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Abstract

Testing for pesticide residue is a necessary step in the food safety production process.
However, testing is complicated, time-consuming, and costly. Therefore, this research aimed to
develop a simple and rapid method for pesticide residue detection. This study aimed to select
DNA aptamers specific to carbaryl and cypermethrin for the development of an electrochemical
aptasensor-based detection system. Carbaryl and cypermethrin standards were used as aptagen targets
during aptamer selection via Systematic Evolution of Ligands by Exponential enrichment (SELEX)
and indirect enzyme-linked aptamer assay(ELAA). A total of 13 and 22 DNA aptamer strands binding
to carbaryl and cypermethrin, respectively, were successfully isolated. Among these, the carbaryl-
binding aptamer Car26 and cypermethrin-binding aptamer Cypl26 were immobilized onto
screen-printed gold electrodes (SPE gold) to construct biosensors for detecting pesticide residues
in vegetables. The developed aptasensors demonstrated low detection limits (LOD) of 0.049 ppm for
carbaryl and 0.044 ppm for cypermethrin. Compared to conventional chemical analysis methods, this
electrochemical aptasensor offers lower cost, digital quantitative output, and user-friendly operation,

making it a practical tool for rapid on-site screening.
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UN¥ (Introduction)
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MINTINGOU n,mmmmamﬁasuummmwaﬂmmmmwau M lazainaems ldaulussay
AHATATHIDMIATIVADUMNATUINDEINIT
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uollauues (aptamer) HaaauiaduiuRaiiuTassaiandogil (tertiary structure) H4Tin3vau
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wmﬂwmamﬂmmmﬂmmwmﬂwmﬂmmamumﬂaia”lmuwﬁwaﬂmmmqamumﬂaia”lm
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ﬂ’e)mﬂuﬂ systematlc evolution of ligands by exponential enrichment (SELEX) (Tuerk & Gold, 1990)
G]NiJL‘WEN 3 ﬂlu@]@uwﬁﬂ"] ﬂ@ 1. ‘Ll'lﬂﬁ\‘]LL@‘]J@YIL?Jﬂiﬂﬂﬂﬂiulﬁﬂalﬂ']ﬁiﬂﬂ 2. ﬂﬂllﬂﬂll'ﬂﬂﬂ'lm@iﬂﬂﬂ
ﬂ'UI?J!ﬂf}ﬁlﬂWﬁiﬂfJ ag 3. !Wilﬂ%‘iﬂmll@ﬂ@"lmf]i‘VlmJﬂllIllLﬁﬂﬁ!ﬂ"lﬁ“"lﬂﬂ?ﬂlﬂﬂﬂﬂ‘wc]f@”ﬁ N15A9
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m’mﬁ@umﬁmﬂmmmﬁmwﬂumgm £011135 (Wang et al., 2012; Liu et al 2019; Phopm &
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HIAADY (Wu et al., 2014; Zhu et al., 20179,) Lmzmimaﬂmmﬂﬂum@m (Shahdordizadeh et al.,
2018; Abu-Ali et al, 2019) Tasnuideiilinglszasdiionadonadueuelauuesuayiam
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Yaa avlnsal nazdzms (Material and Methodology)
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1. m3raidenas e M nsumsmiinialsmeinmsiy
1.1 mimimmmmammmﬂmmai (DNA aptamer library)

FUATE RIS WO 8IAY) (DNA aptamer) Y119 100 1993 10106 §4% -AAAGAATTCAAG
CTTGCAAGCTTGTTCGAGCCAG-(N,)- TCGGATCCGCTATAGTGAGTCGTATTA-3 (BIONICS,
South Korean) #11)5zne1 dwiiand lo Induuuguimnu 40 wed (N,,) oguinmnalves DNA
aptamer muummmumamﬁmmuuJuamuuaﬂaIa”lm@mmmwuﬂ‘%mmma”lwmm 1835
PCR 743 forward primer (AptF), 5-TTTCTGCAGGTCGACTAATACGACTCACTATAGCGGA-
3, reverse primer (AptR), 5-AAAGAATTCAAGCTTGCAAGCTTGTTCGAGCCAG-3' W03 1ag
danT12 131103 AptRBiotin [(biotin)-5-AAAGAATTCAAGCTTGCAAGCTTGTTCGAGCCAG-3]
#1115UAA biotin NUa18 5° Y99 DNA aptamer

1.2 miﬁmﬁaﬂ?}Lﬁd)mmwﬂmmag‘ﬁj‘i’umim%m‘%a/“lcmwaiw?u #1835 SELEX
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95 DarIAITeE U 5 WA ez urhudatud w10 il mﬂuu mumimmmumﬁmm/
lapmwosmmsuio § uaaﬂimaam a3 10 lulasdas wéi 200 seudowi Nguvgiivies
Lﬂunm 1 ‘mhlﬂ mamﬂaauu Vlvaspm 500 (GE Healthcare Sweden) 7T Molecular Welght
Cut Off (MWCO) 30 nlasaau mumammammm 13,000 OUADUIM Lﬂunm 30 Wl
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2. mvinnyansgeumivisalumwedmmdudtamaiin Electrochemical aptasensor
2.1 MIANAAI0819NYAN NG High water and chlorophyll content
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911U 1.0 NTU trisodium citrate dihydrate (CHNa,0,) 11U 1.0 NTY 1182 sodium citrate dibasic
sesquihydrate (CBHNa,0,) $113 0.5 03w uddtardh wewse delionui mudoviids
vortex mixer 1 1 W17 1 liiuanazneuiinnudisey > 3,500 seudewi WM 3 Wd
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> 3,500 TOUABUIT WU 3 U NTBIATHIU syringe filter (PTFE/Nylon) Y11 0.2/0.45 T 1nT1i03
adduwaeaving 1.5 faaaes 1 lUSnseimiSinamsdienies Zensor Simulator AC
Impedance §' U ACIP100 (Zensor, Taiwan)
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(Screen printed gold electrode; SPE Gold) MuIsaaulasvues Naghshbandi et al. (2022)
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(Limit of quantitative: LOQ)

[

M31)5ziiumm LOD uaza1 LOQ l#auns91n3184114ue4 Ellison and Williams (2012) #a
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1o O AD A1 residual standard deviation YOIFYYIUMIAOV AU

o 9 % Y [y YRR 4 1 [
b Ain ANFUveNFUAeUEY FazieuanuduNuTIzHINTYyaaTUMULazaN Ve
. . )
LG I PR A,

wanazoNilse (Result and Discussion)
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1. ﬂ15ﬂﬂ!’s’lﬂﬂﬂ!ﬂu!@!lﬂﬂﬂ]!uﬂi‘ﬂﬂﬂﬁ1ﬁﬂ151J1§ﬁ/‘1°lf!1"|6ﬁ!3~17151-!

A v

Aadonaduoelauues NTUAUMS IS/ lsneSum3u dremaiin SELEX 1azds indirect
ELAA wuasuenelauueifmumssadenamsasuiuansinasgumiuizalsmesamsy
& SudenmBueuelnmesfsusuasuisalanesunsy ANAY SN ration WA 2 TIUIU
6 1 ldun Adwenelawesdemsuiia Car4, Carl0, Car26 uawalgumuaﬂmmagﬁia
lawesum3u Cyp4a9, Cyp71 wag Cypl26 N iAsuenela e Sudazidu asannuia il
SPE Gold tilednsizdmssuiumsuisa/lamesumiu Iﬂanﬁwmauﬂuuwzwaiﬂﬁmwma
MNATIIY nna1 EIS Gummmmmumiuwia/”lmwaimmu didunna EIS veniled
viunaash asweuolnime uni lihaunsasusunsuita/ lamesumiuld minmmaans
WU AduenelauuesivuiunIfui3a Card, Carl0 1y Car26 NAdyia EIS U99113a579
sumsuisaniimles Wiy 15.27/7.13, 20.07/11.50 nag 22.57/10.20 Tulas Teviy mudiey Fadl
Aganimdaans EIS vestiilesnnidu (nndl 1n) danddueuetmmesiswnzae lamesumiy
Cyp49, Cyp71 1tag Cypl26 Ua1 EIS suaqmsm53%§’u"lmwa§zum§u/ﬁﬂzﬂa§ N 26.17/22.70,
25.60/22.81 1A% 19.50/11.00 TulnsTovy mwdeu mmmwmawmm EIS mmuﬂMasmmﬁu
Ui (Wi 19) mﬂwamimaammm‘lwmum mamau@ﬂmmm‘wmau mammum”lwﬂw
dansamuainsalumssuiuaathnneld dufuluanisell sudonldaduonolamweds
Sutumiuisa car2e uas adueneaNeIHsURY lamesun3u Cypl26 ulsznoudiodidy
war mndate 5 ldare 3° gaaaalumand 1ueiieidduiing Te Indvesmisuenela s
wilaseaduauda i 2) woh Tassa@eiidgaunsafuin nudeurhliifg loop tay
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