

It was shown that DNA as catalyst in oxidation redox reactions. Figure
1(a) shows the absorption spectra for AgNPs and AgNPs-DNA
complexes. Figure 1(b) presents first derivatives of absorption spectra for
AgNPs and AgNPs in the complex with the DNA. The analysis of
Figures 1 (a) and 1(b) shows that at DNA interaction with AgNPs a
short-wave shift of AgNPs absorption band (6 nm) takes place. Besides,
there is observed a ~20% hypochromic effect.

(a) (b)

- AgNP

0,020

0015
]

_ AgNP + DNA

Absorbance [AU.]
da/da [nm'')

0010 \\1 o

00154

T T T T T T T T T T 1
400 500 600 700  BOD 900 1000 350 400 450 500 550 o0

Wavelenath. & Inml Wavelength, & [nm]

Figure 1(a). Absorption spectra of AgNPs and AgNPs-DNA complexes. (b)
First derivative of absorbtion spectra of AgNPs and AgNPs-DNA. The blue
shift is evident.[AgNPs] — 0.72-10~* mol/L (Ag®), [DNA] -1.6-10~* mol/L (P),
[NaNO;] 107 mol/L.

The short-wave shift points out that at interaction with DNA there is
a kind of loosening of interaction between silver atoms inside the
AgNPs. Decrease of the intensity of the absorption band is due to partial
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corrosion of AgNPs in the presence of DNA. At DNA interaction with
AgNPs and H3O* in water solutions AgNPs-DNA and HsO*-DNA
complexes are formed. HsO* ions being in mobile adsorbed state on the
surface of DNA [Bregadze, Khutsishvili, 2002] can form complexes with
AgNPs.

It was studied Ag+ ions reduction process in the complex with DNA
using reductant ascorbic acid, by adsorption spectroscopy. Figure 2
demonstrates absorption spectra of AgNPs, turnary complex - DNA-
Ag—AgNPs, and quaternary complex DNA-Ag—AgNPs-AA. An
interesting event takes place in case of quaternary (DNA-Ag—AgNPs—
AA) complex, the significant increase of absorption band (~62%) and
absorption spectra shift to red side (6-7nm).

104

__— DNA+AGNO3 + AgNPs + AA
- DNA + AgNO3 + AgNPs

Absorbance [A.U]

T T T T T d
400 500 600 700 800 900
Wavelength, & [nm]

Figure 2 Absorption spectra of AgNPs and the following complexes DNA-AgNOs3-
AgNPs and DNA-AgNOsz-AgNPs-AA. [AgNPs]-0.7x10+ mol/L (Ag®), [DNA]-1.8x10+
mol/L (P), [AgNO3]-0.7x10* mol/L, [AA]-1.4x10* mol/L, [NaNO3]-10"2 mol/L.

Analyzing absorption spectra given on Fig.2 we can see that adding
of reductant ascorbic acid (AA) in turnary (DNA-Ag*—AgNPs) complex
cause the reduction of silver ions, therefore in turnary complex Ag* ions
interfere in H3O* ion mobility and prevent oxidation of AgNPs and,
otherwise in quadruple complex AgNPs in their turn activate the process
of Ag* ions reduction to the Ag? in the presence of AA. The shift of the
absorption spectra to red side and significant increase of absorption band
undoubtedly point out the increase of AgNPs size in the complex with
DNA. It should be underlined that without DNA nothing happens to
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AgNPs in water solution, which confirm our opinion that DNA is good
catalyst in oxidation redox reactions

The reduction of silver ions in the complex with DNA we also
studied using the reductant ascorbic acid (AA). We added AA to the
DNA-Ag* complex for reduction of silver ions to atoms (Ag->Ag?).
Silver ions (Ag*) don’t have spectrum in near ultraviolet or visible area,
while the silver atoms (Ag’) have spectrum in visible area, so we have
posibility to observe the reduction process.

The reduction of silver ions is extended process and in about 160 min
we can clearly observe the appearance of absorption spectrum at A = 464
nm, and in 24 hours absorption spectra specific for silver atoms can be
observed. All of this allows us to think that there is reduction of silver
ions and their further condensation in clusters and nanoparticals with
the size of more than 50 nm [http://nanocomposix.com/kb/silver/
optical-properties].

It was shown that Photo-induced DNA-dependent conformational
changes in silver nanoparticles. Photo-desorption of AgNPs (see Figure

3(b)) on DNA double helix resembles flesh-desorption phenomena, i.e.
fast heating of AgNPs by photons, then desorption of silver ions with
their following adsorption by DNA double helix, including creation of
cross-links between silver atoms and DNA chains.

The analysis of the spectra in Figure 3 (ab) demonstrates that only
the irradiated complexes AgNPs-DNA have distinctly expressed
isosbestic point. The test with the free AgNPs shows that as a result of
photoirradiation desorption of silver atoms and their oxidation to Ag*
ions takes place. The presence of isosbestic points in the absorption
spectra of irradiated AgNPs-DNA complexes proves that the system has
not less than two states, i.e. AgNPs-DNA complexes have several forms
of existence joint by structural photodiffusive transition from one form,
e.g. spherical one, to extended long and probably one-dimensional form
along DNA double helix. The analysis of the spectra really shows with
good correlation (< 5%) that the space under the spectra is preserved
which means that there are no changes in chromophore electron
structure. Besides, half width of absorption spectra A4,,, is changed
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from 140 nm to 360 nm. Red shift and widening of AgNPs absorption
band points out to the typical for molecular systems increase of electron
conjugation.

(a) (b)

- t=20-45 min, At =5 min
_t=60 - 90 min, At = 15 min
=120 - 210 min, At = 30 min

Absorbance [A.U.]
Absorbance [A.U.]
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400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
Wavelength, 2 [nm] Wavelength, A [nm]

Figure 3(a) Absorption spectra of AgNPs before and after irradiation. (b) Absorption
spectra of AgNPs-DNA before and after irradiation (5min interval). [AgNPs] —
1.94x10 ~* mol/L (Ag®), [DNA] — 1.6x10 ~* mol/L (P), [NaNOs] — 102 mol/L.

To check the concept we have carried out thermodynamic kinetic
analysis of absorption spectra of AgNPs-DNA complexes (see Figure
3(b)).

Let’s consider the changes in absorption spectra for photo-irradiated
AgNPs-DNA complexes given in Figure 3(b) versus the duration of
irradiation in M,/M, and t'/? (see Figure 4(a)). M, (M, = Ai—o—
A¢—g600) is the number of silver atoms in nanoparticles at the beginning,
M, (M; = A¢—y — A;) is molar quantity of silver atoms desorbed by the
time moment t (difference between absorption 4;_, — A4; at 4 = 430 nm).
As it can be seen the curves in Figure 4(a) have S-shape for photo
desorption kinetics of silver atoms both from the surface of free AgNPs
and AgNPs-DNA complexes. S — shape appearance of the curves denotes
that photo-induced desorption of atoms is a complex and multiphase
process [Bregadze, Melikishvili, 2013], it means diffusion of silver atoms
from the inner part of a nanoparticle to its surface, conformational
changes in the particles especially in those ones that are adsorbed on
DNA surface. Next we are going to consider the results given in Figure
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3(b) in In[M,/(M, — M,)] and t coordinates, which are given in Figure
4(b).
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Figure 4(a) Kinetic curve of photo-desorption in M:/Meand t 2 coordinates for AgNPs
bound with DNA. (b) Kinetic curve of photo-desorption in In [Me /(Me — Mp)] and ¢
coordinates for AgNPs bound with DNA.

The analysis of the curve shows that only initial stage of the given
curves of desorption kinetics obey linear law of Langmuir first-order
equation

In[M,/(M, — M)] = kt. (1)

The constant of desorption rate for silver atoms from the surface of
AgNPs has been evaluated from the slopes of the curves and the data is:
for AgNPs bound with DNA k; = 9 X 107°s™. The values allow us to
estimate activation energy E,; for desorption reaction using the equation

kq = vy exp (—E4/RT) @
where v, is pre-exponential factor assumed as v, ~ 10'°s™? (reciprocal
quantity to silver atom oscillation time in nanoparticles). In this case we
have acquired the value for E; = 80k]J/mol Ag’® for AgNPs bound with
DNA at T = 300 K. As E; = E, + Q,, where E, is adsorption activation
energy and @, is adsorption heat of nanoparticles, so @, = 80 kJ/M Ag°
under the condition that formation of nanoparticles is not an activated
process. The value of heat is specific for cluster nanostructures
[Chemical Encyclopaedia, 1990].

The nano-scale method of laser induced fluorescence resonance
energy transfer (FRET) to donor-acceptor intercalator pair for
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quantitative and qualitative study of stability quality DNA double helix
in solution in real time is offered.

It is well known and it was shown in our work that transition metal
ions at interaction with DNA cause or participate in different
conformational changes, e.g., Ag(I) ions cause depurinization, formation
of inter-crosslink and also cause the ejection of intercalators which we
observed in our laboratory (1996). Besides, the rise of temperature in the
solution causes melting of DNA double helix. In this connection it was
interesting to investigate electron excitation transfer in D-A pairs
intercalated in DNA under the effect of different stress factors with the
aim of finding intact sites of DNA double helix.

DNA can be used as a mediator for energy transfer between donor
and acceptor. In our experiments we used intercalated in DNA
fluorescence molecules of acridine orange (AO) and ethidium bromide
(EB). Where acridine orange is a donor and ethidium bromide is an
acceptor.

Cu(II), Cu(I), Ag(I) and AgNPs on electron excitation energy transfer
efficiency from AO to EB intercalated in DNA which is shown in the
rise of effectiveness FRET.

Effectiveness of FRET, the data for the distance between AO and EB
in bp units, as well as the relative concentrations of DNA sites applicable
for intercalation were estimated. The results are given in Table 1.

We also studied the influence of thermal effect on efficiency of
electronic excitation energy transfer D—A. In particular, by energy
transfer from donor (AO) to acceptor (EB), we observed in DNA
solutions the decreasing of DNA double helix sections caused with
different thermal effects (Table 1). Nanoscale fluorescent resonance
energy transfer method allows us to define the concentration of
segments of DNA double helix which are suitable for intercalation after
the stress.

It is considered the mechanism of inter-strend cross link formation
in DNA double helix, induced by Ag' ions. The process of inter-cross
link formation can be considered as such a simple process as:
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1. Silver ion adsorption on DNA (G-N7) and double proton transfer
of GC pair with the life-time 11,

2. Unfolding of double helix, formation of G*-N1-Ag* binding, C-
HNB3 transfer to C-N3 and formation of link between G*-Ni-Ag* - C-N.
Total time of the process is T2,

3. DNA folding with formation of stereoscopically distorted double
helix with inter-cross links (t3).

So, in the case of DNA compound absorption process of inter-cross
link formation can be reduced to a multi-stage adsorption process
consisting of several simple adsorption processes named above with the
total time of Ti+T2+7s. Fig. 5 illustrate the said.
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Figure 5. The interstrend cross-link in DNA indused by silver ions. 1. Regular Watson-Crick
pair; 2. Wrong Watson-Crick pair; 3. Open pair; 4. In open wrong pair silver ions start transfer
from N7—NZ1; 5. In the open pair cyclic water molecules system makes proton transfer from
N3 —N4 in cytosine; 6. The inter-strend cross-link.
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Table 1. Cu(ll), Cu(l), Ag(l) ions, AgNP and heating effects on egr and
C3h/Co = Rio-gs/RAo-gs"

Stress factor for egr (%) Y Rpo—gs (0p) ¥ | Cih _ Rio-m 2
DNA-AO-EB? € Rios
- 20 15 1
Cu(ll) 58 10-9 0.63
Cu(l) 53 10 0.67
Ag(l) 67 8-9 0.57
Agbb 62 9 0.6
Heating
20°C 20 15 1
50°C 48 10-11 0.7
60°C 52 10 0.67
70°C 76 8-7 05
80°C 81 7 0.47
90°C 82 7 0.47
Boiling
20°C 30 13 1
100°C, 5 min 80 7 0.54
100°C, 10 min 87 6 0.46
100°C, 20 min 95 4 0.31

Y Efficiency of energy transfer ez = (1 —qp/q,p) from AO donor to EB acceptor
depending on the distance R between them. 2 relative concentration of DNA double helix
areas applicable for AO and EB intercalation, where C3}, is concentration of double helix areas
in bp left after stress effect, C, — initial DNA concentration in mol/L bp, R4,_gg — distance
between AO and EB at initial DNA concentrations, R%,_gg — distance between AO and EB
after stress;  different effects on DNA double helix; ¥ R o_gp — distance between AO and EB
in bp units evaluated from efficiency egy.

Conclusion

1. I took part in the creation of original technological thermostable
photoreactor equipped with waterfilter, photofilters and Xe light
source of needed range of absorption;

2. It was shown that 1-2 nm nanoparticles (AgNPs) interact with calf
thymus DNA, which causes a short-wave shift by 6 nm, so called
hypsochromic shift, of AgNPs absorption band. Also it was
observed a #20% hypochromic effect. The short-wave shift points
out that at interaction with DNA there is a kind of loosening of
interaction between silver atoms inside the AgNPs. Decrease of the
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intensity of the absorption band is due to partial corrosion of
AgNPs in the presence of DNA;

The analyzing of absorption spectra of Silver nanoparticles
(maximum A=430.1£0.1 nm) with the size 1-2 nm detected that
(AgNPs) represent liquid drops which moisture the DNA surface at
interaction;

It is considered the mechanism of AgNPs corrosion by hydronium
(H3O*) while interacting with DNA. It is shown that there is a
simultaneous adsorption of H3O* ions and silver nanoparticles on
the surface of DNA, which cause the formation of AgNP-HsO*
complex. As adsorption of HsO* ions on the DNA surface has a
mobile character, the possibility for formation of AgNPs-HsO+
complex increases;

It was studied Ag+ ions reduction process in the complex with
DNA using reductant ascorbic acid, by adsorption spectroscopy. It
was shown that in quadruple (DNA-Ag—AgNPs—AA) complex
reductant ascorbic acid activate the reduction of Ag* ions to Ag’
atoms. Absorption spectra shift to red side (6-7nm) and the
significant increase of absorption band (~62%) shows the increase
of AgNPs size in complex with DNA. It should be noted that this
process doesn’t take place without DNA which confirm that DNA
is a good catalyst in reduction reactions. We also studied the
reduction of silver ions in the presence of reductant ascorbic acid
in: DNA, oligodeoxynucleotides (3’CGCGAATTCGCG 5’), hair (of
man), cellophane membrane and cotton fibers;

It is obtained and calculated the energies which are required for
heating for 1-2 nm size AgNPs. It is defined that AgNPs with 1 nm
size which contains ~30 silver atoms can be heated to 610 K, and
AgNPs with 2 nm size which contains ~240 silver atoms can be
heated to 340 K;

It is shown that photo-irradiation desorption of silver atoms from
the surface of AgNPs takes place. The atoms are first adsorbed on
the surface of DNA and then penetrate inside the double helix
(cross links between complementary DNA base pairs) making
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10.

11.

12.

prolate stretched structure (AgNPs absorption spectrum width is
changed from 140 nm to 360 nm at half-height);

Kinetic study of photo-desorption makes it possible to determine
desorption rate constant k; and adsorption heat Q,that are equal to
kg =9 x10° s Q4 = 80 kJ/mol Ag® for AgNPs bound with DNA;
The nano-scale method of laser induced fluorescence resonance
energy transfer (FRET) to donor-acceptor intercalator pair for
quantitative and qualitative study of stability quality DNA double
helix in solution in real time is offered. The approach is based on
the example of acridine orange molecule (donor) and ethidium
bromide (acceptor) intercalated in DNA. It is shown that ions
Cu(II), Cu(I), Ag(I) and AgNPs and the effect of heating decrease
the concentration of undamaged areas of DNA double helix, i.e. the
sites able to intercalate dye molecules such as AO and EB;

FRET method allows to estimate the concentration of double helix
areas with high quality stability applicable for intercalation in
DNA after it was subjected to stress effect. It gives the opportunity
to compare various types of DNAs with 1) different origin; 2)
various damage degrees; 3) being in various functional state;

It is considered the mechanism of inter-strend cross link formation
in DNA double helix, induced by Ag* ions. It is shown that inter-
strend cross link is an absorption process, which can be reduced to
a multi-stage adsorption process consisting of several simple
adsorption processes and the total time of the absorption will be
the sum of each simple adsorption process;

Toxicity of AgNPs in chemo- and photo-chemo-therapy is
discussed based on the example of DNA macromolecule. It is
shown that photo-irradiation and heating (373 K), leads to
decomposition of particles to atoms and even ions. The above
present’s strong toxic means for cell destruction and can serve as a
potential medical preparation for healing cancer.
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