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The Application and Prospection of Scanning
Electrochemical Microscopy on Biomedical Research
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The exits of protein and expression level play important roles of living organisms. Different proteins can regulation
of single transduction and much different response on organisms. All the detection methods include western blot,
enzyme-linked immunosorbent assay, fluorescence resonance energy transfer and flow cytometry. But these methods
have some limitations and defect during analysis process. Go through by integration and combination of cross-
cutting on semiconductor industry - scanning electrochemical microscopy technology to application on biological
protein analysis will get more sensitive and accurate detection results.
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T B 1044 (Neal Burnette) 2 1981 EFrE#Y
(ot EY{EEE)  (Analytical Biochemistry) HHE X
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(fluorescence resonance energy transfer, FRET) * A
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HAEE BB B o Ry N HIR R 2 0 Ry
Western Blot HYPE /72 R% » 2 A] Lgd eI AH At
PR ENMEEDE - EEEITEG SRS
FEVK (gel electrophoresis) HYEEFET /T ~ FTHEAYSH
—ME ~ enzyme HIRRELNE: - WL —2RFISEESY
o g ER S EAE 0 OB ETEE -

FESR =P ER s 1 s - B—4
BFEHBIESYER SDS-polyacrylamide B
b BUKkTHE - #3EE blotting : ST ERE
EEST - RBEEZE] Nitrocellulose transfer
membrane © 5 4 » & transfer membrane ZH
BEMEHERPEE (primary antibody) &R »
RS — PiigE & - =2 » FEHE primary
antibody ELE—V£FY enzyme-linked $T#E (secondary
antibody) * ZZE VLI membrane © FHIIARE » &
EHEYE - ISR SERE o HILER
M AR A E A E A EIRG - I BAETRE R
2 VAR RS DU R PTRS AR B A A E
Bairs - MR HEER T RSN E R B EA
e EEIRRIVE) -

RN REEI R SRR IR =
B (interleukin-3, 1L-3)" BURHELLHF & G REHLE
AR SN B FE AIME N R R (vascular
endothelial growth factor, VEGF)" HA&HI 5 2 A%
EEERE R RIE T E AR R 520 0 S5
ERERFHE A AP 2 HE— S 2
Fetk - ShaiaErTia il 5 AR & IR E B K HE Y
(— M REBIBFLE) b2 PR ] BAA RiETE
T - RIER T H S EIR - Bl ARR 2 ONE -
AT B EPEE S SEE - Bt - Kad
% H ARG S REE Y ERERER Y
BEEMAZEH AR E - GEEFEENE
Y > KEEHCERZEE (optical density) HYHIE » BIA]
FEEL o HRNEERRIE TR B R (£ —
S LAY B B R+ AT A AR E R ERY T E R
A5 BRI - ELEL RV A (o P AR A T v B2 B B ek
QPRI (R - T AR IS AR o B A R T Y 1S
[A] » ELISA RJE&% &t H 25 fd A [R) R Y B il 7 =X -
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FEPL=BHIATE (sandwich) ~ [E#% (indirect) AR
i % (competitive) =R AllfE 2 Fs - HiE
BEAE A AT DUPR SR B K B i Y A 22 H ELYEHE SRl A
TR RHIR P T REE T -

ba & RH A D O BB 2 I 5 1+ 0 BT RY
BIRErmES N EnBENEE R E T EE
By - mMEBHBFELANZE R0 - B
A Y B R R R TR S E ' E L MR A AL
- TEZ L HETZ A ARkt 2
(fluorescence resonance energy transfer, FRET) °

FRET HYJFELE ] F w8 Hi A [F]BE By 2ok
HH - IR HAEE NEERRZ B AOT
15 - ERESHIE]—E R (10—100 A) I - R
RER AR EIELERN - KOEHMFUMER - B
AR B2 AR - T EEREE PR E RN
FH—EEAOREY - WE 3 s o HRTEHE 55
RN ER R CE ST S - AEREERE
EMEAIE] FRET #YEHER - R EREEHERR
A EEAS SRR SREE - CREREERERR
HEH - el DIRTEE B RS I NE - SREE D
F (B4 ATP ~ GTP) %  (HHPAELEH LA S
A HIRHAE IR - SRR R RS
PR R ARG -
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(a) Indirect ELISA
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wash
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Add enzyme-

Antigen- Add specific Add substrate (s)
coated well antibody conjugated and measure
secondary color
antibody
(b) Sandwich ELISA
| [ ] |
| |
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was . was| was
Y Y AV J | ‘
L |
Antibody- Add antigen Add enzyme- Add substrate
coated well conjugated and measure
secondary color
antibody
(b) Competitive
I I f
2.
Y Y g (. = .
wash N 2 J wash s s | TR A B F % Jx
Incubate . . SN N
antibody with hﬁ—!—l—j Mr#E Al R, (a) 4] 3
antigen Add (Ag-Ab) Add enzyme- Add substrate
sk, = Sk
to antigen- conjugated no color ’i‘ (b) _— H}:] = ’% (C)
coated well secondary v s
antibody FFIE e
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(scanning electrochemical microscopy, SECM) * &—
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HIFBEEIIE & /N (BESt 3 —SCEEH 1-10
um EBIHEEM (ultramicroelectrode, UME)) {ESEITH
mnl E TR - B DU EEE iR ie EE
B (EmESHENSE(LERMEREEE - BH
PRSI RTHEE ORI - FEMERE_ELUSCE R FT{E
T ) PR 7 2 R R BRI IE 0 - ER R AT (Y S 52
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Allen J. Bard G FEH T ELEH R EEHY
Ean At - e RE — i JIRIpsE TR
TEZWER=E  CTEHE(EL S (B -
Hoe » BE - K EEHAEEELRES)  HXE
ez ~ B FPRSEMIE R BRI BEEEs - DA
Fe AR EIRE ~ R A BB n B (BiEE
(1) =805 AHA - 20E 4 Fos -

B A 22 B A B T B AR Y A R R Y
(AR - BES A HIA E A S L ECR R S E - 1
15 /Y EALECE R E A B ST (UME) {Eifl

no FRET FRET

Non-radiative energy transfer
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FPGA board
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/ Current signal
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Diode-Pumped Solid- ﬂ Laser
State Laser (473 nm) B 1 Current
Current Amplifier input signal
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Stage controller
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EMEREN - MESEREE - B SECM Bf
{LER B B I B 22 R i B R L B L B PR BT Y
RAPEfEE N E - HHERNEREEERNYEEE
(L2 A RIEEEFEREIE - SECM RYETE T
ZH UME R HITEARE AR/ NRE o HAMNE R IE
i BEEEWNEEEREZEENEE MmN
R - WREERNE - Jifk UME KBl EL K 2 i
HITBEIRFE (steady-state current) FE i * 2 FEHITE
(topographic) FJE | TEANFRIARAEMS - £ " &
E —IltEE (generation/collection) | T TS EIEERE
IRAERE T E AT LU FAIARFR -

(1) FEE (planar UME) 4

,_nFADC*
d

Hrh - d F UME i Bd B 2 MRVEERE - C* Fy
ALY (Cp) BHEIRY) (Cp) HIBREREA - D SiEdk
{2584 (diffusion coefficient) * X&) (D) HLE
JF¥) (Dy) fEEURE= D » A RyBEMRHETE (electrode

area) °

(2) BXEE A (spherical/hemispherical UME) 2
i =2anFDC*r In[1 + (r/d)]

Hrh o g BB R EMEE (radius of the disk) @ 7 B

BRTAIX (radius of the sphere) ° & d >>a » “F[HE
T B B TR E AR 5 -
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(3) EI#+E# (cone-shaped UME) 4

i=27nFDC*a*(1 + o) [1 -y In(1 + 1/y)]
a=a*H
y' =d/H

Hr s a* BEEEMPAE (cone base radius) * H
BB - % d (RN (r— 0) B
UME 4R BEL IS 2 RO PR (d) FERE - BRI EISE
¥ (conical) ST [EIFE#E (tapered cylindrical tip) E&
TR - FLEB AR ER A (inlaid disk hemisphere)
EATEN 0] b S

LR B B R A R T L
EYMLER - BIRE - BRI UIRIEAR - ZORINT - 8
FUEITRFCSS o (E(LER I AR 7 Hh A B A S ST
TEAE HAES S 8% - (H5538 SECM FI7EH(H
TSR AR L BRI ) S 5 %%
MR, « HAMEAEDH LR Eth T E
AIFIFH SECM MBI 4- I E F AR 35 5 38
fEf—Ea" » SoMuE R SECM Bk isee
R E R —E "  — SRR E L
S YRR AR T R B (L ST B T e ik
W12 o B RIR 2 0 B B B T SR S A Y e
19 B EsEEaE—EmE T SR EIEHE]
& R R S P B TR HE

£ SECM W —{E LI EFRfR = - 260
S BB IR ARII RN 5245 A0 Ligustrum sinensis
1 51000 & Elodea FY4HO SIS 76 ¢ & 8 F 1R
U9 o 237 B b A R TR S — E S B T
EEHAM Y B - BEIER > Matsue 3



25 1E A F FE S — 3 P08 E FE 40 P L B SR 42,
g o fE—RERYIFZEH - Mirkin 65 T
SECM IS S (LIEE) « DB B ELRe i K FERERITE R
EIE i A

4 - SECM etz 2t A0

f£ SECM i 2 i3 5 A SR B Bl s i
B (1) BEEE A R A R R
(transient generation/constant potential collection,
TG/CPC mode) » (2) A4 MEERRZ A
(generation/cyclic voltammetric collection, G/CVC
mode) ' (3) AC EE/MiEERZ (AC generation/

collection mode) °

1. REEL EEBMUWEERR
HFELIE (substrate) FYEBENLESTHE] Eg - DUEE

BEALEE (1A R — O + ne) ° [&E UME 2l

BAL (Ep » #F O EIFE R i HAEE EHIFEEE T

(2) » ARG (tip) FEILE (i) HIRFREIRRE -

(1) TG/CPC 1= B e R i FE it (rotating ring-disk
electrode, RRDE) HJ#% (transient) B EEHE{L -
disk 4RI EYITE collector ring HETT ¥ i fF
fifi - FIH TG/CPC L » AT ARG ISR BRI
IR ((REEESE O MIKER AT TR AIIFRE)
B FHE R R R IR EERE - FIAE(E T
% AT LOANE SRR BERR R 2—75 pum » [FF
H 0—4 s FRRETAE (Colz, 1) » BB IS R
154 (diffusion layer) AUFHT -

Q) TG/CPC EANWEEE EZLBUIEIEFERE
(nonfaradaic * charging) {555 (faradaic) &
it AR EMFEZ (interelectrode capacitance)
EAFHPT (resistance) » 72K 7 4= FE BT Y E T
M+ i, FhREEERAEE - ¢ B 2z @/ NATe

2. BEE /BIRARWERER

FERImEETHRMEEMLFE B EE
(substrate) FYEE {7 DB Rum ARV EY) « SR
LT (scan rate, v) ~ FHEE (d) HIEKE
{32 (E) HRH -

(1) BEEE (d) KEHEE (5 mm) » BENGEEL
IR 5 AJLAE EIFHFEM (ultramicroelectrode,
UME) 1T hy o (EFm S ERE (< 1 V/s) - 7]
BEY) (A Fe) TR E RREEALE T (anodic
current > i = 4nFDC*a) ° a JHTHEEMI)FE
C* Fy53 M9 (W Fe) B bulk JRE - 19 HEHE
it (cathodic current) © 1F = fi i e FERF (> 100 V/
s) * AJLMSFEET G AR EHEAL (semiinfinite
linear diffusion) HYTEIRIRZ[EFE (cyclic
voltammogram) °

BRI EE (40 2.5 um) B - A0 E i
BRI IEEBE AR - FIINEIEREAZE 0
Vo RimE LR Fe+ &2 F K Fe » fHZRE R
(cathodic current) ¥4I (FH¥R d RAYEFHE) -
It —[EIBE XU E (feedback effect) » &AL
(anodic current) fEK ~ /INEEHEE (v) g E
& o FEETRTEEE (v) B - RUBTERIRE 4/
Fo' ©{EREWMNFER - UBFEERKD - &
REEENZ 1.0 V B d BEE/NE - KEER
BT R EALRY Fe 884 - Rt EALE R & A0
T - R R R R HUERR - I HEREE ES
Fc' » 32T (cathodic current) HEf -

(3) th— CV #ER = - FrplE & i E V) e 5t

AR EVERE) TIEE -

2

N~

3.AC EX /W &EEK
(1) FE—{EEH ) E i FE (direct current, dc) FEJE
WAL Ey bHEINA#E (BB - ARRIEFR
E Er> DABURES (lock-in amplifier) 2% F K
{E9F » HIE R LGB AYA VLB L (alternating
current, ac) £557 °
AC EAMUEEEARIFEH « K227 (i =1 sin
o?) FIREE  ZIEESH redox 747Y) (O/R)
IRV IREM b EANE(LEEGEEmE
[AERL O Bl R R A IFFLHIER (sinusoidal) %
b - FEERE MR AT FREE(L - 2HY)
(j = O, R) TREEIIEFZHI#R (exponentially damped
sinusoid) :
Cji(z,t)=Cj + A*exp_—zsin{a)t—i—£ }
z, z, 4
_2D1

V4
0
o 2
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Extracellular environment

Receptor Channel Gated

protein protein channel

o (always open) protein Carbohydrate
yal (closed Qe

5.
e Lk G HAEHAE -

Hr» C %y j (G =0, R) PHTRE » D RyiERURE -

A* = [InF(Dw)1/2

(2) 152 s [ B AE B & B BEAL + FTDAFIA iy HYRR
& (AR IRMHI I YIRE i BE 2z (R
B ECJR R A B RYPERE) (BITS » 2o h1e
TEARRRIR YRR U L R (exponentially
decaying sinusoid) PRE{ 215N FE T IIHG 5
[EHYEETR (i) TMHIE iy > BIAICRES (lock-in
amplifier) * HIEH LU MR ¢

(a) FITIHIE I I E P I IR bm BRI » &7 e 4R b B 5
[ RBIEERE (2) » T 2FEEEER -

(b) HEE T E LG E R MM A (phase angle
0 = |z/zy + n/4)) » FEE z (ERRIELL - Bz {H — 0
I+ 0 EHT— 45° -

() 0010z = (0/2D)” » It c0/oz B £ FRIEH. » £
BRI IR (0 =27f) °

(d) IRE LIRS/ » R = A*exp(—z/z,) * |[01n
RIdz| = 1/zy = (/2D)"” + HIARIHE LR
TELL » BRI [0 log ir/éz| e /2 FRIF I -

I FHEAECEENEEERERN
=K

A P R EA SF- B T- 22 ~ FHER AR

Cytoskeloton  Phosphotipid
filaments

Lipid  Transport Glycoprotein

Cytoplasm bilayer  protein Cholesterol

RS BRI S Y A DA — (AT
fy T » BREHE 5 A L T A A TR
B PR EEEER R - A 6 BT - (R
TRIE B HA HE e A i 9 D 15 S A 2B O 1
Fi ~ SRR 0 T 58 DR 2R 5 3 {05 40 1 (e ) 8
]+ R R N H A -
SIEAEAFIFE SECM A I & 118 Fo 6 I
TRz AR i s R S R =
H AT AR SR 1 5 WIS - Tatsuya
Murata FEf Bt 515 ST B FF 2% 56 5 A7 9 7 =X
OO nE 7 s AHHCE R S AF SECM DA
H BRI S AT hEEE T I SECM
FOS FA AR T BRI BRI 2 SR R P T
2 BAL 175 Y S )t 7T EE F R SECML 7 2 B HE
ER AR fE—FIE - 0 8 Fias - Sk SECM
EHA ISR ARSI BIFRI SRS ST - DL
PESH B — AR (V8 457 AT RE R R F S =

| Topography
Electrochemistry $Q®

EEEIET - THELR IR & e e ® i -
FiEAE IR A R I SR T 4R RS A A eetemen:
B 5 FFoTs » LT S S s T ) 2 S 2 B4 -
S RIS S T (L R - SR Detector

FEHE P25 A HUS B 8 P A 422 T S Bl e R S T 1)
EH - ERNFEREE SRR — P AT

56  BHEIMSE=1T %M 100.2
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(b-1) fluorescent

Photon

s 2 BB e @
30 I W 9000 . 40

Photon/cps

current /Zfine
IpA . i
249 e
.9 1
24

(c-1) Current

HEII..

3
201] é

MRS - (HE AT A At 2 8 i R E R R P
JERIYE 53 I {EASH Yasufumi Takahashi ££ 2009
HIRFZE RS Y SECM R SHE — B AT
DFERERE T HERRIE - BN E i
HOE I 53 I EE R - AN 9 AT -

ifi B ATE R FIAH SECM {EHIHIE & F 2R3 R
THEJTE BB IEZ AN R L A R B 7 = AN
HYHEA UM Tatsuya Murata X 2009 £ 1F Biosensors
and Bioelectronics HYSZE H1$5 H A [A] YA 5
AT DU B AT R AR - a0 10
/j_% o

Signal

Microelectrode
(+600 mV)

H202 HZ
\ glucose
cox GIOX

(a)

glutamate

Current
glucose glutamate
0.5 mM
/ﬂ
0 mM 0.1 mM
Distance

(b)
B 8. 7 B4 48 th 4 hs XA BB AT R 2 IR -

(b-2) fluorescent

30 M 1 9000 Xum
cps I 10000 cps

(c-2) Current

s I 13
—
5 pA

40
)
24

16
16 ylum

24 -
32 450

S 10000

Photon/cps

7.

Hod 4 K (b-1, b-2)
FCEC W o 2R 8
(c-1, c-2) w#T R £

=
Za)

—_ +
J\ ﬁl%\nl:l

Eﬁﬁ%ﬂ‘ﬁéé%%%%ﬁmﬁﬁﬁ%uX{%%%ﬁﬂﬁ—
FIHAYEE ST - MRTHFEELEERARG - fF
EAlRe- (e APRE IR = Tie lZD/%\%%EEEI
P32 B SRk A o (L RE €15 BRI IE A (E
H - NAREHEBEHRES A IS G thef
A H BT A ISR 7S£ E 58 R ARIERRT » AR
A AL B SR AR B MR B ERE
FI N H F A HL DU 55
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(a) Injection of cell suspension

Flow —>®@ ® ® I*30ym
Cell - ‘_:*: 25 um
suspension
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(b) Applying voltage
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