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Fluorescent stains have been increasingly used for visualiz-
ing proteins in sodium dodecy| sulfate-polyacrylamide gels
(SDS-PAGE) because of their high sensitivity and ease of
use."? Among protein stains, dyes that bind non-covalently
to protein-SDS complexes in SDS-PAGE are particularly
useful for proteomic studies.>” Unlike covalent binders that
modify proteins permanently, they maintain chemical
composition of proteins. Therefore, post-gel microanalysis,
such as protein characterization using mass spectrometry, is
not hampered by their presence.

[t is known that fluorescence of dye molecules that emit
from an intramolecular charge transfer {ICT) states are
extremely sensitive to medium polarity and rigidity in
general.*® Their fluorescence intensity increases as the
environment becomes less polar in aqueous solutions.
Hence, fluorescent ICT molecules are likely to be a good
non-covalent stain for proteins in SDS-PAGE gel as long as
they bind to protein-SDS complexes in the gel. Adding a
hydrophobic tail to [C'I" probes is expected to facilitate their
binding to protein-SDS complexes by increasing hydro-
phobic interaction with SDS molecules. In the past, various
hydrophobic fluorescent probes have been developed mostly
for biological membrane studies. For example, octadecyl
rhodamine B dye was used to monitor membrane fusion
process.>’ Fluorescein derivatives with a tail were commeon-
Iy utilized for fluorescence recovery after photobleaching
(FRAP) measurement of lipid lateral diffusion.® Lipophilic
coumarin derivatives were also prepared and used as a pH
sensor.” However, despite the wide application of fluorescent
probes with a hydrophobic tail, only a few have been used as
protein stains for SDS-PAGE. Merocyanine dyes with tails,
SYPRO* Red and SYPRO Orange, were developed by
Molecular Probes but they required 4-10 ng/band of proteins
for detection.'™!" Recently, we discovered that lipophilic
fluorescein derivatives could also visualize protein bands in
SDS-PAGE gels."

[n this paper, we synthesized new fluorescent dyes
(Scheme 1) with aminostyryl and quinolinium moieties,
which form an effective electron push-pull system resulting
in fluorescence emission from an ICT state" and an addi-
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Scheme 1. Synthesis and structures of the synthesized dyes, | and 2.

tional hydrophobic aliphatic tail to increase the binding of
the dyes to protein bands in SDS-PAGE by interacting with
SDS molecules. The fluorescent dyes (1 and 2) were synthe-
sized according to Scheme | by Knoevenagel reactions from
4-(methyl-pentadecyl-amino)-benzaldehyde and 1.4-di-
methylquinolinium (1) or 1.2-dimethylquinolinium salts (2).
Reactions were carried under refluxing condition in ethanol.
Molecular structures of the fluorescent probes were confirm-
ed by their spectroscopic data.™

In Figure 1, the effect of binding to protein-SDS com-
plexes is demonstrated. Addition of 150 gg/ml. bovine
serum albumin (BSA) resulted in 100-told increase of the
emission intensity of 1 in 0.05% SDS. A similar intensity
enhancement was observed with 2. When bound to protein-
SDS complexes, the quantum yields for the dyes increased
to 0.4. Both dyes exhibited broad fluorescence excitation
bands with a maximum at ~340 nm in the presence of
proteins and SDS. Thus, they can be eftectively excited with
473 nm, 488 nm or 532 nm light sources. The emission
maximum for 1 was 640 nm while that of 2 was 600 nm.

We applied the synthesized fluorescent dyes for staining
proteins in SDS-PAGE gel. Figure 2 depicts the gel images
obtained by scanning SDS-PAGE gels stained with either I,
2, SYPRO Orange, or acidic silver staining. A broad-range
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Figure 1. Fluorescence excitation and emission spectra of 1 in the
presence and absenee of BSA. Dashed lines represent spectra in
0.05% SDS. and solid lines arc spectra with 130 go/mL denatured
BSA in 0.05% SDS. [I] 1 g\,

Silver

SYPRO Orange
Figure 2. Comparison ol SDS-PAGI gel images visualized by
various staining methods. 100 ng/band of molecular weight marker
proteins were loaded at the most left lane and 2-fold diluted to the
right side consecutively. Gels were stained for | hin [ gM 1 or 2
dye solution containing 7.5% acelic acid aller protein fixation,
SYPRO Orange staining was carried out according to  the
previously reported protocol.'

molecular weight standard markers containing approximately
equal amount of standards were applied to each lane in two
fold serial dilutions. [t is clearly shown that the aminostyryl
quinolinium dyes are more sensitive than SYPRO Orange.
The dye. 1. detected protein band containing only 1-2 ng/
band while SYPRO Orange required 6-12 ng of protein. The
sensitivity of 2 was higher than 1. and similar to or even
superior to that of silver staining. This ortfio-quinolinium
derivative succeeded to visualize bands in 10" lane, which
contains only 0.2 ng/band proteins. The observed superior
sensitivity of 2 is ascribed to its higher binding affinity to
protein-SDS complexes than 1 (data not shown). [t is noted
that the band pattern of the gel stained with 1 is similar to 2
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but differs from the one stained with SYPRO Orange. This
difference in sensitivities depending on the nature of proteins
indicates substantial contribution of the interaction between
the dye and proteins, in addition to the interaction between
the dye and SDS molecules.

In summary. new fluorescent aminostyryl quinolinium
dves with an aliphatic tail were synthesized and successfully
applied as sensitive protein stains for SDS-PAGE gel. This
high sensitivity was attributed to their large quantum yield
increase upon binding to protein-SDS complexes as well as
their high binding affinity to the complexes.
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