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1. Introduction

TA7I) ) AUAS o 8% xS Aol
HHsad AWARE BeERAe AT PZ,
%5 2 227)AE Apsed Ut #8

S AFESI0) Sith 2, AwEel ek

e AulRY 2YFAE B2 Ao 2He
Hojd B9t A FE Ldo7)7] el 1)
Azel 3phg BEII|dE FEHTe] dNeH,
53] F7E AR89 ¢ diAd aFEY o}
Uzl 33489 725 Brlde AdaA @t
ot oldg EAANE sjdEr] A 2HRHANE
AT YA B2} ojujAlg AAHsh= deconvo-

lutiono|2}= AFEHE ol &8 7leo] FAAWH

of Hg=7l AsATh 2 o)d Ted

2o Alzte] ke 9ol AW HEdd =

g2 adez AMEY] AR A

& 33 n]Ao|c}t. Confocal microscopy (%% &%

dn) 7)o delE Minskyol] o8 A5 WEHA
I

=d), FY7 detectore] AL Ag9 FH <
N7 Aotk (Fig. 1). ABH 2AH RYE A
98 BEO IAPARE TAF A FFoY
39 detector 123 AEZRE AAY F A=
71%¢] Zolth. o} g Confocal microscope: ¥

@ gREngel M 9ge S TE
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Fig. 1. Schemetic diagram showing principles of
confocal laser scanning microscope.
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Fig. 2. Jablonski diagram illustrating fluorophore
process.
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Confocal microscopes> 3HAH-S
Scanning ¥H o] wa} stageE ZL‘{—J}%E %2—101
< “stage scanning type”, scanning beam3} T E
stageS o]&-8}= “beam scanning type”, 2121 1L
e FL3} stageE 712 “spinning disk” 52 Al
N2 FRE 5 dr} o]Fd A &3] confocal
laser scanning microscope (CLSM)8l2. EAH+=
beam scanning type®] 7} dg] o|&5x ok
CLSM-& scanning 7 348 T3 WY
9] zteldl 93] “slow scanning type" “fast
scanning type”C 2 FEEHEH, ERdiMe FE
slow scanning confocal microscope® ©| &3+ A X
W 2@2aed B FEE9 3AYAHA Fxe A
E AsHEEde AAL W A7 g

nz#s rux gk

2. Confocal Laser Scanning Microscope
o 53

CLSME Table 164 HiE uis} Zo] A2
HHT imageE Fv WO QoM guk @
nA%E & ol
A9 thokdl beam splitters} filter (excitation T
emission) 55 AHE-3t imageE FA Hed, o
2]3t image= FYH detector PMT)Y ZHEL §
Hell Al LAAA LojAE et (Fig. D).
aHEE Ag HAY imageE 97 YHAE A
g Al tig scanningo] HFHold, o]
27zt 279 imageE-2 computerol] A Ao
AANHo g 3t image2 ATAS= AHolth
X Confocal microscoped] A= Lyt ol Ao

2t} Confocal microscope®]

Table 1. Differences between confocal and conventi
onal microscoope.y

Characteristics Confocal microscopy Conventional microscopy
sample illumination focal whole field
illumination source laser mercury lamp
real-time scanning possible possible
optical sectioning possible impossible
z-axis scanning possible impossible
depth of field 05~1.5 ym  whole sample depth
resolution & contrast ~ much better normal
repetitive observation possible almost impossible

image saving time <sec min
image processing 3-D, stereo-image impossible

AL EE LW (mercury lamp)9) H-‘0]
ZHFAE Bolds WY A7 R
7] W&o dnk dn| oM ALgsle o‘{_-"}’
2] g8 FH9| laserst o] &-Het ol o]
Q18] confocal laser scanning microscope@}
Hol EA © AHolth
Fig. 1ol vteld npe} 2ro] confocal microscopy
duk @ujFe) v o 22 oy 71A
He 7T ATk, 2). HA, 9 "R
confocal microscope= FFH FAE &Y
A7) WFo AR R 59 AXY B
X E #FAF}7d {2y, ), confocal micro-
scope= A|R2E 382 AY (optical section) O 2
B0 BRY 5 A7) BB ADH, T
2 12 ¥X¢ vE7 dgshs G, cAMP, Hi0,
9 AE A% Aol gk FRE AATH
oz 98 4 a}c}. Ane, B34 A9 75
& ol&3td AEU EFAESY B¥ T& ZAAY
T AT 324 imageE FHY 4 Stk =
confocal microscope= I EAY ZE AR

0}§-3}od 7‘4?4‘3}71 gFo AR

imageZ BAsle] 3 21 F&, YAl FA, color
depth coding B 2 399 53%_‘,:_% 238 7}
Jeom, vixtog gyt dujAdM shte ol
nj2E A7l Al E &of Alzte] @ H ] vl
confocal microscopeE AREE AL 4 % Ux 2
olate] #& AjZreE onAE AR 4 Yok
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&k AA), AR ¥ FYUSE laserrt FH
e, FFHl ot AHEY e AR W
242, 28n Hgo] Nz 0 4 ok 18
B2 lsar® AU A% AR Sl met
4% 252 Woste) g B £4, AR
ZEEH Yy -‘;— 833 = emission fluorescenceE
A ol BBe AAHI 9 emission
filer7} W42 2ld], o] emission filters
measurement$} double stainingdl] QoiA o FQ
& 2zt A, W97 3 2lo) compuers]
e e memory®] &FE whg FaF 2471
& ud, 3349 ) ATATH 4N 2
2 susl e AP 2719 RAMo|
s5sjololgt #40) FPselTh W@ RAMO)
25 confocal microscope?] 34+ % (resolution)$b
43k Feo) Y, 9l S confocal micro-
scope?] SHAYE7} 1024 X 1024 pixelsd 39 shi
2] RGB (red/green/blue) imageES TA1517] ¢8iA
< °F 3 Mbo| memory7} ZRstEZ, grek 207
o imge ATHAI AANE o 60 Mbel
memoy7} SRS ol Sal, AN $A
A 3 e Add HAAe 5 AFAAM 5

Z9] imager} AFEEl7] W 2o FES emory«l
gue e 20 oug 20 Bk vhAze
2 dolle AMEE o]83 AAZ A4S
A BF A (perfusion system)7t B 3Fhd), o]
¢ aRgAE ARG Ao 27 Wkl A
zd A7 AZEPolY #8852 Helahd
A ARxde olfd A AFS FA 2
ARS 7Y317] A BFHY Bulojch

£ 3] ratio

pg op ofw J% aft o

)4

3. A|RY) FH|

"]E’n ool gyt FZEv A} wrkA
28 Aotk orjdA Alg FHlF
¥ ﬂs}y_x} e ABE Y3 ¥PEAT G
S ot A (saining) 2 ol & M= FFER
(fluorescent dye)oll Wit o]sliz} 2 olT} (3).
a*]__%;do o%iil‘%‘ﬂ E‘O']vu% x(hvex)oﬂ 9‘
3 ulehAre (ground  state)oll A o 7)AFER (singlet
state)7} S, o]o}A relaxed singlet state® ¥ 3}
A oo YRES QoA Hot (Fig.
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o,

o sgug 71 Ggos $2HA G, ol
HAFS Strokes Shiftglx o} o] Strokes Shiftw
excitation light?} emission lightE E2|& 4 A
e ol 2% g4t (3).

wAs 7)) A A8 g FE8lE) Aj O
HAZE AHHE FFEFo Hdojd. HPd
FRE4S "3y HAsiMe  quantum  yield,
emission/excitation wavelength, photostability, pH
sensitivity, Strokes Shift 5 2 ¥#E29] EAE
o] xe|Eojo} 3}m, 3*‘)'“'"’° dolde MXE
o] &3l & A9 micorinjector 5& ©]-&35}
o Alxd AP FASHA e AY AEXTE
23 ERAL Z7HAF]7] 98l acetoxymethyl
ester (AM)o]L} diacetate (DA) §¢ Z717F Bl
F=AE Hestior @k, 6. AWAA 7
Rynoz AgHZ e BFHEHIERE
fluorescein isothiocyanate (FITC)$} tetramethyl rhoda-
mine isothiocyanate (TRITC)7} Q)+=t) (Table 2),
FITCE d|@w# F& quantum yield®} extinction
coefficient, 18] A EZA72] E& non-specific
binding £4& 7FA1 A& BT ope} & 2
FHe2 QE £4 EZFe] EBFA (conjugate)
=

E4A 95 F e R Hol Aok 1

o rlr

vhd o] TRITCS] 739
€ quantum yieldS 71A12 2 pHell 97HEHA
¥oh= Aol A7e SARE T o) ol ¥
FEZo] e 1gG A 2¥E T AF
inter-molecular bleachingo] dAldl= ©AHL 714
I = sk

4Ys) 279 2Ao) B} ¥R 94
“3.D construction”3} “real-time analy51 Y 2o
71 9t 7 7EAY M BYeE UE
T} (Table 3). A A, 3-D construction®)] A}-& %=
b9l JAHIM o Z  immunostaininge] 3lEH,
o] ¥ & AN EZE fixation, permeabilization 7S
AN F, A FFELR N8 s otk

o

[S3+] 1=
o] oM e dutder 54 £2E A



Table 2. Characteristics of various kinds of fluorop

hores.

Ex quantum

%
Fluorophore* M.W. Ex (nm) Em (nm) coefficient™*  yield

AMCA 237 347 445 15 -
DAMC 261 391 474 - -
LY 457 428 533 12 -
HITC 389 496 518 67 02-0.35
BODIPY 202 503 511 80 0.40
TRITC 444 554 576 67 -
LRSC 577 572 590 83 0.04

R-PE 240,000 480, 565 578 2,000 0385
B-PE 240,000 546, 565 575 2410 059
TRSC 625 592 610 87 0.01
NBD-Cl 199 465 535 - -
Pyrene 202 345 378 - -

* AMCA: 7-Amino-4-methylcoumarin-3-acetic acid, DAMC:
7-Diethylaminocoumarin-3-carboxylic acid, LY: Lucifer
yellow, FITC: Fluorescein isothocyanate, BODIFY:
4.4-Difluora-5,7-dimethyl-4-bora-3a,4a-diazaindacene-3-pro
pionic acid, TRITC: Tetramethylrhodamine isothio-
cyanate, LRSC: Lassamine rhodamine sulfonyl chloride,
R-PE: R-phycoerythrin, B-PE: B-phycoerythrin, TRSC:
Texas red sulfonyl chloride, NBD-Cl:  7-Chloro-4-
nitrobenz-2- oxa-1,3-diazole

T ded, dEHAD A7 AxY
F-actin®} 4}1-3-3}= NBD-phallacidino]t} rhodamine-
phalloidin §& AF&3l= 73-$-0]c} (Table 3 and
Fig 3). B4, Zolsle AZU9 MzHg 22

S ety Y3k Gaubdo] ed), o] WHe
ﬁxanon»} permeabilization #Ao] T ok 1¢
2 FEAL NI s FH4HE JA
ojob &lm (Table 3), thFEe] 29 doli oA
23 nlel o] acetoxymethyl ester (AM)L} diacetate
(DA) 59 717} ZdH e F=AE AME
A "ok ol REAES AxLe FEs)

|

o HEYE B F HXZYd EAde
esterasel] 2J3f ©]E zt7] (AM T DAY} A7
Hol 54 37 v A% Y3 42y 4
A= B WA "o

Fig. 3. 3-D structure of filamentous actin in Swiss
3T3 cells.

Table 3. Procedures for cell staining.

3-D construction Real-time analysis

1. Cells on coverslips L Cells on coverslips

2. Treat cells with agonists 2, Label with fluorescent
3. Fixation dye

4, Permeabilization 3. Mount the coverslips

Staining 5. Blocking on a perfusion chamber
procedures 6. Incubation with 1° Ab 4 Set up CLSM and
7. Incubation with 2° Ab start scanning
8. Mounting with anti-bleaching 5. Continue scanning with
medium an agonist
9. Observe with CLSM

Ca”, H:0;, pH, cAMP,

Examples F-actin, microtubule, proteins otc

FITC, Phalloidin, DAPI, H:DCFDA, Fluo-3AM,
Fluorescent Hoechst, NBD-phallacidin, BCECF-AM, Fura
dyes  PE, BODIFY, Lucifer yellow, red-AM, SNAFL-AM,
& etc. & etc.

4. Confocal microscopel| 22

Confocal microscope= At 33}, o]g), oFsh Al
ETY, ARTH 5 4% Aropl Pyt
Al olEH AR T AREER Slojde QoA
AFE wpshk 2ol A F 7R WY F, “3D
image construction”¥} “real-time imaging” .2 &

4 Utk 2 % 3-D image constructionS confocal
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microscoped] ¢ FQ35 nG7)E F9 iz
43 FPEu AR FRI= Aoz s
3D imagee ARE F8HF Zé?igg U
1mage;_ ?:4.—‘3- —‘;’- 71 imageE5-&
oz A% ok
d+ v‘i'—°k°ﬂ 55.%% g 9ed, 3-D image con-
structiong- o} 8@ gyt FBHn Ao
ol b5 %zé Ao AExy EETE A
B 7EY 4 Ao 2 Bl ok Fig. 3
9] 3-D imagex Swiss 3T3 fibroblastsoj| 4] filamen-
tous actin®] £EE vehle o]tk o] image
= AT TAG we sRHoR 179 B
2 HEg AFA4std BojR imageZ, ©]#3
image= ¥ &8 ®#¥ o) we} “stereo image” 9} “depth
coded image”Z el F o] EX EZ 4
T FEE ZEA Popd £ AL BT o}
gt olFA ATAZE 3-D imageE £ Ee 3
Hrgko 7 360° 3]7AA] “rotationfanimation” 7|5
AHgste] AEY BE9 FRE US HESHA
#3g F Qdd = g dEAQ d2 7 o
29 “internalization”?] A4 ©]#F 3-D image
construction Wgo] AL&E F 9l epidermal
growth factor receptort} thrombin receptor & A
o2 RE MEH WHE internalizaion H&
ASE AR T 0,9, Y $5 @
F83t7l HsiAMe
159 3-D image construction 7'} ARE3}HA
%3 YW wRASAE AET A AXY
AEZ, 22 93 1 g AEY FEESE
A FEE & ) W A9 B
A Bt 2 o) 3-D image construction 7S
“colocalization™o} A2 = Qle=d), o] WS A}
g3t EF 4SS A A= dE 939
FAEAZ @agoEN 2o} MIUY 2X
o} A A g FFety #EE 5 QA o
Confocal microscoopee] & WA dfE Al o] &
HHH o “real-time imaging” 7] olth ME ZF7)
g A7l lojq Ca”, pH, cAMP, 12lx
H0, 59 AXY AsAgd A5 AA At
oA me waE wBHE o] e Fawd,
olgigt AFE AT Holde Mo 53
AZHGEDS QA #F3E Jehiis 44

e %

Nl

confocal microscope®] 1-f

N

EAEo| FasiA "ot 188 EXS AR
AEL2 YRE AM = DA AV)E A x 9\13
o, Ca’-specific dye9) fura-2AM, fluo-3AM, Indo-

1AM, AEWe]l HEHQ AL F9 3yl
H.0.& &3 4 gle HzDCFDA ey HE
W pH W3S FFY 4 AU SNAFL-1AM,
BCECF-AM, SNARF-IAM 3) 5o} Ytk o)z
“real-time imaging” 7|2 Uvt FJFHu|AL o
&3t A4PS Y9 Fx QAT FF9 A
o] A7} Jon, HIoe AE AHHA
o} Wz ojlel AZALELe] IZRF
HsE FAFske Aol FLAHR V) “H*E“’“
confocal microscopeE AHE3lA] & AL
Y e A e
37l =dslth. dEE Fig 49 A% a2
fibroblastol| A lysophosphatidic acidol] )3} A]7+3
oz Wslshke AW 42 G ¥EE 3G
RAoZ 7ZAgo] met X AABD o} A
A, 8, & mitochondrao]u} ER, Golgi complex
o 2 AXY A78 Ry FE s 78
st AT F71 Sl Aotk ).

ro HE
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Fig. 4. Time-course changes of intracellular Ca®
induced by LPA in Rat-2 fibroblasts.
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