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Abstract

The cell is the basic unit of life, and also the link between life science research from
macroscopic to microcosmic perspective. Based on the understanding of the molecules and
structures within cells, the cell analysis concentrates on the relation between cell structure
and function, and the control of biological processes such as gene expression and signal
transduction, exploring the fundamentals of life science. Due to the heterogeneous and
dynamic nature of cells, chemical and structural analysis within cells is much more difficult
than that performed in solution and is one of the key issues in this field.
Electrochemiluminescence (ECL) possesses several advantages such as high sensitivity, low
background and superior spatiotemporal control, which has manifested itself as a powerful
tool in cell imaging. This thesis addresses the analysis of molecules and structures within
cells by ECL imaging, including the design of solid-state ECL sensor, the development of
ECL mechanisms and systems for single cell imaging. Details are as follows.

This thesis starts with a brief introduction of the characteristics of ECL and summarizes
typical ECL systems and mechanisms. Then it focuses on ECL imaging, highlighting the
instruments and recent progress in ECL biosensors. Methods and challenges in single cell
analysis are finally discussed, after which the framework of this thesis is introduced.

An electrochemiluminescent nanocage array (ENA) was prepared as a solid-state ECL
sensor. The ENA is composed of two layers of silica nanoporous membrane, both of which
consist of a high density of vertically aligned nanochannels. The luminophores were
physically confined yet remain diffusive inside nanocage while dopamine can permeate the
ENA and quench the ECL of luminophores. Therefore, the ENA functions as the solid state
ECL sensor and was employed for the detection of dopamine released from living PC12
cells in terms of its quenching effect.

Thanks to the surface confined nature of ECL generation and the enhancement effect

of silica nanochannel membrane, the ECL imaging of cell-matrix adhesions was achieved

v
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in a label-free manner. With this methodology, we studied the spatial distribution, as well as
dynamic variations, of cell-matrix adhesions and the adhesion strength at the subcellular
level. Cell-matrix adhesions of an advancing cell sheet were finally imaged to study the
movement of cells in collective migration. A statistical analysis suggests that cells on the
far side of leading edge also have the propensity to migrate and do not act as just passive
followers.

The ECL reaction pathway can be modulated and the ECL layer can be extended from
the electrode surface to a position of several micrometers away from the electrode surface
by rationally varying the concentration of luminophore and/or coreactant. This scheme
provides the feasibility of matching the ECL layer with the spatial location of different cell
junction structures, thus allowing the sequential and selective imaging of cell-matrix
adhesions and cell-cell junctions in a single sample.

Finally, the thesis is summarized and the challenges and outlooks of this field are

discussed.

Keywords: Electrochemiluminescence imaging; Cell analysis; Dopamine; Cell-matrix

adhesions; Cell-cell junctions
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Fig. 1.2 Schematic diagrams showing the general principles of photoluminescence, chemiluminescence

and electrochemiluminescence.
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Fig. 1.3 Comparison table showing the advantages and disadvantages of electrochemiluminescence,

chemiluminescence and photoluminescence.
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Fig. 1.4 Different mechanistic pathways of ECL generation.
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W7 R AL AL
12201 EXBEMAFRKA

D~ 00 4
X0 050

~.1 5
| \N/ N
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® O

Ru(bpy)s>* Rubrene 9,10-Diphenylanthracene

Z
N\ 7/ \ 7/

B 1.5 % e X B s Al KRR A
Fig. 1.5 Molecular structures of typical ECL luminophores in annihilation ECL.

ERABNFRAAERFRRENEMNF L ALE, BAFRNERNE BE
F/FS FZ MK SR TRBRE = ARAS, & B 6937 &%k
GBEFERAFL L, B LS5 FZERMES . AR EM 9,10-— K EE (DPA) &%
REEXR B B F R AT N LI-13HRTERBEMFLANR IR Lk
HAHAR L ABNFENTRRL, ERAEFEEERFHEEFEEER, &
Z |8 KA KRR IR RS o

R+e — R" (reduction at electrode) (X 1.D
R—-e — R"" (oxidation at electrode) (X 1.2)
R +R*" - R"+R (excited state formation) (X 1.3)

FEIRNE, Bl —AARHEZLE RN ARTEE & TR HAES BEKR N
(XN 1.3) BHAHERESE, WARBKEELS, BASENKRIHIEL, KA
“S-route” (=, 1.4):

'R* > R+ hv (light emission) (X 1.4
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FERREBENEETRUAEARBLEES, MEERZERLS, WHALS
HFEGZES-ZERERR, R FEEERES, 57— AE KT
REES, BHRIEZES, ZBER A “T-route”:

*R*+°R* = R +'R" (triplet-triplet reaction) (X 1.5

UL DPA A, e B SRl At At R, S FE L AEXR
N REEBALASS T 'DPA", 'DPA'EEI AL, BT, EREBMNFL AR
/R F B B ] DUk B E B K NN LN -0 B 3T 3R — i (TMPD)
5 DPA BE, BTHAWEAMBARTEH, miveEN BT EFEM A K
TMPD**#1 DPA*-, —# £ HE KR4 K= E#H A S 7T DPA", B4R R A2 4n

I
DPA +e~ — DPA"™ (X 1.6)
TMPD—-e~ — TMPD"* (X 1.7
DPA*™ + TMPD" —° DPA* + TMPD (X 1.8)
2°DPA" —' DPA" + DPA (X 1.9
'DPA" — DPA + hy (X 1.100

Bobh, T EEREAEE W), EREA RGN, Ok AYE
P BB A AR, L AR A E-route™P,

T AR LA A AR T R e, S BB BRI B A R 4 R A A
i F T R e, T R ER A B Kb, BT AR B R, R OLHE
ERR R A FER, ERE S E R — R L AR, EAKRE T
S A A AT B B, ARV KL PR R B K IR 5 B
¥ KRR, BIATEACE RO E B LT A 8 R AR e R LR
K EAE R L.

1222 3R BHB R ¥R R

SERA A KL, KA S KL RE R R . H
SEME B, ZOLEF LA SR EBREE L LB E AR, £RELE
KA TR RIS T E b, BH A R A R R R A, RS L
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AFLEREBRE, BRXARIEEES, FALES. B TEREUR £ KT &
R B EA AR, ZRAREIEERRABA-ERBBhF . EER L
M SRR, WA R IR 5 R WA e A R, B EE R RORE A Ak B 46 RCRE AR B
BTEEESBMIMEAABRAME, BFERSZX ARG EUNERLS, HASKILEH
AN, BREtT, 2HBHANLR-AMB BlF L ot.

Luminophores

O’/O @/{j I
P
R 2+ ’/
B J\ b
= N\ o \ P>
Ru(bpy)s?* Ir(ppy)3
Coreactants
H OH o o
N 0 0
NN \/\/N\/\/
TPrA DBAE Cs04
? Il CH) ©
0-$-0-0-5-O @C—O—O—C@
0 0

S,057 BPO

Bl 1.6 % Wy 3t RO A Al 5 2 6 IR A

Fig. 1.6 Molecular structures of typical ECL luminophores and coreactants in coreactant ECL.

Bl 1.6 Bom T % Uiy 3k RN A B L ZOB IR, HP AR TEGEST . &K
S BRAME, XREAT o AEAN-TRASTR-AAAFE, WEEFE=E
AR (TPrA). —T# 8k (DBAB) FEBRRE, 5# £EAHIHREBRML AN
KHEE (BPO), THLL Ru(bpy)s*/TPrA H |, 1A & -1 & A e b 2 & 4 0 ¢
B, B 1.7 %% a BRT EREMN-TREREAF L KLTE: Rubpy)®
1 TPrA 4 Al e R Rl A £ BN F AR AL, 4 & Ru(bpy)s® #1 TPrA™, j&# it %=
JiF A R IT R B TPrA®, ¥ Ru(bpy)s™ i JE £ # % & Ru(bpy)s®™, #& A Kt
AL, BT, WaEAFLL, BRREBETEe T 7R EHR
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Ru(bpy),”* — Ru(bpy),” + e~ (X 1.1D
TPrA > TPrA™ +e” (% 1.12)
TPrA** — TPrA’+ H* (&£ 1.13)
Ru(bpy),* + TPrA* — Ru(bpy),”*"+ P (% 1.14)
Ru(bpy),”" — Ru(bpy),” +hv (& 1.15)

Wl 1.7b FT7R, Wi TPrAf2 Ru(bpy)s™ |8 B3 ROR A& R & A48, BT R
B4 TPrA*#% ¥] DL Ru(bpy)s? 2 J& % Ru(bpy)s™, Ru(bpy)s™ 5 Ru(bpy)s*" & & & K Kk,
& Ru(bpy)s™™ (R 116, 1.17), ZRABRF 5B F a AR A 4L, EREE a 9THt
E N,

Ru(bpy),”* + TPrA* — Ru(bpy),” + P (& 1.16)

Ru(bpy),™ + Ru(bpy),” — Ru(bpy),*"~ + Ru(bpy),* (X 1.17)

¥42 ¢ #, RA Ru(bpy)s™ £ Bk k@AM, 4 & Ru(bpy)s® o[ LA TPrA
P TPrA™ (K 1.18). G AEA BR LT AN A KB TPrA“HE, FHE 7 8 8 &£k
& ¥ /& 5 Ru(bpy)s® R AL & & Ru(bpy)s*™™ (X 1.10, 1.11), iZ3T B 4 #f A1 %
&7, 4 Ru(bpy)s” KE S & £ F B ¥ L AT,

Ru(bpy).**+ TPrA — Ru(bpy),> + TPrA™* (% 1.18)

&RA TPrA AEBEKEEAN, FHE b ¥ —%, BELRMEH TPrA T4
Ru(bpy)s*' £ & 4 Ru(bpy)st, E# 5 TPrA* K iz, 4 & Ru(bpy)s®™ (& 1.19).

Ru(bpy),” + TPrA** — Ru(bpy),”"+ TPrA (X 1.19)
DHRERETETHMENEMFRAREE ST RBEGNRE . EHMAE %% 5
MHRRS, RASTFHEAERKET, BV EEEERRBEAMNL AL THE T2
HR. ERLRFELEHRNBMA (2.8 um), 1F 3 K| o 8 4 7 5 8 2| £ B %
RIE, WehERTITUARL L, RET 2T REE.
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a) /C Ru(bpy)s;* € ------------ Ru(bpy)s2* )/ hy
o
Ru(bpy)s***
e

NI SN
\CTPrAH —H* TPrA® Product

TPrA <=1 TPraAH*
b) Ru(bpy)s** — Ru(bpy)s® N . p,

e’ :

Ru(bpy);2* < = Ru(bpy)s* Ru(bpy)s2**
\CTPrAH — i TPrar Product
o
—H*

TPrA <—— TPrAH*

) /CRu(bpy)az* A Ru(bpy):2* ™ L hy
€~ SRu(bpy),** Ru(bpy)s** D,
Ru(bpy),2 TPrA** — 3 TPrA* 4x:: Product
/CRU(bpy ITPrA < tPran

d) /CTPArA < 1pran:
e

TPrA* \aRu(bpy)s* Ru(bpy)s?**
X o 0 )\ hv
Ru(bpy)s;** < ---- Ru(bpy)s

Product

Electrode

Electrode

Electrode

Electrode
_|

LY

>
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-
>

Bl 1.7 “ap-2 R B 2 ZOEALE
Fig. 1.7 Mechanisms of “oxidative-reduction” ECL.

L Ru(bpy)s?'/S20s> 4 1|, ¥t 8A i JE- A A dAb 2 & Lo R AL 4% . AR b e
fm U E AL, Ru(bpy)s? A2 S208% 4 A 18 A% & H 4L & 4 Ru(bpy)s®, SO«>F1 58 & 1 #Y
SOs*~, SOs~5 Ru(bpy:s" R i & R A A, BMALSHEES, BxE LT (X

1.20-1.22),
S,0,> +& —S0,> +S0,” (5% 1.20)
Ru(bpy),”* + e~ — Ru(bpy),” (X 1.2
(X 1.22)

Ru(bpy),"+ SO, — Ru(bpy),””" +SO,*
5 & b-11 7 A A 2Ok R E IR KL, SO« ¥ B Ru(bpy)s L B S208% 3%
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(X 1.23); BEAMNMEH SO« 47 Ru(bpy)s? A1 A Ru(bpy)s®" (K 1.24), F#
5 Ru(bpy)s'la] & £E KR (KX 1.17) £ RBEEEZ KL T

Ru(bpy),” + S,0,> — Ru(bpy),*" +SO,* +SO," (X 1.23)
Ru(bpy),”* + SO, — Ru(bpy),* +S0,* (X 1.24)

& Ru(bpy)s®/S:08™ 1K 51, % b 4 K MORHEAH R R W B AALBR/S:08. BT R
18208* % A 8E LIAR LI 18 7= A AL &K

1.2.2.3 BXERMAFERN

NH, O NH, O

NH T Ir\IJ
H N Diazoquinone

Luminol
H* e

Hzoz

NH, O

NH2 i
3-aminophthalate* Luminol endoperoxide

K
% 425 nm

NH, O

o
3-aminophthalate (o)

O

Bl 18 EXEMEAMAMBNF LN
Fig. 1.8 ECL generation by luminol and H>O».

1954 &, HRFHERRET EXIE S-AFE-23-ZA-14-"FAX W) £FK
AR E AL R ORI KO, B e, U4 AR bR B Bk B AR AL RO
L7, BXENAALREHGUETEFEE IR £EARES, EXETELRG
B, pH. mfr, EBAMHFELET = EdAF LR, — R\ N, Eof L
EHfr, EXERTANEL EBNFENEIIENERR, £ RBLS. E0F—
SRR INN HEME R HE AR F AR T R R BRI AL L RO
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FAAEP, W18 BT — M ke X E/ LA MA B ME X ANER, £ak
LA AL, EREEAF AN ERBAR. LANEEKREEATAH F (HOO),
BEMNFENAEREEAHEFEEE (O, SEABRRN &N LEANY. AT
ANHHARAERBEAS 3-AENKE _Fokzh, MAAEBEL, BRHE kb 425
nm H7 %,

BT £ AM AT ULANEY = ETANEA, YERIESANE S, T
FleftF R ENEZEES, MEREEWL) T £, EXEERETR T LRR
i, THEAHTEERRE, £ EBE LRHTHEA. L012 (8-A&E-5-R-7-F &
e H[3,4-d]% - 1L4QH3H)- — B ah ) B —FEXEAMY, HoFEMWE 19
Fiome B T EREAGTFEREXEERNEAF LKLY, FHATEMAF
K48 AT

NH, O
= [\IIH
N _N
Cl  ONa

A 1.9 LOI2 #94 F 454
Fig. 1.9 Molecular structure of LO12.

1.2.2.4 WALFE R KR BB AR %

HAFEAAABRLIRY R EREEN AL THER L, THFEEE B R
MR e il A2, 2R NNELE, RuIREFEL, BaOAAE AL
FLOHEEAFIME. BAFL LR G, BT AE LSS HEANATRAF X
HNERR . XBEFELFRE, ATENAENEAFELRANEHATT AT,

K GHD) EEFR - EAFSEF TR (BERRLE. KELE. L E
K. . Bt RE . BT ERERGE. RS HE S, ATHAEN
% R P A2 1 $ ALY, ECL spooling A 2 # i #9418 w4k 2% 447 77 % o £ B AR b7k
trE A, B IRFER AR 2] (G BN B AL B A K R, BRAT R K
KR EMHEN, Fl4n, Ding F#&T — 4 - FAREFUERANKEBRATA
HHE, TRMANEREA, ZHRATERGHBBMFLL (E 1.10) B, ECL
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spooling ¥ &, BWIKEAL T ZHEAW A XE KA T 543 nm, SFRHELA 17 HE
S A, BECL i IE4TF#4 F 608 nm 7 651 nm, 4| % 57k & & 2740 3%,

1+

LG [ b
N N PFg
N | N > ECL

e | caNagZ
”; g

| 2
N, l
\ NS

F N | Anm —%

L _ [(dFphtl),Ir(dma;bpydma,)]™ 1*
[(dFphtl),Ir(dma,*bpydma,)]*™* 2*

9

H 1.10 4K T4 4% 4 F 4 44 F2 ECL spooling %124
Fig. 1.10 Iridium(III) complex [(dFphtl).Ir(dmabpy)]PFs and its ECL spooling spectra.

g EARATBRANERLS RAGS, FEEREAFFEE S, TERRMTH
Ko W 111 fi, Shao & T —F RUHOE B AR, 20 BE LUE A HA
A, R EOUR FUE N R A, R T RS OB A R A A R B
B3l % F Ru(bpy)s*'/TPrA A %, #6089 E AL AL B KA, X EE UL & 2| Ru(bpy)s' 9
fiig gz 5, iIEAEAF LKA ER (X 1.16); LrEfriEn, W
HBEWEE Ru(bpy)s® B Fi it &, RAN M AA-LREER L 5. W RALME BZ
BA, BT KA R AL AU AL KALE], AR R E AL T, TPrA®
A ALK R AR O R P i T RER R AT S AR B AAF ROt
SRR T, BATEERRENE AR S 6B MF LR RRMET BRERIE.

Carbon Electrode

Piezoelectric Pistol

Micro-EC Cell
Nanospray Emitter

B 111 s s/ il B el & 3k B R B DY

Fig. 1.11 The setup used for in situ electrochemistry/mass spectrometry measurement.
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Bard % # F 33 4% &1t £ M4 (scanning electrochemical microscopy, SECM) #r
H,F B i3t 4k Celectron spin resonance, ESR) Stiff, #2417 3£ R B 7| & s fh 2 % %
TR AL E, AT KPR TPrA B, B 1.12 B~ T SECM-ECL #ill
R ERE. & 1TO £ K L £ 451 Ru(bpy)s®', FHHR#F ITO £RATHABRA. £H
4t b HiAm+0.85V BLAL, IR BT TPrA ER4 R H AN . ERAH X R R &,
ERAEEEE (PMD RllE ¥ L AES. YR HHEHEH LK S—6pum A,
Feete M B B FE RN T; B, mAF L ®E. ZE R P Rulbpy)® K
Ak, UH TPrA Ak, SRENEECEAF L ANEAF. Fi, f4ELK
PEE e, TEMEEBNFLAAGES, RALREAFEEEGER. RETH
MR S—6pm EH, XXM B b &+ E R4 29 4 0.2 ms. % ESR % Ru(bpy)s*
A TPrA W& & R AT W ll, LT TPrA“ M F & .

Ti
. . Potentiostat
Piezo Positioner & Data
& Controller Acquistion

Counter

]

=it m == Oring
| pr=r==——p—t=—=  Medified ITO
== Plexiglass sheet

B 1.12 £ f SECM #t 7 B & KA E 1y 2% B or & P
Fig. 1.12 Setup for SECM—ECL measurement.

HUFRAAERA BB RECMFEAREITHNEEA S HEE, FHBE
AT & B 1 TR . Sojic S # Z BN STAT AT IR E R AR O HOR R ™,
o AR A WAL M S ek R m e e Aot E & (B 1.13) Bl i =
BRI ST TR AR RE, TR EEXERNUFAN, BUF AL E R REM
B, L TPrA AR A, FTEMIKEEL 3 - 4 um 6B ARE B mAFE X
KAET, B TPrA“ A § #IEE LA 3 —4 um. UL DBAE # 3 R, T & W& 2|
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WMEkET AL, XZHE K DBAE ¥ AMER®EHL, BUT RERTHEE. REA
H R F , Ru(bpy)s?/DBAE 1k Z By B 1L % 47 T Ru(bpy)s®'/TPrA, & ¥ T ai%
B S EAAT S, HE TPrA AERKEFE4E

CH,

e = "
a,?, m o ® bw ;i,:zzzsze

jl ﬂé
Bead 0
Electrode

0.7V 0.9V 1.1V

Bl 1.13 PS ki ik () REMAFRANXAGZERE (b); PSHIRBMAT L. BhF LR
HER () P
Fig. 1.13 (a) Sandwich immunoassay with PS beads. (b) The configuration used in the top-view (A)
and side-view (B) ECL imaging. (c) Side-view images of a 12 um PS bead labelled with the ruthenium

complex.

AWRAARET —MHaMAEEamES (F 1.14) B, o Efmef, &
WEAAREELGMRENEFT £, HBEEEMEM. U TPrA HHR A, LEK
4F Ru(bpy)s® Wk E 8K (10 uM) BF, HOKE B AR B B & K & 2305 B 3F,
RABAFLARBEDRET., i, AATERHEN-TREREER, AXLES
A E Bl A e B KRR E R TPrA A . £ 5 X b4 TREE 500uM, %
KA BB EES, Rubpy)s BB A E &+ 89 TPrA, & H4810 % RO JE &
TPrA“ I = E oA, MKE BB EA¥ X LEGHEEER, YA DBAE ## K
BB, R R NG FRE, BREEAMFRLEGREL EI NER, £ DBAE F
8] k22 TPrA |5k &4 £ 45, Ru(bpy)s*'/DBAE 1k & &1L B 4% = & R B35 B ik =
% ¥ % 8 5 Ru(bpy)s®'/TPrA & R . B A T .
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a) ’EMCCDI 5 k Difission- [9)
2 d
i
= Increasing concentration of Ru?*
Top view
'. l‘ // o
/
/
e M
RE \ "4
N_g @, Cross-section
WE (&) C)\ PC
® o \\\ +— Au
MTEs ECL Iayer\ Glass

B114 ERAMKERRMNERMFALRNERE (a); ZA4 TRERK (b) fE (o)
B A oK B AR B B AL 2 RO B R P
Fig. 1.14 (a) Illustration of measuring the thickness of ECL layer by microtube electrodes (MTEs).
ECL images obtained with microtube electrodes at low (b) and high (c) concentrations of Ru(bpy);>".

BAF Z ARG E B B EZ RGER GRS, R TR AT AN IR
HRRT —MEMFRNETHHREFE, oTUEIGKAFHIE L 50 E L,
w115 fron, U HE S — S/ ERER, BRABEES ANBENFLR
REZHEER TSN BANFLLZ AL EETY, BAFLELEERNANE
FHTHE, prTHEMCE, THHELA LS FEERAEBNER. Y40 F
Rubpy)s> K EdH | WM BREE | mM B, THELIHE, HEEIFAMREBELTHA
BB E 45 A 350 — 450 nm A7 800 — 950 nm, IE B HLE KL R E 45 &8
o FIREFTHER.

a b |8 eter
) N
£ Slit >
708
o Electrochemical &
& -9\0° . Workstation = < 0.6
ECL & & Colllmatmg 3
; K% & Lens N 0.4
Q? Q,b (]
N & £
2 0.2+
0.0 T r :
600 700 800
Au/SiO,/Si Working Electrode Wavelength / nm

F115 eFLA L THREE (), TREE (b)) RARWENFLALETHAEE (o) ¥
Fig. 1.15 (a) ECL self-interference at the gold/silica/silicon electrode surface. (b) The configuration

used in ECL self-interference spectroscopy measurement. (a) A typical ECL self-interference spectrum.
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1.3 BUEXLERE

TRRUF R AT E ETEREE BN EERF LM E, RN HREK
WERAR. BAF A LRGEEAGE S, NN E, R B R & E N
SWER, EREAN. ERERFL, BENEREI FHHFEEN,

131 RBEEXE

b)

Macro Zoom Camera
lens

/< Potentiostat

L ]
(ITO or Stainless Steel)

B 1.16 #£f CCD (a). AN (b) AR FH (o) 1FH B AF K &GN H L
Fig. 1.16 Different setups for ECL imaging using (a) CCD, (b) digital camera, and (c) smartphone as
the detector.

EUFRAKBTF bR, NEHRANEE, FRCERMFRE (—K
AEAF T MAFRETH . ZRELTFEIMRGER S, BAUFLLRE
A B RGAHIKEF K. FA. FEEN RIS B H L0 AR A&

(CCD) %57 {F A AL 206 2 Wk R B Ae U 25 o AR B, 670 635 B o fid & B AL
FrROb, ER LR N SR EREE, RERERE. i, GHABEEIXNTEE
JRIBN & B4 F A 3 KB R BEiE  , fEA CCD X & i 2 R B 89 st 7 & O I
& (B L16a) B, fe40is & Kidm fE = ik, BAF LW 184 KR e R
EEDZR, FAEBNFRL, XHEREIT MBS KA &R . Francis %
B AR R E R RAE S, HRT ERKB SR BERRAN S ERNUF LR
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RER (A 116b) W, SHIATRTHEAEME LA NEAGREE, LTS
L, KRR RE N ALY Lk, SIS K A fall in one phone” ([
116c) ), BEE M FHM Y R, HEBMF R EREETF LR FRIE S+ R
B

mAE R R R MG R EE AR EHE L ER (H 11D, T4 ELHEH
GHEATRERGA R, %0 EME LG, Bite s THEEmmaG, LB
RENEAE LN, WEKEALES, ZFhEHLEMIE CCD, HABLE L
REM. BAE LR G —HB RS, ERABREN AR E RS
F &4 CCD (EMCCD) T b3 & 2 o i ) R

Objective

Voltage
generator

Electrode

B 1.17 s 28 Bk & R 5l
Fig. 1.17 Schematic setup of ECL microscopy.

% ERBERRS, BEFHEMFEEIMES PMT &4, aH LI =8 E i
WERHESHE, FHEOCFAARE, W RBEMAFERLEEGS), Bard F#
FHEAKE 155nm 8940k =A% AME & SECM H4T, LHA £ R#ATHHE R, H4 L
FAWBNAFAALEEZRAERRES  ERALFE FatFEREPH, Hik
A ER#TRGEY, ZARERELEAGAFR ELF EME (nearfield scanning
optical microscopy, NSOM) £, 4 #HF 452 4%,

1.3.2 £ 447 5 A
B TR, B R AR TR 4 A R AT | e 50R e A
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HMEARB AR ERMFRAETRESF, AETRERTRESMMKRE, B
TH R AL ERAE AT Z AR MAERKMER AR T, B ZEE A E A
BEMEE, XARBAFKE RS RN Z @ 2 HER. RADTHEENFRAF LA
BRI E AT RFE | A28 SURMR B B RLF, 5 20 M AR K A 28 B A T iR /D T
AT F 4 [ 14
1.3.2.1 RS

Marquette % DB 8 R &4 2 A 638 713k B K15 fu A 7] & 4y At Bl Yy 3 B8 48 /3K

HRHERARNREREFRER T, FEFETRERNS M N T e
FRABRGERES (F 1.18) S, EFNERKEE RS, T LEBmEMER, BE
EMR G £ AT, IXALF R, EEMNL T EREAEmEa MR
FUTERFEMR, TULHEY AL, FTHMEW, MW E, EHaEER
B 77 i ] R AR 2O o T8 oK e Al OB P I AL A B, R AR AR R[]
BETHREITH, RuFR G ERE TN ZE L HRD,

— e PR
Su— | s [
<g=== (lutamate I------I
S— |[E S EDE )
<¢=== Uric acid I------I

GCE

BT 1.18 A Myl 1% R % 7 R B B B L8 o 7~ b ik 4 B B A v A 2 O Ak 1 )
Fig. 1.18 Illustration of the ECL multifunctional bio-sensing chip and the ECL image of simultaneous

detection.

A % & 2T DNA R, REH LA G TS, FHTELNZFRR
TRMNF R MA, FERMFRA L, Bit, ZAFFHFELAR, FELNY
FM L, BAFALLRTER., £ TIHIEE, Rusling ST H& T £ RMUF L
A F R FEEREP, LR EEAE (PVP) T ZHrA g 47, #l& X KR 6.
¥R a4, DNA St W ER SRR (BERFW. KOF. 4-(F &£ L wH#EE)-
1-G-# e H)-1- T, ZBAEAS S EEARKERMKE, —HEEHREEMAF
EAEG, AREEAFEDD, oo TERUFRLRGEIMNERZ —.
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Rusling % Ll & R AW EAHBmALLE, FE IR EERNKEE T TER
AR DB BN TRV EIR A O R A, K EEERITLE. kK. LR
RINFE = R EZ KRR 64, LI T FF a5 ReE 7 ERE (PSA) fng 4
HaA-%-6 (IL-6) % % M 5w AT S HY AL 2Ot R G e (B 1.19) P, F TH|E
HEAFRAAEIEERR, BERK, FAMERE. F6M0 TE5RHRE. 3D 4T
B REREEAR, TEEREERRT, REERTE, AHEREEMER, &£
&L EE. BB BE EAFE LT NE, EEXAT U, BEETAKE
IR EEFERNOAN, URREFFERKETH/\MRRFTSYH R I E

ECL Scale — - ECL Scale —»+

Bl 1.19 4 117+ PSA Fu IL-6 7 B 165 & ok i gt 54
Fig. 1.19 Detection of PSA and IL-6 in calf serum using ECL imaging.

b AR AN, A SR TR AL ROE S, Walt 465 2 4O 2 SR
Tsw, FEAEE, BREEZNERIE, FEF 2 EH 5K K ma L REm P,
Sojic FAE XL Rom EEEA EZH W ITO, X2 BEFEEFEAMEILE, FEX
gk, EATARBHE L TANAF o THTEERP, 29524 4 RN
S, EEPARMAL, THEUILERIET . 2 AESRATRKRERM S THREL
WEWRREGR T F A KRR GUIR, BERMRTHMAN, SRk, U, 84
Y & A LA A E A RAT T ST 2 F Y sk = FHIE R0, I T Z MR e
B oAt CIET 1.20) 121, 1% 508 77 40 0 R ) % O0 38 B AT 0 R A R = AT, DARA
FRNXBEHIATRENN, EREZFRAFEZIT ZHGURNE RN, £— 58
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Fig. 1.20 Illustration of the sandwich ECL immunoassay based on antibody-functionalized microbeads.

FAR AR R — BRI TR, AR BT AR AR AR AL R R
AR o AR Fr — A T S e SRR R SR AR PR BB T B R,
% &R 5 F R AR 5 5 & 7R 2 —. 2001 4, Manz % DL— B “U”# 4
22 AR A, Il 3% 4 B 8 Ru(bpy)s* 7 Ru(phen)s®*, & k¥ sk % 4 B T X
W LA 5 5 352 H19%1,2002 47, Crooks % GIHT MK 4 Tl 5 b ¥ 2 K RN 4%,
SR AR A A3 & AR A AR B0 R R OB, PRI AR 3 & A2 = Bk Pl BE 4T 9 TPrA By B AL ¥
K RRL o T XA AR 7 3t A A 18 JR R R B B AELAR B, R AR o B Ah 2 R OR B R
MR RO T R AR ORIk B O, KA, A VAR B AR P AR 3 151 4% DNA, # %k
VSR AT A 4K BB B B A DNA &, 440k R 8RR, PR ECL |
5 7R 2 U AE R K 5%, 48 6 SEFL DNA A0, 70 2k % B 09 ke B 5UAR B AR 45 7l 2
il & 15|, I L v E B P AT o Crooks 4 % & 7 & 1000 A 3R .47 79
B, AR E I 2000 AN/F 7 JE K. DLELAL R K BRI ORAR AR R 5, F 5L

SELT I TN Tl
2k U o 44 B BB 3 A 2 I — P, AR T M A TR S o 4

AT, AP AR KA ] g AR E T4, &R “H 6 X7 FAR RN 4
B BE 70 A% BT 7 St v ot P, R TELRE T At A LR R R, A8 AR AR K R AT
RAES . Xu &7 —MREE, NEgnwh e W RRER. &FEFFE
PSA LR, “H" B M HmA N, HEhFatEFhtll#EE s PSA KE
e TR ERRT A FEEPSARE, WERREREARE, HRmE TR
AT, HAERRBRERARBET BhFAACTRERRTENERKR, E£F
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B AR A F R ] R T AKE R AT A AL S e
AARSBT LR, ETHEM . &0NEE W% AR RENFNDE, SR ERE
AL, 30 v SEHUN A AR £ 6 B AL ROt AR 6869,
1.3.2.2 EXRE

ANFHe 5 o B Ak, XA R Gk B, B TEERN. BERIWN
AR AU & LA R e o R R ), B TS, &
AR %, XEY L ER B0 FEE, e a AR, R R cEwEl
FEARBL . 5MAE K, BAEAGSHIE & R Bk 7 4, B Kb RO ¥ LLIE# %
o X, BAUFLALEGT, BERIUERRINKFRE, MEEXEIANHATK
B, MEABERAWELFLLRAREG (E1.21a) ", wE 1.21b fro~, #H
EALLEM RGN, AR A XEREMN, EETHARILE =L EHH#AT
B, FEERWE, EREER T, KA FREREAHEET &, BERAW
BREGERHEE—ERELZE T HFV 8 Pmn. RABRETEEEREBTR
FEUE & R, FT LAFK AR ol el RO A A S

a) Negative Mode

Emission

aia -
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urrow
|dge

.', Electrode

c)
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hv|

‘w-‘ _[{“
[ Electrode.‘ ~

Bl 121 BEEXMERfREEMF L LRERER (a, o) RBEXER (b, d 7
Fig. 1.21 The imaging strategy for visualizing LPFs in the negative (a) and positive (b) mode. ECL

images obtained in the negative mode (b) and positive mode (d).
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AN FHEER (EH 121c,d VY, SRLREHERM T HAERBELY, 7
IS B R B F LA EER G . EANERE ARG EF TRy EEEm ()]
wE) NN EBETENERT, TR EAF L ARORGH N E s 5 e )RR
BEFRHEERDL

BERXFAEHNANEERED. MRERBENERBREFENEFLHAZL
AREERE, BEAREHARNMNE, &AM AT RN, BEEHRL LRS- AT
WHHERIT AN (HRP) W —HEHF, HEEBLLERAEH HRP. £oEK L
M R A R EANE, FEY MEB AL, AWK L HRP WEWLT,
HeXERENFLXAEBAT, FEHEANEAE R L7 ER N BB F Lt
U4, 77 ik, AT B ERRALT  1gGL UE IR & K A KE FE#TRZE AL,
i EES—. EEEMEN . BIFHHEFM AW HRP £HF, Tie
HRP i &, #— P HEANKE T, 24,6-=fHEF K (TNT) fEHEXLILENE
&k, BTS2 S R 2 B e A T,

1.4 241 f 457

MR AR AT £ VB SN OR A MEAT RN A AR AT AL, FEAR 4
Mg, RREMFHRWEIRERZ —, W EEMEA. EH, R LER
B ZREAT 0o EREERDATINZ Z A EIFR, S M8 Southern #2T,
Western EiC % £t & DNA. & B i 3 £ W1 A 5 T 890 AT 77 ik, 15 09 2 28 LR 4K 0 4

SEWNFHELE. B2, MARLZNAKILELNA, BHFRIEE L RE £y
FIAR, BFEETE— A ET. Flin, £0-PE N8 8957 Uk R EE T R
REETMERRB, —FAXRERBNFARALI, FEANRRESIEEER
B, BEFERAMRT, AEE5EIEE AL . R FHTHEESE
AT, ETNEERAARBNIHNEEREEMHEE LXBARNELTA, ¥
TR, Bk, K REHEMNTTE, FRAERFIENEER, THEFERH
DLAH R B4R 4 B 8 3 B3k AR B9 A 1 A

BHE AN ERER AR, — R E N ERRE, XA BT BRF T
SBFRMAMHT, —RREMREML,T. HPEZERERUEHZ2BEL, K
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THERNA. TABHAMEERL AT F. FERIE —BEGKRE, ERRE
BT ELRET, BIREED, WEZENEA & G %MW oA BN
RERE, REARNMERTHTELLT M, ERFEF &R MENE BT
FREWTEN, BERXp T E AR GERN,; BHARAESMHFEMREAHEE B, Hi
LEMFELMN, A7 W E 2 B EFE S RSB TE,; 807 & A 5% w2
B AR A5 A7 1, AT IR ERARBAZ BB E AT F B Wb, R E.
O AT IR B R S LR R TR BB AL, 3L, B AT vk RS R
RIS AR &, BB EE. 7EMEARTETREI,

MM R TR E MW EN S &, 2 A 5 i B S, BT AR
Vi EE S E W R AL, AT R ARET AAFE ¥, FUEFMEfF
FERBRMRE RN LB ATk, AT EZENAR =R EEHERE L 2
AT 2 A WL H AR 5 Bk

1.4.1 Xt¥FE

1.4.1.1 &AL

RADAT R ENF TR ZAN T k. ST LR I, EEE
ST R R, BRI ES D FAETRAES Bk, #TRA
TR EERAFEAARIC. B, Lederer % £ A Fluo-3 5% F#H 4, WHEEQAL
28 B o B A5 K AL I &0 Sulzer F1 Sames F T T SHE # R £ B R ST
B4 FENS1L, RIEH M 5 R A4 40 & % BB AL &8, 6 F 5% b AR it Az
AT G A DNA. RNA £ 4 TR LR (BIRAEBERERHEA), TUHE
BRUCBRFFIEARBELERFHEED, HEEF IR FERERE AR
BA R EARITR b F, U4 R A ST R G (F 1.22) B,

FBRO AR URE T A, B EEH AR AR BT, K40
. EEA. BARRAEH A ST T R LB, IR LR BRI, KAE
B 1R B % 7 K e g My 2 B000), AR KR T R AN KT E 6 E . Bt
#£ R & LM% (laser scanning confocal microscopy, CLSM) 7] & £ #11% B K & F
H, & EAM 5 IR0 = S LR E AR, AR Ot AT o B R R R R 2 P12, kA,

24



WL A F 18 F A XX 5—F 4%

25 My L BB B %4 (structured illumination microscopy, SIM) 394 #8 43 ¢ 2 3 5
B A% (super-resolution optical fluctuation imaging, SOFI) 5-%1fun % 8 % i 4 &
# 4 (stimulated emission depletion microscopy, STED) U7 WA t¥ EHE T %45
(stochastic optical reconstruction microscopy, STORM) P$P1& 438 # 43 B M
BREGEBEA, BARARE T KAERGH S HE, REHERHT LFTHRR, FRAK
G HERFZNAAT, AL ARENFPIEHAT T RKET EZEA.

L I
0 50 100 150

B 122 flshZa THAHER MR AERERAE (L) faE (T) &

Fig. 1.22 Top view (top) and cross-sectional (bottom) iPALM images of actin.
BRI R —FBRANBEM 7 iE, FERATILEZZ T ENEEAR
c MICF RESMRE LR, B TREGLH . P RAEE. 1
S, B EBOCE T e ROLE G B AR B TR B R ERT [

2|

o
1.4.1.2 #ARICHKFLNTF &

IATICIAF T FEEAECANARS, TEBEREH £oEo L& Pt
B, TR 2 RAT A o A O F B T BB RN R s R,
A ANER TR, EXpHERR, —BRATHEEDRAE. £ T
TH AFRNFRERBEFGONNLE, T ERE LREAF EMEN S HE
(1001031 {5l 4m, 4 % B 4% (phase-contrast microscope) 4 & if 4 it 19 K42 2 5k
MM ZHEAREE, EEGRTERIAARZR, BT 58+ 5 BT B H X
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(041, 75 b Hah b & Bein T 254 (differential-interference microscope), LL-F
E ikt A IR, KB E/AT S R Z RS VARX A, & THRE 8,
THNBHAEE G, THHLRALZDRERUNRIWE,, wERHyEFI0
07, f& B R 5t T35 £ 44 (reflection interference microscope) W2 40 fi i, A 4\
SAEEFIBFERBER LA, U/ R A . wE 1.23a fior,
BAEEERAENANRE. REFHFIUE, SOMBESEREEEMN, TOLE
HARNE. E, FERERSTHEG T R AR (E 1.25b) 18, x Ep¥
ST T AN LT R B AT, SR R — R AR RS A o AT E R 4 A R AR

a) ‘vt s
:s 07,
\f ’
£ RIS
Cell = ( - '
- ‘ . ’ ‘
- “‘.'\' “!“ 2
s **"‘f
\ - > ‘\-“t
Glass gc erhR Rme Rem

B 123 wf-EFEEERSTHRERE () SAEAMAEBE-HRELEEE (b)) 18
Fig. 1.23 Principal surfaces involved in reflection in IRM (a) and IRM micrograph of a fibroblast (b).

F W% B TRk (Surface plasmon resonance, SPR) 7 4 T4 E//-F A&, 7
DN & B REMABNIITSHERN, B—HEFILHEELI N T E. B TEES
BIREFEEFEAR (100 — 200 nm), SPR A& kR4, HENEER, 4
H, B0 48 B R 5 R B9 BE B R 100 — 150 nm, 3 A A SPR #4740 #7 . Tao 44 4
MReEetRE, YHAMAAEEHSEET, AHEALSPREFEZRT A, 5
BmBEEE, WMEY%E. RS ES EREEE A, SPREERMR, i LIE
Mapfe 5 2R A FEERE (E 1.24) U9, {5 SPR M E 45 &£ R A BB, —
MO AR NITAT E — B, FEitH 4R EH#E R Z . Offenhdusser 284 i 4T 4 5 4
MEEBQHFL, TRMEAMREEREAES T, HERATR; BEAL
fAE, MHA LIS LR, N ERENEIITAEFENEFTHE, TUAAR
HEHEEMEREN, RETHEEMH KM, SPREFTATRAEAREE G4 A%
%, 4R FE R E o B A e A R a4, id, SPR WHRIBE B &, BN A
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K2 SPR, HMEZ 4 UF 500 1000nm, LT EAN @B, Hsl, T4
FHRBH R, L8 SPR R G HE B0 3 E BRI,

Pressure
Evanescence
field I \l
\ y Osmotic
& \  pressure
Integrin
linkage x5 - -

Mgy N\

Incident light Reflected light

K 1.24 £ SPR T %5 5% 48 A - & i AE & 1F 7 1109

Fig. 1.24 Schematic illustration of mapping cell-substrate interactions with SPR microscopy.

W EABEBE—MHERAKX. FAFDHEA, T ULZIIE 4 B 4 A & o
Mo BAIMBIEREEAE 1000 L M8, HPuaFERamZ. &8, HE
FlE SR ER, TURELANARAEFRAE RIAAfEBREFI, 5o
Mt % K B4 R, AEA RN RM e, AT X9 RAZ4 S A%
%015, Gardner $ME T B AKX BN ELERER S, FEAZ R R R EEANHHWH
gL (F 125, BT ASNSEAREnRE T 4 (ukat ) 5 AR 7 EE
gif (PC-3 40 M0) R9HL B4R, o m X o % fran fgllol, fit, BN FHALE
A REEENEL 10 m? 24, MENG TR L& TS A 107 em2. I,
NEFTRAFTRAGT. BR, Y0 TRMERSE. ¥ REER L, £ T
RS R R BB 2 (surface enhanced Raman scattering, SERS) 3%
NEHERENRBEAARS, £ETULI L, TR ZE S ENNTS, AHH
L4 8 ik, SERS RAM ARG T EF AN EH A, & TFEH SERS R4t 58
W44, SERS RGN M ¥ FEAFIC. Flin, Tian & & T —METREEHFEEW =
JC SERS # 4t (FesOs@GO@Ti02), ZF 4 iy 5% A F 7 £ 8.08 x 10°, K4 %
FEAFTAMEFERT ZHEEMA 1 (PD-L1) £, T2 £ E PD-L1 & G
fr 2 k&I,
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Fig. 1.25 Laser Tweezers Raman Spectroscopy set-up and average Raman spectra for PC-3 and Jurkat

cells.

142 FELIN T %

FiERYIRERRAEANTIAZ —, AARGES. FRER. ThillH) FTEE

HAHRBEE N RERY, AEAMEARAFARBEFTHE T FEEEHAL. #
BEFUNFARACE, AR EINM AT EEEQ N AZB T REREEES FIRRK
W R AL, ERAEEE IR, MEFIERA, MESFRABALREKEH
B, ERERE T, XEFMMFERAREECE ZKE FFR#E (secondary-ion mass
spectrometry , SIMS ) 21 0 X J7 4 By % ot ## % ft % ( matrix-assisted laser
desorption/ionization mass spectrometry, MALDI-MS) 22150 T 3 5 4 Bl g St #2 % , &
Jfii% (matrix-free LDI-MS) U8], X & FRZGEE, MEEE, B4 AL
T, LEAATA B KRS THIH R A7 . Passarelli 77 Newman %4 48 i 7% T /5,
R = 4% SIMS RAGFR R T 24 Re s R oy At E B B B A (] 1.26) U124, 1)
fRAE S (AT m/z 134.1) Angk B R F v & 16 (m/z 158.9 A7 180.9) 4~ & AE 48 Ff
BAE, RIANREH (DBEFERE, mz127) 24 ThaEfgsinE M mps,

HEB FUF E AR GEN, BETUHRTRML, EEFAMH;AN. TF
RS mpEEES FRAEHES TR M RESE FIRAE, 2R R 7AW
RIS, Josl, BHmErme R\ BURE, B G HAT B E R AT,
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il & BK, % LAGR AR 20 M P T AR B BT . Mimura S 3% K & R 2 R HEAT 4
U A, B8 T U 2 R R AR R A1), Zhang R E
MEBRRES AL FAARNTEMCERHF, TURGERAEATFREBmERNE
R H Bk BEL A Z B RN, AT TRIEF EaiEsho &4
TRECEAGE A Y oA 5 8, MIA FUE ARG ATH RAHKEK.

. . |
IO 0

mc =14 mc =10 mc =10

a)

b) Scale bar =5 pum

Drug Nucleus Overlay
(I, m/z 127)

A 1.26 SIMS BT ERETHCERMEEERAM T WM. LEeERTHNE, KEET
£ LA (a); AR5 BB 3D 24 (b) 124
Fig. 1.26 (a) SIMS images showing I at m/z 127 (green) and the summed ion contribution of the
nuclear-markers at m/z 134, 158.9, and 180.9 (red); (b) 3D isosurface rendering of the doped cell.

1.4.3 BT M %

1.4.3.1 #AeER (EF)D

HAFE T EREMFSN T EET &, CR AT Y87 AL AT O B R R B
MEAER SNy B, BE, A E el ¥Es, FHNRELN. €ENEY
¥R MAERE R EE/NT EAEI S 4 M, 1B R DA B A BB 40 B R T
X, DHAWMLE, £EEETHMAN, DA A2 H st sk ai el £ 5 F o
TR TAREH, MABRKEN R ERV B FEATT #, ERWES: RC HHh,
R IR [N, MAESMEMRNAER T EERTEAFEYE., LR EE
WA BRI E R FTR 2. BAE 1976, Adams 548 F s % M 7 /s 5
oL E M R U28), Wightman KB 4F iR B T MR E, RARI R LAt
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MZEENET ENERAMBRNIILEARELE, ETHE EREMEFE LR
F ALK 11285, Cheng F 8 T 4 Al £ F B2 5 um A1 100 nm B AR K i £ B
REEERES (B 127 P, g THXeRmR+58 M RmmY, [anlE
UK AR RSt R B AL EAFR B AR S B R, B RO R R T ROK
AR, 177 ik (] R T AR KT . Bwing S HLER T SRR AR AR BY VB T
EARENOHEEFNESHRELBERNHE RN E, WETRATEE, W
% MM EE B I R K BN B BT M A R SR RIS, AR R ERRAER, B
WM ToERERE BB MEEF, W NGFNHEE R A E e T 8 ER
&, RAMMEMEER T EE L EA “kiss-and-run” K K £, Huang %4 49 %
EARE T RAE I, SEIT 44 70 M 5 1% % 89 B A i,

' ' > . b) 50pA
| P YO R ——
a)

d)

|2 OpAl
OJ o
— O 3()p,\| i

20s
O—

B 1.27 ERMK (a, b) HHKkEM (¢, ) RlHEEEH S ERPY

Fig. 1.27 Photographs and amperometric recordings of microelectrode (a, b) and nanoelectrode (c, d).
SRR AR B4 K B AR B B B e 2 B R R, (BB E K, R IRAR B
REEMENEAFEST. EREITE—ESRE LR LA M., Lindau %%
G R T Tk, EEH A L& & T b A4 AR 4 R Y B AR [ 7 (1R 1.28),
e 240 BT T B AL B A R A AR AT RAEIPY, CMOS BOK B B F 1R
FHE R BB B AL, Miiller % 7 3.85 x 2.10 mm? A /N E R L& & T 26400 /% =,
W, TANHEAERL LK EWE T HE N EAEERETHR, 1L, BRES
AR R R TR AEMOK R, AR R AR T B . G, B R AR A,
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Fig. 1.28 Electrochemical detector array recording from a chromaffin cell. Light microscope image (a)

and amperometric recordings (b) from the four electrodes.

RILEBGRAMEHER (L8, B ERE., 2FH LIRES) 4, HEHE. &
. R MAA. TAEME. TN B, 3% Z 8 % 40 M 3 4 MR AR N o T LS
W JF A VT R A AR AT R B AR SE L B, SRR T AR R AR U L v b
P % Fr ik, T LA B R LA s e TR AL F R, Jiang K B LALIRAl @ 4
DERBNGKRE BN, ERANERE, BfraT (W EE. BHES) #AgK
E, ERNBHERTEXANME, FHEER AN, FIREERMN, EIEH
B AR FEiss), ek AL 2N BRI NHKRE R, T ENNERBEA
H B v PR3,

1432 BAFEHELEHE

B ATk o AR B AR I B B, M DLSE I A B R R . T IR AT AR R
AR CBUERAD) MR R#THEE, TUERM, FEAXMKBE RN RL K E
EHAEENE L, AHEAFEEME (SECM) E#HE TS BH4E (SICM) £
B EZR R FEEHRA A SECM HH# 0, ¥ FEER P W NEAMT RFES .,
LT 8 v\ 20 B B9 Ru(NHs)e*' AL R R4, Bl R A 5 X RIBNES, T 1T FH
S B el PC12 20 2647 SECM 4, RAEZME 5 (B 1.29) U9, & F 1K 4,
W7 S 2e A 5 % R Bkt . Wl — R UFEHM, UHAENLRER
g, LR AY . Ea B A ESE R P, A, 48 At e R
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A REH IR R R R RE TR Oy Z Rk, ERA R A, UL A A R R

WA, TR L H IRAR % 8 3 & 8 I F 3 AT KA. SECM R & AT £ 2 — 7

[ IS S ey g AR, B b, SRR A L E A T4 3% . Amatore A1 Mirkin %

DLAH B AR B B LA R R AT, WX T B 4 AR R AR A £ R s I AR E AR
a2l WA R E B R AEE, T X 48 MR T AR AR A AT RAEN

* «<——SECM tip

’ g

t SECM tip

B 129 koM (a)., 2MrT# (b) Faae (o) PCI2 4k SECM 4 E (L) Foxf i
WA EG (T 140
Fig. 1.29 Topographic images acquired by SECM (top pannel) and corresponding bright field images

(bottom pannel): (a) undifferentiated PC12 cell, (b) PC12 cells in the early stage of neurite
development and (c) differentiated PC12 cell.

SICM VA4 K& H R4, WEE W ERAE B+ R WS TR Y9K%
ERAHBEEE, TR EEE A, BFEREDN Filt, BT8R RBgK
WME SR FIEE. 5 SECM (0., SICM 7 A T4 A5, it R, pH &7
A R U, A, AT A0 e R T R A RORE R LR ] R B F R AN R
]t 46 LA E AT 4 A HEAT RAEMCI, ] o = 4K B AR, W] Bl B #E4T SECM A
SICM MR, HEHRA RGEBEAFK AN F T ENERBES ARG T ENTEE,
EEHTREERAEN (FKo4). FiK SECM 2 SICM 7 4 H Kk 438 i 4 17 B [2]
EEHBA, AL IS REIY),
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1.43.3 BAELK

W X R FA D BAEERT, BIFCTRENAMEN £, ARECE LT
T B AR R DR . AR R AR T MM BRI, BT
BEATR, BE TN REE . BUF L AL RGN R EET 5 HF K,
2T 20 B btk Sk 40 B D B ARG RO R M SRR BOR B R, T S A B4
gt BEFRUENEER NG EMFEFRX LR ILEREEN L, 2 AT MR
M NE

2009 4, Roda FUULR K Mk (AR 8um) WM, ¥ Ru(bpy)s* #7it
EHIREE, RIHKEIHRABEMFELALEEGD, & Ru(bpy)s® 81 & Bk E R
A 1x10mol/pm?, ZERRIET BUFAERG T EE A BEGIHE, wigHT
WA RO 4 M R RO T BB

Potential mode
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Ol;jectiv -1.0V,05s -1.0V,05s
Luminol RE Voltage
enerator
1,0, - |gene

-
a o a

ITO slide

130 ¥ hrampRtR il (£) SapBRdanamptr (&) 151
Fig. 1.30 Facility and potential mode used in ECL imaging of single cells (left). Typical image showing
the efflux of H>O, from single cells (right).

2015 4, Jiang % B RRE T 040y s L 2Ot R, i 1.30 Ao,
DLSF @ ITO 5 B3 78 A TAE e JF /2 5 E % 7 20 8, 6 /m 2R 8 AL, fih & V8 LO12
HEAFR . TERARNFRCEE £, EEGRTEANARKE; HHEHE
TRBRE, LR MEME, FHEEE e tF 2B g T LRk, EAVEAL,
B 52 3, 26 L B SR AR AR o 122 2 JE B B T vk A b e v A SR A AR R — B R
M EREANAE, BUFREERER R BN M MR B 8y st RO BB
TEZ R, =5 2 pg sh it i AL S R AL RO B R o RE B B A1 i W) 4 28 AR R T 1Y
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JEE B A, Bl A A ANE. BAF R ERE T AR 4B B R TR E
ERRBT RARATARBEEES BN R AL, REE®E, Skl %62
BRF AW FHTETROURERAANIN, 2ig b, REFAENEANE, &
77 3% B R TR A M T RTIE

HEMILEREF REHERTE, TH—FTRGENFRAAEA RO AT EE
[IS4-1551 A& B K 2] 77 i 2 1TO £k E# & A B F g E 4 30 pm BB, #£A4
T A BE 240 — /4 L o A2 V5 VR [B] B Am O\ Triton X-100. 7 % 4% & (0.8 fn & K 35,
Triton X-100 R fF B A A 4%, EERAHBEEANBEAMN " X ANE, BHRE
KEWEAF L, ERHBTARFER AN AHNENATESE. BHERA
By % e 4 RE B B2 A LB, 4% Triton X-100 #m \ B9 8T 5 L5 & L E &, ¥ 453k
BHEBEEBESHAEEBSENE A, B AR A BEEEEEESE
(ACAT) WyvEtE, MERNIEEESERK, SHREEEEES MM,

WATES, ARERTNSEREREWEEFR, L0 FHER D, B K
G RGECZRE . TREF LM R RBPREGR T BRAE, Lo Tkt
RORL A 58 B ik 4 BURF M AR E R E, W DA IR R T 40 A 4 A SR A
RAGUSTIS8, Zhu 45 F 2 RAE A — ARG KR4 1TO B, Y4B BEikE|—
EREE, BHABNFLAABERGES LAMAE L, RHAE” AL EMEA
B, AR BNFRAABEEE, TATENANEERE.

SR B A R R T MR B AT, R AR BRI K 4B S AR R B
AL ¥ Kot L K, SR BT A Lk, TUARKEET LA R
% LA LA, e e S YR BB A E R EKEFUREGH K, MMM,
AEERRHAEINENFLACET, EREMATANAHNEION, £+ =4K
ERIGIAR L LA AR, B T AR, FAR AR ol B FE & F T £ 3L4A
A, R EAAMRRK, BT HRETRSHNAREFILIALR. HHKRERAN
GMEL, AT HHENARE, 5E AL NRA &K= AT ANE, WA AR
3t & A AL & RIS,

Zhang % & B 45 K BUR 2 7 254, AR 0 R IR A1 B T4 K B 45 & 0 B D
FEAREY (0 miRNA %), BHBAEAERWAT Y, RBak>sTanE,
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R A TS, Fil, Al Fr A tRES THR, £RAFALE K
FERH R ZHERRUFE KBS LEEIEA L TS &, #RET —FHH
WL RO A AT R

Bl 131 ERETEN () 5HMEE (b) EHETE (£, ECLER (F) kA=F&mAE
(#) lis+-165]
Fig. 1.31 FL (left), ECL (middle) and overlay of FL and ECL (right) images on the same region of

interest. Cell membrane in panel a is intact and it is destroyed in panel b.

TR, FETEXREBRAF RN LM EFTHN TS B4 ka5 &
T, B—RFERFNDEMCATENE, BRI BRLEMEE RN EAALRED
o, EHY R EE AN METHFID T ENEMFLEAMBG, oM E L
EE&M. Plin, Sojic ¥R ZHWEGBEEMMERET, KX THAARET S
AT EANE . EBERF WA TPrA, ERER EHmeafr, SEBELEZEBNFL
HEGFEN TN, BN FRAEESEEET TRAMEARXE (F 1.312) U6, X
REN, AAGTFTEETHMERE, TRREEEERETBAN, BUFLALETEU
1R e AL FE BE 4T, R 35 K B2 7 o 18] 4K TPrA*tAn TPrAHI# 8, 1 T ix 26 o 5k % 4
AR, AT SEAMER KA, HIRAER M T B g o Fag Lt X
[l 4 20 B W B2, 2 F R0 45 RORL R P B R R IR, BAF AR BERE, LLER
UM GE T, TERE., FRRARBERE, BRI ES T, EREABYT #&
TEZEMEERS, ARRTNE LS Fha Lt (F 1310 S, HRE LI, &
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UNFLZARGHNEABLTAAET T A 12um &, EBEREKTELR, IEHEN
FRABGH TR R RERENEEIA, SRAFHE TERIREE. 2K
SR REF TR ANZA.

- B HE A AR Fo FEAR R OB R4 (RS L012) AR E B i Ed MR E 5 4 i
AT R BEEB 2 AR AR HEKE T2 b, W DLSEILH A U8R 6 AL 2 H %
&, RAMEARA TR, JuFh & T —MEXREAANRYR SR ZCRES, #
ZRAAIC T EA R, TOF 2 SOR B A s 3L s o ot 4 M A R U Tz
BRGARR A B RBLRY 8, A RO B R R H48 B R VR B AT

WREM PR THEHRFEFERLNARAFILTHRLE, M TR P HE
MBI AR . &I, Jiang FRITT —MRAMF X LREEME, A THEERERE
B EFR (CEA) M Rimit kg (B 2.32) VST, g ho & 4 28 I W b K V87K o B K8
WA F RN, YIHARELCTAMBE LT, &6 KB B KM, WHEaEREE
mm, BUFEZAETHEE. UEPARERAF LGN R AR BRSNS E
B 2ok e IR K £ 1 pg.

A: 50 Hz B: 100 Hz C: 200 Hz D: 800 Hz

Difference

Bl 1.32 Huik % 600 J5 48 e i ECL [ 5 o — 2 Yy 22 e 16T
Fig. 1.32 ECL images of two adjacent cells before (top panel) and after (middle panel) binding with
antibodies. The bottom panel shows the difference image. Each column was obtained with a certain

frequency marked on the top.

b & AL F A AL BT KB TR, FRAFR KRG T E L ERER R,
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Chen ¥ EERFWABKE ZBHURT 0T, WHARNNERSERRENL TH
R, ST A A Hrny L R R U AR B L, A Z B
WA FEER, SFEER TN ELEREMBEEF £ FLL, BRdEtT. B
1.33a 0 b 47 4 20 B A o K g An 42 400 Wi b ¥ A R E G EME. 3T A
BHEREES, TECHMEY, AR ERMFLACEGF LR RE. AR K
HFF S, AWM E G, TAZEREFI . ZBRWR T o THAHERSN
ATAE. ElER L, AAREFRXT — MR UFE bR G, BELBZE
WFRABEG . 5% AL A D T FRAA By #ey % s o i 5 2O R &
MEBMR, Z7EERXREAFCEREZE S, KCRHEERT B EY &, £T#
WHEEFEBNF L. BT AMS ZBUR ST 0 Ao T KT RAA F REIE, £
A ERE SRR AT ETA e, ERTE B R g s R

a Nuclear fluorescence

B 1.33 @fzR AEG (o) fdeits L LEEK (b) U6
Fig. 1.33 Fluorescence image (a) and ECL image (b) of the same set of cells.

R s % 26 B G B AE s e FUR Mt 28 B A A A R P LR R
AEFTERT XEERE, BKEHR LS FTRIERAA, REates, Bat
Ve o A R B 8 B, R B A 2 MV M R A R . A B R A R R AT AT IT
& % B R EE A A TAR A0 e, B R RE % SE LK R JR] O 20 M R L 5 RO B Y
TAERLRD W, 43 A 2Ot oy 50 % B R, W RAA BT 6l & T 52 8
BamEamn T4, ZaTEARTFERMFLG, X RRRE ™ £HENUF
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RxfwmEfapkm, FEXABNFLABEMTR 2T EERPL, i,
EAF R RIRA R O F BN LR, A A A G R A R T Y AT

%k 5 BB,
15 AR XHEAR XA BB

REMMANMBARERK T FFRET Rt R, EHRFHEGED A
ARFH#AT. RERFEN G oA L EEREEGHFEREARLTREFL, 2HHH
W AT A A JE AE 25— B a8 P B A 58 B R . A TUAT 40 LB 0 0 AT R 5 A 4 A i
RGN AZTRAAFRG T AR ER, LA 2, E—R&FERT RiE¥7r
BRTHRER, BEaTHEEHNENERE, BOEZIEHMARL; BUFETE
AAREHREQHERMIGE, EERERNEERMKE, HRHEH T EOLLERE
Bt BFREREE ST ¥ ka7 kb %, Bt m @ &Rk By ik
HMaAHER, XEAESMEER. RBETFRE L W, BAFL I~
EFRELEHEAHL. FER HETEERERS, Z—HREEANH S
M8 o A B S8 40 B AT F 4 A o G AR B & i 91 B, LR R AT IT I A
¥ &G K, BEFTRUTHR:

(D) HERERERRBINFE T NG FHEEMELN, RIT—AMERAKREE
SEAFLAERE ETRTABE BT EEE, AREXNHEET L EET
BET BMENNKE, ERAKEAL AR EAFLL, THUAHERRT L E
Fi o B AL ROt AR R

(2) AR EN KBTI, ASREREEEFEA, ZREFICEAFL
RUA-E AR R G, CHEERNAN-E R RS R E, HETH
BAFET R B - R A RE . K kT o kAT, WRTIE
2 AR Ja 25 40 B R ST AL P R

(3) AFRNEFBNFRAR LA £, FHEL LR, ZpEdFL
RGN RERERAE, KRR ETEENEAFLLRE T &, BEBNFERL
JR A B LS B, 52 4 - A T B o A 4 - 2 DB T B v S R M R
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FoE HKREEF BAFE RN R H R 5 B

21 5=

ZEHRE—MEEZNMEH R, T19584F dArvid CarlssonH X X H; ¥ /)5, Paul
Greengard E1FA T 5 £ B A X B0 40 B 5 5 8 8, — A H I3k 5200048 15 DU/R 4 22
RE¥L AL EREFARMAMES T £WEHHEF AR E CE ¥
WA . EAIEELER, 2ERpAkSHeRR. TRGGELAREMX, MHWL
REEZFWMALOREEL T WEEXT ZEAWARS D KB FE R L E X
£y, BERENERATL2ERESEE, ZIERET.

Rk 2 % O R A4 4 5 A T B SO 4 0 5 H v % A 4 L 8] % 45 RN
KRELEM, b RARIE. KA R fn A5 M R, BERAT, W4 % FEFE T
ZURME R NN, YHEF R ENE TR, Ri/NEEA R A E, B
TR A 2 S S Al (B T, R i ST B A R JE R, TR R A A B B R LA, A
WERNER N E SV, B, MEWE THERS SR T4
ZREMRAREF NN BEREETRERERLEIREAEER L,

BREALZMTETAT 2 EREHELFMRNNE, TEAFEALFTE. R
WEHEMEMNFETEZARER, HF, KFEAT A 24 M =5 H o4, EaT
% BREEMAE G RO AENE, TR AP R R R RARARAW
A AT RE AT, AB T A4 5 3 i e L B e T E e Bk A AT RS, B4
K e A BT DA S B AR o Y U] s 18] o, (B AN AR R BRI AR A
FHIERR AT R A, VARG R 5 R R A o 9 4R Ak AR LT
T, Bk R E R R ARG T LB R R

MU FEATYEE T BMF TR EETE, BAEE R, RBER. HES
WETEN R GRS, CH)TZERT g E RS, RE ERENBMNF R TS
fhE%E L, =B (Rubpy)s™ RETEMMAREREAHL ST, ©EH
AP AR5 W IR A P R R OB R4 £ B R AE AR R E B R AL 4 7T 5 Ru(bpy)st BK
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A ] & & LT R, B 0 K Ru(bpy)s® B B & R, TR E, EAF SO
SR BT L RR R AR, Flhr, ERu(bpy)® im N\ T E K E
MR, % B R B A A AR AL B VT DAL B BR A B AL R R 1R S B R RO,

59 £ F ZARFA T FE, Rubpy)s” I EEMAF LR FEIAF £, RIET
AL AT ERRGE R R, EAEZRN AR T, Rulbpy)s? &% HEMA
ZormE, BOEEMAR ., BEABEAFLR KL REE R Ru(bpy)s? R EAT £ Y% E
ETEmERE, TUZALELRANELER, LEAREHE, RABLEREMR
B, % F B9 & B IK B 7k A 4E Langmuir-Blodgett FEN 77 i -8 B U781, i 4 207
1801 FEE F A U IStn g HUSE BT ERSRBA AL, FERREEN
MEAER, ton-ntEAER . B o RTI R M, Hive i@ e L tey Frmk. &
EEME ST UMMAX — A, BEERETABIHRNL AL, FTHHEAR, HitERE
W RBEAE

AEITERITHNET —MHEAFBRAFRLETHENHKEE T
(electrochemiluminescent nanocage array, ENA) B A B ¥ &% K ERE, ZEKE
HHELELENEZELERF —AMEHN KL ILHEE (silica nanoporous membrane,
SNM) 4 .o Ji& 3 EISNMILZ X A, 29 45.5nm, iE/ELSNM; T7# #9 SNM L2 350,
2423 nm, 1ILHESSNM. B T4 FRITERA, =(@4,7-FK-1,10-4F 3E %F o) 57 (1)
(Ru(dpp)s*") ¥ 1# 1 LSNM Ay 41 K 1 38 , {E 7L 7% 1 1 SSNM B 49 K L&, B 4% SSNM
WIE IR TLSNMAE . R <8 /Nel 35 KO 7 TPrA % 7] DL i SSNM 2| 14 4% & T,
EHAFRRARAEBMFLARI. 5 BBEATHENHTKEN, FREALF L,
I, ENAYfE y B A A ¥F LA RE, BT AL, FABRARIEE SR, ENA
R I T AT IR PR TE AR O £ B

22 XBHL
22.1 RAHAH

W TR UL, BT AR A TR0 A8, dmE N ATH, ARG — P4
o =(4,7-Bx %-1,10-4F FE¥8 k) — AL 47 (1) (Ru(dpp)sCla) Ao+l = 7 2R %
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(CTAB, 98%) 5T Alfa Aesar, 4 Z A 5 # T (TEOS, >99.0%). = Z. B fiZ (TEA),
REATERFE (PMMA, My=996000), K&K (25Wt%) . kK8 8E 2 2% il
(DPBS) futk K% B Eagle ¥ %% (DMEM) T Sigma Aldrich. A — %8
(98%) . T REE=ZFEEAME (CTAC, 97%). ZERE (TPrA). ATk Z ®HER
247 (KHP) fugk &4 (KsFe(CN)e) 18T Aladdin. fg4F fi7E (FBS) T Gibcos
R_WEHEA) (PDMS) BT Dow Corning. B . AANM. L. F LK.
KRR RS T E 20 R B R A A PR B oK BB B R B 4 8 BB 48 B (PC12)
T AT AR EREAF LI, BER AR — FBRZ —BE (PET) EWT T
ZE, mARAA (N2, 99.999%) BT HMA T kg RAE. E0E%SE%
# (ITO, #ME<17Q/sq) MT RGN KB LA RN K H 46 F 2 4k
(>18.2 MQ cm, Millipore).

222 RBEEEE

W EH CREINANEREFRLZD

HEEEABH (EEBBEFRADD

A (KW-4AH, Chemat Technology)

& RA A (KW-4A, = BB B s F 5 % A

# Bt % (RCT Basic, IKA)

BSR4 B FARE A (PDC-32G-2, Harrick Scientific)

B0 T3k (CHI920C/CHI812, i /RAEDEARAF)
BB K RN (MPI-E, %5 E 9 (L&A RFTHEA D
J4F i (QEpro, Ocean Optics)

7 (RF-5301pe, &%)

BN TIE4 (DHG-9030A, FiEHiE (%4 A KA =)D

Tanon 5200 ¥ X L E G M A K (L REMLHRLED)D

Z A MBI R4 (Heal Force HF90, 77 B & #71E 7 B #03E A IR A 3D
= F I M4 (SUS010, Hitachi)

%5t E 7 B %4 (HT7700, Hitachi)
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2.2.3 ENA/ITO H# & &

2231 —ANEHKRAFENH L

A EN ZE SN K £ L (silicananoporous membrane, SNM) #4 B8 5C
) & 0841851 S 2 BNl SNM (SSNMD B Stober VAR £ K ik #l15, Bk Bdo
To ¥ITO 18| Z4ER, 7 1 M NaOH/Z B R #2833 /. M RKE
AR, LB A B ah K& # 7~ 20 min, AAXT&A. %2 0.16 gCTAB. 10 uL &
A A Fr 80 uL TEOS B9 Z B2/ AR AW (70 mL A&, 30 mL Z.8), /MNO¥ stk T+
W ITO BEARIR AN . HHEET 60 °C K4+ 7 E R 24 ho R %K G4 ITO &,
BEH, FAAEA®E, REKT, 100°C FhETER, BIEELENRG A REEYE
#| CTAB # SSNM/ITO ##% .

LEBAR SNM (LSNM) EFEMES BAKEHE, BAS R T. BE A
638 A/NHITO B 42 2 M NaOH W KB R FAEF 1 h, KEAKFEREAAKRT %
. %44 25gCTAC 1 90 uL TEA 89K (25mL), # % 15min /54 £ B &
B ¥ ITO BRENARER T, EREMRET 60°C Kb+, H#FE T KA 1h
5, Z A 0.75 mLTEOS 7 8.25 mL ¥ T i MR &% /R, ZIER S B F EWKE
WMo . WH THERN She REZERE, ¥ ITO BAAIE, KA KETEMK
Mk, 60°C M 1h, BIEFEFL#E Ak EH CTAC B9 LSNM/ITO H.4% .

2.2.3.2 ENA/ITO 4% B &

#4% ENA/ITO B, & 4% SSNM/ITO B 4% #2 LSNM/ITO HE#%F A\ 0.1 M #%
BB AR T, it 15 min, BREH0KILE NH CTAB f2 CTAC )RR BTk, (£
A PMMA #Eh# 4 %% SSNM A ITO H gk F#BEeel, BEEFBuT, §hH
SSNM/ITO ®AY1E|% 25 cm x 25 cm /N, SEEH LETARNA, #EHind
PMMA #y% B BE AR . TF B A AL, 72 SSNM/ITO H.4% & & 34 4] it vk — 2 PMMA,
KHEBEL G, Bk EH PMMA # SSNM/ITO BALE Tk £, 115 °C m#k 15
min, ERAHEETREN 2 M BB AER T, Z41TO 2. kT &E, #
SSNM/ITO B % B Z| 1k o B & T3F K F , PMMA X #£#7 SSNM VE 3 TR & H .
FREH FHRAEHPET K SSNM 3% H, & K H %4 5, BT & 70 uM Ru(dpp)s**
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BB R K E . £ T8 E £ Ru(dpp)s? 87 LSNM/ITO B4 SSNM # i, EF 3k
% PMMA & ##J SSNM/LSNM/ITO % Z & & %M. Kk FWEm E T m#iiR, 100
°C fm#k 2h, P E SNM [a# 3t Si-O ¥ a. w/a, WERE THEFRAE?2
h, % £ % & H B = 8 PMMA 2, 15 2| SSNM #f 2 | LSNM % #, % £ 4 F #1 ENA/ITO
HR . & B B T AT ] LSNM/ITO H4% 4 SSNM # 2, £ 4 #l % 2 12 5§ ENA/ITO
HE A2 — B, N7 2 & 25 2k Ru(dpp)s® B9 = B 47k %1% 7 ¥4 (bare nanocage array,
BNA), 124 BNA/ITO &%, 14 ENA/ITO &% 1 = & x4 B

2.2.4 ENA/ITO B8 &A4E

2.2.4.1 BERLE

/NI SSNM 5 LSNM M ITO R FEE T, WAEELHEEHEE, £
SNM 48 H 4. ERMEBRELREE FERN LFER, BmERMAET, FT
BEETHMETFIMETWE, K1 SSNM K LSNM By L& 4 4 F1 49 K F o0 o

¥ ENA/ITO BRI E A/ R, SREWEETEALEL, S E THHET
DMEFNE, KAE ENA/ITO BB K TEM . HHITHH ENA/ATO EREE W T
SEM # & 4 I, #wi4f /5 K /E ENA/ITO B AR & & £ 44 .

2.2.4.2 BAFERAE

A K3Fe(CN)s 2 Ru(dpp)sCla 4 % 4, &4E SSNM/ITO. LSNM/ITO. BNA/ITO &,
ENA/ITO E.4% 875 1 o 71 A9 48 4 - 7 78 7 19 AR A Ak % : KsFe(CN)s /K 4 0.5 mM,
B2 %] F 0.05M #1 KHP &%k (pH=4) #; Ru(dpp):Clh % & & 100 uM, F#|F 0.01
M # DPBS (pH=7.4) #. DL ENA/ITO 4% 7 TAE s, 4A%2 3 ik, 787 taf
AMFHR/ ANR BT S ER, ] CHI20C BAL¥ TR EBRBEN,
EFMRZ (CV) MR FHEEA 0.05Vs!, ZRMFERE (DPV) MRS HwT: &
#HEH0.01V, FFIEE 005V, fkdFEE 0.05s, fkotEH0.5s,

2243 BAFZAREN R, LiEXRE

DL TPrA 46 RO A, A B Z Ot MUK & ENA/ITO BARE A F X
HAFE, ARZERWEAFRER. BHEHSE, RIEEREK,
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LT 6 R & ENA/ITO AR B F At . B RHROLLT A8
HAARE, Mm+13V Rfr, EEREHERZREY 5s, BIREEMF ZOEKHE,

2.2.5 BAFREEREK

2.2.5.1 mALFHHIME

oAb R K AR SR T ] B B AL i 8 F A B RS PDMS 1, BRI & AR 4o
T. ¥ PDMS 2145 E 5 #% 10:1 BIR A, EFHE, ET 4°CHhH. 2h 5]
H, BANTEWENERLY, MEE TMAMR L, 75°CEML 1.5h, EATHLESE
PDMS Z&E T (FLEZEL A 9 mm), H/NCHATILEH PDMS A B, & &
TEVE %W AR LT, PDMS Bl %] 1F % & .

2252 BUFRXERBR S

R RAAEZ N BEAF L ARG TF &, K& ENAITO BA% K& EMAF
K AE % . 1%F & & Tanon 5200 % X K E G oA & Gufe CHISI2 s L% T1E354H
Rio B SEHe P E B EY = BB R R B ENA/ITO TAE AR . 4422 % s AR Ao 4R/ AL 4R £
SHERM R, BREXRGRAATREEHR LT, G XA LR, FA 8% T
HaAm+1.3V BAL, f % ENA/ITO B4R 57 + TPrA By B F 2t R A, & CCD
RFAXELNES, IR ERETHEAFRLER, L+ CCD BN
o A Imagel FHI & B fr & & B I 34T 2 8 447

2.2.6 ENA/ITO ®B&% 2 &40 £ Bk

KR TR & o R AR B AR 7 vk AR F B S B HAT R LRI E Z £ MPI-
E B X AN LT KB, £ DPBS K F/mA 5 mM TPrA Fn R EREH % B
fe, BAEME 13V, REBUFAARERMAA A LA E L. MANREEEEH
TR 2 H7

BT R R G CCD e 28 1 fm R 58l & 6 F e ot 3 E (PMT) &K
Ew, AEERFHERMA TPrA WK ER S E 10mM. fEm+1.3V B, Bt [E
5s, *ETEZ ERIKETHEMNFLAER. £ Image] RELMEGKE, I
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AT HAE AT
2.2.7 PC12 AR R AL

PCI2 e W AR E LR B amfiga i, 0l 82 ERENNS M ILEH
Bk ZE R, BEEREN, PCI2 @M E£% B, ELEIESEBERNHW
B2, PCI2 H % T4 10% FBS ¥ DMEM, S AE#—kiExnLt. BAM
BEREAN 37°C, CO2&EH 5%, AT RIMAMBEHRNZ R, 498 dEHRIL
HEEBOE, THRERGEREEMT 96 R+, FBEFIR. R ELAME (X
HEEFRED N E o B RS ML £ BT, PR & 96 FUIR F BB SR, £ A DPBS
=K. BEJE Am & 20 uM 4L Hy DPBS YAk, ¥ A4 FEE 20 min, B_EER,
fmA 10 mM TPrA J5 & T B A% i, 0% ENA/ITO &% & By AL F 2 L B R

23 ZRE5t#

2.3.1 Z A MAEEYK T W R RS AR AE

23.1.1 —R/NEHKIEENF & FEE

K] 2.1a % Stober K 4 K ik & SSNM #y )R 3 &, 7 Stober AR+, K@ ENK
IS F (R E=ZFERK, CTAD R T# A et ER&x®E (0 ITO HKH),
FW R K (FB 1D, TEOS EAKKEN T RIEAM, WA f BT
th, w0 AR M A R ECRBORM T (PR 2). LK ERKA,
By RS M E T RS TR R Z I, R R k3 # e
HRFAER . BB, Bk T+ LB RS T B OR Py 30 6e 25 8% 18] B9 AR EL 1R L, 2 A
TREAFRAZE, BABCRBEEE, i, EKNFEEE CTAB 540
B E A, X ANEEHRE CTAB-EE 2 2 &W1 Al £ b 5ok # 4 B Ak
(FB] 3). FKBEBERIERMERRLI, A MENEEZEE Ry mEH
(FR 4, BB RE, WEIZEEFFH _ANELHRILEE (SNM),

AR EEKENRE S Stober BRAKERMN, EXFHET, ZHT&EF
R - K AR EAREEEA EFE e (AP AT k. Bk, %
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FUHTEBRNRRRTER, RARRN AN EARILEBNAGRLEA. FTI
5 AR R A B A AR LA

® = ammonia
Q) ~wwd® = cTAB # = Si(OR),0,~,

1 :
\/ » //‘Self assemble; ‘

Substrate in solution Spherical micelles 3

I Silica deposit
on CTAB micelles

5 r’\', -
4
extraction growth v 2
— —

Mesoporous silica film Cylinder structure Transition state

b)

Gromh

E \lclnthn
3 RY 3 Calcination

Bl 2.1 Stober & 7K £ K ik WA 27 £ K ik #] % SSNM 2 LSNM #y Ji 2 LIs+183)
Fig. 2.1 Illustration of the Stober-solution growth approach (a) and the biphasic-stratification growth
method (b) for the preparision of SSNM and LSNM, respectively.

2.3.1.2 Z ARG K 38 3 B B R AE

5 Fl % 4 B 42 %f SSNM. J LSNM # Fi 1 3,38 6 A5 fo R B W40 #H 4T RAE. Bl 2.2a
F1b 4 Al ERT SSNM A1 LSNM W& EE, E+ ZEFFH gk E EAFAT. B
Froh KILHEBEH B E 2 B120 % 95 nm A1 53 nm, LSNM WEZ E/N, E 2.2c f1d o
B % SSNM % LSNM By (LA, B+ m Sy 4kI, ARAFEERAEEATL
G, HAWEE P TAEE, FAHEEHHKIYENTHA, SSNM f2 LSNM
W-F I AZ %A A 2.3 nm A7 5.5 nm,
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&1 2.2 SSNM (a, ¢) 71 LSNM (b, d) #i& 4 s 45 K AL
Fig. 2.2 Cross-sectional (a, b) and top-view (c, d) TEM images of SSNM (a, ¢) and LSNM (b, d),

showing parallel nanochannels and the nanopores as bright spots. The insets of ¢ and d are the

magnified images with a scale bar of 10 nm.

a) b)
10 10
< o /f> _
N g0
'1 0 = —— bare _1 0 n —— bare
—— before —— before
— after — after
-20 - T | | | -20 - | T | |
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
E/V (vs. Ag/AgCl) E 1V (vs. Ag/AgCI)

K 2.3 Fe(CN)s> 7 SSNM/ITO (a) #2 LSNM/ITO (b) ®#% E Hy4E I (R 42 i 4
Fig. 2.3 CV responses obtained with bare ITO electrode (black), SSNM/ITO (a) or LSNM/ITO (b)
electrode before (blue) and after (red) removal of the surfactants in the nanochannels. The solution was
0.05 M KHP (pH = 4) buffer containing 0.5 mM Fe(CN)s>~. The scan rate was 0.05 V s,

PLek BT A TE R AR AL, X8 7 0 8 AT B R AE . R AR FLE A B9 iR
£ (B 23, #4), SSNM/ITO % LSNM/ITO =% L3 K& W & 2| ¥ B 89 4 |10 57 i
AU EET, XEFEN, AARILEANWRRY RRAE, HEH AN
Fe(CN)e #HAFL#E, BB kTR AEEANK LR, KRG (EH23, 24, B
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P Ak B TR BB B R R AL R g, BN TR ITO Bk sk A
FHENLREST (H23, BL). XEEAN, FRERGE, —ANEHAREEERT
A, ATH E B R HY Fe(CN)e #E AT, HE ¥ 5 S # ITO
Bk EALERIEHAT SSNM 5 LSNM £ 4 F AT EH w &k,

& 2.4 Ru(dpp)s> 8y 7 F 444
Fig. 2.4 Molecular structure of Ru(dpp)s*".

K 2.4 % Ru(dpp)s* W4 F 44, #F Chem3D S HNEZ L FTHEEA N 2
nm. HFHERT5 SSNM FLEM Y, Eib £ Ru(dpp)s® ik ## L SSNM fLiE, E
A XE AR, B SSNM fE y ke, %4 F Lk F L E R RIS, LSNM
HILE & AT Ru(dpp)s® #14 F EH 2, B ¥ Ru(dpp)s> ] #E 7] LL#E N\ LSNM FLi& 7y & .

—— LSNM —— LSNM
—— SSNM —— SSNM
0.2
< 0.5 <
P =00+
0.0 r -0.2 \
I I ] I T [ I I I I T I
04 06 08 1.0 12 14 04 06 08 10 12 14
E/V (vs Ag/AgCl) E IV (vs Ag/AgCl)

K 2.5 Ru(dpp)s*" 4 F 7 SSNM/ITO # % (E%4) F2 LSNM/ITO B& (E4) FHBEFRRE
(a) R Z7R i a2 (b)
Fig. 2.5 CV (a) and DPV (b) curves obtained with SSNM/ITO (black) and LSNM/ITO (blue)
electrodes in DPBS containing 100 uM Ru(dpp);>*. The scan rate was 0.05 V s™'.
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#REF R % (CV) Fn R fkk k% (DPV) FAE Ru(dpp)s® 7 #1 A v 4%t #y5
e, WA ERIT ISR, B 2.5a F1 b 4 A A Ru(dpp)s™ £ F #f BLAR 5K F By CV Au
DPV 14, LSNM/ITO B L, 4+1.1V 4 CV 5 DPV @& # 3 H I ¥ B i & 1.k
FEfz%5, XN Ru(dppy:* WAL E RN (EL). A& SSNM/ITO H4% £ AW EF|
REWEREST (B4, xAHTRTHEZA, Ru(dpp)s* 1 rE#EiE SSNM L&
B3R &R ITO BAR KT, LA B4 RIEH, SSNM #7154 LSNM 41K & i gy B
2> Ru(dpp)s® 3 IR 35,72 LSNM # # , #] 4 LSNM FL# % # £ X4 F. SSNM
# % 8 ENA/ITO 4%,

2.3.2 ENA/ITO B i # & fu R AE

2.3.2.1 ENA/ITO H.4% B &

% il PMMA #Eh #2755 SSNM A H B E R LR B, A ZE A RRLL
4-F Ru(dpp)s* #9 LSNM/ITO ®# &, #4F ENA/ITO =& (E 2.6). SSNM 5
LSNM i [8] 7 ok, 2 B 6 B - A 42, % Ru(dpp)s® #2572 ENA . SSNM #) 40 kAL
4544 [ 8 Ru(dpp)s® 8 ENA %R, [ B 2 TPrA & 3 R 7|4 F 2|34 £ & 1TO
AR RE, FEEAFERERET LIRS X £,

PMMA Assisted
Exfoliation
(TN N
1.Transfer
2.PMMA : ,
Luminophore ¢ ~ © o o Removal "% & & 8 g
Loading® = © @ ©,0©
— 5 Sl ololy (s
C O o O O D
ITO mmmm SSNM Ru(dpp)32+
PMMA LSNM TPrA

] 2.6 ENA/ITO ® 4% B9l & i A2 B
Fig. 2.6 Illustration of the preparation of ENA/ITO electrode.
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2.3.2.2 ENA/ITO B.3% kA4E

] 2.7 ENA/ITO =R EFH R HMAE () MEEE (b)
Fig. 2.7 Top-view (a) and cross-sectional (b) SEM images of the ENA/ITO electrode.

£ F 49 # 8. 55 R AE ENA/ITO By e %40 . & 2.7a A ENA/ITO B 4% 09 L1
SSNM 7 # 72 LSNM £, Ffb# B 4 E3 A 0 [ Aot B TR . Bl 2.7b & ENA/ITO
AR A E A, B A WA AR 2 A, B EE T 44 8 SSNM Z .LSNM
2. EJKITO ER A3 3%, SSNM EF1 LSNM E#EE 4 7149 % 90 nm 2 50 nm,
EHE22 EH e ERMERBEN.

a) 1010 _ppas . b) — DPBS
— 100 uM Ru(dpp); —— 100 uM Ru(dpp)s”"
in DPBS 0.5- in DPBS
< 0.5 <
s =
0.0
0.0 \
| | | | | I I | | | 1 I
04 06 08 10 1.2 14 04 06 08 10 12 14
E /V (vs Ag/AgCI) E/V (vs Ag/AgCl)

B 2.8 KEH % KA T4 BNAITO A% 7 DPBS (24 #14 Ru(dpp)> HiE R (K 4) +#
CV (a) f1 DPV @14 (b)
Fig. 2.8 CV (a) and DPV (b) curves of BNA/ITO electrode in DPBS (black) or DPBS containing 100
uM Ru(dpp);** (blue). The scan rate was 0.05 V s~'.

il & ENA/ITO BB, TRHLZ K4 F, BI4EFZE BNA/ITO #E%. UL BNA/ITO
AR A THE®EAM, 7 Ru(dpp)s® Bl FHMBERR LR ET o R w4 (H 2.8),
57 4 DPBS ik #2EHd & (B4 M, 7 Ru(dpp)s® AW FH #5209t &
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(B4 ¥LTHARMWEANLRES, KFALRFH Ru(dpp)s® i # i BNA/ITO H,
W b EH SSNM 2|35 £ & ITO B4R Kl A A WL R R, 5L 2.3.2.1 /NG BT A B
ENA/ITO B4 | & A2 1~ & SSNM iy 7 2t . & 1% 2| ENA/ITO 747 E
Ao FARFHTEK,

a)0.25- b) 100
& —FL
> 80 — ECL
0.20 =
S 60
B £
\0.15_ 8 40_
N
T
0.10 - € 20+
2
T T T 0 T | I
0.8 1.0 1.2 500 600 700 800
E/V (vs Ag/AgCl) Wavelength / nm
C) 4l 3d) 100
= X
15x10° R o |
6 - m . |
p 8 60_
EL ol < - 10 S =
= T Nypo+
- 5 @, ©
2 g E
— > =5 20
0 -0 € 0+
T T T T T T I
0.8 1.0 1.2 0 200 400 600
E/V (vs Ag/AgCl) t/'s

B 2.9 (a) ENA/ITO B4 (%) 5 BNA/ITO B (B4) B DPV @& att; (b)
ENA/ITO A% i B AR (B4 MR L E (2405 (¢) ENA/ITO R H BEAE X
MR K (D) BRI PR
Fig. 2.9 (a) DPVs obtained with the ENA/ITO (red line) and BNA/ITO (black line) electrodes in 0.01
M DPBS (pH 7.4). (b) Normalized solid-state FL under excitation at 460 nm and ECL spectra of the
ENAV/ITO electrode. (c, d) The ECL-potential curve overlaid with CV (c¢) and the time-dependent ECL
signals collected for 20 consecutive CV scans (d) of the ENA/ITIO electrode in 0.01 M DPBS (pH 7.4)
containing 5 mM TPrA. The scan rate was 100 mV s™! and the PMT was biased at 600 V.

Kl 2.9a A ENA/ITO E.#% 7 DPBS 77 # # DPV #1 4 (4L4), +1.10 V A&
W B AT AL Ru(dpp)s® At A Ru(dpp)s® . 7 4 = & *f R 89 BNA/ITO H.#% b KW 4 2|
AEWNENLRES (BL), EARZHENARBETHRENKEET + 0
Ru(dpp)s**s F 2.9b 4 ENA/ITO HL4% iy B &7 ok (B&) frs b 2ok ki (4
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%), BEREEEH T AEKMT 610 nm &, ToEAF L TR AEKIH
% 640 nm A, FIE5E 0 BT ET, X A& B Ru(dpp)s® 4 F AT AL N B AL ¥ 1 %
T B F B Hsh, 50K 7 K DO, b & K iR A R DU,
AP B R 5 B o] BB R Rl TR R 3 1B 2 R B R [

ENA/ITO #A% £ 5 mM TPrA 7 7 ¥ B9 18 F1 R % el A0 s 10 2 & 8 ot B2 - B L
& BT E 2.9c. BALHE E+0.95 V #1+1.05 V & 54 I JF 46 W £ 2|8 B 0 AL =,
RAEMFELNET, 25, —HEAHE N TE R, SR ELh+13 V
Bf, ENA/ITO B EW e F R AR AB T it T 7 AR

TPrA — TPrA* +e” (X 2.1
TPrA* - TPrA* +H* (X2.2)
Ru(dpp),”* — Ru(dpp),”* +e” (X 2.3)
Ru(dpp),* +TPrA — Ru(dpp),” + TPrA* (X 2.4)
Ru(dpp),* + TPrA* — Ru(dpp),”*+ P (X 2.5)
Ru(dpp),”* — Ru(dpp),** +hv (X 2.6)

BT A KD FRETERET LSNM WILEF, (HER N HEEEER LT AN
P AL FE R R R AN BB AR TR T AR BN, EEMA B R TR
Ab-TEEBZ, EFEH 20 B (F29d), L LBTHL TE, Bk
TR Z1XA 1%, F ¥ ENA/ITO BF B AF L LA T . ¥ ENA/ITO B & T #4
A, BHEARE KRR HNEE SRS, wE 210 R, BAEShE, BER
MEAREEBREHRD T, T2 d T ENAITO BARS &R TR M H Ru(dpp)s® #
VERL. Z B HT/NEY, RAABAFL AL EN, IEHZ B KIAE R E

FEIEHNE, KT Ru(dpp)ys® #IREE ENA K EN, EEE—ZEREE L
P £ % WY 8. ENA/ITO B3R 8y 4T 0 486 77, 1 HLBEREFEL 5% Ru(dpp)s® shitt, X
PRIE T & RS Fo f 4y % B8 J R 2034 e AR R W o M6 4, B8 F £ TAERIE, SSNM
B 47T B M gEUSTI0) ) x SRR AE S (RAE T ENA/ITO BELAR £ B B Y A8 2
A EA MK,
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a) 3 60 b) = 60"
)E — Initial )6560
> ——5h =
s —17h Z .
S 40+ —— 41h 540— B
E E g
o] @
[®]
S 20 £ 20
2 2
S o
Ll_g_ 0 T T S 07
L I I T I I
500 600 700 0 10 20 30 40

&1 2.10 ENA/ITO BA% B Bl ARt (a) M32E (b) BRI [ & A
Fig. 2.10 Solid-state FL spectra (a) and peak intensity (b) of the ENA/ITO electrode at different time

intervals.
233 BRFPLERKZEAN

a)2 1.0 0 um| 0)06- o
> 1
)
c 5 | _004- .
= =
60'5_ A
% 20 0.2 -
S
o T T 1 I I T T T T T T
< 0 10 20 30 40 0 5 10 15 20 25

t/'s c/uM

&1 2.11 ENAITO BB EAF X LBE S S ERRREN K #
Fig. 2.11 (a) ECL responses of the ENA/ITO electrode to different concentrations of dopamine. (b) The
linear dependence of the relative variation of peak ECL intensity on the concentration of dopamine. /o

is the peak ECL intensity in the absence of DA and [ is that in the presence of DA.

LL% E R A4 F, MR ENA/ITO BA% # 2 AT £ g6, B 2.11a & ENA/ITO H,
WA 4 5 mM TPrA Fo 7Bk B9 % B i - T i1 DPBS % By b % X oL 52
W& % B MmN, ENAITO BRHEAFLLLBRALERK. XZENSEHKE
BB ATEAMNERNFEBRENAN TS Rudpps” A S H X AR FHEHE, X
Ru(dpp)s* A AW A K. B 2.11b v F LA KBRENESTMES £ BREKREH
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REHE, bf I A AN ENFRHABEIINZ B G E. FEXESF A
0.500 - 1.22 uM (R*>=0.9996) #1 1.22-25.0 uM (R*=0.9879), # IR % 0.0886 uM.,

T T T T
-05 00 05 1.0
Ig (¢ / uM)

& 2.12 ENA/ITO B £ B s 2 L ER (a) firgd L (b)
Fig. 2.12 (a) ECL images of the ENA/ITO electrode surface in the presence of different concentrations
of dopamine. The exposure time of the CCD camera was 5 s. The solution was 0.01 M DPBS (pH 7.4)
containing 10 mM TPrA. Note that the image contrast has been adjusted optimally by ImagelJ. (b) The
relative variation of gray values of the ECL images. /o is the gray value in the absence of DA and [ is

that in the presence of DA.

RGN BEABA BN, TR R, EFABEN, EEANERTESET
I R R S TR T AL BB RN E, A RO R
BREZGNAFRE H, A TRBRERE, RAEER 3R A TPrA #
KEREE 10 mM. w0 2.12a o, kg% ERKENERS, ENAITO B KE
MENFLAAEGAE LR, H2.120 A RETERN L EEesWmEd &, B4
FEbEE (HGERE) WENENE (J-)/D 54 BEKRENNEREERR,
B 4 M X Al 7 0.250 - 1.12 uM (R?=0.9941) #F7 1.12-20.0 uM (R2=0.9822),
BMIR A 0.228 uM. BT CCD R&E TR PMT, k& 77 & o4 il IR ws & T 52 2
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EH %,
2.3.4 BAFER KRR H BN 5 B

A7 i ENA/ITO & SE IR & B9 U 8 77, 4% 96 FLAR + RIS 48 i 5 iy L
T, N 10 mM TPrA 5N\ B4k 2 it o B B2 #EAT B0 3 &0 AR HR (E 2.13a)
B 2.13b =@ EH &4 A 9 Rk (). SRR E 7 1 x 10° cellsymL (F) FoiEik
FEMAN2 M £ B (F) B ENAITO Bk EHEAF X EEG, ZREGHN
KEBRKIEK. THEEEHAZE 54 10 mM TPrA # DPBS % i F ENA/ITO H.i%
KEKERESENE, ZRWE2.13¢ . REE 2.12b FHREH &, FHAH
FLARZ A7 1 10° cells/mL B, 2 f B A8 % BB RZ A 1.10£0.10 pM; 4 JR E
1 x 107 cells/mL B, ZAfARE M % ERRHIKE N 9.55+0.90 uM. 1Z 45 R 5 DUE U
I B (8 AR 24 100,

a) ,, C)

S\

—
<

Without 1x10° +2 uM
cells cellssmL DA

K213 () #&RXEFETEE; (b) ENAITO B K TH B X R EH; (o) HEKRE
PSR A
Fig. 2.13 (a) Schematic illustration of the sample collection. (b) ECL images of ENA/ITO electrode
surface in the presence of the supernatant without cells (left), with cells at a concentration of 1 x 10°
cells/mL (middle) and further added with 2 uM dopamine (right). (c) The relative variations of gray

values. Note that the image contrast has been adjusted optimally by ImageJ.

TR R EERPEEMANARES CRBER, #TERENR. 257 Tk 2.1,
T A E T B BN R A B A 103%F1 95.6%, 1F B 1% 77 3 15 5L B ke & o o7 B B o] S 4
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21 EREEE TS EREERE
Table 2.1 Recovery of DA in real sample.

Labeled / uM Added / uM Found / uM Recovery / %
0.989 2.00 3.06 103
8.59 6.00 14.3 95.6

2.4 AENT

AFRUHET M _EABARELRLA A THESBUFLRERE,
BV ENA/ITO ' 4%, 23T PC12 % ME A % B ey e F &2 X R &2 . ENA &
A EIETFE B PK 2 FLE B, "8 & X4 T Ru(dpp)s> W E IR E — A4 K
EW. EREAF . HiEF R BMARME T EXN ENAITO BARH#AT RAE, ZEMKIN
HRFHWARE .., REERTTRESN, ZAT ETEMFERT 2 ERIREINE.

SNM m#EZ W —AEMR, BARGWAENHEEE. ERAREERTE
ENA/ITO ®. % &, BEW %0 40 el s Rl g, SLabM@e 2 e 5wt ¥ R bk R
BEEM, ZoRMFLLREGEA, ALEZAL EHRENRNECRGNE. BE
# & ENA/ITO BB 2 SNM L&, TR E LM ERRTHARE (FflinyF
Wer. GkHHEMETEE) KHHIHKE, %R ENAITO =R WK EE, #—
2 % ENA/ITO & 4 & £ 91R A o, AR Re 4y 0 2 (8] (L FEL 48 3 e ph 2 & it A2
W, LA H4n DNA. & & R 40 5 0 R 4
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FoF AR-ERBEENERCRAFRARBRRALEHALE
(352 il N )b

31 5%

HM-ER AR SN EOMBRNEREREY, CARNSHREREE,
MM RAIF R A LR, Wa SR TN ER . BRE A ENT 405 s E T E
HEMAE, CEHa. PHATLEMROER R —RE, BARIWHEAX, BE
XA AWM ASE K. EEAXEEIEES. REA. #FHET. #BKE
B. a-HAFEOFEeZTHRER (WllsiEZ e, ML%), BARENELE S
EMBRASNER, NMFHER-EFEE, FEIUFELETFE 8 TRl
Afu 8 AT E PR E, AWk 24 T E KRB ERE G, TERMRNERE
BETRmWEREaE S, VRia, 2RWE. IR E., ME% L e -
ARSI, e ERK. £F. ATFLEY, AH-ERFEFENZE LA
i a R R

TEA TR 000 FHLE, HH-EREEN TR ERMENR, CRS
HCaWmsT M msbm T W E TR, RARAMUFEA Y EIRE, A0 RS,
Rle & . AREBEV R, BEXEMEXREIRFHLETZHEA, flw,
AREBEBEBERLFE; BEGRARERLEREARGRMES, Bk, RAE
MR- R R RN E N R AR AN FR AR EREFLANFTEER L.
&, S REJRE S R B B IE B AN 100 — 150 nm, 1% 3E B fE £h o fr R AL HE— 2 45 /N
F 10— 15nm" 1, g LI X — PRI A ) 20 - R A YR AR R, T4
AP Wb, G- ERBEEMEH, EREBEHIEAF, RERSAH
FEARTREMER o, THEDZIABR-ERETNAS KRS,

AW+ FF, FRAENETEHEEAR, KRBT ZHER-ERZEQT7
., MAM-ERBEARNEZEAGRIBATTRARR, BTEMREEREAR
MMp-ERFENTAZ —, BEETHRASEERS, ZrELER TEARAE.
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AN R 5 B M4 (total internal reflection fluorescence microscopy, TIRFM) 713
kLR E LM (confocal laser scanning microscopy, CLSM)) % 7% 14 77 i
RE R ENFFR T &G -FE R R A R . (B3 R G R T T e X 4
R A E G HATRATI, ETHRE-FUK%Z R G R E T EH T REFITFBA
BAELFEN., KA TH EB#4%E (interference reflection microscopy, IRM) ] DL 52 3,
o -5 A A W RATID E R S AT, 13t, IRM B4 # 8 E/NT 100 nm 8 48
B, RERHTAEZRIMOLPHONER. REBFE THERIMEA
(surface plasmon resonance microscopy, SPRM) & — fi & & &1 & B9 %4710 & 18 7 %,
B[ DAERIUH HE 37 9 N AT AT R e S R AL, WA R T R T AR - R R R, B
BT REFE FHRERE EEH, SPRM 43X ZR; SPRM M 44T £ R 20 A # &
MR THhExE (s, 8%, XE—ERE LR$| T SPRM 7 LT A& M 447 F
KL o

A FRAAR M HEMFRAIAWE T LES. B TEAFL LR LR
FHFEREGFR, BAFLAURE T ER LT, B — KT HRN LT F &,
EEEIBN. RTAREFEMH ARG OT. REXABUFLREHREREHA,
BB — M EARILEES LN D Z R BAER e F RN ETRBRMR, &
T E-ERBEEN AL ARG SREEN ARSI BETHS G2, FRT
THMAFRERENEZR, UREHARAKTHEREEFENSHRR, $izr &
BT 20 M R A AT, UESE T JE 44 I SR S IR B 2

3.2 KBH L

3.2.1 BA A

& AR, BTN E IR A A B EE, B E N AT B ARG — S,
Hl& A NEES R IERE (LE 23 mm) FIFRASHBESE —EFHE. $iE-20
(Tween-20) 1 F Aladdin. 2 f17& &2 & (BSA).4-(2-% 7 %)k % -1- 2 # 8 (HEPES) .
A Z Bl — Ak 47 (Ru(bpy)sCl-6H20, 98% ) #1 At K 7% B Eagle %5 # # (DMEM)
19T Sigma-Aldrich. g4 m7& (FBS) #4F Gibco. RIPA FF & AR KK . 4,6-—
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Bk H-2- K HEF % (DAPD, # A\ ¥ &, sk %F& (PBS, 0.01M, pH7.4).
ZZBmRKF (FDA). #ALH% (P fffE%E & 8H-EDTA HAR (025%, 148
41) 1T Solarbio. % % ¥ EE (PFA, 4%) T 2 = K . 4145 % 38 & B 11K (ab129002)
Fo EARAEE L E R 1gG itk (Alexa Fluor® 488, ab150077) 1T Abcam. % —
HX#EEA K (PDMS) T Dow Corning, A BB IR &% 4 g4 M (PC12) 14T
Al BR £ R AR R ARFE A (Huh-7) @I A ¥ 2 P2 G35
RAERM. ENFHFEIEE (TO, FH<17Q/sq, FE 100£20nm) T ki
YA T TREARAT. HEAR (99.999%) T HMA TomSEAHRAF.
B vE R R BB 4 A (> 182 MQ em, Millipore) % .

322 B EHRE

W E R CRENANEREHRLAED

HEEEABH (EEBBEFRADD

@B A48 (Heal Force HF90, 77 8 A4 4 B 7 AHi 5 A TR A &)
FER L E W% (Nikon, ECLIPSE LVI00OND)

AEH4 (CFIApo 40%, N.A. 0.8, Nikon)

EMCCD A #L (iXon Ultra 897, Andor)

ML T1Ess (CHIS32C, Ei#REPERRAFD

HE R I (MPL-E, W X3 AT A RFELE])

5w F I M4 (SUS010, Hitachi)

% 4t e F Z %4 (HT7700, Hitachi)

323 BUFEAERRERS

RAHAETHEENEARENFAAEUAGRAEZEHAMNFRESLFR
ERHAME. ZhFERANEAFMES —FHE, #4844 PDMS #. T
MR A — ARG R ILE SRR ITO B (FL& 2.3 nm, AFiTH SNM/ITO #,
W), #l&FTEEE —FAHE. FERWE R EREN0IM WHR/CEER A E
15min, &% SNM FLi# P} # CTAB. DL SNM/ITO H.4% 4 TIE A%, Ag/AgCl £ % %
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AR, fALL AR, BAFEREIE S B CHIS2C mALsF TIEsER M, ¥ k&
Ao ml & AR HEN EMCCD WIEER AL MBEE R, TEZRENF X ARET
AEYRE. AR L E R, BUF LA CERBRRE £, EEARMERERE,
2|35 EMCCD, 2| 2ot B &,

3.2.4 Ru(bpy)s*/HEPES & R 8 B4 5 R L5

3.24.1 BEAFREEENR

# | MPI-E B, 2105 % A M UE & SNM/ITO E,4% _E Ru(bpy)s* /HEPES & %
WETRRLZR A ABRE-R ¢, ARAERNENEFLLER. BAEHLE,
BAIE AR M,
3242 BUFRKERXE

/N 48 25 7 T SNM/ITO B A% R 8T, TG fe e AL AR A T P IE % 7= A B
RN, MREEZRBUNLET. mEEREATHEAF ZOLER, & &+ RW
R G=gemEkE ZINA DN E, BUREHSF =T, RA LA EAF LN
BIARBRGERIAREKE BRE L, TIRE, WREMFLAEGHONLE, @#
R o EARE A TR & ITO sk | By s AR, % % SNM A &AL
FRICHIIE R

3.2.5 BALF R M- REERE

3.2.5.1 EAGF B H R TALE

AR FE RS S _FEHE, ERTEHR, & 5 RN PDMS Bi¥
HERET 75%H L8/ ABERF, &4 30min WL _E; BE LB/ AERE, £/ 0.01
M PBS HE=%; &5, EEAFHFmA\EEPBS, ETHEEN, LIRS
H®. KH, BEEHALESKEKHNHEE (PC12 2 Huh-7 A1), #4520 50 &
Bo BREAFMAN PBS, WMA—RRENHAMER (—HH 1%), ET 37 °C,
& 5% COMBERAABE 12h, HHESEREFRER-EREE, BHEERE
H .
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3.2.5.2 20 M By 4 M- R R R R

Y% & 8 S MR SNM/ITO B MR A, ETEERMERME, E
FEMALE., BEHMEREEEA PBS BE K ER =K, B PDMS A A
4 50 uM Ru(bpy)s>*#1 20 mM HEPES # PBS. tHZAMFAZE A5, * A BMmE L
JE, HiAm+1.3V EE Ak K A F K ok, EMCCD Bl it & Bl &, BAE A Ss,
BU A sk 5 4 f- 2 R Wy b ¥ XL A&
3.2.5.3 4j-E R EEEELNT

ERRBHNERR R A -ERAERE, BAS R T. REHM-EREE
B s (FriEl 3252 /0%, FBERESEA S 50 uM Ru(bpy)s* F1 20 mM HEPES
W B EE-EDTA H K. B AR (—& 4 3min) HFEEAF LR KL, 4
AR 1.3V B AL, BOLEE Ss, 3R A B H B K T 7940 fe- 2 R 46
= E R
3.2.54 BAERHMEKRTERE

KR Z B E X (B A BSME O AL FREHERTIHITE. B
3251 NEEER EBEAMN, ERAMNEMNRE, EAN12hEERKRALCEH
BE. WEFER 200l Rk EEZMMN T RX BRI A, EhPRARBWAER. £
Jfl PBS % stk AR =0k, B 5w\ & 2% FBS # DMEM 2t 4208 & 40 i . X /8 % 1
Wy 28 BB e RR AR, BRI RO 0 R A LR . BT B 20 e 2 R a8 e e AL
FRAEG . BEKSTF Rubpy):” WIKEREZ 100 uM 5, HamG 452
FiL o 4 B2 TR R R A AR R

3.2.6 MR AR AR

3.2.6.1 % Jo- R E A% 5 EARIE

AT WA AR K E R B R - R R R, R R R R T R AR T
HEWEE (SH5MAER-EREELEY, IFHRBUFRAEGE KA KRGE
A, BEFRWwT, (1) w3251/ FHR, EEREAEAHFTHEML. 12h FhEHE
FE, AN 4% % R FEEE M (10min), [ /5 Ak PBS # =K. (2) 41 3.2.5.2
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INTTRTR, AR A e F XL E K. F £ 8 Ru(bpy)s® 1 HEPES B
J&, PBS st =K. (3) £ Fl R R Z AR 2 i (10 min), )5 PBS % =K, %X 5min,
(4) £ 4 10% L 3 2f | 1 7& 8 PBST (4 0.1% Tween-20 # PBS) # A 4048 (1h).
(5) FEUREMR, A4 1%BSA K 1% R 71%E% 38 & G F K PBST %, 4°C
BEAH. (6) FEWRAB K, PBSH=K/E, WM& 1%BSA & 0.1%% LAFICH
WL F & 1gG TR By PBS %R, Eim F#ABH 1h, (7) FERARBER, PBS itk
4R =0k, fm A\ DAPI 41 i (10min), A ZE 4K EMLE . & /5 7 & DAPI
B, PBS = REHEAR L EMEINLE,
3.2.6.2 4 LVE MW R

LK K9 FDA ¥ # N 40, 78 40 M R B B 1 B T3 o B R TE IR
RER, KAGERK, BT A THEARER. EARNARELFRFERTNH, ©
AP FRLEEER NN, FRATE, PLIHNARASHREA LRSS
HAE MK, FHIPLEF TIAMEE, 7 10 ug/mL B FDA F7 5 ug/mL # PI 4
2 o B Bt e 8, ] RAE ML VE .

3.2.7 E®&AE

MATLAB (R2017b). ImageJ ## NIS-Element Analysis D & A& Z + + % F 2| 47 & 15
A 32 2  NIS-Element Analysis D 7] DUR 3| [ g B9 =2 /65 X 83 5, 5 4 4 A7
KA Feret A% IRA A 540, 54008 B K /RE A8 X £ 4 (Pearson correlation
coefficient, PCC) {# Jfl Excel 1t & 52|, 41 f R TH ke # B f ECL A& M X
& ¥ 4% B Image] 46 ¥ Orientation) 1+ & 75 2|U6197) By G AL B 5 B dm T . (1)
&M EI B A ECL %, #1F Image] FWEFT&EE %, (2) A Orientation]
BMEHE O EMKENRARERE T E (AHFORENAMR T =02 —,
HH 20 MEE R, REKEFHLAT-90°E00EE NN EEY, HF 0°hE
EXE 77 W, —90°2+90° 4 FAT XIJE 77 141 (3) 4% ] Origin ¥ & &% | 4 & &4k,
5%l MATLAB ¥ 1~ ] 77 [ B & & | 1[5 B8 4 20, 4 i & T 3R & & 4 A I
HTHMEALNRETE, EXASCEHSEEANREN TR E, F#—FH7T
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Gt A AT
33 &R 5t

3.3.1 Ru(bpy):*/HEPES tk & By e 4b % & X%

EMERFNE—KAEE FRZFH, H pKa FH A pH, KEMSF, FHA
TafE#n%aE, HERFWH Good FH T LIM, WHN Good’s ZwF 7|, mik
Francis 77 Hogan %8 % 7 LA 4 2% o 7 05 35 RRL |8 o402 % R R U8, SR
3 o A gy % b T B AR R X ER LR R . pH o AR RO A, T LA K B AL
F RN EH B, BB, #5 TPrA 5 DBAE %/ TR KL R B A, £9% 9 7&
WA, KBRS, FZELNE SO ERLTET AN B 3.1 B L B
P T EAE R A ATEY & R . A FE i A HEPES 3£ RS, #EAT AL &0k

HO;S
SO3H SOzH OH 3

o

N OH

() E] ) e
\OH soaH \803 K[OH "

SO;H
HEPES PIPES HEPPS POPSO BIS-TRIS

3.1 JLHAERZAFRN S T4
Fig. 3.1 Molecular structures of biological buffers: HEPES, PIPES, HEPPS, POPSO and BIS-TRIS.

REXEME, XS T-EMEAANERRNEMFLALELT: EER LMK
a8 WAL, & 64 F Ru(bpy)s® #v £ 47 v+ 7| B(B =buffer) ] if 78 &% % A,
47| A Ru(bpy)s® Fu 3k KR A FH S F B @ & B B & R & R BB LR 4 B,
# Ru(bpy)s™ 7 Z % £ A Ru(bpy)s™™; #AZS Ru(bpy)s™ B R L, BRHELT,
Bl at, LR RuIAET g TrER LR

B—>B"+e (X 3.1)
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B* 5B +H" (% 3.2)
Ru(bpy),”" — Ru(bpy).” + € (X 3.3)
Ru(bpy),” + B" — Ru(bpy),”" + P (X 3.4)
Ru(bpy),™™ — Ru(bpy),”" +hv (3 3.5)

%@ B EEREKEWEFEAMNERS, BTET # Rubpy):® 5 B |8 895K A £
WA R R kG (KX 3.6), T3, B EZE K X4 T Rulbpy)sy® K E B & BR R
(>500 uM) F & £, AF 4 FH Ru(bpy)s® K E A 50 uM, Z LB B 7ok 1%
BN,

Ru(bpy),” + B — Ru(bpy),”" + B™* (X 3.6)

wEL S TFEEREAG, ER BB L ARMINIRT SNMITO ##7 £
50 uM Ru(bpy)3*/20 mM HEPES 1k 2 By ¥ & K. K 3.2a B T SR R B K
T EMENFER KBt & YA EA0.95V AL BT, Al i il
iy BALFE R KRB REALAH.05V, RAEENEFL2SV AKE. H320 4
AL F R R E R R B R &, B 10 B 5 b RIEE T B IR, EHZ
KR BAFR KR,

a) - 3x10° b)
100 - 3x10°
o 5
80 = m'
-2 3 Z @
< 60- g g 2
= g c
40 | & E
L ol 19
20 = o
04 - 0 O_ALM_“_I\_L\_ILJJL
T I T | T I
08 10 12 0 100 200
E/V (vs. Ag/AgCl) t/s

A 3.2 Ru(bpy);Cl/HEPES fk % £ SNM/ITO ®A%k F K% (BL) FMEAFLARE-HA
W (EL) () BEAFRALREME (b)
Fig. 3.2 (a) CV (black) and ECL-voltage curve (blue). (b) The ECL intensities of ten consecutive
cycles. The ECL signals were recorded in PBS containing 50 uM Ru(bpy);Cl> and 20 mM HEPES at
the SNM/ITO electrode. The scan rate was 100 mV s !. The PMT voltage was biased at 300 V.
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B8 X H R #E, SNM 7 & ##5E Ru(bpy)s>'/TPrA & R L% % £, £ ECL
5% AR ITO B AR & 7 N3 #9201, % 7 £ % SNM £ & 7] 3 5% Ru(bpy):**/HEPES
KRB FRAARE, AERIEZARESTATRAF A ERE, 47X
SNM/ITO %Ak ITO AR AT A F L Xk . B 3.3a A0 3.3g AH 0B HEZ
B H #9 SNM/ITO B A% fa 4R ITO AR B BA 37 (bright field, BF) B F. %W B4 X
IR, B3 RRA HEPES W E & 20mM, K& 1B & Ko FikE T & e
FEHEE. Wl 33b-fHoR, &S - 50 uM K EFEE R, SNM/ITO % *k & H &
hF X A®ER Rubpy):* REHNRE MR E. wWE 33h-1 BTow, £5-20uM K E
6 Bl A, 1TO B AR & B BN L & e B 06 232 4 AR B o 2 Ru(bpy)s® W E R & £ 50
uM B, BB EEAENEIMRADHEAF L ES

B 3.3 SNM/ITO B4 (a-f) F04 ITO BAZ (g-1) WHIF (a, g) FEMF L K EH (b-f, h-
D A
Fig. 3.3 Bright field (BF) images (a and g) of a tape-covered SNM/ITO electrode (a) and ITO electrode
(g). ECL images obtained on the SNM/ITO (b—f) or ITO (h-1) electrode were acquired at different
concentrations of Ru(bpy);** (b, h: 5 uM; ¢, i: 10 uM; d, j: 15 uM; e, k: 20 uM and f, 1: 50 uM). In all
cases, 20 mM HEPES dissolved in PBS was used as co-reactant. The exposure time was 5 s and the
applied potential was +1.3 V (vs. Ag/AgCl).

X7 AR AR R A F KO E R AT R E AT, BERWE 34 iR, EERIK
B 7, SNMATO BLA% b oy e &2tk EE#mE T4/ ITO Bk (E 3.4a), iF
52 SNM *f Ru(bpy)32+/TPrA RAMEAF AL R ENHRRN, #—FiHE
PR AR E R EERE, BRI SNM Al hF R LB EKE. BT AL T
EK (5uM) B, ITO B bWyt EEFLESEL, LFLECLES, Bl
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L3+ & Ru(bpy)s® i 48 10— 50 uM & Bl 9 B9 & Hh 1B, 4 & L 3.4b. 24 Ru(bpy)s**
WE A 10 uM B, SNM L+ # BCL % E b A8 B 4 ¢ T ITO 4% - # ECL 5% & 1N 2L
ER. MELA LS TRERS, SNM 4 LA RERER. XZEY, HELL
SFIRERE, ITO B 0 T4 HIECL 25, ERAEILERK. SE LS TK
EREZS0uM B, KEEL N 10 24, LB ITO E 45 WE 5| %5 4 B B 8 ECL
B5. A TRIEMEAGRRAIEE, BEZRFE AL FHRELE N 50 uM.

a) b)
6x1 03 - 600 -
el

) } ®
= ) =
T 4 g 400
5 f :

2 - } & 200

0 $ee T T 0 T T T T

20 40 10 15 20 50
cluM ¢/ uM

Bl 3.4 SNM/ITO 5% ITO RAR & @B A F XK EE LI (a) A7 SNM A 4K Hy 3 52 15 A
(b)
Fig. 3.4 (a) Dependence of the gray value of ECL images on the concentration of Ru(bpy);*" at the
SNM/ITO electrode (blue) and bare ITO electrode (black). (b) The enhancement factor of ECL

intensity for various concentrations of Ru(bpy);Cl..

3.3.2 BALFER LA M- A R K

3.3.2.1 40 J By 40 -2 R FEE R R

WAk O - R B R B SNM/ITO £k | %2 s 19, SNM & 10 2.4 %
BTG, TERS N EMNE, BEREHENHEEE. H T HR SNMITO
LR R T R 4 S 77, L F FDA/PT Jeophxd 5 7 L . SNM & T B9 40 f e 2, RAE
281 FELVE P o T 3.5a-c i d-f 2 Bl 4 3 7% 0L SNM/ITO H.4% - B 48 A BF 37 ROk R B
A EE (F 35, &, AMER FWARPARFARZR, EELHALT,
AR ERAEEG TR ETEAENEEREL (E3.5b, e, k¥ FDA £i&
I RETRENAE R T, 2 A R AR B R AWK A E . SEHF L, RAEK
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BT PL YL HES (B 3.5¢, ), X Pl eedt \@f, #TE5 %M NN DNA
EaHF R, EREE RIS SNM/ITO EAR AT MM EW Lo, E—fAEwa
il - O

A 3.5 A (a-c) 5 SNM/ITO #.4% (d-f) F T B9 40 i 75 1 AR
Fig. 3.5 BF (a, d) and FL (b, c, e, f) images of FDA and PI stained cells. The top panel (a-c) is captured
on petri dish while the bottom panel (d-f) is captured on SNM/ITO electrode. Images b and e were

captured under excitation by blue light, while images ¢ and f were captured under excitation by green

light. The scale bar is 50 pm.

Bl 3.6 ARAFRCHEM-AE ARG TR E . AT T E SNM/ITO #i%
b, mpRHAAE-ERBEE R AE T SNM Rl AR-EREEE N ENBEE
WEEEe, ZMH)FEET SNM 4REHI O, FEXFLIE, WHEZANE
FLARE, R AEERTNAESFT REFELRL. TRHEEANBNELR
HIE® &, K SNM B EHE, Fit, AR Ekma-EREE ELEELAT -4
R AEN L E, B ARG EE- LR B e, TAofEi kA
HAZERE, BT 4 M- % E R AR B FE R R
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hv

T
I
i
i
i
i
i
i
I
|

- — \/
annn ‘

Inhibited ECL{ Enhanced ECL

¢ Ru(bpy)s;2* ¢ HEPES
® Ru(bpy)s?**

a Cell-matrix adhesions

B 3.6 BALF R OUM -5 R R Gor R E
Fig. 3.6 Schematic illustration of imaging cell-matrix adhesions by ECL microscopy. The cell is
cultured on the surface of SNM/ITO electrode. The ECL generation from nonadherent regions beneath

basal cell membrane highlights a dark map of cell-matrix adhesions.

K 3.7 thix 7 24 PC12 4 e A7/ BECL Bk, H 41 G E &K
X THE. XA ERELEE, Er+1.3V Ba, L TERRETHEMLFLL,
EMCCD | F e e ¥ X A E G. AipEEG (E3.7a-c) #, ¥ K 4 a4 5
B, BCL A& (d-D #, 4RI —LXEH e L t®EHLET A E
T, ERAREI. REHYE G F ECL B 5 4 i i 48 B A ST LAst R, (B
“HzRGFEFTHAL. wEH3Tafd FEEHLAIAE, BFLLE G P FH
AL RREMAR GE¥ERE, K42 - 10 um), FHFEEF LIRETE, B
3.7¢ FENHRE, B 37 FHALSE, WA N AGEG T EUH R, RAKL
%4b, MMAEE I ECL F G b 3% TR, wE3d T aeEBERR, =
hFRAAEGFERRT TS EBERA L ERAMAMENRE, RAKABAF
RHITZME . WBRE 370 e, AGEG T HMFHMHAXRHA LK ECLEKGE
Ko B 37f FAMA M Ao L EHMNA FHAHIRR (H—HKE, HHKL
TF B 20 O B BT A 25 A RRAE o X S LRI, B AL KO TR X A A R AT AR
BRo MBRRA, R, SUffanShhu-Eniasm, Hit, RO1#&M,
ZEAF LR RG-SR .
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f) focal adhésions and
fibrillaradhesions

B

lamellae and' ruffles

A 3.7 24 HBHT (a-c) F1 ECL B (d-D
Fig. 3.7 BF (a-c) and corresponding ECL images (d-f) of living PC12 cells. The former ones were
captured in the light transmission mode. ECL images were recorded in PBS containing 50 pM
Ru(bpy)s;>" and 20 mM HEPES. The scale bar is 20 um. Note that all of the image contrast has been
adjusted optimally by Imagel.

ATRIERUFRRGEN HM-EFRE R, EHENSF T E RN R
KR &, NEHE-EREE PN EREAHRTRANTIE, FRRT BUFLR
AEGRERAEREFE. B 3.8 BrT A —XZAHEHHAT (a). ECL (b) 15K
Tt (o) Bf. RARGRTSEeREHERET, 6 hBMEZ. WR=H K
GER, AR ERABAGEN RN REFAA, ATREXATILHNEEREA LS
M paaER, HE) 5@ AGRERT. AR LAENERLEZHRE
A, R E GA BCL B LA——x¢ 5z, EBA ECL G ay # 2 o 40 i A& it 26 & B9 Ak
B, FEAEARWE, HTHRTRAFEREGRAG TN TH, WK HEHE-
FiFiE Lt REERE T NEE . flwEFHRCHMCE, ECL B®R IR
THiE, MAAEGFAINEINADNEERZTONRAGET . KL E B
Z& TOLE T EIRAMK#H CLSM =X TIRFM 323 . % w4 5 408 B & X & A
B ALY 2 - R R R AT R B AT, S R RO T BT 3.8d.0 i & P R E B B TR AR,
RAEMA A FhE Kk, Fig HERFXROREEEZRAH 1000, FEHItFi% £ ECL
BIGRFIE e . TRMEA S RKE R WEF TR, &L HMACE 2 R-2 55

69



WL A B F AL X FoF HM-ERFE N AT RN SO R G R H R RTEATFHNA

9)

Gray value

T
20
Distance / um

3.8 PCI2 A AEY A7 (a). ECL (b) MR ZEIEE % (c); ECL B Mha A& A i &
(d), 1-4 AR Db ¥ 1-4 X EMLE
Fig. 3.8 BF (a) and ECL (b) images of multiple PC12 cells. (c) FL image of the same cells after lysis
and staining vinculin (green) and nuclei (blue). The scale bar is 20 um. (d) Variation of ECL intensity
(gray value) along the lines marked in b. The dotted lines in d represent the average ECL intensity of

bright background.

16 7| [ BE B 5236 77 vk X R B 72 SNM/ITO 4% _E B Huh-7 28 f 54T sk tg, B9k 7
oAb R A - R RS R R T YR R M. B 3.9 R T Huh-7 40 AV BA 37 ()
ECL (b) Fnf M E G E WA (c). 5 PCI12 A KRG LB WEB WA F KA, 7£H
b REEWAEE LR R, BEMHEFTH ECL REHE. KAGERS
ECL &M, ARG ERNER. &wE (EH39c) F, ECL HZBEEAN
e, AGEGRRENTE, Dk TaELeRFxTEIANEEC, HIemFams
fe. BT HMEITN R %555 X ECL BT R ERK, HhEmETHELEME
e, 2ENEE, BT AREALHAZTEGR THEATHEERXBRR T,
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S e T :
filopodia

invadopodia

RS

Kl 3.9 Huh-7 Z0fB9 %4 (a). ECL (b) ##4/ECL & wE (c)
Fig. 3.9 BF (a), ECL (b) and merged images (c) of Huh-7 cells. The scale bar is 50 pm.

AT EmEEER A E G ECL B (BaR-£RELFEG WER, o
Bl*t PC12 48 ffifn Huh-7 20 M B 3 /2 ECL B @R TSt o7, &R wE
3.10 fiom. EANZEZ AN NNAY A ECL BREERETE M. 26E
SAEH 1, BHEEEXS N ETHEARXE. F4% L 7WEIE &4k BECL BR
ATHZER, XA —SRENERENTZEAGEEG T NER FEN, &
LT e i ECL H&E AN THGEGER, RATEHHMKT A XKW K
T -2 A, F3.10a 1 b FHHL 75%H %M ECL BA/NT A EGE R,
7 A 48 f B BR 37 A0 BCL B T AR e & /R # A8 % R 40 (PCC) 274 A 0.798 1 0.960,
Bl Huh-7 #M A E R EROEARES., —FHEZRMELEN, XTEE
HEAA AR E KR R EERE RSB,

o 2x10° - s
NE ‘ A, A o~ B
3 rs A g . ‘2‘
500 Ak M < 7o)
< A“ at g 17
‘A A = A4
A A
B A
04 T T 0 T T
0 500 ) 1000 0 1000 gOOO
Age / um Age /um

1 3.10 PCI12 %1/, (a) # Huh-7 28 (b) & ECL #0737 & & @ AR &
Fig. 3.10 Comparison between the area of single PC12 cells (a) and Huh-7 cells (b) in ECL images
(Aecr) and that in BF images (A4gr). The dotted line has a slope of 1, meaning that Agcy is equal to Agr

on this line.
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R B RAES, AN BT ST A R A RO R R R R B R, T DA
TEAMNER-EREEEMR G, FH, ZFELEAICRIAE, THEHT
75 20 LR . SNML X B AL 2 S B 38 R R R B A S K R Y R T PR BB B R R
AR RS G L EARE REE, B2KR Y% R 2 A K- & R A AT
R K
3.3.2.2 SNM X¢ Ak 3 R K B 3 58 3% v

0.8 1
0.7 -
0.6 -
0.5 1

T T 0.4
0 20 40 bare ITO SNM/ITO

Distance / um

Gray value
N
Normalized lgc,

Fl 3.11 ITO ¥ £ PC12 40 M#9 A (a) #7 ECL B (b). ECL HBAZ#L (o), 144
BIXETED F 14 E; ITO BALS SNM/ITO #.4% b 41 f-% i £ E T L E R b (D
Fig. 3.11 BF (a) and ECL (b) images of living PC12 cells on the bare ITO electrode. ECL image was
recorded in PBS containing 50 uM Ru(bpy)s>* and 20 mM HEPES. The scale bar is 50 um. (c)
Variation of ECL intensity (gray value) along the lines marked in b. The dotted lines represent the
average ECL intensity of bright background. (d) The normalized ECL intensity of cell-matrix adhesions
for PC12 cells on bare ITO (blue) or SNM/ITO (green) electrode.

SR RGE A EME, O TEEREHRGR ITO Bk, FINEAT LR
R 3.1 Bron. B 3.11a f2 b 47| AR 1TO B4R+ PC12 40 fg 09 BH 377 ECL
., FAFEAGT PCI2 BHEMEE SNM R E@EEHI FamEBsmam, Hh%
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AHRKHRF. 8 ECL BEF, NENEINEMNRERY, TikoHup-3%4%
Mo oA ECL EGFXEH o2k E, EREFTHE 3.1lc. &I TEEREGLRERE
B, REGEEFA, BUSEEERE. B3 1dRT2NT ENEREELAKE
5% 2R ERIIE, BN — 1 ECL 3 % . & 1TO B4 E &7 — 0 ECL 38 £ 7 0.85,
Bl %6 4L & B & 70 40 o 4 % 5 % 36 8 B2 4T T SNMY/ITO Bk b B8 X 4 27 0.65,
Ul T SNM L B A& E 294 ITO B/ E# 10 & (B 3.4), SNM/ITO ®4% 47 A
HEREENNEEE,
3.3.2.3 BAFRLHRE RRMER

B RABHI LRI R AT - R FEE R . & T4 MERSE£RZ
HYPE B AU 100 — 150 nm, FEi% RIS B Al - R b g, TERR MG %
RERE, TULARBEENE, 5ARAXAEREHRLEAERKET/LEHKE
EIWNH RIS FREREMN, HTHAFZERLIRIHEHEEYHE4HR,
BALE AR REETERERTW L, HIERE T HRETNREN KRG, £
JR B A TR — X

A13.12 A F&® T Huh-7 Z 8B (£) fn ECL CF) Ef&
Fig. 3.12 BF (left) and ECL (right) of two Huh-7 cells captured at the focal plane of ECL (a) and BF

imaging (b). All the other conditions for the two series of images were the same.

HATHEM-ERHEENEUFZCRGEH, EAFEAT T REDRAZEEN
A, EEEEF AT EAKE, A 2O BG4 - A R AR ]
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W, $ZETZX A ECL EF. wE 3.12a fiox, b5 E & b 4 AL R A AW
M ECL EG7& . KB ewM TR, EAZEGTHERZEN, FlLETEXY
BF @ (I 3.12b), JhEr ECL B&#EM. EREREKH, ECL EELTHZEE
T, BEReRkEER, TREANKERUHEZERA AN 1.2um, FHit, Huh-7 405
M EES ECL ETBEMNEEZE2 DN 0.6 um. AFET 54 T REHA X,
FEEANEBERE — KPR AN, RAGETITRAER. M ECL
BEBANTERKE, X407 BNF 0% 5 4 i 40 i- 25 534 B BT ki
LR EZ

333 H-EREERE SN
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Fig. 3.13 BF (a-c) and ECL (d-f) images showing the detachment of a single PC12 cell in the course of
digestion by trypsin for different time: 0 min (a, d), 3 min (b, ) and 6 min (c, f). The scale bar is 20
pum. (g-1) The statistical dependence of digesting rate on the area (g), perimeter (h) and Feret’s diameter

(i) of cell-matrix adhesions estimated from a series of ECL images at the single cell level.
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Fig. 3.14 Relations between the digestion rate and morphology of cells in BF images: area (a),

perimeter (b) and Feret’s diameter (c).
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Fig. 3.15 Detachment of single Huh-7 cell. BF (a-d) and corresponding ECL (e-h) images during Huh-7
cell detachment for different time: 0 min (a, €), 3 min (b, f), 6 min (c, g) and 9 min (d, h). The scale bar

is 20 um.
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Fig. 3.16 The statistical dependence of the detachment rate of Huh-7 cells on the area (a, d), Feret’s
diameter (b, ) and perimeter (c, f) estimated from a series of time evolution of ECL (a-c) and BF (d-f)

images at the single cell level.
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Fig. 3.17 The normalized ECL intensity of cell-matrix adhesions (a) and the rate of digesting (b) for
PC12 and Huh-7 cells.

PC12 # A7 Huh-7 40 i R g UK fh S 0 45 R K 4% T 3.17, PC12 41 et ¥4
M % 5 T Huh-7 40 L CE 3.172), #1 # ECL BB # & BB T /5% (E 3.17b),
WEW ECL A AET&AETRENFELERE. G HH, ELEBNELT,
AEY ECL REAZANBERE. FRALHBMOINE RS A 40 i35 P LK
B 4 R K ——PC12 40 fL B W LB K B 48 T Huh-7 49 /8.

334 HREKRTIBIBLN

3341 BUFRARGENEHEGCEIHIE

WH-EREEAEREERTY, CARERTERRABER. AMIxES
HMETHRIBRTWRETHEER T BRANFEEN AR, BEHARERTIHIRES, &
B AR o BT R 7 1, B4 B (leader cell) Fn/5 448 it (follower cell) 4 5
REAAER, HElw Lk,

KEERREZHNFAREMERTBN T L, BHEANELENEEH T
QT A LT, B “fFo” 5 “XR7. BE, RUAENANGOREGTRE, XK
B e 8 B e T B R B AT A, RAE EXDR, AR R 0 &b . AFRXEE
iR E e R R E G, TEARERE, ARy, BRI ERS A
I8 B AR L AE R 48 B AR B RO . AN B KO R R T R R R R AR A

78



WL A B F AL X FoF HM-ERFE N AT RN SO R G R H R RTEATFHNA

LR R P 2 -2 R R A, PR R A B A HAT 24

=
~ 44 \1150—
5 3
<\( § 100 —
2 - L
[m)
50
0 0
| | | | | |
0 10 20 0 10 20
t/'h t/h

A 3.18 kR SEHR A K PCI2 4 i AR
Fig. 3.18 Analysis of PC12 migration by in vitro scratch assay. (a) BF images acquired at 0, 2, 4, 8, 12
and 24 h. The scale bar is 200 pm. (b) The variation of wound area with migration time. (¢) Dynamic

progression of the border of cell sheet.
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Fig. 3.19 ECL (a, b) images of PC12 cell monolayer captured in the classical wound healing assay. Red
lines in images a and b show local cell orientations and are represented again as black arrows (c, d) and
color-coded graphs (e, f). The left panel (a, c, ) was recorded right after the scratch while the right
panel (b, d, f) was captured after migration for two hours. The scale bar in all graphs is 50 pm.
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Fig. 3.20 All conditions are the same as those in Fig. 3.19, except that the pictures were captured under

bright field.
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Fig. 3.21 (a) Percentage of preferential orientations towards the wound within the cell sheet as a
function of the distance from the leading edge. Data were pooled from » > 3 different cell sheets at
different time intervals. (b) The time evolution of both the distance with preferential orientations
(black) and the wound edge advancement (blue). The former was deduced from image a, while the

latter from the classical analysis of wound healing under bright field.
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Fig. 4.1 Fabrication process of the photoresist spot array based on the photolithography and thermal

reflow methods.

R R T MM R BRI B m T, £ B X 62 A0 3 BLR 7 ik
Hl % B & mAEwE 4.1 From. £ ITO £ & Ehe ik AZ4620 XX G, #4447
BRI s MR ETERAE, £ORAEL, E¥E, RERSEDNLRERT . &

86



WL K S8 £ A0l X 5 W AR Rk A0 2 R 2 1) R B S A o R L RO R R

ERET AR Lo, @ TREERAEA, ARG EREL HFHOR, EHETHE
R R LR ARSI KT i (ke E 3kV); £/ & I OURAE IR = 5 7] 893
B BAEH =

4.2.4 MCF-7 40 jfi 3% 3

MFC-7 A AL B 2R, R T LR & M. M3 7= 3 5 & 10% FBS 7o
1% PS #1 DMEM, W R E#H—K; EHRIHENY 37 °C. & 5% CO2 0 40 L3 7 46 .
BAT A L b4 R R B, B KA KA A RENIEFFE E ITO BR
K. mT ERMM KA -mA ) EE, IERTARNTERKGEE N 1%),
20 A0 1 ) 3R B R

4.2.5 JERCR [ 5 Fu g B AL RO R AR

A F AT T ER B MR EEESE B AR BAF ARG T, T
1k LRy 154 8 R B R [ F B TTO AR Sk0% &/ MCF-7 40 L # 1TO Bk, 5t s iR
HR/ENR L, MR AL, EEME A3V, B 5s. B % Ru(bpy)s®
WE K 50 pM = 500 pM, BE KX KS FIHKE S A K 20 mM. 5 mM 1 2.5 mM, 1R
KEBEAFLAE G, EHTHERBNFLAZREN, @ THEAEENRS, F
BLRBERER, ARIELHRVETLERN, ERHLZRFEREHM 10 min, [
j& Fil DPBS =k, F3#ATEAF L AN,

4.2.6 2 M8 5.5 5 Ok Bk

FENEORZAR-EREEEN RS, BE 05 5493 b 540 e 40 i - 20 7 e
g, B, RIE 3261 ATHAWTE, HFEEARTRAFT, EHEL
HG R E A5 v B R IR R a0 - e A e - R R S B R

ERARERAT B FERE O B-455F (-4 0 18 B H 4 BB R,
UGB RALR — P A - R AR A - B R . AR E .
ECL A HBEMERARNESHES 3261 /M (1) - (4 HE. FEHARE, v
NEN1%RITEEEE ATER. 02% R 30 B-45% = A K 1% BSA & PBST %7K, 4
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CHERAK. FEUAREMRE, PBS BE=K, A4 1% BSA. 0.1% Alexa Fluor®
488 FRIT A WL FHL & 1gG FR K 0.1% Alexa Fluor® 555 #R10HY WL 34 R 1gG ik 8y
PBS A, ZIB THH 1he FERRBEMRE, PBS bk =k, #H KA EME

WA,

4.2.7 COMSOL &L

V4
/
Solution Boundary —
Electrolyte
Photoresgist Electrode Surface
O
p

Kl 4.2 COMSOL # #l # #y JL 1 A= A
Fig. 4.2 Geometry model employed in the COMSOL simulation.

# F1 COMSOL Multiphysics® % 4 2 57 17 A #E WA e L b2, E g
BRRAVER ., S BERAE T TRERNHY R EEy, ALl 42 froam 4%
HAREE, FREMEREMAHEMFRLLET. KRERBHEERET EH
R EAHE. rz 2 AREPTREETER KB H. RE LU R RAELRA
T E, EHRAEEELERKE T AT .

HTEhFREIBEGER, oA REMN, B FRY REAM-TRE
BREAER. BERE TR DT

Ru(bpy),” —%— Ru(bpy).” + €~ (% 4.1)
TPrA—& S TPrA™ +e (X 4.2
TPrA™ —& S TPrA" + H* (X 4.3)
TPIA*— P +e (X 4.4)
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Ru(bpy),*" + TPrA—%— Ru(bpy),* + TPrA™ (X 4.5)
Ru(bpy),* + TPrA” —%— Ru(bpy),”*+ P (% 4.6)
Ru(bpy),”* —=—Ru(bpy),** + hvee, (X 4.7

& 4.1, 4.2 #1 4.4, BJ Ru(bpy)s®*. TPrA #1 TPrA'H &1k, EER LB AL £. &
G EATERER-E Sk

I =—J e ==k [Ru*] (% 4.8
Jion ==J e = =K, [TPIA] (X 4.9
Jippe =—Jp, =Ky TPIA"] (X 4.10)

H #[Ru?'], [TPrA]f[TPrA*]% %] 4 Ru(bpy)s®’, TPrA #= TPrA*®9 % .
HEAMFRNKXEEBRY, MR EEAEGT ®EH, FeELE - 24,

%zquci (% 4.1

Hob oo Di g Rl A HI L BRE Ry R A
B, BAFRERE P RELNT HUT FEER:

a[j:%] = Dy, A[ RU™ |+ k[ Ru* ][ TPrA] + k, [ Ru*" | (X 4.12)
a[r«;lf*] = D, A Ru™ |~k [Ru* J[TPrA] -k, [Ru* ][ TPrA*] (s 4.13)
%: k| Ru* ][ TPrA* |-k, [Ru*" ] (X 4.14)
@ = Dy A[ TPIA™ | =k, [ TPrA™ [+ k[ Ru® |[TPrA] (X 4.15)
w = Do A TPIA® |+, [ TPrA™ |-k, [Ru* |[ TPrA" | (% 4.16)
a[TaF:fA] = Dy A[TPA] -k, [Ru® ][ TPrA] (% 4.17)

HF[Ru*], [Ru*™)F[TPrA* 14 %1 A Ru(bpy)s*", Ru(bpy)s®*f1 TPrA“ MWK E, AN
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ZHHEN AR PR ST E A, TR RN R E Ry R A 5k g S E B,
H P T & 4.1.
k4.1 ERFERANSEK

Table 4.1 Parameters in Simulation

Name Value Description
co_Ru?* 50/500 uM Initial concentration of Ru(bpy)s>*
co TPrA 2.5/5/20 mM Initial concentration of TPrA
Dru 59 % 10-° em¥s Diffusion coefficient of Ru(bpy);**, Ru(bpy)s* and
Ru(bpy)s*™
Drpia 5 % 106 cm?/s Diffusion coefficient of TPrA, TPrA*" and TPrA®
k1 15 cm/s Rate constant of eq. S1
k2 0.01 cm/s Rate constant of eq. S2
k3 3500 s7! Rate constant of eq. S3
k4 0.01 cm/s Rate constant of eq. S4
k5 1.3x10*M's! Rate constant of eq. S5
k6 10° M1 s Rate constant of eq. S6
k7 300! Rate constant of eq. S7

EA PRl 43 R, BRRENEEEER.

507]

357

307

257

207

T T T T T T T T T T
0 5 10 15 20 25 30 35 40 a5 S0

Bl 4.3 HA B X 5
Fig. 4.3 Mesh setting of the model.
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43 #HR 53t
43.1 FRER

Extended

ile 1G-S Confined

? ) bt | l
)+

() Cell-matrix adhesion = Cell-cell junction

44 AEatFEFLALEREE, ZILKE () FHAR-EREE. HH-40 6 EEHatF
ZRNK Bt (b)
Fig. 4.4 Illustration of modulating the thickness of ECL layer for imaging an inert photoresist spot (a)

and for sequential imaging of cell-matrix adhesions and cell-cell junctions (b).

Bl 4.4 HRELCERE, KI -2 2 2 40 - 20 1 18] 2 82 K Ak 1R 19
REE. REZR Y EUARANDRE LR AR QAEE, R AERA L
DFRERERRAKEZHES (H44b40). BT RRET TR, HETWHAE
A& ITO =ARKE, KR ZAEH Z2WH, HLERF R tEGTERAN
B BE. A RAAF ALK R, BAAEFT RERRAE, BAFOLRERER, B
WFELZXEGTERORTE SR ERT L, FRNFRANEREER
ERCKERENME, X2 T EERA MY S ERRIE, Erts OotEg
AR AR T4~ BRSMEHORT, TARBARUFRAAERRE. 27
ESRAMENEES KT RREFIHNTUNERALEER . ARAAET, sk T
FHURAEERB LT HRREIRE, ARRMNBEEBNELNES T TIAFER
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RUIAREEFIZAERENE T %, NEEFEHER LHET 2 FHEET KAIH
g1, UWEZHLALERENNE. AR e FRXLRENEM L, £/ KT RN
BAFEEERR, UL RN E-EREE KRG FRARXNEERIERN
KA, RSB & S TIES B 40 A4 B e 2 R R (] 4.4b),

4.3.2 Ru(bpy):*"/TPrA & Z s fb % & %

RE PR R EAAFE X AMIK A E ITO R EFE K. B ITO BE& &£
RORL R An % FnF oy B ACFEAT A 34T RAE. B 4.5a F0 b 45| ITO AR LB K E
TPrA #2 Ru(bpy)s>" 8918 IR 1R % th %4 . TPrA 7 1TO A% b o4k 2 S H KR 5 77 3%
£, BHRRZHETARENEE AL WAL ERIE, LRBEMEMLYH+0.95 V.,
Ru(bpy)s> 7 ITO HL#% F 8y @A R H R B B, AN BN H+0.85V, FEE
BWE, DEXHME, HRERMLBER (4. $41%) & TPrA WAL BLR
Ru(bpy)s* £1%, Hit, X & TPrA £ &% &k &AM LN — R 7| B 5 &2 ot B4R
H AR BR” BAFEL K. BT TPrA £ ITO BF F LK £ B R B FEE
t, “REfER” BUFX AT RERAELZRATAKR FHRELI,

a) — 20 mM b) 20 — — 500 HM
64 — 5mM — 50 uM
— 25 mM
10
< 4+ <
=1 =
= = BN
2_
-10
04" -20 -
T T T T T T T T T T
04 06 08 10 1.2 04 06 08 10 1.2
E/V (vs. Ag/AgCl) E/V (vs. Ag/AgCl)

A 4.5 1B E TPrA (a) #1 Ru(bpy)s® (b) BITEFR &t &
Fig. 4.5 CVs for different concentrations of TPrA (a) and Ru(bpy);** (b) at ITO electrode in PBS. Scan
rate: 0.1 Vs!.

£ PBS # [E & Ru(bpy)s® 1 TPrA, X EBEMUF R ENFLXEST. 4
Ru(bpy):> W B KB (F 4.6a, S0uM), R & RAFKE, BEIFRR %Ll EFER
b, AABERERE. EARLHEARIBEANBELLYAH09V, BAF LK
RABMLAHHI0V, ZF B F. RIEE 45 PR L FHEIIR XA, &
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ZHEET, RAASA ) TREREAHHEENE, THAARWELELALET,
X R EALE & LA N-TEEEE (R 4.1-43 Fuxk 4.6, 4.7), Bl LA Tl EBIK
i, AAETBREEEAMN-TRERERZEY, R E Rubpy)s* KE Z 500 uM 5 (]
4.6b), BRAMEAFAABEMEBMCH L MEHEY, HERLEAHEEH0IV EH
AALHENERREMF L AET. EREMLT, UF Rulbpy)* %A, HH®E
WER XN ENEET 5 SR UF R R (K 45, 43, 46 f147), B,
FTRER S, BUBAEFEAFALRE. LREMFALBENE L EL HE
WE LR E B 9 A5 R BT oK, ] B AL RN T RAE IR A 5| e L
FRIEER, URRZEE L HHENFRNESFE R

40
a) 7+ 10x10°
30 -
m
ol
< 204 5 =
= g
@
10 ZF
04 — 0
[ [ [ I [ [ | | [ [
04 06 08 10 12 04 06 08 10 12

E/V (vs. Ag/AgCl) E 1V (vs. Ag/AgCl)

E 4.6 B & Ru(bpy)s> & E A 50 uM (a) = 500 pM (b)), [ % £ B TPrA 73 2| B9 18 3 1k
Tk (L&) FtE-wBfids (FL)
Fig. 4.6 CVs (solid line) and ECL-voltage curves (dotted line) obtained in PBS containing 50 pM (a) or
500 uM (b) Ru(bpy)s>* and different concentrations of TPrA (red line, 20 mM; blue line, 5 mM; black
line, 2.5 mM). The scan rate was 0.1 V s™'. The PMT voltage was biased at 250 V.

4.3.3 KRR EF| W HRAE

ERAAE R T EME R E T ITO £R LH R AMES, ERETTHE 47,
WA+ (B 470, CRAKEAE, EAAFHRY, BEH—, HK 20 pm. M
AEF (E470), ERAKVFDR, &ELHN 5.1 um.,
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B 47 CRAEFNHEE ERERMCEE: () FHE; (b) MIRE
Fig. 4.7 Top-view and side-view SEM image of the photoresist spots on ITO electrode. The scale bar is

20 pm.

R A BRGNS . B 48 BT EENT LR A5 5, LR
L H 20 um, HENHA 51 um, SHEEFERENER K,

x103—

Height / nm
N
]

o

0.40 0.45 0.50 0.55 0.60
Position / mm

Bl 4.8 & M DURAE LR w3 5

Fig. 4.8 The cross-sectional altitude profile of spherical spots measured with profilometer.

4.3.4 R RIBHEMEFE KRB

4.3.4.1 XK EEF R&

BRI FREBRMKE, BUFRARIRHEHNEN-TREEER, E 49 F7
7, Ru(bpy)s* f1 TPrA % £ AR Kl X & B F A, A% 7 4 Ru(bpy)s*
A1 TPrA*, J&# Rt JR 713 3|8 TPrA*S Ru(bpy)s® K, 4 & ¥ & A Ru(bpy)s®™. H
WFRNEREEE B TPA B KR E oA k2 .8 T TPrA” F 4 B AR A 02ms),
JHEBGR, HlEAFLARRTERET.
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hv
Ruz* &Ryt P

RUZ*  RUS* TPrAs—TPrA* TPrA
e e

K49 Ef-ERBEENFLNL, AXERBTEREE
Fig. 4.9 Schematic illustration of the oxidative reduction route at a low concentration of Ru(bpy)s**

where the ECL layer is confined in the vicinity of the electrode surface.

K 4.10a 7~ 7 4 50 uM Ru(bpy)s**F2 20 mM TPrA # PBS &7 (0.01 M, pH
7.4) R ERRIE BN ITO BAR M BN F KX K E R, Himafh+1.3V, BXE
B Sse TARBAEREXFTEANARRKE, LRELEZANELEIHE, HHRR
TEHEAREMBER T Y K TPrA REZEKE 5mM A1 2.5mM 5 (E 4.10b 7 ¢,
BT ARBEMREMK (H410g LED, ZAEGRAEM. =R NAKE T 2N
EREHEA—REHLES (H4.10g TE), RHLLEEGHHRILTRLEE
., RHERE AR —E,

EXABRANERENRRAGERNBER N —F A0 F HWER, WY
& HA-TFWE A 50 uM B, £ K5 TPrA % E A 20mM, 5mM ## 2.5 mM TPrA #
BMAFEEER, AREAKXEREE L2 F K 1.940.1 um, 1.8+0.2 um 7 2.3+0.3 pm.,
TPrA RERKE, AABRERG, BENLELT, HiirgRmZ0EL, NER
BWARANEREETRRERA,

DBAE & —f## TPrA ¥4 389 3£ R S|, A%+ Ru(bpy)s*/DBAE & % By F;
52 3% Ru(bpy)s®/TPrA th A £ 5. ¥ a2 X b1k R Py R 7 &4 4 DBAE, E4
B E AR, FEE 49 ZARRLBRES, LREGEmEN. K2 LK

KEMLEEEHAIET— 4, B3 E 490, 5 Rubpy)s®/TPrA 4k Z W EF| I %
FFE, %% DBAE WREM, KE@&AES, B b L0 B G TR £ K85 ik E &
4T 2 4o Ru(bpy)s® 3 B 4 50 uM, DBAE ¥ & 4 %1 4 20mM, 5 mM #7 2.5mM #f,
HRENEEE S A 1.0+0.1 pm, 1.5+02 um F7 1.9+ 0.1 um. 4 5| H & 48 Bl %
E 8 TPrA 1 DBAE 1 % 3t R M Al et ik A eyt ¥ 2 K E R, EEREFALKR R
P F A, %P Ru(bpy)s>/DBAE 1k % % % B F iR .
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TPrA DBAE
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h)
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«Q
N

1000 4000
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o
3
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Position / pm Position / pm

Normalized Intensity ECL Intensity

Bl 4.10 %t T Ru(bpy)s® WK & 4 50 pM A, A [8] 5 RORE 7 A 25 Fu ik T e e [ 71 B s AL %2
ZAER (a-f) KRR B K EZ W& (g-h)

Fig. 4.10 (a-f) ECL images of photoresist spots in PBS containing 50 uM Ru(bpy);>" and different
concentrations of TPrA or DBAE (a and d, 20 mM; b and e, 5 mM; ¢ and £, 2.5 mM). The scale bar is
20 um. (g, h) ECL intensity profiles (top) and normalized profiles (bottom) obtained with a single
photoresist spot at different concentrations of TPrA (g) or DBAE (h). Yellow line, 2.5 mM; green line,
5 mM; black line, 20 mM.

4.3.4.2 COMSOL U IF B ¥ & b F T RRER

HIHEHRE % R E Rulbpy)s®/TPrA h R, HeEMFRERANFSHEHR
#, FHMW L ZER AR L, FF COMSOL B & Lt ., & 4.11ac B
T EZ AL FHREA 50 uM, K& 3R K E B Ru(bpy)s™ ik & 4 B9 8 | & .
Ru(bpy)s*" & a8 N 1us), ¥ #HEBAR, FITH Rulbpy):® ™k E o5
TN BEUFEABRELF. BFRBERTAERAO0, L€, EEhaeRENL
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BIKAKI® . WA 4.11la-c, =R MFIKE TR RS W ELFHEE, HAR
MEREME B S; MEZEREANEEE P, tRAERRREO, BAFAL
A e T e AR AR T Y X35 [ 4.11d 4 A% B 09 4 8 B 19 )3 — ot 52 0 A e
Lo SEMERFEWEE (E410g) KM, tRALZZLERRER, CRAE
= X (F10pm) A, AEFM. AKX EAKE THERE S, KARHBENFLR
ot B 3R T PRI BT A 52 36 RORL AU E RV

a) Solution d)
1.0 ==y
= |3 r
-a (<] 4]
Solution §
£0.5-
1
(@]
L
Solution
0.0

-10 0 10
Position / um

Phot ist
Electrode otoresis Electrode

Bl 411 Zta TRERIRE, RELXRMEFKE, Rulbpy)y ikE 44 (BIEE L LEL
) WEEAE (a-c) RENMER AT —MARMAE X ML (d)

2+

Fig. 4.11 Cross-sectional view of simulated concentration profiles of Ru(bpy);”™* around a single

photoresist spot in PBS with 50 pM Ru(bpy)s>* and TPrA (a, 20 mM; b, 5 mM; ¢, 2.5 mM). (d)
Simulated ECL intensity profiles at different concentrations of TPrA (yellow, 2.5 mM; green, 5 mM;
black, 20 mM).

4.3.4.3 IREBEEAE R T4 M-E R FE &

R T oM ETHEAFRARGEN L AEEAN L) FRHEN ARG, FHIREE
EARHEE M- E R B ZFEHR, AR-EREERNFET R AR
FH R AR Z B W PR S B o B G A R B AL R R A, BT Y
R, Rt Z Ltk HE2EHELALE, HhERF L LEATE
W AESE, B 4.12a A FE KA MCF-7 2R B, T RE M4
AIE B 28 Jfe- 2 0 8] B, MICF-7 40 B0 1= 38 5 Ak AT . 1B 4.12b O 1% 40 L % o+ B E 38 &
B R R A, KA ERAREHNEON ) A ER-EREELE., & T
MCF-7 Zfa s 5 8 (BHk), BEREFaX S EHREMEE, RabEHEAZL
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MEFEW M- EREEEN (LLEemLELE). BCL BB ES 50 uM
Ru(bpy)s* 7 20 mM TPrA (& 4.12¢) /DBAE (& 4.12d) #) PBS A + #H1& 7 &,
HaAm AL A3V, BEOLEA N 5 s, & 4.12¢ Fo d oA R AR E S ARVER T L,
THELERERERES LMY, UL DBAE A& R NAR AL LBREER, X
KEE MRS, BEhAlE-ERfaEGEmEN, THELES. BhFLLER
SR RE GG (L ek E) o —B, iEHENF K bR X 4 -
£ FE A A

&l 4.12 MCF-7 @ fLE ¥ (a), %ot (b) K UL TPrA (c¢) 2 DBAE (d) 4 3 KM 7| it By
ECL E %
Fig. 4.12 BF (a), FL (b) and ECL (c, d) images of a single cell cluster. The ECL images were captured
in PBS containing 50 pM Ru(bpy)s>* and 20 mM TPrA (c) or DBAE (d). The scale bar is 20 pm.

4.3.5 2 |E I By AL RO B

4.3.5.1 IR EEF| B R KR &
B XERIRE, % Rubpy)s> REREH, BUBEEEZSEAFLZLIRE, X
BET, BEAFAATEEEFZTEREERIEHNMNE., ZHHALEREE L 4 /8-
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AN S EICE, A AL I M- R R
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Bl 4.13 Zota THRERS R (500 pM), 7 [F 38 KB A 2 A0 7K B T 6B R [ 71 B e fu 3 &
E#& (a-f) REANKRAAKEZ % (g-h)

Fig. 4.13 (a-f) ECL images of photoresist spots in PBS containing 500 uM Ru(bpy)s>* and different
concentrations of TPrA or DBAE (a and d, 20 mM; b and e, 5 mM; ¢ and f, 2.5 mM). The scale bar is
20 um. (g, h) ECL intensity profiles (top) and normalized profiles (bottom) obtained with a single
photoresist spot at different concentrations of TPrA (g) or DBAE (h). Yellow line, 2.5 mM; green line,
5 mM; black line, 20 mM.

K 4.13a % 74 7F 500 uM Ru(bpy):*"5 20 mM TPrA & PBS & F & H LK
B Z b E G AHIREE Rubpy)s® TR E M B L L E# (E 4.10a),
E4.13a FAEREMRTHAARSE N REESLBAHARRA, AHBEATHA
— kBT L /LT ELES (H4.13g 5 4.10g), BFE /% LA R T Bk
AW H4.13a UEFWIAZ S Xk MBI TAF, (B2, BEE LR A IR E F
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1, BAFLALEEM| (H 4132 LED, ELRENENFELLEEGHID N (F
4.13b fn o), BIEAEEE R M, Wit, H— ¥ XobTRE &+ H ARSI,
KABMFRAXECLT HMI AR ETNH, FARFHELEAALHENFLAE
5,

F ¥4k R A & DBAE, [5] 4 77 W20 5| I 36 RORL | ik B R MR, O i B R 4 /N
A% (H4.13d-0. EAEFHT, L DBAE ¥ 3£ KN F# KB & ECL K % ¥4 %5
TPrA M RN FINE K, RALEXLEHT, DBAE WAL EH K TPrA E#. &
T UL DBAE & R M|t ¥ 2 bt Ewm, Ak EMCCD AL, HEE
4.13d-f Btk B AR AL 5K T 4.13a-c, Hib, W 4.13gF h FRT—frymfb=
KABE T EHELR. DBAE KE & 20mM B, it — 53 m, FHit#—F%
& EMCCD #45, K 4.13h FEFRT—HBEAFAABEGATHELLT 55
SRGE BB,

TPrA TPrA® =s TPrAs

>_< Ru2+*
hv

. Ruz* Ru3* Ru®* Ru?t
TPrA TPrA® s TPrA® 4 —
TPrA >-'R§f:‘v v |
Ru2* Ru3* Ru3* RuU2* Ruz* Ru3®* Ru3* Ru?*
TPrA
}%’ \15 }ff \ﬁ?
High concentration of TPrA Low concentration of TPrA

Bl 414 EhBREAFIN, ZAEREZHREANKERT
Fig. 4.14 Schematic illustration of the catalytic route at a high (left) and low (right) concentrations of
TPrA where the diffusion profile can extend over a short (left) and long (right) distance from the

electrode surface, respectively.

K 4.14 DL Ru(bpy)s*/TPrA R & A, ErEAEZEMFA LR, X,
Ru(bpy)s® 7 .4 & @ 2 & & Ru(bpy)s®*, /& # # — 5 TPrA &1 # TPrA*" ., TPrA*"
R T /5 R GRIE B M B TPrA®, 1% B @24 Rubpy)s LR ER AL, MAAEE
A, Bl bF. RS EF, Rubpy)s® 5 TPrA I8 83448402 KON # 5 4 B,
REBEARAR AR, EHi, BAFLKEREEE Rulbpy)s? Bk E 5 k.
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Ru(bpy)s® Wk E 3 & B, Ru(bpy)? EHM AT AE A&, B THREEENKE,
Ru(bpy)s* T B EHE B BM A BRTAH = AEBMFLK, ELXALERER, T4
TR B TPrA Wk & 35 B, Ru(bpy)s® & B & B [t 41 B 4% TPrA £n TPrA*H #7914
K, EARRELEEEREEM I, EXHELT, RES5 Rulbpy)® K E B IK A
MAXNELRR, WEHZELEURETEMEKT, SAN-TEEREHWEAEL
St B JE E #VT, 7] #E B T Ru(bpy)s® 5 DBAE R i i#% £ 5 Ru(bpy)s*/TPrA & 2 1~ [,
L DBAE 2 3t K AL 5| B Ru(bpy)s™ H § # B9 BE B £ 42, & b4 E R

4.3.5.2 BRNES AR R EF AL LR RN W
20 mM 5mM 2.5mM
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Bl 4.15 sota TREREH, LLTPrA A3 R A, ECL BGR BN ER e AL AR E dh £
P B ¥ B[] B A A
Fig. 4.15 ECL images and ECL intensities along the radial direction of photoresist spots in PBS
containing 500 pM Ru(bpy)s>* and different concentrations of TPrA. The exposure time is different
(black line, 0.5 s; brown line, 1 s; blue line, 3 s; gray line, 5 s; green line, 7s; yellow line, 10 s). The

scale bar is 20 um.
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Fig. 4.16 ECL images and ECL intensities along the radial direction of photoresist spots in PBS
containing 500 pM Ru(bpy);>* and different concentrations of DBAE. The exposure time is different
(black line, 0.5 s; brown line, blue line, 3 s; gray line, 5 s; green line, 7s; yellow line, 10 s). The scale

bar is 20 pm.
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Fig. 4.17 (a-c) Cross-sectional view of simulated concentration profiles of Ru(bpy);“™* around a single

photoresist spot in PBS with 500 pM Ru(bpy)s** and TPrA (a, 20 mM; b, 5 mM; ¢, 2.5 mM). (d)
Simulated ECL intensity profiles at different concentrations of TPrA (black, 20 mM; green, 5 mM;
yellow, 2.5 mM).
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Fig. 4.18 Side-view simulated concentration profiles of Ru(bpy)s;*>" in PBS containing 500 pM
Ru(bpy)32+ and different concentrations of TPrA (a, 20 mM; b, 5 mM; ¢, 2.5 mM).
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Fig. 4.19 CLSM image of the cross-sectional view of a cell cluster. The scale bar is 10 pm.
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Fig. 4.20 CLSM images of a cell cluster obtained at the focal plane of cell-matrix adhesions (a) or cell-

cell junctions (b). The vinculin of cells was labeled by immunostaining. The scale bars are 20 um.
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Fig. 4.21 BF images of a single cell cluster. The scale bar is 50 pm.
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Fig. 4.22 ECL images obtained in PBS with 500 uM Ru(bpy);>* and different concentrations of TPrA

(a, 20 mM; d, 2.5 mM ) or DBAE (b, 20 mM; e, 2.5 mM ). Inset shows the magnified ECL images. FL

images of the same region of interest with vinculin (¢) and E-cadherin (f) stained simultaneously. The

scale bar is 50 um.
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