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A novel fluorescence detection system using a chemosensor
for phosphoprotein in gel electrophoresis analysis has been
developed. The system employed bis-Zn(II)-dipycolylamine
(Dpa)-appended anthracene as a fluorescent staining dye to carry
out convenient and selective detection of phosphoproteins in
SDS-PAGE.

Protein phosphorylation is one of the major chemical reac-
tions in post-translational modification of naturally occurring
proteins. In particular, phosphorylation or dephosphorylation
of hydroxy groups of amino acid residues located on a protein
surface plays crucial roles in intracellular signal transduction
cascades of living cells, such as cell growth, differentiation
and apoptosis.1 Thus, it is now important to detect and analyse
phosphorylation of proteins among a protein mixture. We have
recently developed the first artificial receptors to a phosphorylat-
ed peptide in aqueous solution.2–4 In addition to the selective
binding, some of them act as a fluorescent chemosensor which
can selectively detect a phosphorylated peptide with fluores-
cence increase. In this paper, we describe that bis-Zn(II)-dipyco-
lylamine (Dpa)-appended anthracene can be used to fluorescent-
ly sense phosphorylated proteins in aqueous solution and it can
also stain them selectively in gel electrophoresis analysis such as
SDS-PAGE (sodium dodecyl sulfate–polyacrylamide gel elec-
trophoresis).

To test phosphoprotein selectivity of 9,10-bisZn(Dpa)-
anthracene (1) as a staining reagent in SDS-PAGE analysis, a
protein mixture was used as an analyte sample including 6 dis-
tinct proteins (�-galactosidase, bovine serum albumin, phos-
pho-ovalbumin, phospho-�-casein, avidin, and lysozyme). After
electrophoresis of 13%T polyacrylamide gel, 1 was used in
staining process instead of CBB (Coomassie Brilliant Blue), a

conventional staining reagent.5 Figure 2 shows a typical example
of the SDS-PAGE stained by CBB or 1. Apparently, 6 blue
bands corresponding to the molecular weight of 6 proteins are
detected in Lane 1 stained by CBB, whereas only two distinct
bands are observed in the Lanes 2 and 3 stained by 1 under
the photoirradiation using a transilluminator (UV-lamp, �max

at 360 nm). By comparing the molecular weight (MW), these
two bands are ascribed to phospho-ovalbumin
(MW ¼ 45:0 kDa) and phospho-�-casein (MW ¼ 23:6 kDa)
from the top. Brighter emission are observed in the band of �-ca-
sein than ovalbumin, which may be due to the higher phosphor-
ylation number (8–9P)6 of �-casein than that of ovalbumin
(2P).7 Although a weak emission band is observed at a hydro-
phobic BSA (bovine serum albumin) due to a slight nonspecific
absorption in Lane 2 (5mg of each protein), the nonphosphory-
lated 4 proteins are not detected in Lane 3 (2.5mg of each pro-
tein).8 Thus it is clear that 1 can selectively stain the phosphopro-
teins in SDS-PAGE among the protein mixture.

To confirm the distinguishing capability of 1, we next used
phosphorylated (8–9P) and dephosphorylated (1–2P)9 �-casein,
both of which are commercially available, as analysed samples.
As shown in Figure 3, bright emission is observed in the phos-
pho-�-casein band, whereas weak emission is observed in the
dephospho-�-casein band. Although quantitative analysis of
band emission was not carried out, it is apparent that 1 can dis-
tinguish the difference of the phosphorylation state of an identi-
cal protein in SDS-PAGE. In the Lanes 3 to 7 of Figure 3, we
examined the minimum concentration to detect the phospho-�-
casein using 1 as a staining reagent. From 1 to 5mg of the applied
sample, the emission is clearly detected and the band becomes
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Figure 2. Phosphoprotein selective detection in SDS–polyacryla-
mide gels using 1. Each Lane includes 2 phosphorylated proteins
(ovalbumin (45.0 kDa) and �-casein (23.6 kDa)), and 4 nonphos-
phorylated proteins (�-galactosidase (116 kDa), bovine serum albu-
min (66.2 kDa), avidin (18.0 kDa), and lysozyme (14.4 kDa)). Lane
1; CBB staining of the 6 proteins. Lanes 2, 3; Detection of the phos-
phoproteins with UV transilluminator after staining with 1. The an-
alysed amounts of each protein in Lanes 2 and 3 are 5 and 2.5mg,
respectively.
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Figure 1. Schematic representation of phosphoprotein recognition
with fluorescent chemosensor 1.

1024 Chemistry Letters Vol.33, No.8 (2004)

Copyright � 2004 The Chemical Society of Japan



smear at 0.5mg (0.02 nmol). Thus, it is apparent that 1 can fluo-
rescently stain phospho-�-casein with 0.02 nmol sensitivity in
SDS-PAGE.

Figure 4 shows the fluorescence spectral changes of 1 in-
duced by phospho-�-casein (8–9P) and dephospho-�-casein
(1–2P) under aqueous conditions (50mM HEPES buffer, pH
7.2). As observed for phosphorylated peptide,2,4 the chemosen-
sor 1 enhances its fluorescence intensity upon binding to the
phosphoprotein. The emission of 1 largely increases in the pres-
ence of 0.15 equiv of the phospho-�-casein, whereas the emis-
sion slightly increases by addition of dephospho-�-casein. In ad-
dition to the emission enhancement, its emission maximum
shifts from 438 to 470 nm in the case of phospho-�-casein. This
may be due to the excimer formation of 1 upon binding to the
phospho-�-casein because it possesses the adjacently aligned
phosphoserine residues, i.e., a hyperphosphorylated site (�S1-ca-
sein, pSer66-pSer67-pSer68) on its surface.10 On the other hand,
such emission shift is not observed for the dephospho-�-casein
addition. The gentle increase of the emission by addition of de-
phospho-�-casein may be ascribed to the remained phosphory-
lated sites of dephospho-�-casein. Figure 4b shows the titration
curves of the integrated fluorescence intensity from 400 to
600 nm. Apparently, phospho-�-casein induces larger fluores-
cence enhancement of 1 compared to dephospho-�-casein, espe-
cially in the presence of low equivalent of the protein.11 These
fluorescence data in aqueous solution are reasonably consistent

with the SDS-PAGE results mentioned above, and thus suggest
that the clear contrast between phospho- and dephospho-�-ca-
sein in SDS-PAGE is ascribed to the binding-induced fluores-
cence enhancement of 1, as well as the difference of the phos-
phorylation number of the proteins.

In conclusion, Zn(II)-Dpa-based fluorophore (1) can be suc-
cessfully applied to selective staining of phosphoprotein in SDS-
PAGE.12 This system enable one to detect phosphate groups at-
tached to tyrosine, serine or threonine residues of protein at one
time, which is difficult in the case of standard Western blotting
procedure using phosphoprotein specific antibody. Further struc-
tural modification of 1 would be anticipated to realize highly
sensitive detection of phosphoprotein in SDS-PAGE. In the re-
search field of proteomics, phosphoproteome that involves the
identification of phosphoprotein and the comprehensive analysis
of phosphorylation state of proteins in living cell is one of the
most significant topics.12,13 Though 1D- and 2D-PAGE are fun-
damental methods to detect phosphoprotein so far, the rapid and
convenient phosphoprotein detection system described above
should be useful and thus contributes to the progress of this re-
search area.
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Figure 4. (a) Fluorescence intensity of 1 (1mM, - - - - -) in the pres-
ence of 0.15mM of phospho-�-casein (—) or dephospho-�-casein
(– - – -) in 50mM HEPES buffer, pH 7.2 at 20 �C, � ex ¼ 380 nm.
(b) The titration curves of the integrated fluorescence intensity of
1 (from 400 to 600 nm) with phospho-�-casein ( ) or dephospho-
�-casein ( ).
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Figure 3. Staining selectivity between phospho- and dephospho-
protein and its sensitivity in SDS–polyacrylamide gels using 1.
Lanes 1, 2; Comparison of detection sensitivity against equal
amount (2.5mg) of phospho- (8–9P, Lane 1) and dephospho- (1–
2P, Lane 2) �-casein. Lanes 3–7; Detection of serially diluted phos-
pho-�-casein. Each Lane contains 5, 2.5, 1, 0.5, 0.25mg of phospho-
�-casein from Lanes 3 to 7, respectively.
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