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The aim of this work was phylogenetic study on structural elements in the poly(A) region of human immunodefi-
ciency virus type 1 (HIV-1), in particular the major upstream sequence element (USE), which stimulates poly-
adenylation of HIV-1 transcript, and the TAR (trans-activation response) hairpin, which juxtaposes spatially the
AAUAAA and USE signals. Methods. The secondary structure of these elements has been predicted by UNA
Fold program. Results. The structure of USE domain and TAR hairpin has been analysed in 1679 HIV-1 geno-
mes and 17 genomes of simian immunodeficiency virus SIVcpzPtt. We found 376 and 588 different sequences for
these elements, respectively, and revealed the most frequent base changes and subtype- and country-specific
mutations. Only 43 % of HIV-1 isolates contain variants of the USE domain which occur with a frequency >5 %
(the main variants) and 35 % of isolates contain main variants of the TAR hairpin. We found that the SIV USE
domain and TAR hairpin most closely resemble those found in HIV-1 genomes of A/G-containing subtypes.
Conclusions. The results of our large-scale phylogenetic study support a hypothesis on the interaction between
{RNA,” and the 3'end of HIV-1 genomic RNA and a controversial supposition of HIV-1 genome dimerization by
the TAR-TAR kissing mechanism. Since the TAR hairpin is a target for developing antiviral drugs based on the
inhibition of signal elements, the data on specific structural features of this hairpin may be useful for new anti-

virals design.
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Introduction. The 5' and 3' untranslated regions (UTRs)
of HIV-1 genome completely consist of structural ele-
ments directing multiple processes of viral replication,
in particular, polyadenylation of HIV-1 pre-mRNA. In
HIV-1, the identical sequences encompassing the AA
UAAA hexamer and U/GU-rich downstream sequence
element (DSE), which compose the core poly(A) site
[1], are present at both the 5' and 3' ends of HIV-1
pre-mRNA and strict regulation is needed to repress
premature polyadenylation at the 5' end of the trans-
cript and stimulate the reaction at the 3' end. Repression
is mediated in particular by the AuxDSE that is unique-
ly present at the 5' end of the transcript [2], whereas the
use of the 3' poly(A) site is promoted by the major and
minor USEs that are present exclusively at the 3'end [3,
4]. A partial occlusion of the AAUAAA hexamer by
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base pairing in the upper part of the polyA hairpin al-
lows the polyadenylation repression at the 5' end and ac-
tivation at the 3' end [5].

The AAUAAA hexamer is a binding site for the cel-
lular cleavage and polyadenylation specificity factor
(CPSF). This factor can also bind HIV-1 major USE
(CAGCUGCUUUUUGCCUGU) [6] probably via the
interaction with its oligo(U) part [7]. The major USE is
proposed to act as an initial binding site for CPSF which
binds to the AAUAAA hexamer upon transient ope-
ning or «breathing» of the polyA hairpin [5]. The po-
lyA hairpin and the major USE are juxtaposed spatially
by the TAR hairpin [8]. The TAR and polyA hairpins
are formed at both ends of HIV-1 pre-mRNA. In the 5'
terminal region, the TAR hairpin binds the viral Tat
protein to activate transcription elongation [9], and in
the 3' terminal region this hairpin can be considered as
a structural element of the poly(A) region.

29



ZARUDNAYA M. I. ET AL.

TAR
3 PolyA
USE c GCu ) 4
2 domain G G
A C
AU G C
u A u
A ]
Cc-G A c-G
G-C n G U-A
U-A A-U c-G
C-G ~C-G Cc-G | u DSE
[G-c—u—G-C Cc-G C-G
[1] A G-C
A _G-C A-U
G- A-U-500 | .
A-U U-A AU
1 C—G’450 -U-A
(N G-C U-A
(] c (] Cc-G
\ U-A G-U
Cc-G Cc-G U-A
Cc-G U-G Cc-G
Cc-G C-G A
G-U—C——U-A ACC C

Recently [10] we have first presented a structural
model (in-line and domain conformations) for the comp-
lete 3' poly(A) region of HIV-1 pre-mRNA. Fig. 1 gives
an example of this model for subtype C, the most preva-
lent HIV-1 strain in the world. The in-line structure
(Fig. 1, A) includes a shortened TAR hairpin, polyA hair-
pin and new structural elements: the USE domain with
the U-rich tract, exposed in the apical part of the trunca-
ted USE hairpin, and the DSE hairpin with the U/GU-
rich tract exposed in its apical loop. The domain struc-
ture (Fig. 1, B) includes the USE, TAR and polyA hair-
pins in its upper part and the U/GU-rich tract exposed in
the internal loop of the bottom duplex of this domain. The
model also includes the minor USEs which according to
our proposal [10] are structured into different G-quad-
ruplexes and interact with heterogeneous nuclear ribo-
nucleoprotein H (hnRNP H), that positively influences
the polyadenylation process ([15] and refs therein).

The sequences interacting with polyadenylation
factors and other functionally important elements are
indicated in Fig. 1. Tracts 2—5 are functional at the 5'
end of HIV-1 gRNA, inasmuch as they are located in
the long terminal repeats of proviral DNA they are also
duplicated at the 3' end of the transcript.
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Fig. 1. The in-line (4) and
domain (B) conformations
of the complete 3' poly(A)
region for HIV-1 isolate
99ZACM9 (GenBank acces-
sion number AF411967) of
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end of HIV-1 gRNA [11]; 2
corresponds to the TATAA
box in HIV-1 proviral DNA;
3 is a binding site for Tat
protein [9]; 4 is involved in
the long distance interac-
tion with the matrix coding
region [12]; 5 — the 5' strand
of U5-AUG duplex [13]; 6—
a primer activation signal
(PAS) [14]. Tracts 2—5 are
functional at the 5' end of
HIV-1 gRNA

HIV-1 gRNA is highly heterogeneous in both the
translated and untranslated regions. In particular, we
found 376 and 588 different sequences for the USE do-
main and the TAR hairpin, respectively. These sequen-
ces contain up to seventeen base changes in compari-
son with the RefSec. In our previous article [16] we con-
ducted phylogenetic study on the HIV-1 polyA and DSE
hairpins. Here we investigated how mutations affect the
secondary structure of the USE domain and the TAR
hairpin and compared the structure of these elements in
HIV-1 genomes and genomes of SIV of chimpanzee Pan
troglodytes troglodytes (SIVcpzPtt).

Materials and methods. The sequences encompas-
sing the complete poly(A) region in HIV-1 and SIVcpz
Ptt genomes have been extracted from the Entrez
Nucleotide database of NCBI. We have examined all
HIV-1 genomic sequences presented in this database by
the end of 2010 and all corresponding genomic sequen-
ces from SIVcpzPit presented by the end of 2012. The
secondary structure of the poly(A) region has been pre-
dicted by the UNAFold program [17]. The base chan-
ges in HIV-1 and SIVcpzPtt pre-mRNA sequences
were determined as compared to RefSec (GenBank ac-
cession number K03455). Nucleotide numbering starts
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with 1 at the first nucleotide of each individual structu-
ral element.

Results and discussion. USE domain. We have
shown earlier [10] that the USE domain is formed in
foldings of the complete HIV-1 poly(A) region within
2 kcal/mol energy increment of the lowest free energy
structure in 62-90 % of the isolates depending on sub-
type. The USE domains (dUSE) with combinations of
base changes occurring with a frequency > 5% (the main
variants, dUSE1-dUSE7) are shown in Fig. 2. Their dist-
ribution by subtypes A, B, C and CRF01_AE, compri-
sing large subpools, is given in Table 1. The total data on
other subtypes and CRFs, comprising small subpools,
are listed in the last column. As seen in Table 1, the main
variants occur predominantly in HIV-1 isolates of cer-
tain subtypes, for example, dUSE1-dUSE3 —in subtype B
isolates. The most frequent combinations of base chan-
ges in the USE domain of subtypes D and F isolates are
G1A+C11G (48 %)and GIA+C11G+U27C+U34C
(23 %), respectively. The variant of the USE domain
dUSES found in 36 % of subtype G isolates is shown in
Fig. 2.

As seen from Fig. 2, all main USE domain variants
possess a similar upper part with two small hairpins and
a stem adopting two different conformations. The first
short hairpin of 16 nt length has the AUAUAA apical
loop exposing a sequence corresponding to the TATAA
promoter element and the second short hairpin contains
the U-rich tract in its apical loop. Of note, both hairpins
are presented in the model of an entire HIV-1 genome
based on SHAPE technology [18]. The whole USE do-
main has not been predicted in this model. The folding
of the USE domain is determined by the formation of G-
quadruplexes in the region of HIV-1 genomic RNA up-
stream of this domain and most likely occurs in HIV-1
pre-mRNA during polyadenylation in the presence of
hnRNP H protein.

Base changes in HIV-1 USE domain occur mainly in
the single-stranded stretches that do not alter an overall
structure. The base changes located in the middle part
of these stretches do not affect a free energy (dG) of the
domain (compare dUSE1 and dUSE2, Fig. 2), while the
base changes adjacent to double-stranded regions slight-
ly affect dG (compare dUSE1 and dUSEA4, Fig. 2).

The variant of USE domain with the double mu-
tation C11G + G14A occurs with a frequency of 6.5 %

in HIV-1 isolates of subtype B (from USA, India and
France). This mutation leads to break of the upper G-C
base pair in the stem of the first short hairpin and to the
formation of a USE domain-like structure exposing the
U-rich tract with low stability (—9.5 kcal/mol in compa-
rison with —14.8 kcal/mol for dUSE1 variant of the
domain). It is likely that the USE signal in these isolates
is functional predominantly in the domain conforma-
tion of the complete poly(A) region with the USE hair-
pin (Fig. 1, B).

Though the USE domain has the same length as the
polyA hairpin (47 nt), it is significantly more hetero-
geneous. Only 43 % of the HIV-1 isolates studied con-
tain one of the main variants of the USE domain, while
about 70 % have one of the main variants of polyA hair-
pin as shown in our previous article [16]. In the rest of
HIV-1 isolates, we considered diffrent sequences of the
polyA hairpin as certain main variants of this hairpin
containing rare and/or random mutations. This approach
can be applied to all structural elements of the HIV-1
poly(A) region, including the USE domain and TAR
hairpin. The structures of complete poly(A) region in
the HIV-1 isolates studied in this work are presented in
our database CESSHIV-1 currently available online at
http://www.cesshiv1.org.

Base change frequency at each position of the HIV-
1 USE domain is presented in Suplementary informa-
tion, Table S1. Mutations in the region nt 413-421
(tract 7 in Fig. 1) corresponding to positions 2—10 of the
USE domain (Fig. 2) occur with a frequency < 1.5 %,
except for positions 8 (4 %) and 10 (7 %). At these po-
sitions, the G8A and U10A/C are the most frequent base
changes. The G8A (dUSE9, Fig. 2) and UI0A (dUSES,
Fig. 2) were found in isolates of different subtypes,
while the U10C (dUSE10, Fig. 2) is specific for isolates
of CRF02_AG. These base changes do not alter the ove-
rall structure of the USE domain.

Tract / is a binding site for the tRNA,"* in HIV-1 3'
UTR, this interaction promotes minus strand DNA
transfer during reverse transcription [11]. Rare base
changes G8A and U10A/C do not greatly affect duplex
formation between tract / and tRNA,"”*. The U10A/C
breaks an extreme base pair of this duplex and G8A
breaks an internal base pair. Our data on conservation
of tract / support the interaction between the tRNA,"*
and 3' end of HIV-1 gRNA.
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Fig. 2. Optimal and suboptimal structures of USE domain variants in HIV-1 and SIV pre-mRNAs. Free energy difference between optimal and
suboptimal structures is —0.4, —1.6 and —0.1 kcal/mol for dUSE1, dUSE2 and dUSE?7, respectively. The base changes as compared to RefSec are
squared. The U-rich tract is indicated by line. dUSE1-dUSE7 are the main variants of the HIV-1 USE domain; dUSE8 and dUSE9-dUSE10 are
variants of HIV-1 USE domain in subtype G and CRF02_AG isolates, respectively; dUSE11 is a variant of USE domain in SIVcpzPtt isolates

giifr;{ence of USE domain variants in HIV-1 isolates of different subtypes (%)
Subtype
Varian Base changes A ‘ B ‘ ¢ ‘ 01_AE ‘ Others
Number of HIV-1 isolates (number of patients)

141 (122) ‘ 645 (258) ‘ 291 (234) 162 (61) ‘ 440 (322)
dUSE1 Cl11G 0 20 1 0 2
dUSE2 Cl11G +UI9A 0 8 0 0 0
dUSE3 C11G +U33C 1 12 0 0 1
dUSE4 Cl11G +U34C 1 1 14 0 1
dUSES G1A + C11G+U34C 45 0 32 0 12
dUSE6 GI1A + C11G + U34C + C37U 7 0 14 1 5
dUSE7 G1A + C11G + U19A + U27C + U34C + C37U 0 0 0 67 1
Total - 54 41 61 68 22

The base change U19A (dUSE2 and dUSE7, Fig. 2)
in the region of USE domain corresponding to the TA

32

TAA box in HIV-1 proviral DNA (tract 2 in Fig. 1) oc-
curs in almost all HIV-1 isolates of CRFO1_AE and in
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Fig. 3. Optimal structures of TAR hairpin variants in HIV-1 and SIV pre-mRNAs. The base changes as compared to RefSec are squared. Deletions
are indicated by spot. TAR1-TAR9 — main variants; TAR10, TAR11 and TAR12 — frequent variants in HIV-1 isolates of subtypes D, F and G,
respectively; TAR13 — TAR hairpin variant in SIVcpzPtt isolates

(T)iiluerfence of TAR hairpin variants in HIV-1 isolates of different subtypes (%)
Subtype
. Base changes A B ‘ ¢ ‘ 01_AE ‘ Others
Number of HIV-1 isolates (number of patients)

141 (122) ‘ 645 (258) ‘ 291 (234) ‘ 162 (61) ‘ 440 (322)
TARI1 No 0 33 0 0 0.2
TAR2 A47G 0 7 0 0 0.2
TAR3 A48G 0 17 0 0 2
TAR4 U13G + A48U 1 0 6 0 2
TARS U25del + A48G 23 0 0 0 0.2
TAR6 G11A +U13G + A48U 0 0 10 0 2
TAR7 G11A + U13G + U31C + A48U 0 0 5 0 0.4
TARS G11U + A22G + U25del + U31C + A48G + U50A 0 0 0 32 0
TAR9  GI11U + A22G + U25del + U31C + A48G + U5S0A + A51G 0 0 0 31 0
Total - 24 57 21 63 7.0

27 % of isolates of subtype B, mainly from South
Korea (79 %). It leads to the change of TATAA box to
TAAAA tract, which was shown to be a functional sequ-
ence in HIV-1 isolates of CRF01_AE and subtype J [19].
The most frequent mutations in the U-rich tract of the
USE domain, which is a binding site for a polyadenyla-

tion factor CPSF, are U-to-C base changes. Besides, U-
to-G base changes and deletions of U residue are rather
often. The base change U32C occurs very frequently in
HIV-1 isolates of CRF02_AG (90 %) and subtype G
(79 %), while U33C occurs most frequently in HIV-1
isolates of subtype B (25 %). The base change U34C
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occurs with a high frequency (85-100 %) in the HIV-1
isolates of all subtypes except for subtypes B and D.

The USE domain in all 17 SIV genomes (dUSE11,
Fig. 2) is similar to that in HIV-1 isolates. Since almost
all SIV isolates contain the base change C37U in the USE
domain (Supplementary material, Table S2), the struc-
ture of'its middle part is similar to that of HIV-1 dUSE6
and dUSE7 (Fig. 2). The most frequent base changes in
SIV-1 USE domain are G1A, Ul10del/UI0A, CI11G,
U27C, C37U and U31C + U33C or U32C + U34C. The
combinations of base changes in the SIV USE domain
most closely resemble those found in the HIV-1 USE
domain of A/G-containing subtypes.

TAR hairpin. The variants of HIV-1 TAR hairpin
with the combinations of base changes occurring with a
frequency > 5% (the main variants TARI-TAR9) are
shown in Fig. 3. Their distribution by subtype is given
in Table 2. Frequent variants of the TAR hairpin in
HIV-1 isolates of subtypes D (20 %), F (38 %) and G
(21 %) forming small subpools are also shown in Fig. 3
(TAR10-TAR12). Like the USE domain, the TAR hair-
pin sequence is much more heterogeneous than that of
the polyA and DSE hairpins. The main variants of the
TAR hairpin occur only in 35 % of the isolates studied.

The TAR hairpin without base changes and all other
main variants have two 1 nt bulges and a 2—3 nt bulge
in the stem. In general, about 60 % of the HIV-1 iso-
lates studied contain the TAR hairpin with a similar
structure. All main variants of the TAR hairpin, except
for TAR4, are subtype specific (Table 2). We also ob-
served country specific combinations of base changes
in the TAR hairpin.

For example, the double mutation U25del + A48G
(TARS) occurs only in HIV-1 isolates of subtype A
from Russia (64 %) and Ukraine (25 %), while most of
subtype A isolates from Tanzania contain the TAR hair-
pin with additional base changes G11U and/or U50G or
others.

In 35 % of HIV-1 isolates, the TAR hairpin stem is
moderately altered mainly due to the formation of small
internal loops, for example, TAR10 and TAR12 (Fig. 3).
In 5 % of HIV-1 isolates the TAR hairpin structure is se-
verely altered (truncated stem, greatly disturbed upper
part or complete absence of the TAR hairpin structure).
The defective TAR hairpin can impact overall folding
of the 5' and 3' UTRs in HIV-1 gRNA and inhibit cer-
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tain processes of viral replication [20, 21]. Moreover,
the TAR hairpin is one of microRNAs produced in
HIV-1 [22] and defects in the TAR hairpin may impact
their functioning.

Base change frequency at each position of the TAR
hairpin is presented in Suplementary information, Tab-
le S3. Tract 3 (Fig. 1) which corresponds to positions
20-43 of the TAR hairpin is sufficient and necessary
for binding Tat protein [9]. This tract is not highly con-
served. The most frequent base changes occur at the se-
cond and third positions of the 3 nt bulge (positions 23—
25) in the TAR hairpin stem, the first position being
highly conserved. In particular, C24U was found in HIV-
1 isolates of all subtypes, except for CRFO1_AE, and
deletion at position 25 was found mainly in isolates of
subtypes A and CRFO1 AE (Suplementary informa-
tion, Table S4).

Other frequent base changes in the upper part of the
TAR hairpin are A22G, U31C, G33A and G44A. The
A22G resulting in the A-U to G-U substitution (TARS8
and TARY, Fig. 3) was found in almost all CRFO1_AE
isolates. The U31C and G33A occur in the apical loop
of the TAR hairpin, the U31C was found in almost all
CRFO1_AE isolates (TAR8 and TARY, Fig. 3) and in
329% of the subtype C isolates (TAR7, Fig. 3), while the
G33A —in 57 % of the subtype D isolates (TAR10, Fig.
3). The G44A resulting in internal loop ACXA instead
of an A bulge was found in 72 % of CRF02_AG iso-
lates and 36 % of subtype G isolates (TAR12, Fig. 3).

Tract 3 also encompasses the GGGAGCUCUC pa-
lindrome (shadowed in Fig. 1) that is supposed to par-
ticipate in the HIV-1 gRNA dimerization [23-25]. This
palindrome corresponds to positions 32—41 of the TAR
hairpin. The results of our phylogenetic study showed
that the GGGAGCUCUC palindrome is well conser-
ved. Rare base changes (G32A and G33A) occur only
at its first and second positions with a frequency of 3
and 5 %, respectively. The G32A breaks two extreme
base pairs of the TAR palindrome duplex, while the
G33A (specific for subtype D isolates) causes the G-U
to A-U substitution in this duplex.

At present a role of the GGGAGCUCUC palind-
rome in the HIV-1 gRNA dimerization is not entirely
clear. Jalalirad et al. emphasize a dominant role of the
TAR 3 nt bulge in the HIV-1 genome dimerization with-
out involving TAR-TAR kissing: as an RNA binding
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site, as a flexible hinge between the TAR upper and low-
er stems, and as a protein binding site [23].

Our data on palindrome conservation support a hy-
pothesis on the HIV-1 gRNA dimerization through the
TAR-TAR kissing mechanism. We propose that one of
numerous destabilizing proteins, for the binding of which
the TAR bulge is essential, for example Vif (viral infec-
tivity factor) [26], promotes the TAR palindrome expo-
sure and thus facilitates TAR-TAR kissing. The bulge
deletion is supposed to prevent specific interaction of
destabilizing protein(s) with the TAR hairpin and inhi-
bit formation of the palindrome duplex. By analogy with
a partial occlusion of the AAUAAA hexamer in the po-
lyA hairpin, that is essential for polyadenylation regula-
tion, the occlusion of the palindrome by the TAR hair-
pin structure may be also functionally important. In par-
ticular, it may assure the involvement of the TAR hair-
pin in HIV-1 genome dimerization only at certain stage
of the replication cycle.

By conducting a limited survey of HIV-1 and SIV
TAR hairpin in HIV-1 and SIV genomes, Berkhout et
al. first demonstrated its similarity in both genomes
[27]. We found 14 different sequences of the SIV TAR
hairpin which contain from 3 up to 13 base changes as
compared to HIV-1 RefSec (Supplementary informa-
tion, Table S5). In most SIVcpzPtt isolates, the bottom
part of the TAR hairpin stem (below the 3 nt bulge) con-
tains 1-2 internal loops, three 1nt bulges (TAR13, Fig.
3) or 2 nt bulges. In two SIV isolates, the TAR hairpin
has a moderately altered upper part with 4 nt bulge and
5 nt apical loop. The most frequent base changes in the
SIV TAR hairpin are G11U and A48G. Among rather
frequent are U13C, C24U, U25A, U46C and C49del.
Like the USE domain, combinations of base changes in
the SIV TAR hairpin most closely resemble those found
in HIV-1 USE domain of A/G-containing subtypes.

Conclusions. Our large-scale phylogenetic analysis
data on the structural elements of the HIV-1 complete
poly(A) region presented here and in our previous article
[16] support a number of functional RNA-RNA inter-
actions in HIV-1 gRNA. Our findings are believed to be
useful in diagnostics of AIDS, monitoring the ways of
HIV-1 spread and for design of new therapeutics to inhi-
bit viral replication. In particular, the TAR hairpin is a
target for developing antiviral therapy based on signal
element inhibition [28]. Considering a significant degree

of heterogeneity of this element, our data on its structu-
ral variability can be helpful in drugs design.

®DioreHeTHUHUN aHAJ3 CTPYKTYpPHUX €JIEMEHTIB B 00J1acTi 1oi(A)
BIJI-1. 2. lomen USE i mmunska TAR

M. U. 3apynna, A. JI. [Totsraiino, I. M. Konowmiens, /I. M. 'oBopyx

Pesrome

Mema. [Iposecmu inocenemuynuii ananiz CmpyKmypHux enemerHmis
obnacmi noni(A) y npo-mPHK BIJI-1, 30kpema, 0CHO8HO20 «8epXHbO-
co» enemenma (USE), sxutl cmumynroe noniadeHinto8aHHs mpanc-
kpunmy BIJI-1, i wnunvku TAR, wo npocmoposo 361udcye cueHanu
AAUAAA i USE. Memoou. [lepedbauents 6mopunnoi cmpykmypu yux
enemenmie 30itichrosanu 3a donomozorw npozpamu UNAfold. Pesynp-
mamu. Cmpyxmypy 0omeny USE i wnunvku TAR npoananizosano ons
1679 eenomie BL/I-1 epynu M ma 17 zenomis sipycy maen SIVcpzPtt. YV
eenomi BIJI-1 mu susasunu 376 i 588 pisnux nocnioosnocmeil st dome-
ny USE i wnunoku TAR 6ionosiono, a maxooic navuacmiui mymayii' i
mymayii, cneyugiuni 0na neenozo cyomuny abo kpainu. Jluwe 43 %
yeix docniodcenux 2enomie BIJI-1 micmamob eapianmu domerny USE,
sKi 3ycmpivaromecs 3 wacmomoio > 5 % (ocnoeni éapianmuy), i 35 % ce-
HoMmig eKkmouaioms ocHoeHi eapianmu TAR. Bcmanoseneno maxooic,
wjo oomern USE i wnunvka TAR 3 2enomy SIVepzPtt Oyaice cxooici Ha 8i0-
nogioni enemenmu 3 eenomy BIJI-1 A/G-emicnux cyomunis. Bucnosxu.
Pesynomamu Hawux wupoKomMacuimabHux O00CaiodceHb niompumy-
1omb 2inomesy wodo e3aemodii mixc tRNA™ ma 3'"-xinyem eenommoi
PHK BlJI-1, a makodc cnipHy einome3sy oumepusayii winunvku TAR ue-
pes 63aemo0ito naninopomie. Ockinoku wnunvka TAR € 06 ekmom an-
MugipycHoi mepanii, cnpsAMOBAHOI HA NPUSHIYEHHS CUSHANbHUX efle-
MeHmi6, OAHI CMOCOBHO CeYUpIUHUX 0cODIUBOCMel YIET UNUTbKU MO-
2ACYymo OYMu KOPUCHUMU OTISL CIMBOPEHHA HOBUX TIKAPCOKUX NPenapamis.

Kurouogi cnosa: BLJI-1, SIVepzPtt, obaacmos noni(A), émopunna
cmpyxkmypa, USE, TAR.

DUIOreHeTHYECKUIT aHAIN3 CTPYKTYPHBIX 9JIEMEHTOB B 00J1aCTH
monu(A) BUY-1. 2. [lomen USE u mmuneka TAR

M. U. 3apyanas, A. JI. [lotaraitno, Y. H. Konomuen, /1. H. ['oBopyH

Pesrome

Lens. Ilposecmu gunocenemuyeckuii anaius cmpyKmypHbix d1emMeH-
mos oonacmu nonu(A) BUY-1, 6 wacmnocmu, 0CHOBHO20 «8epXHE20»
anemenma (USE), cmumynupyroueco noauadeHuruposanie mpaHc-
kpunma BUY-1, u wnunvku TAR, npocmpancmeento cosmewarouyeri
cuenanvt AAUAAA u USE. Memoodwt. Bmopuunas cmpykmypa smux ie-
menmos npedckazana npoepammoiui UNAfold. Pesynomamuor. Cmpyx-
mypot 0omena USE u wnunvku TAR npoananusuposansl 6 1679 cero-
max BUY-1 u 17 2enomax supyca obeszvsan SIVcpzPtt. B 2enome BUJI-1
Mbl 8bIAGUAL cOOmMBemcmeeHHo 376 u 588 paznuunvix nociedosameiv-
nocmett 0na oomena USE u wnunoku TAR, a makowce naubonee yac-
mole Mymayuu u Mymayuu, cneyuguueckue 07 ONPedeieHHo2o cyo-
muna unu cmpansl. Tonvko 43 % ecex ucciedosannvix eenomos BUY-
1 cooepoicam sapuanmul Oomena USE, ecmpeuaiowuecs: ¢ uacmomotl
25 % (ocnoenvie sapuanmet), u 35 % 2eHoMO08 6KAOUAIOM OCHOBHbBLE
sapuanmvt TAR. Mei o6napyorcunu, umo oomen USE u wnunvka TAR 6
eenome SIVepz Ptt naubonee OausKku no cmpykmype K coomeemcmeyio-
wum snemenmam 6 ceHomax BUY-1 A/G-codepacawux cyomunos. Bei-
600b1. Pe3ynomamul HAUIUX WUPOKOMACUMAOHBIX UCCTIE008AHULL C8UOe-
menbcmeyiom 6 nowb3y 2unomesst e3aumodeticmeus mexcoy tRNA™ u
3'-konyom eenoma BUY-1, a makdce cnoprotl eunomesvl oumepusa-
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yuu wnunvku TAR uepes e3aumoodeiicmeue nanundpomos. Ilockonvky
wnunvka TAR saenaemcs 00vekmom anmusupycrol mepanuu, Hanpas-
JIeHHOU HA NOOABNEHUe CUCHATLHBIX IIeMEHMOo8, OaHHble 0 Cheyudu-
Yeckux 0CoOeHHOCMAX IMOU WNUTLKU MO2YM OblMb NOJIE3HLIMU 015
CO30aHUsL HOGBIX NeKAPCIEEHHBIX NPEeNnapamos.

Knrouesvie cnosa: BUY-1, SIVepzPtt, obnacms noau(A), smopuu-
nas cmpykmypa, USE, TAR.
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