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Abstract—The main structural features of an important group of natural compounds, disaccharide nucleosides, are reviewed.
The synthesis and properties of modified oligonucleotides on their basis as well as the methods of introduction of reactive
aldehyde groups are described. The last part is devoted to the application of these compounds for studies of enzymes of nucle
ic acid metabolism.
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Disaccharide nucleosides belong to an important
group of natural compounds incorporated in tRNA,
poly(ADPribose), antibiotics, and other physiologically
active compounds. To date about a hundred disaccharide
nucleoside derivatives have been isolated from various
natural sources [1]. These compounds contain an extra
carbohydrate residue linked to one of the nucleoside
hydroxyl groups via an Oglycoside bond. The presence of
a disaccharide residue and a heterocyclic base makes their
properties similar to those of carbohydrates and nucleo
sides. Here we describe structurally specific features of
some disaccharide nucleosides and summarize the data
on the synthesis and physicochemical and substrate prop
erties of disaccharide nucleosides and oligonucleotides
(ONs) on their basis. We also give examples on the prepa
ration of ONs bearing reactive aldehyde groups and their
application for studying the enzymes of nucleic acid
biosynthesis.

1. DISACCHARIDE NUCLEOSIDES
ARE MINOR COMPONENTS OF tRNA
Nucleic acids comprise not only eight standard ribo
and 2′deoxyribonucleosides, but also a large number of
their derivatives, minor nucleosides. McCloskey et al.
described the structures of 96 modified nucleosides
occurring in various types of RNAs, most of them being
found in tRNAs [24].
* To whom correspondence should be addressed.

In 1965 Hall isolated a new minor nucleoside from a
yeast RNA hydrolyzate and identified it as an adenosine
derivative containing an extra ribofuranosyl residue [5]. It
was shown later that this minor nucleoside was located in
position 64 of the T domain of yeast initiator tRNA
Met
(tRNAMet
structures
i ) [6]. The analysis of primary tRNAi
isolated from some plant and yeast cells showed the pres
ence in position 64 of modified guanosine [79]. At the end
of the 1980s and beginning of the 1990s the structure of
minor nucleosides were identified as OβDribofura
nosyl(1′′2′)adenosine 5′′Ophosphate (1) and OβD
ribofuranosyl(1′′2′)guanosine 5′′Ophosphate (2) (Fig.
1) [8, 1012]. The presence of a disaccharide minor nucle
oside in position 64 is suggested to be a common property
of initiator tRNA of lower eukaryotes. It is worth mention
ing that only two types of carbohydratemodified com
pounds, 2′Omethyl and 2′OβDribofuranosylnucle
osides, were isolated from RNAs, whereas most minor
nucleosides are modified at the heterocyclic base [24].
The Xray analysis showed that a bulky 5′′phospho
ribofuranosyl hydrophilic substituent of nucleosides 1 and
2 (Fig. 1) is strictly fixed on the surface of the tRNAMet
i
minor groove [13]. The extra phosphate residue is
involved in the formation of a hydrogen bond with the 2
amino group of the adjacent guanosine residue. The func
tion of the modified purine nucleoside in position 64 of
tRNAMet
was studied by Sprinzl et al. [12]. It was assumed
i
that the modification of nucleoside 64 affected to a cer
tain extent the discrimination of initiation/elongation
process of protein biosynthesis. After the selective
removal of the extra 5′′phosphoribofuranosyl residue
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Fig. 1. The structures of minor nucleosides 1 [11] and 2 [8] and
their positions in yeast tRNAiMet [6]. A hydrogen bond between
the 5′′phosphate residue and guanine 2amino group is shown
[13].

from tRNAMet
by hydrolysis of the Oglycosidic bond, the
i
elongation function of tRNA was prevalent, although it
was less effective than in the case of native tRNAMet [12].
These data suggest that the presence of the modified
purine nucleoside in position 64 of tRNAMet
of lower
i
eukaryotes and some plants prevents the formation of the
tRNA complex with elongation factor EF1α and GTP,
which is indispensable for the elongation process.
The biosynthesis pathway of modified nucleosides 1
and 2 (Fig. 1) is still obscure. However, there is a hypothe
sis about posttranscriptional ribosylation of adenosine or
guanosine residues located in position 64 of the cytoplasmic
initiator tRNAMet precursor. It was also presumed in [11]
that the 64th purine nucleoside is ribosylated with 5phos
phoribosyl1αpyrophosphate to give a βglycosidic bond.
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composed of repeating ADPribose residues while releas
ing nicotinamide (Fig. 2) [1417]. Linear poly(ADP
ribose) molecules are from several to 30 monomeric
residues in length and are covalently bound to histones
and other nuclear proteins [18, 19]. The biological role of
poly(ADPribose) is still unclear, although it is assumed
that it is involved in DNA replication, recombination,
and repair and cellular differentiation [17, 19].
Enzymes of two classes are involved in the degrada
tion of poly(ADPribose) (Fig. 2) [1921]. Glycohydro
lase of poly(ADPribose) cleaves the bond between
adenosine and a ribose residue to give adenosine diphos
phate ribose (ADPribose). The digestion of the
pyrophosphate bond by phosphodiesterases yields 2′(5′′
phosphoribosyl)5′adenosine monophosphate (PRib
AMP) (3). Using NMR spectroscopy, Oppenheimer and
Ferro determined the structure of the monomeric unit 3
of poly(ADPribose) [22]. Compound 3 can be regarded
as an isomer of minor nucleoside 1. The crucial structur
al difference between them lies in the configuration of the
Oglycosidic bond. It is worth mentioning that PRib
AMP (3) functions as a prosthetic group of Klebsiella
aerogenes citrate lyase [23].
In addition to a linear polymer poly(ADPribose),
branched biopolymers related to branched polysaccha
rides were also isolated [19, 24]. The structure of the frag
ment (PRib)2AMP (4) located in the branching site was

a

b

b
c

2. THE STRUCTURE OF POLY(ADPRIBOSE)
2′OαDRibofuranosyladenosine is a structural
element of a biopolymer poly(ADPribose) isolated from
eukaryotic cells. In the 1960s it was shown that eukaryot
ic nuclei contain an enzyme poly(ADPribose) poly
merase, which transforms NAD+ into a homopolymer
BIOCHEMISTRY (Moscow) Vol. 67 No. 10
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Fig. 2. Structure and biosynthesis of poly(ADPribose) and the
enzymes involved in its cleavage: a) poly(ADPribose) poly
merase; b) phosphodiesterase; c) poly(ADPribose) glycohy
drolase.
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confirmed by physicochemical methods [25]. Three ribo
furanose residues of compound 4 are linked via α(1→2)
Oglycosidic bonds. It is worth noting that the disaccha
ride fragments of compounds 3 and 4 (Fig. 2) have not
been synthesized yet.

3. DISACCHARIDE NUCLEOSIDES
AS COMPONENTS OF ANTIBIOTICS
AND OTHER NATURAL COMPOUNDS
The structure, biological activity, and biosynthesis of
nucleoside antibiotics have been comprehensively dis
cussed in Isono’s reviews [26, 27]. Garner’s [28], Lerner’s
[29], and Knapp’s [30] reviews summarize data on the
synthesis of disaccharide nucleosides and complex nucle
oside antibiotics. To date a large number of disaccharide
nucleoside antibiotics of various structures have been iso
lated and characterized. The structures of purine antibi
otics containing phosphate groups can serve as examples.
Adenosine and αDglucopyranose linked to phos
phorylated allaric acid are structural elements of
thuringiensin (5) [3133]. This antibiotic isolated from
Bacillus thuringiensis by two research groups displays
insecticide and antibacterial properties [34, 35].
Thuringiensin (5) is an inhibitor of DNAdependent RNA
polymerase of both prokaryotes and eukaryotes [36].

Of the recently isolated disaccharide nucleoside,
adenophostins A and B (6) produced by Penicillum brevi
compactum can be mentioned [37, 38]. These compounds
are most powerful agonists of inositol 1,4,5triphosphate
receptors [39, 40]. This compound plays an important
role in Ca2+ release. A structurally specific feature of
adenophostins (6) is the presence of an αglycosidic bond
between ribofuranose and glucopyranose residues.
Recently found guanofosfocins (7) are related to
phosphorylated antibiotics [41, 42]. Guanofosfocin A was
isolated from Streptomyces sp. cultural medium, whereas
guanofosfocins B and C are produced by Trichoderma sp.
This antibiotic contains additional Oglycosidic bond
between mannopyranose and 8hydroxyguanine to form a
unique cyclic structure. Guanofosfocins (7) inhibit chitin
synthetase and are effective against the fungus Candida
albicans. However, due to a low stability, their study as
potential antimycotic agents is hampered [42].

Guanofosfocins AC (7)

Thuringiensin (5)

А: R = PO3H2, R1 = H;
B: R = PO3H2, R1 = Ac
Adenophostins A and B (6)

A new neuroactive compound HF7 (8) was isolated
from the venom of the funnelweb spider, Hololena curta.
The chemical synthesis of disulfoderivative of 3′OαL
fucopyranosylguanosine (8) and the comparison of its
physicochemical properties with those of the natural
compound confirmed the structure of HF7 [43]. HF7 is
an anionic nucleoside and, like adenofostins (6), affects
the intracellular concentration of Ca2+ in nerve cells.
BIOCHEMISTRY (Moscow) Vol. 67 No. 10 2002
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4. METHODS OF SYNTHESIS
OF DISACCHARIDE NUCLEOSIDES
AND THEIR PROPERTIES
Disaccharide nucleosides can be synthesized using
the two methods presented in Scheme 1 [29]. The first
method is the coupling of protected disaccharide and the
corresponding heterocyclic base derivative. Most nucleo
side antibiotics were synthesized in this way. This scheme
is multistage, since it includes the preparation of the
properly protected disaccharide component. If the target
compound bears a residue of a natural nucleoside, the
synthesis is considerably shorter.

I
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used in the standard automatic ON synthesis.
Deacylation of compounds 12 resulted in disaccharide
nucleosides 14 in high yields [44, 45].

12
9

11

10

oligonucleotides

14

13

II

15

X = Hal, OAcyl; B = heterocyclic base

16

Scheme 1

The other method of preparation of disaccharide
nucleosides involves the formation of a new Oglycosidic
bond between the properly protected nucleoside and the
activated monosaccharide using classical procedures of
glycoside synthesis. The use of nucleosides as starting
compounds can substantially simplify the preparation of
disaccharide nucleosides. Some examples of the forma
tion of Oglycoside bonds between the partially protected
nucleoside and the monosaccharide have been published
(Scheme 1, route II). However, the product yields in
these reactions did not exceed 2030% because of by
product formation [29].
A general method of synthesis of 2′OβDribofu
ranosylnucleosides (14) comprising tRNA (Fig. 1) was
suggested recently [44, 45]. The method consists in the
coupling of Nsubstituted 3′,5′Otetraisopropyldisilox
ane1,3diylribonucleosides (9) with a small excess of
1Oacetyl2,3,5triObenzoylβDribofuranose (10)
activated with tin tetrachloride in 1,2dichloroethane
(Scheme 2) [46]. The reaction conditions were similar to
those of the nucleoside synthesis according to
Vorbruggen [47] and that of alkyl βDribofuranosides
[48]. OGlycosylation was stereospecific to form βglyco
sides 11 in yields of 7080% [44, 45]. After deprotection
of silyl groups, compounds 12 were converted to the cor
responding phosphoramidite derivatives 13, which were
BIOCHEMISTRY (Moscow) Vol. 67 No. 10
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B = Ura, Thy, CytBz, AdeBz, GuaiBu; B' = Ura, Thy, Cyt, Ade,
Gua; R = H, OH. a) SnCl4, dichloroethane, 0°C; b) Bu4NF/
THF, 30 min, 20°C; c) DMTrCl/Рy; ClРN(iРr)2O(CH2)2CN/
triazole; d) 5 M NH3 in MeOH, 2 days, 20°C
Scheme 2

The developed method was used for the preparation
of pyrimidine 3′OβDribofuranosyl2′deoxyribonu
cleosides (15) [49], 5′OβDribofuranosyl2′deoxyri
bonucleosides (16, R = H) [50, 51], and 5′OβDribo
furanosylnucleosides (16, R = OH) [51, 52].
To study the scope of the method, some other acylat
ed sugars were used in the Oglycosylation reaction. In
this way, 2′OβDribofuranosylnucleoside analogs con
taining in 2′Oposition αD (and βL)arabinofura
nosyl, βDerythrofuranosyl, βDribopyranosyl [53,
54], and 5amino5deoxyβDribofuranosyl residues
[54] were synthesized. Recently on the basis of the gener
al method for synthesis of 2′OβDribofuranosylnucle
osides [44, 45], minor nucleoside 1 was first obtained
(Fig. 1) [55].
The study of disaccharide nucleosides 14 (Scheme 2)
in crystal and solution showed that the introduction of an
extra ribofuranosyl residue only insignificantly affected
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the nucleoside fragment conformation [45]. It is worth
mentioning that according to the Xray analysis and
NMR spectroscopy data, an exocyclic 5′CH2OH group
of the extra ribofuranosyl residue of compound 14 (B =
Ura) is located close to the heterocyclic base [45]. A sim
ilar conformation was observed for the synthesized minor
nucleoside 1 [55].
It is known that N and Oglycosidic bonds are
unstable under acidic conditions. The hydrolytic instabil
ity can be regarded as a factor effecting the use of com
pounds of this type. It was shown for purine disaccharide
nucleosides that the hydrolysis of the Oglycosidic bond is
accompanied by apurinization, whereas pyrimidine
nucleosides are only cleaved at the Oglycosidic bond to
give a nucleoside and ribose [50]. The Oglycosidic bond
in compound 14 (B = Ade) is twice as stable as in the cor
responding uridine derivative 14 (B = Urd). It is impor
tant that the Nglycosidic bond in adenine nucleoside 14
(B = Ade) is three times more stable than in the natural
nucleoside. It is known that apurinization proceeds via
protonation of the heterocyclic base and formation of a
cyclic oxocarbenium ion [56].
We developed convenient preparative methods for
synthesis of 2′OβDribofuranosylnucleosides starting
from natural ribonucleosides. Using this scheme, a large
set of disaccharide nucleosides was prepared, which
proved the allpurpose character and efficacy of the
method.

5. OLIGONUCLEOTIDES
CONTAINING DISACCHARIDE NUCLEOSIDES
When starting the preparation of ON containing dis
accharide nucleosides, we based it on the following
grounds.
1. Modified ONs should retain all functional groups
and distances between them to ensure potential interac
tions with nucleic acids and proteins. It should be expect
ed that parameters of the complex formation with nucle
ic acids and binding to enzymes will be similar for natural
and modified ON.
2. The presence of an extra cisdiol group of the ribo
furanose residue enables smooth introduction of dialde
hyde group using a well known reaction of periodate oxi
dation in aqueous medium at room temperature.
3. Reactive dialdehyde groups are located close to
the sugarphosphate backbone, which ensures the inter
action with lysine residues of DNAbinding proteins. One
or more modified residues can be thereby located in a
predetermined position of the ON chain.
4. It should be mentioned that the resulting ONs can
be used for the preparation of various conjugates and the
attachment to polymeric supports.
The aforementioned structural features of modified
ONs are required for their use as affinity reagents and

development on their basis of selective inhibitors of the
enzymes of nucleic acid biosynthesis. As will be seen from
the later discussion, most of these general statements
were realized.
Synthons 13 bearing routine protective groups were
used in the standard variant of automatic synthesis for
the preparation of oligodeoxyribonucleotides [54, 57
61] and oligoribonucleotides [62]. The parameters of
their complex formation with complementary DNA
and RNA were studied. The ON containing 2′OβD
ribofuranosylcytidine formed stable complexes with
RNA (∆Tm = 0°C) (Table 1) [54], whereas melting tem
peratures of the DNA complexes were somewhat lower
than in the case of natural compounds [54]. To increase
the affinity towards complementary DNA and RNA, a
large number of ONs modified at the 2′Oposition of
the carbohydrate residue, such as hydroxyalkyl and
aminoalkyl derivatives, were obtained during the last
decade [63]. In order to ensure the stability of duplex
es, the analogs containing other monosaccharide
residues in the 2′Oposition were also used (Table 1)
[54]. As seen in Table 1, all modified ONs formed sta
ble complexes with RNA. In the case of DNA/DNA
duplexes, the highest stability was observed for the ON
containing 5amino5deoxyβDribofuranosyl resi
due.
The effect of 2′OβDribofuranosyladenosine on
the stability of the duplex formation was studied by high
resolution NMR spectroscopy and methods of molecular
dynamics on the example of a doublestranded RNA
fragment (selfcomplementary oligoribonucleotide 5′
r(GCGARibAUUCGC)) [62]. It was shown that an
extra bulky ribofuranose residue was located in the minor
groove of the doublestranded RNA and did not signifi
cantly affect the RNA structure in solution (∆Tm = 0°C).
It is worth noting that these results coincide well with the

Table 1. Melting temperatures of the modified ON com
plexes with complementary DNA and RNA [54]
5'd(GCATATCACTGG)
С=
ON/RNA

ON/DNA

49.0°C

49.5°C

βDribofuranosylCyd

49.0°C

45.0°C

βDribopyranosylCyd

48.5°C

45.0°C

αDarabinofuranosylCyd

49.0°C

46.5°C

βLarabinofuranosylCyd

49.0°C

46.5°C

βDerythrofuranosylCyd

49.0°C

45.0°C

5amino5deoxy

49.5°C

49.0°C

dС

βDribofuranosylCyd

BIOCHEMISTRY (Moscow) Vol. 67 No. 10 2002

TOOLS FOR STUDY OF ENZYMES OF NUCLEIC ACID METABOLISM
Xray analysis data about the position of the minor nucle
oside 1 in tRNAMet
[13]. This implies that ONs contain
i
ing various monosaccharide residues in the 2′Oposition
are promising for studying the enzymes of nucleic acid
biosynthesis.
Substrate properties of the ON containing 2′Oβ
Dribofuranosylnucleoside 14 (Scheme 2) were studied
in the reaction of DNA synthesis. Modified ONs IVI (X
is a residue of 2′OβDribofuranosyladenosine) were
used as primers in the reaction of DNA synthesis cat
alyzed by HIV1 reverse transcriptase (RT HIV1) on an
RNA template [64]. The synthesis was performed in the
presence of all four dNTP. It should be mentioned that
primers IVI were effectively bound to the enzyme. The
position of a modified unit in the ON chain substantially
affected the primer elongation. Primer II was elongated
with the same efficacy as the natural ON I. Primers III
and IV were elongated considerably worse, and ON V was
not elongated (Table 2). It is interesting to note that ON
VI was effectively elongated only on one unit, that is, the
presence of 2′OβDribofuranosyladenosine in posi
tions –3 or –4 of from the 3′end prevented the primer
elongation.
Computer modeling of the template–primer–
enzyme complex was performed. The coordinates of RT
HIV1 tertiary structure [65] and decameric RNA duplex
containing 2′OβDribofuranosyladenosine [62] were
taken as a basis. For protein complexes of primer V con
siderable steric contacts with protein amino acid residues
were observed, which did not escape when the extra
ribose residue rotated around the Oglycosidic bond [64].
At the same time, in the complex formed by primer VI
these contacts were insignificant. After the elongation of
this primer by one nucleotide unit the modification was
shifted into position –4, which topologically corre
sponded to primer V and resulted in the termination of
the enzymatic reaction. The inhibition was a conse
quence of steric contacts of the extra bulky 2′OβD
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ribofuranosyl residue with amino acid residues of the
enzyme.
The preparation of modified ONs containing disac
charide nucleosides is promising for the development of
selective inhibitors of polymerizing enzymes.

6. INTRODUCTION OF REACTIVE ALDEHYDE
GROUPS INTO OLIGONUCLEOTIDES
AND APPLICATION OF THESE COMPOUNDS
FOR AFFINITY MODIFICATION OF ENZYMES
Regioselective introduction of additional functional
groups into ONs open new possibilities for functionaliza
tion of nucleic acids. A cisdiol group of the extra ribofu
ranosyl residue can be smoothly transformed into a
dialdehyde one (Scheme 3) [66]. The reaction procedure
is very simple: nucleosides (at the concentration of about
5·10–2 M) are quantitatively oxidized with 1.21.3 equiv
alents of NaIO4 for 1030 min at 20°C in an aqueous
medium [66, 67]. Dinucleoside monophosphates and
ONs are commonly oxidized with 10100fold excess of
NaIO4 using HPLC control [60, 66, 68].

Scheme 3

Table 2. RT HIV1catalyzed elongation of modified primers in the reaction of DNA synthesis on an RNA template
[64]
X

Primer

Elongation efficacy/reaction products

I

5'GACGTTGTAAAACG3'

100% / DNA

II

5'GXCGTTGTAAAACG3'

90% / DNA

III

5'GACGTTGTXAAACG3'

10% / DNA

IV

5'GACGTTGTAXAACG3'

1520% / DNA

V

5'GACGTTGTAAXACG3'

no elongation

VI

5'GACGTTGTAAAXCG3'

short product, VI + 1 nucleotide
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Aldehyde derivatives of nucleosides and nucleotides
are widely used for affinity modifications of lysine
residues of proteins [6971]. Three major types of inter
action of dialdehyde derivatives with proteins are known,
but chemical mechanisms of these processes have not
been conclusively elucidated [66]
These interactions have been reviewed [66].
1. In the reaction of nucleoside dialdehyde deriva
tives with lysine amino groups of serum albumins, protein
chains are joined to form conjugates 17 of high molecular
mass. It is noteworthy that borohydride reduction is not
compulsory for the preparation of stable complexes
(Scheme 4).
2. Competitive inhibition can be referred to the sec
ond type. When unstable dihydroxymorpholine derivative
18 is formed, it can be reduced with borohydrides to give
a stable morpholine derivative 19 (Scheme 4). After spe
cific enzymatic or chemical cleavage of the modified pro
tein, amino acids or protein regions of the active or
nucleotidebinding sites can be localized.
3. In some cases the irreversible inhibition of
enzymes accompanied by elimination of phosphate
groups was observed. It is assumed that rather stable
derivatives 20 are thereby formed.

bearing extra dialdehyde groups were used for affinity
modification of T7 RNA polymerase [59] and restriction
modification enzymes EcoRII and MvaI [60, 61, 7275].
It is worth mentioning that the authors used borohydride
reduction for stabilization of enzyme complexes with
modified DNA duplexes. The data obtained revealed the
localization of DNAbinding sites of these enzymes.
dGCCAACCTGGCTCT3' VII
dCGGTTGGACCGAGA5'

C = dC or oxidized deriva
tive of 2′(OβDribofu
ranosyl)cytidine

dGCCACCCTGGCTCT3' VIII
dCGGTTGGACCGAGA5'

Duplexes VII and VIII were obtained, in which one
of the dC residues was replaced by an oxidized derivative
of 2′OβDribofuranosylcytidine in flanking
nucleotide sequences or in the recognition site. It was
shown that modified ONs formed stable complexes with
complementary DNA (complexes VII and VIII) (∆Tm =
03°C) [61, 74]. All the duplexes were EcoRII and MvaI
substrates independently of the modification position.
The yields of affinity modification of these enzymes with
duplexes VII and VIII were 26%. The subsequent
chemical cleavage of the conjugates showed that the
covalent addition took place at MvaI Val381Met422
region [61] and EcoRII Gly268Met391 region [75]
irrespective of the position of the modification in the
ON duplex.
To study T7 RNA polymerase and its mutants, mod
ified ON duplexes IX and X, containing the T7 RNA
polymerase promoter and five transcript bases in the mes
sage region were used as templates [59].
dAGTCСTATAGTGAGTCGTATTA3' IX a) C, a residue of
dTCAGGATATCACTCAGCATAAT5'
2′OβDribofu
ranosylcytidine
dAGTСCTATAGTGAGTCGTATTA3' X b) C, a residue of
dTCAGGATATCACTCAGCATAAT5'
its oxidized deriv
ative

Scheme 4

Till recently oxidized nucleoside and nucleotide
derivatives are used as affinity ligands. Due to the lack
of regioselective methods of introduction of dialdehyde
groups into various positions of the ON chain, the use
of modified ONs was hampered and before our studies
was limited to RNA derivatives modified at the 3′end
[66].
Recently we elaborated some general methods for
introduction of dialdehyde groups into selected ON posi
tion. To this end, we used the incorporation of both dis
accharide nucleosides [5961] and galactopyranosylnu
cleosides [72, 73] into the ON chain. DNA duplexes

It was shown that duplexes IXa,bXa,b bearing 2′O
βDribofuranosylcytidine or its oxidized derivative were
competitive inhibitors of T7 RNA polymerase, the values
of binding constants being 23.5 times lower than in the
case of the reference unmodified duplex.
Duplexes IXb and Xb did not form covalent com
plexes with the enzyme of wild type. Affinity modification
of T7 RNA polymerase mutant Tyr639Lys was only
observed for duplex Xb. On this basis, it was concluded
that Tyr639 was located in the protein region directly
involved in transcription initiation.
The developed methods of introduction of extra
functional groups into ONs, such as cisdiol and aldehyde
groups, open new possibilities for functionalization of
nucleic acids. In the modified ONs all the natural nucleic
BIOCHEMISTRY (Moscow) Vol. 67 No. 10 2002
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bases and the corresponding distances are retained, which
is required for providing potential interactions with nucle
ic acids and proteins. The possibility of various labeling of
the ON can also be mentioned. It can be assumed with
confidence that the synthesized compounds will be widely
used for studying protein–nucleic interactions.
The work was supported by the Russian Foundation
for Basic Research and the program “Studies and
Engineering on Foreground Branches of Science and
Technology”.
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