




!"#$#%&'(")*+,-+'"'%#)+.)/0&#%$(&001)2%3"%(4&50")/0"(%3+6"#)+')
2$0$(+'")7",53&'"#)
854$#4"9)8:3&;&0<)2=,,"3)>?? )

)
A B'%3+6=(%$+')C))

!"#$"%&'()$*$)$%"#+,$-*'#$*%+.,/%"0.1*2$"')*30)2-*4&0%&*#$"'0.*"&$0#*%+.,/%"0.1*5#+5$#"0$-*3+#*
-"#'0.-*+.* "&$*+#,$#*+3*6789* *!"#$"%&'()$*:0%#+;<)$%"#+,$*=##'>-* ?!:<=- *2'>*($*/-$,*'-*'* #$-$'#%&*
"++)* 3+#* "&$* -"/,>*+3* "&$* $33$%"-* +3* "#'/2'"0%* (#'0.* 0.A/#>* ?B#D * %'/-$,*(>* "&$* -/,,$.*,$3+#2'"0+.*+3*
(#'0.* "0--/$* ?%F* G 9* * =""$25"-* "+*2+,$)* 5+-""#'/2'"0%* ')"$#'"0+.-* %'/-$,* (>*B#D* +3"$.* 0.(+)($* #'50,)>*
-"#$"%&0.1* (#'0.* %$))-* %/)"/#$,* +.* '* -0)0%+.$* 2$2(#'.$F* '.,* "&$.* 2$'-/#0.1* "&$* #$-/)"0.1* %$))/)'#*
#$-5+.-$%9* *#$%'/-$*+3* "&$0#*'(0)0">* "+*-"#$"%&F*!:<=-*'))+4*-02/)"'.$+/-*2$%&'.0%')*,$3+#2'"0+.*'.,*
.$/#+.')* #$%+#,0.1*+3* "&$*(#'0.* "0--/$F*'.,* "&/-* 3'%0)0"'"$*2+#$*'%%/#'"$*2+,$)-*+3* "&$* 0.A/#>;0.,/%$,*
.$/#+.')*,>-3/.%"0+.9*

).3+#"/.'"$)>F*"&$*#$-0-"'.%$*+3*-"#$"%&'()$*$)$%"#+,$-*0.%#$'-$-*40"&*-"#'0.*'.,*5+-$-*'*)020"*+.*
"&$0#* 3/.%"0+.')0">9* * B&$* "+"')* $)$%"#0%')* #$-0-"0(0">* +3* "&0.* 30)2* %+.,/%"+#-* 0-* 2',$* /5* +3* -$($#')*
%+25+.$."-J*' *(/)KF*( *"&0.*30)2F*% *1#'0.*(+/.,'#0$-*'.,*, *-/#3'%$*#+/1&.$--9**,+#*"&0%K*30)2*+#*40#$-F*
"&$* (/)K* #$-0-"0(0">* 0-* "&$* 2'0.* %+."#0(/"+#* "+* "+"')* #$-0-"0(0">F* 4&0)$* "&0.* 30)2F* 1#'0.* (+/.,'#>* '.,*
-/#3'%$*$33$%"-*%'.*1$.$#'))>*($*.$1)$%"$,9*-+4$($#F* 3+#* "&0.* 30)2*%+.,/%"+#-*-/%&*'-*20%#+$)$%"#+,$-F*
"&$-$*%+25+.$."-*%'.*&'($*'*-01.030%'."*%+."#0(/"0+.*"+*"&$*"+"')*#$-0-"0(0">9***

.0"&*,$%#$'-0.1*3$'"/#$*-0/$F*"&$*-/#3'%$*#+/1&.$--*2'>*&'($*'*5'#"0%/)'#)>*)'#1$*%+."#0(/"0+.*
"+*"&$*+($#'))*#$-0-"'.%$*3+#*!:<=-*?0 9**B&$*%+."#0(/"0+.*+3*-/#3'%$*#+/1&.$--*"+*"&$*+($#'))*#$-0-"'.%$*
0-* ,$"$#20.$,* (>* "&$* "&0%K.$--* +3* "&$* $)$%"#+,$* '.,* "&$* -/#3'%$* #+/1&.$--* +3* "&$* -0)0%+.$*2$2(#'.$*
-/(-"#'"$9* * .$* 4+/),* )0K$* "+* +("'0.* '* 1/'."0"'"0($* #$)'"0+.-&05* 4&0%&* $-"02'"$-* "&$* %+."#0(/"0+.* +3*
-/#3'%$* #+/1&.$--* "+* "&$*+($#'))* #$-0-"'.%$*+3* "&$*$)$%"#+,$-*'-*'* 3/.%"0+.*+3* "&$0#* "&0%K.$--9* * ,0.,0.1*
-/%&*'*1/'."0"'"0($*#$)'"0+.-&05*0-*"&$*30#-"*-"$5*"+4'#,-*"&$*,$($)+52$."*+3*"$%&.01/$-*"+*20.020/$*"&$*
+($#'))*$)$%"#0%')*#$-0-"'.%$*+3*$)'-"0%*"&0.;30)2*$)$%"#+,$-*+.*-0)0%+.$9*

*
> /D-"3$,"'%&0)EF"3F$";)C))

2/#* '55#+'%&* "+* +("'0.0.1* "&$* 1/'."0"'"0($* #$)'"0+.-&05* ,0-%/--$,* '(+($* 40))* ($* "+*
->-"$2'"0%'))>*%+25'#$*1+),*)0.$-*+3*('#0+/-*"&0%K.$--*+.*-0)0%+.$*2$2(#'.$-*40"&*"&+-$*+.*1)'--9**!/%&*
'*%+25'#'"0($*-"#'"$1>*#$)0$-*+.*"&$*-2'))*-/#3'%$*#+/1&.$--*+3*1)'--F*'.,*"&/-*'))+4-*3+#*'*-025)$*4'>*
"+*2$'-/#$* "&$*-/#3'%$* #+/1&.$--* %+25+.$."*+3* "&$*$)$%"#+,$-3* #$-0-"'.%$9*.$* 025)0%0")>*'--/2$* "&'"*
"&$*,033$#$.%$* 0.* "&$* '2+/."* +3* 1#'0.* (+/.,'#0$-* 3+#* "&0.* 30)2-* ,$5+-0"$,* +.* 1)'--* '.,* +.* -0)0%+.$* 0-*
.$1)010()$9* * * D.* ',,0"0+.F* 4$* %+25'#$* $)$%"#+,$-* 40"&* '* )'#1$* #'.1$* +3* "&0%K.$--$-F* #'.10.1* 3#+2*
"&0%K.$--$-*+.*"&$*+#,$#*+3*4%7*5*"+*4%7777*59**

**
G H&53$(&%$+')C)

B&$* 1+),* )0.$-* '#$* 3'(#0%'"$,* +.* $)'-"+2$#0%* -0)0%+.$* -/(-"#'"$-* /-0.1*20%#+$)$%"#+.0%* 5)'.'#*
"$%&.+)+1>9**B&$*-/(-"#'"$*0-*'*(0+;%+25'"0()$F*5+)>,02$"&>)-0)+6'.$*?78:! *2$2(#'.$*+3*"&0%K.$--*+.*
"&$* +#,$#* +3* 4G67* 92* ?GF* Z 9* * =* %)$'.* 1)'--* -)0,$* 0-* 30#-"* %+'"$,* 40"&* '* &>,#+5&+(0%* -$)3* '--$2()$,*
2+.+)'>$#* ?!=: * 0.* +#,$#* "+* 3'%0)0"'"$* "&$* #$2+(')* +3* "&$* 78:!* 2$2(#'.$9* * B&$* !=:* 0-* 2',$* (>*
#$'%"0+.*+3*"&$*1)'--*-/#3'%$*40"&*%-F*%-F*G-F*G-;7$#3)/+#++%">)"#0%&)+#+-0)'.0.*-$6',$%'.$*'-*,$-%#0($,*
 
1 The cellular response is a cell staining technique that can only distinguish between living and dead cells. 
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2 Contacts for the resistance measurement were made with the use of silver ions paste and thing gold wires. 
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