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Abstract

This work presents a novel replaceable modularized thread-based microfluidic chip
for electrochemical capillary electrophoresis (ECCE) analyses and mass spectrometry
(MS) detection. A 3D-printed substrate equipped various replaceable electrodes for
applying the electric fields and electrochemical detection for CE-EC-MS. Therefore,
the electrodes for the detection can be set on-demand for various kind of applications.
Damage electrodes can also be exchanged independently without wasting the whole
chip due to a single electrode damage. The replaceable electrodes are produced with
3D-printed ABS plastic in a mass production process. In combining the thread-based
microfluidic system, the time and experimental setup were reduced. The developed
replaceable modularized chip has shown nice cyclic voltammetry results for detecting
standard samples of potassium ferricyanide and dopamine. The thread-based CE-EC
results also confirmed that the replaceable modularized chip exhibits low current drift
of 0.4 pA. Moreover, a commercial energy drink of Red-Bull containing niacin,
glucuronolactone, caffeine, biglycan, and pantothenic acid is successfully detected by
the replaceable modularized CE-EC-MS chip. In this study, we also develop an
electrostatic focus ring to enhance the total ion concentration and increase the detection
limit of the mass spectrometry. Results showed that the measured total ion intensity is
increased up to 5.3-fold for detecting 10 ppb of caffeine with a focusing electric field
of 2.4 kV/cm. The peak intensity for detecting 1.0 ppm of T7 peptide chain is enhanced
6.8-fold and the calculated S/N ratio is 260. Finally, this study provides a novel
replaceable modularized thread-based microfluidic chip for CE-EC-MS detection,
which shows good potential for food and bio-analysis.

Keywords: Thread-based microfluidic, Capillary electrophoresis, Electrochemical

detection, Mass spectrometry
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166.5 mm

(A) stainless steel pumping port; (B) PEEK heated capillary block holder; (C) stainless steel
capillary tubing; (D) aluminum heated capillary block; (E) O-ring (O-V020) groove; (F) O-ring
(0O-V028) groove;(G) stainless steel front flange of the vacuum house; (H) O-ring (O-V154)
groove;(l) tapped hole for 8-32 screw; (J) stainless steel vacuum house; (K) PEEK ring (ion
funnel holder); (L) tapped hole for 4-40 screw; (M) tapped hole for 8-32 screw; (N) O-ring (O-
V152) groove; (O) O-ring (0-V142) groove; (P) ceramic insulating washer; (Q) nickel-coated
brass ion funnel electrode; (R) ceramic rod; (S) tapped hole for 2-56 screw; (T) O-ring (O-
V125) groove; (U) tapped hole for 0-80 screw; (V) O-ring (O-V014) groove; (W) nickel-coated
brass final orifice electrode (conductance limit); (X) final PEEK ring (ion funnel holder); (Y)
stainless steel mounting peg.
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CORATEATHRR IR AR S FHANLRRHE
T RHRRTERAIPR RBRLEWRII L YR

CORRAREBREE CRFLRF-RNBRTFRAZBRLUR

RS

[ lfi-ﬁaavf*m"\'ﬁ Vﬁﬁ*"‘?li"\ﬁ' LT ﬁi)i*\‘f‘r

R Eaa A ETRRAT > KU RN T RS

T RREAERTE R A R A SR AL

O RRERERA AN REAIT BT RRS T L FRAS T
g B AKEY

B 1-18 % % 1
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-3 ARAEAHERY

R ER T o

i

LB RANRSRERERE S THA T B
Ao L E AN B FE R AT I THRFAREFSY B
LRGP ERT 0 2V R GV RPOERAEERER T ERER
LR AZE AR TREF 2L FLRELBREF - AFTRER IS -2 5§ 7
FOEPFARAR APER L L A BN TR L EF TR AL LI FETRERT

FREe P HE o RE PR E 2k o g § oo /2 T E RS 5 R 2k
Lo R AT & RSB R KBRS T OT A o SRR A T
B ERIIPWTIBE - EFFE AR P T EARISEF TLE - TR

AP NTEE TR &RE » AP e R RGaochiplgse - -

T4 BT HHPIATE A0 6 R R AT IR A RIS R R - Btk
RIP e BoF R O BT iR Ap BT S F AP AT B A R
EF G R ALY RIS RETEL > A LR S F Y o A
Lm0 F R AR & YRR R R R T A D R

)
Bk @Bk 4T A do £ i E DA A ML B (FR 4 AW DA DRGNS

;gg AL wmE AR R E R RA R R ARB T S TARERB R A

=3
%
IR
s

Jrodpl RHBHBECFLIRFTHRFI P IR 3w wilod R R
BIEREEANTARBRECFP AL THERRT R LR FTRLED v ISR

Hmie F T RAPF FEATESBE R KA BRI AR AN R

1%}3\—'* Wige ?,1%3—» ft/%nfi’“ ?,/’\/;ﬁé‘g by eI S RiT 3 &)‘L NN 1\(4)”"'!' °
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V=2 = (oo F Hep)Erroomoroeiceo e 4)
v & 73 # # % & (Velocity of an Analyte)
Ueo = 4 F7 37 7 % 1% i i 4 & (Electroosmotic Mobility of an Analyte)
Uep : %~ 174 & 7 B4 5 (Electrophoretic Mobility of an Analyte)

L g A 3k & (Separation Length of a Capillary Tube)

2.2 TR MY
221 - T g A

% AR AR LR PG 300 ~ 500 pm 2 R S dnp o

(s
@:3

- BRTN L o # L g A DR TR T A

i
fi

BFEE > & W E 7 TR /ﬁq/‘?\‘(i\ﬁ’bfﬂ—q EDRRCEK.Ei% =P IQ/}FJRIJ‘ 4’*%#5 %’
L -

(-) %?x%ﬁ%*(?ﬁﬁ”6$)

(Z) i3 AT 22 % iF B A

ﬂd/ﬁﬁiﬁ\’] 5’5@-@&"?/%»1 Kig BB AT S 3 - gl F \L,,’%fﬁigﬁf
FRITHFRAE H(FH )k L HFTEARY »F TiRRY T3 A § i
PR EH  ERRTRMA AR RN TR A € 1B 4 o SR A
FRPFEGBTA AN E GRS FORKEE RS L) TRk

i
PIEATE B A FHRZTFAL S EFAHEF L o
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(Z) 2~ F4 % B2 irap
THEAAYZ P AR R DRSS PR AT o B2 i
FIP G B AP R ATaE L 0 H - 3+ 1235 (Single Ion in Droplet Theory,
SIDT){e 4+ 423 72 2% (Ion Evaporation Theory, IET) - # 1968 & d Dole & * 3% ! e
H- g3 3m4[59] L B g Esa s B v Rk g £ 2 EPRAIEE o F
BRI IVEF R ORKI RF ORI E 2TEBI A R ET RS
W T Imeng pd+ 21976 £ d Irivarne fr Thormson *7# ! g+ 43 135
[69]» M F A REWE FTRARBF I AT i g XTRHRL G FET T
St s A ARE D o R PEIRA T EART AR SR T g AT o PR E R
AP RRPSEF G e d TR IR T RO T R IRE - 7L B

WL R EARRE 5 R TR A2 i R B o

. — Drying gas
(A) Single ionin droplet theory
needle
®®
_§ample solutl_pn"' + &P ¢ @ @@
NC
Voltage ~3 - § kV 1—,—
(B) lon evaporation theory
Spray needle tip Multiply
D =G ..\ Charged droplet sk
’ 9 @\ o
D— 0 L.+, Solvent ,+++  Coulombic ,‘:../, A
+ Y6 * o " evaporatlon° 0. ., explosion v
._.o—o - . * . /. o :_’ A\ .., — ks
” " ol ‘. * "‘\ o .o o y 3 ie .“ 2
‘ @/ Analyte Y Multiply o
v ' molecule Charged droplet Analyte

‘ ions
‘— Power supply I

Bl 2-1 R PF3en s T a+ ) 5 48 4] o (A)H - 3+ 12 (Single ion in droplet

theory, SIDT) » (B)#t+ 4% 32 34 (Ion evaporation theory, IET)
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222 THERE

Ry REREFRETHE T R A TR R A B o A T
vt ERIASHRC T B THRN O S EEREMS BEARY
BIT) o 57 P AR AT B 4ok~ RPN PR Ao 1997 # 4 Shaffer £ 4
g R R [62] o Shaffer 3 A 1 * 484r & £ W TS RAIRE LS » KRR
ERGI565 25 v 2 m g ST~ v B ender o 2475 w01
PEF RS B g EE RN ORISR o R g - BT E -2
MR REFTH BERFT IR TR I e P RE LT R R 2 CH
U R PRI RLETHR I RARE AR PLT N BoEF I KR
WA RE R T RN A BRI R L S o LRI R
R WITERATIEY PR S e o H R PRRRR R R Y T IRL AL
B FERBFRHIENTEINT  AFEFLs 202 Fh AT R
*HE A kR g RS
THEREEALE S HFRRSER AF T HY - BFTRERREHF Tikke
AETRERIE - 00V FISKVHE BRI > A28 F TRk g £ 10

BARIRFo P RB o AoR 22907 0 Jf I TR Lk

MS MS
ESI Inlet , ESI Focus Device Inlet
Boundary : \
. : Applied Voltage
High @ + : FEEEE
Voltage ‘e ©® . ® ®
‘o0 ® ® P %080
‘fe0 o0 ! 2030°%¢
.0 @ @ e TR +
I
Capillary - @ : +H+ 4
' Applied Voltage
i
1
(A) Standard ESI (B) Focused ESI

Bl 2-2 R ERE T & BARE T EAFRB) I TH ki TRk
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235 A ¥
B 3 & (Mass Spectrometry, MS) & £/ F B G acena 47 R T2 — > 4 & 1354k
SRS E AN P NAE S RO ATER N F RS R
PHATT ORI AFOSTE R > T L TR BRI b TR
SAA A i TN R RN E S EEEN o RS
PR AIA R G RAIY A AARTHRE AR CFHRN TR RDEZTRES
AL EE 10° Torr ¥ F 2 2 & > FCpR T B pe A BHE T 5o
Frb w47 AR~ R ¥ e G B 4Bl 2-3 9750 0 A B SR AL N P
R FR AT A R e AR A DY §AMBE AL H S LT RE THR
SR BlAe 4 0 K € B e B i ik 49 & 47 (High Performance Liquid Chromatography,
HPLC)[70]" & 47 & +7(Gas Chromatography, GC)[71] % i¢ * - 4k ARG B =3
AR~ P RN 0 %A HPLC 22 GC ¥ ZEREMEFL 2 5 4 3% btk AR
TR TR RBIFFE PRERG ~ 8ok dith PR T R Y LALLM
g B ik K 4955
PEYLIRINA 0 P DA & MR APFHR A T g BAES i~ FTHRN o F R
PFHLEX T U A L BAE 7 FR PN 0 do D F R F 542 (Electron Impact
Tonization, EI)[72]¢ i & #5422 (Chemical lonization, CI)[73]> 4 % I 5 #4753k
o TR R AFYLE ~ A Bt § SR ' 25 42 (Matrix-Assisted Laser Desorption
Ionization, MALDI)[74] f= =~ # /& #4 it & 5 31 ;2 (Atmospheric-Pressure Chemical
lonization, APCI)[75] B &~ 47 ML & F:& » DI FH &P 5 € X P4eid T H1F
oA NI ATEAFFELSPER AT EAEY BETH BT #
TR RS AR AR A LS GER RS FT o TR
i?ﬁ%{#@ﬁ@ FEAFTEDT P REA o BEARAS PN GFEFL RS €&~ TR
ERGRIT > GRBLEL FLEBRL BT ARF AL DT ko TR EY

FEL o
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Y R L ER E R B B R S E S S TR T

Handling data
Splitting system control

t-piece N,

Column \\

Spray
uv voltage Heated Skimmer  Mass Electron
detector capillary cone  analyzer multiplier

B 23 FRdReA T EARTELR A RIFTUAZw BHI - AL FY

o R A A S i RI[76] -
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CER Y R ki

AR EFF ARG - FEEP AT S S P T RER
HTRGRB LT N S E R AT SR MGG P S SRR R
BEAEFZERENTATCFETHRRAEFT DL e g E T
FHEPEAEE Rk se B A RWP RAL R ET P FRTE TH RS
WA B SR RPN S A @ 7R s AR R R ORAR AR (Tt
MARIHEI RGP FHOT R KRR R REER AL SRR

BILE S Bis 52 &P AL TR R RERE fort b

31 VSR M S AR LT

MRPCTAREF e LB R R B RN R AR 0 T o R Rk e
AP HRE- BRARE R R H - EERMAARTL Y S LA o
RASHPOT SR AT IR D B RGFE R T RRR Y FHF R AW
FAR B A FTHES L AT AT EHAREL P RRE K
PRI RN RS NHIT Y R RE ERIIT AL PAF L cipRaRI g
R FEEpd R L HAR TR o T ARG SRR
Ak > F TR BT AL RIERPE S Vi F AT ¥
BALHPE > B PP FA R8I o 2T R pd BT REE X PE{ R
FREn dFEATHIT AR RAITE S 7 455 DK 11 81 55 Bk &

b i RTR TR @’}5 é{’fﬁ#ﬁ'i’%%ﬂbl qﬁifﬁiﬁ’ﬁi&?fﬁ’

<l

R
>\_
el
=
R
=8
-

311 N Tkt g iE
B30 57 5 AP S S4BT A DB R AW WY 5 T ez 4

FHR e 72 E S dp ot i (Tenon)ep T & * 7 * 3D % Bl 4 4 (SolidWorks)
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EFEHU T RIERPILLIFETLEFET CREHZOEE 0 & Tmm > F
2mm- 3 1lmm- ﬁ.’ffgiiﬁ L& T R R e ok Mg 0w £ —‘f-iﬂ r‘ﬁiﬁﬁ‘é
400pm > & & G 7Tmme +HERE R F R A adE s PV HSTROBER

)‘Lo

er of the electrﬂde

(C) Teno®
Bl 3-1 "1 TAFTILB - (A) £F T L EET - RTREEZ B
(B) #dp t R a2 AR %7 (C) T AT AFHBHIE
i

AR E € % 3D 7|5 4o R 3-2 (Ultimaker 3 Extend, 3DMart, USA) & & @ + #&
AR A W AR N 3D S BT % dhgeode 4 0 £ AR %~ 3D 5
Bl ? Kk Hllig o AFTE i 3D FIEPHS E 4 EE s Ak T U RSB A M
o et HBEFIETAFALAIMBTAR I F R H- 5o AR ER
5o EH A ET F A 5 4 ABS(ABS Filament 3.0 mm, Ultimaker, USA) % 3
it - ABS L it Eaftt AL FE DG PBRABE AV EE TS
TOE S HHAFTH PR o d N BEAT T ER ABS A S HAL RIS
THRA K 3D 7| Erpref ERIR R - K L 220°C e R AR B G 60°C) & K
ERZE 5 0.1mm: 7|Ei& B L 60mm/se d > AFT g #rig 3D 7] B ek ] 7] B
MEXH5 04mm e b THEK G FRE R ARG S TR LS 04mm e # T

sl S AR ARG 3D B e e Rl RV RS TR TR R
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e i HE T 2 3D F|E S BB % A T R A B A T & 5 (Electrode

Array)

Ulhmaker xencea

\\H

lthaker

- .1

| 2.
L] Itimake

B 3-2 A% 7 #7i¢ * 33D 7] & % (Ultimaker 3 Extend)

T ORM-ERTEBHRE TR Y BE LRI AT R AR F S BR
GE 5 S Aol 33 4T o BB AT RS 0 B AgH N o X B ALRETT &
B drk ~ 80 255 o AREEBI2Z > ZARE MM I 7.5 x107°
Torr» ¥ #-E /R B B 5K 5 1S0W BREFF S 10 248 7 b L A 8ER & #
LR R TRAE SRR D < BIRAEN 200 B AT T MR B 34 5 A
A2 PR hH- B 3 R BTHRNTE £ G oE THE A
oo BRLFEUE FRBRE-BIATIF AN(E D &) BFRPIRY
BERBLERIR AL - 2 RN 2ZVENTERRE P I 1 SRl

feo e FRAAFRAI DA AR U NF BT



Bl 3-4 B2 THRES - (A)2 > (B
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3.1.2 McinMd & R e

Gl B AR BEAEN AR TS A YL T A R

Y

- BER g AR LA S R 0 Ao 3-5 4T o B BT AR R A BEERE -
PRCFTREEE A MR T BRI AF I RE LA P LR 230
A T ASYEE TV EKBRBEFME ESIMS B oo AT AARTE RIS 0 A
FEHY - FRT T % (High Voltage Electrode, HV)fr - 4 48 ¥ 4& (Decoupler
Electrode)*fiz = o & HV R4t %4- 3 BRI KGFEHRADE - L PR R & L
S Tl S AT SRR TR R P s AR R A

BRGEF bR FART 4 & (2F) 6 & () fr8U/F P8R (57)

4%

THREINFZTRTVE KA RN ERERANZE DB E-F R SE DT
WRITRE g b1 PR (Au) A2 § P B RF B & e TR (PO RIE
FECBRTN 24T (Ag/AgCl) A1 31 734 (Au) # - 2 4Y
T FRTCE TR MRS 1.0 mm e $f5 5 ESIMS B oo gL pEE i T
TR 0 TR h Ao - 7.0kV/em 9 TH- o B B T H G TSR E 4
LR NCE EECE A R Tl LRI E E R AN CAE S BT
TR BB R R A FHREFAT T AT AR A

PR T - BERHRELERR > B AR AFIE IV N

MS Inlet

Buffer LEGO electrode

Reservoir

Polyester ¢ Electrophoresis zong) Se— - _ -
Thread TTm=e-m- -- 0 10  20mm
I 0

B 3-5 7450 e ST A PR R 0 T A R 2 B RINA R AR

%+ T %% ESI-MS % o
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313 #T B EFH (%

AEF AR E - FTIREBRE N RMA LR AL T v 22 0.5 mm o
& * % * 3D 4l Bl 4 (SolidWorks) % - M /= 5 10.0mm eIk 45 - & @& * 3D
AE BRI dof] 3-6 4R o NEFTRERALF LV ETHE aHEEY 1o
#% ABS/R & T A2 1 ABS (7 % 4 + (Conductive ABS) % 5 TR 4L o T
AHARP L P ETHABS B AT A 43T AL ABS LB 5 L it kQ-
BH4F P L FRT R 3R LR 3D AN B A AR il
PHPTE - BRREREL-ENBRTAEHELR > RE 0~ 1500V h3 7

Bk A THI e p B o EFR Eonk

m05cm

Rl3-6 2T REF2ZF#TRERTLE - FLRERMES 10mm > 22§ > Ffy

PSS T T 2 BERY A 0.5mm o
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32 PIHABELCAMAEE Y AR

AE SRR P T e AR R B AR SR R B4 o B 3-7

= ot

SRAERM e F LA 4 CE LR MTIEY # 7 £(AWTHE - CE T4

2R RLREE A o R B BT R 35S Bertan 230-10R - <
RAREI00KV B RT  HER SE3 MTRpR S T AS g - CE T
B4 BT ez BFenpedt s 500 mm > THF-A L 100 Viem o 2 87 1&is
ST SRS Immed - BT ARAY > - BT REY- B
24 THRAYAC) TS > TR LLIFE R -HHTE 24 TR - 2%
ARETEFETRRDL T T 53 TR = RS2 T
oo

Al0mme EREREHRE- LTI 1T RAEETHRZI B AELF L F

RER ZXHe TRy PRRAT AT RAG AE U TP FRFER

"*-

CR L S R E- B BT 1 FRRT 2R AT

N
ol

THREY LTRGBS TREA G 0 LT HRE » 10.0 mM # 14K

(FeCla)iaie® 27304/ % ™ » B ¥ EFD - /F P Rehg L T o

Sz

Potentiostat
usB

Electrodes

Counter Electrode (Pt)
Reference (Ag/AgCl)

HV Power s ‘\
1] | | §
NN 1 kV My

POWER HIGH VOLTAGE POWER SUPPLY
ON

H e O

CE Electrode (Au)

Decoupler Electrode (Au)

Bl 3-7 VS He i AR S Bk e Sk

E3K )

SH
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ER SR 6o d STARAOR R AN BB B E S SeEs R gt
BHA02uL~05uL FF o FHIAEA R T A S BH I AL T
AT RGBT R R g A AR Y R - RS ERITL
AR o AL > AT R Y B R B (Pipette) KX B ol M R A 0 BB Y
02uL~05puL 4 o 57 it B~ Ligens e - ¥ HE A F L CET &
T o F AR PEFAEMERTRERE N CEREL %4 0.5kV enF BT
BETE N FIT AL MR R AELITARTH DR ERLES AL YL
BasOem A EFFE-FLE 13 Fa G 7l fd o Fudrs
%k o

FHRALEI BT EE AL AP S TR FITEF R T AT F R
FEE > S gtk A ¢ AU B BT ERTRIRET RATERD 4
2T IBORF R ALE I WMTRETRS S DHTRAL L iR 4 o A

Pl EA T E iR AT T R AR S PR AR

4

B o AR S LR R AR B B o PP g T T R TR X
f

>

- BRT G TOKVEF Y A § £ LT b AT R
A b B o AL BT R O RIS -

(A) Sampleinjection (C) Electrochemical Detection
Drop the sample

HIV }

IS EEEEEEEEEEEEEE L

Electrochemical detection
HV =C

(B) Electrophoresis Separation (D) Electrospray lonization

HV = C

Electrospray ionization MS inlet
Electrophoresis separation

e

B13-8 7 4 5 B b SRR B B S S AT B (AR R o (B) T A i
(O)F 1+ 5 (3pl » (D)E oF JFF3 T o8 18 ) o
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33 AR "'ﬁﬁ? ?‘{g*ﬁ@]ﬁ\- L

ARG HRRIZ E S AR 2 B AR PR BRIE TR BB T AL ISR
AEECTTCEBIRF  BELTERHEL FT RS -1.0~1.0V ez LR
T AE 1 TR BAGHE LT VA RRF R F BT RS 5 0.1 V/se
o R L F RS > B EART R AL R AR YRR ) 2 R T AR o B
CA- B REFESIFTEHEI CECTFIFEATEL F TS § X ITH OB
BB FFer 3 LR A2 AR R R T HEEINFLFIRE &
FESTPEFI AL CRFVRFTAZ TIN5 L LEFCHA T /ILE W TP
HR Sl AFTF ST % 2 Ttk 5 LCQ 3T 4 % ¥ %k (LCQ DECA XP Plus,
Thermo Fisher Scientific, USA) > 4-®] 3-9 #7177 » T @ 3f iz k7 EE « A8
THRFHRR G EHRRITT > KBTS PR O T m B Ry gk
oo g FE SN t(lon Trap) & B B 5 RAEBU) S F RR e B BB T H
feR 33 M A 74507 > 22 B ERE &1 10° Torr 14T 173 fitfz
154 oI T - BRF AT NE - FHEN A S FHA$T(MS-MS) § U
HHBRBFOFTEATBFEEE A BT o AL ATRY 2T N2
e i o d RSB EFORY T RIS BE ST os REHIE R4 %
TH o ALY FHRIER ™ | T KRR ERTFEFRTT TR
70KV > Ffigh wm 2h 8 5% » v FdF 10 mm HEESE o 12 AL 4 (Sodium Borate)

BB RERE 1OmMM DR IEEDRR > T L mg B RK TS 150°C

l

cﬁ

RN

HEHABTRKXELS 200V » 0 TREK TG 6.0V o At 7 TRl f a1
i

Epr a2 BT poRTHREATR T TH L T.0kV/em i 5

Fm
—

AEPH-FREHAEFI TN EERAFBART AT B TH v D &
OP R R A T B A A Fl MR R4 10 mm b AE R 4 Ak 2K

TIHRETR &K o
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(

B 3-9 A% &% 2 LCQ &7 H N B ik

AR %R PRIP

T sk T SRR AR B E A TR > R SRR A B

=

A AE L (C)THSST RO RIS (C)RAT FF a4 (2)RT

PR S B A R~ () #F T BB TR A A 4T

(=) = &5 T AR Rl

AT R T ERR PERT B Rk > T AR SR

* E

ERFTARARBE AT CERBERABT s F TR
AT o TR AR RGE R g BT B ¢

20z

Fo A4t 1.0mM kA e
FERL AN 5 i 0 3217 300 £y 0T R R ARt K2R A 2 Tk SLenf R
TR REEI AR RE I R RMET ol T ik HRARE L 0
ZEATERYCEEFROTRER RERF CRRT O D AT ARE &

FPOGT CBRERAED AP Ul TR | T g
3

AR AT &g GRlE KT AL BRi o BB R R 10mM B i 4w

NS
¥
>—L
i
L
(m
pY
o
a
W
pal
ke
e

R e e
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F'EE»}; 2 &?‘-’f”;ﬁ/ﬁ}‘%%’fb 1) ;:cpq j&]gﬂ 7‘6 ’\Av\ﬁiﬁ-’ﬁ A 4Fsc %k o é_;z iL%i;EIJ
Fped 100mM -~ 1.0mM ~ 0.1 mM ~ 0.0l mM e o B K #5% H £ P&
- N

(Z) SF of F ehcas 22 4% ol

fu

A R SRR RIRTR A BT AR AT R
R A AR E o B LR RRSH S TR S
o per 20 B EL o B MO R B A R Ok HETR AT AR v o 1Y
iRl ETE 7 OROR R ok AL BT o
(z) #%REFRITi A~ 47
fl* USBHcHEPBABRE LT FRETH T FER LD - TH
% 4e 5 0.0 Viem ] 3000.0 V/em » i £ ] 200.0 Viem & & %1 » kg% #
TRERMTTEERL AP o ie ¥ 7 k& DRI R & ez F](Caffeine)
10.0 ppm ~ 1.0 ppm ~ 100.0 ppb = 10.0 ppb o H#-t& & T vf FF4te - LB G @
PELRERfRG R FTRERDTHRIRARN > T ATA B
Bk KA E T REBRETRAE I ERR T goka o B2 F A 100
mM T7 Peptide et 5L > kT @ * # T R E kAR £F 5 &2 o 2)¥r 8
TF R AELAR R RIF] 0 T - AR e RO TR 2 B

IR 2O

35 % REY
() PHAEE RIS Y AR g e o T 2 BT kB e
AAF l.OmMkER » % 95 100.0 uL -
C)RFERESEHTRR D LRSS Bfod 303 R0 101w b3 73 o

&~ 5% 200l -

(Z) A3 %T SRR & § 0 BREEE LMY & (Potassium
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Hexacyanoferrate(III), Showa, Japan) » & fi-#4 o B> 3 3+ KA F T R AR
10.0 mM # #* o

(z) % vf iR 4k A et F)(Caffeine (Sigma-aldrich, USA)) » 3 g+
kfe® 10.0 ppm ~ 1.0 ppm ~ 100.0 ppb = 10.0 ppb # * -

() ~F kit ™ 4 $ 4~ T7 Peptide 2 g5 ke % k& 100 mM & * » ¥
RN - REREARS N B A S

() *%%E* 2 FH A 5 = 9%(Dopamine, DA (Sigma-aldrich, USA)) 4 3 #
3okfe R 10.0mM & * o

(=) *F i H Gk A €44 22 (Redbull, Austrian)) - }* % & 7 Jf (538

TOAIE > BB F AR Y F AN R A AR -
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4.1 ¥ 3T T A AT

AFTAI* DR L T REPFH T BT TR AN £ PR
Bod AT RUZA/F PRSI IR 2T T RAR NSRS FRES
FF e e FER B BRI N EAT T 10.0mM & MR IRY REH
w@k’%ﬂéﬁﬁ@ﬂﬁ% RO iTe L REAETRHELTHENTE
i FREFREF CRRRADERRLTZER RBARTRLT L LA
FAFFCRRE L BRREFEEE S - BRI ERENFFoF R R
T EL I T EERTERRAAAT CE R RT P X H R F kg
TirExA- BEREE RLEUA L CV Bl o § T 0 KALR T 2R
FostibeAdd-BRTM FLFTEABFARTEFEELI T A4 - F
Tn e AT ETREDF CEREAAL BIFLRBEA B E NS
Ki[Fe(CN)s] » -k # #-¢ f2dg 5 K 4o [Fe(CN)o]* » ™4 3+ -kpe ¥ 10.0mM %k
Bk B o

B 4-1 5 100 mM A BenprR k% 28R T 2ET =&k T 2R L
5-10V BT Rk T 5 1.0V Fhid FRAK AL 0.1 Vise &% 2F §# 100
L el BiF 2= R BT ER - 7% S 5T CVR® 7 02V pF
A B PR CE 5 SR E-500pA e 602V G PR R R S E (5
BXE 600pA - B 42 54 A F o RanEHRARLZERCVE i34
F ok 100 mM % % s AT R R L-10V e BEE R s 15V
Frwd 55 01V/se S5 wBars > 5= %01V P i nd m
B R K600 pA Y H 123 VEF PR LS E > BRN5-900pA - A %

AR AP RRI BN T E AR RRRIZDER G WO AR > X

N

RREFEH DT AT F R -
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Ks[Fe(CN)g]

Current (nA)
S

0
-20
-40
-60 ' : ' '
-1 -0.5 0 0.5 1
Voltage (V)

Fl 4-110.0 mM 7 & % 2 T K% 2 2R R

<
2
i
c
)
| .
|
=]
O
_100 [ | [ | [ | [ | [ ]
1 05 0 0.5 1 1.5
Voltage (V)

Bl 4-2100mM 2 $= 4 & 5 = 2 FIRRE 2 £ RIH
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42 B R AT BRTAEALS
R B AL T H AR AR P o SR S R K Rl

AL R LY ST F ke mj;,‘x;’_ﬁ;?'{%’;%‘JELE'IJ@Q—?jﬁ(,é}%ﬁ{@ ,;;;7; e

had
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