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Abstract—Covalent binding of a synthetic DNA fragment with eukaryotic transcription factor NF-kB has been studied in
lysates of human colon carcinoma HCT-116 cells. For binding we used **P-labeled 17/19 bp nucleotide DNA duplex con-
taining an NF-kB recognition site (iB-site) in which one of internucleotide phosphate groups was replaced by a chemical-
ly active trisubstituted pyrophosphate group. Using gel electrophoresis under denaturing conditions (Laemmli elec-
trophoresis) followed by immunoblotting revealed selective irreversible binding of P-labeled DNA duplex with NF-«kB in
lysates of tumor cells in the presence of other cell components. Experiment on delivery of this DNA duplex containing rho-
damine at 3'-end of the modified chain in an intact cell revealed that rhodamine-labeled DNA penetrated through the plas-
ma membrane of tumor cells without any additional delivery systems. Using fluorescent microscopy, we found that the rho-
damine-labeled DNA is initially localized in the cytoplasm. Confocal laser scanning microscopy revealed that subsequent
treatment of the cells with TNF-a, promoted partial translocation of the DNA reagent into the nucleus.
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Studies of molecular mechanisms of genetic process-
es have revealed the crucial role of protein factors in reg-
ulation of gene expression on various levels. The nuclear
transcription factor NF-kB is one of the key eukaryotic
transcription factors. This protein consists of two sub-
units: p50 of 50 kD and p65 of 65 kD [1]; NF-xB can
exist as the p50-p65 heterodimer or p50-p50 and p65-p65
homodimers. The subunit p50 is responsible for DNA
binding, whereas p65 activates transcription [2]. In mam-
malian cells (except B cells) NF-kB exists in cytoplasm as
an inactive complex with inhibitory protein IkB; the lat-

Abbreviations: CLSM) confocal laser scanning microscopy;
EDC) 1-ethyl-3-(3’'-dimethylaminopropyl)-carbodiimide;
HCT-116) human colon carcinoma cell line; NF-kB) nuclear
factor of immunoglobulin k light chain enhancer in B cells;
PMSF) phenylmethylsulfonyl fluoride; TNF-o) tumor necro-
sis factor a; TSPQG) trisubstituted pyrophosphate group.

* To whom correspondence should be addressed.

ter shields a nuclear localization signal of NF-«xB respon-
sible for transport of active NF-kB from the cytoplasm
into the nucleus. The action of cytokines (e.g., TNF-a),
viruses, bacteria, ultraviolet irradiation, and reactive oxy-
gen species on these cells leads to NF-«B activation. This
activation involves a complex of kinases phosphorylating
IxB, which then undergoes ubiquitinylation followed by
proteolysis with 26S proteasome. Active NF-xB is
translocated into the nucleus where it forms a specific
complex with a certain decanucleotide sequence of chro-
mosomal DNA known as the kB site. This initiates tran-
scription of genes encoding various proteins including
signal and immune response proteins [3]. Studies of
molecular mechanisms underlying tumor cell transfor-
mation, multiple drug resistance of tumor cells, and
apoptosis revealed an important role of the transcription
factor NF-kB in the development of these phenomena.
Tumor cells are characterized by high expression of NF-
kB, which triggers a cascade reactions leading to activa-
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tion of oncogene transcription [4]. This explains the
intensive search for effective pathways for modulation of
NF-«B activity in human tumor cells.

One promising approach for regulation of transcrip-
tion factor activity consists in the use of synthetic DNA
molecules containing a protein recognition site. These
DNAs bind such protein and therefore inhibit its interac-
tion with chromosomal DNA [5]. In the present study, we
have used synthetic DNA fragments containing kB site as
“molecular decoys”. The kB site in these DNA decoys
was modified by introduction of a trisubstituted
pyrophosphate group (TSPG). (We have described the
approach for design and synthesis of such “decoys” earli-
er [6].) DNA duplexes containing in the required position
of the sugar-phosphate backbone the chemically active
TSPG instead of the natural internucleotide phosphodi-
ester bonds [7] are effective phosphorylating agents. In
aqueous solution they can react with nucleophilic groups
of amino acid residues (Lys or His) of proteins with cova-
lent bond formation. The formation of the covalent bond
between DNA and protein requires steric closeness of
reactants, which is realized only in the case of specific
complex formation between DNA and a protein [6].
Recognition and binding of modified DNA reagents with
protein is not only selective but also irreversible.
Selectivity of such interactions is achieved by the pres-
ence of a protein recognition site in DNA and irre-
versibility is determined by covalent bond formation.

In this study, we have investigated the interaction of
mentioned type of reagents with NF-xB protein in
human colon carcinoma HCT-116 cells. The major task
of this study was to demonstrate selectivity of interaction
of TSPG-containing DNA reagent with its target, NF-xB
protein in HCT-116 cells. Selectivity of interaction was
investigated in lysates of these cells. Using **P-labeled
DNA duplex and the method of gel electrophoresis under
denaturing conditions, we have demonstrated covalent
DNA—protein complex formation. These complexes
containing proteins of 50, 65, and 90 kD were detected in
nuclear fraction of the cell lysate; some traces of the com-
plex between DNA and protein of 50 kD were also detect-
ed in the cytoplasmic fraction. Subsequent analysis of
covalently bound products in the nuclear lysate fraction
by immunoblotting with antibodies against p50 and p65
subunits of NF-kB revealed that the TSPG-containing
DNA duplex selectively and irreversible bound NF-«xB in
the nuclear fraction of HCT-116 cell lysates. In this study,
we have also analyzed delivery of this DNA reagent (con-
taining a tetramethylrhodamine at its 3’-end) into HCT-
116 tumor cells.

MATERIALS AND METHODS

The p50-subunit of NF-kB transcription factor with
native amino acid sequence was isolated from E. coli
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BL21 (DE3) cells transformed with pEt-14b plasmid [8].
This subunit is a conjugate with a 19-membered amino
acid sequence of 2 kD, which contains a block of six His
residues, and has total molecular weight of 44.5 kD.

Oligodeoxyribonucleotides used in this study were
synthesized by the amidophosphite method using an
automated synthesizer (Applied Biosystems, USA) and
standard reagents (Pharmacia, Sweden). For preparation
of fluorescently labeled DNA reagent the residue of
tetramethylrhodamine-5-isothiocyanate (5-TRITC, G-
isomer) was covalently attached to the 3’'-phosphorylated
oligonucleotide end by the standard method [9].

The following chemicals were used in this study:
Hepes, EDTA, LiClO,, SDS (Fluka, Switzerland);
MgCl,, NaCl, Mes, dithiothreitol (DTT) (Merck,
Germany); Tris, 1-ethyl-3-(3’-dimethylaminopropyl)-
carbodiimide (EDC), Hoechst 33258 (Sigma, USA);
acrylamide, N,N'-methylene-bis-acrylamide, (NH,),S,04
(Amresco, USA); N,N,N’,N’-tetramethylethylenedi-
amine, bromophenol blue (Reanal, Hungary); glycerol
(ICN, USA); DMEM medium (PanEco, Russia); fetal
bovine serum (FBS) (HyClone, USA); gentamicin
(Chemopharm, Yugoslavia); Hybond-C nitrocellulose
membrane (Amersham, UK); rabbit polyclonal antibod-
ies against the C-terminal part of the p65 subunit of NF-
kB (C-20) and N-terminal part (residues 120-239) of the
p50 subunit of NF-«xB (H-119) (Santa-Cruz
Biotechnology, USA); para-formaldehyde (Khimmed,
Russia); TNF-a (Calbiochem, Germany); 5-TRITC
(Molecular Probes, USA).

The radioactive label was introduced into oligonu-
cleotides using [y-**PJATP (1000 Ci/mmol; Isotope,
Russia) and T4-polynucleotide kinase (25,000 U/mil;
SibEnzyme, Russia). Electrophoresis of 3?P-labeled
oligonucleotides was carried out in plane (25 x 20 x
0.05 cm) polyacrylamide gel (20% acrylamide, 1% N,N'-
methylene-bis-acrylamide, 7 M urea in 50 mM Tris-
borate buffer (0.05 M Tris, 0.05 M H;BO;, and 1 mM
EDTA, pH 8.3)) at field strength 60 V/cm. The position
of oligonucleotide fragments was determined by autora-
diography, and radioactivity of 3?P-labeled preparations
was determined using a Delta-300 counter (Tracor,
Holland). The counting error did not exceed 2%.
Oligonucleotides were extracted from the gel using 2 M
aqueous solution of LiClO, for 12 h at 4°C.

Penetration of fluorescent-labeled DNA reagent
through the cell membrane and its intracellular localiza-
tion were studied using an AxioCam fluorescence micro-
scope (Carl Zeiss, Germany) and LSM 510 confocal laser
scanning microscope (Carl Zeiss). Rhodamine fluores-
cence was excited using a He-Ne laser with wavelength
A = 543 nm. Cell images were obtained using Axioplan2
Imaging and Zeiss LSM Image Browser (version 3.0)
programs.

Chemical ligation with formation of TSPG-oligonu-
cleotide derivatives. For chemical ligation, we initially
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synthesized the 3'-O-methyl ester of the oligonucleotide
by condensation of 3’-phosphorylated oligonucleotide
(1-10 nM) with 20% aqueous methanol solution in the
presence of EDC (1 mg per 10 pl of reaction mixture) in
Mes buffer (0.5 M Mes, 1 M MgCl,, pH 4.5). The total
volume of the reaction mixture was 40 pl. The reaction
mixtures were incubated for 12 h at 4°C and mixed with
150 pl of 2 M LiClO,. Nucleotide material was precipi-
tated by adding 5-fold excess of acetone (1 ml). After
cooling of the resulting mixture to —20°C and incubation
for 3 h, the mixture was centrifuged and the pellet was
dissolved in water.

For preparation of modified DNAs, the DNA duplex
was formed using equimolar quantities of three compo-
nents: DNA template, 3’-O-methyl oligonucleotide ester,
and 5'-phosphorylated oligonucleotide (duplex concen-
tration was 1073-10~* M); 0.5 M EDC was added in Mes
buffer (0.05 M Mes and 0.02 M MgCl,, pH 6.0) [7]. The
total volume of the reaction mixture was 20 pl. The reac-
tion mixtures incubated at 4°C for 72 h were then mixed
with 150 pl of 2 M LiCIO,. The nucleotides material was
precipitated by adding 5-fold excess of acetone (1 ml).
Modified oligonucleotides separated in 20% polyacryl-
amide gel in the presence of 7 M urea at 60 V/cm were
then identified by autoradiography. Gel strips correspon-
ding to modified oligonucleotides were excised and elut-
ed using 2 M LiClO,. DNA duplexes containing TSPG
were formed by adding an equimolar quantity of DNA
template to modified oligonucleotide.

Cell cultivation. Human colon carcinoma HCT-116
cells were used in this study. Cells were cultivated at 37°C
under an atmosphere of 5% CO, in DMEM medium
containing 10% FBS and 50 pug/ml gentamicin. In exper-
iments we used only cell cultures reaching subconfluent
state.

Isolation of nuclear and cytoplasmic lysates. For acti-
vation of NF-kB, cell cultures were incubated with TNF-
o (final concentration 30 ng/ml) for 1 h, washed three
times with 0.05 M sodium phosphate buffer (pH 7.3), and
precipitated by centrifugation. The cell precipitate (3-10°)
was resuspended in four volumes (100 pl) of HB buffer
(25 mM Tris-HCI, pH 7.4, 1 mM MgCl,, 5 mM KCl,
1 mM phenylmethylsulfonyl fluoride (PMSF)) and incu-
bated in an ice bath for 5 min. After addition of 10%
Nonidet P-40 (NP-40) to final concentration 0.5%, the
mixture was incubated in the ice bath for 15 min for lysis
of cells and release of the nuclei. The nuclei were precip-
itated by centrifugation at 1500g for 10 min. The super-
natant containing the fraction of cytoplasmic proteins
was placed into another tube and used in subsequent
analyses. The precipitate of cell nuclei was resuspended in
20 ul of NB buffer (20 mM Tris-HCI, pH 8.0, 1.5 mM
MgCl,, 400 mM NaCl, 1 mM PMSE 0.1% NP-40) and
incubated in the ice bath for 15 min. The nucleic acid
fraction was precipitated by centrifugation (13,000g,
15 min). The supernatant containing the fraction of
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nuclear proteins was placed into another tube and used
for subsequent analysis. Protein content in nuclear and
cytoplasmic fractions was determined by the Bradford
method [10].

Covalent binding of modified DNA duplexes with NF-
xB. a) Binding with recombinant p50 protein. Covalent
binding with p50 protein was carried out at the pro-
tein/DNA ratio 130 : 1. ¥*P-Labeled modified DNA
duplexes (0.3 pmol) were mixed with 43 pmol of p50 pro-
tein in the binding buffer (7.5 mM Hepes, pH 8.0, 1 mM
MgCl,, 34 mM NaCl, 0.5 mM DTT, and 0.05 mM
EDTA) [8]. The total volume of the reaction mixture was
10 pl. The reaction mixture was incubated at 20°C for
12 h. Products of DNA—protein covalent binding were
analyzed in 12% SDS-polyacrylamide gel with a 4% con-
centrating band according to Laemmli [11] using field
strength 15 V/cm. Before gel loading samples were mixed
with buffer containing 0.06 M Tris-HCI, pH 6.8, 7 M
urea, 0.1% glycerol, 2% SDS, 0.05% p-mercaptoethanol,
and 0.1% bromophenol blue and incubated at 95°C for
10 min. After electrophoretic separation, gels were dried
and scanned using a Phosphorlmager SI (Molecular
Dynamics). Radioactivity of bands corresponding to the
complex formed between DNA duplex and transcription
factor and also bands corresponding to free duplex were
calculated using the ImageQuant 5.0 program. The effec-
tiveness of covalent binding (%) was determined as the
ratio of band radioactivity of the complex to total
radioactivity of complex and free DNA.

b) Binding with NF-xB in cell lysates. For covalent
binding of modified DNA duplexes with cell lysate NF-
kB, nuclear or cytoplasmic lysates (5 pl, total protein
concentration 1.7 mg/ml) were mixed with 0.3 pmol of
32p_labeled DNA duplexes. The covalent binding was car-
ried out at 20°C for 12 h in 10 pl of binding buffer con-
taining 7.5 mM Hepes, pH 8.0, | mM MgCl,, 34 mM
NaCl, 0.5 mM DTT, and 0.05 mM EDTA. Products of
covalent binding were analyzed in 12% SDS-polyacryl-
amide gel as described above for p50 protein.

Immunoblotting. The products of covalent binding of
DNA duplex and nuclear extract proteins were separated
in 12% SDS-polyacrylamide gel by the method of
Laemmli [11]. After electrophoresis, the proteins were
transferred onto Hybond-C nitrocellulose membrane
using a MiniTrans-Blot (BioRad, USA). Buffer and
transfer conditions were recommended by the suppliers.
Immunoblotting was carried out using the ECL Western
blotting protocol (Amersham). The membrane was
washed with TBST buffer (25 mM Tris-HCI1, pH 7.4,
150 mM NacCl, and 0.1% Tween-20) for 20 min; nonspe-
cific sorption was blocked by incubation for 1 h with 5%
defatted dry milk diluted in TBST.

For identification of the transcription factor NF-kB
in nuclear and cytoplasmic lysates, we used rabbit poly-
clonal antibodies to the C-terminal part of the NF-xB
p65 subunit and the N-terminal part of the NF-xB p50
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subunit (residues 120-239). Antibodies elaborated
against rabbit immunoglobulins and conjugated with
horseradish peroxidase (AP132F; Chemicon, USA) were
used as the second antibodies. For signal detection on
immunoblotting, we used the ECL system with the fol-
lowing substrates: 1.25 mM luminol, 0.2 mM p-coumar-
ic acid, and 0.01% H,0, in 150 mM Tris-HCI, pH
8.8. Chemiluminescence was registered using an X-ray
film.

Preparation of cell samples for fluorescent and confo-
cal laser scanning microscopy (CLSM). HCT-116 cells
were cultivated under standard conditions on slides
placed in Petri dishes (40 mm). Cells reaching the sub-
confluent state were incubated with rhodamine-labeled
DNA reagent (B) (final concentration 10 pmol/ul) at
37°C for 3 h and then washed with 0.05 M sodium phos-
phate buffer (pH 7.3). For preparation of temporal sam-
ples of living cells, the slides with treated cells were
immobilized on a glass bed using 50% glycerol in 0.05 M
sodium phosphate buffer. For visualization of nuclei, cells
were stained with Hoechst solution before addition of
glycerol. These preparations were analyzed using a fluo-
rescence microscope. For analysis of cells by means of
CLSM, cells treated with the rhodamine-labeled DNA
reagent were fixed using 4% solution of p-formaldehyde
and put into Elvanol.

Transport of DNA reagent into cell nuclei was stud-
ied in HCT-116 cells prepared as described above. Cells
were incubated with DNA at 37°C for 3 h and then were
treated with TNF-a (final 30 ng/ml) for 1 h at 37°C. The
cells were then washed with 0.05 M sodium phosphate
buffer (pH 7.3) and prepared for analysis by means of
fluorescence microscopy and CLSM as described above.

The pEt-14b plasmid carrying the gene encoding
NF-«B transcription factor p50 subunit was kindly sup-
plied by Professor A. Israel (Pasteur Institute, France).

The rhodamine-labeled oligonucleotide was synthe-
sized and kindly presented by Dr. M. Volkov (Faculty of
Chemistry, Lomonosov Moscow State University).

Initial oligonucleotides were synthesized and kindly
presented by Dr. E. A. Romanova (Belozersky Institute of
Physico-Chemical Biology, Lomonosov Moscow State
University).

Studies of cell samples by means of CLSM were car-
ried out together with Dr. V. A. Yashin (Institute of
Theoretical and Experimental Biophysics, Pushchino,
Russia).

RESULTS

Analysis of covalent binding specificity between modi-
fied DNA duplex and NF-kxB in tumor cells. To test the
specificity of DNA fragment binding with NF-kB in
tumor cells, we have used **P-labeled DNA duplex of the
following structure (duplex A):
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(A) o
5' ~ACCTCGGGA-O—P—0~P—O—ATTCCCCTCT-3 '
H

3'- GAGCCCT ocC TAAGGGGAGA-5".

—1v=0

.
e

DNA duplex A was synthesized by chemical ligation
as described in [7]. TSPG was inserted into one of the
selected positions of the idealized palindrome kB-site of
DNA [1]. Our pilot experiments revealed that duplex A
exhibits the most effective binding of NF-«xB p50 protein
in vitro (up to 50%).

Binding specificity of DNA duplex A, containing
TSPG at the fourth position of the kB-site, with NF-xB
protein was analyzed in lysates of eukaryotic cells.
Human colon carcinoma HCT-116 cells pretreated with
TNF-a were used for preparation of nuclear and cyto-
plasmic fraction of cell lysates. These fractions and also
recombinant p50 protein of 44.5 kD used as a marker
were incubated with ¥P-labeled DNA duplex A under
optimal conditions favoring interaction of TSPG con-
taining DNA duplex with NF-«kB p50 protein (20°C,
12 h). Products of covalent binding were analyzed by gel
electrophoresis under denaturing conditions (12% SDS-
polyacrylamide gel, Laemmli electrophoresis) followed
by autoradiography. Figure 1 shows the gel autoradio-
graph. These results indicate that three tightly bound
DNA-—protein complexes are formed in nuclear lysate.

kD 1 2 3 4 5 6 7 kD
- ~90
73 | v - 65
Sas
- — 50
43
32
17 |

DNA

Fig. 1. Autoradiograph of protein conjugates with DNA duplexes
in 12% SDS-polyacrylamide gel. Lanes: ) molecular weight pro-
tein markers (stained with Coomassie G-250); 2, 6, 7) products of
covalent binding of nonspecific DNA duplex B with recombinant
p50 protein (44.5 kD), nuclear and cytoplasmic fractions of HCT-
116 cell lysate, respectively; 3-5) products of covalent binding of
specific DNA duplex A with recombinant p50 protein (44.5 kD)
and nuclear and cytoplasmic fractions of HCT-116 cell lysate,
respectively. The label (**P) was at TSPG instead of phosphate
group of disubstituted phosphate.
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These complexes apparently contain proteins p50
(50 kD), p65 (65 kD), and the ubiquitinylated form of
p50 (~90 kD). In cytoplasmic fraction formation of only
one covalent conjugate between DNA duplex A and p50
protein was observed.

32P_Labeled DNA duplex B lacking NF-kB protein
recognition site but carrying TSPG was used as a control
for specificity:

® I [
5! —ATATACCTA—O—IP—O—*P—O-CCTGGTGGT -3

3'-CGTATATGGAT OCH4 O~ GGACCACCA -5

Figure 1 shows that nonspecific DNA duplex B does
not form covalent complexes with either recombinant p50
protein or proteins of the nuclear and cytoplasmic frac-
tions of cell lysates.

For elucidation in nuclear and cytoplasmic fractions
of various NF-kB subunits covalently bound to DNA
duplex, we employed immunoblotting with rabbit poly-
clonal antibodies to NF-kB p65 and p50 subunits. Results
of immunoblotting with antibodies against NF-xB p50
subunit (Fig. 2, lane 2) illustrate the presence of p50 pro-
tein and probably its ubiquitinylated form (~90 kD) in the
nuclear fraction of HCT-116 cell lysate. Immunoblotting
with antibodies to NF-xB p65 (Fig. 2, lane 3) also
revealed the presence of NF-xB p65 subunit in this lysate.
Results of immunoblotting (Fig. 2) indicate that bands on
the autoradiograph (Fig. 1, lane 4) related to the covalent
DNA-—protein conjugates in the nuclear fraction of cell
lysate correspond to NF-kB p50 and p65 subunits and
possibly to a ubiquitinylated form of p50 [12].
Nonspecific binding of DNA duplex A with other lysate

1 2 3
kD
s AN
U
J -
M ‘ | - 65
! \* Y
b ¢ v, Wy - 50

Fig. 2. Immunoblotting of proteins covalently bound to specific
DNA duplex A in nuclear fraction of HCT-116 cell lysate. Lanes:
1) autoradiograph of proteins covalently bound to specific DNA
duplex A in nuclear fraction of HCT-116 cell lysate (see Fig. 1,
lane 4); 2) immunoblotting of covalently bound proteins with
antibodies to NF-kB p50; 3) immunoblotting of covalently
bound proteins with antibodies to NF-kB p65.
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proteins was not detected. Consequently, specific DNA
duplex A containing TSPG in its protein recognition site
selectively binds NF-«B.

Study of penetration and intracellular localization of
rhodamine-labeled DNA reagent in intact HCT-116 cells
by means of fluorescence and confocal laser scanning
microscopy. For investigation of penetration of DNA
reagent through the plasma membrane of tumor cells, we
have synthesized TSPG-containing DNA duplex (C) car-
rying a covalently bound rhodamine residue at the 3'-end
of the modified chain:

(©) .
I N i
5' ~ACCTCGGGA~O—~—P~O0—~P—O—ATTCCCCTCTp-O-(CHz)s -NH-C-NH-Rh-3’

’
3'-  GAGCCCT OCH3 O~ TAAGGGGAGA-5"

where Rh represents tetramethylrhodamine residue.

HCT-116 cells were incubated with DNA duplex C
for 3 h and intracellular distribution of the DNA reagent
was analyzed by means of fluorescence and confocal
microscopy. These experiments revealed that this DNA
reagent penetrates through the plasma membrane without
using any delivery system and this reagent is localized in
the cytoplasm (Fig. 3). It is possible that the presence of
the covalently bound hydrophobic rhodamine residue at
the 3’'-end facilitates transmembrane penetration of this
DNA duplex [13].

Gel electrophoresis under denaturing conditions in
20% polyacrylamide gel revealed that 3-h incubation of
rhodamine-labeled DNA duplex with cytoplasmic frac-
tion of HCT-116 cell lysate was not accompanied by
detectable duplex degradation. Duplex stability to nucle-
ase degradation is determined by double-helical structure
of the DNA reagent [14], the presence of the rhodamine
residue at the 3'-end of oligonucleotide, and the compact
structure of DNA-protein complex [15].

For evaluation of possible subsequent translocation
of the DNA reagent from the cytoplasm into the nucleus,
HCT-116 cells preincubated with rhodamine-labeled
DNA duplex C were then treated with TNF-a (for acti-
vation of NF-«xB) for 1 h. The resulting cell samples were
analyzed using fluorescence microscopy and CLSM.
These experiments revealed that cell treatment with
TNF-o was accompanied by partial migration of the
DNA reagent into the nucleus possibly due to covalent
and noncovalent binding of the DNA reagent with TNF-
a-activated NF-«xB (Fig. 4).

DISCUSSION
Development of drugs exhibiting not only high effi-
cacy but also selectivity is one of the main goals of mod-

ern pharmacology and chemotherapy. Such therapeutic
agents may be constructed on the basis of natural biopoly-
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b

Fig. 3. Photographs of HCT-116 cells incubated with rhodamine-labeled DNA duplex C obtained using fluorescence microscopy (a)
(nuclei were stained with Hoechst) and CLSM (b). In the cell cytoplasm the fluorescence of rhodamine-labeled DNA is observed.

b

Fig. 4. Photographs of HCT-116 cells incubated with rhodamine-labeled DNA duplex C and activated by TNF-a.: a) obtained by fluores-
cence microscopy (nuclei were stained with Hoechst); b) obtained by CLSM. Fluorescence of rhodamine-labeled DNA is observed in the

cytoplasm and nucleus.

mers; selectivity of their effects is determined by biospe-
cific delivery of such biopolymers and their binding with
certain cell compartments.

Design of DNA “decoys” based on synthetic DNA
fragments is one of the most promising approaches for
development of drugs. Such “decoys” would selectively
interact with transcription factors and inhibit oncogene
expression in the cell at transcription level. Taking into
consideration that NF-«B activates transcription of anti-
apoptotic genes, its selective inhibition is an important
problem for medicine.

BIOCHEMISTRY (Moscow) Vol. 71 No. 4 2006

In this study we have demonstrated that modified
DNA duplex containing chemically active trisubstituted
pyrophosphate group in the fourth position of the kB
recognition site of the eukaryotic transcription factor
NF-«kB can effectively and selectively bind this protein in
cell lysates of tumor HCT-116 cells in the presence of all
cell components. Using fluorescence microscopy and
CLSM, we demonstrated that during 3-h incubation
fluorescently labeled DNA duplex (10~ M) penetrates
through the plasma membrane of HCT-116 cells and is
localized in the cytoplasm. CLSM revealed that subse-
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quent treatment of these cells with TNF-a, which acti-
vates NF-kB, resulted in partial translocation of the fluo-
rescently labeled DNA reagent from cytoplasm into the
cell nucleus. Since activation of NF-xB by TNF-o may
occur only in cytoplasm [16], transport of the DNA
reagent through nuclear membrane requires complex for-
mation with activated NF-xB. However, in this study we
could not discriminate possible covalent and noncovalent
complexes between DNA duplex and NF-xB in a cell.

The approach that we have proposed for inhibition of
activity of the transcription factor NF-xB is based on a
rather simple and inexpensive method of tight and selec-
tive covalent binding between NF-«xB and modified DNA
duplexes. We believe that such DNA duplexes are a prom-
ising basis for design of nontoxic therapeutic agents that
inhibit cell proliferation and tumorigenesis.

Our data indicate possible use of the synthesized
duplexes for detection of active transcription factor NF-
kB, which can bind to its recognition site on the DNA
molecule and participate in the process of initiation of
transcription. Since many inflammatory and tumor dis-
eases are characterized by high level of NF-xB expres-
sion, the evaluation of the active form of this transcription
factor in various cells and comparison with its content in
normal healthy cells can detect deviations from normal
status of the cell.

This work was supported by the Russian Foundation
for Basic Research (grant Nos. 02-03-32950-a and 04-
04-97255-p2004naukograd_a).
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