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An Investigation of Tricarbocyanines “Stains-All” and
“iso-Stains-All” as Fluorescent Nucleic Acids Probes
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Luminescent properties of carbocyanine dyes Stains-All and its isomer iso-Stains-All were studied
in the presence of nucleic acids. Both dyes show sufficient fluorescent intensity increase in the
presence of DNA and RNA and may be used as fluorescent probes for nucleic acids (NA) detection
in homogeneous assays. It was supposed that Stains-All and iso-Stains-All bind with nucleic acids
through different interaction modes.
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INTRODUCTION ent solutions than their unsubstituted analogues, but in
the presence of NA the emission intensity of b -substituted
carbocyanines increases several orders of magnitude [6].In recent years there has been increasing interest

Studies of spectral-luminescent properties of b -sub-in the application of highly fluorescent cyanine dyes in
stituted carbocyanines Stains-All and its structural isomerhomogenous assays for nucleic acids (NA) detection in
iso-Stains-All as fluorescent probes for the detection ofsolution, agarose gel electrophoresis, and capillary gel
nucleic acids are presented.electrophoresis [1].

b -Substituted thiacarbocyanine dye Stains-All (Fig.
1) is well known as a stain for nucleic acids, proteins,
polysaccharides, and lipids [2–5]. In the presence of bio-
polymers, significant changes in absorption spectra of

EXPERIMENTALthis dye occur [5]. Nevertheless, the influence of the NA
on the fluorescent properties of Stains-All was not
studied.

The cyanine dyes were synthesized according to theIn previous studies we proposed the use of b -substi-
procedure described in [7]. The dye stock solutions weretuted trimethine cyanine dyes as fluorescent probes for
prepared in DMS. Concentration of dye in working solu-nucleic acids detection [6]. It is known that these dyes
tions was 2.0?1025 M. A 0.05 M Tris-HCl (pH 5 7.5)show significantly lower intrinsic fluorescence in differ-
buffer was used for all measurements. Total DNA from
chicken erythrocytes, total yeast RNA, synthetic poly-
nucleotides poly(dAdT)/poly(dAdT), and poly(dGdC)/1 Institute of Molecular Biology and Genetics, National Academy of

Sciences of Ukraine, 150 Zabolotnogo St., 03143 Kyiv, Ukraine. poly(dGdC) were purchased from Sigma. The NA con-
2 Physical Department of Kyiv Taras Shevchenko University, 64 Volody- centrations in the working solutions were 6?1025 M (base

myrs’ka St., 03033 Kyiv, Ukraine. pairs) for DNA and synthetic polynucleotides and 1.2?
3 Institute of Organic Chemistry National Academy of Sciences of

1024 M (base pairs) for RNA. Fluorescence excitationUkraine, 4 Murmanska St., 020 Kyiv, Ukraine.
and emission spectra were obtained with a Cary Eclipse4 To whom correspondence should be addressed. Tel.: 38 (044) 252 23

89. Fax: 38 (044) 252 24 58. E-mail: otava@carrier.kiev.ua fluorescence spectrophotometer (Australia).
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Fig. 1. Structures of studied carbocyanine dyes.

RESULTS AND DISCUSSION mer fluorescence (at 590–600 nm) and the disappearance
of the J-aggregate band (near 650 nm) are observed.
While iso-Stains-All shows the highest value of fluores-The characteristics of the absorption and fluores-

cence spectra of the free dyes and their complexes with cence intensity increase in complexes with dsDNA and
poly(dAdT)/poly(dAdT) (near 1350 and 2250 times,biopolymers are presented in Table 1. The profiles of

absorption spectra of both dyes in DMS are close (maxima respectively), Stains-All exhibits the highest fluorescence
intensity enhancement (near 700 times) in the presencesituated near 540 and 580 nm) (Fig. 2). In buffer solution,

Stains-All and iso-Stains-All show absorption maxima at of RNA (Fig. 3).
Both dyes show increased fluorescence enhance-572 and 645 nm and at 530 and 637 nm, respectively

(Table 1). According to literature data, the 570-nm maxi- ment when they are bound to AT compared to GC-con-
taining polynucleotides. However, with poly(dG/mum in Stains-All can be attributed to a monomer absorp-

tion, while the maxima near 470, 510, 535 nm are dC)poly(dG/dC) iso-Stains-All interacts with significant
enhancement of its monomer fluorescence (over 150attributed to the different H-aggregates absorption and

the long wavelength maximum at 650 nm corresponds times increase at 593 nm), while for Stains-All the J-
aggregate emission is clearly pronounced in presence ofto the J-aggregate absorption [8]. In aqueous medium,

both dyes exhibit intensive emission from J-aggregates at poly(dG/dC)poly(dG/dC).
Presence of a 0.2-M NaCl concentration signifi-656 nm (Stains-All) and 650 nm (iso-Stains-All) (Fig. 2).

The interaction with NA leads to the partial destruc- cantly increases fluorescent intensity of iso-Stains-All–
DNA complex, while the fluorescent intensity of Stains-tion of dye aggregates followed by the rigid fixation of

the dye monomer in the NA backbone. As a result, a All–DNA complex is not affected by the salt concentra-
tion (data not presented). Based on the obtained results,significant increase (1–3 orders of magnitude) of mono-

Table I. Spectral Data of Studied Dyes and Their Complexes with Nucleic Acids

DMS Buffer DNA RNA poly(dAdT)/(dAdT) poly(dGdC)/(dGdC)

labs lem labs lem I0 labs lem I labs lem I labs lem I labs lem I
Dye nm nm nm nm a.u. nm nm a.u. nm nm a.u. nm nm a.u. nm nm a.u.

Stains-All 541 (sh) 611 572, 596 2 576, 596 246 540, 600 1386 545, 596 558 545, 602 31
580 645 656 242 645 580, 582, 580, 650 350

643 642 637

iso-Stains- 538 (sh) 608 530, 592 0.77 537, 592 1045 533, 596 385 540, 592 1727 536, 593 287
All 578 637 650 185 637 635 580, 636

(sh) 636

lem and labs: Wavelength of emission and absorption maxima respectively; I0: fluorescence intensity of free dye; I: fluorescence intensity of the
dye in the presence of corresponding biopolymer, a.u.: arbitrary units; sh: shoulder. Dyes were excited at “monomer” absorption maxima (575 nm).
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Fig. 2. Absorption and fluorescence spectra of carbocyanine dyes
Stains-All and iso-Stains-Al.

we expect essential differences in the binding mecha-
nisms of these two dyes.

Preliminary experiments on NA visualization in
agarose gel plates have shown that iso-Stains-All has
approximately the same detection sensitivity as ethidium
bromide. It was shown that for the studied dyes the pres-
ence of the proteins only has a slight influence on their
luminescent properties (data not presented).

Stains-All and its analogue iso-Stains-All could be
Fig. 3. Absorption and fluorescence spectra of carbocyanine dyessuccessfully used for the fluorescent detection of NA.

Stains-All and iso-Stains-All in the presence of nucleic acids.The mechanism of interaction with NA and their applica-
bility as stains for NA visualization in gel-electrophoresis
are under investigation.
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