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Development of a highly sensitive label-free optical aptasensor 

for cisplatin detection 

,, 
1r11.:in111 ,5' vil1~iuv1u iruur;1uu <il1n b~'l.!11 v 1~ 11V111'Vl v 1~ v r;1.:i6ll 6'11'L! ri~u'Vl{ 

q q 

. 
li'l1Jl1)J. .................................................... . 

., f>J; 
Bib Kt>, ................... ... ...... ..................... . 

........... : ....... ~/ ~ ... rn.fl~.2 .. J .................... . 



4 

'atl~ 13 bb~~-:im1vhJ7\,l1~7m~Vl17-:JA7 (ratio)A bbG'l~A7fl17:!Jb'V '!l'U"llel-:J;~V'lm~'U'17f7 " ~ 
21 

' ~ ' ~ 

b'lf'Ub 61!81 bb U'\J'V1~8-:J'11 fl f71 Wl~G'l 8-:J61!1~fl1-:J 

'atl~ 14 bb~~~m1vfaJ1\,l1~1m~V111~A1 F0 /F bbG'l~A1m1mi:wi'U-u0~sB~vm1~1 . .r'il1 n 22 " ~ 
' d 

b61f'Ub61f81bb'U'U'Vl~1:W 

,, 

Aru~~1~8'1lel'll8'\JW1~Aruf711~u'U~'U'U~1'Ub1'LI'Vl'Ul~m.h~b.n'Vlvl'11 tl '17f7b1~1181~:w'Vl71'V187i;r8-
\J 'I 'I , 

~~'LJG'l.,.7'Ufl1'LI'Vli.., tl1~'<ii'1tl~tJ~1~~1ru w.Pi. 25 .. 57 (1"M~1A1:m1 sc1yo375? ~~~0tJm~~run.,.11ffutJ~~~ 

~1'Ub~'U'Vl'Uf711Plf7~1 (~7Vl1'\J'U188'U~1ru b 'U8:W:W~f7) '11f7'Vl'U~'ll181'18 flt1.!~1'V181Pl1~\,l1 
'I 'I 'U/ . 'I \J 

:WVl71'Vl87i;r8~~'1lm'UA1'U'Vli ("'ruru1rn'll~ 1-2560-02-009) 'll8'll8'\Jflrum1:wf711~'Vl1~Aru1~~mru11 'IX 
U IV 'I '\J 'l 'l 'I 

r11 bb 'U~tl 1 b ~0tl1tJtl1~ fl rumw'll 0~~7'U\,lG'l 8~'1'Ubb 'LI~ bb 'U1'Vl7~ f711 bbnuruV11 'll8'1l8'\Jfl ru~m'Ui~ 8f711 
'I , u 'I 

1 bfl11~~~11tl1mruu08 bbG'l~ 1 'U belb61f'Ub61f81 (U'1'1U'Ub tl~8'U~tl1'U~b 'U'UP!'UfJ1~8fl11:W b'U'Ub~Pl~1'U f711 
' 'U 

' ' .c:.. QJ .c:.. 'O Q./ QJ I.I i.l di! ,,::!I ..::ii 0.Q.QJ 

:WVl11'Vl81 G'l 8 ~ ~'LJ G'l 1'U fl 1'U'Vl 1 ~ 1Vl1'\J f711~'U'U ~'U'U~1'U ~ 1'U bfl 1el~ :W 8 bbG'l ~ ~ t11'U'Vl f711'Vl 11'18 
' 

5. 'UVlil91Eiel 

sB~wm~'Ub 'U'UtJ11 unrjmb WG'l~u:w~1V1fo1n~111A:W~b ~~~18f711'Vl71 '!Xbii~ a poptosis ;~WG'l7~'U~'U 

fl'U~bB'Ubelbfl~b 'U'U 1m~~{1~ cisplatin-DNA adduct zj~'LJ~'ll17~ m ~m'Uf711'<il7G'l8~~1'1l8~~bB'Ubel (DNA 

replication) bbG'l~f711t10m"M~~ bB'Ubel (transcription) t-itJ11sB~wm~'Limm1t1'Vl7G'l7m61fG'lJ:W~b ~~1 'LI 

bA:wn~~Vlm8'1lU~b-d'U :w~b~~-r~h) :w~b~~'111i bbG'l~ :w~b~~tl1n:w~G'lfl 081~hn\,l1:wm11~f'U.a~wm~u1u 
" 

tl1m rum f7€l1'1ri 81 'IX bfl~ 81 f711'LJ1~ bA8~~hJ~~tl1~~~fl1 'Urn~1'\J 81 b ~ 8~'11 f7f7118el f7fl'VJBhJ1~t1 f7'<il1 n~ 11 
'U ·1 " 

bUW1~fl'Ub61fG'lJ:w~ b ~~b vhi!u ~1el81~'1Jel~el1f711'V1~bA8~\?l~f7~111~bbnfl17:!Jb 'U'Uvl~~8~'\JbbG'l~ 1(,1 el1f711fl~'U 

1ITT~ b18'U bbG'l~f711'Vl1G'l1tJb61fG'lJtl1~~1'V1 zj~~~el8b 'UbfltlJ','] b~8~~elf711bfl~el1f711\?l~f7~111l1Mt1n'<ii'1n~ 11 
" " " 

bUW1~~th8ffi~1'\J 81 b vhi!'U cJ~ 11:w(i~'U Am m~7511 ru~'LJ~'Vl1Vlt!7m '!Xm bbri~th 8B f7~18 15f711Vl~~~'1~ 
'U 'I 'I 'U 

-d18Uel~ fl'U'U q)Vl1dA el f711~ ~ \,l1:WU1m ru-B~t-iG'l1 ~'U ~'LJ'U elel nm 1 uu~~11 ~'LJ el~ ~th 811:w(i~ 1 'LI'U1 b 1ru~1~ I 
1 u'!Xel~ 1 '!Xm bfl~u1u ~ b ~ 0V1~ m~ 8~ f1111 ibfl~el~iiei~"ll'Uiel'UbbG'l~~ 11F11 bb w-:i ~1u1~ 8d~ b u1V1m 8~'1 ~~\,)J'U1 

1 tJ 1m'lf'Ub'lfel1b ;~bb~~~G'leim 1m'lf'U611~1V1fo\,l11'11~.a~wm~u 1~81~tl1~8f7(,]1 ib 'VlflUflf711'1ltJ18"'ruru1ru 
'U 'I QI ti 

bb'U'U1:w"l.ffbel'U161f~'1JU~ catalyzed hairpin assembly (CHA) i1:wn'Uf7111i~11b1el~bb~~1m;~61{1~6111A 

b~el 1 W.fil'U belb61f'Ub61fel1~~fl17:Wblbfl11~~61~ 2 bb'U'U~~A1;~'<il1fl~'llel~f711(,]11'11~ 21.8 'U1 b'Ub:lJG'l11bbG'l~ 
" 

182 'U7 b 'LI 1:wm{ zj~~ u1~1?1'\J b~mn'UntJA1~1~'17f7 b 'VlflUflm(,]1~1'U~"ll'Uiel'UbbG'l~~11F11bb w~brn~~n11A1~ 

1~'11n 1 tJ 1m'lf'Ub61fel1~m1118~1umriel'LIV1U1d l?l~i!u 1 tJ 1m'lf'Ub61f01~1~~~~~f78.fl1W~'1~'W\,lJ'U71 'IX611m1t1 

t111 i1~tl1mru.a~wm~'U 1 uu~~11~'1Jel~~'lh8Vi1el~U'Ub ~el'U 1 u~ei~ 1 ~tJ1bfl~U1U~ 1~ 
" 



5 

Abstract 

Cisplatin is one of the platinum drugs widely used in chemotherapy capable of causing 

apoptosis in cancer cells. Cisplatin binds to genomic DNA forming cisplatin-DNA adducts and 

hinders replication and transcription processes and has been successfully used to treat various 

types of cancer, such as ovarian cancer, colon cancer and cervical cancer. Despite a strong 
• I ' 

benefit, however; the drug gives negative side effects on patients being treated because the 

cisplatin-DNA adducts formation occurs equally well in normal eel s. The undesirable side 

effects include toxicity to liver and kidney, nauseating and ,neurodegeneration. The risks are 

not only limited to patients but also to medical staffs involving in administering the drugs in 

chemotherapy workplaces. An effective way to mitigate unexpected cisplatin exposure from 

over-dosage or contamination is to monitor the level of cisplatin excreted in patients' urine 

as well as from swaps collecting from chemotherapy workplaces. To avoid using highly 

sophisticated and expensive instruments, this work aims to develop simple yet sensitive 

fluorescent biosensors based on DNA for cisplatin detection. To ensure high sensitivity, the 

sensors utilize an enzyme-free amplification method called catalyzed hairpin assembly (CHA) 

along with creative application of fluorescent dyes for signaling. Two biosensors are 

successfully developed; one with the limit of detection of 21.8 nM and the other with the 

limit of detection of 182 nM. These values of LOO are comparable to those from conventional 

yet sophisticated techniques and it is expected that the sensors will be useful for real use in 

monitoring cisplatin concentration in urine samples from patients or in swaps from 

chemotherapy facilities. 
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