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Western blot immunoanalysis is a powerful method for
detecting proteins of interest on a nitrocellulose or polyviny-
lidene fluoride (PVDF) membrane.[1–3] The presence of a
target protein is usually detected by using a secondary
antibody conjugated with an enzyme such as alkaline
phosphatase (ALP), which allows marked signal amplifica-
tion,[4] in combination with a chromogenic, fluorescent, or
chemiluminescent probe.[5–7] Among these techniques, only
fluorescence detection offers high sensitivity and the possi-
bility of multicolor labeling.[8, 9] Furthermore, fluorescence
signals, unlike transient chemiluminescence signals, can be
imaged several times and are stable on a dried blot. However,
the range of fluorescence probes applicable to Western blot
analysis is limited at the present time. In particular, probes
based on the fluorescein molecule have rarely been used in
this analysis despite their extensive exploitation in other
biological techniques.[10–13] For example, fluorescein diphos-
phate (FDP),[14–17] a fluorescein-based ALP probe, is seldom
used to detect the activity of the widely used secondary
detection enzymeALP inWestern blot analysis. Nevertheless,
the superior optical properties of fluorescein, such as high
molar extinction coefficients and high quantum yields of
fluorescence in aqueous media as well as efficient excitation
by an argon ion laser (488 nm), make the development of
fluorescein-based probes for ALP suitable for Western blot

analysis highly desirable. Herein, we report a new probe for
ALP based on a fluorescein derivative that we developed
recently[18] which works effectively even onWestern blots and
makes it possible to perform multicolor labeling.

A critical requirement of probes for Western blot analysis
is that the hydrolysis product has adequate affinity for the
blot. We confirmed that fluorescein generated by ALP-
catalyzed hydrolysis of FDP, lacks sufficient affinity for the
blocked membrane in Western blotting (Figure 1), and we

suggest that this low affinity may be attributed to the
carboxylic group of the fluorescein molecule which makes
the hydrophilicity rather high. We then examined the affinity
of 2-Me TG, one of our recently reported fluorescein
derivatives (TokyoGreens, TG),[18] in which the carboxylic
group of the traditional fluorescein molecule is replaced with
a methyl group.We found that a spot of a solution of 2-Me TG
dropped onto the membrane remained well defined and was
not readily washed out (see Supporting Information). This
result suggested that TokyoGreens, which do not have a
carboxylic group, are more suitable than traditional fluores-
cein as the fluorophore in probes for Western blot analysis.
TokyoGreens also offer the advantage of precise control of
the fluorescence emission output. We thus considered 2-Me-
4-OMe TG (Figure 1), which shows strong fluorescence (as
fluorescein does) and becomes essentially nonfluorescent
upon alkylation of its phenolic group, as a suitable core
fluorophore for our new probe. Incorporation of a phosphate
group into the phenolic group of 2-Me-4-OMe TG gave TG-
Phos, a new probe for ALP whose hydrolysis product has a
high affinity for Western blots, unlike the hydrolysis product
of FDP (Scheme 1).

TG-Phos is stable and almost nonfluorescent, but is
converted into strongly fluorescent 2-Me-4-OMe TG upon
one-step hydrolysis by ALP (see Scheme 1a, Figure 2a, and
Supporting Information). We observed a linear relationship
between ALP activity and the initial rate of increase of
fluorescence intensity (Figure 2b). In the case of FDP, which
is hydrolyzed first to moderately fluorescent fluorescein
monophosphate (FMP) and then to strongly fluorescent
fluorescein, the rate of increase of fluorescence is slow
(Scheme 1b, Figure 2a). Additionally, there is poor linearity

Figure 1. Difference in affinity for the blot between 2-Me-4-OMe TG
and fluorescein. Solutions of various concentrations (100 mm, 10 mm,
1 mm, 100 nm) of 2-Me-4-OMe TG (right lane) and fluorescein (left
lane) were dropped onto a blocked nitrocellulose membrane and
imaged a) before and b) after washing.
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between ALP activity and the initial rate of increase of
fluorescence owing to the involvement of the two-step
hydrolysis (Figure 2b). The results of a dot-blot assay
indicated that TG-Phos is greatly superior to ELF97 phos-
phate and shows about two-times higher sensitivity than
DDAO phosphate, both of which have been used as fluores-
cence probes for Western blots (see Supporting Information).
These results indicate that TG-Phos is a superior probe for
ALP and allows the quantitative detection of ALP activity
with high sensitivity.

We then examined if a protein of interest could be
visualized on the blot by using TG-Phos after SDS-polyacryl-
amide gel electrophoresis (SDS-PAGE) and electroblotting.
CYP3A2 was employed as the target protein, and detection
with an ALP-labeled secondary antibody and TG-Phos
yielded sharp, CYP3A2-specific green-fluorescent bands
whose intensity was proportional to the amount of protein.
The development of the fluorescence signal was very rapid,
occurring in seconds to minutes, and CYP3A2 could be
detected at the nanogram level. Furthermore, the fluores-

cence signal was not easily washed out and was stable on dried
blots. In contrast, the green-fluorescent bands derived from
FDP were poorly defined and could be easily washed out,
making it difficult to detect CYP3A2 on the blot (see
Supporting Information).

We next examined simultaneous green/red dual detection
of CYP3A2 and total proteins on the same blot. The blot was
stained with an amine-reactive BODIPY dye (BODIPY TR-
X, succinimidyl ester) to detect total proteins, followed by
TG-Phos in combination with an ALP-conjugated secondary
antibody to visualize CYP3A2. We succeeded in visualizing
all the proteins in the profile as red-fluorescent signals,
together with CYP3A2 as a green-fluorescent signal at the
same time on the same blot (Figure 3). Such simultaneous
two-color detection is a powerful method because it becomes

Scheme 1. Reaction scheme of a) TG-Phos and b) FDP with ALP to yield fluorescent hydrolyzed products.

Figure 2. In vitro reaction of TG-Phos or FDP with ALP. a) Increase in
fluorescence of 1 mm solutions of TG-Phos (c) and FDP (a)
upon reaction with ALP. b) Correlation between ALP activity and the
initial rate of increase of fluorescence using TG-Phos (*) or FDP (&).
I= increase in fluorescence (a.u.); v= initial rate of increase of fluores-
cence (a.u.min�1)

Figure 3. Green/red dual detection of CYP3A2 and total proteins on
the same blot after SDS-PAGE and electroblotting onto a PVDF mem-
brane. a) Specific staining of CYP3A2 using ALP-conjugated antibody
and TG-Phos. b) Detection of total protein using BODIPY TR-X, succi-
nimidyl ester. c) Simultaneous dual detection of CYP3A2 as green-fluo-
rescent bands and total proteins as red-fluorescent bands. The six
lanes contain protein molecular-weight standards (250 ng) and
decreasing amounts of CYP3A2 (250 ng, 125 ng, 62.5 ng, 31.2 ng,
15.6 ng, 7.8 ng).
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possible to detect two kinds of proteins on a single blot and
obviates the need to make a replica for visualizing total
proteins, as is usually required for chemiluminescent or
colorimetric detection.

In conclusion, we have developed a fluorescence probe for
alkaline phosphatase based on the TokyoGreen scaffold
which is suitable for Western blot analysis. The new probe,
TG-Phos, yields the strongly fluorescent hydrolysis product,
2-Me-4-OMe TG, which has a high affinity for the blot, in a
one-step reaction with ALP. Moreover, TG-Phos provides
high sensitivity and a good linear response to ALP and is
suitable for multicolor labeling. The design strategy presented
here is not limited to ALP but could be extended to other
detection enzymes and may provide a general method for
simple and rapid detection of proteins on Western blots.

Received: May 5, 2005
Revised: June 7, 2005
Published online: July 26, 2005

.Keywords: electrophoresis · enzymes · fluorescent probes ·
proteins · Western blot analysis

[1] S. Mimura, T. Seki, S. Tanaka, J. F. X. Diffley, Nature 2004, 431,
1118 – 1123.

[2] I. Dilova, S. Aronova, J. C. Y. Chen, T. J. Powers, Biol. Chem.
2004, 279, 46527 – 46535.

[3] R. Ricci, G. Sumara, I. Sumara, I. Rozenberg, M. Kurrer, A.
Akhmedov, M. Hersberger, U. Eriksson, F. R. Eberli, B. Becher,
J. Boren, M. Chen, M. I. Cybulsky, K. J. Moore, M. W. Freeman,
E. F. Wagner, C. M. Matter, T. F. LGscher, Science 2004, 306,
1558 – 1561.

[4] V. B. Paragas, J. A. Kramer, C. Fox, R. P. Haugland, V. L. Singer,
J. Microsc. 2002, 206, 106 – 119.

[5] D. A. Knecht, R. L. Dimond, Anal. Biochem. 1984, 136, 180 –
184.

[6] B. J. Hanson, B. Schulenberg, W. F. Patton, R. A. Capaldi,
Electrophoresis 2001, 22, 950 – 959.

[7] C. Delevoye, M. Nilges, A. Dautry-Varsat, A. Subtil, J. Biol.
Chem. 2004, 279, 46896 – 46906.

[8] G. Larson, D. Thompson, Biotechniques 1992, 12, 656 – 658.
[9] K. Pretty On Top, G. Hatleberg, K. N. Berggren, D. Ryan, C.

Kemper, R. P. Haugland, W. F. Patton, Electrophoresis 2001, 22,
896 – 905.

[10] A. Minta, J. P. Y. Kao, R. Y. Tsien, J. Biol. Chem. 1989, 264,
8171 – 8178.

[11] B. A. Griffin, S. R. Adams, R. Y. Tsien, Science 1998, 281, 269 –
272.

[12] H. Kojima, N. Nakatsubo, K. Kikuchi, S. Kawahara, Y. Kirino, H.
Nagoshi, Y. Hirata, T. Nagano, Anal. Chem. 1998, 70, 2446 –
2453.

[13] K. Setsukinai, Y. Urano, K. Kakinuma, H. J. Majima, T. Nagano,
J. Biol. Chem. 2003, 278, 3170 – 3175.

[14] B. Rotman, J. A. Zderic, M. Edelstein, Proc. Natl. Acad. Sci.
USA 1963, 50, 1 – 6.

[15] Z. Huang, N. A. Olson, W. You, R. P. Haugland, J. Immunol.
Methods 1992, 149, 261 – 266.

[16] C. T. Huang, K. D. Xu, G. A. Mcfeters, P. S. Stewart, Appl.
Environ. Microbiol. 1998, 64, 1526 – 1531.

[17] Y. Murakami, T. Morita, T. Kanekiyo, E. Tamiya, Biosens.
Bioelectron. 2001, 16, 1009 – 1014.

[18] Y. Urano, M. Kamiya, K. Kanda, T. Ueno, K. Hirose, T. Nagano,
J. Am. Chem. Soc. 2005, 127, 4888 – 4894.

Angewandte
Chemie

5577Angew. Chem. 2005, 117, 5575 –5577 � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.de

http://www.angewandte.de

