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Their Annealing

Caroline Eg€lg Etienne Pienont} Pascal Didief, Damien FicheuxX, Bernard Roque$Jean-Luc Darlix]
Hugues de Rocquignyand Yves Méy* -+

Département de Pharmacologie et Physico-Chimie des Interactions Cellulaires étWhtes, UMR 7175 CNRS, Faculte
Pharmacie, Uniersite Louis Pasteur, Strasbourg 1, 74, Route du Rhin, 67401 lllkirch Cedex, France, IBCP, 7, passage du
Vercors, 69367 Lyon Cedex 07, Franc€,jagement de Pharmacochimie Moidaire et Structurale, INSERM U266, Faculte
de Pharmacie, 4, fenue de I'Obseratoire, 75270 Paris Cedex 06, France, and LaboReUnité de Virologie Humaine
INSERM, IFR128, Ecole Normale Suigeire de Lyon, 46 alle d’ltalie, 69364 Lyon, France

Receied June 21, 2007; Resed Manuscript Receéd August 17, 2007

ABSTRACT. The retroviral nucleocapsid proteins (NCs) are small proteins with either one or two conserved
zinc fingers flanked by basic domains. NCs play key roles during reverse transcription by chaperoning
the obligatory strand transfers. In HIV-1, the first DNA strand transfer relies on the NCp7-promoted
destabilization and subsequent annealing of the transactivation response element, TAR with its
complementary cTAR sequence. NCp7 chaperone activity relies mainly on its two folded fingers. Since
NCs with a unique zinc finger are encoded by gammaretroviruses such as the canonical Moloney murine
leukemia virus (MoMuLV), our objective was to characterize, by fluorescence techniques, the binding
and chaperone activities of the NCp10 protein of MoMuLV to the TAR sequences of HIV-1. The unique
finger and the flanking 1225 and 46-48 domains of NCp10 were found to bind and destabilize cTAR
stem-loop almost as efficiently as the homologous NCp7 protein. The flanking domains were essential
for properly positioning the finger and, notably, the Trp35 residue onto cTAR. Thus, the binding and
destabilization determinants scattered on the two NCp7 fingers are encoded by the unique finger of NCp10
and its flanking domains. NCp10 also activates the cTAR/TAR annealing reaction, but less efficiently
than NCp7, suggesting that the two NCp7 fingers promote in concert the rate-limiting nucleation of the
duplex. Due to its ability to mimic NCp7, the simple structure of NCp10 might be useful to design
peptidomimetics aimed at inhibiting HIV replication.

Retroviral nucleocapsid proteins (NGsre small basic  the fingers were found to be similarly folded around the zinc
nucleic-acid binding proteins generated by the cleavage ofion, while their flanking sequences remain flexib&-(5).
the Gag precursorl{-3). NCs contain either one or two Retroviral NCs play critical functions during the early and
copies of a highly conserved C»C-X,-H-X4-C zinc finger late steps of the viral life cycle (for a review, seie{20).
that binds zinc ions with high affinitiesA{-7). Moreover, These multiple roles are largely mediated by the NC ability

to bind the genomic RNA and direct the rearrangement of
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Ficure 1: (a) Sequences of MOMuLV NCp10 and its deleted derivatives, and HIV-1 NCp7. (b) cTAR and dTAR sequences. The selected
CcTAR DNA sequence is the cDNA copy of the TAR RNA sequence from the MAL strain. The secondary structures of cTAR and dTAR
derivatives were predicted from that of TAR and the mfold program (http://www.bioinfo.rpi.edu/applications/mfold/old/dna/form1.cgi).
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(23, 26—28, 30, 32). NCp7 chaperones ss-cDNA transfer EXPERIMENTAL PROCEDURES

by increasing the rate and extent of the annealing reaction . - . .
(24, 30, 32—35) and by preventing nonspecific self-primed Materials.NCp10 derivatives (Figure 1a) were synthesized

cDNA synthesis by RTZ6—29, 34, 36). as previously describe®2) and stored lyophilized in their
i o T . zinc-bound form at-20 °C. Their purity was greater than

The first mechanistic step of NCp7-assisted TAR/CTAR g5, Doubly labeled DNA oligonucleotides (ODNs) were
annealing corresponds to the destabilization of TAR and synthesized at a 0;2mol scale by IBA GmbH Nucleic Acids
CTAR s'_cructures upon bi_nding of I\_IC moquuIé&;?{—42). Product Supply (Gtingen, Germany). The' Sermini of the
NC activates the transient opening (fraying) of cTAR opNs were labeled with either 6-carboxyrhodamine (Rh6G)
terminal base pairs leading to a partial melti8g,39) that ¢ carhoxytetramethylrhodamine (TMR) via an amino-linker
propagates up to the middie of the stedd,(42-44). NC with a six carbon spacer arm. Thét&rmini of the ODNs
also melts TAR but less efficiency than cTAR. The tWo \yere |abeled with either 4-{4limethylaminophenylazo)-
fingers in their proper context and the basic 29-RAPRKKG- penzoic acid (DABCYL) or 5(and 6)-carboxyfluorescein (Fl)
35 linker fully support the NCp7 destabilizing activigd). using a special solid support with the dye already attached.
The folded finger domain is required for the formation of a §pNs were purified by reverse-phase HPLC and polyacry-
hydrophobic platform at its surface that encompasses residues, mide gel electrophoresis (PAGE). All experiments were
from both fingers. These residues and notably the Trp37 nerformed at 20°C in 25 mM Tris-HCI, pH 7.5, 30 mM
residue in the distal finger are essential for cTAR binding Nacl, and 0.2 mM MgGl (30).
and melting 12, 43, 45, 46). The second step in NC
chaperoning of-) strand transfer most probably corresponds
to the NC-promoted invasion of the lower half of TAR stem coefficients of 7000 M cm-t were used to determine the

by CTAR, leading to the final duplex(, 44, 47). This step . centrations of the various NCp10 derivatives at 280 nm.
is likely promoted by the numerous basic residues in NC e concentrations of cTAR and dTAR, the DNA equivalent

(Figure 1a) that may neutralize the charges of the DNA ¢t TAR \ere determined using extinction coefficients at 260
phosphates, thus decreasing the electrostatic repulsion bez .~ ¢ 521,910 M! cm ! and 515,070 M! cm%, respec-

tween the oligonucleotide0, 48, 49). tively.

Slmple retroviruses such as the murine leukemia virus Steady-State and Time-Ressd Fluorescence Measure-
(MuLV) have been instrumental in our understanding of mentsFluorescence emission spectra and kinetic traces were
retrovirus replication, retroviral-mediated gene transduction, recorded on a FluoroMax Spectroﬂuorometer (Jobm Yvon)
and viral recombination50—-52). MuLV's belong to the  equipped with a thermostated cell compartment. Fluorescence
family of gammaretrovirus (g-Retrovirus) and encode a small titrations were performed by adding increasing cTAR
NC protein formed of a unique zinc finger flanked by highly ~ concentrations to a fixed amount of NCp10 or one of its
basic sequence§3-55). Interestingly, a human gammaret-  peptide. The binding stoichiometry was determined at peptide
rovirus similar to MuLV has recently been discovered to concentrations between 151 and 24M, while the binding
infect men with prostate cancei§ 57). In vitro experiments  constants were determined at peptide concentrations between
using a MuLV replication system have clearly shown that 0.2,M and 1.54M. Fluorescence intensities were corrected
MuLV NCp10 chaperones the—) strand transfer cDNA  for dilution, buffer fluorescence, and screening effects due
reaction b8, 59) through the repeat R sequences of 68 tothe ODN absorbance at the 295 nm excitation wavelength.
nucleotides at the'2nd of both the (-)ssDNA and the viral  Binding curves were fitted with eq 3 068).
genome. As for HIV-1, the MuLV R sequence adopts a stable  inetic measurements were performed in pseudo-first-
SL conformation §0, 61) that is required for cDNA strand  order conditions by using dTAR concentrations at least 10-
transfer 68). Interestingly, when the MuLV R sequences fo|q higher than the concentration of the labeled cTAR
were replaced by that of HIV-1 in the MuLV context, but = sequence47). Excitation and emission wavelengths were
not by nonstructured sequences, NCp10 still chaperoned4gg nm and 520 nm, respectively, to monitor the FI
minus strand cDNA transfebg). This indicates that (i) the  flyorescence. Peptides were added at a nucleotide to peptide
chaperone activity of NCs is not strictly dependent on the ratior = 5, except for NCp10 where= 10. The apparent
homologous RNA, (i) a SL structure is requires8f, and  rate constantksand the amplitudes were determined from
(i) NCp10 with a unique zinc finger can probably destabilize the kinetic data by including a dead-time correctigrto
the stable TAR and cTAR sequences. take into account the delay between the mixing of reactants

This prompted us to characterize in depth the binding and and the start of the measurements. Al fitting procedures were
chaperoning activities of MuLV NCp10 on the stable TAR carried out with the Microcal Origin 6.1 software based on
sequences of HIV-1 and to identify the structural determi- the nonlinear, least-squares method and the Leverberg
nants of these activities (Figure 1a). Results indicate that Marquardt algorithm.

NCp10 binds cTAR with an affinity similar to that of NCp7 Time-resolved fluorescence measurements were performed
and destabilizes cTAR to an extent similar to that of NCp7 with a time-correlated single photon counting technique as
by activating the fraying of the cTAR termini. In addition, previously described 64). For NCpl0 derivatives, the
NCp10 activates the annealing kinetics of cTAR with its excitation and emission wavelengths for Trp were set at 295
complementary sequence, but much less efficiently thanand 350 nm, respectively. For TMR-6TAR-3-FI, the
NCp7. The NCp10 chaperone properties are mediated by itsexcitation and emission wavelengths for Fl were set at 470
unique zinc finger and the flanking basic domains which are and 520 nm, respectively. Time-resolved data analysis was
required for strong binding as well as for proper stacking of performed by the maximum entropy method using the Pulse5
the Trp35 residue within TAR bases. software 65). The mean lifetimez0was calculated from

UV—Visible Absorption Spectroscopdbsorption spectra
were recorded on a Cary 400 spectrophotometer. Extinction
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the fluorescence lifetimes;, and the relative amplitudes, =1.0}(a)
o, by 0= Y047i. The populationpy, of dark species in s
NCp10 derivatives was calculated by g08
£06
204 3
e=1-—"2 1 £ 0.4
0 703 x R, @ 8
g02{ \" .
where[#[{ and[z[g are the measured mean lifetimes in the =

: . 00 02 04 06 08 10 1.2
absence and the presence of a given concentration of cTAR,

respectively. The population of dark species in TMR-5
CcTAR-3-Fl was calculated by the same equation with
and(Z(g being the mean lifetimes of the singly labeled cTAR-
3'-Fl in the absence of peptide and the doubly labeled TMR-
5'-cTAR-3-Fl in the absence or the presence of peptide,
respectivelyRn, corresponds to the ratio of their steady-state
fluorescence intensities.

Steady-state anisotropy measurements were performed | , , :
with a T-format SLM 8000 spectrofluorometer at 20. The O rARiam
emitted light was monitor?d tthUQh high-pass filters (55_0 FiGure 2: Binding curves of NCp10 derivatives with cTAR, as
nm) (Kodak). A home-built device ensured the automatic revealed by steady-state fluorescence. (a) Determination of the bind-
rotation of the excitation polarizer. Anisotropy titrations were ing stoichiometry. The intercept of the initial slope with the plateau
performed by adding increasing peptide concentrations to gives the number of NCp10 binding sites on cTAR. (b) Determina-

] ~ : .+ tion of the apparent binding constants. The concentrations of NCp10
100 nM B-Rh6G-cTAR. The Scatchard equation was rewrit (W), NCp10(12-48) (a), NCp10(L42) (@), NCp10(24-56) (),

[CTAR] (uM)

ten to fit the anisotropyr, as follows: and NCp10(24-42) @) (inset) were 1.%M in 25 mM Tris, 30 mM
NacCl, and 0.2 mM MgCl pH 7.5. Fluorescence intensities are ex-
(r—ry] [L+K ‘{nN[ + L] pressed in arbitrary units. Excitation and emission wavelengths were
r=ry+ ap — 295 and 350 nm, respectively. The concentrations of cTAR are
n 2K p Nt expressed in strands. Solid lines correspond to the fit of the ex-

perimental points with eq 3 06@) and the parameters of Table 1.

1+ K (NN + L)]? — 4nK__ °N.L
\/[ apd N+ L) @ 10 (2) volume, s is the ratio between the axial and lateral radii of

2K 3oy the sample volums; is the mean fraction of fluorophores
in their triplet state and; is the triplet state lifetime. The
excitation volume is about 023, andsis about 3. Typical
data recording times are 10 min.

whereL; andN; designate the total concentration of peptide
and 3-Rh6G-cTAR, respectively; represents the anisotropy
at the plateau when all the peptide is bound, whergasd

r correspond to the anisotropy values 6ffh6G-cTAR in RESULTS

the absence and in the presence of a given concentration of Binding of MuLV NCp10 Protein and Peptides to the cTAR
N.C’ .respecnvely.Kapp and n correspond to' thg appargnt Stem-Loop StructureWe first characterized the binding of
bmdmg_constant and the number_ of_prote_m binding sites, MoMuLV NCp10 to the multifunctional cTAR sequence of
respectively. The numbers of binding sites were those HIV-1 (20). To this end, reverse titrations (Figure 2) were

calculated from the steady-state fluorescence titrations. L . .
) performed by adding increasing ODN concentrations to a
FCS Setup and Data AnalysiSCS measurements were fixed NCp10 concentration in a 25 mM Tris pH 7.5, 30 mM

performed on a two-photon platform including an Olympus NaCl. 0.2 mM M C
. . . , 0. gC} buffer which is currently used for
IX70 inverted microscope3({, 66). Two photon excitation evaluating NC destabilizing properties4 68, 69). Binding

at 850 nm s provided bY a mode-locked Tsunami Ti:sapphire was monitored through the about 90% decrease of the Trp35
Iaser. pumped by a Millenia v SOI'd'St?te Iasgr (Spectra intrinsic fluorescence that accompanies the binding of cTAR
Physics). The measurements were carried out in an 8 WeIISL (Table 1). This dramatic fluorescence quenching is in
Lab-Tek Il coyerglass system, using a é@l()volume.per line with that observed in the NCpt@(ACGCC) complex
well. For an ideal case of freely diffusing monodisperse (70) and the complexes of NCp7 with various target ODNs
fluorescent particles undergoing triplet blinking in a Gaussian including cTAR @8, 71—73). This strong quenching indi- '
excitation volume, the correlation functioB(r), calculated cates stacking intéractions between Trp35 of NCp10 and
online by an ALV-5000E correlator (ALV, Germany) from bases of the cTAR SL. To confirm this, time-resolved
the fluorescence fluctuations can be fitted accordin@ @ ( fluorescence experiments were performe('j. As previously
1( Z)l( 1 :)1/2 reported 6), the intensity decay of the free NCp10 protein
Gr)=5-(1+—| (1L+=5— X was characterized by two lifetimes, with a long-lived lifetime
N Tq $ Ta of 7.04 ns that represents 71% and a shorter lifetime of 2.44
14 L P )| (3) ns (Table 2). Addition of a saturating amount of cTAR
1-f, P t resulted in the appearance of two additional shorter lifetimes
(0.17 ns and 1.43 ns) as well as a 3.9-fold decrease of the
whererty, is the apparent diffusion time (a parameter that is average lifetiméz[] This decrease ift(is significantly less
inversely related to the diffusion constant of the molecule), than the 10-fold decrease in the steady-state fluorescence
N is the mean number of molecules within the sample intensities, pointing to the existence of dark species with very
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Table 1: Binding Parameters of NC Derivatives to cFAR

nb be Kapp(M~1)¢ Kapp (M) /1o (%) AG (kcal/mol)

NCp® 7.8+£04 7 (1£0.2)x 108 nd" 8+2 ~10.7

NCp7(12-55) 7.6£0.6 7.2 (1.7+0.2) x 107 nd 10+ 3 9.7

NCp10 8+ 1 7.0 (2.3£ 0.9) x 107 2.5+ 0.5) x 107 10+ 4 -9.8+0.3
NCp10(12-48) 7+1 7.6 (4.24 0.5)x 10° (1.8+0.1) x 10P 10+ 4 -8.9+0.1
NCp10(1-42) 6.7+ 0.6 8.3 (2.0 0.9) x 10° (8.44 0.9) x 10° 26+ 6 -8.4+0.3
NCp10(24-56) 8.0+ 0.6 6.9 (2.6+ 1.0) x 10° (214 0.2) x 10° 58+ 7 ~7.3+£0.2
NCp10(24-42) 18 3.1 (1.6+ 0.1) x 10° nd 80+ 4 —-5.7+0.1

a Experiments were performed in 25 mM Tris, 30 mM NacCl, 0.2 mM Mg@H 7.5.° The number of binding sites was determined as described
in the legend to Figure 24.The occluded binding site was calculated by dividing the number of cTAR nucleotides®dhe Kqpp Values were
calculated by fitting the steady-state fluorescence data in Figure 2b to eg63)adr(d fixing the number of binding sites to its closest integer.
€ The Kqpp Values were calculated by fitting the anisotropy data in Figure 3 to &ty 2nd|, designate the fluorescence intensities of the peptide
in the absence and presence of an excess of cTAR, respecti@aya from ref43. " Not determined! For NCp10(24-42), 18 binding sites were
used 43).

Table 2: Time-Resolved Fluorescence Parameters of the Intrinsic Fluorescence of NC Derivatives Free and Bound to cTAR

[cTAR]
peptides (uM) Qo 71 (NS) o 72 (NS) o2 73 (NS) o3 74 (NS) ol Z0ns) Rn
NCp10 — 0 2.44 0.29 7.04 0.71 571 -
1 0.62 0.17 0.51 1.43 0.30 3.47 0.09 6.25 0.11 1.48 10
(0.20) (0.11) (0.03) (0.04)
NCp10(12-48) - 0 0.96 0.10 3.06 0.16 7.29 0.74 598 -
3 0.54 0.16 0.50 0.78 0.24 2.69 0.19 7.30 0.07 1.28 10
(0.23) (0.11) (0.09) (0.03)
NCp10(1+-42) - 0 2.05 0.48 6.92 0.52 458 —
4 0.10 0.14 0.47 2.17 0.43 6.78 0.10 1.68 3
(0.42) (0.39) (0.09)
NCp10(24-56) - 0 1.86 0.32 5.46 0.68 431 -
4 0.25 0.11 0.22 1.86 0.27 5.58 0.51 3.37 1.7
(0.17) (0.20) (0.38)
NCp10(24-42) - 0 1.68 0.45 5.58 0.55 383 -
10 0.00 0.12 0.29 191 0.32 5.63 0.39 2.84 1.3
(0.29) (0.32) (0.39)

aExperiments were performed with 1,8V peptides in 25 mM Tris, 30 mM NaCl, 0.2 mM Mgg€lpH 7.5. The lifetimesz;, and relative
amplitudes,o;, are expressed as means for at least three experiments. The standard deviations are usually below 10% for the lifetimes and the
amplitudes Ry, is ratio of the fluorescence of the peptide in the absence of cTAR to that in the presence of the indicated concentration of cTAR.
The relative amplitudeq,, of the dark species is calculated by eq 1. The amplitudes given in brackets were recalculated to take intaxgccount

short (<20 ps) or null lifetime with a relative amplituc, 0.24
of 62%. Both the dark species and the short-lived components
are typical of stacking interactiong4). As for the Trp37 0.22
residue in the NCp7/ODN complexe8l( 73), the stacked -
conformation of Trp35 is by far the major species in the S 0.201 028
NCpl10/cTAR complexes, representing more than 90%. £ '

Then, the binding stoichiometry was inferred from the 2 0181 z 0% -
intersection of the initial slope of the titration with the < £ 020
fluorescence plateau (Figure 2a). We obtain a number of 016 < o6
binding sitesn, of about eight (Table 1), corresponding to 7
an occluded binding sitdy, of about 7 nucleotides per NC [NCp10] (M)
molecule, similar to that reported for NCp#3 72, 73, 75). 0'14(‘, 4 8 12 16 20 24
The apparent binding constatt,y, was determined (Figure [Peptides] (M)

2b) by assuming that NCp10 binding sites on CTAR are Ficure 3: Binding curves of NCp10 derivatives with cTAR, as

identical and independent. This approach was shown to bergyegled by steady-state fluorescence anisotropy. The concentration
reasonable to compare the binding affinities of NCp7 of Rh6G-3-cTAR was 100 nM. Anisotropy titrations were per-
peptides to cTAR and PBS mutan&3(72). TheK,ppvalue formed by adding increasing concentrations of NCp({nset),

of NCp10 for cTAR (2.3x 107 M%) was found to be only ~ NCEp10(12-48) (a), NCp10(1-42) @), NCp10(24-56) (#), in

. : . 25 mM Tris (pH 7.5), 30 mM NacCl, 0.2 mM Mgl Excitation
four times less than that of NCp43). To confirm this value, wavelength was 480 nm. Emissierb50 nm was monitored through

a direct titration of Rh6G-labeled cTAR by increasing NCp10  high-pass filters. Solid lines correspond to the fit of the experimental
concentrations was performed by fluorescence anisotropypoints with eq 2 and the parameters of Table 1.

(Figure 3 inset). By fitting the binding curve with eq 2, a
Kapp value of (2.5+ 0.5) x 10 M~ was obtained, in  domains were partly truncated while most of the basic
excellent agreement with the previous value. residues were kept. In NCp10{#2) and NCp10(2456),

To identify the major NCp10 determinants for binding to the C-terminal and the N-terminal domains were deleted,
CTAR, several NCpl0 deletion mutants were designed respectively. Finally, in NCp10(2442), both terminal
(Figure 1a). In NCp10(1:248), both the N- and C-terminal  domains were deleted leaving only the finger motif. Interest-
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ingly, both the fluorescence quenching and time-resolved 1,pje 3. pestabilization of cTAR by NC Derivatives, as Monitored

fluorescence properties of the NCp10{#4B)/cTAR com- from Steady-state Fluorescence Spectrostopy

plex were close to those of the NCplO/cTAR complex % Rh6G
(Figure 2b and Table 2), suggesting that the Trp35 residue fluorescence
was similarly stacked in both complexes. In addition, similar peptides I lipepiodl —pepide v (%)  restoration
occluded binding sites anid.p, values were found (Table NCp? 5 6.9+ 0.9 97 25

1), indicating that the deleted sequences only contributed to NCp7(12-55p 5 6.9+ 0.9 87 25
about 1 kcal/mol to the binding energy of NCp10 to cTAR. NCpl10 5 +1 90 2442
A more dramatic effect was observed when either the N- or NCP10(12-48) f 9 gi (1) 8 gé g?éi g
the C-terminal domain was fully deleted. In both cases, the ncp1o(-42) 05 43+ 0.7 96 14+ 2
cTAR-induced quenching of Trp35 fluorescence was moder- NCp10(24-56) 0.5 1.0+ 0.2 73 0

ate, being 74% and 42% for NCp16{42) and NCp10(24 NCp10(24-42) 05  1.00+0.06 18 0

56), respectively. The population of dark and low-fluorescent 2 Experiments were performed with 100 nM Rh6GeFAR-3-
species was below 55% (Table 2), indicating that Trp35 was DABCYL. r designates the ratio of nucleotides to peptide. &y
stacked only in a limited fraction of these complexes. In the |-pepiiceratio designates the fluorescence intensity of the doubly labeled

- P - - CTAR in the presence to that in the absence of peptide. Excitation and
remaining complexes, the lifetimes were identical to those ;... wavelengths are 480 and 550 nm, respectivalgsignates

of the free peptide, suggesting that Trp35 did not interact the fraction of cTAR nucleotides coated by the peptides, as calculated
with the bases of cTAR in such complexes. Though the from Table 1. The restoration of the Rh6G fluorescence is calculated
occluded binding sites of both peptides were similar to that by assuming a 25-fold increase of fluorescence for the complete melting
of NCp10, significant decreases were observed in tkigyy ~ °f the CTAR molecules: Data from ¢3).

values. Indeeda 1 order of magnitude decreaseKig,, was
observed with NCp10(%142), suggesting that the C-terminal

401

(43—56) domain stabilizes the binding of NCp10 byi.5 {———5 1
kcal/mol A 2 orders of magnitude decrease Kny, was 301 IZ*
observed upon deleting the N-terminal—<24) domain, 204

indicating that this sequence stabilizes the NCp10 binding
to CTAR by about 2.5 kcal/mol. The largest differences with
the native NCp10 were observed with the NCp1G6(22)
peptide, since the quenching of Trp 35 induced by its binding
to cTAR was about 20%. This fluorescence decrease is

mainly attributed to a short-lived lifetime (0.12 ns) that Ficure 4: Restoration of Rh6G fluorescence in doubly labeled
represents about 30%, indicating a partial stacking of Trp35 CcTAR as revealed by steady-state fluorescence spectroscopy. The

in a fraction of the complexes. Moreover, since the remaining fiyorescence intensity of 100 "M Rh6G-6TAR3-DABCYL was
lifetimes were identical to those of the free peptide, N0 measured in the presence of NCpB),( NCp10(12-48) (a),
stacking of Trp35 occurred in most complexes. Due to the NCp10(1-42) (@), NCp10(24-56) (), and NCp10(2442) (O)

low affinity of this peptide for cTAR, it was not possible to N 25 mM Tris, 30 mM NacCl, and 0.2 mM Mggl pH 7.5.

. . S o . .. Restoration of Rh6G fluorescence was calculated by comparing
determine its binding stoichiometry. Assuming that itS ,o"measured intensity to the intensities of the free cTAR and the

OCCIUded b|nd|ng S|th: 3) iS Similar to that Of the iSOlated fu”y melted one. Excitation Wave|ength was 480 nm.
finger motifs of NCp7 T, 43), the Kqpp value was found to
be about 3 orders of magnitudes smaller than that for NCp10.  Addition of NCp10 at a ratio of 5 nucleotides per peptide
Thus, the basic N-terminal and C-terminal domains stabilize caused a 7-fold increase of the fluorescence intensity of
the binding of NCp10 by~4 kcal/mol, in full consistency =~ Rh6G-3-cTAR-3-DABCYL (Table 3), close to that ob-
with the sum of binding energies (1.5 kcal/mbl2.5 kcal/ served with NCp739, 43). The similarities between NCp10
mol) deduced separately from the NCp164R) and NCp10- and NCp7 indicate that destabilization of cTAR can be
(24-56) mutants. Nevertheless, though the stabilization achieved with a single finger motif. Since a full melting of
provided by the two terminal domains is significant, the cTAR would lead to a 25-fold increase of the Rh6G
major part of the binding energy of the NCpl0/cTAR fluorescence, about 30% of the Rh6G fluorescence is restored
complex is conveyed by the finger motif that contributes to upon NCp10 binding. At higher concentrations, NCp10 did
as much as 60% of the total binding energy at 30 mM NaCl. not further increase the Rh6G fluorescence but rather
Destabilization of the SterrLoop Secondary Structure of decreased it (Figure 4), probably due to an aggregation of
cTAR by NCpl10 Peptidedhe nucleic acid destabilizing the NCpl0/cTAR complexes, similar to that observed with
properties of NCpl10 peptides were first characterized by the native NCp7 47, 77, 78). This aggregation was con-
using cTAR labeled at its'5and 3 ends by Rh6G and firmed by the sharp increase in the baseline of the absorption
DABCYL, respectively. The dyes form a nonfluorescent spectra due to light scattering (data not shown).
heterodimer when the SL is close8l7( 76), while melting The truncated NCp10(1248) mutant at = 5 was found
of the SL restores the Rh6G fluorescence. The melting to increase the fluorescence intensity of Rhn6&BAR-3 -
potency of a given NCpl0 peptide can thus be evaluated DABCYL to a level similar to NCp10, suggesting that the
from the ratio of the fluorescence intensity in the presence deletion mutant was as efficient as the native NCp10 with
versus the absence of the peptide (Table 3). Since the meltingespect to this activity. Using higher concentrations of
depends on the coating of cTAR by the pepti@9)( the peptides (i.e., lower values) to fully coat cTAR, the
fraction, v, of coated cTAR nucleotides (Table 3) was fluorescence restoration further increases wp36% (Figure
calculated from the binding constants (Table 1). 4). The determinants of NCp10 destabilization activity are

104

Fluorescence restoration (%)

0 2 4 6 8 10 12
[peptides] (uM)
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Ficure 5: Fraying equilibrium of TMR-5cTAR-3-FI (a) and comparative effects of NCp10 and NCp7 on TMRTPAR-3-FI fluorescence
spectrum (b). In (a), the equilibrium between the closed form and the various melted forms of T®0WIRFS-3 -FI has been drawn according

to (38, 39). The various forms are characterized by the lifetimgsand relative populationsy;, given in Table 4. (b) Effect of NCp10-
(12—48) and NCp7(1255) on 100 nM TMR-5cTAR-3-Fl as revealed by steady-state fluorescence spectroscopy. Excitation wavelength
was 470 nm. Emission spectra were recorded either in the absence (solid line) or in the presence of N@8)&{t2= 1 (dotted line)

or NCp7(12-55) atr = 5 (dashed line).

thus within its (12-48) sequence, corresponding to the zinc terminal 3 bp segment, the lower half of cTAR, and the
finger and the flanking basic residues. Noticeably, the folding whole cTAR molecule, respectivel3g, 39) (Figure 5a). In
of the finger was found to be critical for cTAR destabilization addition, these partly melted species are in equilibrium with
since removal of zinc by an excess of EDTA prevented the a populationo, of closed dark species (associated with a
peptide-promoted melting but not the binding to cTAR (data null lifetime) representing 81% (Table 4). NCp10(4£8)
not shown). did not change the fluorescence lifetimes of TMReBAR-
Interestingly, a fluorescence restoration below 15% was 3'-FI but decreased the amplitudes associated with the less
observed with NCp10(42), even at concentrations where fluorescent species to the benefit of the most fluorescent ones
95% of cTAR was coated by the peptide & 0.5), (Table 4). Thus, like NCp7 and NCp7(235), NCp10(12-
suggesting that the 4348 sequence contains several deter- 48) shifts the equilibrium toward the partly melted cTAR
minants of NCp10 destabilizing activity. Furthermore, no species. Interestingly, though the steady-state fluorescence
destabilization of cTAR was observed with both NCp10- intensities of TMR-5CcTAR-3-FI complexed with NCp7 and
(24—-56) and NCp10(2442) peptides, even at the highest NCpl0(12-48) are similar, as can be seen from tRg
tested concentrations. Thus, the finger alone or together withvalues (Table 4), significant differences appear in the am-
the C-terminal domain is unable to melt cTAR. Taken plitudes associated with the various lifetimes. Indeed, at com-
together, our data suggest that NCp10 determinants for itsparable coating levels, NCp10(%28) decreases less and
destabilizing activity are on the folded finger and its flanking increases less, than NCp7, but increases more significantly
(12—23) and (43-48) basic sequences. the az population associated with the full melting of cTAR.

To further characterize cTAR destabilization by MuLV ~As a consequence, NCp10(128) shifts less than NCp7
NCp10, time-resolved fluorescence measurements with TMR-finger domain the equilibrium from the closed to the partly
5'-cTAR-3-Fl were performed. Though the FTMR dye melted cTAR species, but within the populations of melted
pair is less sensitive than the Rh6GABCYL pair, the species, NCp10(1248) generates more efficiently the fully
time-resolved fluorescence decay of Fl is simpler than the melted cTAR. The increased population of fully melted
Rh6G one and can be used to determine the extent of meltingCTAR species induced by NCp10(128) as compared to
Indeed, the three lifetime components;73, of Fl in TMR- NCp7(12-55) is further confirmed by the steady-state spectra
5'-cTAR-3-FI can be associated with the melting of the of the two complexes (Figure 5b). Both the increased Fl peak
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Table 4: Destabilization of cTAR by NC Derivatives, as Monitored by Time-Resolved FluoreScence

r oo 71 (NS) o 72 (NS) o2 73 (NS) o3 @ns) Rmn
- - 0.81 0.11 0.54 1.08 0.16 3.95 0.30 1.42 15
(0.10) (0.03) (0.06)
NCp? 5 0.47 0.16 0.43 1.30 0.43 3.95 0.14 1.18 6.6
(0.23) (0.23) (0.07)
NCp7(12-55p 5 0.46 0.15 0.33 1.39 0.37 3.76 0.30 1.69 4.5
(0.18) (0.20) (0.16)
NCp10(12-48) 5 0.62 0.16 0.27 1.07 0.29 3.67 0.44 197 5.3
(0.10) (0.12) (0.17)
1 0.58 0.16 0.17 1.09 0.31 3.76 0.52 2.32 4.05
(0.07) (0.13) (0.22)
NCp10(24-56) 5 0.80 0.11 0.53 1.08 0.25 3.98 0.22 1.20 16.5
(0.11) (0.05) (0.04)

a Experimental conditions are as in Table 3. Parameter significance and expression are as inRrabs@nates the ratio of the Fl fluorescence
intensity of the singly labeled cTR3'-FI derivative in the absence of peptide to that of the doubly labeled TMER-BR-3'-FI derivative in the
absence or the presence of NC derivativ&$).(The relative amplitudey,, of the dark species is calculated by eq 1 Withirar-3-r = 3.94 ns.
The amplitudes given in brackets were calculated as in Tatfléata from ref 43).

and the decreased TMR peak observed with NCp16(12 0

48) in comparison with NCp7(:255) indicate a lower 184 Ay A

fluorescence resonance energy transfer and thus a larger 164 = y'y A

distance between the two dyes, consistent with an increased alt

melting of cTAR. The full melting of cTAR is highly = M
sensitive to the coating level, as shown by the significantly ‘® 122,

lower a3 value (0.17) forv = 71% ( = 5) as compared to P Aan D )
theas = 0.22 value fow = 95% ( = 1). Finally, no change SO TR R e s o
in the time-resolved parameters was observed with NCp10- 3.5, B Ses s A.m-
(24—56), confirming that this peptide does not modify the

secondary structure of CTAR. 3.(1JE . - - 1

To further characterize the NCp10 promoted destabiliza-

tion of cTAR, the kinetics of the transient openings (fraying)
of cTAR stem terminus was investigated by fluorescence

7 (ms)

Ficure 6: Dynamics of cTAR fraying as monitored by FCS. The
ratio, G*(t), between the autocorrelation curves of 100 nM of Rh6G-

correlation spectroscopy (FCS). In this method, the fluores- 5-cTAR-3-DABCYL and Rh6G-5cTAR was obtained either in
cence intensity arising from a very small volume containing the absencea() or in the presence)) of 1.1u4M NCp10(12-48).
a limited number of fluorescent molecules (about 12 The solid line is a three-parameter exponential fit to the data (see

molecules for a concentration of 100 nM) is correlated to
obtain information about the processes that give rise to

the text) with the parameters given in Table 5.

Table 5: Kinetics of cTAR Frayirfg

fluctuations in the fluorescenc&9). The very small excita- : -
tion volume (about 0.2 fL) is provided by two photon peptides r w(us)  kp(s?)
excitation. The dynamics of cTAR fraying were determined — — 180+10 800+30  4700+200 0.17
from the ratioG*(z) between the autocorrelation curve of mggz&i‘zﬁg 55 1%81 ig 1‘;%8% ?880 2?%%% 18880 8-22
the doubly Ia_beled Rh6G-8TAR-3-DABCYL sequence to NCp10(24-56) 5 230+ 30 800+ 100 3700+ 400  0.22
that of the singly labeled Rh6G-BTAR sequence (Figure aThe chemical rate constants, were deduced from the fits of the
6). For a two-state model between _afluc_Jre_scent partly meltedoIata in Figure 6 tG*(r) = A B exp(-t/r). The opening rate
and a nonfluorescent closed SL, this ratio is expected to ShoWconstantsk,, and the closing rate constanks, were deduced from
a monoexponential decayz*(7) = A + B exp(—t/t;) where eq 4. The equilibrium constar€s between open and closed cTAR
B designates the amplitudd, is the limit value ofG*(7), species was determined from the time-resolved data of RHGGAR-
andt, is the reaction time37, 38, 80). This allows then the ~ 3-DABCYL by K¢ = (1 — aw)/to. ° Data from ref 87).

Qeductlon of the opening and clos_lng rate constants descr'b'value, indicating that NCp10(1248) strongly activates
ing stem terminus transient openings by

CcTAR fraying. In sharp contrast, the reaction time and rate
constants with NCp10(2456) were indistinguishable from
those of the free cTAR species, indicating that in line with
its inability to destabilize cTAR, this peptide did not affect
CcTAR fraying.
whereKgy is the equilibrium constant determined from time- NCp10 Promotion of cTAR DNA/TAR DNA Annealing.
resolved fluorescence measurements (Table 4). The real-time annealing kinetics of cTAR with dTAR, the
In the absence of protein, the reaction time and calculated DNA analogue of the TAR sequence, was investigated by
rate constants (Table 5) were very similar to those previously mixing TMR-5-cTAR-3-FI with an excess of nonlabeled
determined 7). NCp10(12-48) strongly reduced the reac- TAR DNA (dTAR). The less stable dTAR was preferred to
tion time, as shown by the much faster decay®fr) in its TAR RNA since it allows faster annealing kinetics with less
presence (Figure 6). This changerjrtorresponded to a 19-  photobleaching. Formation of the 55 bp cTAR/dTAR ex-
fold increase in thé, value and a 4-fold increase in thg tended duplex (ED) strongly increases the interchromophore

ka (579 Kqd

Ka

— -1 1
“op =T T K,

I §
=TTk,

(4)
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Ficure 7: Promotion of cTAR/dTAR annealing by NCpl0
derivatives. (a) Kinetic trace of 10 nM TMR-6TAR-3-FI with

300 nM dTAR in the presence of NCpl10 mt= 10 in 25 mM
Tris-HCI (pH 7.5), 30 mM NaCl, 0.2 mM MgGlat 20 °C.
Excitation and emission wavelengths were 480 nm and 520 nm,
respectively, to monitor the Fl emission. The solid line corresponds
to the best fit to the data according to eq 5. Inset: Principle of the
annealing reaction. Formation of the ED strongly increases the

Egeleet al.

Table 6: Kinetic Parameters of cTAR-dTAR Anneafing

peptides Kon1 (M~1s7h) Konz(M~1s7Y)
—b 9000+ 800 85+ 20
NCp7(12-55) >10 (1.3£0.1)x 1C°
NCp10 (2.7£0.1) x 10° (2.8£0.4) x 10
NCp10(12-48) (1.4+£0.1) x 1C° (2.0£0.3) x 10¢
NCp10(1-42) (1.6 0.2) x 10* (15+£0.1) x 1C°
NCp10(24-56) (2.5+ 0.4) x 10¢ (3.4£0.1) x 1¢°

a Peptides were used at= 5, except for NCp10 which was used at
r = 10. The kinetic rate constants for the fash{) and the slowKon2)
components were calculated from the dependence dithealues on
the concentration of dTAR, as described in Figuré Data from ref

7).

respectively. Bothkys Values varied linearly as a function
of the dTAR concentration, suggesting that both kinetic
components followed a second-order reaction (Figure 7c).
The associatiornk{n: 2 and dissociationkis 2) rate constants

of both slow and fast components were determined according
to

Kobs1,2= Kon1 JdTAR] + Ky 5 (6)

Thekony value (2.7+ 0.1) x 1® Mt s tandk,n, value (2.8

+ 0.4) x 10* M~ s were respectively 1 and 2 orders of
magnitude larger than the values of the corresponding rate
constants in the absence of NC. Moreover, khevalues
were close to 0O, indicating that the reverse reaction was
negligible and, thus, that NCp10 can hardly melt the ED.
The NCp10-promoted annealing of cTAR to dTAR is in line
with the previously shown ability of NCp10 to chaperone
the first strand cDNA transfer directed by HIV-1 R sequences
(59). In further line with this last work, NCp10 was less
efficient than NCp7, as could be seen from the 1 order of

interchromophore distance and, thus, restores the Fl emission. (b)magnitude difference in their respective kinetic rate constants.

Residuals for a two-exponential fit of the experimental data. (c)
Kinetic parameters of the cTAR/TAR annealing reaction in the
presence of NCp10 at= 10. The observed annealing rate constants
for the fast kops) (¥) and slow k.nsp) (H) components were

Interestingly, the annealing kinetics with the truncated
NCp10(12-48) peptide was substantially the same as with
NCpl0 (Table 6), indicating that the terminal domains do

determined in pseudo-first-order conditions and plotted as a function not play a major role in the annealing reaction. In contrast,

of the dTAR concentration. The solid line corresponds to the fit of
the data with eq 6 and thie,, values given in Table 7. Thky
values are close to 0.

distance, leading to a full recovery of FI emissiev); In

the absence of NC protein, the cTAR/dTAR annealing was
previously shown to involve two distinct kinetic components
characterized by two slow second-order rate const&gis (

= 9000 Mt st andky,, = 85 M1 s (47). In the presence

the NCp10(+42) and NCp10(2456) peptides were much
less efficient in promoting cTAR/dTAR annealing since
completion of the reaction required several hours in both
cases. Values of the kinetic rate constants with both peptides
were about 1 order of magnitude lower than those with
NCp10 and NCp10(1:248). In fact, the annealing activities

of both NCp10(%42) and NCp10(2456) are quite limited
since both peptides only increase tg andkon, values by

of NCp10, we observed the same fluorescence plateau as i factor of 2-3 and 15-40, respectively, in respect with

the absence of protein, indicating that the reaction went to
completion generating the ED (Figure 7a). Furthermore,

the corresponding values in the absence of peptide. It can
thus be concluded that the (£23) and (43-48) sequences

NCp10 drastically increased the annealing kinetics, since theof NCp10 play a critical role in the annealing activation.

reaction was complete in less than 20 min, instead of more
than 1 day in the absence of protein. The kinetic traces were
adequately fitted (as could be seen by the nearly random

distribution of the residuals around the zero value in Figure
7b) with a biexponential function:

1)) = I — (I — lg(x e L™ (1 — x) g A7) (5)
wheret is the dead timekyys; are the observed kinetic rate

constantsx is the amplitude of the fast component, dpd
andl; are the fluorescence intensities of the SL and the ED,

DISCUSSION

In the present study, we investigated the interaction of the
MoMuLV NCp10 protein with the cTAR sequence of HIV-1
as well as the promotion by NCp10 of the cTAR/dTAR
annealing. The affinity of NCp10 to cTAR was found to be
of the same order of magnitude as that of the HIV-1 NCp7
protein and to be mainly supported by its {148) sequence.
The major role of this sequence in the binding process is in
line with NMR data showing that complexes of NCp10 with
a fragment of they RNA packaging signal and NCp10(14
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53) with dACGCC are stabilized by hydrophobic contacts
involving residues Ala27, Tyr28, Trp35, and Ala36 from the

Biochemistry, Vol. 46, No. 50, 200714659

residue that participates in the hydrophobic platform of
NCp10 and forms hydrophobic contacts with dACGQO)(

finger domain, and also Leu21 and Pro43, located on bothand the UCUG binding sequence ¢fRNA (82). Basic

sides of the CCHC box7Q, 81, 82). Moreover, the strong

residues in the domains flanking the finger of NCp10 likely

fluorescence decrease of the Trp35 residue indicates thatplay also an important role in the destabilizing activity.

as for the UCUG sequence gf RNA (81, 82), ACGCC
(70), and polyU 83), Trp35 stacking with cTAR bases is
critical for strong binding. The complex is likely further

Indeed, mutations of Argl6, Argl7, Argl8, Lys41, and
Lys42 into neutral residues were shown to lead to poor DNA
strand transfer and poorly infectious virus&®,(59). Our

stabilized by interactions between the positively charged data with the NCp10(2442) and NCp10(2456) mutants
residues surrounding the zinc finger and the nucleotide (where Arg16 to 18 residues are missing) suggest that these
backbone. The role of the domains flanking the central zinc basic residues strengthen the binding of NCp10 to cTAR

finger as well as the importance of Trp35 stacking was

and provide a proper orientation of its hydrophobic cleft for

confirmed by the strong affinity decrease and concomitant cTAR destabilization. Noticeably, the relative destabilizing
loss of Trp35 stacking observed with the deletion mutants properties of NCp10 and NCp7 are probably correlated with

(Table 1). Consequently, the role of the domains flanking
the NCp10 finger might be to properly position the protein
on its nucleic targets for optimal stacking of the Trp35
residue. Noticeably, the NCp10(%28) domain appears
comparable to the NCp7(£55) domain, since both domains
contribute at 30 mM NaCl to about 90% of the binding
energy of their respective native proteins (Table 1). Thus,
the binding determinants on the finger and the flanking
domains of NCpl0 appear similar to the determinants
scattered on the two fingers and the basic linker of NCp7.
In addition, the poor binding of the terminal{11) and
(49-56) residues to cTAR is fully consistent with their
limited interaction withyyRNA (81, 82).

Moreover, NCpl10 was found to shift the equilibrium of
CcTAR conformations to partly melted forms. NCp10 de-

the stability of the target ODN sequence, since NCpl10 was
found to be far less efficient than NCp7 in destabilizing the
long double-stranded sequence of thBNA (90).

The NCp10 and NCp10(:248) peptides were also found
to activate both the slow and fast kinetic components of the
CcTAR/JTAR annealing reaction. While only a moderate (1
order of magnitude) increase was observed for the fast
component, previously associated with a limited annealing
of the terminal bases of cTAR and dTART), a 2 order of
magnitude increase was observed for the slow component
associated with the productive formation of the ED. These
data indicate that the NCpl0 annealing activity is also
supported by the zinc finger and its flanking domains, in
line with the critical role of these regions in primer annealing
to the PBS %4, 55, 59, 85, 86). Interestingly, the cTAR/

creases less than NCp7 the population of closed cTARdTAR annealing kinetics with NCp10 is about 1 order of

species but generates more efficiently the fully melted form,
probably due to its faster fraying kinetics (Table 5). The
destabilizing activity of NCp10 is mainly supported by its
central (12-48) domain that plays thus the same role as the
central two finger domain of NCp7. This indicates that the
destabilization activity does not require two fingers but can
be mediated by one folded finger flanked by two basic
domains. The critical importance of NCp10 folding in its
chaperone properties may partly explain the loss of infectivity
of MoMuLV virions where the Cys and His residues that
bind zinc were mutated@, 85). Indeed, mutations of His34
to Cys or Cys39 to His were reported to affect reverse
transcription and prevent the synthesis of full-length viral
DNA (86). Similar mutations in NCp7 lead to misfolded
fingers 87, 88) that prevent the formation of the hydrophobic
platform required for appropriate recognition and destabiliza-
tion of SLs @3, 89). In NCp10, this hydrophobic platform

is thought to be formed by Trp35 and the nearly perfectly
aligned residues Leu21, Ala27, and Ala36 residus. (A

magnitude slower than with NCp7(255) (47) and about

2 orders of magnitude slower than with the full-length NCp7
(44). This slower activation as compared to NCp7 is in line
with the lower ability of NCp10 to promote minus strand
DNA transfer using HIV-1 R sequencesdj. A still slower
promotion of cTAR/dTAR annealing was observed with the
truncated NCp10(*42) and NCp10(2456) peptides, prob-
ably due to their reduced ability to produce the reactive cTAR
species where the lower half of the stem is meld] 47).

In this respect, the residual activity of the truncated mutants
may be due to their ability to screen the repulsive electrostatic
repulsion between the SLs and thus favor their encounter.
In contrast to the truncated peptides, the reduced ability of

the full-length NCp10 as compared to NCp7 to activate the

annealing of cTAR with dTAR can hardly be attributed to

differences in their destabilization properties, since the latter
are comparable. Moreover, both NCp7 and NCp10 proteins
being strongly positively charged, they screen probably to

the same extent the negative charges of the SLs. In fact, the

clear relationship between the stacking of the Trp35 residuekinetically limiting step being the nucleation of the ED
and cTAR destabilization was observed since the NCp10- through the residues of the lower half of the SLs, the two

(24—56) and NCp10(2442) mutants, that exhibit only a

fingers of NCp7 likely act in concert to facilitate this

small population of stacked Trp residues, are unable to nucleation step. Alternatively, it cannot be excluded that

destabilize cTAR (Tables 2 and 3). Thus, by analogy to the
Trp37 residue in NCp7, the stacking of Trp35 with the cTAR
bases is critical for cTAR destabilizatiod3). The role of
Trp35 in the destabilizing component of NCp10 chaperone
activity together with its role in genomic RNA packaging
may explain the loss of infectivity of MuLV virions where
this residue has been mutated to S&#) (or Gly (85). The
inability of NCp10(24-56) and NCp10(2442) to destabilize

NCpl1l0 promotes cTAR/dTAR annealing by a different
pathway, as for instance through a loop/loop interaction. This
last pathway has also been evidenced with NCHT, 91,

92), but as a minor one4d, 47). Differences in the
mechanisms of NCp7 and NCp10 are not unlikely since the
SL in the cognhate MoMuLV R sequence is shorter and less

stable than the HIV TAR sequenc@dj.

In conclusion, the determinants of the chaperone activities

cTAR may also be related to the absence of the Leu2l scattered on the two fingers of NCp7 are encoded by the
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single folded finger and the flanking domains of NCp10. 9.

The comparable destabilization of cTAR promoted by NCp10
and NCp7 may be attributed to their similar hydrophobic
plateau. In NCp10, the flanking domains are likely critical
for positioning the hydrophobic plateau onto the target ODN
and notably, to allow an optimal stacking of Trp35 with the
ODN bases. In contrast to cTAR destabilization, the promo-
tion of cTAR/dTAR annealing was substantially less efficient
with NCp10 than with NCp7, suggesting that two fingers
are required for promoting the kinetically limiting nucleation
of the ED. Nevertheless, due to its ability to bind strongly
to TAR sequences and mimic NCp7 chaperone properties,
the simpler structure of NCp10 could be used as a starting
point to design peptidomimetics able to compete with NCp7
in the viral life cycle. Indeed, peptidomimetics based on a
limited set of NCp7 structural determinants have previously
been shown to impair reverse transcription and display
antiviral activity @3). Similarly, these peptidomimetics might
also be active against the protein region strictly homologous
to the NCplO sequence in the novel gammaretrovirus
identified in prostate tumors$6, 57).
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