CLEAN TECHNOLOGY, Vol. 17, No. 3, September 2011, pp. 231~237

B ATHHE TS \

O|EAI XM E O|S¢H A Wl 25012 HE

5l
443-749 74715 FUA G5 95 Aks

(2011 79 189 <5 2011 8¢ 129 43 55 2011 89 132 A1)

Detection of Intracellular Free Metal lons with Molecular Two-Photon Sensors

Hwan Myung Kim*
Division of Energy Systems Research, Ajou University, San 5, Woncheon-Dong, Yeongtong-gu, Suwon 443-749, Korea

(Received for review July 18, 2011; Revision received August 12, 2011; Accepted August 13, 2011)

°]3g} & = % (two-photon microscopy)-> TFFEE AEH S Holdl=
A G712 wdskaL ok ofof whef Rkt Aol ARgE 4
o] T A= FEolE o FA Al off Bt 2o A AIE A7NsH

229] 21 Fo| A BT 5 ek 3 o
L o]} AlA ] o] Bk e Folc.
A

ZRIO] : A AL T o], o) WA @A, ol A AlA

Abstract : Two-photon microscopy (TPM) is attracting much attention in biological imaging due to the capability of imaging
deep inside the living tissues for a long period of time. For maximum utilization of TPM, it is essential to develop efficient two-
photon sensors. Regarding this, many research groups are developing two-photon sensors for specific applications. In this review,
we summarize recent results on selected examples of two-photon sensors for intracellular free metal ions in the live cells and
tissues to provide a guideline for various imaging applications.
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Figure 1. (a) Schematic description of one-photon and two-photon
fluorescence. (b) Localization of excitation by one-photon
(488 nm) and two-photon (960 nm) excitation[1].
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Figure 2. Images of a fresh mouse hippocampal slice stained with 5
uM AMgl-AM. (a) A bright-field image shows the CA1
and CA3 regions as well as the dentate gyrus by magni-
fication at 10x. (b) TPM image with the same magnifica-
tion reveals the same regions at a depth of ~270 pm. (c)
Magnification at 40x shows the CA1 layer at a depth of
~150 pm. (d) Magnification at 100x shows CA1 pyra-
midal neurons at a depth of ~150 pm. Scale bars, 300 (a,
b), 120 (c¢), and 30 (d) um, respectively. The TPEF images
were collected at 500-620 nm upon excitation at 780 nm
with fs pulses[12].

Table 1.Photophysical data for TP probes.[7,8]
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Scheme 1. The structure of AMg]l.
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probe solvent A0 JA! ol KK A2 8t Kol
AMgl B 365/498 0.04 ND ND ND
) H:0 1.4/1.6 mM
AMgl-Mg 365/498 0.58 780 215 125
ACal i 365/498 0.012 ND ND ND
" HO 0.27/0.25 uM
ACal-Ca 365/498 0.49 780 230 110
ACa2 i 362/495 0.010 ND ND ND
. H,0 0.14/0.16 uM
ACa2-Ca 362/495 0.42 780 210 90
ACa3 0 375/500 0.015 ND ND ND
. H,0 0.13/0.14 uM
ACa3-Ca 375/517 0.38 780 250 95
ANal 0 367/500 0.08 ND ND ND
. H,0 20/20 mM
ANal-Na 367/500 0.65 780 146 95
ACaL i 369/500 0.0037 ND ND ND
N H.0 45/41 nM
ACaL-Ca 372/502 0.043 780 90
BCaM oM 60470 0.07 P ND ND ND
BCaM-Ca 360/470" 0.98 780 153 150

[a] Amax of the one-photon absorption and emission spectra in nm. [b] Fluorescence quantum yield. [c] Dissociation constants measured by one-
(KdOP) and two-photon (K™ processes, except otherwise noted. [d] Amax of the two-photon excitation spectra in nm. [e] The peak two-photon
cross section in 10-50 cm4s/photon (GM). [f] Two-photon action cross section. [g] 10 mM Tris buffer (100 mM KCl, 20 mM NaCl, 1 mM EGTA,

pH 7.05) in the absence and presence (50 mM) of free Mg2
presence (39 uM) of free Ca®". [1] 10 mM MOPS buffer ([Na'] + [K

[m] 30 mM MOPS buffer (100 mM KCl, pH 7.2) in the absence and presence (2.5 mM) of free Ca™*

", [i] 30 mM MOPS buffer (100 mM KCI, 10 mM EGTA, pH 7.2) in the absence and
"1=135 mM, pH 7.0) in the absence and presence (135 mM) of free Na'.

. [n] The Iflmax measured in LUV's composed

of DPPC/CHL, raft mixture, and DOPC were 436, 450, and 452 nm, respectively. [0] K4 values measured in LUVs and cells are 81 +£4 pM and

78 £ 5 uM, respectively.
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Scheme 2. The structures of ACal-ACa3.
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Figure 3. (a,b) Pseudo colored TPM images of an acute rat hypo-
thalamic slice stained with 10 uM ACal-AM taken after
195 (a) and 214 (b) s. Magnification at 100x shows hypo-
thalamic area at a depth of ~170 uM. (c) Spontaneous
Ca”" transients recorded in soma (1), astrocyte process (2),
and neighboring cell (3). The TPEF images were collec-
ted at 500~620 nm upon excitation at 780 nm with fs
pulses. Scale bar, 30 um[18].
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Scheme 3. The structure of ANal.
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Figure 4. Images of a rat hippocampal slice stained with 20 mM
ANal for 40 min at 37 C. (a) Bright-field image of the
CA1-CA3 regions as well as the dentate gyrus by 10x
magnification. (b) TPM image by 10x magnification. 25
TPM images were accumulated along the z-direction at
the depth of ~100~200 mm. Scale bar, 300 mm. (c) Magni-
fication at 100% in pyramidal neuron layer of CA3 regions
(red box in Figure 3(b)) at a depth of ~120 mm. Scale bar,
30 mm. The TPM images were collected at 500~620 nm
upon excitation at 780 nm with fs pulse[26].
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Scheme 4. The structures of ACaL and BCaM.

@ R g olLo] EASHE FaHel 3L Aol
Al dojy= oy A4S 2dstEd Fa3% 98-S g
{5 M &4 (homeo-

TH17]. AIZ Woll Z o] F=7F =otA
stasis) S -3-%|5}l7] ¥3f o]

28 A E Qto R Eoje ] Hrh o]5& Na'/Ca™ mgho]at
Il 3o 17,26].

zLEo], AlEe ¢ 3
FEA]AFQ] ACaLo] A71%AtH27,28]. 12y ACalL2] jig] /;)]'
F7HKa=41)7F AlZaf Q1o Qli= 100 um o] F9] 4
GABII LR ckTable 1). £t Fole EAA
ANalT} @3Fo] mpg] 97} ujZ=dfo] Na'/Ca® A3 28-S
FAlO B 717] o e EAI7E Atk ol uhef Al 2zut
ALY Zrgol S A At +8AE =YL F
Fo] TR 917F ANal#t A &2 thE 2L o] FA; FFAR
S5 BCaMo| 7i9tE] 9l thH(Scheme 4)[29].

BCaM-> Zr< o] 23 7H-g-shd AHA|S] 332 A7l H]
3 of 14uj 9] OIJ*Z} BE F7HES 7 L o] digt
el KD 23800 Aol LBAHK™)2k o] FAHKL)
2ol oy é@% Zrol ©F 90 uME A o] ottt 3 9F
Zuto] B o g ANEE= LUVs (large unilamellar vesicles)
o] BCaM& A3t & =43 Zkal A} A Z(HeLa cells) W
o4 ZA5 GHe 817} 78 uMEA] 1 glo] 7o) 2ot uf
ehA] BCaME AIZTH 1ol Zgole g sk Age
ol A 9 oF & SIrK(Table 1)[29].

BCaM2 #& Z#ol2 A 7h4 Al W EAsHA
‘/P AT 754l ‘il% HE a4 ol tall AY A&
4 pH R 9]olA M Holn=m 249
= %“éﬂ v‘il:‘ﬁ% £ =50l pH H3ste] e glo]
E3F BCaM-Z4¢ 0]-2 E3A|(BCaM-Ca™ )=
FtoflAl oF 150 GM H == o] FA}F g Aol A
o g 15 4 9l Calcium-Green©| U Fura-20] H|3f 3-54)
Ae o A8 932 o AAE o]&ste] a3} o o]
2 ") S 95 5 ATH29]

BCaMo| g Aol Aejzo g GMo] =2 ojfi5 &
obr7] fI5te] Aolqli= Hela Aol 0.5 uM 9| BCaMS G
?F & oA Anl ARE ZdstlthFigure S(a)). T Lol

ol L &S 71—;(]6‘1— Q= o]a.l—;(}. &3




236 #7471, ANTE ABE, 20119 99

o

| Histamine, (e)

o
@
L

Fluorescence Intensity (a.u.) —
13 I3
= >
1

0.2 T T T T T 1
0 50 100 150 200 250 300
tls

Figure 5. (a-e) Dual-channel TPM images of HeLa cells colabeled
with BCaM and ANal collected at (a) 390~450 nm (BCaM,
Chl) and (b) 500-560 nm (ANal, Ch2), respectively. (c)
Merged image and (d) enlargement of a white box in (c).
(e) Time course of TPEF at designated position in (d) after
stimulation with 100 pM histamine in nominally Ca™"-
free buffer. (f-j) Images of a rat hippocampal slice cos-
tained with BCaM and ANal. (f,g) Bright-field and TPM
images of the CA1-CA3 regions as well as dentate gyrus
at 10x magnification. (g) 25 TPM images collected at Ch1
and Ch2, respectively, along the z direction at the depths
of approximately 100-200 pm were accumulated and
then merged. (h-j) TPM images of CA3 regions collected
at (h) Chl and (i) Ch2 at a depth of ~100 um by 100x
magnification. (j) Merged image. Excitation wavelength
was 780 nm. Scale bars: 30 (a,h) and 300 (g) pm[32].
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