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o] =RoIME Aol EAlcks 2 f71E] shiel niahs W2 Ao g AEsb] ¢t
o A71skeky HARAE S ogaidint. PRk EFdlo] Al =EHUE vl FE AR
AL EEEA OREQ] st AgEdoltt. 274 kol tigh Aksla Yot #E2 Y™
oM AAARE Skl wi-g- Fasith 2o vhedhe wes JEsh AEsl] flske] 17
Steta] MGEA S AABITE & ATeld AAskE MEE HARAPIHE X71818h Sd&
2o sh]l =9Rlg S4EER vt A4 3RS Bkl o] 23 HAE ¢4
STk, A71sek SRelx] =Rl T sle] SR|=RATIE T Slo] uig- Hold Als)gk
35 BRItk Hgh eailapndl BERE Hold AshAk 2155 Hol7] wied 1Y iAo
Zetaict. =Rl mpiest B3Ha ) vhite] Aokl @A ANNS-S 7188kl WS Sl
FESAE E H9EHS Fot] AT Ade vheite] F%71 0.010~2.500 mg/mL 7HA] A
Ao g BAEoRM AA WMo A A& F ASS AT

Abstract : In this work, we describe an electrochemical immunosensor for simple, fast and
quantitative detection of a urinary hippuric acid (HA). Urinary HA, of molecular weight 180
DA, is one of the major metabolites and biological indicators in toluene-exposed humans. Sim-
ple and ubiquitous monitoring of exposure to toluene is very important in occupational health
care. We propose the electrochemical immunoassay based on the dopamine-antigen conjugate
for detecting hippuric acid. Our electrochemical immunoassay system employs a conjugate of
dopamine (DA) as an electrochemical active molecule and hippuric acid (HA) as an antigen.
As an electrochemical aspect, dopamine (DA) containing two hydroxyl group can show excel-
lent redox signal. Also, dopamine-tethered hippuric acid (DA-HA) shows the reversible redox
signal in the immunoassay. The competition between HA and DA-HA generated electric signals
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proportional to HA concentration. The electrochemical immunoassay was performed with DA-
HA on the screen printed carbon electrodes (SPCEs), and then applies the mixture antigen (HA)
and HA-antibody. The electrical signals were proportional to HA in the range of 0.010~
2.500 mg/mL which is enough range to be used for the point-of-care.

Keywords : Hippuric acid, Dopamine, Electrochemical immunoassay
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Scheme. 1. Schematic illustrating the homogeneous electrochemical immunoassay. (a) In the presence of antigens,
antibody is competitively combined with antigens (HA and DA-HA) expected high current. (b) In the absence of
antigens, antibody is combined with the DA-HA expected low current.

Ase & BAEe] anti-HAR 18] 926 53
S g92 744E €k (Scheme. 1(b)). 5, &4
el EAsh= HA®l T8 BHHoE M +
UL, o5 T3l o] FEE FHFHow EMY
T A #d A71EEE Wy 2

=

2.1 Algf A 717

Ao AFg-¥ A2l dopamine hydrochloride
(DA), N-ethyl-N'"-[3-dimethylaminopropyl]carbodiimide
(EDC), N-hydroxysuccinimide (NHS), hippuric acid
(HA), ethanol and sodium hippurate hydrate (NaHA)
£ Aldrich(Milwaukee, WDAFS] AES HA flo]
TR ARSSIAAL floll AREE RE Aok EA4AeF
FolAtk. AAS Y3 TLC Silicagel plate (F254) <}
Silica gel 60 (0.063~0.200 mm) < Merck (Darmstadt,
Germany)Ae] #|#S ARS8t Monoclonal HA
antibody (anti-HA) ¢} immunochromatographic
stripe HBi (seoul, Korea)Aloll o]l A& Wit} &
Aol Az} AFS flsle] 33 FRHS Millipore,
Bedford, MA ; A3} 18 M-Qcm)E AHE-SIA T

718}t AgoA 2d HAFo 2=, OHP(overhead
projector film)¢]oll screen printing machine (BS-
860AP, Bando, Korea)2 ©°]&3lo ©4& =3
(Electrodag, 423SS, Acheson, USA)S ¢1sle] "=

screen printed carbon electrode (SPCE)E A8-3}%
3, A AF3 71 AFo 2= WF(Platinum)A
Ag/AgCl A= (ESA, EE009)YS A&t}

3 A AFH (Cyclic Voltammetry; CV)3 Al
2} B2 A9 A7 (Differential pulse voltammetry;
DPV) 4% k=t A8-¥ 717]= CH Instruments
(Austin, TX, USA)2] model 660B Elctrochemical
workstations AR} TH

2.2 oo ZghEl OH=th(DA-HA)R| &Y

Dopamine hydrochloride (50.000 mg, 0.260 mmol)<}
sodium hippuric hydrate (57.000 mg, 0.260 mmol}2 =
£4 10mLe]l *=0]3, EDC (101.000 mg, 0.520 mmol)
9} NHS (60.200 mg, 0.520 mmo)Z F7Isle] 19 F<t
A 714 sl SF(refluxed) AZTE WHS- F wHEo]
A ARES TLCE o838l Eelds SRIsII, silica
columne ©]-8-3le] o] F 4O F ethanol/ethyl acetate (5 :
Swt%)e ol&-3te] ] A sisich(Fig 1)

F4dE DA-HA A/d&-2 immunochromatographic
strip, 22|13 =%k H9F AFHS o8-8l Slsint

2.3 DA-HA®} anti-HAS| Me{HIS

Anti-HASH $49 DA-HAS| &34 A¢S &
0157] 9all, DA-HAS ¥%EE 1.000 mg/mL (in
PBS, pH 7.4 containing 0.14 M NaCHE A3
20 uLS}F THFEF 559 anti-HA(0.000~10.000 mg/mL)
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Fig. 1. Preparation of dopamine-conjugated hippuric acid antgen (DA-HA).

20 uLE WESAIA A= flollx AP B2 At AR/
< o83t Zgsict. FU-3A WEEAIZH(incubation
timey> 20 min®] 3L, o] AL 710 =8 FXE%
th19 ZAel AREE AR} F& K9 ARHe] 20e
919 "7 —0.200~0.120 V, Z1Z ¥HZ (modulation
amplitude)= 0.050 V, ©Al A %] (step potential)=
0.004 V 2] scan rate 0.100 V/secSATh.

2.4 DA-HA2} HAS| &Y B

SPCE?lell % 9] 40 pLolA SAS 3171 919
anti-HA 1.330 mg/mL, 15 pL (% 0.500 mg/mL),
DA-HA 0.267 mg/mL, 15 pL (HZ& 0.100 mg/mL)=
I35k, HAS STEE thdstAl w59 (10.000,
2.000, 1.000, 0.700, 0.300, 0.100, 0.000 mg/mL)
10 uL=E Ao] vlo]=E FHoA 20 min 7+ ¥HS- A%
o WSl ol HAGl HF =% 2.500, 0.500,
0.250, 0.175, 0.075, 0.025, 0.000 mg/mL ©]t}. Hk-3-
3 SPCESIo 23 A3 B2 At A7 (DPV)E ©
ot ST S0 AR AlRF BA A AR
el 278 #9le] H7E —0.200~0.100 V, 7% Wz
(modulation amplitude)= 0.050 V, TAl ¢ (step
potential)= 0.004 V 22|37 scan rate> 0.100 V/secSiTh.

3. @8 { 0@

3.1 DA-HAS| & &ol & T7|s15tx 54

Fig. 2914 immunochromatographic A& 7|EE
2 DA-HA7} SAI51H A& 71E test line(T)<
Aol glojxl= A& & 4 Atvh. immunochroma-
tographic & 7]E ¢ FZE control line(C), test
ling(T), A& AEE Y& SE #4459 AUtk A= Al
BE YE St anti-HAY Z= Z=2o|= YAl(anti-
HA-Auyt 929 E40] 2350 9o, 498 &
oW g Zof Eoj7t T} Co| WEoR E8 &
o7kt oluf Telli= HA o] A E3lo], HE A
T gl HAZE EAIEHA] 229 anti-HA-Awt 3913
A vkgoz A% 5 F2 Mol yYehA HA AE
A& Q] HA 7} &A1 3Hd anti-HA-Awt A& Al
E o] HA®H A A% = T linedll 23=A @om
2 Mol Holx] =t & AEF AE <] HA9

Fig. 2. Immunochromatographic detection of DA-HA.
The PBS spiked with various concentrations of DA-HA
were assayed. Analysis was completed within less than 2
minutes.

A F7E T F AUtk C line2 o A=
A 4= & o]xF A (second antibody)’t AZE
o] o} 71ES] gulE A AFE & 4 U Fig
2 9 AzoA B =4 A|FE ot DA-HAZF EA4)
317 9% wWe To Co H2 A o] HolAHh
(Fig. 2(A)) 0.500 mg/mLe’d oAM= T lineo] A4
ol s Ae AT 4 A, (Fig 2(B~F)) °l=
DAY HAZF A=A 2& 45 & 4 Aot =g
o] 71E¢] 7& A= 1.000 mg/mLe] HAYS 7Hot
& o, 3% DA-HAS ¥A}o] HA B} di2f 2
v} 77kl A 2.000 mg/mLolA EH3] T lineo] $1
oA oz Hol wg T 7] B HA g
H RS Y Ak
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Fig. 3. Cyclic voltammograms of DA-HA (1.00 mg/mL)

dissolved in 0.1 M PBS (pH 7.4) with 0.14 M NaCl at a
scan rate of 0.100 V/s on SPCE.

Fig. 32 8t Ay AFHS=E 543 0.1 M phosp-
hate-buffered saline (PBS ; pH 7.4 containing 0.14 M
NaCl)°lA41 1.000 mgmLe] DA-HA®] ZA3o|t}t. DA-
HAS] 2718184 A5 B 0.253 Vol 2ks} 2ls
o} 0.016 VollA #Hl A57F veRES 31 & 5 Q)
A3, o] DA-HA7} MW=, quasi-reversibledh Ar3}
B Az ABAd S & AATh
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AA FZ= anti-HAS DA-HAZF 20 L 4 FE
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40 30
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£ 0.100 V/secol St}
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Fig. 4. (a) Differential pulse voltammograms(DPV) of DA-HA (0.500 mg/mL) with variable anti-HA concentration
raging from 0.000 to 5.000 mg/mL. (b) Rearranged DPV of (a). (c) Data of high current peaks of (b) were collected after

arranging the base line.
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Fig. 5. (a) DPV of DA-HA (0.100 mg/mL) with variable HA concentration raging from 0.010 to 2.500 mg/mL. (b)
Rearranged DPV of (a). Reaction condition : fixed anti-HA concentration of 0.500 mg/mL, in 0.1 M PBS (pH 7.4 with

0.14 M NaCl).
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Fig. 6. Calibration curve of the anodic DPV peak current
of 0.100 mg/mL of DA-HA versus logarithm of HA
concentrations ranging from 0.010 to 2.500 mg/mL.
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