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Optical, Electrical and Mechanical Technologies for
Living Cellular Behaviors Monitoring
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Cells can sense chemical, biological and physical changes around their environment and regulate a proper response
to different stimulus. It is an attractive topic for most researchers to elucidate different cell mechanisms based on
the observation of cellular behaviors. People tried to induce various stimulations by using chemical reagents,
immunological proteins or mechanical indentation, and then cellular behaviors e.g. intracellular molecules
modulation, cell movement, secretion were associated with these stimulus. Based on the established correlations,
cell physiology was investigated and several hypotheses were proved. In the past year, several monitoring
techniques were developed to meet different requirements of cell measurement. In this article, we reviewed the
reported techniques and compared their application limitations, respectively. The advantages of integration with
different technologies for cellular behaviors were discussed. Also, the future trend of cellular monitoring was
proposed based on the reviewed evidences.
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% o S R IR B EE T B e A A R
HWEHENGYIN G E » BECE TS S R
R/NGTELRT - SE AT HER R NE I E R © R
[ > G SECM BUZCES B » (EREF A Ffs
HIFERI A - SOERFTAUE B E - E Rt
R E FIRH R AR - g EEMEET
BRI - T EHE E R - PRERIRZEE (fast scan
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FARSTRIRRAR » JHFASELMEE LI T = - KR
LR/ NEFARSN - R LLEREE &S T
parylene {EEEMZR AT BARAZIE » FLLE TR IRY)
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electroactive (b) Catalytic enzyme
species ALP, NADPH oxidase
(a) myeloperoxidase
Others
ROS s cytokines
dopamine fT\ antibody
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R: reduced species, O OX|d|zed species, S: substrate
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okt (b) BT 2@ RH kT A
4&&%%#&%’3?‘1&‘%4& A o A2 A 5k A

(c) » BACE KL ¥k H A -

H/AEB R SRR 8 G M R E TR K
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(transmission electron microscopy, TEM) ~ BUE 7
B T#fHE (scanning electron microscopy, SEM)
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Wﬁﬁ T ZHIERN o BRI ST I
% (W% 1) FEEESHESTES (conjugated

probes) ~ 73 T-#E$F (molecular probes) ~ LI FEE

(nucleic acid probes) ~ fHIEIIFEMEEEET (cell function

probes) * H W2 [ (fluorescent proteins) DA &5

(quantum dot) Z£'” o DU EIE il il B R -

D #EETIEEST (conjugated probes) © 41 Cy2 ~ Cy3 ~
Cy5 4L » PRI BB R MR %2 » 5Bl
H RENAZ AR HEEER ErIGE
(amide group) FAMIMER » FERZHIERNRERE
TE °

@ 43 T-HE#t (molecular probes) : Alexa S2%YE
QUR - BERE I RIME R IMSEELEALINE » AT

AN EDE L (FRBERLRE - B
AR RS - T EEANFR E EHF
@ EiFgHE ST (nucleic acid probes) : Hoechst 33342/
33258 ~ DAPI £ ethidium bromide (EtBr) %1%
FRAYRIEINSG — HofRiEnE fig B %1 (adenine-thymine
pair) E SN - EAHREER G 6 - Bl
e R 2 IEHEGR - # EBr B HARE &
I FETRH) DNA “FEERE T - HIb
propidium iodide (PI) RIlH RASHHALEIT (cell
cycle) 7347
@ FHHRETEE M FEEE (cell function probes) © HHAEA
f%ﬁ¥/,\%1ﬁiﬁaﬂ?§ > Indo-1 2 HHYH,
TR OBEEST » Indo-1 B onm Bl A A 5
??}%@WEJX o it 4N > dichlorofluorescin
diacetate (DCFH-DA) Je[ AT 285 A /I - £
g% H,0, [ EEY dichlorofluorescin (DCF)

YA % + 5 3y AN =
* 1. o7 R A e & FEF
i# B2 E A (nm) (nm) (nm)
TE 4 Ny S
SEEDTRN | | 02 e e T A
Bk ks me - (con]ugated Y e
Cy5 620 680 60
probes)
Texas red 589 615 26
Alexa 350 346 445 1 PG TUAE i
SFERSt O
Alexa 388 494 517 23 B
(molecular =
Alexa 594 590 617 27 THFEE
probes)
Alexa 647 650 668 18
DAPI 345 455 10 S e HEH T
Hoechst 33342/ DNA L f ~ %%
FREESE | Hochst 33258 = 483 MO e
nucleic acid idi
( Ethidium 493 620 127
probes) bromide
Propidium
toctals (191) = 01 aL
HREThERENE | Todin-1 361/330 490/405 129/75 AFEE B A 5
BEst Fluo-3 506 526 20 E
(cell function (=R E= R
probes) DCFH 505 535 30 R
HEH H@W’:—?Eéﬁ ik
(fluorescent | GFP 488 558 70 TEE B
proteins)

12 MEME =+ —5509 99.2




Lateral membrane

DeSﬁgeKjuncti

Apical membrane

Adherrn:] junction

Actinffilaments/
Micrdfilaments (MFs)

Intermediate
filaments (Ifs)

Focal adhesion Vineulin

complex (FAC)
c-actinin, talin
or filamin

Microtubules
Basal membrane (MTs)

Integrin

Extracellular matrix (ECM) V_.’-

B4 EEtmipds| T &8 c ERARRET > i @id B E RSN HAmp LY > LEBTE
8912 4%%& & (junction protein) AL F FikdE o —AxA81Z fmfE PRI H £ B b = A8 fm R B 2R TR
o 7 & BE % (microtubules, MTs) ~ ¥ M 4 (intermediate filaments, IFs) ¥ L% %& & 4 (actin

filaments or microfilaments, MFS)(lg) °

ok B AR A E N RAL B F IR E R
e
® #YEEH (fluorescent proteins) : A=) HERTK
(Aequorea victoria) B8N PTEEIR kG &
F (green fluorescent protein, GFP) » & e -5
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SR EE o LR E E BRI
T BAFHIREA R B RE " -
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k55 o EETEHRUE (bleaching effect) » INFJAE
BT o JEAN  RIEE LGRSO R HEE L
IR > R FRIRFEUIEITR KT » RIS LR
BB ST ERIAH A 18 - (EAERR ST AT FH S iy i
K o TR ETFRIAYIERE - AR E AR T LA
HIPRIER » 35 2/ N SRR Ao mT DA i 52 56 26 H R
FEEARLES » SRR P R TR - DA RIA
BHE - Bt LU E M - AR R
SRR — RS -

3. Y1214 R%;AI28 (Physical Sensor) 7E#Hkf
HERIER

(1) R HBZEIEESE

H RIS 2R E T2 () - 15
BT ~ (REREEEE)) FrinE A E > DU HER[EH]
R S BRI - 325 NAAR > PERATH ST R
B2 © 1997 4F Chen"™ i ) BE R AR IS TN R
il > RN FEIEEAEHEESZE H (fibronectin)
B b FEEEREmE N 5 Hek AT - iR
e vk G % MY (spreading) 0 1 H EHOH T
(apoptosis) ° 3% B KR Al B 42 SEEL H 5B A AEFF
AEAEFEIRIIER - t—mBh s A B
VAT BRT SR - IR - BERE - IRES(LEE
VST BEEHERIEEENE RS+ 0 B
BT R AE AR T B TE R BN o AR (polarity) HE
H1) b Rz AR (i 4) B2 AmAE ) R Tt e F A R 1]
T MRS S EBE M (microtubules, MTs) ~ HH
%% (intermediate filaments, IFs) Hi L8 & H &h
(actin filaments or microfilaments, MFs) ¢ —faf#
EH > WG EZE (cytoskeletons) HERFHHfEERR
JIERFZAR - ARG R HIE FE B2 & (tight junction,
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adherens junction, desmosome) Gk SeallihE S I Rl
R (focal adhesion) T2 EXF R & » ALRAHIAEE E
FERUSNEE (extracellular matrix, ECM) [ ° 4L
"B IS 2L BRI I B R AR AR R R sE e - B
EEEAFREER - 20E 4 Frs > DA S 285
(B Ry L - FE DA FAYBEE 3R (integrin) » FF
R/ NELE B B 2R AE AR - RIS AR 2
{ERSNEE BT - e EE i o IR B
B TR ~ BRI H BT & 0 BRI
I VB R R R — IR IIE G - TR REI =
T (focal adhesion complex, FAC) ™ o

46 > Hif S JEEEHE(EE (mechanotransduction)
eI BER " o A B e SN R B AR AR S P 2 D
BRI & R RS A7 s B N BT Y BRI R
B N S 28 BT A A AR RCEEE A -
sy R IR 2R - B BRI
i BLEEECSEAEE - AT S 2
s I B R - R AL AR R E
At o NIRRT AR A AR B AR B SR
T3] e

(2) #fHBE AR
RN B SR s — B RE Ty - HZE(ETEES

AR R T AT - AR R T TS TR A

K] - HAAS A S TSI 2 8 E 2 El

W > AT g R B R BT TE - FEEPKEkHT

TIEARTERIER R - A3k 2 o A R 209t

7% BT B A AL ST (viscoelastic force) ~ ff

F7 (adhesion force) LA IS#E /T (contraction force)

FE=IH o DUNRHES 28R ERTT 0 -

@ HHRERLE ST« MM R R MR B G %~ TR
ok K LB 2 ok = Rl B 28 0 e I 45
LA RAS G FIEE AR - O &HTNE
R
(i) AL EE (magnetic twisting cytometry,

MTC) : 1993 4F Wang Eil Ingber Mi{\1 223 - 1
SALBM MR R Z a B E i eI
KA > BLUKPRESEENEER - #ERigERE
BHER (T RSAERSE » HE(GHIIEER TR ™ -
(i) B AL (micropipette aspiration) * I FH 3%
HEDCE NN =R > AN R AR
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[ IHR/IN - FEERE A SMNEE T 2= B
5 [ > FHERaRLE Y .

(iii) ] ST BE{H 8% (atomic force microscope,
AFM) © FIHEEEHEERR (cantilever) fEFRFE
HARART - DU E IRidim R - &
PRET R AN R R M W Iy - 5[5
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bE - FELETEMIERER e B R -
AT 1 V2 bt P AR 2 8 DL R A %
Ci AR VAL 10
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5400

() (RS HTIE (microflow filed) @ FAE 19 i
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energy density) B2 EZVIHE - E A H
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DURERENERE B - PR E T FIF Rl
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HE 7 ok ~ RE 2 DB E RS T
TEPFERET (EAR 75 k) b DI E
KRR B T E A IS & - 35
HIELEs P& - (SEMIEREM B2
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[+ & R PRI K 8 oK - HETHH
REIEERT 15Tk 38.9+10.6 Rz 4FTE (pN)*” -

(iii) FE 558 (laser tweezers) & JRHH By & SEITHYES
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Magnetic
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Eﬂ‘%fﬁjg{i Magnetic bead ¢ ytometry
S AT R A R T AR A B
— i T B TS R
aspiraF;ign ﬁz%@” o
)
FhiE )y
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o] TN | prme iy SERRER 5 S E
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e e | s R A E AR 22
Rk, _ N\, _» | 3l EESHMS T ERS
[(EEZNE Xan el
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(TEZA] R IR  EISEER R BT
<—
-Q.,AJ IR ST R -
Newee o | EECERYJTRIBEMTS > (EEAH
R B Chap FEBRTRIRANS 2 F 3T - 45
BB T B B AR -
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BB B AR RS (1
WekE ST SRR AR e A AT 531 e B — 2
I IEE SR -
anaydeesor | BREAS RS AT A B AR -
PORE R 5 41::::§§“ HB A S R AR
VTR (SRR -
@ MR fE S - = R 2 TR g E £ HEEREBYEE L EE g lets

K BN LB & E B L& 2 H A2 AEE)
A DRREENEMNT
(i) PIEEFECEAS (wrinklable substrate) @ - 2[R

5 > VB Rl A SR HTATEAS © Harris A
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I %‘MIB@UE?EH%I%
|
WK IRERHKT
| | | | |
TEHI - WISIMER YR BTN EM
l } } ] J Force (V)
107 1072 10710 1078 107
L1 I |
EHE-=8082 HRRRUHE D
B E{ERA

L T wsn-mosss
AR-mmgEn R

B 5. ta s /1 346 TR M A LEnHRE S -

HIEIRE & 2 AR B UE - EEDURS TRt 43 T[]
& S rAAE e ) & -

(i) $E fix U ER5E 14 BE B (embed beads elastic
gels) * FlI B ARSI RGBT SR Ay ARV Ry o2
B o S EMER SRR P RS 2
I SRR BT A A G O - B
Y E & 77 B ] BB A 5 - B
AR LAT AN E B — = B JIER R

(iii) FEAH4HE (microfabricated post array detector,
mPAD) @ Tan ZFEEINR 2003 a2 a1 R
T E Rl REVEM - DI & ST
(PDMS) BHERIEREY - BIESHAE R/ fUE
FEECRFRI I o DI OB RS &
TERfiaZES [ T2 EYEE - Hik
Pt HoAth 7R B RE A5 EIAH AL B — G B
TIRHTR/IN » SR T AR AR SR AL e e
HRZFE -

(3) AR NEE AT 2 P&

Subra Suresh 25 A * A 2007 42 FL#AN AR
LR IR - e HE RS E anE 5 FoR)
BURHEAR NN AR ~ RS - 2HE e
TR - {H AFM fEER{EEREROT ~ AR B LA
Ko G R RI - o S e E2AER] - R PR
rEEE SRS E - DUdR s B8 s IR
HH#7 (force-distance curve) > F] T2 15 F S
(Young’s modules) * ZX7F 5 P &I Al A B A 0
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(substrate effect) 5225 = {d © 1965 4F Sneddon™”
=B ERE (indentation) BERFERAITT -

2 E
== 1
F=9 a 2)tan(oz) H

Het FRIEFTT > E BBRAGRIEE > v BEAR
WAREE > S REER - o RyBR ST SR A

{EL AT M ] [ e > SRS A Sneddon 2%
2 o BHARE(ERIRE - Wei A1 Lin [R5 A 77 & R
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P.(h)=exp(r xh)P;(h) + [1 —exp(r X h)]R (h) 2)

HrhEMZT7h P, B RIS R &%
2ITFs P WIS 0Ky P BRBERs b r By
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Bt E M AR ELE - (R R B IR AT
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