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ftcj HMNIsOo dzw ¥ Is Mtse 52 fJdtemf j SCisdodz j a3 C
ftod d3j dzj dad 2 . t Ofmiskh 2 ddsjtejfm ¢ Lisd
dmMfsdz’ L saOdzedj &3 & twWOLdZdJyder = 9" MsC sIsj n
LWWjShsdade » BOcdzdlsdzr 7 3 dHS BiisgCL tofO BB
Mtcj HMlse yjdzjots?2 HBMIOCd dzj C Otefmise j dzadz
Hdzv ROt ded de® dzfdats? IstsdiisetcOW dd, yYkefMmlse
Mso toj d3j dzdz fifls tetsR ¥ls o . Iso tsezdz@ B § W &6 dzts y «
sCMdHO d&BiH (1 1) HJBsdstedtckzr s L dzOyd
BJLGBYOMdzOY Odz' IsjtcdzOlsdeo O IsteOHdyd sdzdz’ 3
Wislstso tsdz! [Shps[etg | o dzd B3O dzd | dmmdzj Hiso Ols j
BOGcdzdIsdzr = G6dBtdHMZ » dZOdSBOIS] tcd Odzses M
o Cdzs yos h j2 dOdsyomisdyr B kZOctstetsH dz" » d3d

[Mdzso dzr g d3j stsH ORI f sdzlzyJ ded v ¢ fMc
WodzWE IsfWw Iso jeHSW-O) dzf 2 stz j o, R dgdzyj MS
OoBHAZ n tOMIsotstese . vo jJtoHBYW OL dzr 2 d3J Is st
dzj HsMIsOls ¢ O] : Hdzd Is j dz¢ dzr d3 ftoesyj Mipts
Bdese sMISsOH2 dzs? s todsstsBtcOBSIsS 52 ffted of
sj rdetsdzsedyj M¢d2 f(tesyj Mm, oj dzd yde O0J Is
dzi o BL sy dz" d3 § sdzz yJ dzd 4 dzOclzsde'OL kg dzldzl =,
O Motk tcOMY esMmis tc ©Odzj dzdztsshipldz!, dsOC Y & dix
seteOded yj dzd2: L dzOydlsj dz' dz" j o tej d3j dadz" |
tcOMmlso stc® (L sdzv) ¢ Gjdzjosdzge MBMmilstsw dz
f sdzz yoO,j o = ZOdtsMistclz S Iskz tc, Yls s Bs Y 4 |
WEdeS ydsdzOdz! dzf = R OtcOS Is jacw[LidsEHE dztsdg® e j tetfdte
fsdzz yj dgdz’ = dzOdesyOfmisdy 6 dzOL dzOyJ dzd & .
fwesmls o tj OddL Oydd d tBimMfjudeOjl M,
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btetsodzj, Ut flsjdydod ds 0fshtssilsskz
MsmsOok J dstisdscdd ftesHEZSIBo, H daC
LOctow L dzgjdzadY ftesHikzCIkses MddasjL © yOMmisd-
fteso jHjddw Hddlsjd ds?2 ftesdk 0¢d ftojl kb

[H&zd &3 dL Odz IsjtedzOdodzr 7 fklsj2 +WW
ftesBdzj &8 Wodw jlfw dMisd Lo Oddj dsdzt
1l ZOEsH Ot 1 sz ftsdzzyj dedz" 2 @ HtetsHEZCIs
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Nt J b dets  d iy titf ooy Y pepifi@sdizts 5 B d3j dzdzts cHisizi ts ) © P Hzgf
ZOdE YOMmisdy SCMdH-OE:PEzdIsEsbl F & j s bz d

Aide s tc®ptk]jlsiw bkMlsOdss dj ddj L O
Lo sets &3jlsHO MddadsjL O ROBSteOL Bj(@UR -
CoCuxFeO) dz0 tsfdtsoj 5 Odzd sdzstsB d3j dzdzts ¢ s

1 OHOud dMmfmdzj His9 Odzed W

1.RLEYdl! LOSBhds®) tdsfjisd ftsyj fno
d sdz®b, oG Fe*fn dmf sdz! L 859 Oded j &5 fyd dz! dzts s fi) dzts
¢ 1-17-8 ( {11 )

2) SHEBKOI! EkMmdssdw §tsdzyjdd™ &sdsy
8CMJHO, cdHERSSCHIRBEREM Gs@e' 7 Wjttesh §
dr MddzsjL d ~OLOCIs) t6din @3 d ME diif dz iz fig 50

3.[ftejnjddls! bhmasedw fsdzyjddy Mnlso:
duOd dMmMmdzj Hiso Ols'd B3 AL BT Y ¢ Hos2Mise O (16
L dzO Y dzd j - 15 IsijL dpUsdPO dzO OCtej ¢ Olsdo dalz (
b2 ydo sfls: )
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4. RL EZydls: COOdzdisdyd MS ¢ do@hldd@, dts s
teJ OCydd WilssH j etcOHOYdd dgdzH d e ¢ Ot dzd
sMizh jMisedzj ddv ftesyd MMO

51 sHtsBtOIls! Emdzsedw { tde@Aud2dreOmMabtedzts ¢
dmf sdz! L so Odzd § 3 M j telz M)ts HLFved P jefeRics, fiitiddzts ¢
B4 Is d tsdzd dz

6.1 tetso jdusiddzS &z  Is s € iy d Y dztCy® GuFedg GO f s d
CuFeOJ/Au dzO0 & jizfigs Is Eseh@riChia coli Castellani and Chalmers d
BacillussubtilitiesCohn.

LOEFZuydzOwW dztso dL dzO tcOB SIS

lfjtar | dMmMmdzj Hiso Odzr smtse § dzdetsMyls
SMOX HJ dzd W) dgiddd(lsIB& 0 ¢ Ifmste:dsy S 6] v dzj dzs
EMmisOdzts o dzj dzd W dEOReHdgtde j Mats ¢ s dzfmis Odzls T H
(rdizstcdH s, Mk d IVEXKIsGL0Q dztizd Isudsds, ts odej. i BB Is to
(pH 6-7 , < 60 Awu) Odzd sdets 5B 3 dzdetsjy MOy
HJGdHtOIOYd,j 2 iy tesif M @O LA H@dzd ( d5 G 1
Isj desteIs©O o fydzj H ildsE iz dets s C Be@® yj dzdw N
ftseojtorndetsfisd L jutdis@ dz@ dedzip dethls O . ylsts H-49B O9
dgddzededtelkzjls ftesyjMmMm HJjEedHtOIOYdd o Mmdzj
f s jton dztsfisd fosHECISfOcd sfg@e s | dfd v ff s dzlz y
sCtedMisOdzdzd L 59 Odgdz = @ BEdzsW OL dzf = ftetsHEC
fediets Odzd 5dz0 d MEwE(CERA § @ OS¢ A8QJ(@H), C
(Btetsh Odalsd Is) 2( fifdgdte STudedaiHs) dL dzdlstOlsO o3

I'f4twe fjetse § HJ dats MmdMmisd 3OIdyj M& 4
Bsdzd Cdzv tedzts?2 BZOMMr d HftedtesHT §tsdzdMOR C
d EkfmlsOdtsoudsjtsdztse ff to d iy lz IAfiPls o 6 gf te OHL jL2C¥ fiigldrier O dai2
tcOL d3j tetsds 14 N8 6&d,1 4d dielgizd RO f tod o MFADdz’ L t
87N24 dads.
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lfjtear j ¢ 0OL Odzts,0* oy lsasts HHjts BADUady dits(tg B dgtj dzd
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OdzOdzd L of decf{MedaGitisd dzts ¢  Mozts s’ ZO0 dBsW tsdzts
sBtOLEZshdamMw ftesHEZGCIso .

] QS IsdyimMCoOw | dzOyddtsmis: ttOBBGIST

{ OLOBBkOd IjttejlsdyjmSd) thdssr
RO dzts Y @fled,( § Ols jdzs RU 2699891 C1); Wit
CsBOd Istsdz; EMdHOI)G cOf GlsEINg Cu(E0,)@l)s d  (
ts iy dzts oGOtz tctsyJ MMy Odzed sdestsB A3y dzdzs G 5 15y«
orMsCdds 9" nsHSEZ fesHESCISO (> 96%) d W
(9 Mdaowdsjnkzdsmisozjls MISOHdW f totsS Odzd 9 Odzd
f sdzlz yJ ded v o' MsCsOCIsdo dats@ s ftoj Cztomtst
Isj B j cOlsktc® W jtctedstssBicOB &6 Ode@V f 1§ dzdpic®,
Odz' sjtedzOIsdo dz" d3d B stsH OB Mddzlsj L O.

{ OLcOBBISOdZO 3] Is s df i tOs L s dlzgzR y j did abzts y O
BIHJ(I 1) M CHBeFydkdsgOUygPdy - da Motss M
By Mvy,j e, Cslstster j Bsclzls ftej HiNlsOo dzv Is-
ftoddtsyjdd? d fteddjdejdd” o fltsidj skt

] SH B tc Odar Emdzse W L WWJCIsdo dats 2 ( B
W slssC OOk Ui MS B2 HjCOHOYdd ddzHddt
Emdzse dw s ( H3Z 0z0 dzek s dzdigts ' dzts fipls 'dzlz o £) @zt | dz ¢
C Ol Odzd L @ zfs a3 © M RodCuy F ey,
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] 5COL Odets, ybsts dOdzdydj ¢ zOflsjtess L
#uOdCuFeOstsB § MY § Ud o OJ Isls thddddi JdAJG s afts o dzd W dz
Gsatstedls s fslsj deyd Odz dats? ftod d3j dzd d3ts .
BB HdyddmSdn ftoddztsy j dzd W .

l sdztsy jdedW d tojL Ezdz sOIsr , or desfipd 3"

1. t(tdLrkd OIr dhMmdzj Hise Odedw L OFC tsdzts o
Odzd sdetstsB 3] dzdets @ 5 &Y H FdFFY i) ddiifdisdn’ L G0
fddz! detstsdeso detsets G 1@ sl OdzdsdzdlsO ¢ J

2. 1 0dzdzr j] 5 MtsmksOej, MbtkzClktej, &t
Mo s2Mise O  dzleds Qo I&-eQy (x 0,4; 0,7)

3. tiLkd O dMfdzj Hise Odzd W ftetsyj
s5CMdHd 7 dules yodndsdiyj 5 ttOL d3j tej, dBEteWt
fslsjdzyd Okz®, OcCtejcOlsdodzts?2 d fMJjHddRj dals
CuQ,

4 . tdLlzdz IsOIsT dLEyj dzdwv WtslstsC Ols Odzd
CoCuxFelOs d GBfldddL Oydd MsMisOo 0O ydHE B2
LWWiCsHpdzBOHOYId d;dzH d 6 5$ Ote dzd dzO

5 jLEdz sOIsr dmMmdzj Hse Odedw Jtetsyj MMO
CuOAu d CuFeO/Au il fJtedd3j dgj ded j &3 MJj ez H fi-toy O
Yy d mls jLefi3lpd, d s tizg dz@ Is:d dz0)

6. {(JLEd OIsT McOodzdIsj dz' dets?2 ByJ dzf d
BOGdzdIsdzr = wHjte d cdBtedHddz °» dz0detl Bzl
Escherichiacoli CastellaneandChalmerg] BacillussubtilitiesCohn

[ dydzr 2 9 ¢ dzs MGeaslgftstc ® M d Misj BOIsdL Oydd
i s & HdMMj telsOydd, o ftetseo jHjddd
1L CMYf Jjtedd3d dzls Oz dz" = OB tsls, OdzOdzd L J , 5B
Mo ts2 Mmlse OR mMddzlsj L Jtetse Odzdz" n BOIs j toed O dzts
fzBdzd COyd?ls dzts ¢ tsfg dzd @GOz y dz' o3 tczCsotsHdIs]
ddzlsj cf toj s tctso Oden dJuz@dademE d % d 3 IstisH s Odz
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LOHOY dMmMmdzj Hise Oded v, sftejHJddzgddl MY tsh
fsdzzyj dgdzr = tojL zdz' sOlstse fftetsdmmatsHddzd { t

[ sMistse j tcdzts s d s B ts fndzts © O dzdzts i Is
fBHIso jJteY HOJ Ismw dn otsmMftesdL o sHd &3ssMmls !
Misoe toj d3d dzdz’ -~ d d¥ddfurd S 5] A B3 ssH B9 0 dzO dzd L ¢
dzd Isj OIskzteds” d3d H Odzdz d3d .

dftesBOyYdwWw tcOBTSIST

tdLizd Ol HdMMjtelsOydtsdadets?2 tcOB SIS’
XXVII | st 2 fozds dzts HSY2 yded® s Rd4s tsdz | i ddygtss oz d3
sjitstejlsduimMeés?2 d +CMfjteddsj dalsOdz! dats?2 7= dc
I MmMjtesmMmd2 MEts?2 doddsHjyds?2 dokzydks?2 ¢ sd
h Ctsdz¢ A 2 dzC yd sdzOdz! dzr § BOIsj tcd Odz" : fnd dals .
fsmeowh jdzaidg s de 10ts Hdav EtseHs] daddvy  uerzy el
ustetsf 50 O-1(jds. | taBdEekds] 2| HIz&ZO0H)SH dets d3 & s dz6 te
34 Is O dzdzr d TBPd:j8teO dt' G . s BOfigdets v ) CI, | 210fifJ
ZOkZz des®OSC Isdyj M 2 CtodeW j to dzyd w ¢cmd dzd U4
stcOfMdzswtc! we 9o tORBEOR XXHYtPilsdhihhtdty
Mlskn j dzstse, OMfdOddstse d dsdztcHr 7 Eyj dz
stcOfmdetsw e €, 292 6)¢ ) ;-fdddbfystefiafiyfifn ¢ 52 ¢ 5
B JHEROteSHd d©3 EyoOmksdyjdz c¢cCCtdztcesBjL S
fwesydmmr o =~sdkdd d ~di3dud mMEs2 @ KY - dat
By Y HEZdZOtWtsSH dzs?2 € tsdeW | € jsdewped dn ¢ dgi gzdzls @ dzj dk
[ isdzedH s d yO ¢ [1jOEdxlalAc ¢ d W yo J sdz -, tcj |
B Is Odzdzts 9 € (6. stcOMmdzsw .o ¢, 2022 G. ) ;
3 Y HEZdzOtetsH dz' df, iz f) © fysdgigjRddHdzj Is d R M d i
clr Ml B3 j tOkztedzOW 3wy GEMdH A -
l1ijlkjtwBlztee, VROR3 I g)esmmd2 m¢ =2 Bts dzts H Y
B Y HEZdOESHM &3 Zyomisdy 3 cmdddy d ~ddsc
f smowh jdzdzgisRBd ¥ SHts H dzVis Wig yfrpsitedd] WS . fute - ) Od
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dzj Isd¥ MmMts HdgW sy HjdzdWY st j MO de F te
2025 ¢@.).

1l 2B dzd S Oydd

[Mdzso dzr | tjLlkzdz IsOIs™ HJMM] tcBEQH 5 dizizE
feedzd COydw n, DMds@sy wigd frpdz 3 tc dz0 dzPWoS d L
Scopus 1 sdzzyj dz 1 f Olsjdzls { A.

[BI 1d3 d Mmistelz Srisdfiph®] adyddmdgdwdls L 99 j H,
oratsHBe, MIdMEO ydlbsd R jddsRd] dabe O ued ldzis
ftoddztsy j dzd?. [ OB BB tef@ daxfsy Q Hiz@6 tecfgds i | Is
Is OB dzd y. t OBtslSO o' ff 5dzdzv dzO My ftcd f SHH
WikdzH Od3 dzls Odzr dzr = d WRy24 31 &Dd O dzde? BB dz_18B ( ©
t siMmMd2MEtsets W@l O0d&0ke d MY sz Isj dz' )
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| ZO0ofOd 4] tcOIsktcdzr 2 tsBL Bt6

1.1 A j totetsCuChdERQad

111 {8 dj Mo Hjsadfdds devjrdcts

Ajtetedlst ftejHMlsOoadwvs s MmtsBts?2 FEPsiHdd
sCMdHOR] HEkzedhn &jlOdkdEss. RA MtsilsOs
W s to 3z MEE D n2(FeS082), Wleifi] s Xizpg s Mmisjfj d@ s
mdniyd dz' § udmdzo.

{ OL d&zd YOt s dzj MSC sz S5 sdftse MlstelzC skt
dzd = W o {2 Ismw

HWjteesh §f ddjdddlsT Mt MNsttkSkkztes?2
hf d deMgad,O.;

2) WitttosGteOMQEtcd Is T s MbtekzCkztts?
CaAl(SiOy)s;

cjiCmMoY jygdsdlsr f ¢jSMOEsdRzOd dts?2 f
MistezClsktej o3d dzj tc © dAh(Fed®eAlZ)) OB § ozt di3B d Is ©

1) stelstsl j wtefjsttodlsr ) lststetsde dyj M
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Bj 6C OF Is eHa A fjf b, OSCdeQ § ity g JstiD dzts f)ls dzO dats y

s OB dzd @ OL 8 t6 dzOdzts § dz@yls, | tods o § dztslelzisils 1(
HOdzdz' a3 1 €[ ) d OoFeRAfdzedfQdisddjy o sfyfls Odzts o d
i ekmMsH j oy O d &3 OBd dets € d M dztsls © d3d

e (¢ tdzd
[BtOL j 1] tsfMls O dal Oau, dzd3| C dzOMls j tots
dzd}
L-yd flsj 1, 91N 0 35N4
wuO/Au L-yd fmis d 2, 1IN0 2 72N
L-o5j Is d s 24 N® 15Rp
L-yd fmls j 1, 52N0 3 05N
wuFeO4J/Au Lyd misd 1,4\ (@ 102
L-o5j Is d s ¢ 1, 9N 0 17N 3

[ i r0OddL &3 o smimils Odzts o dzj dad v L sdzsls 57 d
fd eemsH j ey O ddi3d OB detsC dMaztsls Odzd  fydztsy §
MlsOHd26[4361 v0OS, dOftdBjt, o Mazyoj
fjteots?2 MlsOHdd ftesdmMosHdls B rAnG®LY, 8t
Cslststotsdy o3 Isd tsdzd dz W s5df"NjHIsshigiats toedzf Hi3j dAts @ 1<DdAzH
L sdzsls s o sff)ls OAD o dedlottigEsdWvaisids] C £ dzs2 O d3q
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sCdMmdzy j Ismw His Mk dz WSECHGHCNH)GQAH] s ded@iz
fsmdzi Hdz 2 MEOHEtcE AnCif sy steydsdddetlz § |
BjlsOdk&duj NSt Lsdslks:

3[AUCl,]' = 2AWC + [AuCLy]' + 2CF'. (30)
lted dhfsd L se OUAY IYdIsPdeEzO o L aKIB) |,
o sMMis ©dzeO Oy alzB § | MPEASTLE D H O dAY 1 tinlints 52 yd o
BOdzts o Ofls § sty dBHIRAYSs {IgK = 12,2):

AUCIy" + HCys = Au(HCys) s+ 2 CI + H, (31)
Clstster 2 ftod dqLerlsCj ydmjddo ffshmss o
AU(HCys)s s+ HCyS = Au(HCys)'. (32)
d HOd dzj 2" jets o shfls Buakp i dag FER IR0 A
=70, 05[ 26)6] . , (OfOC@® Odzsts o  J[RFF2BH] Hitelm O dz
otsmMmMlsOdets o dzj dzgd W L scdzslsO( 1 1 1) HES L sdztsls ©

AuHCys dzj sBrtsHd 3" dgj 2IstcOdzt dz" j ddzd h j dztsy
ydmisd ddzO
wsdzj Hizjls Blsd3jiIsdls! , ylsts {itgty s Y lezdas G df f
Bfsdzd 4 MmegEMizpls@detsd dinffdejmdse j dz HOxJ o Mc
o tsMiis Odz@a(ikd oMEs0) L O tsHdkz MmisOHds M Bt
C d f) dztsiéNOsS269271]:
10[AuCly] + 3ays-Cys+18HO = 6C3H;NOsS +10Au +40CH30H".  (33)

| ©woRBsjls@Syj § sdzyOdd @UAUEHDD BYS I
CdHEEL Bdv  dzO dzts Y O stz USTiRs@zG ME s 4 dzts Is
fsCter sdw o jtendtsimisd Lsksstsd Br &), Y]
O ©OL &j tc dzOdzs YO lsfmy Lot detsfl4s@s C ais@ys 'H A tOWHioBD |
rsmisdcdzlsOv d&zOsd o' MEC OW § deslsdetsfls ' o 1
fs ofj2 odhnd®shisdmsiesd vy jkh s hls dt
SCHdHd § iRy jededy & Odatfsthdes t§alkbgddets sB j MY
o' MsCkzr Misj { jsds'tc JQHOMY telB wigsd L O thwC|, i dzdy'tstizd
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Odsq dzts € q(ieasist 2g)°f ®@a0] ©f desfylsd d M shes fils:
bHjteydo Odzd “L €N | o5 0

) szl Y gsde® dzts ROB g d @y dzs  dzj €S8 bk eOo
odzjh dzj €8 BOC dzd Is dz=BzO i Gy . L g@aqd ls j dz' «
fsojwidsils: v d dedLC2 fssddshls: v o
f so | ededdR®drs Y@l ey dedz) , yYbsts HJ &Oj I dn
COOadlsdud M¢ds d BdBd@B3iHdYyddemMs dr f tod d3d

stesdgj ke, bkejddydesow ydhdas flsOH.
fso’ fdls! CodduyjfMmsets d ©OL&Bjt {0 jten
sttt Odzd W MY dzsh dzts 2 dzO tgtizig © B Bj dotg B tzdts
s¢MdHO B HA

3721 dslsjMisdtetse Odzd j & (B tod HAR Au dzd detsiydD

I fewLd M otLEsydshs' ¢« §slsjdydod
cdBtcdHdzr » dBOIjJtdOdzse © Bddscecdd d dJ
fesedzj 8O do Bdthmtodj MisdBshisd. 1 OL &) t
fMizh jMmlse jdede" &3 W OCIststetsdz, o dzdw s h dqag27MO Is
yOfMmlsdyr ojdz' h jets tcOL BjtcO B dEZOHO® s BISC
o' MEC 2 o jthdshsds? OCkdo dsmis! &, 1
sts¢mdudzmisdu ¢ Md ydetsmils! dzOdesyOMmisdy sy
f 5o jton detsfls dzts @ ts ftsdztsy g Isj dz' dets @ ts L Ote
L dzj ClstesMisOlsdyj MS et 027@ddsHj2Misedw )

I Couj mimaMmisbgmls dzOhda + CMYJ tod d3j dals
Bd € tetststc ¢ © dzdali df" B.subtilis Il desmtse &3y Misd dzsmls
ZOdzts yOMmlsdy dmmdzj Hse Odzd Bj ssHisSAdZ OGC Otet
ROdsyOMmisdy Gl dkzdS d i€ 2 dk dz6sg / esdzH d OFf OL t

fjLbkd 5O  HdWV¥Licd fhizdds®)s 4fss MBLOO dz(f
O des yOMmisd yr IS dHO Ldgjdrsds O dzO@  tso j ton dzts
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ssSMdyuiMSd2 L WWjiSlk, ylst Mmewe.Ods M d
o MO 52 toj OCyddaczts? MY sftse desfyls: & |

t d Mz4BsCtsde d dz6 d B d to ts 9-O Hzdp s Sulilig(s-@ ) Eghli Is
(-§) dz0dzts y QuiRdOd (7] G BFeQr/Au( B ,CyQ( ® CuQAu( ¢, d)
11100 Bci/50dz, Be /i2REz, &3¢ B Moz, 5 &c/ Bd

tdmMkzs§dzBde OCIs] cd Odz! dzOW OFC Is g0g, dzts M s ¢
dukK® Au, CuO, CuO/ Au d CuO (-1lsdgiddg Iz tf &:
B. subtilisd E.coli


















































































































