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Interaction of cyanine dyes with nucleic acids. 1. Studies
on monomethyne cyanine dyes as possible fluorescent
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Theseries of monomethyne cyanine dyes as possible fluorescent probes for DN A and RN A
aralysis were synthesized and their optical properties were studied. Two dyes interacted
with native DNA and RN A with strong fluorescence enhancement (up to 350 and 1550
times for Cyan 3 and Cyan 6, respectively ). The complex of Cyan 4 with nucleic acids had
t axtremely large Stokes shiff ( 154 nm). Methylenoxybenzthiazole residue seems to be
perspective structural fragment for the synthesis of new nucleic acid binding cyanine dyes.

Introduction. Recent years cyanine dyes became the object of extensive studies
with potential of application for detection of nucleic acids. Asymmetrical
monomethyne cyanines are virtually nonfluorescent in free state, but show very
strong fluorescence when complexed with nucleic acids. Lee et al. showed that
monointercalator Thiazole Orange (TO, 4-|3-mcthyl-2,3-dihydro-(benzo-1,3-
thiazole) -methyl-ilydenc-quinolinium iodide} formed complexes with RNA with
3000-fold cnhancement of fluorescence upon binding {1 . *

Rye with co-workers reproduced results of Lee and synthesized two ncw
dimeric cyanine dyes: bis-thiazole orange (TOTOQ; 1,1'-(4, 4, 7, 7-teiramethyl-
4, 7-diazaundeca-methylene)-bis-4-[3-methyl-2, 3-dihydro-(benzo-1, 3-thiazo-
ley-2-methyl-ilydence -quinolinum tetraiodide) and bis-yellow orange (YOYO;
an analogue of TOTO with a benzo-1,3-oxazole instead of benzo-1,3-thiazole).
They revealed that TOTO and YOYO form very stable complexes with
double-stranded DNA with up to 1000 foid fluorescence enhancement {21

For TOTO and YOYOQ bis-intercalation mode with ratio 1 dye per 5 base
pairs was proposed [2, 4.

It may secmed obvious from results presented in [3] to conclude that
polycationic naturc of biscyanine dyes complicates proposed intfercalation as
mechanism of interaction.

The selective binding of TOTO to the CTGA:TCAG site of oligonucleotides
was demonstrated [5].

*Correspondence address.
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In this article investigations of a series of cyanine dyes with different
chemical structures and their optical properties in free and NA-bound state, are
presented. It was shown that two of such compounds, Cyan 3 and Cyan 6 (see
Table 1, for structures) form highly fluorescent complexes both with DNA and
RNA, It was considered that methylenoxybenzthiazole fragment can be used for
design of new NA-binding cyanine dyes.

Materials and Methods. The absorption spectra were recorded on
«SPECORD UV-VIS» spectrophotometer (Germany). Absorption of free dyes
was measured immediately after dissolving DMSO dye stock solution in
appropriate solvents: 50 mM Tris-HCI, pH 8; octanol (Sigma); DMSO (Sigma).

The emission spectra of free dyes and dye/nucleic acids complexes were
recorded on HITACHI Model 8350 fluorescent spectrophotometer (Japan).
Fluorescence measurements were carried out in a thermostated quartz cell (1 x
x 1 cm). Fluorescence was excited with a 150 W Xc-lamp cmission.

Synthesis of cyanine dyes. Dyes were synthesized according to methods
described in |6] and their purity was analysed by NMR and HPLC.

Preparation of DNA, RNA and dyes solutions. Stock solutions of dyes
(1 mg/ml) were prepared by dissolving of the dyes in DMSO. All the dyes were
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stable undcr these conditions for several months, whereas in aqueous solutions
some dyes gradually lose their fluorescent properties. Working solutions were
prepared immediately prior to use. -

For spectral studies total calf thymus DNA (Sigma) and yeast RNA
(Sigma) were used. Nucleic acids solutions were prepared in TE buffer (10 mM
Tris-HCl, EDTA 0.5 mM, pH 8) with concentration 4 mg/ml and 8 mg/ml for
DNA and RNA, respectively. '

Absorbance and fluorescent emission spectra. For spectral measurements
the complexes of dyes with nucleic acids were prepared by adding dye stock
solution and DNA or RNA solution in Tris-HCl 50 mM, pH 8.0 buffer. The
final concentration of DNA was 0.48 mM and of RNA 0.46 mM. Final dyes
concentrations were 0.02 mM. Absorbtion and emission spectra of dye-nucleic
acid complexes were measured at approximate ratio | dye per 25 base pairs.

For optical measurements of free cyanines the same dyes concentrations
were used.

Results. Dye structures and spectroscopic properties of free dyes. Physical
data for seven svnthesized cyvanine dyes are presented in Table 1. The
fluorescent and absorbance properties of these dyes have not been previously

Solvent ] ¥ 1(14. ]Nl‘lt‘.m‘I [ adsimu". om emlmax‘ nm AS, nrm np-lf}’z (HZO)
H20' - 417, 439 507 76 1.16
DMSO 1.92 — 442 491 49 —
Octanol — — 440 490 50 -—
H:0 — — 481 n.d n.d n.d
DMSO 3.10 — 509 n.d n.d —
Octanot — — 500 560 60 —
Hz0 - 420, 439 518 79 ‘ 0.44
DMSO 6.31 — 440 508 68 —
QOctanel — — 440 504 64 —
Ha0 — 370, 485 n.d n.d n.d
DMSO 3.36 — 525 564 44 —
Octanol — — 518 n.d n.d —
H,O — 483, 510 n.d n.d n.d
DMSO 6.35 — 512 n.d n.d e
QOctanol — — 502 360 58 —
H0) — 483, 510 n.d 76 n.d
DMSO 4.96 — 512 n.d 49 —
Qctanol — — 500 n.d 50 —
Ho0 — 481, 505 n.d’ n.d n.d
DMSO 7.70 — 510 n.d n.d —
Octano! — — 500 n.d n.d —
error because of the tendency to form dye associales even at the low concentration; n. d. — values
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studied. Dye TO with well known spectral properties [1] was inciuded for
comparison. The wavelengths of absorbtion maxima (1**) of different dyes
range over 100 nm and slightly depend on solveni. Absorption maxima of the
dyes showed the red shift of 1-29 nm after going from water to the less polar
solvents: DMSO, octanol. The extinction coefficient for all the dyes are high,
about 1- 10" .

Since the fluorescence of free dyes is very low, the wavelengths of emission
maxima (4"} and quantum yields at used concentrations were determined only
for Cyan 1 and Cyan 3. All of these dyes have Stokes shift between 40 and 79
nim.

The NA-interaction praoperties of dves. The data on the absorbance and
fluorescence emission spectra of the NA-bound form of dyes arc presented in
Table 2.

The most dyes had short Siokes shifts (14—68 nm), which resulted in
overtap of the excitation and cmission spectra. Cyan 4 had the largest Stokes

Tabie 2
Optical properties of Dye/ NA complexes
DNA RNA
Codmpound
Mo ahsimax‘ nm ""‘imax, nm | A5, nm [is] absﬁmu, nm em'lmax' nmo | A5, nm I
Cvani 417, 435 503 68 1.2 417, 437 492 55 1.9
Cyan2 454,520 534 14 3.0 =480 n. d. n. d. n. d.
Cyan3 429, 444 496 52 [60.0 427, 450 494 44 350.0
Cyvan4 370, 48! 635 £54 5.0 370, 495 625 130 6.0
Cyan3 485,508 543 35 28.1 4335, 508 541 33 16.0
Cvanb 492,515 536 2t 800.0 492, 515 536 21 1550.0
TO 490, 508 534 26 900.0 490, 508 542 34 1750.0
n. d. — values are not detected under used dye concentration.

shift (154 nm for DNA and 130 nm for RNA). The 1°* and A" of NA — dye
complex for both DNA and RNA were similar for all dyes.

As shown in Figure, the absorption spectra for the Cyanes 5, 6 and TO
change by similar mode upon binding with nucleic acids. For Cyan 3 and Cyan
4 spectra mode are changing too.

Discussion. The cyanine dyes have high cxtinction coefficient (approaching
or more than 10000 M'cm™) and moderate quantum vields with 1°* ranging
from about 400 nm to beyond 1000 nm ([7]. Suitable spectroscopic charac-
teristics of cyanine dves can be used to design new highly specific and sensitive
flnorescent probes for different types of the nucleic acids.

All monomethyne cyanine dyes, presented in this article, contain
benzothiazole fragment. Dyes have cationic character duc to the delocalized
positive charge of the chromophore. The spectral properties of cyanine dyes
studied are only slightly sensitive to solvent changes (Table 1). In aqucous
solution, all seven dyes are virtually non-fluorescent. Therefore quanium yeilds
was determined only for two dyes: Cyan 1 (¢ = 0.0116) and Cyan 3 (g = =
0.0044). The Stokes shifts, demonstrated by the free thiazolc dyes
(40—79 nm) far exceed the typical shifts, noted for cyanine dyes (15—20 nm,
[21). The extremely large Stokes shift (139 nm) for TO [1] was not determined
under the used concentrations. The large Stokes shifts for free dyes can be
explained by the tendency of the dyes to form dimers in water.

Complex formation of dyes with DNA and RNA results in increasing of the
fluorescence gquantum yield (Table 2). Cyan 3 and Cyan 6 have shown the
highest fluorescence enhancement upon interaction with DNA and RNA. It is
interesting, that Stokes shifts demonstrated by most of the bound dyes (26—
154 nm) far exceed the typical ones noted for DNA — dye bounded forms [2 L
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The comparison of absorption spectra for free and bound Cyan 6 and TO,
showed decrease of aggregated forms of dyes upon the interaction. It confirmed
a proposed intercalation mode of NA — dyes interaction (Figure ).

The forms of absorption spectra profiles for Cyan 3 and Cyan 6 after
mixing with NA solution were not changing from 5 minutes till two hours. It
seemingly indicates a rapid NA — dye complex formation.
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Absorption spectra profiles of free dyes and absorption and fluorescent emission spectra profiles of
DNA — dyc complexes in TE: absorption patterns of frec dyes (1), absorption (2} and the fluorescent
patterns (3) of DNA — dye complexes

We assumed that methylenoxybenzthiazoie fragment of Cyane 3 shows the
quite perspective spectroscopic properties. Therefore, the sceries of monomethyne
cyanines with methylenoxybenzthiazole residues is being synthesized and will
bt under investigation.
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C. M. Spmoawix, 0. M. 2Kusonyn, B. 5. Kosaascera, 1. B. Kaumenko, Q. P. Kyxapenko,
0. 1. Kogmyn, HO. JI. Cromincekdi

HiaHiHOB] GapBHUKKW Ta HYKJSTHOBI KMCNOTH. 1. BUBUEHHS MOHOMETHHOBMX LAHIHOBUX OapBHMKIB K
MOMJIMBHX (DITIOOPECIERTHMX 30HAIB s gerekail Hy xIeTHOBUX KMCNOT

Peatome

Aocrifxeno crexmpansii XAPAKMEPUCHIUKY CEMIL CHHIMEID6AHUX MOHOMEMUNOGUX WIAHIHIG K MOX-
RUBUX HAHOPECUSHMHUX 300018, cneyudiunux 0o wykaginosux kucaom { HK). faa fapenuxu Cyan 3 ma
Cyan6 y xomnaexel 3 HK 3nauno nidsuugysanu eracny dmoopecyenyiio { y 160 1800 pazis 3 AHK ma 8 350
i 1550 pazis 3 PHK sidnogidno). Cyan 4 npu saaemodil 3 HK nokasae aHoMaroHo éeauxkuli { 154 um)
Cmoxcis scys. MemurenpKeuben3mMIia3on0euil cCmpycmyprull Qpazmerm sURGIUE NEPCREXMUBH] 81a-
cmuaocmi 0as koncmpyosanns nosux HK-cneuyitginnux bapenuxia ceped docaioxenux yianinie.
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C. . Spaouioe, A. H. 2Kuaoayn, B. B, Kosaasckas, H. B. Knumenxo, A. [1. Kyxapeuxo,
FO. 71 Koamyn, 0. 1. Cromunckidl

LHuaunuossie KPACHTENHM M1 HYKACHUHOBBLIE KUCAOTLI. 1. MSyqﬁH HE MOHOMETHHORBbIX IHHHAHHHOBRIX
KpaCH’TCJICﬁ Kd¥ BOIMOMHBIX d)J'IIODpeCLlEHTHle 30H/1I0B AN4 JETCKUMWHM HY KNCHHOBBIX KUCIOT

Peziome

Hecaedosanel ClIEKMPaIbHbE XEPAKIMEPUCTIUKI CEMU CHUHIMESUPOGARNBIN MOHOMEMUNOBHIX LUAHII0G
KaK BO3MOKH X (RIUIOODECUEH MHBIX 30HD0E, Chetu@utinbiX K nyracunteoim kucaoman ( HK ). dea xpa-
cuttiess Cyan 3 u Cyan 6 6 komnagkce ¢ K 3HaqumensHo NoabldaRi COGCMEEHHYH) (PRHIODECUENLUUN) { 6
160 w800 pazc JHK 18350 u 15330 pazc PHK coomeememeaennn). Cyand npu azaumodeicmeuu ¢ K
HOKA3UT AHOMAALHO Oonbueod ( 154 am} Cmokcos cdgue. Memuaenokcubeiiniualionnasii
CMPYKIMYPIbLE (Ppac Merm NPOSEUT NEPCHEKIMUGHDIE COORCINGA O3l KOHCMPYUPOBAHNA Hisbix HK-che-
YUDUHECKUX KPACWMEREd CPedu WeCaed08an IbLY LUAHIHOS.
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