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(Development of portable detection system of agrichemicals

for the safety enhancement in agricultural products)
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SUMMARY

I. Project Title

Development of portable detection system of agrichemicals for the safety enhancement in

agricultural products
II. Purpose and Necessity of the Project

O As accumulation of harmful chemical substances with low molecular weight in
one’s body can cause disorders of endocrine systems even in trace amounts,
continuous monitoring and analyzing system is highly required.

O Conventional methods of pesticide residues detection are expensive and
require a lot of time as they are mainly based on instrumental analysis (HPLC,
GC, GC-MS) that are Ilimited for rapid detection in the field. Thus,
development of a multiplex real-time sensing system is needed for simple and
rapid detection of harmful substances.

O Increase in the need of field detection technology for low molecular weight
substances has led to the need in securing the source technology and
continuous development with a high possibility of industrialization in this field.

O In particular, a highly sensitive colorimetric sensor for agricultural pesticides
detection can not only be easily handled by the public but also applied for
real-time analysis in many households and companies with low detection limit.

O Biosensors based on biomolecules such as antibodies and enzymes can be
used to detect harmful substances. Similarly, application of nano-biosensor is
highly required to detect various low molecular weight pesticide residues.

O Necessary and sufficient conditions to have wellness industry and trustworthy
agricultural marketing culture for public health and sanitary with portability and
convenience.

O Regulations and encouraging factors of the industry
: according to the regulations of agricultural and marine products market, most
of cities and provinces require safety tests on agricultural products. Due to
the limitation of current technology, application of safety tests are restricted
and managed by local governments only. To overcome this, there is a

possibility to enact an ordinance due to the needs.



III. Scope and Concepts of the Project

1. Concepts of the Project

O Research and development of bio-receptors and highly sensitive colorimetric
sensor for pesticide residues detection

O Development of aptamers specific to pesticide residues (organophosphorous,
carbamate and other types of pesticides)

O Development of highly sensitive optical nano-biosensor chips (strips) for
multiplex real-time detection of pesticide residues

O Development of highly sensitive and portable optical detection system for

pesticide residues detection

2. Scope of the Project

O Development and improvement of more than 10 types of DNA aptamers
specific to pesticide residues (organophosphorous, carbamate and other types
of pesticides) present in agricultural products and processed food

O Research and development of bio-receptors and improvement of efficiency
using nanoparticles for pesticide residues detection

O Development of multiplex and real-time  colorimetric and  optical
nano-biosensor chips (strips) with high sensitivity for qualitative and
quantitative analysis of pesticide residues

O Development of highly sensitive optical nano-biosensor system for pesticide
residues detection

O Development of portable devices and miniaturization and commercialization for

pesticide residues detection

IV. Results

1. 1st sub-team (supervision) : Research and development of bio-receptors and
improvement of efficiency using nanoparticles for
pesticide residues detection

Research was conducted on development of highly sensitive signal detection using
nanoparticles. Detection methods based on the observations of gold nanoparticles
aggregation and its luminescence intensity were developed. Moreover, antibodies
and gold nanoparticles based colorimetric sensor with high sensitivity was

developed for the detection of pesticide residues. With this, great positive
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potential of such sensor was confirmed with different types of pesticides and its
signal reproducibility was secured with a standard equation for quantification of
pesticides. In addition, research was also conducted on specific detection method

for Carap using fluorescence dyes and metal ions complex.

2. 1lst sub—team commissioned task : Development of more than 10 types of DNA
aptmaers specific to pesticide residues
(organophosphorous, carbamate and other
types of pesticides) present in agricultural
products and processed food and research
on improvement of its efficiency through
screening optimization and structure analysis

Organophosphorous and carbamate pesticide residues present in agricultural
products were selected and their specific aptamers were developed. These
pesticides were selected through pre—anlaysis on pesticides used on rice
cultivation such as Iprobenfos, Tebuconazole, Mefenacet, Inabenfide, Carpropamid,
Pencycuron and Edifenphos with development on specific binding aptamers. The
secondary structures of developed aptamers were analyzed by m-fold program
based on Gibbs free energy. Moreover, binding affinity and specificity of aptamers
were confirmed through colorimetric detection based on gold nanoparticles.
Patents on sequences of selected aptamers were registered and from this,
aptamer library was established. Additional screening of aptamers for Acetamiprid,
Acephate, and Butachlor was performed and analysis of aptamers was done in the

same way.

3. 1st collaborative team : Development of highly sensitive optical nano-biosensor
chips (strips) for multiplex real-time detection of
pesticide residues

Multiplex strip sensors were developed for real-time analysis of different types of
pesticides using apamter—-enzyme complex reaction. Aptamers for pesticides
developed from 1st sub—-team commission task were used for optimization of
quantitative and qualitative analysis and with this, specificity and limit of detection
of each pesticide were confirmed. Drawbacks were improved through trial tests on
real samples using strip sensors. Afterwards, cut—-off value evaluation on 10 types
of pesticides was performed and scale-up conditions for industrialization were
established.

4. 2nd collaborative team : Development of highly sensitive and portable optical

detection system for pesticide residues detection

_7_



Portable and optical analyzing device was contrived for pesticide residues
detection. Algorithm for design and production of CCD modules was developed and
PD measuring modules were designed. Therefore, optical system was produced
through the algorithm. The produced portable device was evaluated and wireless
communication system for smart-phone applications was established. Embeded

system for materialization of user interface was designed and produced.

V. Project Results and Performance Utilization Plan

O In the real field such as agricultural product depository, big agricultural markets
and supermarkets, consumers and product quality managers can utilize on rapid
and accurate detection of pesticide residues present in agricultural and
processed products. (Furthermore, the applicability may be expanded to quality
assurance of organic, pesticide—free, eco—friendly and chemical free agricultural
products)

O Individual manufacturers and distribution service managers desiring autonomous
safety management on agricultural products and solution for existing agricultural
product distribution system, respectively, may utilize on establishment of
pesticide residues detection system.

O To secure original integrative technologies such as aptamer and nano-sensor
technology and improve global competitiveness in biosensor market related to

portable measuring system of multiplex qualitative or quantitative detection.
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[AI1A ]
[1AdE 753 23]

—L
=4

7}. =Y 22 Enhanced Green

d

1) EGFPE o] &3 83 AA9 7|

Fluorescent Protein (EGFP)& o] &3 H| A AlA e 7

1
=

(7}) EGFPe 233 +x, 3%

+ EGFPZ A7) $18l Escherichia colidl EGFPE LA 7]+ FAAE dddse 53 &=
Y& 3ta, o]ZHE IPTGE S3te] #EAES Fieste] Akt

¢+ EGFPE 480 nm 5hge] 9% #9902 E 515 nmol A 2asls da wuldoln gxte] A7
7 olF 4,

Emission scan (Ex 450 nm)

43000
35000
5. 30000
E 25000
éZDDDD
E 15000
10000
5000

@ = - = & =

’ N ‘-\':ﬂ'eh;ngl.h[nm)3 ’

(4}) EGFP$} Diazinon3¢] ¥k-g-of <3 ¥s3< W3}

+ EGFP7} wekdE AAMRA 7hHesdS doti”] #dto] EGFPol Diazinons #7bste] @3S =
4% A% woF A7k F 3% Fol wobel FEEE EGFPY %ol Aol AL Fslen
EGFP7} wlgh&ol ol Al7F 7ol whet @Fgo] FastA ¥il, o W Diazinon® F%7} &&
S5 Po| gasts £E7k FolmE A3} ek
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EGFP 5 ug/ml0| Diazinon &7} 2|5 EGFP 5 ug/ml0|| Diazinon #7} £ 32
30000 43000 (iR
45000 A OWNEOH 40000 =
40000 ——10ppm 35000 ——10ppm
33000 —
= ——lppm 230000 lppm
S 30000 T
= ——100ppb £ 25000 ——100ppb
ﬁ 23900 ﬁ 20000
= 20000 ——10ppb B —10ppb
= 15000 — £ 15000 ——ipph
5000 5000
0 ]
480 300 320 340 360 380 600 480 300 320 340 360 380 600)
Emission wavelength (nm) Emission wavelength (nm)

¢+ EGFPY s %ol we}t Diazinono] F+ IS dolr i HA s dolwy] e o8 7}
h:I:
o.l_

Al EGFP Ade A3 5-10 ng/mlsE =9 EGFPY A Diazinon#¢] s&3 wh&o] 714 &
Jepd
.
EGFP 10 ug/ml0]] Diazinon H7} 515 EGFP10 ug/ml0] Diazinon H7} & 358
— 10%MtOH
— g —— 10%MtOH
— lgpm — 10ppm
—— 100 ppb —lppm
— H0pph — 100 pph
=—ipzh — 10pph
= — 1lppb
480 300 520 340 360 380 600 480 300 320 340 360 380 600
Emission wavelength (nm) Emissionwavelength (nm)

2) EGFP¢} & YX=gAE o] &3 v AAY s
¢+ EGFPE o]&3t AAMRT F&4d7 AFAAS o vgsta AFA Ade AMAZ Adstr] ¢
279 wgldx FshAl vyt ehve 5 Yx9AE o] 835k EGEP9e] HHg-of
Al WstE ##33 Diazinone] ¥HSS Fal AAERA e 7MeAdS st A3

+o]

wWe st
koi3
= .

o

1

(7h) & Yx=9Ae EGFP &¢ ¥ 334 F3=9 W3

o F UngAe EGFP £3 5 BGFPe el Zaslon, ot 7 vwdrtel FHuhiol
BGEPel 9% 315} /el QA AEe] delue kel

¢ F YxdAe EGFPY F3%E 27 490 nme 520 nmol Al peak® WERNIR oM, EF F F
FEE F Yy EGFP-°4 TEE e E A AR S dElL B3 olE F8ho]
EGFP7} A4 s & =it aggregatlonur A Wste] JEFE FA ¥ AS FAS
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— AN P 16
——EGFP 14
—— AuEGFP £.s
£ 1

Z0s8

206

04

02

320

340 360 600

Wavelength (nm})

— AUNPs
s EGFP
m— Au-EGFP

200)

600

(W) Diazinong ©]€&% 5 Ux=YA¢ EGFP £3d & I3 F3= €4 SA

o F Ux=gAe 10% WegE3 1Ippm T2 Diazinons ZHz} 1112 &3 & 10 ug/mle] EGFP2}
WS Se W el wae gsgion F vedate §3o) v =4 veht Diazinon
of fioh Auglel ol 2o B ZAo| ofelee Tl F UwAst EGFPY FRE
Z4e Bal n4 4L durE &

o F UYx=gAte 10% WELH 1 ppm %9 Diazinong 44 1112 £3 % 10 ug/mle EGFP¢+
WS SAS o FHES] WakE F4F A3 g e 10% WHes e A7 lppm
ol Diazinon& W& Aze] FAE o7k b= AS #A<Idhm EGFPE] wEE nhyol b A
FREe Wat FAAAE A G5y A% APe AL

Diazinond} 5 L YA EGFP 22 = | o] g}
20000 e
T0000 9328
60000 — EGRRoily _oam
E, 50000 e AN Ps+1 0% MEOH ; 0250
g 40000 AuNPs+Thazinon 1ppm % 0200
E 30000 ,?E s i
20000 * 5t —— AUNPs+10%MtOH
10000 AuNPs-Diazinon lppm
a 0030
480 300 320 340 360 580 600 0.000 - - o = =
Emission“'a\'elength (m) 400 430 )ODEEMMW;:Slmgm (m)EDD 630 700

(th) EGFPY F=o W& F Ux=YgA v 444 A st

¢+ EGFP9 ¥=d 7o) wet 5 Y=g Aet Diazinon® ¥H&el ofs) dojvtes 5 dwmdAo &
A3E B3 FFrLo W37l Diazinond sxd wEl tt24 W= EGFP9 %Eg g}o] 3} 1L
3 Uegasl woel £ MES uRol Mt H4H AUE QA

o & U=t Diazinon#e] WHgolA 2 thegiAie] Walsh 4714 @ AL BASUL ol
wet 5 YAk woks wREE sto] Il HlER 4o whE g F EGFPE d7bste]l FH=
HetE Hlus| R 2 g

¢+ EGFP9 s%7l @&45 & YA F3% Wyt wstsidla, EGFPs =7t 25 ug/mly o
Diazinon F%o] W& X}o|7} Y= AS 32dA 1 rma Y= }9} ko] nlzo HEE 119

A 1:1.52 n}4to]

{
-—
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o U U X9} Diazinon 5582 E8t £ SH T o Lt YAL2} Diazinon £ 8 28t &
0.50 080
- EGFPHE7}FH 10 ug/ml EGFPH 7}
045 —— AuNPs+10%MtOH —
i — AP 100
0.40 —— AuNPs+DZ 10 ppb 0.70
035 —— AuNPs+DZ 100ppb | _ MBS Z: 10 vph
- = AUNFs+DZ 300 ppb 3 060 = AuNPs=DZ 100 ppb
4 030 AUNPs+DZ 1 ppm H — AUNPs-DZ 300 ppb
5 025 g 050 e AUNPs-DZ 1 ppm
£ k-
g 020 g
015 z
0.10
0.05
0.00
100 450 500 550 600 650 700 400 450 500 550 600 650 70
Wavelength (nm) Wavelength (nm)
2 U} QIX}9} Diazinon =5 S8t S a L U X9} Diazinon 58 St &
0.70 0.70
5 ug/ml EGFPA 7} 2.5ug/ml EGFPH 7}
= AUNPs+10%MtOH bes = AUNPs-10%MtOH
0.60
—— AuNPs+DZ 10 ppb 0.60 —— AuNPs-DZ 10 ppb
) e AuNP=+DZ 100 ppb =035 e AUNP=-DZ 100 ppb
B )
5 e —— AUNPs+DZ 500ppb | 3 030 —— AuNPs-DZ 500 ppb
= =
-] —_— " s AR
£ AuNP=+DZ 1 ppm _E 045 AuNPs+DZ 1 ppm
2 040 3
2
030
0.20 035
400 450 500 530 600 650 700 400 450 500 550 600 650 70
Wavelength (nm) Wavelength (nm)
[eXke) [e) o = [e] o S = = =
o = YAt FoFo] v &S 1I15E WA ¥hg §F 25 ug/ml EGFPE Y2 & FHEE SAS
s A A [eJie] o) 7 @)
A% 3 v=gdaes woFde whEE dojuAl FUAT EGFPO H7b Fol 5ok EGFP| v
o = A=A Yo o >~ L=
gol o) F hwAxe] A8k ol Diazinone] s £S5 AL wol Lolu}
5 5 © 3ol 2= o
FHE W7 o 324 dojd AS 1T 5 AU
3 LHe YA} Diazinon 5 EH 1:15 8t S S 25 o Y YUX} 2} Diazinon sEH 1:1.5 28 ¥ 325

EGFPH7}H 2.5 ug/ml EGFP X7} =
0400 0.400
—— AuNPs-10%MtOH e AUNPs~10%0MtOH
0.350 —— AuNPs-DZ 10 pph 0380 | 4NPDZ 10 ppb
G e AUNPs+DZ 100 pph 0360 | = AuNPs-DZ 100 ppb
’ —— AuNPs+DZ 500 ppb 0340 | ==AuNPs+DZ 500 ppb
Foz — - T e AiNPs<DZ 1
J oz AuNPs+DZ 1 ppm - - uNPs<DZ 1 ppm
{ 0.200 g
50
: :
50150 3
0.100
o 0220
0.200

0.000
350
‘Wavelength (nm)

400 450 300 550 600

Wavelength (nm)

600

U, F UxYAE o] L3 Luciferase 49 7% v g4 2R A
H A g4 ZAYHe A

1) Luciferase

¢ FYU=YPAE ATP EA4 el Mg™ o2& 33 ¢ SdeA] w$- kA wkd AMP
A el = wg =t A SAS I dojup F2 Aol A steow Mzo] WA H.
o FAHY o] Z(luciferase)= FAIFEE ATPO EAlstell A SAFAIHA SR AFstAZ] 3 F Ao

2.

ATPE AMPE 7}5E38] A
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o FEA Y= 93] ATP/} AMPZ 7[R Boz FuUndas 7FstA] FA g e o] =] 23]
ATP7}F AMPE 7} B3 5= Axo] wel AzwWst ey e

ATP
ot
AuNPs
| Luciferase /@:“}—(\

Luciferin

2

P

ATP + Ho/©: jYD

Luciferin
AMP
Luciferase
|—) AuNPs
QH
@ control I

Oxyluciferin

2) Luciferase WA &4 =3 A

¢ ATP 50 uM, Luciferin 50 uM, Mg* 100 uM7} 9] %l pH 7.4 HEPES & 9] t}at 5=9
m-leuciferase® 748 F A AL Fol FuhedAe HE R 3 oMb HES WE F
1585 1 e FFEE SAHAFTOEZMN m-luciferase®] &4 433t
—— control
1.0 —— Luciferase e
08 /.f—f‘f_;{
£ 075 "
=
0.8 8 /
- %u.ﬂ: |
< 04 = ’
o
02 < o |
“ : - : - 5w 5 »
400 500 600 700 800 Mm
Wavelength{nm) foar)
2ZAHY o2 2N ZUAte] T35 W]
o FhegAel 600 nme A FHE FARA 2 ol FAUSE SAPE ¢ & A
oz B3 FATUelze] Bl wet Fuwde] AW wAGoR AojFe % 4 9

b4
£

Luciferase : 1.84ug/ml

Luciferase : 0.92ug/ml G
L — o riro ] ' control
Luciferase = Luciferase
0.8 ._:c.h,.....‘u,h,,,, 0.8 —utiferineLu cite rase
0.6 0.6
] a
2 2
g D4 = 0.4
0.2 0.2
0.0 = 0.0 ; 3 ~ i
400 500 500 = a0 400 500 500 700 800

Wavelength(nm) Wavelength{nm)

[(FAIAH ol = ol WE S =AY T35 W]
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3) Luciferase ¥ &4 =4 WHeo 33}
EFEL&AY ] ATP &

o TUHE=UAY kAL ATP s&=d vl vuastez &5 &9 U ATPY 4 w& luciferase
of o3t Fuw=drte] M2 WIHAHEE =3t luciferase T4 SHHY 19 HA3E A=

13
¢ 4% &Y U ATP 527t Sold 5= luciferased 913 Fui=date] Mz a7t 7o) 7t
3

ATP 10uM
... ATPS50uM ATP 20uM  __ b —
' ! B —ia
o
LEE
0.5
L]
0.6 r s §
2 2 ol =
= 0.4
L 53
0z
0.24
L T T T
T T T 20 ssa 20 oa 00
0. T T T i 4 £ea 200 700 e
400 500 600 700 800 Wavelength(nm}

Wav elength(nm}
Wavelength{nm)

(2) ¢F&ANe Mg> ¥

o FU=AA kAL Mg¥eo Frd wl$ wizdow 9 &l Uy Mg %ol
luciferaseol] 93 Fy=Yxte] Mz HIAHEE ZA35}S luciferase T4 S H 219

35 A=

=)
L

o 9F g g Mg® FE7} EolEASE luciferaseol 93 Sy ate] M7z Wl FZ40] F7}
S}
s},

1.04

— control
——Mg"" 100uM
0.8 —— Mg 200uM
0.64
']
ﬁ 0.44
0.24
0.0

" 400 500 600 700 800
Wavelength(nm)

(3) Luciferin® &4 %

¢+ m-Luciferase’} 10 mgoll 3430009 (Sigma-Aldrich 7}Z)e & ¢ 11719 luciferin®] §lo] =
ATPE AMPE 7hwdl & 4 9l&e <18kl luciferin §1°] m-Luciferase?] #4d3t5 S4

¢ Luciferin®] &4 Al m-Luciferase® &4z vl EAAIY &S vlwdlE 27} luciferin® &4

Al m-Luciferase®] &AJo] tha A9 17k luciferin®] EA8HA] %S Aldl%= m-Luciferase
o] A ZAHE & EAdo] e Q
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Luciferase : 1.84pug/ml

Luciferase : 0.92ug/ml
1.0 1 — control 1.01 m—control
5 —| yciferase
neld :II::Z:;::nstuciferase 0.8+ B S
0.64 0.6 1
. »
[}
g - 2 0.4
0.24 0.2 4
0.0 T T T \
UIZUU 560 5(‘]0 760 860 400 0 666 #84) 60
Wavelength{nm) Wavelength(nm)
(4) Luciferase H| ¥ &4 &4 =71 4 o] & 0|83 @& 29 £ 5 A7 B
o Skl AFS o]&3sle] FHF AR Luciferase H|A &4 4 ZZA(AuNP 3 nM / pH 7.4 HEPES
10 mM / Luciferase 1.8 ug/ml / Mg* 200 uM)S ©o]&3lo] thioether AE ] &<l
iprobebfos®} edifenphos®] &0l 8§83t A}3+
o AW F T luciferased A A= 3Heldtx] EIh

— 10 nM
—75nM
—35nM
—4nMm
—3nMm
—2nM
— 1M
——0nM

12 Iprobenfos

1.0 4

0.8 4

.
BEE o S

Abs.
Abs.

9,44

02.24

2.0
460

500 600 700

Wavelength {(nm)

——10nM
Edifenphos — ——
—4nM

—3nM
—2nM

— 1M
——0nM

0.5
0.6 o _”

0.4

0.2 4

00
400

5350 5(‘19 7 (’}9

Wavelength {nm)

th. ATPZ <t std

1) ATP=Z ¢tAstd =

F HedAE

o] &3 thioetherAlE ¢ & oF

A& A

FeQE ol g% FF AEH

o TUx PgAE gukF el f7] Ao Hlsle] 10°-10° A =9 2 extinction coefficientE 7FA] it
Ao, spetA Eu] Al wsto] tisto] dApRtel Al Wstel] webd A4 MWSE THA = 5
4= 7H4.

¢ FUE 9= 54 242 Fux: g xus @43 AA SFEA wkgete] AWEtE
Lote Al2dgE 74 3 5 U

¢ Thiolate 2t-& 7] o2 wofell 23 o] A= FoFe Al A& 7|2 edifenphos &9 th&eH
ool 23H o = TE4.

¢ ATPE <¢HAstd sux= dAe 95 &9 oA wl¢ SHASHARE thiolate?} &A1 Alel+=
thiolate®] S¥ztel A3 S alAl ¥ o] & Sal wl-¢ =t ezt 3




o 9 WS B3 ATPZ <t st Sy dA= A3ol: thiolateol 98] v JApe] 5% 3 wks
o] doju} Awsly A,
o B AFoME o3 AAE o]&3lo] thiolateTFE 7MAl= dE A B2 edifenphosd HE

Alege TR

* Edifenphos+™ H AA|2 AMg¥H F3 8752 37 7l 0.2 mg/kg (0.2 ppm)o.=2 7= 3
548 7HA = Fefolth
O : ATP - stabilized AuNPs
[y YArE o] &3 wEAge BAES} w99 wxd Mws)]
o e Alxdl A Ty ixFe] MW EE §3to] edifenphosE A 7hHsekH oluf AESHA=
F 2 nMZM4 0.62 ppb &9 HAESAE 714,
e o= IFHLVIT 02 ppmol vt wlg A4 FE HAEFT 5 US
o FolHTL o] WHE ot THAA B ¢ %ol TE 7|79 EF ok WA wo 2L FoF
o] & 2 nMZHAE E4A FEE d F e FHEES MR A
—0nM
—2nM
" Edifenphos —3m Control 2nM 3nM  5nM 7.5nM 10nM
:72nM
0.8 4 ——10nM
0.6
@
=
< 041
0.2 4
6.0 T T d
500 600 788
Waveiength (nm)
[ATPZ <¢tA3stE FYU=YAS o] &3 edifenphose] AZE]
2) ¥ AT BF
¢ F5 AFNA = thicetherAE /b ofye} ofefel e thekst Jejo] 3 s okl sty
ATPE JASE g YAE o] &3k v HE e diste] A7E5 a3tz &
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o = W %
/iﬁ‘\’}_ s—uv_s / \\/ o\\o 7\ OfPiOCH:-CHa?: e/ 7\ ot
— l :_\z’ 4 - / HoCHCSH,C—&

Edifenphos Fensulfothion Fenthion

s

R

.
:
N
,.fp (OCHa}z /
(HiCJac—S

Parathion-methyl Terhufos

[Thiolate % & 7}A = »9F]

22 = A7 ¢38 23]

7t F Y=g A ol vl & (Imidazole) S ©] 83 H] A Al A o] 7wt
1) ¥ Yx=494A, =9, imidazole?] FX 9 ¥ volume H & FH 3

.
N

2 60 g €% ¥ ovvkE (25 mM) 100 uls

A

o

nmel A 700 nm 744 Egskel vawstg o), e weA W
w

off

I
()
o XN < 19 iy
)

o

2 2

to 1o
off
off =
oo
™
>,
2.
]
o
©
P
5
o,
(o]
&
o
=2
>
ot
)
off
H
=
o
lo
it
o
L Hﬂ

g

N
P{OCH,CHzl

Phorate

W
P{OCH2CH3)s

12+ (10 nM) 40 ulel

o] UV/vis spectrum<
A

A3 Alell Q@A ol E
1

A3t dgtm g wReAe] 4E AsAel Weld AF @A ghel FFol FA %a

o T mst olntES o]§d Fok UE HPANA F tegAst ovtEel o] w
g BE 9 u&g 2Aste] e FRe] woflAE ugal dEel stseti, AAAL H
wE7] dskel HHst a9,

e T Fre wWE omuEd 5 gAY v wel thEA aggregation®™ olEF & U
=2k B8 EAS o]t S EE § YxdAY H o] Tl wel A5 A7
o whol WE AT 19 Aolrt AH AoRE V|

o F A sEE A4 A FE7F 10 nMo]a ¢ =8 FEE o] &3t £ gloun ojntiE]
B EwE FEE AFESHA HYE ALE FE 2 F doeBE £F HE&Ss 2Ae HAY =4
€}
=S |

o w YxdAtel ojnthEe Hl &S o] &t AR A ofefo] 2 o] AHAAGe] Fom
& FRolA HFEFo] 7hed HAY s AAsAAL, e sRoAE AE bty AdAAd A
Aol M a7t 24 A veu HHo 215 g9
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0.52 :
10.0 ppm / \\ T § i
0.47 \

=}
s
5}

.O
w
3

Sox

Absarbance (a.u.)

y =00901x + 0327
R*= 09847
0.32

02 a4 06 08 1
Diazinon concentration (ppm)

2 4 8 8 10

Diazinon concentration (ppm)

Wavelength (nm)

(&

A2 50 plet 4 =¥ T2 (Diazinon) 100 ulE 432

i S F olmt}E(0.3 mM) 50 ple ¥
< UV/vis spectrum &4 ZA3H(H), 670 nmolA 9] F3=

who 2 Ebd 2 E (4]

o 9 199 670 nme FTHE FHOo= UERH 1A 1 ppm °o|Fte] FE
0.9847%1 A=t ygkol tidk #=4& AAa, 3-A1ank HE ol &t HETA ghe AAtstsd
. L A HobA=e] HE A= 533 ppb® UERE.

o T UxAAet wok olntlEe] £33 I F Uwglate] Wyl HoF AEe s 549 kg
ANrg ZEEE7] fstel 3 Ui YRt aggregationo] w2 A7]e] WEE Al7re] wE kinetic
3} ZETA sizerE £3dto] AA 7o R ZAsta, o]2 Eato] HA 9o ke A|7+S FA7| = F

+ Zeta sizerE T3] F Ux=YA aggregatesol] WE AELAY W} AV WHEE =ZAHTEo
ZM oluthEo] & YndAte] SHo nxE gEs FstuA I, F g Sl wokm
ojrtrE &S wAHem HIME 5, A7 HAF Al 5 y=dAke] AEbdeleh vy A A7)
& AgHAYASA7IZ2 F43
0 . . : 300
& -10 T
%-15 -E-?UU
g 20 5 150
S 1 o
2 £ 10
m—30 o
5'35 i)
- oL EEEN | wmmew ;
- 1 2 3 4

[ Yx=d Aol Diazinon(l ppm), =+ o] 7| t3Z(0.3 mM)S F7F 3 A& =4 AxFH), 27
Hsk A A9(F). I 5 =g 20 5 Y=Y A+Diazinon, 31 5 Wi A+olvnvE, 4 =

U= 9] 2+ Diazinon+ o] 1] t}&]
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Uiegzte] AletdelE 5 dx=dat W citrate ion WEol -35 mVE (H)HsHE Wil w
%= o-36 mVE A ®sb g 2elv 7 Uesiabe] oW thES
FoF EEC olvgES WU Al v dx=dAe] AE A7t 2
2 A S ol E Fate] olvgE e Htm At & =

‘ Aol () A97E olmgEe] ()l 9

”

L

A}

°F Diazinong #7}3l&
A7 et AY, 5 H=g At
T8 + A BEF -12 mV
o) .

H

=
Aol EW A wbHE AS & 5 A, F o

oo
o

Dynamic light scattering (DLS)E ZF43to] 42 v Yx=dxe =7+ 13 nmolx, &
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= S5 = o] =] ~ o) — =] O -
o wWE A3 AyE A7) #5te] 1.5 nM T 25 nM 7HA] 05 nMA HEAS Fof AdS 23
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NaCl conc. X NaClconc. 0.1 M
a3 a3
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= 3 02 L~
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NaCl conc. 0.6 M NaCl conc. 0.7 M
03 03
1S AMSO6MNa 1% M 07 M Na
025 .35
- — 2 oM OB M Ma | T oM 0.7 M Ma
3 oz 3 o2
= ——Z25PM/ 0.6 MNa = —— 250\ /0.7 MNa
] 2
g 0as £ nas
g - —— ‘E i e ——
2 o1 £ o1
.05 0.05
o o
Ele sl 450 500 550 &00 650 roo 150 B00 aod 450 500 S50 G000 650 o0 50 s300
Wavelength [nm) Wavelength {nm)
NaCl conc. 1 M
o3
1.5 00 1M Na
a2s
. 2nM /1 MNa
3 oz
= i LM Na
2
g 0.5
a2 —
5. =
=
aos
o
400 150 500 550 &S00 650 FOO 750 800
Wawelength [nm)
:L]/}I_O] }_ ] oSN ] U;]_E e Lﬂo{ 71 H AL 3Flo ;—]_ ] _?4‘ S I EH—TJ:]
[FYH=U A FEo £ NaCls % R e R 4 g Fax oY=

_49_




6)

g o

Tetracyclinel A1 2+ 4 e} u}
oA Yetuye= Ayl 2o

9

23}

o

=y

= 3l &)

L

S Z 194 Ak

§ro] A= o] Fo) A A

-

oot
o

w4 Wt Poju}

44 8
o

>

o |o rr = all

o
o L

2

o

Y

o yo & T
e

zlﬂ
o

ol
t1

. ©] A3} 2 Tebuconazole¥} Iprobenfos,

el of W 1

7]

KeX 5 2=~ © KN
= %T}}]\%\_‘u-

[e23

5 S3

AN

o

1l

= Aew &

3

do

T2 aptamer (1 uM)

Absorbance (a.u.)

400 450 500 ] 600 650

Wavelength (nm)

Absorbance (a.u.)

Wavelength [nm)

AGS50/520 Ratio

LLL'J

ABS0/f520 Ratio

_50_
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< 0 S0
2 -.n
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% 5 =90 3] = 1 0] S IS} oro ul E 5o 3lo) s
[(HAste 2055 A&stol 5 Yedast 299 e sofs Yol 5014 ZgS &9

A3, X: No pesticides (control), T: Tebuconazole, M: Mefenacet, Ip: Iprobenfos, In: Inabenfide, E:
Edifenphos, T.C: Tetracycline]

. el e} oeE tholopyl-2 A YA H 2 (ethylene diamine graphene quantum dot) ©]

€3 Tebuconazole AZ.

*

A3} 12 A (Graphene oxide)S %2 (quantum dot)d] A7|E wHEA W ox =
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o w3 T#H dAHL carboxyl group, hydroxyl group®] 7] W&ol siel™ ¢} 444 EDC-NHS
couplings 34 2% & 4 & (Aptamer-GQDs).

¢ Aptamer-GQDs & 4tstag|AS Yol q Fszgoz Agg, Abs a1
24 Aptamer-GQD<2] 3 Fo] A3,

¢ 184 Tebuconazole(TB)o] §Hte] &4 A =W Aptamer-GQD<} Atstiegfae] - A&
2hg Bod TBetal A% A=7F o Zshr] el n-nd s F32 TBel A23d. 2384 Hd A
s} A s A% HAW Aptamer-GQDE FFo] thA] wgstwH A A HF 5 2HTB)
E HE T F Ak

o ek Ad (TD :
5~ 'CGTACGGAATTCGCTAGCAGCGTCCACGAGTGTGGTGTGGATCCGAGCTCCACGTG-3

Aptamer-GQDs Aptamer-GQDs+GO
HsC  CHs
HO. Y—~CH;
N,
cl r{;_//N

7 Tebuconazole
450 nm

[Arst st oDl vrofoprl-T1efd A S o

1) A3} 22 ¥ (Graphene oxide)EA £4.

O & 7MAFd BFF =4 (Uv-vis)
o Uv-vis®E &3 A3} 230 nm (r—n%), 300 nm (n—ux)ol A FF= 3 =27} vgke. uegha A3}

o
agde] el HATE AL Al + A

s
]
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2 (zeta potential analysis)

T T
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g absh oW FRE

T T T T
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T
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el

T
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3L

o aUHEe B TEEW Hogds] wWRel A% gtel 0] AN, sAw TeHol e A
carboxyl group, hydroxyl group 9FE9] #. carboxyl groupe SdAolA SHs AR Hojgl
& 29y wEe s adHel HYEA Bk AaAd ABAY BAL dde. Sz
Aol HW ol 4t HAYE AS & A 2HA AP sk adgds 54§ 4
I - 4025 mV y2 AS Fsk

EOS Plot
s '
. !
A
Measurement Results
Zeta Potential : -40.25 (mv) Doppler shift : 29.82 (Hz)
Mobility : 31392004 (cm?/Vs)  Base Frequency : 119.2 (Hz)
Conductivity 1 0.0059 (msS{cm) Conversion Equation : Smoluchowski
Zeta Potential of Cell Diluent Properties
Upper Surface 1 -16.58 (mv) Diluent Name : WATER
Lower Surface 1 9.23 (mv) Tamperatufe . 250 tc)
Cell Condition Refractive Index : 13328
Call Types D Viscosity 1 0.8878 (cP)
Avg. Electric Field  : -19.67 (vfem) Dielectric Constant ~ : 783
Avg. Current : 0.00 (mA)
[zeta potentialS o] &3+ 4kst 1ejd e 29 £4]

@ FAFEA vl (TEM) & 92 dv) 7 (AFM)

o A3t YA oeFor Hodde A By dFow HIdS W =94 Addel ¥ Fo 197
wol AR Ars Tefdle] @dERlA AT oR | AJERIA &<l ] f1siM TEM, AFM2
R e

o TEM o2 391 3 A% We AEe wEow ¥ 43 1gWe FAd & AN F o 94
oo Argk ade] dsom Hojd=A &9 syl fld AFMoR =4 shdle. 1 A
¥, 0.8 T 1.2 nmz A3} agidol &5l AS F9l 5.
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[(A) TEMS o] &% st agjule] AERA I (B) AFMS ©] &3 4kt aefde] &3 4]

e folol-aHA FAH (EGQD) 54 &4

GG FE=7F A7 excitation gk 7] fSiM ST ol Rl toloprl-Ted FAA (EGQD) <
s}
[€]

sk At wastel, gl helobyl- W FAHE H S 380 nmel excitation]
o AN b BA He AL BABL.

S| _ excitation
—— 320 nm
—— 330 nm
—— 340 nm
—— 350 nm
% ~— 360 nm
g mo] -
o il —— 390 nm
8 (S
2 e —— 400 nm
] lllr'l }\\ ——d410 nm
g /A ——420nm
3 10000 - 'IJ_.*\ WA
s /
/ /\ \\
I'f M
I 4
i S
T SO
0 — : =

400 450 500 550 600 50 700 75O
‘Wavelength (nm)

300 350

[l vhojopwl-T1a FAA o] g3 274d]

Aeld F3H (FT-IR)
A B FEREY Hogly] wiite] FT-IR F4A F3 %27 oA &5, vhde] o] 4
3} FWAl carboxyl® hydroxyl groupel e F. I Ay, FT-IRE ®¥A38WH carboxyl

groups(C=C, C-0, C-O-C)3} hydroxyl group (OH) ¥ =2 E 5ld 4= 1S wzla] A3l a9,
o @l tholopwl-1gid U$AH (EGQD)E FT-IRE A 3to] carboxyl® hydroxyl groupe] ¢

£ e 99 B9s.
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Absorbance

0.02

0.00

T T T T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm™")

[FT-IRE o] &3 ol&=l volopul-Tefal FApie] 287 4]

@ A A AFM) #4
¢ AFMO = ZA% Ay o gojopwl-Ted FAxe] vt 27+ 25 nm2 SAHAE. =3
@50l obd 27T o R Holole s FAARE

High : 2.4 nm Size : 25 nm

[AFM=S ©] 83 o &all tolopul-Tgja 3ol a7]e &3 4]

<!

I

3) g tolotrl-aHA FAH(EGQD)Y d&tv A & &

+ EGQD #HA= 220 nmol Al 3% 937k Usha, EGQDel T1 w<F etv 7t AgE A7) wjiol
260 nmol A %= F4 = -’4ﬂ7} WL As FAAF(YEH S FF = 9= 260 nm).

o T3 T1 5 4ebW 7 EGQDo Ad= WA EGOD & %o 9IS vx=x Lolrr] fa) 23
S AgYsAL. 1 A3 EGQDE 460 nmol A emission peak’} WA wF EGQDel T1 siE}H 7}
Al S W 10 nm A% 2E8%F o] %5(red shift)7} A<

¢ T3 FoF tebuconazole (TB)o] & Aol JepHrE Agst =
2kA aptamer’} EGQDel bindinge] Hoj%= @& 4o dFe] {1
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45 35000
oo (A) (B)
IIFII —  EcoD 30000 - r/\‘ —  Ecab
lII | —— EGQD+aptamer [N —— EGQOD+aptamer
I 2 #5000 [ A —— EGQD+TB+aptamer

304 E
- E 20000 4
E 25 -
2 [
E [ =
2 20 B 5000
< g

15 5

2 10000
10
5000 4
0.5
10 T T ey T T T 0 T T n r T
200 200 400 400 000 100 BOG 400 450 500 50 600 650 o0
Wavelength fnm} Wavelength (nm)

[(A) EGQD¢} sietm] ZAgtel] g Uv-vis F3%= W3t (B) ¥4 37 vzt 4]

4) A3t #dl 3 (Graphene oxide) Fxo WE d€ea toloidl-adH YAAHEGQD)S 2%

%

A

¢ EGQD gl Azlzedl H=EZ(0.008 ~ 250 mg/mL) Y1 ol EGQDY %o 2% mH=
A olus] s18 A9E APeAE. 1 A3 BaadRe S} el A5 BGaDE FHel
FolEE Bud AT £ ANS
o EF AR (005 mg/ml) W AZEE P Z4L Y. 1 minttel BEGQDE] & el
quenching ¥+ A& selsAdt
40000

35008 =
=~ EGQO+GO (0.5 mgimL}
OO0 <
25000

HOO0

150040 =

Fluorescence intensity

Fluorescence intensily

10000 4

50040

0000 T T - - = T T & T T T T T T T T T T T
400 451 a0 550 00 &50 700 Omn tmin 2mn Amm 4 min 5 mia Bmn T min 8 min 9 mn 10 mie

Wavelength (nm)

[(A) AFst 2] sko] W& EGQDY 4% &4 (B) &% W-g AIZF 4]

5) dlga thololwl-a g %AH(EGQD)E ©o] &3 Tebuconazole A&

+ EGQDe| aptamerZ binding 3}3, Tebuconazole (TB)°o] A& 4§ 3dHHFo

]
7] glal Ade AASAe. 1 A3 TBF e A9 WHo] thal HuHE AL HAWL 5 99

Ko
= .

¢« TB ¥%%& 0, 0.1, 1.0, 10 ppme= 3 3|55

0.5 mg/mLol& W TBE=o weh F3A717F 5 Pﬂ% R Eoi% 2] *45“”01 A

A UE Fot vMadEe A9 o,

_56_




30000 - {A) 10009 (B) I
L
0000 I
i
28000 4 — Control 6000 * - I_
= E E‘-ED_EFHTEHEO_ ®-EGQD-aptarmer+ G010 mg/mL)
g — EGGD-aptamer+30+TE 7000 - ® EGOD-aptamer=G2I05 mg/mL)
] 20000 & EGQC-aptamer+ G201 mg/mLy
[ BO00 ~ ™
8 » .
g 15000 4 5000 -
-
g 4000 =
S 10000 a . 8 -
s .
2000 o
]
5000
1000 =
o a T T T T
400 450 500 550 B0 &5 700 0 ppm 0.1 ppm ! ppm 10 ppm

Wavelength (nm) Concentration of TB

[(A) Tebuconazole(TB) 5o W& &34 = F4A (B) Tebuconazole(TB) Txo W& &34 7

=
i
2
off
r_‘)_,‘
i
fr
4z
o
2
u
off
©
o
e
o
olN

A 2n o gae 738 7318 2‘1’%51‘%‘ 7316
=9 Z1E W) ] Z1F@7D) | 71ECEF) 71EEAD)
1 A Z A butachlor 0.1 ppm
1 At A carpropamid 1.0 ppm 0.05 ppm 0.05 ppm 0.05 ppm
1 At A edifenphos 0.2 ppm
1 At A iprobenfos 0.2 ppm
1 A Z A mefenacet 0.01 ppm
1 At A pencycuron 0.3 ppm 2.0 ppm 0.1 ppm 0.1 ppm
1 At A tebuconazole 0.05 ppm 0.5 ppm 0.05 ppm 15.0 ppm
1 At A tricyclazole 0.7 ppm 0.05 ppm 0.05 ppm 0.05 ppm
1 2 A Diazinon 0.1 ppm 0.1 ppm 0.1 ppm (0.1 ppm)
1 A& = A A chlorméquat 0.05 ppm 1.0 ppm (1.0 ppm) (1.0 ppm)
(chloride)
1 A&z A inabenfide 0.05 ppm
2 AR A acephate 0.3 ppm 1.0 ppm 5.0 ppm 3.0 ppm
2 A dinotefuran 1.0 ppm 2.0 ppm 10 ppm 30.0 ppm
2 AHEA| fipronil 0.01 ppm
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043

0.46
0.44
042

S04
038

Absorbance (a.u.)

036

034

044

» 0.42

040
B
(032
<
038
034
032

v=0.0801x + 0.3271
R®=0.8347

a

02 04 06 0B
Diazinon concentration (pom)

1

032

Wavelength (nm)

AF
=

[ (&)el diazinon

10.0 ppb - 10.0 ppm 7}A ¢

0-1.0 ppm 7}A Aoz =AH4

L=

2 4

6 8

Diazinon concentration (ppm)

o FEd

\G

=4 34]

d

TR =4 (3.0 ppm ©|Ael A saturation®)

10

%%

W75 53.3 pph7tA] =A

H (3-sigma rule HE o E AAD)

045 A 100 048
i m
0.43 PP 0.44
_ 041 042 { {
=
5049 0.40 a7 .
=) 038
g 0.37 &‘ 038 } o
E 0.35 0.36 w034
5 - i
2 033 033
= 0.31 034 o3z y = 00548 + 0.3112
' 0.32 031 g R*=0.9939
0.29 2 (D]
£ 0 o2 0.4 0.8 0.z 1
027 030 Iprobenfos concentration (ppm)
400 450 500 550 600 550 700 9 Z 4 o
Wavelength (nm) Iprobenfos concentration (ppm)
[H (&)l Iprobenfos &S AHE s & 5 758 S43

10.0 ppb - 10.0 ppm 7}A 9]
0-1.0 ppm 7}A] Agoz =A

.
=A% (3-sigma rule

FE2 =24 (5.0 ppm ©] Aol A saturation®)
=

=7 wztE: 536 pph7hAl oz Ah
048
A 10.0 ppm
R 0.44 3
042 L]
0.40 G40
[
B2 » s
& 038 . )
Y 138
0-36 > {:_34
034 .32 J y =0.0678% + 03138
R*= 09336
032 0.30
o 02 0.4 ki) 0.8 1
0.30 Edifenphos concentration (pprm)
400 450 500 550 600 650 700 0 2 4 6 a 10
Wavelength (nm) Edifenphos concentration {ppm)
[ (2ol edifenphos AHvt&oFS AEd & soF w53 F45]
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® 10.0 ppb - 10.0 ppm 7}A] < &
® 0-1.0 ppm 7H#] APo = FHH

.
® =4 WE: 279 ppb7tA 54 ¥ (3-sigma rule WHo =2 AL

FTE2 =7 (5.0 ppm ©| Aol A saturation®)
s

1.0 o [Egquation y=E+ 0%
Adj RSquae | 05Eze8
Walue
B Intercept | 060882
0.94 B Siope 03683
= 0.5 4
=
<
0.7 4 y=0.3683x+0.6088
R2=0.9927
0.6 "
T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

concentration of Diazinon (ppm)

[E7]°] diazinon A3 %FFS At & s w5 F43]
® 0-1.0 ppm 7tA] APz Z744
o =4 W 526 ppb7tAl =4 H (3-sigma rule WHOE A
1.0 4 [Eq=te y=a+b®
Ad Re-Square 0.98085
Value
B Ineroept | 052408
094 B Skope | 038055
EU.E-
<
0.7 4 y=0.3809x+0.6241
R2=0.9809
0.6 &
D:O OI.Z Dl.d OI.G DI.E 1 I.D
concentration of Tebuconazole (ppm)
[®7]el] tebuconazole A& S AHE s & FF T2 A3k
® 0-1.0 ppm 7] Ad@Po =z ZAHE
e =4 Wtk 225 ppb7hA 54 ¥ (3-sigma rule WHOE AL
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0.80

Equston
Adj. R-Squars
0.754 |5 Interoept 1
2 Slope
0.70 4
{ 0.65 -
y=0.1327x+0.6093
0.60 R2=0.9577
0.55

0 02 04 06 08 1.0
concentration of Iprobenphos (ppm)

[Z7]9 Iprobenfos A& <Fs A3 T FoF g%

A

0-1.0 ppm 7}A] AdFo =z ZAHH,
=4 7% 70 ppb7hAl A E (3-sigma rule WHOZE A
0.85
Eguation y=a+b*
Adj. R-Bouare| 0.34857
0.80 4 |E Intercept
B Slope
0.75
£ 0.70 o
y=0.1615x+0.6533
0881 = R?=0.9469
.60 T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Concentration of Edifenphos (ppm)
[E7]0) edifenphos 2irFeFs AHeEst & v w24 F47]
0-1.0 ppm 7}A] Ado =z =AH4.
=24 W= 12.0 pph7hA] A E (3-sigma rule WH o= Al
2) HPLC A} A% 9] va AF
On rice bran Recovery HPLC Recovery

Diazinon conc. In deionized water Recovery

e Added (ppm) mean & SD (ppm)* (%) mean & SD (ppm)* (%) mean + SD (ppm)* (%)
1 0.080 0.080 + 0.024 100.4 0.079 £ 0.012 98.5 0.082 + 0.002 96.2
2 0.170 0.173 = 0.056 101.6 0.146 = 0.012 86.3 0.149 £ 0.004 87.6
3 0.300 0.295 + 0.042 98.3 0.340 + 0.001 113.5 0.263 + 0.064 87.7
Average - - 100.1 - 99.4 - 90.5

* The standard deviations (SD) of measurements are calculated

from three independent
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experiments.
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4) AHEA iwE (B F SN oF 37 £8)
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Selection Progress
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T
#Target vouisDNA || g 70
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——edifenphos

——pencycuron

Absorbance
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W
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i) T T T T T
465 515 565 815 665 715
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AUNUNEL L
control

2) preliminary A2 B JEH 23 JS vtgo 2 v A s w2 HE A gEY 23
g9 71€S T3 3/ 8A EolF fdEtn A

P E
ok HREUE, LA, ot she] =

*

EFA T} fAReE A B4 7LE ERA AE
- HFeF HAAFE, oA E
A Z A $ﬂ%i§

*

)£ adE e Qe 2aede wgstel 42 B dekn] saey

(@ ? W
* vw Cloning/
N P equencing 0
. 5’, ‘A Seqwencif 2
Graphene 0
Oxde SSDNA + 3 15 n
Counter Targets 93-) PCR £ o0 P
—_ /PAGE #
Poow
T Tz voUsDNA | g
Discard
[T S — I( Dt i El ’
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HL]
H A 75
Discard counter @ I i
Targets / Add main ; * o
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e ®
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— caproamide
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450 500 550 600 650 700 750
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|
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[el 2=

[2Ad = A7 23]

e

e ) L R 9 sigty

D w33 249 BA gee 2329

o BRIl AA (B F)
- o}l ¥ o] E(Acephate)

o BAT fA S AR 2H LE B

Sold getrie] Sol4]

234y 7le AL

71€ JWdo] 93 preliminary YEtH 23849

A (HEeh)

- o} A E}v] Z 2] = (Acetamiprid), ™ WAl (Mefenacet), HlF 3 1}Z(Tebuconazole)

Al 2 (Pencycuron)

< Q
LLL 4 N 2 Cloning/
4 Pt £ Sequencing
o, Wi p
Ol SDNA + \ AS>
- *‘ / Counter Targess i::fgss) reR
@ ' 3 / PAGE
Targe ssDNA ||
% Discard
A Graphene
Oxide

Recovery Ratio of ssDNA

100.00
90.00
20.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

73.86

66.52
62.54

41.44

5.4

1Round 2Round 3Round 4Round 5Round
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2) 1IR3 =9 Ao =
HE|Zd 2 PCR7|&S 53] 471 €A
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Aptamer_12 ATGCACGTACTCACGCTGTGAGGCGECGTCTACTCGCCGATGATACTCGCATGGE

AptamE(_ll ATGCACGTACTCACGCTGGCCGTCCACCTACATGCGCGCGATGATACTCGCATGGT
Aptamet, 8 ATGCACGTACTCACGCTGGTT! TGGGCGTGTTACGATGATACTCGCATGGC
Aptamer_21 ATGCACGTACTCACGCTGGCTGTACCCTTCTICGCTTGCGATGATACTCGCATGGT
Apla mer_7 ATGCACGTACTCACGCTGGGTGTAGGACGCCCGTGTTACGATGATACTCGCATGGE
Apid mer_13 ATGCACGTACTCACGCTGGGTTATGCTCTGTGCGGGAGCGATGATACTCGCATGST
Apta mer_14 ATGCACGTACTCACGCTGGATGCGCETACATGCTGGCTCCATGATACTCGCATGGT
Aptamer_17 ATGCACGTACTCACGCTGGCGGGCGEAACGTACATGGCCCATGATACTCGCATGEC
Apta mer_18 ATGCACGTACTCACGCTGTGGGGAAGTTGGGTACGAGTCGATGATACTCGCATGGE
Aptamer_16 ATGCACCTACTCACCCTG TCTGCCCTGCTGTCCATCATACTCCCATGEC
Aptamer_20 ATGCACGTACTCACGCTGTGGGTARACGGGAGGETACACGATGATACTCGCATGGL
Aptamer, 5 ATGCACGTACTCACGCTGGGGTCAAGTAAATGCTGTGCCCATGATACTCGCATGGT
Apta mer_19 ATGCACCGTACTCACGCTGCCCTATATGTGGTGATGAGACCATGATACTCCCATGGT
AptamE{_ 2 [ ATGCACGTACTCACGCTGACTATTTGGCCCTGGTCATTCGATGATACTCGCATGGT
Apta mer_3 | ATGCACGTACTCACGCTGACTATTTGECCCTGGTCATTCGATGATACTCGCATGGT
Apta mer_23 ATGCACGTACTCACGCTGAAGGGGAGGGGATGACGGGTCCATGATACTCGCATGGT
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Target Aptmaer Sequence (5'—3")

CGTACGGAATTCGCTAGCAGCGTCCACGAGTGTGGTGTGGATCCGAGCTCCACGTG(TL)
CGTACGGAATTCGCTAGCCCCCCGGCAGGCCACGGCTTGGGTTGGTCCCACTGCGCGTGGATCCGAG
Tebuconazol CTCCACGTG(T2)
CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGTGGTGCGAGTGTTGTGTGGATCCGAG
CTCCACGTG (T3)

CGTACGGAATTCGCTAGCCCCCCGGCAGGCCACGGCTTGGGTTGGTCCCACTGCGCGTGGATCCGAG

Mefenacet CTCCACGTG(T2)

CGTACGGAATTCGCTAGCCCCCCGGCAGGCCACGGCTTGGGTTGGTCCCACTGCGLGTGGATCCGAG
CTCCACGTG(T2)
CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGTGGTGCGAGTGTTGTGTGGATCCGAG
CTCCACGTG (T3)

Inabenfide

CGTACGGAATTCGCTAGCTGATGGTGTGGCGGGGGGGEGCCTGGGEGCGGECCGCCGATGGGATCCGAGCTC
loroberifos CACGTG(EIAL)

P CGTACGGAATTCGCTAGCTGATGGTGTGGCGGGGGGGGCCTGGGGCGGECCGCCGATGGGATCCGAGCTC
CACGTG(EIAZ)

CGTACGGAATTCGCTAGCTGATGGTGTGGCGGGGGGGGCCTGGGGCGGGCCGCCGATGGGATCCGAGETC
: CACGTG(EIAL)
Edifenphos CGTACGGAATTCGCTAGCTGATGGTGTGGCGGGGGGGGCCTGGGGCGGGCCGCCGATGGGATCCGAGCTC
CACGTG(EIA2)

GAAGAGCCAAGGACAGGTACTGTGCTTAGATAAGTTTGCTTGCTGCCTATTGGTCTATTTTICC (Azab)
GAAGAGCCAAGGACAGGTACTGTCGGTGTAGTGACGCAATATCTGCCTATTGGTCTATTTTCC (Aza7)
Azadirachtin GAAGAGCCAAGGACAGGTACCGGTCTTCGGACCGTTTCACAACTGCCTATTGGTCTATTTTCC (Azals)
GAAGAGCCAAGGACAGGTACGCGGCCACCTTGAAATCTATGTACTGCCTATTGGTCTATTTTCC (Aza22)
(Patent in Prep.)

GAAGAGCCAAGGACAGGTACTGTCGGTGTAGTGACGCAATATCTGCCTATTGGTCTATTTTCC (Aza7)
Fi pron il CGTACGGAATTCGCTAGCAAAGATAACATCAAACACGTGGATCCGAGCTCCACGTG (Fip6)
CGTACGGAATTCGCTAGCATAGATTACACTAATCACGTGGATCCGAGCTCCACGTG (Fip8) (Patent in Prep.)

GAAGAGCCAAGGACAGGTACCGGTCTTCGGACCGTTTCACAACTGCCTATTGGTCTATTTTCC (Azals)

Butachlor (Patent in Prep.)

(e Fefoll el g 4Ek 105 ol 7iE]

[(A18F]
[1Ad=E 47 =38 234

[

B GBI E o] §% 2EYAN TF
o

o AdEol= Fofol Wk heb o] gl A Ay 7] wigel s 54l
FrAFSE 3ol 54 ochratoxin A¢} aflatoxin B1& tld o2 7] Had JEPHE o] &3t ~EY

AA Thdkol] #g AFE TSI

o BolEhe HelHog wEstE stetv ek tebvle] Fr A AFS st HHDNAE o] &3
o] % 7}= DNA(double strand DNA; dsDNA)E UEZAEZ 2~ @B g 2lo] A 83}o] el
Z1HE 2E Y AAME sl ATE U3 o]l S35 ge

1) dsDNA (¢ &# -4 12 DNA) 7|¥ 2EH A A

7}) dsDNA7ZI¥t 2EF AA ¢z

o J)EStaAt st dsDNAZIHE ~2E A 9] F2+= o9} 2o pakcing sheet “dol| sample pad,
NC membrane, absorbent padES F2tste] A ztsl= el & 3FE o2 A4S

¢ NC membrane 739l dsDNA(control line)9} streptavidin(test line)S * 2] 3} &

o Bl EHo] EAEH dsDNAC] ZAdo] g3 =i Ho]x U3t single strand DNA(ssDNA)7}F
test line® streptavidinell A3} A &1 ssDNAXMO] Q& dFupAo o] &3o] vepA 2
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!"v ¢ t'
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*
‘ dsDNA-biotin @ streptavidin

[dsDNA 7]vF 2E9 AlM Hzpel 3 %]

o B AFA AEE FFol=4 el =yt Neoventure Biotechnology Inc.
(http://neoventures.ca/aptamer-database/) ol Al 713k QFEFHZ kAl A AGE 2EH AlA
Netz] 918 A 2k

o TARIS ~2EY AA Y LS 9 AFEE PEFH R AR DNAS A7IAEE oot 25

B
x

CRERAA 2 s fe) AR dER R A E DNA f7]1M<E]

Name Sequence (5’ -> 3/)
Biotin—rAAA AAA AAA AGT TGG GCA CGT GTT
FEH AFB_Str_Temp GTC TCT CTG TGT CTC GTG CCC TTC GCT AGG
CCC ACA

AFB_Str_Target_14 Cy5 Cy 5-AAA TGT GGG CCT AGC GA-Biotin
B DNA

Cy 5-AAA TGT GGG CCT AGC GAA GGG CAC
AFB_Str_Target_23_Cyb

GA-Biotin

}) NC membrane % dsDNA T3 Wt 24
¢ Membrane ol FEFH 2} A EDNA”} hybridization¥ ¢ dsDNAZE membrane g T35 3}7]

A WHo® top-down'§H I bottom-up WS ©]&ste] 75t ATE TR
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- Large particle(protein, partile) Tt ™ 0f| Aptamer = -DNA chip A2 0| 2610 SLFY SELEA 20| =
£ 0| 1 Complementary DNAS £ 0 strip EH 0| dirloz A2 1F
kS| 150 kD centricon2 = |
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DuslDna B /\ j
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é @ezo o @E
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=]

(1) Bottom-up ¥¥ < E3 membrane & dsDNA T
¢+ NC membrane 9] bottom-up WH S ©] 83t dsDNAE T 53517] 93] WA streptavidins
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ftl

Ao AlgEE duE &S o] &304 control line¥ test line ¥3%9 7 wWE HuE E3lo
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=
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http://neoventures.ca/aptamer-database/

2] 33l biotin-aptamerE A3AIZ] & FEDNAE WH-S-AlA dsDNAE NC membrane’d ol
Tk =

o AR opY "M HEnkeh 3Eo] dsDNAZe] &3¢ A el
e Fe

¢ 284 membrane AAo FFUA-FEDNAC o H] 5o )
Al Folv dsDNAE FFat=d &A1 Hgo] B8 dido] &

o T2 F WA dsDNAE +53 T o|Z membraned] &2 A7) top-down HHS

=) [e]
aLetek sl =

ol @3S @ whlol ¥4

iy
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o
)
o,
r o
it
i
38
E
8
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8
o
=
Q
5
(@)
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Test line
Control line 3
4500 R = 054
e 4000

_ﬁ\_-

Test line !"-

Fluarescence mtensity (T:T:
5

Cy 5 scanning result

[Bottom-up WA o2 FF% dsDNA7Z|REeE ~E A 2] ofn] A3 4 1}

(2) top-down ¥ < 53 membrane A dsDNA +=
¢+ dsDNAZ Aol A WA F=L 31 membrane Ao 12A3F7] 98] WA @&l streptavidin,

N
streptavidine] A o] = FYU=P A0 nm)et A g7 FAHL00 um)E ©] &3S

Aflatoxin B1 (ng/mi)

150 kD centricon 2 E HH|
PR
Dual DNA

Streptavidin T Biotin-aptamer  SLLLULLHL @ Biotin-complementary DNA-CyS

[Streptavidin/}el *+% % dsDNAZE membraned] 1A dE W]
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AuNP (20 nm)

l

Streptavidin

‘L . AuNP-Streptavidin T Biotin-aptamer
Biotin-AFB 1 aptamer * F - .i
J, . = ‘ s . UL g Biorin-complementary DNA-GYS
Biotin-BSAblocking & & ® G
o = EEELE

|

Biotin-AFB1 complementary DNA-Cy5

(23mer) Aflatoxin BI (ng/mi)
o 10 100
350000
T 300000
<]
%| T a-:naisj//
i -
=
= - - E: /
Ochratoxind E ,/
M |
‘ £ 1000 i
g
| é 30000
000
. ] ? 1 100
Aflatoxin B1 (ng/ml)
-

[Streptavidinell Z&#Q S =P A el 5% dsDNAE membraneo]| 17 dH= W]

Hybridized Biotin-OTA aptamer
and OTA complementary DNA-cy5

Add to Silica-STA blocked
with non-reaction short
oligonucleotides

l

Wash with 1X SSP

‘i i ’ Hybridized Biotin-complementary DNA-cyS

Yl L= glass fiberd 28

i}

Aftatoxin B1 (ng/ml)

l = I

[Streptavidin®] Z&]#¢l A g7} Axao] +5¥ dsDNAE membraneo] 124 3&F= W]

el Al 7FA top-down WAl o® 2ER AAME AT A3 EE
Aol 1 AE = AS FAT F AR, o]A ] bottom—up WHEUE
kg

a8y FU=g et A gtg S o]-&38ke] membrane Aol A A$ EFA
Ao x Aol dsDNA 237 5 o] test linel & o]E3dt= Ao w FAxL
I8 22 streptavidin/doll dsDNAE #3538t 14 A7 WHo] 713 §&4olx
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To] o3 o] A¥o]| o] streptavidin Aol dsDNAE %3+ & membraned] 1A A 7]+=
o= A%

o}) Streptoavidin® & T 33 Top-down W3] o] &3 dsDNA Strip sensor T+
o 1AAEd A= woF 7Nk Shepe el oigh SFrF 2415 f1E 7)ol ofEl Ha I Ql7] wiiEel
71wk fARSE 548 7EXl #Fo] 54 aflatoxin B19] StEFH S o] &3Fe] dsDNA 7]4ke]
HEFH 79 2EY AAE s

o

(1) Top—down W3le] 2EHuAL A4 7]¥t dsDNA-streptavidin EA N

¢+ dsDNAS®} streptavidin®] EgAo] ¢ E3A7F AHEHAS u ExpEFo) Z'é]/\ 52kD o]&
YA A "HE o] €3+ Biotin modified aptamer$} streptaviding WA wgS A]7] & Pure
bioting ©]-&3}4 blocking Al712 AR A2 A4S 714 = biotin modified DNAE &3 A7

% Centri-conS ©| &35l HAAE AA|g
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25000 }
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15000 |

10000

5000

—
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o

1 2 3 1 5 6 7 5 o

Washing(S 2]

[Washing Slsroll wh& mwhs d3=d<d 54 4]

¢+ dsDNAS¢} streptavidin®] &34 $t4 & Centricon® 2 AR A A 7} ¥3hE gHS o]
washing A A8t & ®, 93] F-E = ©f o9 dFEd=c] YU Fa5s FlstA
+ dsDNA<®] &743} Zdolo] upe} w3EH(AFBD Y whgA 9 Aol7k A4 o2 ddE o] 14mer,
23merS Y A2l 3t dsDNA-streptavidin B¢ AS $1¢ Wy oz sHAlS A s
o A} oo Ao} Zo] 1dmer, 23mer BF BHg T FFo|m AR FRI5HH &

ol A B ¥ & AAS

14mer

'@®

[dsDNA-streptavidin complex 7% ZA¥ (# : PBS, % : l4mer complementary DNA, - 23mer
complementary DNA)]
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(2) dsDNA-streptavidin® Stripa A3 2 FH A buffer A9
* %% dsDNA-streptaviding Wl 1243} Al7]32 g std E3HA7F vk
membrane & Z B @& E=A o] &lstr] 98 v FF buffers ©]§
A3} of ol A of ZE‘:OI TriS*HCl(Dh 8Ol G =T Ao Holx| ¢a w9 g AeE
FrAstL U= As A
o VNEHOoR AHEAEAD A gFEo] NC membraned] F2=& Addo] gl7] wifol Ag9

o= ARLZAE 0.01% SDSE EF 4o AFEsHA =

rulo

o 283 buffero] A& wpabA strip 4ol Al background & noise signale] A E 4 7]
) o) buffero] W& 33229 membrane EHAZEE Q1AL ofdA A T F 9l%o]
o] A A% Tris-HCl(ph 8.0)9] Z7olA 71F ¥ FAEE BYAS FQlsto] o] & o] &3}
o]F AFS Ay A =
=
g
z
& 20000 -
=
=
E
£ 1s000 -
S 16000 -
14000 -
Tri=7.4 Tri=8 8 Triz=8 .0
[NC membrane’yd &3 DNAY EHAHE 3H¢] Az}

o IS WMSgAdNME FHO|FAE FE37] 9% methanolo] AF&9°] =2 methanolol] 23+
G2 E o] gl E k. 1 A ofgol A I = 9%l methanol®] %7} ol
42 dsDNA-streptavidin #3347} membrane. 2 FE "oz Yo= AS ol & 4+ AL,
o] %

Ao A= Methanol®] TEE HFE 10%= 1A /s WAaysth
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Fluorescence Intensity

[Methanoldll FXxo] W& dsDNA-streptoavidin®] detach A= 2+el Z3}]

[e]
=
foig
=

EAN

(3) AFB19 HA&& Y% strip A1Z 2 HH A

¢ dsDNAE F+5& o getwe} Ar4dQl Nds 7} NAE 14mer®} 23mere] ZolE& 71X &=
DNAAME3F Il o] 2 o] &3to] AFBl HZol &84 Zole] DNAZ F913t9S

o ol A 3ol & 4 %ol 1dmerd A FolE 0.01 SDS/Tris—HCl(ph 8.0) bufferol] A+
7deEAd o]l YRR ARk 23mere] 7 9-oll = control?} Sppb FEANAE ZFolE W EEA Bl

=9
e ABRE S F AN 23mers o] 85t o] F HFS AP A S

4
A D

TEST line

DMA-streptoavidin

‘ Double strand . .

Control Control

14mer 23mer

[AFB1 A=< 93 A7 227 DNA Zo] &< A3 (F:14mer, $: 23mer)]

o 183, aptamerZH-E EojZ KX A biotin DNA7} test line?] streptavidin¥} HF-g-0]
a&doz o]FAAA 37| 98] NaCls H713to testE HAAISAS. 23 20mMe] FX9

52 [e)
NaCle AH83l9e o g4l & 238 92 + AUS

¢
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TEST line

. . L] ° Aptamer line .
| ®
] . ] ‘
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2

@ AA%E ¥4 22 L H38AL g =Y FEAA F9 23
o QoA BUE HAH AL o8] Trw 7 = o a
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[Strip sensorZ ©] €3+ AFBls X 7#A&3H4 g9 23]

2) YElY 71%t dipstick 71
A st AEY AA o]k AAo A HESAIZ] HESEo AEYS @ 44 B4 4
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o] 0] double-strand DNAE A
dipstick Aol streptavidin® 2 &3s}#] &
B DNA”} dipstick 2ol streptavidin®}
ol Eao FA o]HZ 8o

Fluorescence

]

AFBL " [ T a
- i s By E L &

AFBL @l Riotin-aptamer  ellll Complementary DNA-cyS

[¢tEl™ 7]dE dipstick 98] 2 tix}el]

Y) el 7]8k dipstick A 3}

(1) 2 EDNA¢®] Zo] HA

o Zol7} & F 7}A 9 A EDNA (14mer, 23mer)ES ©]-&3ste] 238 43
¢ T TFY MHEDNA BT FF ALE Ao, dmerE ©] &3
Ur 2 ldmerd] JHEDNAE A9 JHDNA 4oz A4

Complementary DNA  1d4mer 23mer
0 10100 0 10100

[Setrish 4RATS b X

(2) ¢EtY 2 FHDNAY % AA

« 01,05 1, 2 uMe] StepHE AHS Faste] HA et v A4
+ 0.1, 05 uMe] e E AL S wio A7t 5
Aptamer (uM) 0.1 0.5 1 2

ilDlDD 0 10100 0© 10100

ITATT

JEDNAE H7betd Fdolsao AestA &2 detm el ZHDNA Atolo] R =<l Aol

o] golsa 83 Wol BE StEhv ol whE-shd JHDNAE Stepreh AgtelA] Xshal

Streptavidin M : negative, P positive

m o] Zpol7k ¥ =
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¢ 0.1, 05 uM®| StEFHel Z42F 0.1, 05, 1 uM®] 4 BDNAS wHeAA 23 +39
¢ 0.1 uMel FEF# e 05 uMel A BEDNAS H# | qtetr] ¥l JHDNAS wez A4

complementary DNA 0.1 uM 0.5 uM 1uM
{uM)

Aptamer (uM) 0.1 0.5 0.1 0.5 0.1 0.5

0 10 100 0 10 100 0 10 100 0 10 100 10 100 0 10 100

iq E 2
v AllS

[JHEDNA &% AA]
(3) "y =31 A4A
* IX PBS$} Tris-HCIol 9] o] of 2] F7o] By AollA Stet] 71wk 2E7 Ao dxt 2l
+ Borate buffer, acetater buffer, distilled waterE W & o] &3S o), &
LR
¢ 0.IM Tris-HCI?} 1X PBSE W& o] &3S w, AFB19| §=7t S7kgtel wel & gol
F4A5e AEAS B

o A¥NE EUE 0.IM Tris-HCIE HA Y Wy 2oz HE 44

3 o 3 9
gt w° & &
e® J&a‘ ? G A e é\z‘
& é“ .(\C\q ‘\OQ _&v*‘ z‘ev K &t a*
@ o < 41 & Q\A
2 ne’ ]
0 & A N o )
7 o¥ o A o oF <+

AFB1 (ppb) iil ii ii i o4 100 010 100 0 10 100 iﬂﬁh‘

(W3 dipstickol] 3l g3 3ol

(4) ¥t =74 ¢ ¥§ AT A
o HAAZA 9] HHAZ 2380 o] AFBIY EHE WAl & AHDNAE YoF+
W (two-step) ¥ AFB1, 4 ElH, 4 HDNAZE 3 WHof| 918-A]7]= %% (one-step)S H] 1.3}

o

AY 53
o 28]0] hro] WSS AAL W Avpt o Mo PadE AL H
o Mg EAL T o WgAYE Anthe 286 Ul WS H43 zA0® 44
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Two-step One-step

AFBL (ppb) 0 10 100 0 10 100

Complementary DNA

= Al 7=
HhS AT

10min 20min 30min

; 0 10 100 0 10 100
AptamerAFB1 30min

8 A2
i g i -

20min 0 10 100 0 10 100 O 10 100

.

0 10 100 0 10 100

(5) FAsdE getd 7k 2EQY] HEA &<
/] o

o HAAE gEty 7)Hk 2EF] A A FelL
5, 10, 100ppbe] AFB1¢ w%xo] w& &3 Jro WHst= el
¢ 0.1 ppbel AFB1S Y¥o5A& wolX= 0 ppbet zo]7F B
0

o AHBE ge N mEge
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AFB1 (pphb) 001 05 1 5 10

[9FE}H 719 dipsticke] A&3HA 2]

o} Al

acetylcholinesterase(AChE) 9] &4 & A&ste Y8 o] 8359 chemiluminescence 2] £}

colorimetric ' o2 S35t

1) A7 5F A&5S 99 4749 chemiluminescence 2ERBAA 7@

7}) Chemiluminescence ¥4 ¥ g

s oA F o] AChES 9|3 acetic acid®} choline®. & 3% i choline choline
oxidase(ChOX)ell ]3| A] Betaine?} H202Z 3l

o AAH H2029 ZA)3to) A horse radish peroxidase(HRP)©o] 71& ¢l luminol® w3t
3} 8}k 9k (chemiluminescence; CL)S ¥ o.x]

o ok mEEAo|L} A EE 10% methanol in carbonate (pH 9.0)¥ ¥ & Al&319 &

H,0 Acetic Acid 0, Betaine Luminol Aminophthalic Acid
\\ AN 7 0 S
. Hl“\-\-“.“:-_-_ ___,__Qr" - Ly ,-:'_':'/’ g > ? ‘-"\Q.__ ___.'_1.4 : ) Sl
Acetylcholine = > Choline e H.O = H.O+N*hiu
¥ AChE ChOX k. HRP 0N

T Inhibition

Organophosphate & Carbamate
pesticides

[Chemiluminescence Z~E ¢ A4 ]

) Chemiluminescence ¥4 ¥ t]z<l

¢ UYolERASES YHUAS st ow offeh o] 4749 holeZ TAE AEHOR
RS ey

s Ztzte] Fo opAld 27 (hole A), AChE(hole B), ChoX(hole C), luminol# HRP(hole D)<

Aeletel 2EHS TASIAS
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Wax printing

Melt for 1min at 120°C :K‘ “‘L; ja

Zone

A:10mM ACC
B:10U/ml AChE
C:100U/ml ChOX
D: 50U/ml HRP +2mM Luminol
S:Sample loading

Hydrophobic barrier

Hydrophilic area

[Unit: mm]

[Chemiluminescence ~E & AlA 2] t]x}el]

o) Z+ Ak HA3 21 &9
1) Z 5224 5= 33
o 3}3hA RS g 2EHAA O AL EE 7HA] E4hwE HASe W dAS AAE A S
¢ &2+ AChE(0.1, 1, 10 U/ml, ChoX (25, 50, 100 U/ml), Z28]2 HRP (25, 50, 100 U/ml) =
Aelste] ~2EfAe] CLe 2AE 5 v AL FS AA A3, AChEE 10 U/ml, ChoX
100 U/ml, 28]32 HRP 50 U/ml=Z A4 3%+
o 7= AMEE = luminol®] A= @7held A v Aol £7] wiol ¥ E carbonate
W3 (pH 9.0)% Tris-HCIHH (pH 88)Z E|~E3 A carbonatet] M7} CLY Ao ¢
R As FoEo] o5 o]F o HFe] ARG S

AGREC el 0 H;_ap (U5/g1 I1)00

Flow Buffer condition
Carbonate Tris-HCl

(pH9.0) (pH 8 8)

FhEn 2 vy AAAw

(2) HRP H A AHaF A

¢ 50 U/ml %9 HRP €49 Az 05 (05 pg), 0.4(0.4 pg), 0.3(0.3 pg), 0.2(0.2 png), 18 L
0.1(0.1 pg) pl A3kl 1x & HA HstaF g 23} 0.3 pl0.3 ng) H7kslod= 2EHS
Tt oAV Sl Aow Ay
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=43 Ay} FFdS dojx=d T 5E 5o =EAZHS u HY CL#S ‘/‘rE‘r‘;‘i‘iig
¢ 1032 xEFAE EHE CLA#LS S7He 345 o] FAXAA & AR 1y, A&
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o
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F71907] 5okl EAshel Al ACKES] @40l Astwlo} CLY Aol Asise

*
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0 100 200 300 400
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[¥H8-AIZF Aol w& CL %ol W3t 34]

AZke] e T &

7datell whE Hl 5]l CLo| Aol ofr]+

a¥E2 AR H7F & CL S43te Albs AAS s 3o destez 7}
%+ =4 (diazinon) H7F ¥ 16 &< CL#S 543 47 62

wz CL o] ol=v 3s 98 + UM

15274 = 5= CL &9 Aol Aoy, A3Es SAe= AlbS

Rejo) A wk A 7kel
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Diazinon(ng/ml) Diazinon(ng/ml)

— \

3 1000

= y=-117.73x +639.78
fos. R?=0.9688

£ 800 \
o i,

CL Intensi

T T T
Q 01 T 10

Diazinon([ng/ml)

() Fek 3% W HETA FA
¢ 7197 %< 3%F(diazinon, chlorphyrifos, 2] i paraoxon)ol w3t Z} H% ZTF&AS 0]
B ~Eo A3 T 108 AWEZ A5 AFAAZ =4 A 3% $7)U0A &

0,1 ng/m7bA FA40] 7hsgh Ao FAHAS

Ry =]

100
i =—#—Diazinon
Concentration(ng/ml) 90 - &~ Chlorphyrifos
0 0.1 1 10 80 - ~s—Paraoxon
70
@
Diazinon o o E 50 -
forp Y 3 & e c
" Le e L. Y
'1?7‘ % T B
Chlorphyrifos * , S * whe Lea 2 i
- T, _‘f'.!‘-f Ve E Y
g 9 30 -
A - S \? vageod
Paraoxon | } .ﬁﬂ ,). o l‘h;:; 20 -
B N8 s 9 Ry L O30 "
o T 1

0 0.1 1 10
Organophosphate (ng/ml)

[‘52F 3%l e &47]8 chemiluminescence 2~E ¥ A9 HESA <]
2) AFFF AEE 9T 2A7] colorimetric Z2EHAA A
J X

gzl
o LT Y EYAMS] FFE WPEE Fouh 2477} 8T

= =
o THEZ ATFAEA AAS Ao FrrR WA s FoZ HHE 4 & colorimetric

o

o A 53 =dS FH Tl A7) wimel] dAdE R AR Aokl i AFS F HuAoA=
o)k
=]

o

o o} 1A BE=ntel 72+o] colorimetric ~2E Y AAe] FZE membrane?} pad T FEOZ
TRANA S

o Tk xFEHY A8 FH & 10% MethanolS 4838t % &

o 2Eq MMl HelH pad F-iol LAGE Mo ARE FUAA Fe s
SASFEZ=UAAEAS (o &4 = g FA = FA)
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Sample

PES membrane
DS5cm X Jem

[Colorimetric ~2E & AA 2] tjzpel]

) Pad A3

o WAo] HF o] FolA = padd] FHOl WE WP JFgFS gelstr] 98 Al#sta 9l pad
Fusion 5(Whatman), Conjugate®} Absorbent pad(Milipore) £3F < A A3l HAE

o ot Ao A HE=nkel 2ol Milipore Aol #vwjdt= absorbent pad®= ~EHQAAE A2t S
ul Fofe] AR AR A o] 7MY FElst S

, 1
Positive ] : EE
N~ -
: b
Negative {
Fusion 5 Cnnjugated Pad Absorbent Pad

[Colorimetric =~2E ¥ AlA 7S 913k pad A A]

t}) Colorimetric 2EH AA AEIA =A

¢ F7]9A F<F paraoxon TE=H XFE2Z (0, 1, 10, 100, 1000 ng/ml)< colorimetric 2=E
AAo] A8 F B0 LQv= HAH AHS AAAS

o ofg] oA YEY vlepto] mok 4§ 5 FHE 0 ng/ml FEAA de] doykor}
TE & AFE AT F NS

o 1027 2029 AFHAAE Foke w2t T7HESFE padoll A =T A E = Ao
A= A=

¢ 107 AES HAMAHEE 1587 201 RFSAIZ] A FERT oFgt 3o R HAdEo] Als H§ &

5% F =43}

o

AN}

0 1 10 100 1000

A

AN

]

e

[Paraoxon®l ™3l colorimetric 2E ¢ MAA #

gz ow ~EF ’bloﬂ AARJNALS] F54d TS 9138 AFE3t= Tween 2022 13 Dual
DNA?®| ZAgo] #ojA+= o= ddy
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AFB1 (ng/ml)

10% MeOH/PBST

(Al &4 Al (Tween 20)0 23 dsDNA 53 g<2l]

o ofgfe] Aol A & 4 ko] Tween 2001 590 A &2 Wy 2ol A= Dual DNA9]
il

=
Aol #ojA A a4

T

* 10% MeOH/Tris-HCl (pH 8.0)7} £& Z o=z Iy
o T8y PBSAA A= FFol 547t WH el oA o] FdkA] H3}

Watol JEn}A o)

Aoz FAuhd (test 2 Aol

rlr

AN

AFB1 (ng/ml) AFE1 (ng/ml)
0 10 0 10
Test2
Testl
10% MeOH/TIs—HCI 10% MeOH/PBS

[sfe] w2 ggolSae Wrelyd oE4 2]

o FHo|EAS AY Y 2o FgEAR HWHAdgA olFdE 5o FAIE Ao
Aoy 1A3dE dFZAAE EOE Feke] WEYAY §5A gl ol &4
o]Fojd How HAekd

[2 Ad= 758 2]

7h NEE 4F9] F FEIHE o] &3 474 2EHAAN TH
1) Double strand 7%t YEIHE o] &3 T 2EHAA F+&




Fluorescence

No AFBI + i — %il E:‘

AFEL ™ [
e i ey .:Mg - E ._ma, | & -

AFBL  @-LLllL Bictin-aptamer elLLL Complementary DMA-cyS Streptavidin N negative. P positive

[FEFH 7]db dip-stick 98] 2 g x}el]

< =
“ = L4
o 1ME Hgr)ol A TEe 459 T ok gt el A E 20F5S Wl4F S 2 graphene oxided]
¥Ho] dFEZo] B2 DNA JEHE 14 3 & g7l EZo| ug} grpahene oxide?]
EHoA g H cydb GEIHE o] &3lo] FFA s o FHAHLEE Folslo] HAH <JEIHE AA
A A

Tt pu—
L iaTils
tgk"r ‘fféi g }r’ -E‘{.‘_::gﬁ + &
2 = \-é c}ﬂfd‘ «
S .--}* S - .
dfd'\l -~ - 8
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W ik ”
SrEFH Graphene Et&
axide

[hebe kg Bl

o
do
:(l)L_l‘

>
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ofo
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o
ok
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[5oF 450 gk et A7 <]

Pesticide = Aptamer name Sequence (5° — 3’)
Ipro0 CGTACGGAATTCGCTAGCTAAGGGATTCCTGTAGAAGGAGCAGTCTGGATCCGAGCTCCACGTG
Iprol CGTACGGAATTCGCTAGCTGATGGTGTGGCGGGGGGGGCCTGGGGCGGGCCGCCGATGGGATCCGAGCTCCAC
GTG
Ipro2 CGTACGGAATTCGCTAGCTAAGGGATTCCTGTAGAAGGAGCAGTCTGGATCCGAGCTCCACGTG
Ipro3 CGTACGGAATTCGCTAGCTGGATCCGAGCTCCACGTG
Iprobenfos Ipro5 CGTACGGAATTCGCTAGCGCCGGCCGTTTCACCGTCGTGACTGCGCCGGGATCCGAGCTCCACGT
Ipro6 CGTACGGAATTCGCTAGCGGGCCAGTGTCCGTGTATATGTAGGTGCGCATTCTACGATGGATCCGAGCTCCA
CGTG
Tpro9 CGTACGGAATTCGCTAGCGGGCGGGGGTGCTGGGGGAATGGAGTGCTGCGTGCTGCGGGGATCCGAGCTCCA
N CGTG
Iprol6 CGTACGGAATTCGCTAGCTGGGATCCGAGCTCCACGTG
T1 CGTACGGAATTCGCTAGCAGCGTCCACGAGTGTGGTGTGGATCCGAGCTCCACGAT
T3 CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGTGGTGCGAGTGTTGTGTGGATCCGAGCTCCA
CGTG
T4 CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGTGGTGGAGTGTTGTGTGGATCCGAGCTCCAC
GTG
T10 CGTACGGAATTCGCTAGCGAGTCATGTACCGTCCCTGTGGATCCGAGCTCCACGTG
Tebuconazole Tnl CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGTGGGCGAGTGTTGTGTGGATCCGAGCTCCAC
GTG
Tn3 CGTACGGAATTCGCTAGCGTGTCAATAATGGTCCTCTGGGATCCGAGCTCCACGTG
T2 CACGTGGAGCTCGGATCCACGCGCAGTGGGACCAACCCAAGCCGTGGCCTGCCGGGGGGCTAGCGAATTCCGT
ACG
Te3 CACGTGGAGCTCGGATCCACACAACACTCGCACCACAACCGGGCACCAGCGTCAACGTGCTAGCGAATTCCGT
ACG
i1 CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTTGGTGCGAGTGTTGTGTGGATCCGAGCTCCAC
GTG
. . CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGTGGGTGCGAGTGTTGTGTGGATCCGAGCTCC
Inabenfide 13 ACGTG
18 CGTACGGAATTCGCTAGCACGTTGACGCTGGTGCCCGGTTGTGGTGCGGGTGTTGTGTGGATCCGAGCTCCA
CGTG
CGTACGGAATTCGCTAGCCCCCCGGCAGGCCACGGCTTGGGTTGGTCCCACTGCGCGTGGATCCGAGCTCCAC
Mefenacet MBA

GTG
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a) b)

750 70000
eI pra MeOH
14000 i 60000 T2MeOH
= ——Tprol @0 pp
\ s=—T21 10pph
12000 \L Ipral 000 ppb 50000 ;:O:P :
2100 pp
10060
40000
= 5000 =
30000
000
20000
1000
i 10000
0 ]
60 60 61 60 @0 T TN T TN M T TR 640 660 630 200 210 710 760
Wavdengihi{nm) Wavelength{nm)
[IprobenfosE ©] &%k Ipro0 $HEFH 7} 314 ¥ Graphene oxideol| ©l&f &zl d=ol] w& FFAs &<l
A3H(a), Mefenacet2 ©]&3to] T2 ¢tE}M 7} 14 ¥ Graphene oxideoll ©]3F Al& o] Fx=of 23k

e Awe e g3 As 3ol 2]

¢ M3} T1: Mefenacet., T2: Mefenacet, Inabenfide, Tubecunazole, T3: Inabenfide, Tubecunzole,
IproQ: Iprobenfosoll Z+Zb Specific 3+A Agsts EAS 213},

o Z7tg olgad ol FEW AYY D AZHA B A

(U4) 33 Zol¢9 Double strand DNA pair &%

o 919 @AY Double strand DNA E ol A= biotine] A O] Je AR A Ao Zolrt

A8 E dAste T2 84 T shd

o 2 AT IAFEAE T EA M AN JEE e D] T2, Ipro0E o] &3ko] 4] 9
AR MAe] Hols &g, T2 ML) 45 379 soF 242 Sol4 weAds &4
ZRA AL A APl AR E 59k Mefenacet w2 M E

a) <Iprobenfos> b) <Mefenacet>

Ipro0_complementary
DNA {18mer)

2_complementary DNA T2_complementary DNA
17me {22mer)

STA

e s ephemamt e (A ey
MIBA_compkementary DNA (12mer)

Thaoresence intenuty

Metenscat Samples Metonce Limpies

[Ipro0 YEFHE o] &3 Iprobenfos FHS % HA 9 Frx AE &2 A3(a), T2 HEHE
o] &3l Mefenacete] SAE 913 HH 9 R4 A4dE &2 A3 (b)]
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¢ Ipro0¢t T2 LEFHE o] &35to] Tl AR A IS o]&3le 3213k A} Iprobenfos
o

< =
= =2 =
A&Es7] 9% HAo FEA MEe Zdol= 18merd S < & £ 3, mefenacets #H&E &

T AE T2 HEbH O] R AR AHE 22merd] ZolE ds GAF F AR
o o]F i el Ao Yo 2 AR ZolE 717 double strand(ds) DNA =2l ¥E 9]

dipstick assayZ %33t

(t}) Universal bufferd 2 A3}
o A gFe TS e

Hhg-o] dojub= 7S ety s wt
o ofF] ZelA Fel & F gl%o] std
3}

HA o 271 Tris-HCI (pH 74) ¥<& &

Ziwte 2 F48t7] flald s sdT A vFo hE

a) b)
<Iprobenfos> <Mefenacet>

Tris-HCl 1x PBS Acetate bf. Carbonate b.f. Tris-HCl 1x PBS Acetate bf. Carbonate bf.

[Bufferol] w2 ds DNA7]HF A] el 2= o] X 3}ol]
s Myid 9 A3oA % Tris-HCl 745 o] &3te] W3

@) AdE s2d T4 2EJAAY AZE A &<

a) l\iefeinacet Inabfn.fide Tuhecltmazole Iprnllmnfos

I L\l Vo L 1
C 10100 1000 C 10100 1000 C 10100 1000 C 10100 1000
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h) 35000

30000

25000 -

Fl

20000

15000

10000 I I

10 100 Iﬂw ] 10 100 ]WII L] w100 ]WI U] 10 100 1000
Melenacet Inabenfide Tubecunazole Iprobenfos
[ds DNA system= ©]-&3}o] < =9 assay &<l AI(a), "oy #2424 3(h)]

o 2o AFolA FAT F Kol MEHAZ 4F TS EHALE & YEHE o] 83 =W
A% A3} Mefenacet, Tubecunazole, Iprobenfosgl AgoeE datdl Tk AE HFAA0 100pph
o]3k9l 10ppb= A& H oz EAaWS geld 4= 9%l o1}, Inabenfid = AE AR
100ppb A E=7FARE EA 0] ¥ &= AS A A&,

2) Single strand 71%F8] FUX=UA 2 FF S o] &3 2EHAA TE

a) b)
o o 5
% o S? o it
[ ]
[ ]
.. Binﬁn—A;t—aE::r—t_"S In the absence of target  In the presence of target
545
In the presence of larget In the absence of target gi :: :;;:2
DNAE o] &3 single strand (ss) DNA ¥°F & ~EF RAE]

o 1HAE AR gUHEYPAE AFES AFATe] v gis] 2 AT 2E A A
TR e FRHAIZ FEHE o] &3 AFAR A IS APETS T s =gAt
dAoz AUl HA A4S T3 SAHS A3

o 9o a¥E & AFZ ] single strand ¥EFH O} SULEYAE o] &3k A2 W gk
1 A = 0]

O AT

(7h) &34 buffer A

o A2de] FHEE 9] B AEHUE OTA YEHE o] &35t HAE

+ Buffer= 7159 ds DNA A]2=elo] A AFE-3F Tris-HCl pH7.4% °] &893 Ty #49
PSS FEsH] s E do F=7F vl 8357 Wi dFEENaC)e =5
oA 2dste] AdES s
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a) MNaCl NaCl NacCl MNaCl

b)

29,000.00

2700020

2500000 _
23, 00000

2100000

19,000.00

1700030 I

1500000
L] 0 woe 1008 0 i 120 1000 | ° TETR T 1 R 10 100 1oen | (ppbl
001 mN Nl O 1 mA Nadl Hm i MNa Y L0m N Na

o

[hegiate] JA@A4el o8 OTA $E¥ 2 d%ud 24 4ol Ak, ol

[e} = 1l
£ 21744] (Chemi Doc)E E3 &4 AAEE g2l Ak(b), n=3)]

o So ArelA gl & 5 kel 7H arE =<l 1000ppbel A e A ¥= controlti W8kl T )
HeE e 3 & F AR AN 2 FE o] o= Afele AFAS AT F
A+

¢ a), b) AFelAE &l & F 9l%o] HAH 9 NaCle] FR=E 0.0ImMoIA 7HE £ AFE S
HedlE 2s By

o HA 9 puffer A& Tris-HCI pH 7.4, 0.0lmM NaCl® 2743},

(4) 33 DNA/Au nanoparticle 5=
¢ Control testoll A Fui=dxte] Fla Aol 23t Bl A w37 Qe Fue=da 2
FEIH ] FEE wFo] AEgs AP

o 2 AW obd YN Hol= AAY Fuhwegiatel AvhE FAF A3} /1022 dilution T
Aol q b T AP AoE YL FAE 5 AL
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a) b)

1
1/10 dilution 1/5 dilution Y dilution No dilution 60
— — 11
— W_-

b‘!_‘.l}

E

2im

-

é 150

s

U HEEH HEHH H

@ 10 100 100G 0 10 100 1000 @ 10 100 10000 @ 10 100 1000

L §

(559 05X 1x
Dilmden rats

[FU=d 2kt ssDNAS 4 Fx g2 A7

(th) 2E¥ A" 43

* Negative A= A& A wube dzbe] ol o AL YeuA] b 202 kAt
Positive Alg0l4 Hup 43 Sube ixke] oz A THAHES geshr] flsiA
sEY] A9 g 2o AL AAF. ofd AN F T 4 Y%ol AEe] g
~Ege] F¢ £ 35mmyAil A 2EH] A9 L 2mmd

¢ Z2EH9] Zo] ZolEFE 9 Fio| 91X % absorbance pad? F5EHE X7t ST R
2EG U f&o] w2 Ho] negative AIRE 83t A9 ofdll 2™ A F 5 %ol
FUEgAe dhEge] FAES FAT 5 AN

a 7T
4’ N 10100 1000
|
-
|1
NAEs .

[~EY Yu(2, 35mm)E Fu=dzte] A8 g 23 &9 ppbl

() 5 ¢EHE o] &3 FUYA AL oL HAAZ J|e AW
o OTA QEZ o] &3le] AR Fywlal o7 BA7)%5S o8] AZsluA sl Eoke
AE AN

o7 FoE §E357] 98] AHE3HE 100% methanole X 2] 8 2L aL, test
°F 100pph& & 717t A g3te] 395

o] 47] F<kell dla] ssDNA aptamer®} = 4= A9

HAZE AR 100ppbe] #2& FAE + AS F2UstA

¢ ControlA 5+ duh
[
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*

*

[F=dztel o A28
(7)) ssDNA ¢EHel o FU=d 49D AEL ol 88 5o v=d AF 49 AN
woko] AAAL Fola} 4 glolom o= o]fdte] ABA FAE=S stoldly] 9] 3%
TYY sEHE AP A F
19500
blgl}ﬂﬂ-
;ﬁ 18500 -
:Elsllﬂll
E 17500 -
51'?1]{"1 - i
16500
1000
c 10 100 7]-.IVJI] Mefenacet{pph)
20000
g‘wsnu -
E
£ 19000 -
glssuu . i ﬁ
18000 -
. 4 i o 10 100 1000
C 10 100 1000 = % 5
22000
£ 21000 -
£
%20000
2
]
= 19000 -
15000
€ 10 100 1000 o 10 100 1000
Tubecunazole(ppb)

[sSDNASE Bvielalel R ase o8 st 57 9 529 Fvhedd 2% 23]
ol AspolN sele + gmo] B APdo] AL &S o &3] 359 FoFS
THEYAE ol &ste FAT F ARew o] F 2F < Mefenacet, Inabenfide= U RFZ QI
FAAL 100pph7HA Aol HEACR olEolqe FAd & AW, A 150
Tubecunazoles 10ppb7}A] =73 o] 7}s3S gelst = gl
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Y. gAd 2EY A7 € I ZdH
1) Screen printer patteringS ©]-&3F Al
(7}) Wax printing 7]|€< o] €3 &3 AMA 9 design L #13F

Je
OIOIVION )
ulv ﬂ

[Wax printingS ©]&3F s}t sfg ]

L "

y

o SlolA A & glFol dE Fulel WS AAHUD olF Aol AAsuA shgont
stebe EY e %S membrancd &AM HA(1200)E ABAA B A4S AP F
EARE F97h s e Were wasE 3

(W) 239 ZAH S o] &8 & A R AF¥ES A7 designing 24

Membrane

production

[~2a3HUZUYS o] &3} patterning WH 24 E]

ol geld 4= l5o] T}k patterningS 9d ¥ AL Craft cutterE
& &3t patter®] mesh& t©AFQl g & o] % organic compound& ©]-83}]
AAdzdY S AAste] st FJejo] AlA xS Az

T3 7le9 FHL 71E2 Ink-jet 2 9] membranedl screen printerE ©] 83 patterning ©]
f A3 120 A 7hes AlYste] FolQl membraned] £4S HAs AH
=5 ° T3 Bgo]l Um g o] AA ZHAA Y FEAo &
= 3d

¢ Craft cutterg ©]-&3 thd3 deje] Mesho| Al2tS ofefe] 13} 3ho] A

_97_



o] &k

[ME t}& Alo]ZE pattering I membraneo] A 9] flow &<l ZA3}]

o]#] & pattering®] ATF}Z 7|yl
enzymatic assay°l % -&3}7]

T
o n
u
Sl
ot
ko
o b

3 ~EHY flows} AP S st A
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kel ds DNA HEbm S el

©
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two channel £ & o] &
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st 4 2131, inabenfide= T2, T3 YEIHE AFE3 oA #le] JAHAHS & = U
¢ wRI7FA Z tubecunazole, iprobenfos® ZtZboll sEelE YEIHE ALESt= AFoT Soldow
gelo] A= Axs FdTgS B3 452 SAd HES = Jde A=y S g
TE T2 T3 Ipro OTA
Mefenacet Inabenfide
Tl Iz T3 Ipro0d OTA
Tubecunazole
[Z} & oFel w2 el <
o Y AF}E "o R AR & 239 FIFS uEoZ AMAdS AAE. (100 ppb Iprobenfos<}
Tubecunazole, 100 ppb Iprobenfos®t Mefenacet)
T1 T2 T3 Iprol 0OTA Only GoldNP T1 T2 T3 Iprol 0TA Only GoldNP
o fo Aol HH TS FA 2FTS AT Aol gYdAte] JAo] sld dEMHIF = A
SOt A7 = AS FAT 5 A=
o B AFE Z3] FTAld 4F9 E5o]4 qElHI thi ~2EHMARS FEIF L o] eS FI
A A&st ¥yl 2 gk Aske] shedt xwlo] tigk AFE A S
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e 9 WARS A FEel AR RO, L olfe A FEe AR Uik Az OE F Ry
o 2EQAA AYs e Bde Fo] gergor s WA AdE ML FE U] gE
o)
Type Type 2 Type 3 Type 4
. = l
- - .
l b - N
Type 5 Type 6 Type 7 Type 9 Type 8

[ % Fo] A F&9 d=e Wi s HES 9% control 29, (A FE¢] angle 4= ; Type

1=180°, Type 2=180 °, Type 3=120 °, Type 4=104 °, Type 5=90 °, Type 6=80 °, Type 7=72 °, Type
8=64 °, Type 9=60 °)]

o
o mi

FUHE=dA] ez Q& wrt duiy FAAFHEAE &9l
o2 dojuE JHgE angle?
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Qa2 A o B ATFAE ok At Sojta o To] 919 Alxdo] paAE = HA A
s s A
A B
o] 1 5 10 20 imiry
22000
21o00 Malaoxon (<)
;- 20000 b4 - sl I
£
'E. 18000
- O ppb - §: 18000
o 1 5 10 20 s <
& 17000
= 3 . %
16000 o 2E
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15000
o 1 s pis) 20
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- 100 ppb -

[soF H7F 5 &l dip-stick 2EH & HE AME AEA717] A Awbg Aol dig &<l

o) Al A el T & gFol Aug Aol BAE A @ee FA T 5 AA; Fo
47h8 ¥ Dip-stick Bele] ZERL $FdE Kitol M2 AFAAE A0S

doh h2A g B T 5 AAS

¥ ATAe 99 Ang Eu= sk 444 452 9% Dip-stick 2EYS AL g

KN
= .

S OE BHAH HE A5 AN
@Y FoFY 4§ aptamer AE Bl ofd F Fo okl it HE A ARES AAE
(cyanazine, Malaoxon)
w3l EPN, Carbofuran, Dichlorvosel] tdt 7|E X0l &4 & AAste] A~ AFE FU12
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>
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W
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Malaexon concentration
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Pesticide STD sol, 17

§

S
Q
s}
=}

Alntensity(l,,- L)
2 8
[=] (=]

g
]

=}

0 ppb 10 ppb 50 ppb 100 ppb 1ppm 10 ppm 100 ppm
Pesticide STD sol. 17
concentration

[E3+F 2 AlE Pesticide STD sol. 17¢] W3t =¥ A= A4 AdZH]

E3etH ekl Peiticide STD sol. 17(10 ng/ul each: atrazin, atrazin-desethyl, cyanazin,
sebuthylazin, simazin, terbuthylazin, hexazinon, chlortoluron, diuron, isoproturon, linuron,
methabenzthiazuron, metobromuron, metoxuron, monolinuron, metazoachlor, metolachlor)<}
Pesticide Mix A(a-MHC, 4,4-DDT, Decacholrobiphenyl, dieldrin, a-endosulfan, edrin,
Hepatchlor, Lindane, Methoxychlor, 2,4,5,6-tetrachlor-m-xylene) & #AZ3E A3} A LurAel
TFAIAIQD 507100ppb ©]7del el FE= $1¢8 Al2dS ol &ste] A ow Flo] Fhe gt

(e} S = I~ [e]
S A & F AN

T AAABRY HEL YA AlFoA Fujdt= A F(Lactuca sativa var. crispa)E -7
o] B oggtxo] st3k Dip-stick strip T 3 AES AAFIS
< ot1¢l malaoxong AlE ol H&sko] AwbHl wof F4W<l HPLCE

il

ol g3te] Wlm FFe AASAS

HAaF Az A% F Malaoxonol ™3 HPLC, dip-stick strip sensor?te] AA A A3 H| ]
HPLC Dip-stick strip sensor
Malaoxon spiked
(ng/g)
Malaoxon detected o Malaoxon o
(ng/g) Recovery (%) detected (ng/g) Recovery (%)
0 ND - ND -
100 103.9+0.05 103.9+0.03 96.4+0.02 96.4+2.41
1000 926.3+0.03 92.6+0.04 997.7+0.41 99.8+0.44
10000 9,927.3+0.05 99.2+0.05 9,970.8+0.04 99.7+0.48
100000 97,327.3+0.32 97.3+0.31 100,674.4+1.81 100.7+1.82
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A2 ARl AH8% 59 parathiono] ™3 HPLC, dip-stick strip sensorzte] Az} H] ]

P

HPLC Dip-stick strip sensor
Parathion spiked
(ng/g) . .
Parathion detected o Parathion o
(ng/g) Recovery (%) detected (ng/g) Recovery (%)
0 ND - ND -
100 91.8+0.08 9148 81.2+0.09 8149
1000 812.9+0.68 81+7 894.3+1.42 89+14
10000 10,832+0.02 108+8 7,462+0.18 7446
100000 84,244+0.39 84+13 112,036+0.36 112+12

*

$1 Aol g T F Qo] ddtHd FeF FAIH<QA HPLC® ¥]alste] Dip-stick strip
sensor®] Z¢o %= recovery”t 100%° 7HgA A= As g F F AUF

o FESH AR gt A¥E YEhdS ZRlste® JiEE Dip-stick strip AA7F AT ¥ ofY
2t AFY SA4o] teds FAS

B AT o] Ans EdE =% 9 S E A Fol g (71
upxj ek o g7 ik o} X1 Dip-stick strip sensor®] 4o+ Als 3|FHFEH A4 F 309 Al
oz FPA Ao drES AT

*

*

4. AFH AL AT g 7% % HE AM S R AANE H&
¢ 1AIF SIETIRS J‘Etltﬂﬁhwﬂfﬂ ks 2 e MEE o] 83te] Dip-stick strip

)
off

2
A
L

=3 g
sl soF A A4 Kits A dvietriz 3 (F)Ldaetst Fojg Sl
= =S

d R a7l 2 AR

*

o B ATHe AYE BuoA FuedAs ol 8@ Wd FRELL o1& W dte] B
1S AP AL, AN, FUH=UAES ol gt F¢E (F)dRe ol AtE HE7] AsdE
7 Egol o FEol Yo wore] A}A BAolE FFEAL o &I WAL AL w
g

¢ 7]Ra AItel= LFA FEi¢t Dip-stick FHe] 2EH sepAlAd did 7|ewnus Iy e
U A 27) FAEe HES wERa AESE AFAYS Sete] (F)daeotsk @l At

Dip-stick®] FEje] ZHES HAA 7=

1) AFZA L Dip-stick aptasensor ML 2 73}

Scheme o
=
- - Graphene oxide on Glassfiber NEC
—
Graphene oxide < >
on conjugate pad @ Biotine- Streptoavidine Dip-stick region

aptmaer-cys

[Dip-stick @Ele] FFAEHAA 22 L]
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o 2 ATHE AR SETIES nedigtuol A FokgEwE W=ty 9] AFE¥ Grapehen
oxideE ©ol&stel sHE] 2EY /el HEAZI= FHY WIES JIPeAs (VIR
Dip-stick®] 7 %9l Gold nanoparticles ©] €3+ 2S)

o A WUAZE NColA FF-Stetr-nio] o€l Fejo] DNAZE AN EAE et 23S 719

[ei3
=

1% BSA blocking

Mo blocking

[NC membraneol A 833 DNA /& e (F: Bare NC,

$jo] Ao A el st ¢ %ol NC membrane?] 7% &3 DNA AMLES A siae
1% BSAE A7lsfobdt H+= AS g & F A5, ofF AP AAHAAE= EF 1% BSARE
blocking 3}e] 2133},
FWA = graphene oxideE LAAZ]7]o] 7F4 £ #E]9 membrane padel AAS A of
g Ayor gelsk = 9ol AuWrA el sample pade] A$ol= FFE Aol AF HMEHA Fe
EAS I gl em 2yl glass—fiber FEl9} fusion S(millipore #1% %) H 2] padol A&
334 StebH7F A7l E o] NC membraneo 2 A7lE & 2s &2 & F AAS
Sample pad Glassfiber Fusion 5
Streptoavidine —
[Graphene oxide A& pad == Z}]
2 AF L Glass—fiberg ©] &3] o] % HAFE AHA
o /‘ﬂ HA 2= FRGEHE o] &ste] HA AN &dd dighk ~agdS AN A=

%1% BSA blocked NC)]
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Streptoavidine —

o] =
A -

[37}A] & el & ARt

buffer 23849 23]

L T

0.IM MES pH 5.0
0.1M MES pH 6.0
C.1M PE pH 7.2
0.IM PBS pH 7.2
0.IM Tris-HCl pH 7.4
0.1M Tris-HCl pH 8.8

T2 teb ¢} A3sl= Mefenacet 100ppphS ©] &3F 9]

o 9ol Ao A el I F Xl weke] A A9 gl A9 AHE ou X oA s
& do] MES 6.0, PB 7.2, PBS 72014 F2& 237} e &9 @ =+ 3U8s

o Uwx] mE gt gk woF 5ol gEwE ol&std S/N7F F%d buffer 37H4 5 2
7FA(MES 6.0, PBS 7.2)& ©| &3t d7s % wrgAd dd A4S A&
[T1, T3 EtH ] Z+Z 100ppbe] Tubeconazole, InabenfideE % &3+ & buffer 23 23]

o 9o Ay FQl & & gl%o] TI, T3 e EF MES 6094 = ¥gAdoe] Yepds el &
T AR

¢ B AFHL o)F HAYPLE BT MES 6.0 A&3te] xdg

o dutdom St o] A H WSS FHATIV] AdlA = 2o HIE Tas 84 T g
el & A2 NaCle o834 o s=o & A 2 v A3dS 359+
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NaCl omM NaCl 1mM

Nadl omMm 1mMm 10mMm 100mm 10000 - 10000 -
| L
(S EW=d 0 10 100 O 10 100 0 10 100 O 10 100 'R2=D-9528/9 -
(ppb) o
5000 * 5000 -
0 : 0 :
Mefenacet (ppbl 0 10 100 0 10100
NaCl 10mM NaCl 100mM
15000 4000 -
10000 - .
® 2000
5000 4 & ¢ Rz = 09636
D fr D
Mefenacet (pph) 0 10 100 o 10 100

[(3H) 4 s= B &7 v 25 2EH &9 23 (Chemi-Doc), (%) o] A3pe] 2443}

o GRS ol mebd 27 AF gl Lebbe AFHL =k 100 mMel FE o A&
Hi A9 6 ol Solq wgow Afus AYYL welw g

o B AT HAW A3t FHE AEFAS A Fol QAU Fol AAL MW A} =E
e HAY S AN ¥ AW AL WS FE37] 94 100 mM NaClE WEz
=]
=

2) AFZ7A & dip-stick strip aptasensorg ©| 83 T AAANE AF € EHAL8A7 <
7h AA A& &S T cut-off value B 7}

+ T2 et & ©]&3lo] Dip-stick strip & eFAlA el AAA R S 13

o T HAAANRSY AES A AlFolA FHujstE AAF(Lactuca sativa var. crispa)E Ul

ato] FokS A&ate] & Aol e Dip-stick strip M tigk 35S HAIF

[S =1

Tubeconazole{ppb) [1] 10 100 1000

Tubeconazole 0 10 100 1000
(ppb)

&

(i

[T2 ¥EFH Dip-stick strip aptasensor® ©|-&3}o] A A} A Tubeconazoles TEH=E 7
4 3}
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Iprobenpos 0 10 100 o000

{ppb}
8000 — -
&000
-
4000 -
2000
c ;
Iprobenpos o 10 100
(ppb)
[[pronenposS =W &2 A3 H&A7] A]5Z Dip-stick strip aptasensor® ©]-&3}o] 7 E3
A3}
4200 -
Inabenfide 0 10 100
(ppb) 4000 -| ¢
3800 -
3600 -
3400 -
&
3200 -
‘ .
3000 .
Inabenfide 0
10 100
{ppb)

[InbenfideE TE=W=Z A3 A 8AA Dip-stick strip aptasensorg ©|&3}o] AE&3 2]

9 2ol A gl &
IprobenposES T1 ¥ EH
2 oATzlo]l ke Al =H
Tx2E 717 DNA Ad= <l

gl%=o] T2 YEIHZE o] &3] Tubeconazoles Ipro0) YEIHE o] &3]
£ ©| &3} Inabenfide® vkz} &3l %?EEEgﬁi A8e & A 4
A AR BN E Q

o

[)
(e} S S >~ (e}
H?%%Eﬁgifﬂﬁ°mmﬁ

2=

2

of

ool AIoA & & Q%o B AFAAN AuE 2EY AANE o] 8349 tubeconazole,
iprobenpos, inabenfideE ZtZ} 10 ppb FE7HA AE T & U+ E4Wo] MudE Aoz Fol

=]
=]
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Tubeconazole Inabenfide

(ME Sye A=

ol

A1 (10 pph) A& EA4]

o2 Qo dAZl § /fEE dip-stick strip sensorg ©|&3te] A S Ay IFES HPAHoR
83.8~112.2 %& FAF AA & FolA 10 ppb ©]37HA £Ae] 7t5 3
o] d

¢ o) tubeconazole, iprobenpos, inabenfide “L2] 31 mefenacetol] 3l 1, 10, 100, ng/g == <
E|

¢ Dip-stick strip sensorg &3 A5 FEH4E AE F L85+ A Ho 15802 153
7] W&o & Al F FgS BEAeed 289 AFE 30E oY AR oitd

o oo AxpolA & F ARl MtE 2EF AAe AS AFE H3E A 1A o E T3
HEstE Ao® FRlEo] dAoA A& Foke] iAo Thed Ao dd

t}) WellKoreadl Al A Z} 3k Casedl 2ERBE AL&3 I3

¢+ Well-koreaol| 4] A Z+% Caseol]l ¥ A -xo] 7st #75F
A Fekol g HE AES AAGE S

o AAZA] JNREAJE JEIH 4FE o] &ste] 2EHS A

W5 ok 3% el AAstE 2A Yol AFS A

tamer name Target
e

T1 Tebuconazole

Tebuconazole
T2 Inabenfide
Mefenacet

Tebuconazole

= Inabenfide

Ipro0 Iprobenfos

[%. 7 e AF wot ¢ AE]

=
|
o
a
r'O
pa)
o
(o]
o
-
i)
e
sy
X
o

S %ol A GEEzt 22 Fop
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Tubecunazole Mefenacet Inabenfide

T3 T2 Ipro0

[Cased] %% S HF AFIHY IFFTF AE Kitoll s 22he] Fokol uisk HE shAA A Y
A3} a) Tubecunzole 10ppb & -&, b) Mefenacet 10ppb A&, c) Inabenfide 10ppb % &]

o o] Ao Feld = dSo] B Aol sfde A"l 7
- HP%%V] w20l a)¢] 7:1-1]_0111\1 solat 5
o= T2 Stetwelrt whg-347] wjZof 5

£ Tubecunazoled 7 %o+
o) =
AN

9] skelgt ‘Rl%o] T2 StEFH7F Q= i‘éa‘uoﬂ’ﬂ‘{ AN s g0 5 2
2. "R o 2 Inabenfide®] 7 9o+ T2, T30l A wt vt8-Ao] yefolst Ayl vz F 79
~EHG oA & dgs g

2]
X
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r1r [
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FPE )
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s @Al %%ﬂ ﬂﬂ i R )
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N Ho
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s fo] Aol geld F %ol Bio-RadAt®] Chemi-Doc MPZH|ol| H3] FFAT7H
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*

Wellkorea results

o 200 400 600 800 1000 1200 1400
Chemi-Doc results

[Chemi-Doc MP vs. WellKorea & 3#o]n] x| #n]e] Aojn] 4 z}]

At AEE 2EHAAN A8 AA

FA-¢EY 7y 2EY AA case YA

Dip-stick 2E @A 9] 23lE 93 714 23 24 T s AFEA 9o A R

B A7 g Fio e A2 1383

B oATRe A%n 9F 5ot 98 2EUS ol8de] wy EE FE 191 Aolse] %
5o Aol ot FFS AHRY] f AFE AW A S

z719] ~2EYAA ] caser= ot#le] 1@ o] Mo FE}AE S o] &3l cased Al S
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e LLLUT] {7

Glass plate for applying certain pressure

.-"4\'“
f Wet designed A4 using dimethyvl sulfoxide

NC membrane on glass plate

Template fabrication

Step 4

Dr};ing Tearing-off

[Tear—off 7]&=& ©]&3 FFAEE FAL A AA =]

A% NC membrane®] 7]&ujel oJs|A mH= 54E& o] &3to] dste= 9
ST F e A=ES Eds 3
WMol Screen-printing 7| &3 HAAFE Fslo] B AFzo] sk W
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[Screen—printing(A), Tear-off(B), Wax-printing(C) 2. % patterning ¥ NC membrane®] & &<l
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[1Ad= a5 38 23]

7 2% 3 A" AA

o 2 AFNA Y FA A AFE AEo] ZAMEE FY A" EF B4 Aladlow FEEE
P& AZFo By EAME o]&3e White-LEDU50nm ~ 750nm)E AFE3 o, £4 AlAdE
ol9} o] 450 T 750 nm P H o FAo] Thegt w4 A Alaglow FASIY T Egk o Al
3 % xo]lxe s 9ot U T3 HHE 282 gvh B3 B4 Al addAE AEoA
et 2age] Ar gl AAERS ZAHgt AHEHS ZA45] YA oAd £ AF7E
el st om, o] Aol A qd AE719 5 32 B AE AY IEE AT A
A AR = g g mAe Aoz 33 BA Alx®le AMEEE 38 AlsEe A
9 G S HAR AL 7 AESE HA AT Holof gt

o B34 B A="2 V)Eo] FAE spectrometer?] A3t 2HS SO s HAG. V&
33 A"l FxE o#E JHA7F QAT EAH o2 Czerny-Turner mount type,

Seya-Namioka mount type = o] xth 3 WAl Czerny-Tuner mount®] 725 dofA &

st Hato] gl Seya-Namioka mount FEfe] H]s|jA A&t 4 HI=E 7AW, o|n|xH

oA Yette exE BAT F dvs Aol vk F WA Seya-Namioka mount®] 7 -9-¢ll

°14 Czerny-Turner mount 7-¢-oll H3] A& W= F3F F3Fo] ztar, ojmx|HoAe] @27}

A3, Czerny-Turner mount 4% F&3t= FEo] gltts FHol AT EAs= ool

I Qg Bt JHo] grotop Yot el o= @io] Q. o
[e)

= o
gt FEs et 3 HA P EQl Czerny-turner mount Bl = Tol A AlQbe A s}

ol

ol
oy
iy ;3

A By B A2
o B ATONA AN BF BA A2ES AR AN B3 HA TIPS o] §F /B HQ
TAE stk aga, PR Aladel WE e s e AA Z2adE o835
FAR Azge g a9 2o
Boeudth . Collimating
Mirrorg T\\ ’( \‘( \\ Mirror 450nm
{ 7! ==
Image
Plane
Grating
600 lines/mm
30 _LAYOUT
CCD SPECTROPHOTOMETER
WELENCURSU M PMEITISHIPTER (LA Y
CONFIGURATION 1 OF 1
(AN 2R B3 A D A AE]
o TAE AE"E2 ZA e Fer FEI FHE7I] CCDE ol &dte] 7ol HAY oY ¥
Al A% (Collimating mirror)= YAFste] G go] wo] 34 AX(Grating) = YA L 3]
Z}OHH 3 dE T %23 7S (Focusing mirror)g 314 o]m|xwel CCD&E H/‘}Q A A},
il

28 P AgE AFE AL TE 7ol 0mm

600lines/mmell 4] 13% Blazed angle2 %+ Edumund k9] A|EFS AF&38FA a1,

e > mzi fo -
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H 43181 7] 915e] Bicon JH 9 &

AEE ol BaraT.

Photometric System

White LED, CCD Array

Wavelength Range

450 ~ 750 nm

Wavelength Accuracy

< 1 nm

Spectral Bandwidth

about 10 nm

Photometric Accuracy

< 0.01 @1.000 ABS

Photometric Range

-0.5 ~ 2.000 ABS

[3 M-1. &% Al="e] d53E]

Performance Test Report

1) WavelenthAccuracy (HolmiumOxide,SerialNo.15997)

Certified Value 451.36nm 485.21nm 537.21nm 641.15nm
Measured Valuel 452.0nm 485.0nm 537.0nm 641.0nm
Measured Value2 452.0nm 485.0nm 537.0nm 641.0nm
Measured Value3 452.0nm 485.0nm 537.0nm 641.0nm

Mean. 452.0nm 485.0nm 537.0nm 641.0nm
STD. 0.00 0.00 0.00 0.00

2) Photometric Accuracy & Reproducibility ( Neutral Density Filter, Cert No. 15630 )

Wavelength 465.0nm 546(546.1)nm 590.0nm 635.0nm
Certified Value 0.959 0.990 1.028 0.981
Measured Valuel 0.945 0.995 1.035 0.995
Measured Value2 0.942 0.993 1.038 0.995
Measured Value3 0.947 0.997 1.039 0.997
Mean. 0.945 0.995 1.037 0.996
STD. 0.003 0.002 0.002 0.001
3) Baseline Flatness ( 4507750nm, Scan Step = lnm)
Max. ABS Min.ABS Max.-Min. (Max.-Min.)/2
Measured Value 1 0.001 -0.003 0.004 0.002
Measured Value 2 0.002 -0.003 0.005 0.003
Measured Value 3 0.001 -0.003 0.004 0.002
[ M-2. &% Al="e] Asd3xE]
¢ Liquid Sample 4 913 A AA BFA2HS 7|vte g §3/3 SFA2E AEE 9
3] Light Source® LEDZ A}&3t3 PD/CCD HA&=7]E ©]&39] Spectroscopic Optical SystemS

Design 3tith. &332 UV LED ¢ PD

D
e,

[e]

White LED ¢} Spectrographic(CCD) 9 €l
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2 450 T 750 nm, 10nm Bandwidth, -0.572.000 ABS 2] Spec Z2* At}

o B AFoA ALEHE FF 5L ofF AHA A ol Yooz FFFAA~HH] FHP
FEIA| 2" o] B8 AA o wet 370nm LEDE A &35t 3999 BandwidthE B A35H7] 95k
10nm¢| BandwidthE 2zi+= 370nm FEZEHE AREsERow, &g Hkg B4 Ajade
400-700nm 999 ¥A o] 7Hed 3 A A2ES FAASA

Y. CCD =&

o=

o] ==

o] CCD %+ PD HE=oA ZSAHH ofdz1 4l

CCD 5 = T T %=X
5 UAE dsE Wi }71 f1gk ADC 4%5-¢k o HA"E AZE ALshs STAH
STM32F103& AF&3F MCU, Control xE=9] A4 55 A4 4 A+ EEPROM, BASE E&
S} dHolg 548 98 SR a8l Control HES A #AS & £ e AdRr=E 74
o] Ut

o old2T AZE UXEY Az 2 H3kslr] 98)A 24-Bit Analog-to-Digital ConverterS AM&-3F$)
3, CCD AAA &9 old 21 DATAZE Digital2 ®H3sle] SPI E410 2 MCUZ DATAE
A&tk ADC= MCU® IOXE ¢ SPI T41E& SalA Alel7t 7Hs st

¢ o] ADC 3|25 &3] 4S5 & Av AMEH HE& T8125kSPS(=12.5us)0] 3L, o] AET &=l A
dS & = DATAY &

CCD pixel <

: 3648(¢F 3700)
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CCD Master Clock : 0.8MHz(=1.25us)

CCD DATA Rate : 0.2MHz(=5us)

CCD7} B+ pixel& ¢l& AlZF2 3700 * 5us = 185ms 7} H .
¢ H5 7Hs3 DATAS 4+ 185ms / 125us = 1480 ©] # T}

________________________________________________________________________________________________________________________________________________

. :
¥ '

% :

Rid, 35k 1 0803 -3 Rk |
15,58 1 0603 :

Bk 10608 |

:

cag foo Criegas

R18 AR08t : i
Re | miz 3 [~ e | o Ao
3.5 peas ol 2, 13 [
‘-‘,:EL N Bk o0 DTl R3E.,0 10603 | ANALOG OUT
L) ‘|| [
" T 1in_CHIPIRE
i CUT-OFF : s
GAIN =1

T 5 cHiFseo:

i
GHY .-

I3p_CHIPOGD3

——

100p_CHIPOG03

[ehed= HE 3 =]

O

g2 Aaes 9 addA A ofd2a HHE AA ol=2E Aust
2 Eol7HA A} Y old 21 ZE Y Gaind 1E AAEICH, Cut-off
2 do]H RateE #<tste] IMHzE A8t

[CCD A4 BE=]

Pixel Number 3648 Pixel

Pixel Size 8um * 200m

Photo Sensing Region High Sensitive & Low Dark Current Pn Photodiode
internal Circuit CCD Driver Cuit W%

Power Only 3.0V Drive

Function Electronic Shutter, Sample and Hold Circuit W%
Package 22Pin Dip Type

[3¥ M-3. CCD o]u]A] A F2 5A]

t. CCD 54 ¢33+
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— Series0
— Series1

Series2
— Series3

700

600
Wawvel ength
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e
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= 6719 T

hul

@ 674l o)y

;g‘

=

HM 5

[
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A%

[e]

O~
T

Al

-
It

oz vol (el 579 H2
T, TEAM-6oIA B How

A=K

)

I Full AGC)=F 49

o

WS FULL AUTO GAIN CONTOL(®]

el

~
30

BT

7!

Jva
_Zr!

i

3l

=
=

¢ Full AGC

500 600 700 800 900 1000 1100 1200 1300 1400
[Full AGC DATA]
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T
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o

<
22!

© 2 Full AGCE 34,

S &

=

= o %t

3

o] dlo]Efell A

o

Ao zA spgel o

N

o
fite)

el

grel

=
=

dl o] B4t

H o2 HlolH ghel A9
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2. PD 53 RE

PD Sensor

opiTF_Laae = L
4
P00 o Hi
Mo WDO_3.3W
)

o woo_ vss HE
WS sk SHOW  GNO [
RCSEL OV SN
1ZG30& 3> oL, Al
i ADSIE0BRUZZ0D

GAIN CONTROL POTENTICHETER

OPI77_LODE 3

PD DETECT PART
5168

[PD AAMR= FAEE]) B 3z (ok)]

o 9 2¥e PD AMRER HAMAMATSUARS] SI336BR Visible 9 PD A4S Ab&3he]
S A3 EE 2833t DIGITAL PotentiometerS 483} Reference 4 A & % 9
H240) Gan £4€ Foho] ol FolAEs FaAsigo olsh e THAe Fe
152 Asl&S ALt F dom, A543 Reference ol Zetdol] W& Gain &
& SWZ %slo] 47 A83 F vk AD5280BRUZ200 & % A& gke] Hul 200kQ o=
& 2R MCUSE I2C BAE Bote] 20l 53 Al A A FHEE 2060 /
ATkQ o= 942 A% iy o 2uA FEZ 5 glnh

R A
2R o o

r o2 O oo o
i
flo
S

o 24 EN(B/T) B TE

Control

Board
gssAng
UART port (AlEI2 to BE=52)
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uzn

G
2
el ]

L, S g
g ER‘EJENJZH\P[IEDSBT L g(?rus §¥g £ Hﬁgig¥g
Blustooth IT:::?:::E&
ESDIOOV 117
sS4
‘HDINjI
_______ BT INIT KEY |
[BT Interface 3| 2=(F) % AL EE(F)]

o BERE~ mES P ESD20S AH43T, o] mES UART e sol2rt gl 3Ae &3
T B UELAS T AT F ARF dFH, s4AYE 30mE A dgich FHV 3 E
v 2" WgE <tEvE AYsta i, EFF2 v12E A det

o, 2EY 23 BE

o ol 2¥e 2EY 4 Y E HoFa Jr. 2EYHLS HE Membraned] WHS A 9FS A A
7132 AZS Membraned] #5358 wWl Membrane o &= AloFy} wH$-3lo] A wkg-S o
Atk olw), WA Yo wpet AEo] FES o3 At

USB. RS232 &

Light Source i h i - ==
(LED)

=
Sample Strip \t’—‘y
m

o 2EY WA AEE ZHe7] AN okl THAASL o] W 2AEy] 1§ BN e

o] whay 217] 93 Color AAMZ FAEo]Z T} Color A4 QAuk2 ¢l Photodiode type
S 2 One-point A4S st W CCD 7hHleter 2& Zat Olu]x] AXE o] &3t ~EF
A MEtE ST 4 9t oy aFdAE 2EY A EEo] M AA AAE RES H
o Fh
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TIMING REQUIREMENTS

S B4
Y

w o [

| Nr R oo H oy %Oo| %o | %O o

I A AT -

o _éu i oo o =

g = T

TN o B W

A 2E AA

J

White LED
(Color)

T
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+ MCU9| IOE &3
100 ®¥ul= A5+
(CCD_OS)= otd=a IdHE

olmlx mEe EolW =

[ehed=a IH 3 =2]

Al ol x] BEe Aol I0UCG / CLK / SH)o| 2132 RyuUrth o] 7|4 Ao
Ao gtesE Hula, o]n|x] EEAA AHZH A%

A4 Control Board®] ADCel| 9&|A] tjx 43t

2518 g,

e oju 7] EEofA ‘)rOE M3 (CCD_OS)+= Control Board® 7}7] Ao old 21 HEHE AX =4,
o] F-iolA = REF %2 Controller® DAC 4l & T34 =45 @yt o] REF#S EallA
OFFSET 1748 g 4 JdFYO

oh. MA H/W 7i&
<Display=
P o~ | Shetoon ] USB{device) |:> TFF—‘LVCRE::LS"
St siconiie 7 A8 =4 touch screen
@ | Micro 5D I oo} fack -
i B cPUEE
Mcu
<STM32F103RC_LQFP 64> BASE HE
= 1|
Li-Po battery / DC Adapter
Control H &=
(A2 H/W T4 %]
e HW F4& =ZA Control = % Base HE& U¥Fojzxtl Control =% CCD T&
gAg 2s2 WEste] MCU(Micro Controller

Z3% olgEa 2T E
MCUE #AAE Zazadlo=a AsE

PD(PhotoDiode) il A
Control HE=o|A ®2 HolHE 71X

Unitel 492 8,
A4ttt BASE HE&
AN SA%e FAwBT

& olgstel, AN & Atk
SWel B4 @+ J=F sk

o] 7171= DC ©l9#E ¢ Li-Po(d &
a2a AAEF A9 TSP(Touch Screen Panel)E #4314

A2 s Fol BASE HE=Z HolHE
a2 SWelA AEE g & LCDE

=
FHel 49

-&d ) wiEe, F
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75 23

EORE
[Base = T4 (F : Base B T4 % (TOP), $Base R = T4 % (Bottom)]

9] 19 BASE H=9] A3

1
mlm
o?
2
AN
T
o)
>
0
m

d HE=E TOPH I BOTTOM® ol A=+
o] wj] o] gl TOPHE 41 Q1Y 3:2}731% 1517] 913} Bluetooth® 14 & %
T3FeF 48904 LCDS A& B2 HA2AAS 4T F A= AddE7E A5
BOTTOM® el = dHoly A4ks A estr] el SAMSUNG®] Cortex-A8 3¢t 1GHz9]
7FA &= S5PC110 29dS Ab-§-3 CPUR =9} Control RE9e] TA& a7 §8 FA
o= 0S9 RERY % =4 doly AZLgor A&7 93 SD vﬂ_‘?ﬂ—% Alg et o] -
FA(uhg-2) A 9 HolEE 9 USB WRgE &2 # OAE% FEZ AFsta Yk CPU
B9l BASE HEv A4S agste] &7 7hedte stk CPU HtA o‘?‘ 45nm
BGA B}l BE=ox PCB AAA duds vz 2 ﬁ% AA e adelxe V&S 2
22 il PCB Layer® 8% €22 o] BASE =9} Egdte] Wastdth

oo r{r o
oo 1 30 30

b o

ALX Fart M

UART - Part

[Control H.& 4]

Control BE=°] F42 18 M-1994 & & dxo] CCD T+ PD HEA SAHE ofd=1
255 YAE Az WEstr] fgk ADC AR o] fAE S E HYsh= STA
STM32F103& AH&3& MCU, Control BE=9] A4 @55 A4 + = EEPROM, BASE HE=
o} dole $AS 93 B4R a2]1 Control R=9 A #Ag2 & = Qe AUy 74
& o] 9lth
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3) 2E¥Y &4 2 FE Proto-type A3

Control Board LED Board

LCD part Camera module

[2EH SA BE HEE A28 74

¢ H2E A2"S HH F 479 Part®2 F#< & 4 doh. 4 LCD Parts 4.3%1% LCD<}
LCD Board® /5 o031 ©] Part= #Al°]EZE Control Boarde} 72 ¥ o} 3lt}.,

¢ Control HE|A = Camera EENIA ¢1o] 5 ~EF o|ux & LCDE HUA] stHe] &9
= 9% sta, LED HEX=9j xﬂcﬂ ANEE BUA FJA(LED)E on/off & 4 = o =
LCD2 Ex~ade] ¢J8o] 9o Control HEo e 2o oafr HFJ3 ~EF
olH A& A& s}, @ere Algld sale g dAFstes 7] TP g,

¢ Camera module= Camera Board®} 7hdlg} d= a8y ~E !
o] Folx gtk Aol Qte] FAE 2 A7]7] fgk LED BE= 9 Fo 4 qE dlE .

o ZHZte] HERFoE AolEE ANZ AAS 393, AE7FY settingol] @& H/ﬂ—t— I2C 213 10
A& A HHS Fadt=

N

)
o olr

o
=
=
b

1(‘

| Display
Camera » |»
<0V2640> | " =y 43"LCD

Control | with Touch

l MCU : STM32F427

|
LED |
<white> l

(&)

[l 25 Alzge] 75 A28 4]

¢ Control HE A= Camera EEoA B 2EHYS ojuxE LCDREZ HUA 3t &7




3 4 %2 5tal, LEDE =4 Aoz E BuUlA A On/Off & & JE=2 shoh
o T3 HA2AH WEgo] glow, Control =9 X2 adllo] oaia] s ~EFS] ojux] A
g E 23sle], o] A= f\lﬂl"* E’\“’i A%
LCD catojH
SRAM
LCD o1

LCD HYE  Touchic  Control ¥ #UlE

MCU Camera 123 <LCD Board>
<Control Board>

Camera chip

<LED Board>
Control £ el 25
=
<Camera Board>

[2E" 54 B8 & A& /i Board AR ]

Control B =¢lA = LCDAIo] ¢} LEDAI®] 123l Camera Alol& @93tH, 7tig= S0 & ¢
de olmA A dagls Zzradd osjA Helsta vk RES dde 12V ddS *}% Els
th. SRAME 7HlEt2 50l oluAE AR AGsts A& oA BA Ay gt oln
A A FES RHst=d AHEE

LCD Boardell Al LCD Aol =eto]B & SSD1963& Ab&3to] 43214 LCDel olv A&

A g2 ~23dE AREE7] A HAIC 2AE ARgste]l HA| 2adES & uo FRE
ol 9k MCUel dgsl= g dtrh LCDE 4.3%1% TFT LCDE Ab&3hal 9lom T
480x2725 7FA AL 3 B2 A~3de 49248 Agsta 9l

Camera Boardol Al Camera chip2 OmniVision2] OV2640 % E“(ZMegaI:)ixel)—o‘ /\}38}"?\1, =
o= Chip & €3 =W 32(HdY, &) v]x35A 3L, Control Boardoll A 12C 541S 9]
g3to] Fhvgl FZo] BHEF settingS Fa AL, TS AUL FvEte] AT 320x240%
QVGA Ato]lzola olux]9] output formate RGB565 3 Al S ]— o},

Fel LEDS <t Al 525 98l LED & Board& 3
Enable 21 & & wWrolx $2& ki, LED 75 Za3% 4‘1% Zgtol¥ ICE o] &gttt 92
20mAS 7FHA 2 )

_|_4

l
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(7}) Camera Board

0V2640_Ver1.0
2013,12,03 , ,,,

[ Camera Board A}
¢ Camera Boardoll 4] Camera chip& OmniVision® OV2640 == (2Megapixel) S AF&3}4] L,
E‘Zoﬂ—b— Chip 54to] a3 ¥ 329, F9)& A8t L, Control Boardol A 12C
A& o] &sto] FhHlet F&o] BHE HALE A- (2718, e 24, AdEA 5)&
3o, 52S AUt REo ALY Aos AolES T4 Control =X FF

’

iy o
oo r

T

. 7}‘1113}4 31/ == 320x2402 QVGA Abo]l=o]ar, oln| A 9] output format= RGB565 & 4]<
Abgste] 2Ege] on A& ¢lojEoA LCD stHe =98 FYtt

(1}) LED Driver Board
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WVioc 9V usz - 43
5 1
4 | onfo fout 3 Fl
o 54 1z uz & CHIFOS0S
CHIF0E0E | © = i B
FOCEIzaL AR i SMWZED0Z
| |[Gi8 ol v 4
| [1n_CHIFEEDE 100nF
S1GND lout [ s
R4 s e
i CHIPGS03 BGRAEW -

ST T

[LED Driver Board A}#l]

¢ LED Driver 2=+ Hd 50mA2] AHFZ LED T-%5°] 7Fs3ty, Aol 18V7A 9844S
7FA 3L itk R39] A &S F8lA LED diF A" S WA 753t

o AbE T F dE LEDO AMYo® FE Ay AFVE A 7o) AlEel A &eh7]
golste s AFo MeFo] glE =dtolHE HAS AT

o =dhol¥ o] T WA Control BEoA On/Off B8-S E3iA LED %5 Aol & 4 Slth

(t}) LCD Board

[LCD Board 3] =%]
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¢ LCD Boardoll Al LCD Ao} =z}olH & SSD1963& AF-&38to] 4.321% LCDe o] H] A
442 At §x 2388 AFEsH7] 9184 HAIC 2AE AFEste] BA 23498 78 u

[LCD Board A}%1]

HEE 2lo]9A Control o] Adsts &

or], Es:

o -

(#}) Control Board

— O E= fﬁﬂr LCD+ 43?_]i] TFT LCDE& A]’%é’]—i’.

480x2725 7FA1 L ot

[Control Board 3] =% ]

E ®A8ta
o

EUIZER INTERFACE |

g]
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[Control board A}z1]

Control X =2] MCU+= STAM] Cortex-M4 A€ 2] STM32F427 225 AFE-3}al 2t} Control
HEAE 39 LEDS AloE @93stal L, Camera®l 715 AoE @93, 7hvgt2 5

ol onAE LCD= 9<% stal, dadas MM Addsta 1 A3 E935es 9<%

—

weta gtk
dEAdoR= 12Ve] AgS AMEStaL i, o] Ay dFEdol’HE FalA 4] IC vt
Ao s thEste] s gt
) 2EY FA EE
2EY 34 BEL 284 #1742 HAEE 93 LED By 2 Y EE, gz
RES wHE FHE AR SHA JHAE #HEgRl Fido] ofd JHAE
Aol 2~ (Zgt2~e) 7t o] AMAH o] Data Background © 93-S F+= FAZ 4387 9
A [e]

Jo g Fasel WA
Wol o) AFHAL W 243

A
9 =
3l Data 222 BA3sFaA}l, diffuser &
=t
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c T A% wE AT
D % FS 54 wE A
Photometric System White LED, CCD Array
Wavelength Range 450 ~ 750 nm
Wavelength Accuracy < 1 nm
Spectral Bandwidth about 10 nm
Photometric Accuracy < 0.01 @1.000 ABS
Photometric Range -0.5 ~ 2.000 ABS
SIZE 140 x 200 x 100 (h)
WEIGHT 1.2 kg
2) B3 34 e A
Detector CMOS Image Sensor
Light Source LED
Reproducibility < 3%
Measure Time < 10 sec
SIZE 140 x 150 x 100 (h)
WEIGHT 1.2 kg
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@® Dual channel strip form “Tear-off patterning”

(left: CK-MB, right: myoglobin) Unit: ng mL
. - e j ) v
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® Conventional lateral flow assay

(left: CK-MB, right: myoglobin) Unit: ng mL"
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T AaEE AA 37hel FE FEI FHE7]Q CCDE ol sk Aol HAY I Fde
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Photometric System White LED, CCD Array
Wavelength Range 450 ~ 750 nm
Wavelength Accuracy < 1 nm
Spectral Bandwidth about 10 nm
Photometric Accuracy < 0.01 @1.000 ABS
Photometric Range -0.5 ~ 2.000 ABS
ERY AsEe] AEE
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Performance Test Report

1.WavelenthAccuracy (HolmiumOxide,SerialNo.15997)

Certified Value 451.36nm 485.21nm 537.21nm 641.15nm
Measured Valuel 452.0nm 485.0nm 537.0nm 641.0nm
Measured Value2 452.0nm 485.0nm 537.0nm 641.0nm
Measured Value3 452.0nm 485.0nm 537.0nm 641.0nm

Mean. 452.0nm 485.0nm 537.0nm 641.0nm
STD. 0.00 0.00 0.00 0.00

2. Photometric Accuracy & Reproducibility ( Neutral Density Filter, Cert No. 15630 )

Wavelength 465.0nm 546(546.1)nm 590.0nm 635.0nm
Certified Value 0.959 0.990 1.028 0.981
Measured Valuel 0.945 0.995 1.035 0.995
Measured Value2 0.942 0.993 1.038 0.995
Measured Value3 0.947 0.997 1.039 0.997
Mean. 0.945 0.995 1.037 0.996
STD. 0.003 0.002 0.002 0.001

3. Baseline Flatness ( 4507750nm, Scan Step = 1nm)

Max. ABS Min.ABS Max.~Min. (Max.-Min.)/2
Measured Value 1 0.001 -0.003 0.004 0.002
Measured Value 2 0.002 -0.003 0.005 0.003
Measured Value 3 0.001 -0.003 0.004 0.002

Liquid Sample 85 9% A AAS Z3A2HES 7|Wro R J3/i3 A28 s 9l
Light Source® LEDZ A}&3lx PD/CCD #H&=7]|E ©o]839] Spectroscopic Optical SystemS
Design 3FSith. 832 UV LED ¢ PD #H|, #42 White LED ¢} Spectrographic(CCD) 3 e =
450 ~ 750 nm, 10nm Bandwidth, -0.572.000 ABS 2] Spec 27 ¥ %t}

2 AFNA A EHE FF 54 obF AalA A ol Yo om FFEAA Y] Fd

A zgle] Fsk AdAl me} 370nm LEDE A &sti 3¢9 BandwidthE ®st7] 98kl 10nm2|
Bandwidth& 2z 370nm M ZEHE AHEstl o, &3 whg 24 AJ2"2 400-700nm G o] &

Hol Jbsd By B4 A9 P
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T
Wkl |

M‘.:U A E Part MSALOG-DIGITAL CONVERTER
[CCD 5445 ®B=(3) 2 ADC 3] 2(%)]

CCD &4 ne pALe 13 =
09 As2 Waksly] 913 ADC A9 o] A" NsE x%alo}b STAH STMSZFIOS—% AL-&
g MCU, Control ®=¢] 474 #eS A4 4 9= EEPROM, BASE =9 ol $541S 9]
gt A 183 Control =9 A #E T F dv ALF2 FAH Q)

o2 AIE XY Az 2 Ay YsiA 24-Bit Analog-to-Digital ConverterE AF-&3F5 il
CCD AAA &A™ ol DATAE Digital® W33l SPI 4o 2 MCUZ DATAE #

o} 29 M-3. 949 ADCE MCU9 IOXE ¢ SPI 418 A Alo7) 71538k}

o] ADC 3ZE “°‘H AS = e AMEFYH S5 78125kSPS(=125us)0]aL, o] AEFH FZoA] A&
4 & DATAS &

CCD pixel = @ 3648(2F 3700)

CCD Master Clock : 0.8MHz(=1.25us)

CCD DATA Rate : 0.2MHz(=5us)
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+ CCD =9 dl°]H RateE 7Fehste] IMHz=Z A A8

[CD 4lAM RZ]

Pixel Number 3648 Pixel

Pixel Size &um * 200um

Photo Sensing Region High Sensitive & Low Dark Current Pn Photodiode
internal Circuit CCD Driver Cuit W%

Power Only 3.0V Drive

Function Electronic Shutter, Sample and Hold Circuit W%
Package 22Pin Dip Type
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- 2E¥ A&7 (WellSense™) &= ZF5<f A 128 28
3. &=
- ol YREJARH FEet AEEom &8E oA
* 2% 04 BAE BREF H8H NE (AEFR)
$A an woF gl AE Z7F3& 53 & AF3 & 7358
=9 = ° T AIFMEM@] | A1F@) | AFEF) | NEERD)
1 A Z A butachlor 0.1 ppm
1 A A carpropamid 1.0 ppm 0.05 ppm 0.05 ppm 0.05 ppm
1 Akt A edifenphos 0.2 ppm
1 At A iprobenfos 0.2 ppm
1 A Z A mefenacet 0.01 ppm
1 Akt A pencycuron 0.3 ppm 2.0 ppm 0.1 ppm 0.1 ppm
1 Akt A tebuconazole 0.05 ppm 0.5 ppm 0.05 ppm 15.0 ppm
1 Akt A tricyclazole 0.7 ppm 0.05 ppm 0.05 ppm 0.05 ppm
1 AR S A Diazinon 0.1 ppm 0.1 ppm 0.1 ppm (0.1 ppm)
1 A S Z A A chlorme;quat 0.05 ppm 1.0 ppm (1.0 ppm) (1.0 ppm)
(chloride)
1 A8z A inabenfide 0.05 ppm
2 A3 A acephate 0.3 ppm 1.0 ppm 5.0 ppm 3.0 ppm
2 A dinotefuran 1.0 ppm 2.0 ppm 10 ppm 30.0 ppm
2 AR A fipronil 0.01 ppm
4, 8 A
- Folslgde]l FuolBORRE swold WE sl%d] al BT Fisn ARE
HES At F5 2D Ak FFgAIS} FaASS Adsta, BulgAet dufA kS A4}
i FY
A 3 A 7glay
1 st=3 99
- AAEAY A5Ed 2 3AEH AddsiAY, 1 AAY 540 191 sHANS o &
g vlo] @ AlA ol ALEstE & YmYAfel| olm|thEo|gh= S whd o= A o] 7}
%3}l Arhes AMES BTN, =5 o YAt d8A40] o Hojd Aotk
- ook#d wpolo FAYE S ek Wk AE A 2 ] IREAd B 2
FOlobE, AAA, BATZE %ot D)ol thd AL Fl e w9 BT 0|28 el
th ol AF AHE T olH EHELE Twd] AT I e AEE JFeAE Ath
- 7]E9] HEb 2zl WhHel A ZAAE(;, AAdul=y Ay 22 B 28 22
of mAFTFoEH F&o] vS F v A 2 88 EZA DNAZE A AT 7HA,
El7lo] Adst DNAE Al &8 sl #golA DNA pool &40 A4 4 dth= H)<
Su3h] 9 2 SAIEE AR S Fa e 23edel ARE BES AN

.
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- o fEE 2 sk Vel BAds S, woF ¥ uk olyet v FaEde B
O s fEHE S 5tk Y dobrt e o] Al B #3) =l 25 v}
oz v A3 A o] A M ¢ dla, uides AE = Sl Ve
7|kgiey,

- FEE FEY B ollY EYE SR e SE Bol EXA = wekl o
g HAE71Es T3 Ad A dE BRE AT 5 e Ve pLdn

3. 344 =4

- 2t E7blA ARt sAES 54 9 woke] TRl AF g, Bl HE B ok
ot E7b sEE XA B uel e Al S AlRte =R RIS FEdT

- 71F8] 71715 o] 83 JiwoF AL 93 vES vd 2EYY fU8& HEE T
T A gl whel, BAe gk W8-S Azkeit

- Trqw 2 AEger s AR w2Ee] woke] FE dotd ¢ A "ol uket
iWW%OEAH A R 7R EE =9

4, 29AH S9H

- 71 A giA 2 Se] FE7FsAdel =

- A AAFoR FgIs] B2 7IFAEC] J—ﬁ_'g(hlgh throughput) 2==2]d 7|53 ths3~4]
(multiplexing) 7] 7k4] 8§ 78k F79] mlo]aZojgo] 7S A&slsta ot i
A9l o2 Affimatrix (7]=), Microanrays Inc. (W]=7), Whiteman (V]=), Gentel Biosurfaces
(1]=7), Clontech (7]=7), Veredus Laboratories (7d7}%), Eurogentec (7]ol), 2] 3] A}
A=A (=), Ao~ Yied (b)), o 2| E2E(S), (A =M ER(3H), ojufo] oAl
(3H=) Sol A

- o] = 9] 01 =99 558 53 A2 23 7uke A

H

5. Z7F%e iz A g
- FUdE Hed VA AR ET] MRS SE AES] fIAHoEZRH AHE
5

6. 34 2l 3%
- Qe B e Fel A4l #AE e wRt vlelo A 2 el A A B
oM, AA AN AL Bl ey

o]
7. AREY AR FA] P A4 AW
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