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SPECTRAL PROPERTIES
OF SINGLE-STRANDED VIRAL DNA FRAGMENT

1. Introduction

This article presented the results of investigations of the optical absorption (at
300 K), and steady-state and time-resolved luminescence (at 78 K) of (-)PBS and
(+)PBS oligonucleotides. (-)PBS is the DNA form of the minus primer binding site
(5 GTCCCTGTTCGGGCGCCAS) of the human immunodeficiency virus type 1 (HIV-1)
genome, and (+)PBS (§ CAGGGACAAGCCCGCGGTS) is its complementary sequence [1,
2]. The optical absorption spectra of (-)PBS and (+)PBS do not coincide with the correspon-
dent equimolar sums of the spectra of nucleotides that are in their composition. The difference
between them at 295 nm is related to the existence of some stable complex between bases (pos-
sibly, G-complezes). The fluorescence spectral bands of (-)PBS and (+)PBS are close to each
other and to the band of oligonucleotide investigated by us in [5-7]. In our opinion, the (-
)PBS and (+)PBS bands are connected possibly with the fluorescence of some complezes that
are manifested in the absorption. The phosphorescence spectral bands of (-)PBS and (+)PBS
are close to each other and to the band of dAMP (in the wavelength interval 870470 nm). The
difference between the (-)PBS/(+)PBS and dAMP phosphorescence spectra (at 530 nm) is as-
sociated with an unknown center (possibly, G-complexes). Thus, the main centers of the triplet
excitation capturing in (-)PBS and (+)PBS are A-bases and centers of an unknown nature.
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were studied at 78 K firstly. At low temperature, the
fluorescence and phosphorescence of oligonucleotides

Deoxyribonucleic acids (DNA) are the most impor-
tant molecules of living cells and DNA viruses. The
knowledge of the electronic processes in these macro-
molecules (especially, the behavior of singlet and
triplet electronic excitations, the nature of capturing
centers of both these excitations) can be used for
numerous applications including the development of
new effective drugs. Herein, the spectral properties
of (-)PBS, the DNA form of the minus primer
binding site (5¥’GTCCCTGTTCGGGCGCCAZ)
of the human immunodeficiency virus type 1
(HIV-1) genome and its complementary (+)PBS
(3’CAGGGACAAGCCCGCGGTY') sequence [1]
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possess a much higher quantum yield comparing
with that at room temperature and can be studied in
detail. (—)PBS is an 18-mer stem-loop oligonucleotide
of the well-known structure [1]. Together with its
complementary (+)PBS sequence, it is involved in
the viral DNA synthesis [2]. The first main goal
of our investigations is the identification of the
absorbing, fluorescent and phosphorescent centers
in (-)PBS and (+)PBS. On the other hand, it is
known [3-7] that the capturing centers of the triplet
excitation in DNA are AT-sequences. Recently, we
showed that this AT-complex is formed by neighbor
A- and T-chromophores from the same strand (not
from A- and T-complementary chromophores of
the different strands) [5-7]. (-)PBS and (+)PBS
contain both of these nucleotides (A and T) but
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separately; there are no AT-sequences. In addition,
the probability of a complex binding between A and
T, which are situated at opposite ends of the strand,
is quite low. Taking this into account, the second
main goal of our investigations is the study of the
possibility for AT-complexes to be created, when A-
and T-chromophores are separated.

2. Methods

The powders of (—)PBS and (+)PBS were synthesized
and purified by reverse-phase HPLC by IBA GmbH
Nucleic Acids Product Supply. Samples of (-)PBS
and (+)PBS were prepared at the Faculty of Physics
of Kyiv University, by using a TRIS-HCI buffer as the
solvent with concentration C' = 2 x 10~ M. Spectral
measurements were carried out in Faculty of Physics
of Kyiv University. Optical absorption spectra were
obtained at 300 K, by using a spectrophotometer
Cary 60 (Agilent Tech., Inc.) in standard quartz
cuvettes. Fluorescence and phosphorescence spectra
were obtained at 78 K by using a fluorescent spec-
trophotometer Cary Eclipse (Varian, Australia). The
experimental errors of wavelengths and intensities
were standard for these equipments.

3. Results and Discussions
3.1. Optical absorption

The optical absorption spectrum of (+)PBS (Fig. 1,
line 1) differs to some extent from the equimo-
lar sum of the corresponding spectra (Fig. 1,
line 2) of deoxyribonucleotides (in the ratio
A:G:C:T =4:7:6:1) that are in the composition
of (+)PBS oligonucleotide. The difference between
them (Fig. 1, line 3, “difference”) at A = 295 nm is
likely associated with the existence of G-complexes
(possibly, G-quadruplexes or G-intermediates) [5,
6]. As for (+)PBS, the optical absorption spectrum
of (-)PBS differs to some extent from the equimo-
lar sum of the corresponding spectra of deoxyribonu-
cleotides (in the ratio A:G:C:T = 1:6:7:4) that
are in the composition of (—)PBS oligonucleotide. The
difference between them (the band at A = 295 nm) is
associated with the existence of G-complexes too [5,
6]. The “difference” bands were obtained by the sub-
traction of the equimolar sums from the correspond-
ing spectra of oligonucleotides.
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3.2. Fluorescence

The fluorescence spectral bands of (—)PBS and
(+)PBS at T = 78 K (Fig. 2) are close to each
other, as well as to the band of oligunucleotide Tel-
22 investigated by us earlier [5-7]. They do not co-
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Fig. 1. The optical absorption spectra of (+)PBS (1), “differ-
ence” (2), and equimolar sum of the spectra of deoxyribonu-
cleotides (in the ratio A:G:C: T = 4:7:6:1) that are in the
composition of (+)PBS (3)
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Fig. 2. The fluorescence spectra (T = 78 K): (-)PBS (1),
(+)PBS (2), Tel-22 (3), dAMP (4). Xex = 260 nm (excluding
Tel-22, where Aex = 310 nm)
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Fig. 3. The phosphorescence emission (1-4) and excitation
(1',2) spectra (T = 78 K): (-)PBS (1,1'), (+)PBS (2, 2'),
dAMP (3), “1-3-difference” (4). Aex = 260 nm (for emission
spectra), Aem = 418 nm (for excitation spectra)
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incide with any separate deoxyribonucleotide fluo-
rescence spectral band (e.g., dAMP). The spectral
positions of these bands practically do not depend
on the excitation wavelength (in the interval of
260-310 nm). The (-)PBS and (+)PBS bands are
thought to be associated with the fluorescence of G-
complexes (dimers and trimers formed by neighbor-
ing G-species), and/or G-complexes formed by G-
species belong to different parts of the strand (G-
intermediates). The independence of this fluorescence
on the excitation wavelength in a wide spectral in-
terval gives the ground to conclude that these com-
plexes fluoresce not only due to the own absorp-
tion. To a great extent, this fluorescence is caused by
the electronic excitation energy transfer from indi-
vidual bases of the oligunucleotides. This means that
these complexes are the traps of singlet excitations
which are generated in individual nucleotides by light.

3.3. Phosphorescence

The phosphorescence spectral bands of (—)PBS
(Fig. 3, line 1) and (+)PBS (Fig. 3, line 2) at
T = 78 K are close to each other, as well as to
the band of dAMP (Fig. 3, line 3) (in the interval
A = 370470 nm). The difference between (-)PBS/
(+)PBS and dAMP phosphorescence spectra (the
band at A = 530 nm) is thought to be associated with
an unknown center, possibly, G-complex or G-inter-
mediate that dominates in the fluorescence. Thus, the
main centers of triplet excitation capturing in (—)PBS
and (4+)PBS oligonucleotides are A-bases and some
centers of an unknown nature (possibly, G-complexes
or G-intermediates, but they are not AT-complexes
observed by us in [3-7]). The “1-3-difference” band
was obtained by the subtraction of the dAMP spec-
tral band from the (-)PBS spectral band.

4. Conclusions

The optical absorption (at 300 K) and luminescence
(at 78 K) spectra of (—)PBS and (+)PBS oligonu-
cleotides have been studied. Three important results
have been obtained:

1. The optical absorption spectra of (—)PBS and
(+)PBS are not the equimolar sums of the cor-
respondent deoxyribonucleotides spectra. The addi-
tional band at A = 295 nm is associated with the
existence of G-complexes.

2. The main centers of singlet excitation capturing
in (-)PBS and (+)PBS (that are manifested in the
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fluorescence) are thought to be G-complexes (possi-
bly, G-intermediates).

3. The main centers of triplet excitation capturing
in (-)PBS and (+)PBS (that are manifested in the
phosphorescence) are A-bases and some centers of an
unknown nature (possibly, G-complexes). So, the pre-
sented data show that no AT-complexes are formed
in the systems, in which A and T are not situated in
neighbor positions.

We are grateful to Prof. Oleg Yeshchenko and Prof.
Igor Dubey for their help.
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CIIEKTPAJIBHI BJIACTHBOCTI
OIHOJIAHIIIOI'OBUX ®PATMEHTIB BIPYCHOI JTHK

Peszmowme

IlpencrasiieHo pe3yJibTaTH JOCHIJIZKEHb OITUYHOTO IIOTJIU-
nanus (mpu 300 K), dumoopecnennii Ta  docdopecuenmnii
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(npu 78 K) omiromykseorunis (-)PBS ta (+)PBS. (-)PBS
sapisie coboro JIHK-dopmy 3B’A3yBaibHOI JJISSHKA  MiHYyC-
mpaitmepy (5 GTCCCTGTTCGGGCGCCA3') renomy Bipy-
cy imynomedimury momuan neprioro tuny (BIJI-1); (4+)PBS
(3’ CAGGGACAAGCCCGCGGTS’) € #ioro KOMILIEMEHTapP-
HOIO TOCAoBHIcTIO. [loKazaHo, IO CHEKTPU ONTHYHOIO I10-
mmHanas (—)PBS ta (+)PBS me 36iratorbest 3 BignosimHun-
MU €KBIMOJIADHHMHU CyMaMH CIIEKTPIiB HYKJIEOTHIIB, IIO BXO-
IATh 10 1X CKyaay. PisHuIisg MizK crieKTpaMu OJIIrOHYKJIEOTH/IIB
Ta BiANOBIAHMMU €KBIMOJISIDHHMH CyMaMH{ Ha JOBXKWHI XBHJI
295 HM 1OB’s13aHa 3 iCHYBaHHAM JESKOIO CTablILHOIO KOMILIE-
KCy Mix Gazamu (MoxkJnBo, G-komIutekcy ). Crekrpu diroope-
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cuennii (—)PBS ta (+) PBS € 6au3bkumMu OJUH 10 OJHOTO Ta
0 crekTpa (QJIF0OPECHEHIliT OJIIrOHYKJIEOTH/LY, JIOCIIiIXKEHOIO
nmamu panime. Cmyru cnekrpis (—)PBS ta (+)PBS nos’sizami,
MOXKJIMBO, 3 (DJIFOOPECIEHIIIEI0 KOMILIEKCIB, IO IPOSBIIAIOTHCS
B norsmHanHl. Crektpu docdopecnennii (—)PBS Ta (+) PBS
€ GuIM3BKUMU OJUH 10 onHoro Ta jo cuekrpa dAMP (B giana-
30HI 0BXKUH XBUIb 370470 uM). Pisaunesi cnekrpu docdo-
pecuennil mixx cnekrpom (—)PBS (a takox (+)PBS) Ta cue-
krpoM dAMP (B okouti 530 HM) acOIIOETHCA HAMU 3 HEBIIOMUM
neaTpoM (MoxkymBo, G-KoMILIeKcoM). TaKuM 9HHOM, OCHOBHU-
MU [eHTPaMH 3aXOIUIEHHs TPUILIETHUX 30ymkenn y (—)PBS ta
(+)PBS € azeninosi 6a3u Ta IeHTPU HEBLIOMOI IPUPOLIH.
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