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Aim. Protein fragments coding for nuclear (NLS) and/or nucleolar (NoLS) localization signals are often
used for the investigation of the mechanisms of protein accumulation inside the nuclei and the nucleoli,
but it is possible that accumulation mechanisms in full-length proteins will be different. Methods. Here,
we compared the nuclear and nucleolar accumulation of HIV-1 Tat protein and its basic domain contain-
ing both NLS and NoLS. Results. The pattern of accumulation of the basic domain of HIV-1 Tat protein
in the nuclei and the nucleoli is different from that of full-length Tat proteins: the basic domain is accu-
mulated weaker inside the nuclei, but stronger in the nucleoli as compared to the full-length protein.
Conclusion. The molecular mechanism of nuclear and nucleolar accumulation of full-length Tat protein
might be different from that of the Tat protein fragments.
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Introduction

The human immunodeficiency virus-1 (HIV-1) pro-
duces a small transcriptional activator protein known
as a trans-activator of transcription (Tat) which regu-
lates the transcription of viral genes [1, 2] and modu-
lates cellular processes by the interaction with differ-
ent cellular structures, in particular, inside the cell
nucleus [3]. The data concerning intranuclear locali-
zation of Tat protein are controversial. Tat protein ex-
pressed in animal cells is accumulated inside the nu-
cleoli [4, 5], but, in stably transfected Jurkat cell, Tat
protein was localized in the nucleoplasm [6]. It is pos-
sible that different localization depends on the nuclear
concentration of Tat. Indeed, in stably transfected
HeLa cells, Tat-GFP expressed at a low level was lo-

calized only in the nucleoplasm, whereas its overex-
pression resulted in the nucleolar accumulation [7].
The mechanisms of Tat protein accumulation in
the nuclei and in the nucleoli are poorly understood.
The cell nucleus contains a large number of sub-
structures (nuclear bodies), within which various
processes associated with the functioning of the ge-
nome are compartmentalized [8]. It was shown that
the nuclear accumulation might depend on the pres-
ence of the short sequences in the protein, known as
nuclear localization signals (NLSs) [9]. The nucleo-
lar accumulation might be determined by the pres-
ence of nucleolar localization signals (NoLSs) [10].
The majority of experimental data concerning the
mechanisms of Tat accumulation in the nucleus and
the nucleolus are obtained using the chimeric pro-
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teins, which consist of the studied sequence and the
marker protein (e.g., EGFP). It is possible that ac-
cumulation mechanisms in the full-length proteins
will be different. In the present work, we have dem-
onstrated that the pattern of accumulation of Tat pro-
tein in the nucleus and the nucleolus is different from
that of its basic domain although this domain codes
both NLS and NoLS.

Materials and Methods

To construct Tat-EGFP and EGFP-Tat, the pGST-Tat
1 86R plasmid obtained through the NIH AIDS
Reagent Program, Division of AIDS, NIAID, NIH
from Dr. Andrew Rice [11] was used. Full-length Tat
was PCR amplified with Pfu polymerase (Life
Technology) using the following oligonucleotides:
5’-AGTCAA GCTTACCATGGAGCCAGTAGAT
CCTAG-3’ and 5’-AGTCGGATCCGCTTCCTTCG
GGCCTGTCGGGT-3" (for Tat-EGFP); 5’-ACTG
AAGCTTTAATGGAGCCAGTAGATCCTAGACT
AG-3’ and 5’-A CTGGGATCCCTATTCCTTCGGG
CCTGTCGG-3’ (for EGFP-Tat). The amplified PCR
products were digested with BamHI and HindIII and
inserted into the EGFP-N1 or EGFP-CI1 vector
(Clontech). To construct plasmid coding for the basic
domain of Tat-protein fused with EGFP (EGFP-
Tat*?), the oligonucleotides 5’-AGCTAGGAAGAA
GCGGAGACAG CGACGAAGAG-3’ and 5’-GAT
CCTCTTCGTCGCTGTCTCCGCTTCTTCCT-3"
were annealed and ligated into a HindIII- and Bam
HI-digested pEGFP-C1 vector (Clontech).

HeLa cells were grown in Dulbecco’s modified
Eagle’s medium supplemented with L-glutamine, 8 %
fetal calf serum (HyClone) and antibiotic/antimyco-
tic solution (Gibco). Cellular transfection was per-
formed using TurboFect reagent (Life Technology)
according to the manufacturer’s instructions. Images
of at least 50 living cells expressing fusion proteins
were acquired in two different experiments using an
LSM510 confocal laser scanning microscope (Carl
Zeiss). To evaluate the nuclear and nucleolar accu-
mulation efficiency, the mean fluorescence intensity
in the nucleolus, in the nucleoplasm and in the cyto-
plasm was measured using ImageJ2 software. The
ratio of nucleolar EGFP concentration to nucleoplas-

mic EGFP concentration has previously been re-
ferred to as the NoLS activity [12]. The ratio of cy-
toplasmic EGFP concentration to nucleoplasmic
EGFP concentration is referred to as NLS activity.

Results and Discussion

In order to characterize the accumulation of Tat pro-
tein in the nucleus and nucleolus, plasmids encoding
Tat protein fused with EGFP (Tat-EGFP and EGFP-
Tat) were constructed. The basic domain of Tat pro-
tein (RKKRRQRRR) contains both NLS [4, 13-17]
and NoLS [4, 17]. We constructed a plasmid coding
for the basic domain of Tat protein fused to EGFP
(EGFP-Tat™). EGFP, a biologically inert protein weak-
ly interacting with cell structures was used as a con-
trol. The plasmids encoding these proteins and the
marker nucleolar protein (B23-TagRFP) were trans-
fected into HeLa cells, and the protein localization
was analyzed in vivo using a confocal microscope.

The images of cells expressing the chimeric pro-
teins are shown in Figure 1. EGFP was distributed
throughout the cell, with the exception of the nucle-
oli, in which the EGFP concentration was reduced.
Tat-EGFP and EGFP-Tat were accumulated in the
nuclei and the nucleoli; their concentration in cyto-
plasm was significantly reduced. EGFP-Tat™ was
preferentially accumulated in the nucleoli as com-
pared to the full-length Tat protein.

To estimate the accumulation, we measured the
EGFP fluorescence levels in the cytoplasm, nucleo-
plasm and nucleoli, and determined the efficiency of
accumulation of the studied proteins in the nucleo-
plasm (NLS activity) and the nucleolus (NoLS activ-
ity). A quantitative analysis indicates that both Tat-
EGFP and EGFP-Tat were more intensively accu-
mulated in the nucleoplasm as compared to EGFP-
Tat* (Fig. 2, A). In the case of nucleolar accumula-
tion, the situation was reverse: EGFP-Tat® was
accumulated in the nucleoli stronger, compared with
the full-length Tat protein (Fig. 2, B).

These differences may be connected with the me-
chanism of nuclear and nucleolar accumulation. It was
described that Tat protein accumulates in the nucleus
through the interactions with nuclear components, pos-
sibly with RNA [18]. This interaction may require the
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Tat-EGFP B23-TagRFP Merge
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Fig. 1. Localization of chimeric proteins (green) and nucleolar protein B23-TagRFP (red) in living
HeLa cells. Bars — 5 pm. The distributions of coexpressed proteins were analized in living HaLa cells
using confocal microscope. B23-TagRFP was used as a marker of nucleolus
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Fig. 2. Efficiency of nuclear (A) and nucleolar (B) accumulation of chimeric proteins (mean +£SD). The ratio of cytoplasmic EGFP
concentration to nucleoplasmic EGFP concentration characterized efficiency of removal of protein from the cytoplasm and is re-
ferred to as NLS activity. The ratio of nucleolar EGFP concentration to nucleoplasmic EGFP concentration estimates the efficiency

of nucleolar accumulation and is referred to as NoLS activity

presence of the flanking sequences or the particular
three-dimensional configuration of the basic domain
that can occur only in the full-length protein.

Using the NoLS of Tat protein fused with EGFP, we
have previously demonstrated that the electrostatic in-
teraction of NoLS with the nucleolar components may
lead to the nucleolar accumulation [19]. The charge of
the basic domain can be partially compensated by the
nearest amino acid residues within the full-length pro-
tein, or the basic domain can be less accessible to inter-
act with components of the nucleoli.

Thus, the data obtained using the protein frag-
ments might be different from those obtained by the
analysis of full-length proteins. One cannot exclude
that the mechanisms of nuclear or/and nucleolar ac-
cumulation might be also different in these two ex-
perimental systems, and some data indicate that the
latter situation is quite possible. For example, it was
described that nucleolar accumulation of the Tat pro-
tein may be due to its interaction with the nucleolar
protein B23 [15], but NoLS of the Tat protein rather
interacts with the nucleolar RNAs [19]. The reinves-
tigation of nuclear and nucleolar accumulation of
proteins using full-length proteins might lead to
principally different results and reveal novel molec-
ular mechanisms.
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Haxonuyenus B sapi i mosxicom
ocHOBHOro AoMeHy BIJI-1 Tat 6iska BinpizHsaeTbes
Bi/l HAKOIIMYEHHS IOBHOPO3MipHOro 0inka

S1. P. MycuHoBa, €. B. 1lleBans

Mera. [Ipy BUBYEHHI MeXaHI3MiB HAKOIIMYEHHs OUIKIB B s 1
TIOJTiICOM YacTO BUKOPUCTOBYIOTh ()parMeHTH Oilka, 110 KOIyIOTh
curaamu siiepuoi (NLS) i/a6o simeprieoi (NoLS) moxamizarii,
SIK1 3IMBAIOTH 3 MapKkepHUMH Oinkamu. [IpoTe MexaHi3MHU HaKO-
MIYEHHS MOBHOPO3MIpHUX OUIKIB MOXKYTh OyTH iHmIMMHU. Me-
Toam. V 11iif poOOTi MU MOPIBHSIM HAKOIIMYEHHS B SIAPI 1 OJTICOM
BIJI-1 Tat Ginka i OCHOBHOTO JIOMEHY I[OT0 O1JIKa, 110 MICTUTh
NLS i NoLS. Pe3yabrarn. [TokazaHo, 1110 HAKOIIMYEHHS OCHOB-
HOro jgoMeHy Tar Gimka B siIpi 1 TOMICOM BiIPI3HSETHCS Bif
HAaKONHMYCHHS X OiTKiB ((hparMeHT Oinka ripiie, HiK T
010K HAKOMYYETHCA B 5711, aje Kpale B ojicoM). BucHoBkH.
Bunaerbesi HMOBIPHUM, IO MOJIEKY/ISIPHI MEXaHi3MH HaKOITH-
YeHHsI B s/pi 1 mojicom moBHOpo3MipHoro Tar Oinka MOXKyTb
BIIPI3HATHCS BiJ] MEXaHI3My, OITICAHOTO 3 BUKOPUCTAHHAM (par-
MEHTIB OilTKa.

Kawuosi caosa: sapo, sapepue, NLS, NoLS, HIV-1 Tat.

Haxonuienue B sigpe u siApbILIKe
ocHoBHOTo JoMeHa HIV-1 Tat Gesika oTiimyaercst
OT HAKOIIEHUSI MOJTHOPA3MePHOro 0esika

5. P. Mycunoga, E. B. [lleBans

Heas. [Ipy n3yyeHnn MeXaHN3MOB HAKOILJICHHS OEJIKOB B siipe
U SZIPBIIIKE YacTO HCIHOJB3YIOT y4acTKH Oelka, KOIUPYIOIIHe
curaansl saepaoit (NLS) w/mmm sapsimkosoii (NoLS) mokanu-
3aI[iH, KOTOPBIE CIMBAIOT C MapKepHBIMHU Oenkamu. OIHAKO Me-
XaHH3MBl HAKOIUICHUs MONHOPA3MEPHBIX OENKOB MOTYT OBITH
apyrumu. MeToabl. B HacTosiel paboTe MbI CpaBHUIIN HAKOII-
nenwue B syipe u sapbinike HIV-1 Tat Genka n 0cCHOBHOTO JoMeHa
atoro Oenka, conepkamero NLS u NoLS. Pesyabrarsi. Ilo-
Ka3aHO, YTO HAKOIUICHHE OCHOBHOTO JoMeHa Tat Gernka B siape u
SIPBIIIKE OTAMYAETCS OT HAKOTUICHHUS LIENBIX OeIKOB ((pparMeHT
Oenka Xy’Ke, 4eM LEIbIi OEl0K HAKAIUTMBACTCS B SAPE, HO JIyd-
ure B sapbinke). BeiBoabl. [Ipencransercss BepoSTHBIM, YTO
MOJIEKYJISIDHBIE MEXAaHU3Mbl HAKOIUICHUS B SiIpe M SIPBILLIKE
nosHopa3mepHoro Tat Geka MOTyT OTIMYATHCS OT MEXaHU3Ma,
OITHCAaHHOTO C MCIIOJIb30BaHHEM (PparMeHTOB Oernka.

KawueBrbie cioBa: spo, sapeiko, NLS, NoLS, HIV-1 Tat.
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