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SUMMARY

Project by 1i—-SENS, Inc.

Antibiotics are widely used in stock farm animals for prevention and control of

infectious disease by bacteria. Widespread use of antibiotics in animal husbandry,
however, greatly increase the risk in human health due to the residual antibiotics left
in meats. European Union and several developed countries around the world have set
ever tightened acceptable maximum residue limits (MRLs) for various antibiotics to
minimize the health risk by increased antimicrobial resistance or the emergence of
methicillin-resistant Staphylococcus aureus (MRSA). The new trend in tightening
regulations demands accurate and fast analytical techniques with high specificity,
sensitivity and simplicity for on-site analysis.

A novel microfluidic electrochemical enzyme immunoassay chip for the sensitive
detection of tetracycline (TC), chloramphenical (CAP) and sulfadimethoxine (SDM) are
described in detail in this report. In this work, lab-on-a-film (LOAF) chips with
microfluidic channels were formed using photolithography and wet etching of dry
photoresist film laminated on the poly—ethylene terephthalate (PET) substrate. The
electrochemical detection system was made by printing carbon paste electrode on the
substrate,  immobilizing the antibody (Ab) for antibiotics on the carbon working
electrode, and dispensing and drying alkaline phosphatase enzyme (ALP)-antigen (Ag)
conjugate and the substrate on the path of microfluidic channel, respectively. The
sample applied to the LOAF flows through the two divided fluidic channels; sample in
one path carries the ALP-Ag conjugate on its way to the electrode (sample flow) and
sample in another path (wash flow) subsequently carries the substrate for
electrochemical enzymatic reaction while washes off the unreacted ALP-Ag conjugate
from the electrode. This system determines the concentration of antibiotics through
competitive immunoassay and a chronoamperometric means. The electrochemical
detection could be made within 1 minute and total assay time was about 10 minutes.
The LOAF could detect residual antibiotics in meats in MRL range with sufficiently
high sensitivity. This LOAF chip—based method can be used to develop "easy-to—use"

on-site antibiotic determination kit in food samples.

Codevelopment project by Hankyong University team

The present work describes the development of a simple and rapid sample extraction
method and the design of sampling kit for determination of antibiotics (tetracycline,
sulfadimethoxine and chloramphenicol) in meats including beef, pork and chicken. A
simplified method described here includes the eliminations of homogenization,
centrifugation and evaporation steps replaced by filter, syringe, and connector,

respectively. The simplified method is validated by comparing the recovery rate of



conventional method using high-performance liquid chromatography. Covariance(CV)
values for all the examined tetracycline, sulfadimethoxine and chloramphenicol were
lower than 5.0 % and all values of accuracy for tetracycline, sulfadimethoxine and
chloramphenicol were within £10%. Tetracycline, sulfadimethoxine and chloramphenicol
were recovered by 70 to 120% from all kind of matrices and standard deviations of
this recovery tests were below 10%. The recoveries of tetracycline and
sulfadimethoxine were 70 to 120% similar to results from the previous methods.
Simple sample extraction kit that can be used in the field without much training was
designed and applied for the quantitative determination of antibiotics in meats using
the LOAF chip.

Codevelopment project by Pusan University/POSTECH team

Electrochemical sensing system, a new aptamer synthesis and spectral analysis method
for measuring antibiotics were developed. Electrochemical sensing system was
composed of the pretreatment appatus, electrochemical biosensor, immunosensor and
multi channel microfluidic chip. We also developed SELEX systems using magnetic
bead and affinity chromatography for in vitro selection of small molecules as well as

large molecules. Through these systems, we searched new aptamers for kanamycin.

Codevelopment project by Hallym University team

The advantages of DDI (DNA-Directed Immobilization) method are combined with
unique properties of 9G DNA membrane enabled quantitative detection of free SDM
with high sensitivity and reproducibility in few minutes. A model system comprising
SDM-DNA conjugate (sulfadimethoxine) and secondary Cyb-modified SDM antibody is
firstly mixed in solution phase which contains free SDM then loaded on the 9G DNA
Membrane to demonstrate proof-of-concept. The detection of free SDM in water is
relied on competing with SDM-DNA conjugate,which plays the role as bridge between
secondary Cyb-modified (SDM) antibody with oligonucleotide probe on 9G membrane,
quantitative data are obtained by recording the optical responses of the test zone with
a portable strip reader. In conventional method, SDM was immobilized by using
protein—-SDM conjugate (such as BSA), it exposed some disadvantages due to unstable
properties of protein. However DNA surfaces are robust and stable, and also easy to
be fabricated compared to protein surfaces. DNA-directed immobilization also allows
us to avoid long-term storage and harsh incubation and spotting processes of unstable
proteins on various assay surfaces. Furthermore, 9G DNA membrane in which
oligonucleotide probes are immobilized on self-assembled monolayer of supramolecular
modified glass fiber (9G membrane) by recognizing consecutive 9Guanine bases of
probe sequence forms vertical space between probes that enabled DNA target to
hybridize with excellent efficiency(80% within 10min). The responds of introduced

biosensor (SDM  Membrane Test Kit)showed linear over the range of

_8_



1-1000ng/ml(SDM concentration) with a detection limit of O.1lng/ml. By comparing with
previous reports or similar products the sensor shows great promise of application for

point—of-care or in—field detection of biotic molecules as well as proteins.
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H7ZE ¥H¥E gart F2 ol&Hed £ dFdAe AsdFo2e A wsS V|EHS

° KeX

(e}
o078 o/93

WS ARRE] A2 A AT A2 FAE 1A FA 9
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SHAT. Algdd FwiEz e FAA -4 JAEAY B E&4E HRP(Horse Radish
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a9 49 2o
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+5 3.0 : 3.0
1.6~ \\ \\
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g \ g 2| b 2 25+ \
5 S 204 % £ b
£ 14 W £ % § 2.0 \;\
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2 ™ & 15-] 2 \
< S = 15 %
ol S 10| N
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0.5 \ Te
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el T T T T T I B e e S I wa— ' 1 T
15 20 25 30 35 40 45 00 05 10 15 20 25 30 0. 0 05 10 1. 5 20 25 30
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Chloramphenicol(CAP), Sulfadimethoxine(SDM)9] A #=44.



FAA AZolle 19 59 Zo] FAAE AF ‘W 1YGsA ®
AR} AFE Wl EAte FAAE FAANA HEY = At o)A WUy
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Chloramphenicol(CAP), Sulfadimethoxine(SDM)&] A &=+,



HT A A LFFHALE Tl AlBEHIL e FA-BEAHPA AXRE AT AFS FHSEHA
O &880 AAAY WelA 7 A WHS delstazt sk A A, glutaraldehydeE ©]
23 A - g AFTA A ZF W o] glutaraldehydes &A1 9] carbohydrate”]o] &4 S #H3HA| 7]

7] A3l AR E A A I Aokt Aok wRE GAVE St FAE dHFoE AN
T AAT JAFA A &840 vt &4, 2—mercaptoethylamine-HCI (2—MEA)S ©]-8-3F &
A-EA2HTA Az o)t o]AL A9 disulfide bonds(S—S)E #o] SH7|S &9 a4
E AFA7I= Wioltt. ELISA A% 23 b &/lEe SATAE o838t v 8A4HT
At wlwsle I specificityZF E@oFS LA HAY.  AlAl=  N-—succinimidyl
S—acetylthioacetate(SATA)E o] &3t §AHTA Ax WHHo|th SATAE 349 NHy(primary
amines)7]el EAE FYAI717] A8 AHEEH Xt SATAE Sl W8t 37 HEFA 21
g o] Wojx a1 7FA A glutaraldehydeo] wvla] BIMA T A F&Ao] Hol HEZFo=w
BAFTA Ax YHoE Ao Ax FALS 27 79 YERAT

Method for sulfhydryl generation Maleimide activation of enzyme

Native protein is reacted with SATA.
Blocked sulfhydryl groups are i : 0 5 | ’ H"_(

introduced on primary amines.
Hydroxylamine treatment generates -SH.
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AZAN 7)1 92879 ¥ 343 TCS TC—HRP AFAE AL T A7t Axd A=
S T F 94 A AFE F 7120 H0:9F TMBE H7bste] A
2 8). TC #=d AF dHolHE A7l sl Ao 5%,

S HAsse AAHS Adstdon #3335ty HEWHS
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Wash "O Wash q
H-=4 Hoti
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e H|(TC, CAP, SDM) ekl
Incubate 10 min at R.T. Incubate 10 min at R.T.
A #APH ¥r2 2 £33 MA3H protocol C’ch?

Immerse

Enzyme-Substrate reaction

: u 1 min at RT l
QO

Electrochemical

I detection
Wash
AN N -2 & FHetA| mixture
Incubate 10 min at R.T.
B. 2™ 28 5% #E protocol
a9 8. AFolAY WYnks A A,
U, dAA =48 Lab—on—a—film ¥ 7§
(1) Lab—on—a—film I 7N¥ 2 pilot plant A28 &
Lab—on—a—film 3 A2t o534 2. st ol A=(Fsd=, 7|45 2 A532%)
o] FAHH, ANEV AEFYFERH A& AY FF5F ol2EF A4S vAFREE X
g3le Fdo] 3 o FFH FXRE o|FofA N, vixwto g R (E= AW)o]l I fd
2ZH Fx2 Lab—on—a—film I A o] AR e HAFo] YA V|Bo g 19 25
3l AHATh PAFEE E¥ste TR St AR ZHY2E o83 AFS T FA
g 4 3o, 7] 1EA ARZ TR U oz s FFE o]§ste Y 5
T a1, B AFHe] Hded 734l (dry photoresist) BE2 AM831a F2 W e o] 83l =



_

ol et PAlFEE AL & Atk FBA 55 AHE Al S 70T 9= g & v
AFZ7F =9td X EvtAF(photomask)E 8 =33 & o (etching) &R o 2 =3H F
< AAA staH vAFEI IAE TR AIFEHo 89T 19 99X BE nie) o)
Lab—on—a—film H AZS 9 =371} o F =, 2%

2 FYste w21 QG A A4S & F

=]
s

b) 7]

138 9. Lab—on—a—film ¥ A2 #H].

Lab—on—a—film ol A}E-5 = PET ¥E59 T/ = 125 vlo]maEo|x x9S A= 73%
A BEY FAE 100 vjo]g2o0 g Ziﬂ—%iﬂﬁi AR Aol Eole 100 nlo]AE O T WE

AXA Foh. 2™ 10914 B vke} 2o] Lab—on—a—film H AZ} AL A2 starzk st A
29 #HelS CADE Tl 2Asa EAE Ad =S OHP & st i np2=aE
W=t PET &3 7“*X1] 52 gvlel"atd H& A7l & AAE iy mp~3E PET
A5 ol &g AT FFeE 23S Ao =3 & 7
% sodium carbonateZ o A|ZIth oA 30C A=

dS 4 o 29 102 Lab—on—a—film ¥ TH(AFZF)

o o
0o Ul

=

Z2H|(Dry photoresist) 25

p

3 . EEOiAE
: M Proomest)

a9 10. Lab—on—a—film 3 FH(AFZF) A& F4.
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A= B FHo] 2HH Lab—on—a—film

3 gge
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i

ol

el

oee

ol
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el

i
of

el
~

)
C

A
Al

&

Z}F ;q] =

@3 459 Wo] A

=

iy

A7t FYsE

o
T

AA

ol
L

ol
A

& & gtk 29 12014 g

Fack. B

S

e

HA @A

3|

Aol A2

= #o]

o Ak-g-=

gl
=

at
=

o]&3st &

=
=

7R 71

m

—a—fil

1% 12. Lab—on

d 1339 2a 24 94"

o]7 Lab—on—a—film H<&
lo] 18 149} 2} oA AFH H& A

H

-

=z

Lab—on—a—film

2 ANE7}F olFEY

NV

70

Al



GAA Gk 2 F 98 710 AFRE FALEY o AGL T AF @S =4
A B A% BAEAY FEdUE 02 ARGS 92 5 9on o ARYS FER A8
9 @ W AR FYoE FHHuA S And FES Q5 IA A

EH(FHH 0| IZ)

E= 4563

SHOHRET)

- WETE
HEFYP)

Pl —|
4 S

ot

SHLXHZ

ZHE EBFE O =HE 2EE O
(7|2 H= EpRles 72 8% =% Egox
ALP/PAPP AFZA| FHs) HRP/H:O: AFEA| THS)

a8 14, FAA =48 Lab—on—a—film H.

(2) I3AA =48 Lab—on—a—film F HXZE
(7}) @A =AE Lab—on—a—film 3 23}
A A A2LE FS 0] 8-3}] tetracycline(TC), chloramphenicol(CAP), sulfadimethoxine(SDM)
B AEH2ES s Bt Alg7F AT d4s 3 AEFAF
A FEE7A olFEofof st mAlFEUe v TAFFA ALY SAHFAE &3
7l = HAWES T3 #A4EEY F=
2 o

I

AEBHEE A% AW o

£ ANRE AGNSd] BolshA R BARFAE FFRE oEA/WA AF RS F)
AAA Bk MARE ol R Fe zze] 9B U] A T 822 G5 o)
ol WRAl HAEE Fa) A 2L Lab—on—a—film P& B HAT $He 7



ofo

P,L

24

Bl
i)

= o

tg

o HRPE 7|22 Hy0.9 mediator¢l TMB(Tetramehtylbenzidine)S A}
PAPP(p—aminophenyl phosphate) & AH&3stA . &4 A ¥ La b—on—a—film & 779 &
B4 HAAE EF dxste At FAAE sEEHE ol FYstd Be Bt
A3t A EE Lab—on—a—film ¥ A EFJ T FYsd ZAD IS 53 =2 wa}
olF3tAl . oA o]Fd AEE EAHTA AL A 23

AS74A o)FetA Hal AFe] 1A E s FA Y} vhEnh. FyFol 95 A

NG
=

Zto]l AA s=E AA3 = Aol FL3TE Mo nA s B FAY wxol wEt whgalart
oJ@A SR EAZ Fofste] Ao HHwre FAS EFEA Aok A9 52U HE
SAIE AASH] Wl o] HAHLe Fad FAHolth A wEIF AAHY ALAFFA Y F
o 2 B2 E SHI}A B EAATAY T 45 27] € vugrls s 2435
A Bt 283 B S AL HYE uigals 9 v5old Fahukgo] FUtsHAl H
1 HE &S AMESHA HYE e E Asvh Zolx7] Wi HAHY vEE AT F UEF
tApQlsfokgttt. HRP @A 2 ALP HAEA s 44 HE HH3ld s=& Rne

9}

%3]
flows} §AEWA Welukgo] Folahx] & AAHTAE FF¥2 Telsolrl AFuns
AHe FES B BAHTA FEE AR/ FRES FA TAYOE 2 /14A
Ja FEEE AR FREG oW e FEA BA ELFRA K2 FAL 0
A Ao meatel FRAG B A Grh ol A A f2E FA 55S v
Ho g9 71Ae BAA AL SR ELAFAL FAL nH} Y AFoR A%
EYSH B Rolth A FEE AARAAT TIPS W FIHET T A

3 ¥ 4 A% B2 A
ARG S35 of

Sample injection Capillary phenomenon Conjugate dissolve w
Puncture
{(Air outlet)
Electrochemical o Antibody
detection
, @
—d
Subslrate injection Immune reaction

38 15. Lab—on—a—film I &A% L.



HAs g FAA HES o] &3ty FAA v HAEE A w-F 1A 9l
= F A ZRde A TIEA = F 29 2o 65 % oo R I BWol AMgEHE
FAA = HEMo|ZHZN L7, A7), Far7]dA 250 ppb 7IEXE 7HAH FE2&
HUELE EREolghe 7IEAE 7HA Ao 0™ & IS S ¢ F Ao £33 =
of o 4L e AydvlEAE 100 ppb 7IFXE 2ta, ¥ AAL 10 ppb 7IEXE 2
=t}
® 2. % FAFY JAFRFLIIE(EEF A

H Eg#o]Z ¢ (Tetracycline)

A317] 0.25 mg/kg(250 ppb) | X122 7] 0.25 mg/kg %k117] 0.25 mg/kg

217 0.25 mg/kg AW Z37] 0.25 mg/kg

A 9} t) ) & Al (Sulfadimethoxine)

A317] 0.1 mg/kg(100 ppb) | E4A]317] 0.1 mg/kg 17] 0.1 mg/kg

AWM Z 317 0.1 mg/kg 28 17] 0.1 mg/kg < 0.01 mg/kg

£ 2 ¥ Y= (Chloramphenicol)

237 2= HA17] BEAE Hg17] 4=

oAF EX=E A4 2=

&3] 2 & (Ampicillin)

22317] 0.01 mg/kg(10 ppb) | ®A]327] 0.01 mg/kg

o3t HFHE VIEAE JRE 3t Lab—on—a—film oA &4 715325 IS HZHs}
S900 0@ H75 B WA P FEER 299 27 19 163 gL WY Y
AFIAESE S F UAT

11 o

b 3 25 E > }

3 e 2.0 25 e
Bty 16 { i 3

& : 05 e, \\“‘\\.\\

. 250 ppb < No detection I 1.6 100ppb< T

1s 20 25 30 35 40 45 00 05 10 15 20 25 30 68 G5 10 16 B0 25 a0

Log[4x(Tc)], ppb Log [CAP], ppb Log[SDM], ppb

9 16. Lab—on—a—film o2l TC, CAP, SDM A& 4.

() AA A185 A&3 Lab—on—a—film o H& H7}
HHE AEGHLE st Alxd SBAZ 57 AZZE Lab—on—a—film oA =70

e FAsAT. e @ 24 vgor Ax ARE A5t HAES A9 Btk
A ARE FARSIL AFHor FARswot ARG AR A4 PHS T A=
A AEelth d4 AEE AgeA HdW Qo) Aol W YA BA HH5E 29



25
B % 14 2.07
Pl s
2.0 - 1.2+ ,
ik Ry 1.5
£ 104 T P
3 L 3 0s % - \%
& ; R . 10 LN
“
10- 3 0.6+ s % e
% 5 - R o @\
0.5 >260ppb 2 02  Nodetection o 100ppb <
—_— e — —_—
T d. o [ I | \ T T \ L I |
15 20 25 30 35 40 45 45 do o5 1o 15 20 0.0 2.0

1.0
Log[4xTC], ppb Lag[CAP], ppb Log[SDM], ppb

a9 17. AA Al AAHYE T3] 42 Lab—on—a—film Fo|A ¢ TC, CAP, SDM A& FAl.

= 3 = =) A= 123838 7129} A58 AA7t
Zasity 7]Ed AHEE FEUHL GAVE ERete] AZko]l e deal, & 717] Wil ¥
FolAe A F fltbe @ds 2o v o GRS SEstaA fFuigo] Had b

o JTstAT. Algol Avst= 2ar7),

$HA 7], H =,
syringe filter2 ZA7 &1 &<
AAE FE5317] Y= FE=E2Q Acetonitrile®} methanolo] AFEE =6 ©]E nlo] QA1 A
o =4st7] g &Y S HAZA A st FAF o] TS IE AT olH g A
12 FEY FE&E AUAME AA HDEHA =Yyl g HA s AAS 3B
etwet gEstey H2EE AdsFT. 1 23, £vj(Acetonitrile, methanol)®t pH 7.4
phosphate buffer® 10 : 90 ¢ vH&Z HZA3} sttt o]2 A Lab—on—a—film ¥ A3} B
ofvel f7] &mirt vk ad A5 AAHY 71E HA] Hel| &3] s HZHst #o]
Zastgon, HFHog A AP 71EE T FE2F ASZFEH I¥ 187 T AF

[e) o) 2~
S IS F AT

52

= =, = ]
2 gvlsh HoiFm, 1 FEAL
3.

¢

08—
0.30 } | {\ 07
\ _ o |
0,25 . i -
E} T 0,5 L 05
020 i 0.4 } " 3
0,34
03] b
iy 250 ppb 0,2 \\i’
ppb < 2 i
Nodetection 02 100 ppb <
I I I I I I f 1 T T T T T T T T
15 20 25 30 35 40 45 0,0 05 1.0 1.5 2.0 1.0 1.5 2.0 25
Log[4=TC1. pob Loa[CAP]. pob Log[SDMI, ppb

a9 18. HAFHE 7ro] AlE AAT FEZRE I& TC, CAP, SDMe AL A,



dFsxe FAAE 7] FoAste duiRtFe] &
recovery test® 23] 3P, to]l AlE HAAY JE
gRIstAth 28 195 Aa17]o B ZFe] FAAE Fost
el A&std d& ARZFH] A&

des F »ltXM] o 3t
J:.Q_
=

05— 074

—_—

044

1,3 154
E ?1 04 ’% 3
02+ % 034 10 -
-]
01 02|
E I [
014
I I I I I I I I I I I | | I I I I
1Lh 20 25 30 35 40 45 1n 15 20 23 0o 03 10 15 20 25
Loq [4+TC], ppb Log[CAP], ppb Log[S0M], ppb

a3 19. Lab—on—a—film F AIAME o] &3 L3799 recovery test

A AA Mgl R FAA

1 =l
23l de AF FAAE Lab—on—a—film I TTEH
el 5

lo ofo

1ES o]&ste] FE3 AAl AEE A8 IR IRAE

t}. Lab—on—a—film F #Alo]x~ ¥ T2 EEY fufol~ A

(1) Lab—on—a—film 3 Ao|lx A2}

Lab—on—a—film %—@ AL FEA HEED B4 Aolx glo] ARE ZheskAY AlF3t
& Aol glol Bl

2E £02 WAAY F

5 A9 2R A9 45 4 AL wol

|

TR 5 o wgstn gusta. #92 AZE)
UA Fehry 2242 B9 oY Aol2E AR ngor AF HUE UAAL 24dE A
AE ARuE ol 43t T3 AsRor 1Y 2034 2ol 3k,

a9 20. Lab—on—a—film 3 #Ao]x



(2) =2 EE}y] gnfo] 2 A=}
(1) i—=LOC Device A2t

AAe A dojAl= AFge S48t stde FAst= FAE /Tt A= FdE
Al mel BE AVAT 5SS 2] "2, o7l ddS driete] RS AFae
S Mol FdEe= AR SAS A F A I

(W) AbF

e Sensor Bias voltage: +150mV

¢ Measuring Current Range: 20nA ~ 10uA
e Display or Alarm Interface: LCD, Buzzer

e Command Interface: 2 Buttons - Power, Continue

(th) st=sglo] +4

Reference
Voltage B 150mV
MU
Leh = PWM ¥
Buzzer |-4— Sensor
MCU e
(MSP430)
L FH A = IV e M 2 HZ
Button |—m| 12bit ADC | (Voltage Signal)l o . £RHER
= L Mg ES
N E3gl ~—— oms
" (Voltage Signal) SR

stEdole o Zo] A A FEOE FAET

@ ¥=84 X (LCD, Buzzer, Button)

AHEAFE Buttons w8 ZAE Al SAAAS JAPAIIAY FEAZE F AT 71719
TG L LCDo| Y3 FAIEL 72 SAGAVE B2 W vith Buzzerg &8 AFEAA &
=h=3

@ MCU(Micro Controller Unit)

A=Y 2 AFSHIEE Aojsta Al Z2A| 25 PA| 71

@ AFSAHIJZ(MUX, I-V Converter, MCU 12bit ADC)

MUXE 150mVel 7}7h-8Reference Voltaget PWMAI S & o] &3] HE3F +150mV A5 E
ot +150mV AP AXY AMMHET R FAZA Aol A7bEI ZF dSolA B st

(2}) 2ZEYo =2
LZEOls Uy EEF ARES 2 SAAZ A 71EES A ¥ LA
il

=
HAdT AIHES 5 71718 FAANE AFOE fAFA AT +150mV Aol 17}



B o
B Lo
‘8‘—'\1rzi

i b > du

101'

2t4 g

T

(o,
o o

4 20nA0) 9] AF o A7 LA A GO 20nA0]
7} wAB T el ol AGAT FAY 5 RS B AEATE MGl 7

AYNES 29 MA Ao +150mV7} A7FET 602 F MM ARAF
Wol EAGT 19 218 SolN ABF AL sesoz FAHE 455

A A8 Lab—on—a—film 3 A% H7} A7)0t}

e
[‘UZ Jm' (Ulo

o

ol

ol

2
2
N

e e

e e e

%9 21. Lab—on—a—film ¥ A& H7IE TZEE}Y tnjo]x,

2. §EA+ A
7}F. Tetracycline =71
(1) FFF 2 A
A3 AF8-F tetracycline hydrochloride (+96 %) A EFFL Sigma (USA)INA T35}
Atk @3 trichloroacetic acid®} citric acid monohydrate= Sigma (USA)9| A, disodium
hydrogenphosophate dihydrate®} ethylenediaminetetraacetic acid (EDTA)E Showa (Japan)oll A,
Oxaic acid= Yakur (Japan)olA G943t AF-8-3FH T Methanol, Acetonitile 52] &= HPLC
grade® Fisher (USA) AEZS o]&3}t}.
(2) NF&H =A|
HPLC &2 A}&4H o]% A2l 0.01M oxalic acid €948 Oxalic acid 1.26 g2 =5F< 1L 9
&A1 ¥ 0.45 um filter2 oAHste] o]FFo = ALgstn, FZE&E AMEE Mcllvaine
buffer-‘:— Citric acid monohydrate 11.8 g, disodium hydrgenphosphate dihydrate 13.72 g, EDTA
33.62 g & 1L &7 &3A171 & 0.45 um filter 2 J#}3le] FEE8w 2 AL}
(3) §]—r25_r 4 9 3EHAHA A
g

A4 2 dAe 7B A

M

J
=
sl
N
oY
ol
S
N
S

X554 10 mg & &3] A %3] methanoldl] €315t 100 mL A 839 (100 ppm)
o] & 10 mLS A # 3t mathanol 100 mL 2 FE3F § EFEHo 7 ALL3AT (10
ppm). ©] B+ & AZX oz 3Aste 10, 5, 2, 1, 0.5, 0.1 ppm XL A X3 T Z+7+ 20
i HPLCe| 943t chromatogram “gell YERD peak areas 7| o2 Ed HHFAES 24



A= /\]E 10 goll 20 % TCA 2 mLE ¥il && % Mcllvaine buffer 20 mL[5]& Y3l 2
7 O &8 F 3500 rpmoll A 20@3F A4EE & FS5 AT At HLB cartridge (200
mg, 6 CC)oll methanol®} water® &A3}A) 7121 Al B loadingdt H, 5% methanol/water 2 mL
2 Aoy methanol 3 mLEZ §FAIAY. §EHS L FF7|2 F53F methanol ImLE
A &3 & ok syringe filter2 33 & HPLCE o] &3t EA3tdth

@ 3+s 47

w$e 5E LODY 109, =& 55 508Z st 71714 4 1 ppm¥} 5 ppmeo] HA
g8 Bpom HAAT FAHANA A57F 108 FFHERZ FFuFE Adtste A8 & 0.1
ppm} 0.5 ppmo] HEZ tetracycline2 micro—syrmgeg AbEEte S7 (A, HA7], H)9
A F&o injection 3} spiking StATH AP AF} AA Q] IFEe] Ee T H =S
oM A2 77 — 117 % R 72 — 99 %] WHZ EARo] A Ao et (&
a9 22).
¥ 3. tetracycline?] 3|48 A3 Ay

Concentration (ppm) Recovery (%)
Sample
Control | Low (0.1ppm) | High (0.5ppm) | Control Low High
A 0.000 0.095 0.397 0.00 94.92 79.40
B A 0.000 0.108 0.364 0.00 107.74 72.81
51 0.000 0.097 0.244 0.00 96.56 72.22
- 0.000 0.111 0.498 0.00 | 111.27 99.59
Al 0.000 0.077 0.361 0.00 77.24 72.11
3 - Wi !‘l‘/
<5ﬂxm)|>mi SeEs - l : |
D> - - . |«
= o - = N ,‘
< =
ual| smnn| EmmaEN
- | ———) I |
<$%>E g < ! : | ‘\
L =
<k m| | l j l | ||“ II;./
Y WE L R L T

13 22. tetracyclined 34

Recovery
Low (0.1ppm)

& 49 2=

Recovery
High (0.5ppm)

chromatogram.




(4) method validation
EAA o] o= HHo wme} A FHEHEIE BHIS

Ho
%
M
>
ot
i
olN
X
il

S
0% A%Y 5 AW AF T ot gL 5 dE B

3

"ot A - ) = 898 I de BAHAEAY HAFS FA45=
AEE7 (detection limit), EAEHS Fxo AHZHOE HHsles 25 & F Ue A=
wAste AMAA (linearity), §HE &4 Al dASHA &4 7Fedk 71713 A2 23105 &9
St A28l A9 (system suitability), AAg (actual value)®F &8 ¢k (measured value) 712
A HE AEE A8t A (Accuracy), 24A1E F ol SAHANY dAHE A&
E35l= AP A (Precision)] £ 7 AHFSIAT.[6]

(7}) #Z3HA (detection limit)

HAHAETAE B4 peak? signal/noise kol 3ol4o] HE FEE sty ZASHS
o, B A¥o] 9 0.1 ppm (2 ng) S HALHASIAZ AHSIAT(E 4, 219 23)

X 4. tetracyclined] 7AE3SHA B4 23

Replicates (giakuga}rneli) Signal/Noise ; ‘ T | TRRE R T
1 252.0 3.16 (
2 245 .O 3 ) 1 8 % | Tetrac\:zfcline 0.1ppm
3 270.0 4.45 ! A
4 253.0 3.53 *’J “”P*)l*r"’""”"”w’] A *"“«v"{ I"wfhm,, »
5 274.0 3.32 ‘ .'H P gy M
6 258.0 4.06 ] | i'
Mean 258.7 ’} !'
SD 11.2 '““ ‘ | |‘
CV(%) 4.33 00 10 20 3|a *'tlr 00 &0 70 80 80 m

9 23. tetractcline?] AZEZ3%A ¥4 A3} chromatogram.

(W4) F2A1A4 (linearity)

tetracyclines @AM 3|43t AFHS st AHAES gRlal Hokt
Al s 8R1g AR frAkg AAAS 78 F UAJIL 0.99018 9 FBAFTE FAF 5 A

QTH(E 5, 28 24).

¥ 5. tetracycline®] A4 B4 ZAx}

Back—calculated concentration (ug/mL)

Replicates Concentration level (pg/mL) calibration curve r

0.10 | 0.50| 1.00| 2.00| 5.00| 10.00

No. 1 0.31| 0.53] 0.94| 1.88| 4.82| 10.11 23656x—=7035 0.998
No. 2 0.28 | 0.47] 0.91| 1.73| 5.28 9.92 22823x—6208 0.997
No. 3 0.31| 0.48| 0.86| 1.83| 5.14 9.98 23877x=7071 0.998




No. 1

250000

P = 23656X < TO5
200000 +¥=23030X-7033,

R2=0.908 7
150000 -
100000 J"'
50000 - ‘—'/
o ¢
~30000 g 5 10

250000

200000

100000

0

15 =50000

150000

30000 -

No.2

y=22823%-6208 #
R2=0.097 /
-
z/

%4

”

0 5 10

250000

200000

No. 3

: .
| y=23877%- 7071/

R2=0.008~
150000
. ¥
100000 - 7
50000 - ‘ G/
o #
15 =50000 0 5 10

15

13 24. tetracycline®

Al

L

(th) A" H3A (system suitability)

A Y gE

vialel] && Tx°
suitabilityS &<ls] Bt HAEH
A7 25T 5 %ol3tgtHE 6).

7}

AlBE Y1

7}

chromatogram< 7A*] H<l 2Ho|th(2¥ 25).

A 224 A3} chromatogram.

3 6. tetracyclined] A|~H ZA3A 2 Ay}
Replicates Hole 1 Hole 2 Hole 3
1 4.928 4914 4.922
2 4.925 4.901 4.936
3 4916 4.881 4.469
4 4.631 4.855 4.481
5 4.864 4.826 4.556
6 4.880 4771 4.507
Mean 4.857 4.858 4.645
SD 0.114 0.053 0.222
CV 2.344 1.094 4.777
Mean 4.787
CV 2.563
SD 0.123
" < Hole 3 Chromatogram:>
roood Tea TOTED Wer TN
=7
i

=]
Rl

S|
&

rru n"lJ

e

u'l]-

i

A3} chromatogram.

Z+ 63]4 7]17]9 injectionS 3} system

peaksS A E3le] AHF3 FEF precision



(2}) AFA(Accuracy) & AL
Bl Asrol AU e olas
2,5 ppm)=S AA

Agste] e

O o) 2
=

kel

7. Tetracycline 9]

Astx Z+zF 632 Wl

A3} accuracy=

]

HlE

*1
=
=

A (Precision) (1lday)

e A W9 (0.1 ppm—10 ppm) Akole] A Fx (1,
B9 A F3PE B9 g wHoz AR
10 % ©]3}al precisione 5 % ©|3t2 EAd] A3

284 5 A2 (lday) #4 23

Observed concentration (ug/mL) Accuracy (%)
replicates

LoQC MiQC HiQC LoQC MiQC HiQC

1 1.014 1.995 5.009 1.400 —0.250 0.180

2 1.000 1.812 4.975 0.000 —9.400 —0.500

3 1.041 1.989 4.972 4.100 —0.550 —0.560

4 1.055 1.919 4.845 5.500 —4.050 —3.100

5 1.075 2.000 4.850 7.500 0.000 —3.000

6 1.049 1.976 5.134 4.900 —1.200 2.680

Mean 1.039 1.949 4.964 3.900 —2.575 —-0.717
SD 0.028 0.073 0.108
precision(%) 2.65 3.75 2.17

(v}) A3

accuracy®} precisiong &elst=
724 Ay} Oﬂ/\] accuracy+

& 5 AATHE

e
o
=

A (Accuracy) %
s19e}

3 8. Tetracyclined] *%

AR

%U_]é

o)
o =X =

A A (Precision) (2day)
Wy 2o W oz g2 Und EAS

10 % ©]3}¥ Al precisione 5 %

A (2day) ¥4 A}

S5 ol

ojstz T4l A%

) Observed concentration (ug/mL) Accuracy (%)
replicates - ; : 3

LoQC MiQC HiQC LoQC MiQC HiQC

1 1.094 2.000 5.022 9.400 0.000 0.440

2 1.055 1.889 5.076 5.500 —5.550 1.520

3 1.065 1.926 5.072 6.500 —3.700 1.440

4 1.000 1.951 4.750 0.000 —2.450 —5.000

5 1.097 1.954 4.703 9.700 —2.300 —5.940

6 1.072 1.915 5.272 7.200 —4.250 5.440

Mean 1.064 1.939 4.983 6.383 —3.042 —0.350
SD 0.035 0.038 0.216
precision(%) 3.32 1.98 4.34




(vh) A &A (Accuracy) 2 HE A (Precision) (inter day)
A o] EZF &R1% accuracy 9} precisions EF o] ERlstd], I 3 #2419 accuracy
9} precisions F1s] Hodth A ZE A Zo A accuracyw 10 % ©|3tHR 3L

% o3tz B0 FFS ¢ F AN 9).

x]
precisione 5

ot

# 9. Tetracycline®] B4 2 AHA(inter day)A A3

) Observed concentration (ug/mL) Accuracy (%)
replicates - - - -

LoQC MiQC HiQC LoQC MiQC HiQC

1 1.014 1.995 5.009 1.400 —0.250 0.180

2 1.000 1.812 4.975 0.000 —9.400 —0.500

3 1.041 1.989 4.972 4.100 —0.550 —0.560

4 1.055 1.919 4.845 5.500 —4.050 —3.100

5 1.075 2.000 4.850 7.500 0.000 —3.000

6 1.049 1.976 5.134 4.900 —1.200 2.680

1 1.094 2.000 5.022 9.400 0.000 0.440

2 1.055 1.889 5.076 5.500 —5.550 1.520

3 1.065 1.926 5.072 6.500 —3.700 1.440

4 1.000 1.951 4.750 0.000 —2.450 —5.000

5 1.097 1.954 4.703 9.700 —2.300 —5.940

6 1.072 1.915 5.272 7.200 —4.250 5.440

Mean 1.051 1.944 4.973 5.142 —2.808 —0.533
SD 0.033 0.056 0.163
precision(%) 3.13 2.87 3.28

MASA & A8 10 g o 20 % TCA 2 mL ¢ Mcllvaine buffer 20 mL & ¥ 2%7F
7}&F &5 & gyringe filter (PTFE 0.45 um, 25 mm)E o] &3} filterdtth. SPEARA|A],
manifold®} pumpZE ©]&3FA &3l syringe®} connectorE ©]-&3t] AA YT HLB cartridge
(200 mg, 6 CC)=Z methanol®} water® A13}A 7)1 A| 8 E loading?dt 5, 5 % methanol/water
2 mLE Aol methanol 3 mLE &A1 At Syringe®} connectorE ©]-&3F Ao o]o] n}
A2 &% Al methanolE 1 mL¥ F A8 E HPLCo| Y3t E4stAt
(3% 10).
¥ 10. Tetracycline® 4 A2 W o3t 348 A3

3
kv
4r
2
112
flo
ol

Concentration (ppm) Recovery (%)

Fraction 1 2 1 2 1+2
4 (0.1ppm) 0.085 0.029 84.98 28.86 113.84
<] (0.1ppm) 0.068 0.051 67.79 51.39 119.18
% (0.1ppm) 0.071 0.049 71.34 49.28 120.62




(6) &A= kit A=t
(7F) kit set 94 =3
Syringe filter A] HY2AES BEE3es ERHTS Qlo7] Y 2Ed F74

o
sb % gulE Wol 2 FH3 filter T 5 U=F AYTE T3 Bl Sris} whA
A @A 7] A 25 FESIAeH, £ filterF O 2 sampleo] WA= A& WA
s net & A=ake] YAk SPE AA Al Sof WAL A3 syringe® #edHe WAREL 9
o7 S8 ol Ash o] BAES F4L AZSAck whAT o §2A chipl HEF 5
AEEF wholx|= vialdl PBS bufferg ol 343 Holl 3| AE chipe= FASAT(1LH
26).
. ‘-i:
Cap ’/
Air
/
4—O-ring| -
saE:'\tFr)a;tioI;'l sol. ‘i:vf

r’_ Connector

Jﬁ SPE cartidge

. O

'— Anaylsis
.J__

19 26. Tetracycline® kit set oA
(W) AA kit set A=
A9 kit 9 23S vy e g AA kitE A2} SFATH(2™E 27).

(a) (b)
a9 27. Tetracycline®] AA| kit set AZ (a) A9 kit set, (b)ELF9] kit set.

(7) HPLC A =%HA
e Instrument : Shimadzu LC—20A series HPLC (Shimadzu,Japan)



* Detector : UV

e Column : C18 (250mm X 4.6mm, 5 micron, Agilent)

e Mobile phase : isocratic 0.01M Oxalic acid / ACN / MeOH (72.5 / 17.5 / 10, v/v)
e Sample size : 20ul

* Flow rate : 1 mL/min

e UV wavelength : 360 nm

t}. Sulfadimethoxine B&E7]& A 2 AA g 7]1E /d

(1) A& A]oF

Ao ALgH FAA = SIGMA—ALDRICHO A 93199t} Ethylene diamin etraacetic acid
(EDTA)= kokusan (Japan)olA 9, AF&3}$3 2™, Phosophoric acide= DaeJung (Korea),
Dihydrogen phosphate= Jusei (Japan) oA ¢, AF-&3}9tF. Methanol, Acetonitile 52 &1j
+ HPLC grade® Fisher(USA) A#FS AM&-3FY T}

(2) A1A&A =4

ol=Ato 2 A}8-E 0.05M Dihydrogen phosphatex 0.695g& =54 1L o] €327 & 0.45
(m filter & o3t o] FFo & ARt

(3) & B4 2 xF4dE 244

7 EF4Zd A4

¥FE52 10mg & A P35 methanolol] &3l8te] 100ml B-&3sFH . (100ppm) ©] ‘?ﬂ 10ml<
&3] FH3ked mathanol 100ml 22 HE3He EFE&H o2 AFSSA T (10ppm). ©] EFEXES
GAH o 72 3 AEle 10, 5, 2, 1, 0.5, 0.1, 0. O5ppm SN A 23S 242 20ul¥ HPLCoﬂ Y
3} chromatogram Aol YJEME peak areas 7|02 TZAHNE ZA3H Tt

() & &4

O 718 4

AMAE AlF 2 goll 1% Phosophoric acid  pH 1~2 & pHE Y& Acetonitrile 5 mLe} &
Ethylene diamin etraacetic acid(EDTA)[7][8] 1 mL& ¥ 1 10&-%} sonicate 3} F=3F F 3500
rpmol Al 1087 AR & ASdaul #H3 & F=35F T HLB cartridge (200 mg, 6 CC)oll
methanol¥} water2 &43tA)17]11 A8 E loading?t ¥, 5% methanol, water 2 mL=Z A ojuj L
methanol 3 mLZ &EAIATH &£EHS AALFFH7|2 533 methanol ImLE A &-3) & o
S syringe filter2 o33+ & HPLCE o] &3l A3t
@ 3+s 243
2o T2 LODY 108, & 22 5082 3 7| 7)EAA 0.5ppmP 2.5ppme] = A
Shels] Hgtow HAe HAPoA A7} 2w FHEHER FFuFE A4St 1ppm¥ 5ppm
o] FHEE sulfadimethoxine® micro—syringeS AF&3st] SF (A HA,H)e |2 FEI
injection 3} spiking 3F¥ . (3% 11, 1Y 28).

—

-‘3‘#‘



¥ 11. Sulfadimethoxine®] 344 23 A}

Concentration (ppm) Recovery (%)

Sample - -

Control Low (1ppm) High (5ppm) Control Low High
2 0 0.92 4.65 0 92.2 93.5
H = 0 1.00 5.25 0 100.2 105.3
51 0 1.09 4.85 0 109.4 97.8
S 0 1.10 4.35 0 110.0 87.0
A 2+ 0 0.98 5.10 0 98.2 102.4

<A <HAL21D> <SP {(FR> <Algb

(G ] Lo | T Bose ) Toag ) 10y

Recovery . - w]f
Low (1ppm) | L 4 : () ::_wu___jw\_ : ¥ J_M_

Recovery : » ke &
High (5ppm) | - N : : : A I ; |

13 28. Sulfadimethoxined 348 423 A3} chromatogram.

(4) method validation

ANl oxg FA o wet A FHH=7E I s 2XsE SAE &
Hote ZoE HAET & UAAN AF T dav= gls T e FHEEY HAHS B4ste
AZE 37 (detection limit), FAEHe] Fxo] AHHo=Z v sts A4E IS F Ue @S
wAske 2444 (linearity), ¥H8 24 Al dAA &4 7Hs3 717138 Al&" Y 235 &9
sk Al 2~El A 3§ (system suitabilirty), A A gk(actual value) @t S gk(measured value)Zte]
AH = A=E E4%te A4 (Accuracy), FAXET Lol SRS dAHE =5 &
A5t AL (Precision)d] #4202 A3 AT.

(7}) #Z3HA (detection limit)

HoAESIA= 4 peak?l signal/noise Fko] 3ol He TEE Rlste] AASRL

o, 2 A% Z$ 0.05ppm (1ng)S HLHEIAZ AASFATH(E 12, 17 29).



¥ 12. Sulfadimethoxine®] AZ3HA &4 A}

Replicates ( Of.)ggku;;id) Signal/Noise mﬂr_ngaemmzmnm
1 2887.0 4.27 .
2 g(l)iig 22}1 sulfadimethoxine 0.05ppm
. . il
4 2971.0 3.92 W
5 3142.0 4.05 “
6 3107.0 4.15 .
Mean 3039.2
SD 99.8 R T S
CV(%) 3.28

a8 29. tetractcline?] HAE3%A ¥4 A3} chromatogram.

(Y) #2414 (linearity)

sulfadimethoxine S ©AYE 348t AFAS st FAAS A Ryt
A A HEE Z138E Ayl {ALEE FAAS 1 4 A3 0.990)14 2] FAAFE B2l S 9l

ATH(3E 13, 19 30).

3 13. Sufadimethoxine® AAA EA Ay}

Back—calculated concentration (pg/mlL)
Replicates Concentration level (ug/mL) calibration curve r’
0.0510.10] 0.50| 1.00 | 2.00 | 5.00 | 10.00
No. 1 0.0810.13]10.50| 1.00|1.99]4.96|10.02 87993x—3906 0.999
No. 2 0.0710.10] 0.50] 0.99| 2.00 | 4.98 | 10.00 86972x—3317 0.999
No. 3 0.0310.09]0.54|0.96|1.98] 5.01 9.99 87135x—501.3 0.999
No.1 No.2 No.3

160600606 Jetovos 16606060

y = 871993 - 390b. y = 8b972x - 3311 y = 871135x — 5013
Booooo R = 0949 Booo0o f: = 0999 800000 R =949
pooooo booooe pooose
Looooo / Looose / Loooso /
200000 2oooo0 2oo000

; / . . . 5 . . . 6 ?"}
o 5 1o 15 o 5 To 15 o 5 1o 15

13 30. Sulfadimethoxined ZAA 224 A3} chromatogram.

(th) A"l Z3A] (system suitability)
A NS OE viale] 2L 59 A2 g3 7 63)1R 7]7]9) injections 3] system
suitabilityE Z<lal Btk HEE 7t peaks HE3t AFS X2 precisions Rl £
Ay 5 5 %ol tH(E 14). 29 37}A chromatogram-& Zt vialrlth 634 dHhE E X3}

T



chromatogram< A H<l ado|th(2d 31).

¥ 14. Sulfadimethoxine®] A|2~H] X3 E2 Az

Replicates Hole 1 Hole 2 Hole 3
1 4.853 5.032 5.084
2 4.840 5.000 5.165
3 4.850 5.037 5.211
4 4.920 5.064 5.280
5 4.930 5.039 5.308
6 4.997 5.080 5.431

Mean 4.898 5.042 5.247
SD 0.062 0.028 0.121
CV 1.259 0.549 2.307

Mean 5.062
CV 3.456
SD 0.175

< Hole 3 Chromatogram?>

¢

=

B BREEARERAR

T —T T —T T T T — T T T
X3 e e o e inE i Fox BR-

13 31. Sufadimethoxine®] A]2®] A3tA B2 A3} chromatogram.

() A& (Accuracy) 2 HZ A (Precision) (lday)

A Aozt FAEE Felstr] Ha H7F M9 (0.05 ppm—10 ppm) Ake]o] Al % (1,
2, 5 ppm)= AR 217 634 wHE BT 94 FAPY B4 22 o E AR
Agste] 228 A3} accuracys EF 10 % ©]3+J I precisione 5 % ol&tE Bl g3t
< & F AAT(FE 15).
3T

3 15. Sulfadimethoxine®] &4 2 HLA (lday) &4 23}

replicates Observed congentration (ug/mL) Accur‘acy (%) '

LoQC MiQC HiQC LoQC MiQC HiQC

1 1.010 1.832 5.098 0.958 —8.417 1.953

2 0.950 1.991 5.045 —5.008 —0.441 0.894

3 0.935 2.050 5.048 —6.494 2.481 0.952

4 0.982 2.002 5.053 —1.756 0.103 1.069

5 0.987 2.013 5.062 —1.340 0.672 1.242

6 0.986 2.000 5.072 —1.430 0.021 1.437

Mean 0.975 1.981 5.063 —2.512 —0.930 1.258
SD 0.027 0.076 0.020
precision(%) 2.800 3.843 0.389




(vh) Agd(Accuracy) 2 AE A (Precision) (2day)

accuracy 9} precisionS ERlst= Wiy e vl o g T2 Idxto B8 33T o]
Fo] B4 A3 GA] accuracye EF 10 % ©l3tH AL precision 5 % ©|stE EA A
o

& AATR(RK 16).

¥ 16. Sulfadimethoxined] A& 2 AAA(2day) ¥4 23

. Observed concentration (ug/mL) Accuracy (%)

replicates LoQC MiQC HiQC LoQC | MiQC | HiQC

1 1.023 2.172 5.291 2.263 8.578 5.825

2 1.006 2.000 5.100 0.627 0.021 2.003

3 0.976 2.108 5.069 —2.383 5.378 1.380

4 1.026 2.080 5.105 2.566 4.002 2.106

5 1.023 2.050 5.090 2.265 2.511 1.810

6 1.030 2.042 5.120 3.035 2.084 2.409

Mean 1.014 2.075 5.129 1.396 3.763 2.589
SD 0.020 0.059 0.081
precision(%) 1.994 2.867 1.581

(v A&A(Accuracy) % A2 A (Precision) (inter day)
kA o]E7F #2138t accuracy$} precisions EF o] ity Idm b
¢} precision= &l Bt GA| BE A Groll A accuracy= 10 % 9]
% 01'3}3 T4 APEsS ¢+ %Oi‘:]r(ﬁ 17).
/\O =i

219] accuracy

1=
RUNNS |
3l precisione 5

—O.L
b4t

¥ 17. Sulfadimethoxine®] A &4 2 AU A (inter day)®2 27}
. Observed concentration (pug/mL) Accuracy (%)
replicates - : ; ;
LoQC MiQC HiQC LoQC MiQC HiQC
1 1.010 1.832 5.098 0.958 —8.417 1.953
2 0.950 1.991 5.045 —5.008 —0.441 0.894
3 0.935 2.050 5.048 —6.494 2.481 0.952
4 0.982 2.002 5.053 —1.756 0.103 1.069
5 0.987 2.013 5.062 —1.340 0.672 1.242
6 0.986 2.000 5.072 —1.430 0.021 1.437
1 1.023 2.172 5.291 2.263 8.578 5.825
2 1.006 2.000 5.100 0.627 0.021 2.003
3 0.976 2.108 5.069 —2.383 5.378 1.380
4 1.026 2.080 5.105 2.566 4.002 2.106
5 1.023 2.050 5.090 2.265 2.511 1.810
6 1.030 2.042 5.120 3.035 2.084 2.409
Mean 0.994 2.028 5.096 —0.558 1.416 1.923
SD 0.031 0.082 0.066
precision(%) 3.084 4.019 1.298




! 0}11 xe /\LJ_ 2 gol Acetonitrile 5 mL} Ethylene diamin etraacetic acid(EDTA) 1
mLE 23, handy shaking3dte] 53+ 3 syringe filter (PTFE 0.45 um, 25 mm)E ©]-& 3}
filterstA k. FZH ) hexane 10ml& ¥o] FE3] E£€5 H, F T2 U4 5 2o & w
o HPLCE o] &3] EAstAT (& 18).

¥ 18. Sulfadimethoxine] &4 A7 W) g3 34& A7

Concentration (ppm) Recovery (%)

Control Recovery Control Recovery
Z~ (0.1ppm) 0 0.87 0 87.3
A (0.1ppm) 0 1.09 0 109.5
g (0.1ppm) 0 0.95 0 95.0

(6) XA kit A&

(7}) kit set A& 23

Syringe filter AF& A] T 2ES
a7)eF FE &WE Yo uz s

_il_
Lo P %}71 As F2E l'?—Z}-é]-
ol

7 918l net & AT A B4 low S §u] BAe] §olg s8] AT Py
oH(Z Y 32).
s
- Air e
——
) | * Hexane phase
O-ring / —
Extraction sol. | *T— Acetonitrile phase
sample
— Net

" Lower phase |

A— Syrir;ge filter ' Anaylsis

:13‘ 32. Sulfadimethoxine® kit set o =3,

(W) AA kit set AZ
9] kit A S vy e g2 AA kitE A2 sFATH(2E 33).



(a) (b)
¥ 33. Sulfadimethoxine®] A A| kit set A& (a)B4A ] kit set, (b)H 4] kit set.

(7) HPLC #4=1

e Instrument : Shimadzu LC—20AD series HPLC (Shimadzu,Japan)

* Detector : UV

e Column : C18 (250mm X 4.6mm, 5 micron, Agilent)

e Mobile phase : Gradient (5mM KH:PO./Acetonitrile) 0 min (B conc. = 0%) — 5min (B
conc. = 50%) —15 min (B conc. = 70%) — 25 min (B conc. = 0%) — 35 min (B conc.
= 0%)

e Sample size : 20ul

e Flow rate : 1 mL/min

e UV wavelength : 270 nmO

t}. Chloramphenicol A#H7] A4 2 AXg 71E /N

(1) AH&-% Ak

Age] Alg" A= FlukaolAd FH3AY. Ammonium acetate(CH3COONH4 )=
Duksan(Korea)ol A Acetic acid(CH3COOH)+= Kanto(Japan)ol A +%, AF&3}$th. Methanol,
Acetone 59 €u]lE= HPLC grade® Fisher(USA) A|ES A3} ).
(2) NFE&H =A
7)) EFE
E2TE4 10 mg S A &3te] methanolel] &3l3td 100 mL F-&3FH (100 ppm) ©] H 10
< # 3t mathanol 100 mL 2 &3 7 ZTE&HoZ AFESATH(10 ppm).

mLE& % &3]
(W) 2geH
HPLC/MS &4 d] Ag% o]=Ael Water(0.1% CH3COOH, 10 mM CH3COONH4) g9

CH3COONH4 0.77 g, CH3COOH 1 mL & 1L S#/FFol &3iA1Zl § 0.45 mm filter2 o 73}

Rl | E‘g ar ™ pd o
U ZeA=ZFd A4
54 10mg S A3l Acetonitriled] &3]3t 100ml F-&3FH T (100ppm) ©] 4

10ml& A83] H3te] Acetonitrle 100ml 2 A3 H EF LMo 2 ALY H(10ppm). ©] &
FEAS AA Ao T FASte] 5, 2, 1, 0.5, 0.1, 0.05, 0.0lppm &AL A F3e] z+zt 5uA
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LC/MSel| =+

(WB) 858 24
D 718 Ay

g mL Ethyl acetateE ¥ 3 10 min 7t £ 5 4000rpmo A 5&7F 9
dE AdsEF AT FAES 2 mL MeOH o =90% 20 mL 20% NaCl ,
20 mL Hexaneg ¥ i &% % 4000 rpmolA] 587 A EE 31 Hexane &2 A ASH & &
15 mL Ethyl acetate® Y1l £E ¥ 4000 rpmolA] 5837F Q488 & Ethyl acetate =
AxrEE ¢ 5 Akl 1 mL 50% MeOHZ A &3] 3 & HPLC/MS/MS 2 #4311 th.[9]
@ 35& 43
AAE  HAHAA A7 5] FFHEE FSuTE AAstd 0 =
chloramphenicol& micro—syringeE ARHE-st] S/ (4, A, )9 2 FEY, A, 7

injection 3} spiking SFRTHIE 19, 1Y 34).

¥ 19. Chloramphenicol®] 348 243 Ay

Concentration (0.1ppm) Recovery (%)
Sample
Control recovoery Control recovery
A 0 0.112 0 112.0
= | 0 0.096 0 96.0
=3
= 0 0.102 0 102.0
[elNe)
T 0 0.117 0 117.0
Al T 0 0.104 0 104.0
<10 2 |- MRM (32100000 -> 152.00000) 0I0507-068.d
(232D 1
Control
o
02 oa 08 08 1 12 14 18 18 2 22 24 26 28 3 32 34 3I6 38 4 42 a4
Gtz (283 va. Acoursition Tire trim
=10 2 = MMAM (321.00000 -> 152,00000) 090507-070.d
{(=202D T ll/"".
Recovery S
5 -
oz oa o ps 1 12 1%a s _1le 2 =22 24 28 28 3 32 34 3l 3@ 4 a2 4l
=10 2 |- MRM (221.00000 -> 152.00000) 090508-041 .d ———ZERC ABUNDANCE™™
14,
(A1) ]
Control -
0.z Od 08 De 1 d.2. 18 1.5 1@ 3 22 24 26 268 3 S2 34 90 5.8 4 a2 44
LR O o B RS L .
“10 2 |- MR (321.00000 -> 152.00000) 0905S08-043.d
1
(X201 T %
Recovery i e
0z 04 06 OF 1 1.2 14 1.6 _ 1.8 2 _ 22 =24 28 28 3 32 34 38 8.8 4 a4z 44
10 2 - MRM (321.00000 -> 152 00000) 080507-069.d
1
[¢=nipl)] ]
Control a
5 ; T ' ' ’ v T : T T g . v v . : T T : y v
02 04 06 08 1 1.2 14 16 18 2 22 24 286 28 3 32 34 36 38 4 4.2 44
Counts (38) ve. Acquisition Time (ring
<10 2 - MR (321.00000 -> 152.00000) 090507-072.d
19,
(€= nl}] N
Recovery . B
oz 0a 06 08 1 12 14 18 18 2 22 24 28 28 3 32 3a 3% 38 4 a2 aa
Counts %6} ve. Acquisition Tirne (min)
=10 2 |- rRR (321 .00000 > 152 000003 090S08-060.d  —=ZERC ABLIMNOANCE=
i
(HIED oS
Control P
oz ©va os o8 1 12 14 1e 1 > T2 24 2e e 3. Az 34 238 A8 &4 42 a4
Coun* (%)vs Acaquisition Tirme mmind
<10 2 |- MARM (32100000 > 152 00000) 090508-062.d
|
@, [[=1y] 0.5
Recovery
o

0z 04 0B 08 1 12 14 156 18 2 22 24 2B 28 I 3I2 34 I6 I8 4 42 44
Counts (%8) vi. Acquisition Time (min)

1% 34. Chloramphenicol®] 348 2% A3} chromatogram.



(4) method validation

TR ot HH we} S FAEHEME BEShr] Y8 XS E SAE
Hole o2 HAEY + AW AHF & o+ & F v BHEEY HAaFS £43%
A3 (detection limit), EXE 2 Zx o] ZAFHZF o7 Hgstes 2HE IS + Je %
A%t A4 (linearity), ¥HE 4 Al ASHA 4 7153 71714 Al2"He 231& ¢
st A"l H3HA (system suitabilirty), A A Zk(actual value) 2} =2 Zk(measured value)3+2]
AEe BAEE w48t A4 (Accuracy), 24X AT Aol SN A HE =S
3t A2 A (Precision) 8] 4oz A3 AT

(7}) #Z3HA (detection limit)

B Ao HF 0.0lppme HAHAEIAZ AAHSAT(E 20, 1Y 35).

¥ 20. Chloramphenicol®] #AZ3HA 4 A3}

Replicates Peak area it e _
(0.01 pwg/mL) i | ‘
1 0.01 ) g.htl)c;rp)opn:naphemCOI l
2 0.01
3 0.01
4 0.02
5 0.01
6 0.01
Mean 0.01
5D 0.001
CV(%) 10.73 g —

ML e o o rjr fot

29 35. Chloramphenicol®] 7AE3H4] 4 Z3} chromatogram.

(W) &A1 (linearity)

sulfadimethoxineS @AY 3 Aslo] AFHS ZAdstar XS gl Bt
A REE S1% A fARSE A XS F & 4 QA 0.990]149] AIBAFE F

ATHEE 21, 29 36).

¥ 21. Chloramphenicol®] HAA A Az}

Back—calculated concentration (ug/mL)
Replicates Concentration level (pug/mL) calibration curve r’
0.01]0.05] 0.1] 0.5 1 2 5
No. 1 0.01]0.09 | 0.19 | 0.64 | 1.21 | 2.02 | 4.93 2886x+447.7 0.994
No. 2 0.01]0.110.21 | 0.67 | 1.22 | 2.02 | 4.92 2797x+501.2 0.993
No. 3 0.01 [ 0.09 | 0.19 | 0.64 | 1.21 | 2.02 | 4.93 2886x+455.0 0.994




No.1 No.2 No.3

1 5vco 15000 15000

¥ = 288b.5x + LU Tb A y = 219°Ix + 501.24 v = 288bx + 455.0b
R: = 0.99u4b R* =009932 R = 09943
Joooo Joooo Joooo
L1} / e T=1-] / K600 /
Q / L Q / L L | o) / L

o 2 L b o 2 b b o 2 i b

13 36. Chloramphenicol®] &HAA 224 A3} chromatogram.

(th) Alz=¥l A3+ (system suitability)

Al 719 T E viale]l 2L Fx9 A8E H Z+7 634 7]7]9 injectionS 3} system
suitabilityS gtdsl H}th HEH 7 peaks HEste AFY FEE precisions FAs &
Ay 25 5 %ol tH(E 22). 2o 37FA] chromatogram-& Z} vialrlth 634 wHhE H X3}
chromatogram=< A H<Ql ado|th (2 37).

3 22. Chloramphenicol®] A|2~Hl Z3stA B A Ax

Replicates Hole 1 Hole 2 Hole 3
1 4,112 4,128 4.193
2 4.123 4.130 4.205
3 4.144 4.212 4.240
4 4.117 4.225 4.366
5 4.144 4.228 4.453
6 4.148 4.185 4.441

Mean 4.131 4.185 4.316
SD 0.015 0.045 0.118
CV 0.384 1.088 2.740

Mean 4.211
CV 2.513
SD 0.105

< Hole 1 Chromatogram?>

"
|
|

'|

18 37. Chloramphenicol®] A| 2" Zd+A EA A3} chromatogram.



(2hH) @ﬂ/“(Accuracy) 2 AP A (Precision) (lday)
A ez A2 s ﬂ%’é‘} 1 918 A% W9l (0.01 ppm=>5 ppm) Ae]9} Al &= (1,

2, 5 ppm)S AR 247 634 wHE 245
SA FANYE EAH 22 o R AR AEFste &3 ZH accuracys EF 10 % ©]s)
93l precision 5 % ©|stE EA o TS & F AAT(E 23).
¥ 23. Chloramphenicol®] A3 2 AHUA (1day) ¥4 A3}
. Observed concentration (ug/mL) Accuracy (%)
replicates ; ; . .
LoQC MiQC HiQC LoQC MiQC HiQC
1 1.000 2.021 4.556 0.00 1.00 —8.80
2 1.018 2.019 4.481 1.00 0.50 —10.40
3 1.052 2.002 4.612 2.00 0.00 —7.80
4 1.027 2.016 4.551 1.00 0.50 9.00
5 1.043 2.033 4.528 4.00 1.50 9.40
6 1.003 2.007 5.000 0.00 0.00 0.00
Mean 1.013 2.011 4.621 1.33 0.58 —7.56
SD 0.013 0.010 0.173
precision(%) 1.356 0.530 3.754

(v}) A3A(Accuracy) L AU A (Precision) (2day)
accuracy®} precisionS Q1= W £ WHo R 4 E I XS 35t} o
g B4 Ad JA] accuracys EF 10 % ©|3+F L precisionS 5 % o]stE Ao AH3tst
= & F AUJTHE 24).

3 24. Chloramphenicol®] A3 2L AL A (2day) &4 23}
) Observed concentration (ug/mL) Accuracy (%)
replicates - - - -
LoQC MiQC HiQC LoQC MiQC HiQC
1 0.932 1.963 4.974 —=7.00 —2.00 —0.60
2 1.000 2.000 4.993 0.00 0.00 —0.20
3 1.011 1.994 4.985 1.00 —0.50 —0.40
4 0.998 1.987 4.985 0.00 —0.50 —0.40
5 1.045 1.993 5.000 5.00 —0.50 0.00
6 1.006 1.983 4.978 1.00 —1.00 —0.60
Mean 1.000 1.985 4.982 0.00 —0.750 —0.367
SD 0.035 0.012 0.010
precision(%) 3.559 0.633 0.214

(vh) A3A (Accuracy) 2 H A (Precision) (inter day)

kA o] &zt &213t accuracy®} precisionS BT o] #elste], I 7+ A9 accuracy



9} precisions &<13)

Btk I9A RE A3 ghol A accuracys 10 % ©]38tH L precisione 5
% ©letZ EAo AFES &

3 25. Chloramphenicol®] A3t 2 AU A (inter day)EA A3}

) Observed concentration (ug/mL) Accuracy (%)
replicates 00 MiQC HiQC LoQC MiQC HiQC
1 1.000 2.021 4.556 0.00 1.00 —8.80
2 1.018 2.019 4.481 1.00 0.50 —10.40
3 1.052 2.002 4.612 2.00 0.00 —7.80
4 1.027 2.016 4.551 1.00 0.50 9.00
5) 1.043 2.033 4.528 4.00 1.50 9.40
6 1.003 2.007 5.000 0.00 0.00 0.00
1 0.932 1.963 4.974 =7.00 —2.00 —0.60
2 1.000 2.000 4.993 0.00 0.00 —0.20
3 1.011 1.994 4.985 1.00 —0.50 —0.40
4 0.998 1.987 4.985 0.00 —0.50 —0.40
5 1.045 1.993 5.000 5.00 —0.50 0.00
6 1.006 1.983 4.978 1.00 —1.00 —0.60
Mean 1.010 2.000 4.800 1.00 —0.08 —3.97
SD 0.029 0.018 0.227
precision(%) 2.883 0.926 4.741
(5) &A= AALH

(7h) &4 AAg EAEHY
MASHA] & AlFE 2 goll Acetonitrile 5 mL2} Ethylene diamin etraacetic acid(EDTA) 1
mLE Y37, handy shakingdle] %3} 5 syringe filter (PTFE 0.45 um, 25 mm)E ©]&3}
filterstA ™. FZF 4 hexane 10ml& o] FE£3] £ H, F T2 vd 5 Ho & W

o} LOMSE ol &8t EASIATHE 26).

¥ 26. Chloramphenicol®] €A Ax1g] Wy o3 348 Ay}

Concentration (ppm) Recovery (%)

Control Recovery Control Recovery
4~ (0.05ppm) 0 0.044 0 89.35
A (0.05ppm) 0 0.043 0 87.65
% (0.05ppm) 0 0.039 0 79.41

(6) E4-AAZ kit A=}
(7}) kit set oA =&
Syringe filter A& Al IS FEste EATS floi7] a8 2ol F4S Al&sho



1719 #% £olE Yol Wz

=239 filter & 4 UTE JYTh FEE E9d &7}
WA 2] eFA 7] &l F2E FERSA o, TS filter£ S 2 sampleo] WA= AL WA|S)
71 918l net & AZSATE A EA low 59 &uf £ §o]E {3 T35 FF3Y

(28 38).

Air A s

4 -
/
/

Hexane phase

+—— O-ring

Acetonitrile phase

'— Anaylsis

1Y 38. chloramphenicol®] kit set A =&,

(W) AA kit set A=}
9] kit AN RES wlgro g AA kitE A P2 39).

L

(a) (b)
% 39. Chloramphenicol®] A A kit set A2} (a) B kit set, (b)E 49 kit set.

(7) EH=x3

(7}) HPLC &4=1

e Instrument : Agilent HPLC 1200 series

e Column : Luna C18 (150mm X 4.6mm, b5micron, Agilent)
* Mobile phase A : Water(0.1% CH3COOH, 10 mM CH3COONH,)

* Mobile phase B : Acetonitrile (5% mobile phase A)

. Gradient : Omin(B conc. : 30%) — 2min(50%) — 5min(90%) —

6min(90%) — 6.1min(30%) — 8min(30%)



Column temperature :

Injection volume :

Flow rate :

(U) MS 24%7

Mass spectrometer
[onization

[on mode

Capillary voltage
Capillary temperature
Collision gas
Collision gas pressure

Collision energy

Multiple—reaction
monitoring (MRM)

100,

40 C
5ul
0.8 mL/min

Agilent 6410 MS/MS

Electrospray ionization (ESI)

Negative—ion mode
4.0 kV

350 C

Nitrogen

1.5 mTorr

Y

Precursor ion (m/Z2)

Product ions (m/%2)

321

257, 194, 176, 152%

*quantification ion

152

176

194 157

[M-H|”

321
|

A il m i ol

200

300

miz

193 40. LS/MS spectrum of chloramphenicol in negative—ion mode.

3. &7 g

7h FE 71 By

(1) S22 5 7 F8A SAHS A AV8ke a2

) A7 51 2 FAAA
AN HE F AN~ FAE
FAA S} Aoz 7H-gte A, &, aptamer 5 vhol ZAIE |
vhol @ 2 A E 7 Y E A 7)8teE wpe] AlA Ak
Alge F4, EEEE 749 velazEFoly = AVgteE ulo]|eAME A
IR Bt L1
A 23 FAAE A9 FE2EZ F e &F AAHY) AT



2H0| E A 2l HIAALAEH F] 9] CIHEO]A

12| & vial / E oz \
S Microfluidic chip
S —— 4

4ecm

high voltage
source

HIOI 24 A

/,
N
p

\

" - *GlassHZE
cABNER Y BHPE e
1EE SO A Cileo=
P 1~3mL B

52, w2l B AE A

+ 100 puL A2 AFS

(W) AApE FIAA

XY

1 Chat FHEE 98 Hrol =2 H (2, 2 Ml SR E Micro-
H U A2 2E=EAP | aptamer), DEY N Hiz= R A fluidics BE Y
=t =l
A 4
aptamer ZHI= A5 Ct=Eak 2 Microfluidics
o MM D B J =5 DE Jp
= L '—;
EN Brol=dlg 4 | MIAL A AEl I,
i £ o1,
e HEO| @M A Sl 2 MIAL A Al Bro| 2l (RS G
= = form | At = * aptmer) JH'¥ 3
FE = (validation) = =50| & 2| XA}

1-32 Uz Aelst g4 A4 TC, CTC, OTC, DTC, 5 HEgGAo|Z A 427 22
I UZ(CAP) 5 & 5F9)

GHAE Adgstel A7AFAA 3

=
[} o DE]?:-)]
CHa

o

A

o

be

Chlorotetracycline (CTC)

) H OH
2 Cl
HN
- ‘}‘q j(kcw
o o}

Doxytetracycline (DTC)

Oxytetracycline (OTC)

Chloramphenicol (CAP)
" 41 A9 g o AL



(3) FAA A=E A vpo|AlA A

(71 "HEZALo]ZdA A4S 9138 cellulose—dsDNA vlo] @ AlA A=}

o HEZAI|SHA 459 AES S8l vio]l Al Azt

o A -OH #H8 B3 A5 AES 3= dsDNAS AL-g3le] vlol 2 AlA A2

e B84 DNAES ZEEH=Z AME37] 98] cellulose?t ZFH o]Fy4 DNA
(cellulose—dsDNA)ZE A H3 v S 2 ©@471F 2 vd|de Uy} £33t ehhdt= A%

o AxE BAaWSSE AF 1lmmd EA#] A9 ¥o] ©@ARS A= (carbon paste
electrode, CPE) #|2}

—I— Cellulose -dsDMA
Igraphite (witiwt %)

o
o Ukzirlel s9AE GCE ®del 43 F dr|ged o 7)o AVA=AALEA

o AVNAEARTERY] 28719} CAPIA (CAP-ADL)E FH2T A
e CAP—AD9 hydrazine”} label® CAP U (CAP—-Ag)E HFSA|A WY AA probeE A2t

HoHEd
AL

Labeled
CaP-aAg

=2 (m]]
= A .

O 43 B9AA HW TE

(4) Zrolxd A=l 7] A= B 2ol A ey i
(71 zrolxA g 7] A&

o AA: obAE A

o MY 220V

e =7]: AE 5cm, ¥°]: 10cm



sonicatrort &
138 viale AR
A Agd g9 F

jinss
>
i)
An)
N[
)
Az
By
it
X
>
>
N
Ll
>
>

st 24 chipol §9¢ HiE F9

AR

wial
=

= Al

I

& Al

H
a9 44, FAY7] B BAFS7).

el W Sl z=¢l ]

FAA - ASFALY], HALY] Havle Eolde HEMo|ZdA FA8A F
gto] 9 (Tetracycline), SAH EgHo]| 9 (Oxytetracycline), FZEZH ET}F #4o]
Zd (Chlortetracycline) ¥ FA]H|Egr}o]Ed (Doxytetracycline) 4 7FX] 2 CAPE th/
AAle 43 =, 8 A= 2 s A

Zho] AAlg] # : HWEE 3 Sk A2 S 9] sonication 3 ¥ Sep—pak(C—18)
TIEYAE EHJAA S22 A1A 0.01 M Wek24d =28 (methanolic oxalic acid) 2 &

=AA 54

Al = 0.5g + icati & 5} = 0.01 M HIEt2 &
Sonication
0.01 MEIErEA | mE) M) | Seppakcis | )| £us9
=P E O g ml 10 min IIEEXNZ EF o= 7

100 % methanol 2t SF %
C-18 activation

Sample loading

MN=05g+001 MHEE BHE +48ml
+ 2l SHE Al A2 # It

(ehMMl =5 :0,0.05 0.1, 0.2 ppm) Elutlo_n : :
£ B e '* S (0.01 M Methanolic oxalic acid )
+

1022 Sonication Microfluidic chipZ 0| Ealf 22l 24

Y 45, oA A4,



(7}) Microfluidic chip #|%}
e Borosilicate 815 A3t A Z3ATH
)

.« ARS8, $F 8 FYF D AQuESE X ARG FULE Fohe] ol WA
9 BAE $9¢ B8R, $EEY FUNE Fote] & BAAGAD U o]FA

o 12 Axoe @dAdS 2,33 dxols dsAd(3a2) microchipS #2353

Posithve type

e S b
% = — -

[ 1 |
Siliconizing UV exposed through Photoresist Ets|. mm
master mask developed
5.4 555
Ao L
| = | L1
= — = —
2
Developing Etching Cleaning 1 /1 4

= | — |

3 /
Emding

1% 46. Microfluidic chip (glass chip) A&#4 2D @A xR chip +%.

Ag/AgCl Ptwire Sample waste

Separation channel '
FASI channel

FASS channel

Sample input *

a9 47, =2 (3A9) chip 7.

Working
dlectrode.

Microfluidic
chip

holder

1% 48. microfluidic chip, chip holder @ A=A 4.



29 49, microfluidic chip A|2Hl % Zro| A X 7] AT .

() capillary electrophoresis(CE) A]ZHL o] &3 Egy 7
O 29 @ FAA A EFEY ZA 2L AZFEAS 93 CE A]2¥S high voltage
power source, microfluidic device®Z TAHEO] 9om MBI 83} 2t} High voltage

power sourcet AT ok Lo mAYE 75t BABYAA A|EE A =7 E
o] FE AolE o]&ste HAEES FElst=H /‘}&54‘4 microfluidic devicew #7|8}&3 &
(electrochemical detection, EC) AlA¢}e] AZAS 93l € F2 cutting 3% 2™, pipett tip=
o] 83l washing reservoir, sample reservoir 2 waste reservoirE X 23 A o)
. Microfluidic chip& ©|&% F4A4 fAETE &8 2 #7584 H=

@ WAEA: A} FASE FFE 7R = Brilliant blue FCF (B1), indigo carmine (B2),
fast green FCF (G3), Amaranth (R2), erythrosine (R3), allura Red (R40),

tartrazine (Y4), and sunset yellow FCF (Y5) S 89 #7|33E

Q@A A AdES FYEeELHAZ (glassy carbon electrode, 2178 3mm)
@ A=z
e A=A : Microfluidic chip® E oA &

BEEEA A7 doju= A9 950 mV 2 FSFATH(

Current, pA

1200 1000 800 600 400 200 O
Potenfial, mV vs_Ag/AgCl

a9 50, 98 8FS AYAFIA,



FE8d: 2% Sodium dodecyl sufate + 20 mM acetate buffer (pH2.1)
AZ&8 : 10 mM Phosphate buffer (pH 7.0)
28 At —200 V/em
AlgFY A1z 2 AR} 5%, —100 V/em
AlE9% 100 uL
® @Y x)d microfluidic chipg ©o]&3F 2a 2 H7|5824d A= Az
8ES £33 NS microfluidic chipoll FYata, AMAjd 2sAYE 71ate] AFHO
2 HE3
8% =9 7 ¢=Ee] v== 5 1M 4
Am FY T 100% ol 8F9 &E£33E 57 Ae¥oz &, HA=EE
AZE3A = 1.25 nM o
8-
3
3
2
4
20 120 160 200 240
Time, s
a3 51. 8 £9 £%E9] 3 Electrophoregram.
(6) t+&A'd microfluidic chip ©]&3 Bl EgA el FUA FAA Y A71882 A 7D

(7h) HEzR ol A A 9 AkshH

e cellulose—dsDNAS} &471#7F £3F8 CPE(40% (w/w))E AAMZ ALE

e TC, CTC, OTC ¥ DTCY &% E 0.1 mM=Z Zd(pH 7.0 phosphate buffer)
e 700 ~ 800 mV HeolA 4F°] JAAY A AFIT 5F

1

0]

N

2] @ (b)

3]

4

5. (d/)( \

6. ()

7]
6l O
1000 800 600 400 200 0

Potential (mV) vs. Ag/AgCl(sat'd)

a9 52. HlEZA|EZ-A 459 AYHAFHA.



(Wb ¥% 2 2emAYZ
+ AREE AR FY, 5 @ 2elsh shtel I AAM olFo] A & U= 39

.« AREY, FEEY FYF L AQUEE A AREY FYPE Fohe] WA
g AR §AL YR, $F5Y FYPE Fio] & Pe/AFAD W o]FA
715},

FL9 Aol E o] 83l AHE
« 73}t Z (electrochemical detection, EC)S 93l vlo] A E EExide ZHE

of AAste] EEoA Yes FAEL A7sdHow HE
Ag/AgCl Ptwire Sample waste

Separation channel '
Ra3
FASI channel

FASS channel

Sample input ‘

Working
electrode 48

(1) Sample loading

(2) FASS step

(3) FASI step

(4) Sample injection

(9) Separation and detection

(t}) microfluidic chipe] #2 &4

e ds—DNAZ} 90+ nlo]2AlA e} ds—DNA7ZF E010A] ¢+ bare CPEE B,

« OTC, CTC, TC & DTCY Hx+& 6X10 ' M 4.

o EIAY: 2kV, AlBEFYAIZE: 5%, running buffer: 10 mM acetate with 10 mM SDS
(pH 4,2) detection buffer 10 mM acetate buffer (pH 4.2). Al& F94%: 100 uL, A=



et 0.9V
e ds—DNAZ} E91317

k= bare CPEE 4 A #= 27}
e ds—DNA7} E0]9)= ulo)

LAME HE0] 7hest™, 200 2 ol 459 FAA £

HE0] 5.
o Z} A A migartion time, half—peak width % N(o|29¢)= X9} 72
(A) orc Tc CIC DC
T
5
5
)
B Io.wA
60 8 100 120 140 160 180
Time (s)
13 54.3+ A 9] Electrophoregram.
x 27 FAA E2 54
Migration time Half—peak width b
Analyt N
raivte (Tg, s) (W12%, s)

Tetracycline 40 £ 0.5 1.6 £ 0.3 ~4300
Oxytetracycline 70 £ 0.6 1.44 £ 0.5 ~31162
Chlortetarycline 100 £ 0.9 1.3 £ 0.5 ~30190

Doxycycline 120 £ 1.1 1.76 £ 0.4 ~24062

(2h) DEAY chipS ©l8% $EHEL T4 © $FHH 24 A7
@ FASS¢} FASI @4 =& 53 5588

=

« 7]1E9 W2 MEKC

« FASS$} FASI @A = 2719 Qs AHgste]l &Y w583 =AHDB).

e Separation buffer, acetate buffer containing 10.0 mM SDS (pH 4.2) ; separation field
strength, — 300 V/cm; injection time, 5 s at —250 V/cm; and DP, + 0.9 V vs Ag/AgCl.

« FASS9} FASI @AIE F3qst= 2709 AHES AT A% 10,9000 9] = 4



| (A) oTC TC cTC

| (8)

Current
% 2
_ﬁJ_J 3
o

[ 2

T T T T T T T T T T T ¥
60 B0 100 120 140 160 180 200

Time (s)
19 55. FASS9} FASI @A o419 Electrophoregram.
(A) FASI step : Sample concentration 1 uM
(B) FASS and FASI steps : Sample concentration 8.5 nM

o o o u o u o u
P W S S A S P |

i

T
0

20 4 60 80 10 120 140 160 o 2 » @ = 60 75 90 105 120 135 150 165 180 195
Concentration, mM Water plug length, mm Time, s

a9 56. 5 HHxA.

-

(M) A EEARE &3 PAA L A

re

__rL

O HHEZAH =4

Detection potential : 0.9 V (vs. Ag/AgCl)

FASS buffer : 100 mM PBS (pH 9.0)

FASI buffer : 100 mM acetate buffer (pH 2.5)

Separation buffer : 10 mM acetate with 10 mM SDS (pH 4.2)
Detection buffer : 10 mM acetate buffer (pH 7.0)

Runnig Voltage : —2 kV



e Sample injection time, voltage : 5s, —2kV
¢ Amount of sample : 100 uL
e Electrode : 40 % Cellulose—dsDNA modified Carbon paste electrode

M 440 oS 8 T 8
log (Concentration [M])

O 57. FAA 459 A=A,

F 28 AT 54 # A
analytes response precision dynamic range detection limit'
(%RSD, n=5) (nM) (nM)
Tetracycline 6.3 8.2 — 500 ~ 4.3
Oxytetracycline 5.8 7.5 — 500 ~ 1.5
Chlortetracycline 6.1 9.1 — 500 ~ 1.9
Doxycycline 5.2 10.3 — 380 ~ 2.1

1. The LOD was determined when the S/N was 3.

(A AANE 24 B F5& AT
_]

O AAANZ(HL) 24

_

o AFETAY B DolAAYE ol&ste] Har] ARl E0] = EIEZACEUA 4

o AlZ FAA TFLAS 0.05, 0.20, 0.50 ppmeS FYse TZE HrpHo=
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% 29. AEFEFHAH AAY FF&
Sample | Spiked TC oTC cTC DC
(ma/kg) T Reyt | cvz | Rev' | cV2 Rev’ CVZ | Rev' | CV2
Beef 005 70 15 73 14 69 16 68 | 15
0.2 73 14 75 13 70 16 69 | 11
0.5 72 14 75 13 74 13 70 | 13
3 30. 7FolHAAYYH FF&
Sample | Spiked TC oTC cTC DC
(mg/kg) | "Reyt | cvz | Rev' | cCV2 Rev’ CVZ | Rev' | CV2
Beef 0.05 85 15 86 15 83 12 80 | 11
0.2 86 11 89 12 89 15 80 | 12
0.5 89 12 93 13 90 13 82 | 13
(7) 2 5E AIAAE o] &3 FE=2UHYZ(CAP)Y AV|g sty B2 7
b =528
o AU BAA F22 AU R (Free CAP-Ag)o] T3E Soo] M ANE Yo,
73 Al

e pH 6.0 &=8Aq
. 2 dARdssE A &

« SA3AHEL -0.35V 4.

rlot
(o,
o
ol
o
X
o
u
e
2
ol
o
_‘ {
ro



184
2.0+ 154
| %_L 1.2
= 09
1.:54 g 0.6
&-\ o 03_:
=1 00— 7T 71 T T T
e 10 g 4 2 3 4 B
£ Concentration of H,0, (mi)
GJ P-4
> l
O 051
0.4mMH, 0y
0.0 1

0 100 200 300 400 500 600 700 800
Time (s)
a8 61. Hy0,9] F&0 mE HIAIAM ] ZF{FH3)

(th) QCM<E o] &3 AAdAA 2z HBe T2 @ L 2A}
« Quertz crystal microbalance(OCM)& o] &3le] AIAAN A xA 7+ AR FRFS 2A}
* Dnedrimer, Q—dot % &4} F2FE 22} 437.47, 149.49, 192.35 ng/em” o] }.21, Q

gAow AAEEd 14 B

A=

0.0+
E—U.'l -
T
=
07 4 (C)ANt-CAT: 175 Hz
5
-,
o
0.3 -
u_ —D[Den
— Qdots
044 am
Ant-CAT (a)Dendrimer; 398 Hz

1 ! 1 ! | ! 1 ! ] ! 1
0 2000 4000 6000 8000 10000
Time (s)

a9 62, QOME ol§F FEHF 24



14- o404 ‘L,"_!:T!BE';H o far Oatz_g /s/l/
PaEmeir rane Ermr 1
03 o.o195 oooiE
o.zo0d B A@IAE-L 8 USSASE-E
1.2+ gn.zs-ﬂ o.EEme )
;DQD-
1.0 045 ]
4 0104
208- I 0.05
.,___:L, 0.00 125 T T T T ]
= U ncantatin ot CARGaimT
06- Anti- CAT 50 pofmi CAP
=
04
0.2
a50 CAP
T T T T T L) T T ¥
0 20 40 80 B0 100 120 140
Time(s)
a9 63 MGAME o] &3 FREGEYE A
(v}) AANE 24
o FrolHAAE o]&3te] Hav], HAIY] B He £ Ae FER=SHYZ
¢ NES) PHA BRGNS FYstel TFE Ao HANRY FE29)
o H317], A7) H Far7]o A 1.10262. ng/g, 2.046 ng/g, 3.092 ng/g =
HE.
2317
Fi
— BlankiPB3)
1.0+ M— H.0, .25+ 1
sample [beef)
08 —— 50paim| CAP
— 100pgiml CAP 0.20
< —— 150pg/iml CAP
25 —— 200pgiml CAP
€7 —— 250pg/ml CAP
] = 0.15
= il ¥
O 04 had
E =
0.2 X
0.0
0.0 — : T T T —
0 20 40 B0 80 100 120 140
Time (s) 73.3pgim /n::
-150 -100 -50 0 S0 100 150 200 250
[Standard CAP] (pg/ml)
= 2] 31 7]
3.0 +
——PBS(hl)
25 4 ——5mMH,0O,
— -sample(pork)
<5 20 —— 50 pg/ml CAP
:’ —— 100 pg/ml CAP
c 15 ——150 pg/ml CAP|
e 200 pg/ml CAP
—
O 1.0
0.5
1 il B ""' 102.3 pg/ml
0.0 s | = = TN s S B 0" Ny S s S ey
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[Standard CAP] (pg/ml)



204 |
—— PBS(Blank)
5mMHO,

—— Sample (Chicken)
1.5 — 50 pginl CAP

| —— 100 pg/ml CAP

| —— 150 pg/ml CAP
104 i 200 pg/ml CAP
I —— 250 pg/ml CAP

AT (uA)

Current (LA)

154.6 pg/ml
T T 1T 1 1 T 1 & 1
0 20 40 60 80 100 120 140 -300 -200 -100 0 100 200

Time (s) [Standard CAP] (pg/ml)
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a9 64. AFAME o] &3 LAANESY SEESAUE FEFA.

(v}) B 2~E e By}

A AGs AAAE(H7], HA27] 2 H37])E LCE EA431e], A9Ax=E SH 3
Ak vl 2,

22 YUFE 2FEH 1, 2, 3, 5, 10 ppb &HZ LCE o]&3std HEFAd 24

r = 0.99698, y=16.3567+x + 2.8928

1504

100-

Response

50 A

0 F e e ey agimi
00 20 4.0 6.0 8.0 10.0

2% 65. LCE o]gdle] AAH A

.

Sarzle] 3 LC 7F AT A gho] 25 A Yal, HA ALY
1o}

¥ 31. AYgAN " LCE o83 FE=UHYFE B A3
AA A 9 AlA (ppb) LC(ppb)
2 317) 1.03 6.85
H 2] 31.7] 2.05 2.34
o 7] 3.09 6.65




(8) AANAE=E Y HF ALY 2 54

e TA: FHE A A= 7], CE microfluidic chip @ tlrlo]x, WAl A

o AlA : cellulose—dsDNA WA nlo] A 2 A7 v AFH HA7|sstd HIAA
o SR Harv), "R, "gav]

o HAHFAIZE 104

o EBYBRASAIZEEI]) 0 108(100uL)

o AATF 025 ~ 05 ¢g

« A&SA : ~ 0.05 ppb

U g3 ¥ agiste
(1) SELEXE o]&3 JAA 9 gely 7t

Magnet
3 H' Magnetic agne

.'ﬂ’ v n bead WE=s

A ! A e

S Sojx| i o]
4 ==L

!\{;fq ~

Selective | ,\‘—". \ Ap—
é“ = » \.\ % PCR %Gqu

sepharose
column %0

. r
X _1\ " © i
O’ o B2t oo

L ‘ l‘\ Electroosmotic flow

—_—

} b
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H| S0 E0jF s Hog £
s 5
Sl A 2 sato| X

PCR —_— EAE7
.\ \_ || (
B B
N /

a¥ 66. o8 7FA WEES 383 SELEX E =,

S 7HA (>107 o4 gdd HES 7HX) WAk FolB Y ERE HE B
Zt= AL it &5 dEHE o= 43 7Ies SELEX (Systematic
Ligands by EXponential enrichment), ¥+ in vitro selection®]&} 3tt}. SELEX 7]
FoefolB et 4 FA ALY A% - @ ZAgHE i HolB e AF
stA| g5 4k grolrey & - @ FE I goluyY Y FF | o AAHE HEo|s

| =2 i S G E T He ZlEelt B A7 AR FAAA

k7] 98l f1e] 2”3 2ol Al 7kA WS yARIske] SELEXE et =

ol A aAgsste] AHde) dAE ol &St e™(B), TLd AE S wESe LFle
H

ola A o] 1A #HAo] DA+ CE (Capillary Electrophoresis) %8S o]



o2& A A (kanamycin, ampicillin, sulfadimethoxine)E& %% B2 #&|3+ 2kl sl
2 % A¥E (% binding) S ZHZE YEpd Aotk A7 % 2FH S [2d3 A2t 2ol
Beg)/ [As AR HAF gholB ] « 1009 gkeld.
Kanamycin Ampicillin Sulfadimethoxine
B a2 S § 60.0

=
5]

400

] 200 -
/m ... 0o BN mm |
3d  a4h  Sth 6h T

1oth  1ith  13th  13th
teund gth  10th  1ith re-12th 13th
roun round

w

=]

% binding =
output/input 100

a9 67. zF ¥4 EA} (kanamycin, ampicillin, sulfadimethoxine)ol ™3+ % A=,

==

Al ANEE BAEa 23 FRE o =35t AARo T YA
ofeo] A3re e 3}%5} o] JJrX* 53l /N kanamycin® GEFHE 21lmerE U3 22
[e=]

ZIEE o] FojA] o, stem¥ loop FEOE FXRE olE Aol dFHAUT
s o]
Kanamycin aptamer 0O ®
TGGGGGTTGAGGCTAAGCCGA B e

13 68. Kanamycin® el 971449 2 o =% 23 X,

T3 ampicillin®} sulfadimethoxine 9A] FE2YE E3) <
A Aolgtn A7 E = motifE oS3t ALY AgES gRlsta glom o= ¢
Bt E /a7 FAAE HESHE nloleEAE $8E Aotk



— Ampicillin

(1) ATAGCACACTTCACCTCATTACACTCTAGATTGGTTTTCT

(2) TCAACTGCGGTCGATACGTTACTTACTCACTGGTTACACA
(3) ATATAACTGCAGCCTTACGCACT - GCCCCCTCCTGCTCCA

(4) CACGGCATGG ' = GGCGTCGTGTGTGTGGGGTGGGGGGGTC
(5) CCCGACCACGTCCCTGCCCTTTCCTAACCTGTTTGTTGAT

(6) GATCAGCCTGTTATATCTTGTTTCTATTTTGTTTAC |AAC

(7) CCAACTACCTGACTCACGTAT | CGTTCCCGTACTTCTGC

(8) TGGGGTCACGCGTTAGCTGTTTTGACCGTCGCTCGGCGTG
(9) AGAGCACTCGACT ' CGTGACTGAAGGCTATTCCTGATGTA
(10) CCCCGCCCACATCCTGCCTCGCCGTCCCGTACCCC

(11) ACAAGCTTGCAGCACACCTAATACGACTCAC ATAGCGGAACT
(12) TGAGGCCATCGCTCCTAAATACCGCATACACATTCTGATT
(13) TGGGCGC - GCGTTCGCGTGATCTGCGTTGTGAATCATGC
(14) GGAAGGAGGCGCGATAACA - GTTCTTGACGAT ' -GTAA
(15) CAAGGCATCTGATTGGTGGGTAAAAACTACTA L IGTAGGG

a8 69. ZF 14 EX2} (ampicillin, sulfadimethoxine )l ©

(2) SEIHE o] &3 FAA A=
7N
ATt

A

SFER RS Tm

}&l kanamycin®] QLEFHE o] &3 AAHQ AS nHlo]| QA Ze S8 7}
kol ¥Wls] kanamycin—4EF™M 9 Tm

—— Sulfadimethoxine

(1) TGAGCAGTCCCCATGCGTCGGTCTTCCCCCCACGTCCCAT

(2) AGTTCGAGAACGCGATCAAGCTGAAGTCATGTGGGTCCGT
(3) TAGGCATTGGAGTAAGGTTTGCGTTCGGGTTGGAAGTCGG
(4) GGCTTTTGGTGAGGCTTGTCTATGTTTTCGGTGTAGGGGG
(5) ATCCGATCTTAGGGCGCGGGTTATGGAGGGTGCC

(6) CCTCCAGGTAAGGCAACGCAGTGGTGAGGGCGGACGGGGC
(7) TCAGGGGTTAAAGCACGGGCTGGTAATGTTTGGCGGCTAC
(8) TGACAGATGAAGCGTATGTCGTCTATCTATCTTAGCTAGC

(9) TATAACGGTGGGCTTGAGACCTGTCTGTCCGTCTCTGG

(10) GCGATGATGGGTTAGATGGGAGGTCATATAGCTGGATGGT
(11) GCGGCTGAGGAAACTGTGTATCTAAGTAGGTCGGGTCGCG
(12) GGGCAACGAGTGTTTATAGAGGGAGGTGGGGGGCTACCAG
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o] Aol 7|Hksle] ofg) 19 733 2ol 1. TC FAE Faldfol A5, 2. o 7]
Cy5—BSA—TC conjugate & 5= 4ASHA shHA TCY wEE WHIAA A ¢ AgursS
TSt 7 3. 4o 2EfSA YEld FFPEE FASAT

.(M
= 8o S

- ooy 776 1B ]

- EG7 B

‘ Ab to Tetracycline e —
’\} Tetracycline-B5A-Cy5 conjugate j 52 i :

= L
Tetracycline “30ng/ml Jng/ml 0. 3ng/ml
10ng/ml Tng/ml 0. 1ng/ml
a9 73. TC s w2 A ZA3ks 8=,

ABE free TC (ZF FaE52)9 57t 2718 wet 28 5HE Cy5-BSA—TC conjugate ]
S0} Gane A% RelFa Ao 53 Al TC 7F £A5 e TC-BSA-Cy5 7} 2%
Hed S v A Xt AsEdAe AY 700-800F =] FFIET YENY AxE &
A8 4 aidoe] ddstA 1A HT AdA Jdve S4E Hole AY 22 dnE §
naglt

. A gwE4(SDM)-BSA 2A & ©] &3 FllEZ2(SDM) o gt s=i4

SHAg A E A Zolupol=A 9] 3}uel Sulfadimethoxine(SDM) 9] FEE EA s WH S
gelshs A7E AWSAAH FA 2 A%E portable T 7171E ol&ate] FPEAS 3
As7) Setel ~EY A Ao AEHS oGIIAE FERA0] Asaithe A
2 gr4qr.

(1) SDM(sulfadimethoxine) H&S 9§ SDM—-BSA ZAgA| A=

A AHEEHE 73 ZRFER EAWH o2 HPLC, GC, HPLC/MS/MS, v]Aw  ELISA, TLC
Fol Aoy o] a7ty AHIE 8 E st V7| EALE AR o] EFstte @RS Al
Ui Joh[10] B Ao A 1)A g w E Al (sulfadimethoxine: SDM)E £43517] 9l 3%
A BEA=ZA 3 Aat)u E Al (anti sulfadimethoxine Ab)3A|d &3 (Cy5—dye)S A3d3le] anti
SDM Ab—Cy5 ¥3 AFAE w0l AMgstdon 2)dayu 549 1AstE 918t BSA &
ol duttm|E4lo] A9td BSA-SDM ZA¢A & F4dst] At &4 AES Ao
anti SDM Ab—Cy5 &3 2|+ anti SDM Abol bis functional Cy5—NHS <} ¥+8-3}o] 343
%o o]Z sephadex G50 column & ©]&3}] HES Fo Holgl= free Cyb5—dye ¢} anti
SDM Ab—Cy5% #&3tdth. 18|31 BSA-SDM Z3A= BSAS SMCC & ®ES3le A&
BSA—SMCC ¢} SDM3} 2—Iminothiolane & ®¥H§-3t A& SDM—SH € ¥WHg-3te] SDM—BSA 2%+



AE FAHAT. G4 E anti SDM Ab—Cy5 #3234 2 SDM-BSA & d A o) 5
Nanodrop(ND1000)& o] &3}e] =33 %lt}.

rr

‘ww'%

Anti SDM Ab Cyb—NHS ester Anti SDM Ab—-Cyb
19 74. anti SDM Ab ¢} bis Cy5—NHS ester ¥FE-.

Q. Qs

sMec BSA-SMCC

NH €1 0—

Lo — SO

0 a—

2-Iminothiolane Sulfadimethoxine SH-Sulfadimethoxine

BSA-SMCC SH-Sulfadimethoxine
BSA-SDM conjugate

138 75. BSA—-SDM ZASHA] A% #A.

v PN

(2) FA AL F 7]18A

ar =5 st FEl71de WA AlRHe 2Exe AY2AgE
Zoldlo) 7]ukek 2B 2}F(supramolecules)E o] &35 o z}hz
= )

o

kS FLHE A 2156}04 A0 Ol%é}‘ﬁﬂr. ARG E3E = SDM 9 & &
Ing/ml, 10ng/ml, 100ng/ml, lug/ml, 10ug/ml 2 30% Z2F 3 oA AA ¥SL 2331

s

te] =& =

F JE HHsE dudls FL7E 1-270 AE 2Fste] g3tATd 3 2%
HAEASS Azsdnh Azd 284 G2 A4S 9o BSA-SDM ZAFA7F Aoz 14
3 =2 4 ded 100mM ~ 400 mM F5F9 o]&o] E3H g Aor AP on
1A= 1A A=l dHE A SAlasith. o2 A BSA-SDM A7t n4st €
(SDM chip)ol &= anti SDM Ab—Cy5 ZA¢A| 7} 28-S 1A 54 o] W freedt SDM ©] 5
w2 ¥3EA 3t JA 13 E SDM 3 free SDM ©] anti SDM—Cy5 ¢ AA X o= Hkg-
0}7] 2o free SDM ©] Xg= R ¢F= A9} free SDM o] Fxol welr E3EA 2 o
anti SDM—Cy59 A SDM9] wks-& Mz} 743814 Ho] 3705+ SDM o] @o] ¥3} "=
= et Ao ‘9}’“ <o Yety= @%ZJE% Laser scanner = ©o]|&3la] =43l A
&ttt SDM¥ BAE-g A Aol AH&E anti SDM-Cy5 23 A| S F374= 9 FFE2
0,

T
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ZEEISDMsT 10ug/ml  1ug/ml  100ng/ml 10ng/ml 1ng/ml

2
oo g
(i
i)
4y e

N O

Intensity color range
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13 23 33l
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Relative Intensity
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ate] 94 BSA-SDM ©¥ld AFAE £F715 o]&3t ¥4 FEldFdel line Fe= 2
ol A 241t ABE W3S Foll blocking &Nl A FH st FHlste] 4% SDM chip &
A ZstR o™, o7]9) anti SDM—Cy5 AgA o] == LA} A FAA
ol HIAA A9 A2FNSS S 5 Zzte] ~EH

=

7™ A free g+ SDM <]

ol A e FF0EE &9
3k} anti SDM Ab—Cyb ©uld 84S X3& SDM chip o] FAA-SS 23slH goHo] TA
4 Ao g8 Eej7bda A 124 3tE BSA-SDM ¢ SDM 3} 88317 & Aol EAo|n o] A
< EHol=FHY HAges v2A §Aqo] FHTIHA ¥hgo] o] FojA 7] wiiel] &Ae] H
&5 9 Ao 7Yt A, aa AFHEHo T Halste] wj A FFo] FA] FEE Fo3
of 57| wjitol] AEY Je A2HS FH= Ao v T8 FESE AFREEHAZITH

ABUES - 10min
M= AlZE 10min

SDM:None SDM :1ng/ml SDM :10ng/ml SDM:100ng/ml SDM :1ug/ml SDM :10ug/ml
1200 1200 1200 1200 1200 1200

800 800 800 800 800 800

400 1 400 400 400 400

i
S Ut Yy S [ VRO O

o 0 0 0 0 0

681 T3 92k 881 793 928 a61 793 924 881 T3 92% 61 TE3 acb !oBe1 793 925
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500

467
402 \
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300 | \
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200

200 \\

100
100 F 100
18

0 1ng/ml 10ng/ml 100ng/ml Augiml 10ug/mi

Relative Intensity
Relative Intensity

0 1ng/ml 10ng/ml 100ng/ml Adug/ml 10ug/ml

SDM(g/mi)

% 84, W <1 SDM-BSA & o]&3 SDMAZ 23}

ol Hol= A= A& SDM chip YollA] anti SDM Ab—Cy5 ¢ SDM 9] A2 Q] Hk-g-of 9
3t Axtolt}. free 3+ SDM ¢ 5 E 0, 1ng/ml, 10ng/ml, 100ng/ml, lug/ml, 10ug/ml Sl A
anti SDM—Cy5 ¢} &&sle] 2EQo| st BANSS st 102 &< ¥-3A171 H
portable 3+ 7170l X ZA3te] A& Axo|t}. freedt SDM o F=7} 00l FEE Mzt Z713
of Wb AANESo] HEHO T dojubx FPHPE Aol7t Fxo weka 43 Uehue
A3E AT F o, 53] xﬂlm:,q] SDM 1ng/ml &A= anti SDM—Cy5 7} 235

o

Ol

=H dFS AA e AsEodMe 79 402 A= FFF=7F YEhY FAo] fle 0
d web Blas) B 65 =0 FBHE Aol7t yEUYA Alxzd 248 e djde] &
datA nAstEI QA e SHS Hole AAE FHIYH. o3 2EY FEje H¥
9 M2 wd Sotel= FEY A Rlusils W SEtol= Mo HEAIZEH(60E)
Hlgte] REgAIZEe] 10% el wf-¢- wh=A AP oA, FHS wh-gAIZte] Hlste] mf-¢ =&
FRUEE Uehl= 2345 FHsler 49 ve] 23S o83 SDM o £42 x4l 3t
weto] AR HeAgol vl w=T



2, A9t EA -G A (SDM-DNA) Z3HA| & 0] &3 FaE2(SDM) FEEA
= 18

2 4 7)1 7¢ ?}01] oA APHE SDM 73%3 2] SDM—BSA conjugate & SE W o)
= 2 7R EAAo] I AL 31yt 4 SDM—BSA conjugate A ZS o =it Z2$HA|
o &A4o]l g4 o7t drke &A1 il o] Hg ZAIAE o83t AW AE A
1AstE YA HYE 183 He AFAY E4o] g4 Aol U] wiEe] A
SDM ol tigt v% thnl AHE E438t7]0] g0l Avkes Aeolth ol EAE sj43st7]
f3te 3atdze] WP H AF= SDM-DNA ZARAE o] &3std Y &4 # 143} &
grste] SDM HEA AFe 55 #40] 7hed e AW & vteole J Al 33
st th. SDM—DNA ZAE o] &3HA =W A3 o] &&= WA o] FrAA—FHA A8
As 71EoR 3h7] " @A FoA vdeue 24 A4 28 =2 QLS FAE

T dves o] Aok

(1) SDM—DNA conjugate A|Z 7|& gH

SDM o} ol¥l 28715 ol gale] FaAstel Age ABae Aed Fh7e] A7A
d 3 EAEE ofgfel Zo] YElT

S AR 9719 : 5°~NH2—-TTT TTT TTT TTT CCT CCC CAA GTC GTA GG-3

SDM-DNA AZXE {3 T3 3gAZ AyPsioey 194 uke-
2—iminothiolane ¢ ¥F2© 2 SDMe] —NH, #&7]E —SH #8772 X8 3st= vt
o} 29A WS04 = NH2-DNA ¢} SMCC 9}9] 9H-3-S 238sle] SMCC—DNA 2| zx3
o 19A §ES-of A ﬂlzﬂ SH-SDM 2] ¥k&-S 23)3sle] SMCC—DNA ¢ SMCC H+# 9

o] SH-SDM ¢ ZAgHrgo] o]Folz FHIZ HFT ZAFAE <

maleimide ©]|ZFZ2% F &
SDM~-DNA ZAE A=xsHAT
Reaction 1:
. 0/
T:[§ ) ”‘NAQL\\;/D = o _ s \/\J 4@7\\/f
M f
N \ N
¥ N/Lc/ DMF: H,0 (1:1) N
2hrs
Lot Sequiv

Reaction 2:

e - NH; o “ LQ("’( »\O\/?
LUl T/~

Vi 1xPBS
lequiv 100equiv 1hr

Reaction 3:

0
0
\
"I—“—\ﬁNgLQ\/Q ' g /\/\ fL N — T som

0 07 1xPBS
lhratRT
1hr at 40°C

lequiv 60equw




(2) SDM A&4 Wy 29 Ax 2 f44 #44 2¢L ©]8F SDM n43} 7%

B AT7ZE Botel AL wuEdd 2EY Ax V&S olgste] nAstE AYshe
Ao slol N FAA - AFASH 2L AFAS o] g3te] 1S e WL wuA
Rl @ 2 WA EA7F gEh] g oled 34 A EAVL gl M2 Fy
FRAE 088 F49 SDM-DNA AFAS o]gate] AgAle] FHA st Wuedd 14s
@ faxskel Age clgsted WHA1Y 24 SDM w4 e *63 Gai=g
o] MY FRA-FRA AFS o83 WAoE vuF W Fh T3 go] LA 2 W
el AL Q7] B Az® E26 tate] AAA AE ms‘z} & BRd 5+ 9o
w3 GAAR-GHAR AFe uj& B}Eﬂ] 235 7] W&ol Lateral flow W22 Wzl & 3,
% o] B2k Fod FAA-FRA AL FH FPL 5 AU

(3) 9G ¥ 3 2 SDM HE8 H AXE A% 314 243 7+
= 9l % Ao SDM—DNA ¢ 47| A5} Ar 2l
Axe) 1Rk sl HAA W& AZF Fo) SDM-DNA el AFE Amstark. A
71449 @ SDM-DNA 9 a7 gL otgfo] e}t

5'-GGG GGG GGG CCT TAT CCT ACG ACT TGG GGA GG-3' A3} §H4A A7A44E
SDM—TTT TTT TTT TTT CCT CCC CAA GTC GTA GG SDM~—-DNA (2714 <4)

AW QG A8 AHEEE FHAE Aol UEhd AAHA A&EE 9709 Guanine |7|E
EaA HES FAsFET olAL Fold Qg dRAFo g wWAE W Al 97
o] A&HE Fold dVI7t ApEH o R FARIAEO] Gt o] FoA A HH 9G o oF
AR At 9G W Ql AR o] AzE o

1AstE 9G WAL F el SDM-DNA ARA 9] FHA F3 3 143 =
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AREE 24 g Mastae
HEQY fAAe) 2YE FEE ¥

(5) SDM =& #HeEd & dutel= F K84 H7t

SDM &8 W tuto]lx HE& o]&3 SDM HE EAE7F ofgf et o] yehl
o 9G "WV AstE FAA= SDM—-DNA 9] 4R 2 714 LS 2t= SDM #F3 4}
line ¥ wWHFWSAS 3+215F= HC(hybridization control) line &2 FA = o]zl t}

SOM-DMA
conjugate
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o
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None

1500

1250 T

1000 1

70T

500 4+

250 +

]

1 132 263 394 525 656 Y87 916 1048

1s00 T

1850 T

1000 +

750 T

S00 7

250 1

1ng/ml

1125 249 373 497 621 V45 863 993 1117

10ng/ml

1500 T
1250 1
1000 1
750 T
500 T

250 T
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=
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2 #AAsiAY dBEEe AHEste FFAMUE E4sH Hn Sde g Fdses WAl
Hla) FF2MAE ol &Sl HW SR ABZEA £4F 5 3lon, 248 2ZENE
ol&3st= A HelHe 4 % Ayt vS Agsta HulstA 7714z ke Jhsstte
Aol Ty 2 e AFPE Aol whet AlFe] whE wlgo] Hapwhdolmg wiu QY
Hutolx 71ES] 5474 dRAA de AHEH7] fsid= A7FE e 1D 21| sido] I
Holr dAlz= 1IDFH e 2|7 AFAIRS Aostal vk & AN AR 2
£33 A7tE e 1D 22 SDM 2EHF ol 5t AMEE o =S 2EHI LU ALe] 9
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(1) BlEZHAtolE-5o] sietrie] W=

(7b) BlEgiAtolZ ) A8at= PEir o 23y

o FAYA-Fo] gt =S Aste] tE3 22 30 umoled] ¥EFH N(30) sholHe
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_
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Construction of Random ssDNA Library (>10'8 SELEX (Systematic Evolution of Ligands by
Exponential enrichment)

- N—v
5’-linker Random nucleotide(30) Random ssDNA Library (>10'8 ) - <
e //1 N—v

3 | !
| =
Repeat .

80 °C 10 min / Tee 4 Times Screempg of ssDNA a
Affinity to the TC

Amnlification bv PCR ‘

NA
L]

,’ e ° t‘} DNA Library ¢ nag
¢ om, 3 a%a A
P
A W W
Amplificatio

ﬁ; 0

ol
o SELEX-cycle

(]
L N hf S
oXel

% 92. TColl gk Stebw SELEX #A.

EIUN (i) / Washing
A L 3

* SELEXW& ©]-&3}o HEg o2 Aste Qe E T HEHo 229
T Az ZY2vEE dE T, G7IMNES BEYEAES

 DNA 7 E£4o=z T3 4 ZYE nigoz nwolewly A%d Qe s 34
stat, 2aF 2389dS SIS

* 96well ZH|Ed AYE F-vlEgAlo]Ed Ao HEZAo|EHS AFAIZ &

M e A9ES Hol
%= Qe E ELISAE 53 £33 WA

=& Hlole "l A3 ZEHEIHIU-HRP 849 714S o] &39%
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anti-Tc-1 CGACAGGGATGCATTTGGGGGGCTGCC

anti-Tc-1i CGGGGTGGTGGGGGGGCCCGATGCTGGC




o] & et = HEZRAo|F-do did] 5ol d A= S YA, T2 "WYY
(Tc—BSA conjugate) & A3l AF A W& A (positive) Bt} W& A3# S el

(3]
D =]

5
—ir— positive

control

Abfapltamer binding (0. ) 406nm)
=]
=]

1 2 3 4

Reciprocal dilution

219 93. TCO| i Febel—i o rebel—ii o ARY H2E W,

e, oW Aol N wE
o] o} F& FHo| 57
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B E A A2 FAE dAslE UR 28
2

%
g g Zolet AAL

(2) Fhtetoll—So] Qebviel WE[13]
(7h) Fhietell-Fo] deteie] @714 D B4

Ffuteldl-So] AekelE B A7 2 A ARFA S WFD 0w AP o] A2

A9g JEHSS ngos 1 AL BAGAS
Aok ol gHle] SELEXY B e 16%9f puiolal—Sol Yepolse] 97144
243 A%, o]SelAA FEo2 Yehle 27]- 18 (stem—loop) TEE HAS

oo o
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200
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o5 round
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= B G round

=5 100 |
= a5 o o7 round
'3 = m & round

= 60 |
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40 [
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TGTCCAAGTGGTCTTGAGGT TATAAGCGGCGGCCGATCA
AGATGGGGGTTGAGGCTAAGCCGACCGTAAGTTGGGCCGT
CATGTGCTGTGTCGACCTGGCGGTTGAACTGAGCGGTGGT
TGGTAATCGAAGTARAGAAGGCTTGAGGGGTGTATGCGCC
TGCAGTGGTCTAGTCCCTTATGGTACTTTGABGGGTTGTTA
CTGTAGGGTTGGCAGEGGCTTAAGCCTTCGTGGTCGGGTA
ACTATTAAGAAGTTGCGTTGGAAGGCACGAATTCGCCGCG
CGAGATGGAGTACGTGATTTGGAGGTCGAAGTACT TGGGG
AGCGCCGAGCGTGCGGGATCTAGEGGGGGAGCGATAGGGT TG
GTTACTAAAAAAGTTCAGGTGCGGCAATAGCACTCGAAGA r
ACGTTGTGGCAGTGAGTGCAGGCATGGCGCGACCACTTGA
GTTGATAGATATAGAAGCTCCTCGGCCGTCAGCGCTTGGA
GAGATGGGAGGGGTGATTTCCTGTTGCCATCTGGGACAGC

a9 94, Fhvieldl SolFel §rM Qe w
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Fshe wolet Bay
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*ﬂ e}
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a c
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29l NEde g2 V2 XB3ldx A A JFS
o, A depH 729 kAstel 7o Aol &

A7 =2
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5 24
o Jhyrmtoldl—5o] jEH 9 &7|-18 FHE E£Fst= TGCGCGTTGAGGCTAAGCCGA
9 8.

(aptamer 1.15)9} 1 HE A (5.58 H 8.82
Al T/ dEH EF FARY 52 4%

18

< HEA=

16

Ab/aptamer binding (O.D. 405nm)

19 95. Zhmtolal bEbH (1.15),(5.58),(8.82)2 A%HH

e o] F LYY JFEH(1.15)7 M e AFE S
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HPA Y AeodE ARG £ £F] ZFES el RS FAsA, o=
g Rl GG/l L3 E & O 1148 =AY

(3) ZhdrtolAl—5o] sietm 143} o A=

o feA dL& Fhtutelid-5o] HEtHE DNA Aol 188 7]a AAZ Fhtwto] 4l

2 WEY 5 YE A ANE 2ARALS

350000
300000
250000
200000
150000

Buipuig sane|ay

100000

50000 l
0 I —

kana Apt kana Apt control  positive  negative
115+16 5538+16

a9 96. EtH HE ol &7 ZhurkolAl ek 1.15 R 5.58 A9 Hlal

o 143tE DNA FH ol ©A Qe & Eola 7hrteldl s AEs 2 et = 7}
yatol el thaf e 2ddE S et Ao (stepwise form), EFE Fel=2 A=)
T M3 A9E FAE e

o ol AAREZRE o nAE JEHE U w2 Jhurtolils AHFHo =
AZE F A5 IAFIAS

o ol S HEFH Y WA 5589 WM E AL oy, IHEE A
B (1.25)7F ¢ =2 Z2A4E BYS

e

10 ug BSA 20ug

a9 97, el HAF Ul 5587 1.15 9 337 % v,



(1.25) EFT] AlA2E ol g3tel AlA Fhvtale] tat getr e AFY
o A4 1SR 444 L duele] GUIHDe obe pom 1 mAE
s 91x7} Ve Aok

£l 4t 1 X35 probe: 5'-GGGGGGGGG CTT TAT CC TAC GAC TTG GGG AGG-3'
2EHH :5'-GG ATG CTG AAC CCCTCC AGC CGA ATC GGA GTT GGG GGT-3

D HS}El probe §]&| HC probe 8%

79 98. Fhubrtoldl-So] gebe] :YE @ A4 Probe 1.

5pg/m 500ng/ml

aepoe

None 50pug/ml

Kanamycin
Fluoresces
Intensity

5ng/ml

A 50000 -

45000 +
16fg 80pg 200fz 50ng 1ng Sng s00ng Sug SOpg

1ng/ml 200fg/ml

40000 +

35000
Fluoresces | 5000 &

Intensity -

20000 1
15000 1~
10000 4
~ Kanamycin

J/ml
>

5000 +

7 99, Jhdwteldl Fxel whE gtebe 2RY HAE,



PN I CFA O I =
N 4 & ZrEHE S 2AZ0M09] 7|0
A 1A AFNEtERe g4
1. AF-ATF (F)olol Al
] B
2 ¥ Hr}e] Zeory A} 7}
(%)
. 9lole] AF T glo] EAWE Ao
7}=3F Lab—on—a—film ¥ T3 -8 H2E
g el 2 A Fa A2 gorsid IS G
MAlfFEEEA | ANEFdes Aejolu A FR wet gzl
Lab—on—a—film| &AdE A o] WAL o]2old & gle 100
R R P ) e e A B 2 gEages
. Al =9l g ato gl 7hsA SR -7|Re Pu=
ol H2E 71ES A 5 9= U938 o=
g Jgr o] J5q =44 )%
|
A A28 m Ao e |« 23d AL 22 A9 AZE >
oz Haw AH 28 A3 | Y= A2 (A2 Alo]= 2 TR
rerat o A359] Y A7 WA AFe) =74 @ AFANRA |
e | AR e iso] $rste] dslg AZo A
129 71 B g5 a0 ged |- Anue 56 A4 A58 97 dse
HE7lehE AT AE AR A& 4 A& —Tetracycline As A=

e Lab—on—a—film ¢ st =74 H A3 =

B FAA w9 A Az | B8 e 2 Slel 2k
AES H3 Wl &A13t= TC, Tetracycline(TC), Chloramphenicol(CAP),
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