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The Solution Structure of HIV-1 Tat Protein
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Abstract

The trans-activator protein (Tat) controls the expression of early genes of the human A total of 1721 NOE cross peaks and*33,, coupling constants could be identified in  To the right, the core domain and
immunodeficiency virus type 1 (HIV-1). It exerts its effects by binding to the Tat- the NOESY and COSY spectra, and structures were calculated with a modified X- the interaction of its two central
responsive region (TAR), an RNA stem-loop structure located at the 5-end of all PLOR 3.851ab initio simulated annealing protocol (Briinger, 1996) using residues Phe38 and Tyr47 which
lentiviral RNAs. While the structure of the RNA element has been determined in Ramachandran database refinement (KuszestsHi, 1996), and direct refinement causes the formation of a
solution in its free and ligand bound forms (Aboul-eial, 1996, 1995), a high againsfJ,, coupling constants (Garretal, 1994). After that, the wild type sequence  hydrophobic core is shown. These

resolution structure of wild type HIV-1 Tat could never be determined, although severami‘suL?:;‘::IZT:‘LISJI:E:::;%:;Zp:gé:;:"%s‘m":["'fg;g)n were performed, ?Q’:r:::lgd:zzoarﬁr'\zﬁ‘;?:la‘(?on ofthe
structural features of this protein have been elucidated (Eyer 1995). The reintroduction of the cysteine residues served the purpose to reveal whether the  specific Tat-TAR complex which
Here, we describe the detvermlnanon of th_e structure _Df mular_\t HI\/_»l Tat protein by introduction of alanines and serines had brought about structural features which were causes the disruption of the
NMR-spectroscopy and - This variant of the HIV-1 Tatgitterent from the wild type protein. In that case, the placement of a cysteine residue hydrophobic core of the protein.
protein is indistinguishable from the wild type protein with respect to RNA-binding as  with its larger side chain would cause structural violations, for example by steric

judged from CD-spectroscopy and UV-melting studies. The protein exhibits a rigid hindrance. The following energy minimization would then result in a structure which

structure, mainly stabilized by turns in most parts, but a higher degree of confor i violated the pr observed distance restraints.

variability in secondary structure for the cysteine rich and the basic domain. The NH However, we could not observe any structural violations upon the introduction of the

terminus is positioned in the center of the molecule, interacting with the core, the basicgysteines, and therefore conclude on the determined structure to be similar to the X .

and the glutamine rich domain. An RGD-stretch at the COOH-terminus of the protein isStructure of wild type HIV-1 Tat protein. The lower drawing depicts the
solvent exposed, enabling the interaction with other proteins such as the integrin interaction of arginines from the
receptor. The present structure of HIV-1 Tat is compared with structural data obtained basic domain with acidic residues

" P il fi NH- . Thi
for several Tat peptides, and indications for structural rearrangements upon RNA The structure of HIV-1 Tat protein C'S,Tﬁ'gf‘eg;ﬂg'g"ﬁ,‘"w'i, the
binding are discussed. protein and fixes the basic domain

. relatively to the rest of the protein.
Introduction

The 86 amino acid Tat protein of HIV-1 is essential for viral replication and only short
transcripts of viral RNA are found in its absence, whereas full length transcripts of viral RNA
are produced and the transcription rate is increased in its presence. Tat is located mainly in th|
nucleus and nucleolus of infected cells, and acts through binding to the Tat-responsive region
(TAR), an RNA stem-loop structure located at the 5'-end of all HIV transcripts. The solution
structure of TAR is known both in its ligand bound and free form.

Tat has pleiotropic effects on the host cell as well as on gene expression in uninfected cells.
Genetic analysis has revealed the existence of several functionally important stretches of amir
acids within the protein, referred to as sequence domains. Residues 1 to 19 comprise the acid
and Pro-rich domain, the next 12 residues containing five cysteines define the Cys-rich domail
residues 49 to 57 represent the basic domain that is essential for RNA binding and
nuclear/nucleolar targeting of the protein, amino acids 60 to 72 form the Gin- rich domain, and
residues 32 to 47 make up the core domain. Both, Gln-rich and core domain contribute to TAH
binding specificity (Churcheet al, 1993). Residues 73 to 86 are encoded by the second exon
and are not necessary for intracellular HIV-1 Tat fundtiovivo. There is, however, some
evidence that these residues are important for the uptake of extracellular HIV-1 Tat, and a
conserved RGD motif, amino acids 78 to 80, may mediate this function. General structural
features of HIV-1 Tat are known, but the wealth of biochemical data accessible for this protein|
can only be explained on the basis of a highly resolved structure.

Methods

In order to be able to obtain highly concentrated samples of HIV-1 Tat protein in solution, we
devised a mutant protein in which all seven cysteine residues were replaced by a cassette of

alanine and serine residues. The Tat@satein was expressed i coli BL21/DE3and purified

fo homogeneity by a two-step metal affinity chromatography procedure followegkbgversed  The picture shows the protein backbone in tube representation with its Connolly surface

phase HPLC. in grey. The NH-terminus of the protein is positioned to the left, and the COOH-
In order to test whether the constructed variant of HIV-1 Tat was behaving similar to the wild  terminus to the upper right corner of the picture. The central position of Trp11is le69 is the structural anchor of the Gln-
type protein, we employed several functional and structural assays, such as CD-spectroscopy dlighlighted. . rich domain, as demonstrated by its centrg
UV-melting. The protein shows no elements of regular secondary structure besides bends (B) and position in the domain. The backbone
tum (T) elements which are found for amino acids 3-8 (B), 15-22 (B+T), 26-33 (B), wraps around this residue in three extendd
COSpecraot VL Ter 36/37 (B), 39-47 (B+T), 57/58 (), 61/62 (B), 66-68 (B), 70/71 (T), and 75-80 (B+T).  stretches from Pro58 to Gly61, Gly62 to
CD-Spectra were used to show that the Structural statistics are given in the following table: GInG6, and Lys71 to Ser75. These are

wild type protein and the cysteine free mutant
of Tat were identical with respect to their
secondary structure. The protein lacks regular

connected by turn regions at Gly61/Gly62
and Asp67 to Pro70.

o secondaty structural elements suckidlices
estraints for the final structure calculation

or B-sheets. However, a certain percentage of o ety Nots o

tum elements can be deduced from the dichroism Sequential NOES [1- [ = 1 ago
o of the samples. medium-range NOES [i-j|=2,3,4,5 30
long-range NOESs [i-j| > 5 140

Total number of NOEs 7p2

Dihedral angle restraints 13

Molecular dynamics statistics
verage energy (ky/mol)
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Free molecular dynamics simulations uncover internal flexibility in HIV-1
. Tat protein
S The stability of the obtained wild type structure has been tested in free molecular dynamics
el Curves of HIV-A TAR RNA o R.m.s.d. from ideal distances (nmi‘ simu\ﬁ(\ons with a simulation ‘t\me of 350 ps. The results show a considerable dggrge of
l;md Tenaih i flexibility, albeit the preservation of the overall structure. The conformational variability can be
g § : y
In UV-melting experiments the mutant protein Rom.s.d. from ideal angles () attributed mainly to residues in the Cys-rich and GIn-rich domains. This correlates with r.m.s.d.
also proved to be indistinguishable from the [Bond angles T 1.6} values >0.2 nm observed in the initial structure calculations for residues Thr20 to Cys27 and,
wild type protein. The midpoint of melting, as Improper angles | 0.96 therefore, represents an intrinsic feature of Tat protein. Possibly, binding of cyclin T by HIV-1
judged by the relative increase ingf- Ay of T _—_—,°r ‘"m 0.1 Tat (Wei et al., 1998) would impose conformational restraints on this particular stretch of amino
TAR-RNA was increased by about 9 °C upon 'Wﬁ_]ﬁa acids. Furthermore, a variety of longrange H-bonds, e.g. between residues GIn35, Args3, and
the addition of the mutant protein. This effect [Heavy atoms (1-86) [ 040 Asp67 and salt bridges between residues of the basic domain and theriiius contribute to
could not be seen after the addition of arginine the stability of the tertiary structure of HIV-1 Tat.
at sevenfold excess (Metzgaral, 1996), and
can be attributed to the specific binding of
TatCys- protein to ité vivo RNA target TAR. 2 Fr ek e e N0 b e P o s o o Tk o gt
Overlay of the 10 least energy structures after minimization
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From the data obtained we concluded that Tat@gs similar to the wild type protein with
respect to structure and functionality and, therefore, went on to solve the three dimensional
structure of the protein with the help of NMR-spectroscopy. As there prove to be spectral
overlap simililarly as seen in the spectra of the wild type protein before (Bagkr1996), we
introduced™N nitrogen in order to allow for the complete assignment of the spin systems.

The following spectra were recorded:

homonuclear *H,*H-Clean-TOCSY (MLEV-17 spin lock) spectra, mixing times 40 and 80 ms
H,’H-NOESY spectra, mixing times 100 and 200 ms
H,’H-DQF-COSY spectra

heteronuclear'H,’N-HSQC spectra
1H,1H 1*N-HMQC-TOCSY (MLEV-17 spin lock) spectra, mixing time 80 ms
H,H,N-HMQC-NOESY spectra, mixing time 200 ms
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