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TAT protein is an essential regulatory protein of the
human immunodeficiency virus type 1 (HIV-1). Inhibi-
tion of TAT activity blocks the virus cycle, and a drug
that blocks TAT is one of the possibilities to cure AIDS.
Circular dichroism (CD) was measured for TAT pep-
tides covering the TAT sequence with overlaps. The CD
spectrum of each peptide was measured in different
solvents to evaluate the ability of each TAT region to
form different secondary structures. The most varia-
tion or conformational heterogeneity is observed with
the two regions adjacent to the TAT basic region. CD
data show that the basic region can adopt an extended
structure in a full TAT protein, which is not the case
for the isolated peptide. TAT sequences from the dif-
ferent HIV-1 isolates were analyzed, and the results
showed that the sequences could be gathered into six
groups. Molecular modeling was done on the various
isolates based on a TAT structure from two-dimen-
sional NMR. After minimization and dynamic steps,
the modeled three-dimensional structures were com-
pared. The results showed structural variations of the
TAT protein as a function of the HIV-1 isolates. These
structural variations were mainly in the two regions
adjacent to the basic region, confirming the conforma-
tional heterogeneity indicated by the CD measure-
ments. Furthermore, Chou-Fasman analysis shows sig-
nificant changes in propensities for each secondary
structure only for regions IIl and V. This conforma-
tional heterogeneity should be essential for TAT activ-
ity and points out that regions III and V are a poor
potential target to design a TAT ligand. We propose a
target involving TAT structurally conserved regions,
accessible whatever the size of the TAT C terminus.

Human immunodeficiency virus type 1 (HIV-1)! gene expres-
sion is regulated by TAT, which is a viral protein (1). TAT has
been described as a trans-activator inducing the elongation of
early HIV-1 RNA transcripts (2). This trans-activation neces-
sitates the binding of TAT on an RNA stem-loop structure
called TAR, which is located at the 5’ end of all HIV-1 mRNA
(3-12). Nevertheless, TAT seems to be more than a trans-
activator and is involved in cellular disorder connected to AIDS
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pathology. TAT modifies the cellular redox potential and am-
plifies the activity of tumor necrosis factor (13). This cytokine
activates the transcription factor NF«B, which binds on the
HIV promotor region located in the long terminal repeat and
makes possible the transcription process (13). TAT in synergy
with basic fibroblast growth factor is involved in the induction
of Kaposi’s sarcoma lesions (14). TAT is able to repress the
transcription of the major histocompatibility complex class I
gene, and a decrease in class I molecules provides for the virus
a mechanism to evade the host immune response (15). TAT
seems to participate in the induction of lymphocyte apoptosis
and might contribute to the depletion of the CD4+ T cells in
AIDS (16, 17).

TAT is a small protein of 86 to 102 residues with variable C-
terminal sizes as a function of HIV-1 isolates (see Ref. 18 for a
review). The tat gene is composed of two exons, and the first,
corresponding to the 72 N-terminal residues, is sufficient for
trans-activation (19). TAT amino acid sequence was subdivided
into several functional regions (20). Region I is an acidic do-
main containing several prolines, unable to form an a-helix as
previously proposed (21), and could be a motif that prevents
exonuclease digestion (22). The cysteine-rich domain (region
II), located between residues 21 and 38, contains seven cys-
teines, and mutation of cysteines completely abolishes TAT
trans-activation (20). The presence of disulfide bridges is not
yet clearly stated, and contradictory data exist on this issue
(23, 24). Region III (residues 38-47) contains a highly con-
served motif where lysine 41 was pointed out as essential for
TAT activity (20). This region is important for the specific
TAT-TAR interaction because a peptide corresponding to re-
gions III, IV, and V was reported to bind to TAR with an
affinity similar to the full TAT protein, whereas peptides with
region III deleted are still able to bind to TAT but can not
discriminate wild type TAR and TAR mutants (25). Region IV
(residues 48-58) is called the “basic domain” because of its
arginines and is essential for the binding on TAR (10-12). The
stem region of TAR, located between the bulge and the loop,
adopts an A-form helix (26, 27). TAR keeps its A-form helix
structure upon binding, and region IV adopts an extended
structure to fit into the TAR major groove (26). Arginines in
region IV are directly involved in the binding, creating electro-
static bounds with TAR phosphates (26, 27). Deletion of region
V (residues 59-72) affects TAT trans-activation (20), and this
region also seems to be involved in the specificity of the TAT-
TAR interaction (26, 28). Upon binding on TAR, region V is able
to form an helicoidal structure with a glutamine-rich surface
and could be involved in a specific interaction with three highly
conserved nucleotides located on the TAR loop (26). Region VI,
encoded by exon 2, is variable in its length and was involved in
the TAT-mediated major histocompatibility complex class 1
gene repression (15). Region VI is also required to observe the
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1 10 20 30 40 50 60 70 80 90
TAT_HV1Z2 MDPVDPNIEPWNHPGSOPKTACNRCHCKKCCYHCQVCEITKGLGISYGRKKRRQRRRPSOGGOTHODPT PKQPSSQPRGDPTGPKE 86
TAT_HV1Z6  ....... et e e e e e e e e e e e e N...... 86
TAT_HVIND  ....... L.S........ 3 K.P..D.A..V...E..... S K 86
TAT_HVIMA  ....... ] R.P..K.Y.. oo M. e e P..N.A....L.E..... H...HPTGPKE 87
TAT_HV1H2 E....RL...K.......... TN.Y..... Foo.oo.oo... Al AH.NS....ASLS...T..S......... 86
TAT_HV112 E....RL...K.......... TN.Y..... Fo.oo...... 2 AP..S....VSLS...T..S.. ... 86
TAT_HV1PV E....RL...K.......... TN.Y..... Foooooo.o. A e e P..S....VSLS...T.....ivuin.. 86
TAT_HV1B1 E....RL...K.......... TN.Y..... Foooiinnnn At P..S....VSLS...T..S......... 86
TAT_HV1BR E....RL...K.......... TT.Y..... F...... T P..S....VSLS...T............ 86
TAT_HV1Y2 E..... L...K...... R....N.Y..... F.o..... B P.DS SSLS...T..L....... T.SKKKVERETETDPVH 101
TAT_HV1A2 E..... L...K...... R....N.Y..... F..YA..TR. ... ... AP.DS ASLS...A..S....... T.SKKKVERETETDPFD 101
TAT_HV1ISC  ...... RL...K....... A..TS.Y..... F.o..... ) AP.DS....VSL....A..A......... SKKKVERETETDPVD 101
TAT_HV1JR E....SL...K.......... TN.Y..... L...... T P.DS....VSL....... [ SKKKVERETETDPDN 101
TAT_HVIMN E....RL...K.......... TT.Y..... F...... TK.A. . i iiee APEDS....VSL....AP.F......... SKKKVERETETHPVD 101
TAT_HV1C4 E....RL...K.......... TN.Y..... F...... TK.A. . i e i it iiia AH.DS.N..ASLS...... Tovinennn. PKKEVEREAETDPLD 101
TAT_HV1S1 E....RL...K.......... TN.Y..... F oot e e e e APPDSEV..VSL....A...Q........ SKKKVERETETDPVH 101
TAT_HV1OY ELLLURLLLVKL L S.N.Y..R..L...... TR oo e e e e AP.DSK...VSLS...A............ SKKKVERETETDPED 101
TAT_HV1RH CELLLOURLL LKL Lo N.Y...ooveinn. L e e G.P..S....VSLS...T. .. SKEKVERETETDPAVQ102
TAT_HVIEL  ....... L.t R.P..K.......... P...LN. ... i G.P....A. . V.. i i i it iiie QKKKVESEAETDP 99

Fic. 1. Amino acid sequences of TAT protein from HIV-1 isolates. Regions I, III, V are underlined. Sequences were aligned using the
MULTALIN method (35), with the TAT Z2 sequence as target. From this method, six sequence related groups were pointed out (data not shown).

The sequences selected in each group are indicated in bold.

TAT effect on tumor necrosis factor-mediated cytotoxicity (13).
Finally, two-dimensional NMR studies were made on TAT, and
one described the TAT basic domain included in a chimerical
protein as a stable a-helix (29). This is in contradiction to two
recent two-dimensional NMR studies describing region IV as
an extended structure in the three-dimensional structure of the
full HIV-1 TAT protein (30) and in a related peptide-TAR
complex from the bovine immunodeficiency virus (31).

The aim of this research is to provide structural information
on TAT useful to design an inhibitor of this protein. We used
two different approaches to do this structural study. Circular
dichroism (CD) was done on six peptides covering with overlaps
the full TAT sequence from a HIV-1 isolate found frequently in
North America and Europe (Bru isolate). The CD spectrum of
each peptide was measured in different solvents to evaluate the
conformational heterogeneity of TAT regions. The results
showed that the regions IIT and V had the most variable struc-
tures and were required to have region IV in a full extended
structure. To confirm this result, molecular modeling was done
on TAT sequences from HIV-1 isolates from all over the world.
The TAT sequences were gathered in structurally related
groups. From the TAT-Z2 two-dimensional NMR structure
(30), we built five TAT structures from TAT sequences repre-
sentative of each group. Our molecular modeling gives evidence
for greater structural variation among the different sources for
two regions. As could be expected from CD data, these struc-
tural changes were located mainly in regions III and V and led
to TAT structures with backbones impossible to superimpose.
These results point out a target to design a drug able to block
the TAT protein whatever the isolates. We propose that an
allosteric ligand, making a bridge between region IV and region
I or regions IV and VI, should be the most appropriate to inhibit
TAT.

MATERIALS AND METHODS

Peptide Synthesis—Peptides were assembled according to the
method of Barany and Merrifield (32) on 4-(oxymethyl)-phenylacet-
amidomethyl resin (0.5 mmol) (Applied Biosystems Inc., Forster City,
CA) on a half-automated synthesizer (NPS4000, Neosystem, Stras-
bourg, France) as described previously (22). Amino acid analyses were
performed on a model 6300 Beckman analyzer. Purified peptides (1-4
nmol) were hydrolyzed in 6 M HCI for 20 h at 110 °C according to the
method of Sanger and Thompson (34). These analyses were used to
determine peptide concentration, which was correlated to the absorp-
tion at 190 nm measured with the JOBIN-YVON MARK VI.

Circular Dichroism Measurements—The samples were in 20 mM
phosphate buffer (pH 7), in a water solution containing 80% of triflu-
oroethanol (TFE), or in 2 to 1 mM (nonmicellar) SDS. CD spectra were
measured in 50-um path length cells from 260 to 178 nm with a
JOBIN-YVON (Long-Jumeau, France) UV CD spectrophotometer

(MARK VI). The instrument was calibrated with (+)-10-camphorsulfo-
nic acid. A ratio of 2.2 was found between the positive CD band at 290.5
nm and the negative band at 192.5 nm. All spectra were measured at
25 °C. Data were collected at 0.5-nm intervals with a scan rate of 1
nm/min. CD spectra are reported as Ae per amide. Light transmission of
samples in the far UV (260 to 178 nm) were checked with the same
machine (MARK VI), which is able to measure the absorption spectrum.
The CD data were analyzed to determine the secondary structure
content according to the method of Manavalan and Johnson (33) using
a set of 32 reference proteins.

Molecular Modeling—Models were built with the Insight II and
Discover software from MSI Technologies, Inc. (San Diego, CA), run-
ning on a Silicon Graphics R4600 workstation. The structures were
optimized with the CVFF force field in term of the internal energies,
using the van der Waals energy to monitor each step of the modeling.
The pH was set at 7. Minimization was performed with steepest descent
and conjugate gradient algorithms with a maximum derivative of 0.001
keal/A in the final steps. Dynamic was performed at 300 K for 1.1 ps
using 1000 steps. The analysis of the trajectory was done with 110
different structures selected from the 1100 produced from the
dynamics.

RESULTS AND DISCUSSION

The TAT two-dimensional NMR structure was determined
from a HIV-1 isolated in Zaire. This is an 86-residue-long
protein that does not have the long C-terminal sequence ob-
served in other HIV-1 isolates (Fig. 1). These sequences were
classified by the MULTALIN software (35) using the TAT Z2
sequence as the target. The dendrogram obtained from MUL-
TALIN points out that the TAT sequences could be gathered in
six groups (data not shown), and TAT Z2 has a sequence di-
verging significantly from HIV-1 isolates found in the United
States and Europe. Mutations are observed in every TAT re-
gion except region IV, which is rather conserved. The N termi-
nus is partially conserved in most of the HIV-1 isolates, but the
TAT Z2 group is one of the exceptions (Fig. 1). TAT is a rather
short protein with no possible disulfide bridges to rigidify the
structure by binding together different parts of the polypeptidic
chain (the cysteine residues are located essentially in region
II), and a conformational heterogeneity can be expected in this
protein. Although the nature of the environment influences the
three-dimensional structure of proteins and particularly their
secondary structure (36), the dihedral angles of the o carbons
have limits as a function of the nature of the lateral chains (37).
Therefore, the conformational heterogeneity could not be
equivalent in the six TAT regions.

Circular dichroism (CD) was done on peptides covering the
TAT Bru sequence to evaluate if the TAT Bru regions could
adopt secondary structures similar to TAT Z2 regions. Since
the specific environment present in a full TAT protein could
have an effect on the structure, the CD of each peptide was
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measured in three different solvents. Fig. 2 shows the CD
spectra of six peptides in an aqueous solution at pH 7, in 80%
trifluoroethanol (TFE), and in 1-2 mM SDS. These three sol-
vents tend peptides to adopt random coil, a-helix, and extended
structures, respectively (36). Measurements were made be-
tween 178 and 260 nm and correspond essentially to 7-7* and
n-m* transitions of the amide chromophore located in polypep-
tide chains (38). The content in secondary structures for each
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Fic. 2. Circular dichroism spectra in phosphate buffer, pH 7
(solid line), in 80% trifluoroethanol (square), and in 1-2 mm
nonmicellar sodium dodecyl sulfate (¢(riangle). Peptide 2-23 is
shown in panel A, peptide 13—48 in panel B, peptide 38—60 in panel C,
peptide 3872 in panel D, peptide 47-72 in panel E, and peptide 57—-86
in panel F. Most peptides, except peptide 13—48, display an important
negative band at 200 nm associated with a random coil structure in an
aqueous solvent or SDS. Peptide 13-48 precipitated in SDS. In TFE,
peptides 13—-48, 38—60, and 38—72 have CD bands typical of helical
structures.
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peptide was determined from CD spectra according to the SVD
method (34) and is summarized in Table I.

There are difficulties in analyzing CD spectra of peptides,
because CD cannot tell the difference between static structures
and dynamic averages. Peptides in aqueous solution tend to be
a random coil, which is a dynamic structure that changes
constantly. A CD spectrum of a random coil is characterized by
a negative band at 200 nm, which corresponds to an average of
conformational space available for the peptide. However, pro-
teins and peptides can have a negative CD band at 200 nm and
not be a random coil. In this case, the negative band at 200 nm
is due to stable structures that are a mixture of B-strand,
B-turns and “other structures.” There are no random coils in a
protein, and therefore SVD with a protein basis cannot analyze
random coil correctly but will analyze as a mixture of B-strand,
B-turn, and other structures.? In this study, we discriminate in
aqueous buffer a CD spectrum due to the expected random coil
from a CD spectrum due to static structures, by comparing for
each peptide the CD spectrum in aqueous buffer with the CD
spectra obtained in TFE and SDS. When the CD spectrum
changes little in TFE or SDS, this means that the peptide is in
a static structure in aqueous buffer, and the SVD analysis is
relevant. Random coils are indicated by RC in Table I.

Peptide 2—23 corresponds to region I and has a CD spectrum
in aqueous solution that is related to random coil. However, the
CD spectra are similar in the three solvents indicating static
structures (Fig. 2A). This peptide has a content in secondary
structures (Table I) consistent with the presence of two
B-turns, which correlates with the TAT Z2 three-dimensional
structure. Peptide 13—48 (mainly regions II and III) is the most
structured of the peptides in aqueous solvent (Fig. 2B). Precip-
itation in SDS occurred with peptide 13—48 pointing out the
rigidity of this peptide. This rigidity appears to be due to region
II since two other peptides, 38—60 and 38-72, having the
region III do not precipitate (Fig. 2C). The increase in a-helix
observed in TFE is due to region III (22), as the CD of other
peptides will confirm. Two B-turns are observed in the region II
of TAT Z2. The percentage of B-turn structure observed in the
peptide 13-48 is consistent with two B-turns located in region
IT and not in region III, since the percentage remains similar in

2 Professor W. Curtis Johnson, Jr., personal communication.

TABLE I
Secondary structure analyses

Peptides TAT regions Solvent H® B T o Total
A-(2-23) I Aqueous® 0.08 0.07 0.35 0.49 0.99
TFE° 0.10 0.13 0.29 0.48 1.00
SDS¢ 0.04 0.15 0.37 0.43 1.00
B-(13-48) 50% I + II + III Aqueous 0.10 0.34 0.17 0.40 1.01
TFE 0.48 0.16 0.15 0.21 1.00

SDS
C-(38-60) I + IV Aqueous 0.03 0.22 0.33 0.42 RC*
TFE 0.43 0.14 0.26 0.16 1.01
SDS 0.05 0.22 0.28 0.45 1.00
D-(38-72) IIr+1v+v Aqueous 0.00 0.19 0.36 0.45 RC
TFE 0.31 0.11 0.26 0.31 1.00
SDS 0.00 0.35 0.25 0.41 1.01
E-(17-72) vV+V Aqueous 0.00 0.19 0.36 0.45 1.00
TFE 0.08 0.22 0.31 0.39 1.01
SDS 0.00 0.14 0.51 0.36 1.00
F-(57-86) V + VI Aqueous 0.00 0.07 0.42 0.50 RC*
TFE 0.14 0.18 0.27 0.40 1.00
SDS 0.00 0.28 0.33 0.39 1.00

“ The abbreviations used are: H, « helix; B, B-sheet; T, B-turn; O, other structures.

® Aqueous solvent with 20 mM phosphate buffer, pH 7.
¢ Solvent composed of 80% trifluoroethanol and 20% water.

< Sodium dodecyl sulfate 1-2 mm. The percentage of secondary structures for each peptide was determined from the CD data analysis according

to the method of Manavalan and Johnson (33).
¢ Random coil.
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aqueous and TFE buffer (Table I). Therefore, there is a good
correlation between TAT Z2 and TAT BR in region II.

Region IV was described as an extended structure upon
binding on TAR (26). However, a peptide corresponding to
region IV cannot adopt this structure in aqueous buffer or in
TFE without TAR (26). Region IV is described as an extended
structure in TAT Z2 (30) and has a sequence rather conserved
in the HIV-1 isolates (Fig. 1). To evaluate the influence of
regions III and V, three peptides were synthesized, peptide
38-60 (regions III + IV), peptide 38-72 (regions III + IV + V),
and peptide 47-72 (regions IV + V). As explained above, pep-
tides 38—60 and 38-72 are random coils in aqueous buffer.
Peptide 47-72 (Fig. 2E) satisfies our criterion for a static struc-
ture, although a mixture of static and dynamic structure may
be present here. The CD data correlate with the two-dimen-
sional NMR data only with peptide 38—72 in SDS, which has a
percentage of extended structure consistent with the size of
region IV (Table I). Peptides 38—60 and 47-72 have a lower
percentage of extended structure in SDS or TFE (Table I). The

1.5
A 10
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Fic. 3. Secondary structure prediction according to the Chou
and Fasman method (39). The six TAT sequences selected from
Multalin were analyzed, and the plots were superimposed for each
secondary structure. Panel A is the superimposition for a-helix, panel B
for B-sheet or extended structure, and panel C for B-turn. The results
are similar for the six sequences except for regions III and V where
there are significant changes. There is a good correlation with the TAT
Z2 two-dimensional NMR structure and CD data except for region IV,
which is not predicted to be an extended structure. Region III is pre-
dicted to be an a-helix for TAT-BR.
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CD data suggest that region IV needs at least regions IIT and V
at the N- and C-terminal extremities to adopt an extended
structure. Therefore, the influence of regions III and V is de-
terminant for the structure of region IV. This observation is
confirmed by a two-dimensional NMR study that described
region IV included in a chimerical protein as a stable a-helix
(29), while a peptide corresponding strictly to region IV is
unable to adopt an a-helix structure in TFE or aqueous buffer
(26). A B-turn is observed in the region VI of TAT Z2. Peptide
57-86 satisfies our criterion for a random coil in aqueous
solution. In TFE and SDS, the high percentage of B-turn ob-
served (Table I) is consistent with the presence of this structure
in the region VI of TAT Bru.

No particular secondary structure is observed for regions II1
and V in TAT Z2. Fig. 2 shows that peptides with regions III
and/or V have changes in their CD spectra as a function of the
solvent. These changes can be correlated with the possibility
for regions III and V to adopt different secondary structures as
a function of the environment. From CD data it can be deduced
that regions III and V in TAT Bru have a conformational
heterogeneity, whereas regions I-1IV are rather rigid. The CD is
not decisive for region VI, but the molecular modeling and
Chou-Fasman analysis below indicate that region VI is struc-
turally conserved and therefore the change in structure for
peptide 57—86 with environment is due to region V. Moreover,
the secondary structures predicted from the CD data analysis
for the regions I, II, IV, and VI in TAT Bru are similar to the
secondary structures observed in the same regions in TAT Z2
(30). We used the Chou-Fasman method (39) on the six TAT
sequences selected from Multalin (Fig. 1) to evaluate the po-
tential structural changes due to these mutations. The super-
imposition of the six plots (Fig. 3) shows that the predictions
are dramatically changed as a function of the isolate for the
regions III and V but not for the other regions. There is a good
correlation between the Chou-Fasman plots and the TAT Z2
structures for regions I, II, and VI that have mainly B-turn
structures (Fig. 3C). Nevertheless, region IV is not predicted to
be an extended structure (Fig. 3B). There is a good correlation
with CD data, which show that region IV as a peptide cannot
adopt an extended structure (26). The region IV sequence does
not favor an extended structure, and this structure is probably
imposed by constraints from regions III and V. It is interesting
to note that in regions III and V there are mutations of glycine
and proline (Fig. 1), which are residues very important in the
structure of a protein (37).

To verify if TAT could adopt a similar three-dimensional
structure whatever the sequence, molecular modeling was done
on five TAT sequences using the atomic coordinates of TAT Z2
(30) available in the Protein Data Bank (40). The TAT Z2
coordinates were directly used to build the model for TAT BR,
TAT MA, TAT JR, TAT OY, and TAT EL when there was a
strict sequence homology of three residues or more, whereas
only the Ca coordinates were used in case of partial homology.
For TAT JR, TAT OY, and TAT EL that have a longer sequence
than TAT Z2, the C-terminal residue coordinates were arbi-
trarily set in an extended structure. The measure of the van der

TaBLE II
Energies for TAT models
Models were constructed using the structure of the TAT Z2 two-dimensional NMR (30) available in PDB (40) as described in Fig. 4. Energies were
minimized with the CVFF force field from MSI Technologies, Inc. (San Diego, CA).

Energies Models

(kcal/mol) TAT 72 TAT MA TAT BR TAT JR TAT OY TAT EL
Van der Waals 256 210 183 344 298 238
Coulombic 50 —443 541 —557 —696 —798
Total 307 —233 724 —212 —-398 —559
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FiG. 4. Panel A, TAT BRU structure obtained from molecular modeling using the atomic coordinates of the TAT Z2 two-dimensional NMR
structure (30). Region I is colored in red, region II in orange, region III in yellow, region IV in green, region V in light blue, and region VI in blue.
The only tryptophan is colored in white. Panel B, backbone superimposition of the TAT Z2 two-dimensional NMR structure (yellow) with the five
TAT structures obtained from molecular modeling: TAT MA (green), TAT BR (red), TAT JR (blue), TAT OY (pink), and TAT EL (light blue). The
superimposition was calculated using the backbone Ca atomic coordinates of each TAT structure targeted on TAT Z2. Molecular modeling was
made with Insight II, Discover, and Homology from MSI Technologies, Inc. (San Diego, CA) running on a R4600 Silicon Graphics workstation. The
CVEFF force field was used to minimize the structures, and van der Waals energies are shown in Table II. Hydrogens were generated at pH 7.
Steepest descent and conjugate gradient were the algorithms used for the minimization. Dynamic was performed at 300 K, and 110 different

structures were analyzed in the trajectory.

Waals energy of these models gave values ranging from 10° to
108 keal/mol, which is not compatible with TAT Z2 in term of
minimum energy models (Table II). Using the CVFF force field,
the models were minimized with the steepest descent algo-
rithm in a first step. TAT JR, TAT OY, and TAT EL had a
supplementary procedure made of a steepest descent minimi-
zation associated to a dynamic at 300 K and a constraint of 5 A
imposed between the N- and the C-terminal extremity, since
most of the three-dimensional structures available in the Pro-
tein Data Bank have their two extremities close together (40).
Every model was then submitted to a second step of minimiza-
tion with a conjugate gradient algorithm associated to a dy-
namic at 300 K for 1.1 ps (1000 structures obtained per ps). No
constraints were used in this second step, and therefore an
analysis of 110 structures selected for the trajectory was nec-
essary to determine the structure with the lowest energy ob-
tained from the dynamic. The third and final step was a min-
imization with the conjugate gradient algorithm. Table II
summarizes the van der Waals and Coulombic energies used to
compare the models with TAT Z2 and shows that they have
similar levels compared with the first models before minimiza-
tion and dynamics. However, with no constraint all structures
will eventually fall apart. The idea here is only to access the
relative stability of each sequence and show which regions
maintain the TAT Z2 structure, and which regions do not,
under these modeling conditions.

The polypeptide chain of the TAT BR structure (Fig. 4 A), as
described previously for TAT Z2 (30), has the N terminus
sandwiched between region II and region VI, while region IV
adopts an extended structure protruding from the core of the
protein. Among the seven cysteines located in region II, only
cysteines 25 and 34 have distances compatible with the pres-
ence of a disulfide bridge. The C-terminal extremity of TAT JR,

Fic. 5. Superimposition of TAT regions. Panel A, peptide 2-23
(region I), panel B, peptide 13—48 (part of region I, with regions II and
II1), panel C, peptide 3872 (regions III-V), and panel D, peptide 57—-86
(regions V and VI). Instead of using the full backbone as represented in
Fig. 4B, superimposition was made only with region I (panel A), region
II (panel B), region IV (panel C), and region VI (panel D). Superimpo-
sition with regions IIT and V (data not shown) did not show structural
similarities as observed with regions I-IV and VI.

TAT OY, and TAT EL, which have longer sequences, goes
through the loop made by the cysteine-rich region and ends up
in a groove made by a part of region I and region III. Table II
shows that these three models have a low Coulombic energy,
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consistent with stable structures due to intramolecular electro-
static bonds. The superimposition of the six polypeptide chains
shows that there are significant structural changes possible
among TAT proteins (Fig. 4B). These results confirm that mu-
tations occurring in the tat gene of different HIV-1 isolates can
be structurally important, and consequently TAT can keep its
activity with different possible three-dimensional structures. If
the superimposition is made on particular regions of TAT (Fig.
5), structurally related regions can be observed among the six
structures, except the two regions adjacent to the basic region
(regions III and V), which are impossible to superimpose. Fig.
5C shows that region IV has a structure conserved in the six
TAT structures. This result confirms the importance to have
region IV in extended structure for the TAT activity.

There is a good correlation between molecular modeling and
the CD experiments. Region V has been shown to adopt differ-
ent conformations in different solvents and when binding on
TAR (26). CD data show that regions III and V are affected by
solvent; molecular modeling shows that regions III and V have
a relatively unstable structure. This is consistent with region
IIT and region V having the highest conformational heteroge-
neity compared with the other TAT regions. This structural
plasticity could be very useful for fitting region IV into the
major groove of TAR. The propensity of region III to form an
a-helix in our peptides is probably not possible in the full TAT
protein. Regions III and V could adapt their structure in their
target, in contrast to region IV that must fit into the major
groove of TAR and keep its extended structure.

One of the aims of this study was to have a better insight into
the TAT structure to be able to do a ligand design. We show
here that TAT probably adopts different three-dimensional
structures as a function of the HIV-1 isolates. In contrast,
region IV always has the same structure. Nevertheless, a li-
gand that would bind only on region IV should be inefficient
because this region has a nanomolar affinity for TAR (10), and
it would be very difficult to produce a ligand with a better
affinity. Another approach should be to design a molecule as an
allosteric inhibitor, binding together region IV and a different
region of TAT. This would reduce dramatically the TAT activity
in preventing its conformational heterogeneity and should
avoid the problem of competition with TAR. From our study, it
appears that the conformational heterogeneity of regions III
and V would render design of a ligand for these regions unsuc-
cessful. Furthermore, one surface of TAT where region III
protrudes and a part of region II changes dramatically with the
TAT proteins that have a long C terminus. Although more data
should be collected, specially data on structural changes on the
full protein, we can propose that a molecule binding together
region IV with region I or VI should be the most appropriate.
Fluorescence is proposed to evaluate the distance between re-
gions IV and I or VI as a function of TAT structural changes,
since there is one tryptophan in TAT located in the middle of
the three-dimensional structure (30).
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