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Proofs have been obtained for the existence of mobile singlet and triplet electronic
excitations in ribonucleic acid (RNA) macromolecule. They include: RNA phosphorescence
and fluorescence quenching, phosphorescence and depolarized fluorescence of the excita-
tion acceptor — cyanine dye Cyan40 bound with RNA while excited at the RNA’s absorp-
tion maximum wavelength (i,, = 260 nm), and delayed fluorescence of the dye as a result
of annihilation of the RNA mobile triplet excitations. The average singlet and triplet
electronic excitation displacements along the RNA macromolecule were estimated.

ITonyuensl moKasaTelbCTBA CYIECTBOBAHUS MOOMJIBHBIX CHHIVIETHBIX M TPUILJIETHBIX BO3-
Oy:xaeHnil B MakKpomoJiekyiae pubonykiaenHoBoi rucaorel (PHK), Takme Kax rymenme doc-
dopecuennuu u Guayopecuennuu PHEK, dochopecuennua u memonasspusoBanHas (PJIyopeciieH-
nus akienropa Bos3Oymxiaenus — cBasaHHoro ¢ PHK mmanumaosBoro kpacurens Cyan40 mpwu
BO30YK/JeHNN Ha IJMHEe BOJHBI MaKcHMyMa moriaomenus gomopa — PHE (A, = 260 mm), a
Tak:Ke 3aZepKaHHad (PIYOpPecIleHIIuS KpacuTess, KOTopas fABJIAETCS pe3yJIbTaTOM aHHUIH-
aanuu murpupyiomux B PHEK rtpunnetHwsix BosOykgeHuii. IIpomsBemeHa olieHKa cpenHeil
IJIUHBI TIpo0era MOOUJIBLHBIX CUHTJIETHBIX W TPUILIETHBLIX 3JIEKTPOHHBIX BO30YKIEHUM BIOJb
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makpomoseryasl PHEK.

1. Introduction

Polynucleotide acids — DNA and RNA
are the brightest examples of the natural
functional materials. Their unique proper-
ties are defined mostly by their structure,
interaction with the other cell components
and intramolecular electronic-vibrational
processes. The intramolecular electronic en-
ergy transfer is among the most important
processes in DNA and RNA. Singlet elec-
tronic excitation transfer from a small
donor molecule to the acceptor molecule in-
corporated artificially into RNA macromole-
cule is widely used in a number of biological
and medical techniques for measurements of
distances (usually 2 to 10 nm [1]) along the
macromolecular chain [2-4]. In such struc-
tures RNA is considered as both an object
under investigation and, at the same time,
as an inert matrix embedding spatially sepa-
rated donor/acceptor pairs. It is generally
thought that electronic excitation transfer
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between two small molecules occurs via For-
ster mechanism, with RNA bases not in-
volved since their energy levels are suffi-
ciently higher [5]. Little is known, however,
about excitation transfer (singlet as well as
triplet) between RNA bases along the mac-
romolecule. In a number of works it was
shown that such migrating processes took
place along the double helix DNA macro-
molecule, and the average displacement val-
ues were estimated [6-8]. In the present
work, evidence of the existence of singlet and
triplet excitation transfer in RNA macro-
molecule were obtained, and average displace-
ments of these excitations were evaluated.

2. Experimental

Yeast RNA and cyanine dye Cyan40 were
kindly provided by Institute of Molecular
Biology and Genetics (IMBG) of NAS of
Ukraine. Luminescence spectra were ob-
tained at ambient and liquid nitrogen tem-
peratures using a Cary Eclipse Spec-
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Fig. 1. Fluorescence spectra of 1 — RNA and
2 — RNA/Cyand0 (n = 5:1) at T=78 K, },,, = 260 nm.
The insert: absorption spectra of I —RNA, 6-107° M;
2 — Cyand0,1.2.107® M water solutions.

trofluorometer (Varian Inc.) combined with
an Optistat DN cryostat (Oxford Instru-
ments). The absorption spectra were re-
corded using a Specord UV-VIS spectro-
photometer.

3. Results and discussion

Dye Cyan40 was chosen as a trap for
electronic excitation transfer along RNA.
According to the authors of [9] this dye
selectively bounds to RNA both in vitro and
in vivo. This fact was also confirmed in our
experiments: fluorescence quantum yield of
the dye is increasing up to 140 times and
the shift in its absorption spectra is appear-
ing in the RNA/Cyan40 system as compared
to the free dye.

3.1. Mobile singlet excitalions
in RNA

Some evidence of the intramacromolecu-
lar electronic excitation energy transfer was
presented in our previous publication [5].
The main argument is domination of certain
particular centers in the RNA luminescence
spectra (all RNA bases absorb excitation
light additively, but fluorescence spectra
consists mainly of contributions from G
(guanine) and C (cytosine) bases, while
phosphorescence spectra reflect basically the
emission of A (adenine) base possessing the
lowest triplet electronic level [5, 10]).

In the current work, we studied migra-
tion of singlet excitations and their captur-
ing by the non-covalently bound label
Cyan40. The obtained results are: a) RNA
fluorescence quenching upon adding of
dyes-traps at different values of ratio n =
5:1, 10:1, 15:1, where n is the number of
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Fig. 2. Delayed emission spectra of RNA and
RNA/Cyand40 mixture at T =78 K, delay
time relative to the excitation impulse 1 ms.
1 — RNA’s phosphorescence, 2 — RNA /Cyan40
delayed emission (delayed fluorescence and
phosphorescence), Kox = 260 nm, 3 —
RNA/Cyan40 delayed emission, A,, = 435 nm.

RNA bases per Cyan40 dye molecule (excita-
tion at the RNA absorption maximum A,, =
260 nm, Fig.1). When n = 30:1, the
quenching effect significantly decreases,
and intrinsic fluorescence of RNA reap-
pears. It follows from these data that the
displacement of singlet mobile excitations is
less than the length of the 30 RNA bases
sequence; b) depolarization of impurity
fluorescence upon excitation in the RNA ab-
sorption band. The main reasons of this ef-
fect are rotation of the molecules or elec-
tronic excitation energy transfer [11]. In
our case small molecules are fixed rigidly in
RNA,; thus, rotation of the probes is absent.
Under excitation at the wavelength of
435 nm (absorption maximum of Cyan40),
where RNA does not absorb (for the ab-
sorbtion spectra, see insert on Fig. 1), the
values of fluorescence anisotropy are close
to 0.2 for n = 5:1, 10:1, 15:1, 30:1. In the
case of excitation in the absorption maxi-
mum of RNA the increasing of dye fluores-
cence anisotropy rate to 0.05 (n=5:1,
10:1, 15:1) and 0.15 (n = 30:1) was ob-
served, proving that the intramolecular sin-
glet electronic energy transfer in RNA does
exist. The fact of increasing of the fluores-
cence anisotropy for n = 80:1 gives the op-
portunity to estimate the average displace-
ment of singlet mobile excitations along RNA
in the range from 15 to 30 RNA bases.
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3.2. Mobile triplet excitatlions in
RNA

Besides data reported in [5], the intra-
molecular triplet energy transfer in RNA
can be evidenced by: a) the RNA phospho-
rescence quenching under injection of
Cyan40 molecules (Fig. 2); b) appearing of
intensive delayed fluorescence of Cyan40
(forming a complex with RNA) under exci-
tation at 260 nm and the absence of Cyan40
delayed fluorescence upon excitation at
435 nm. This suggested that not only trans-
fer of triplet excitations takes place in RNA
macromolecule, but also their annihilation
when meeting each other. The phenomenon
described above is observed even when the
ratio n = 30:1. Therefore it can be con-
cluded that the average displacement of mo-
bile triplet excitation in RNA exceeds the

length of 30 RNA bases (70 A).

4. Conclusions

The intramolecular singlet and triplet
electronic energy transfer in the RNA does
really exist. The average displacement of
the mobile singlet excitation is more than
15 and less than 30 RNA bases. The average

displacement of the mobile triplet excita-
tions was estimated to be more than 30
RNA bases.

For more accurate and detailed investiga-
tion of the mobile excitations in RNA, fur-
ther studies are under way.
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Mirpyroui exekrponHi 30ym:xenna 8 PHR

C.M./leéuenko, B.Il.Toxap, B.M.Awyx

OrpumaHO IOKa3M iCHyBaHHA MOOIJIBHUX CUHIJIETHUX i TPUILIETHUX 30yI:KE€HL Y MaKpo-
MoJeKyJsni pubonykaeinooi xkuciaoru (PHEK), Taki ax racinua ¢ocdopecuennii Ta duaroope-
crennii PHEK, docdopeciienitia Ta memosispusoBaHa (PIIOOPECIeHIli aKlenTopa 30yAKeHHI —
3B’asanoro 3 PHK niaminoBoro 6apsauka Cyan4(0 mpu 30yA:KeHHI Ha TOBMKUHI XBUJI MaKCH-

MyMy moriuHaHHA goHopa — PHEK (A, = 260 mM), a Takok saTpuMmMaHa (II0OPeCIeHIlia
0apBHUKA, II[0 € pesyJbTaToM aHirimanii mirpyoounx B8 PHK Tpuniernux s36ymxensb. OmineHo
CcepelHIO MOBKUHY NpPo6iry MOOIIBHUX CHUHIJIETHUX i TPUIJIETHUX eJeKTPOHHUX B0yAKeHb

B3IOBK Maxpomojeryau PHE.
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