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Abstract: Human immunodeficiency virus Nef protein acceler- 
ates virulent progression of AIDS by its interaction with specific 
cellular proteins involved in cellular activation and signal trans- 
duction. Here we report the purification and crystallization of the 
conserved core of HTV-ILAI Nef protein in the unliganded form 
and in complex with the wild-type SH3 domain of the p59fi" 
protein-tyrosine kinase. One-dimensional NMR experiments show 
that full-length protein and truncated fragment corresponding to 
the product of  HIV-1 protease cleavage have a well-folded com- 
pact tertiary structure. The ligand-free HIV-1 Nefcorc protein forms 
cubic crystals belonging to space  group  P23 with unit cell dimen- 
sions of a = b = c = 86.4 A. The Nef-Fyn SH3 cocrystals belong 
to the space  group P6,22 or its enantiomorph, P6522, with unit cell 
dimensions of a = b = 108.2 and c = 223.7 A. Both crystal 
forms diffract to a resolution limit of 3.0 A resolution using syn- 
chrotron radiation, and are thus suitable for X-ray structure deter- 
mination. 
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The human and simian immunodeficiency virus nef gene is an 
important determinant of virulence in experimental infection of 
adult monkeys and human disease  (Trono, 1995). A nefdeleted 
mutant of SIV that does not cause disease in adult macaques has 
been used successfully as a vaccine against challenge with patho- 
genic virus. The critical role of Nef in human infection by  HIV-1 
virus was supported by studies of long-term nonprogressing sub- 
jects infected with attenuated virus strains manifesting deletions in 
the nefgene virus. The HIV- I nefgene product is a 206-amino acid 
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N-terminal myristoylated protein of  27 kDa, found associated to 
the plasma membrane of infected cells. Currently, three putative 
functions can conceivably account for the effect of Nef down- 
regulation of the surface expression of CD4, the principal viral 
receptor in T cells, modulation of the T cell activation status, and 
enhancement of viral growth rate and infectivity. The molecular 
mechanisms by which these actions are accomplished remain elu- 
sive, but the latter two functions rely crucially on the presence of 
a strictly conserved proline-rich (PxxP) motif recognized by Src 
homologous 3  (SH3) domains. Nef has been shown to bind to a 
subset of SH3 domains of the Src family of protein-tyrosine ki- 
nases (Lee  et al., 1995; Saksela et al., 1995; Collette et al., 1996). 

Two different models have been  reported for the three-dimensional 
structure of  HIV-I  Nef protein: the crystal structure of Nefcorr 
complexed with the Fyn SH3 R96I mutant (Lee et al., 1996) and 
the NMR model of unliganded Nef core domain (Grzesiek et al., 
1997). We here describe the overproduction in Escherichia  coli, 
the purification of HIV-ILAI Nef protein, and its further crystalli- 
zation in a form suitable for medium resolution X-ray crystallo- 
graphic studies of both unliganded and SH3 liganded Nef. The 
structure of Nef free and liganded to Fyn SH3 will allow us to 
accurately describe the structural changes of  Nef  upon ligand bind- 
ing and will likely lend insight into affinity and specificity of SH3 
binding. 

We originally attempted to crystallize the full-length Nef  HIV- 1 
protein, but this was unsuccessful. We therefore explored limited 
proteolysis in order to circumvent aggregation and define domain 
boundaries in the protein, which would allow us to obtain a stable 
molecule suitable for crystallization experiments. One-dimensional 
NMR data show clear evidence for significant role of ionic strength 
for the stability and folding of full-length and deletion mutant Nef 
proteins. DLS experiments were also performed to screen for mono- 
dispersity of solutions (Ferrt-d'Amar6 & Burley, 1994). 

Expression and purification: Various cDNA encoding Nef  LA1 
isolate from HIV-I were amplified using the full-length GST-Nef 
cDNA (Benichou et al., 1994) as template. The resulting PCR 
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fragments were purified, then ligated into the BamH  I-EcoR I 
restriction sites of the pGEX-2T expression vector (Pharmacia). 
These plasmids, corresponding to Nef wild type, NefA1,57r Nef,, 
and NefAl,*" mutants, were transformed into BL21(DE3) E. coli 
cells. Cultures for overproduction were grown in LB medium at 
37 "C and induced with 0.5 mM isopropyl P-D-thiogalactopyranoside 
for  3 h. All recombinant Nef proteins were purified as follows: the 
cells were harvested, washed, and sonicated in TBS buffer (50 mM 
Tris-HCI, pH 8.0, 100 mM NaCI), 2 mM D E ,  1 mM phenylmethyl- 
sulfonyl fluoride, 1 mM benzamidine, and 0.4 mg/mL lysozyme 
(chicken egg white, Sigma). Cell debris  was pelleted by centrifu- 
gation (30 min at  40,000 X g) at 4 "C. The supernatant was applied 
to an ion exchange chromatography column (DEAE-FF, Pharma- 
cia) and eluted with a gradient of 100-600 mM NaCl. The frac- 
tions containing the fusion protein were pooled and applied to a 
glutathione-sepharose column (Pharmacia) in TBS buffer. After 
extensive washing of the resin with 1  M NaCl in TBS buffer, the 
Nef protein was cleaved from the fused GST on the column matrix 
by overnight treatment at room temperature with 10 units of throm- 
bin per milligram of fusion protein. Fractions containing the Nef 
protein were pooled and concentrated using Centricon concentra- 
tors (Amicon). A final gel filtration chromatography on Sephacryl 
SI00 column (Pharmacia) yielded more than 95% pure protein. 
Nef protein solutions were concentrated to I O  mg/mL in 150 mM 
NaCI, 0.2 mM EDTA, 20 mM Tris-HCI, pH 8.0, and 5 mM DTE, 
stored at 4 "C, and subsequently used for crystallization and DLS 
experiments. The selenomethionine-substituted NefAl,s7 protein was 
overexpressed by transforming the same expression vector directly 
into the methionine auxotroph PI 80AmetA::cat strain (Richaud 
et al., 1993) and purified using similar procedures as for native 
protein. Protein concentrations were determined by  UV absor- 
bance using calculated extinction coefficients. The identity and 
purity of recombinant Nef proteins were assessed by amino- 
terminal sequence analysis and electron-spray mass spectroscopy. 
Approximately 5 mg  of >95% pure Nef protein were obtained per 
liter of culture. 
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The  SH3 domain from Fyn tyrosine kinase, corresponding to 
residues 72-146  of the human enzyme (Roche et al., 1995), was 
expressed as GST-fusion protein in a pGEX-2T E. coli system. The 
Fyn SH3 domain was purified as described above for GST-Nef 
fusion proteins and concentrated to 15  mg/mL. 

Characterization of  Nef by limitedproteolysis, NMR, and DLS: Re- 
combinant HIV-I protease (MRC AIDS Directed Program Re- 
agent Project) and trypsin (Sigma) were used for limited proteolysis 
experiments. Digestion of the full-length Nef protein by trypsin 
and HIV-I protease yields fragments of 19  and 17 kDa, respec- 
tively, in agreement with previously published limited proteolysis 
experiments on a different Nef isolate (Freund et al., 1994). 

Spectroscopic experiments were performed to obtain prelimi- 
nary structural information and to evaluate correct folding of the 
wild-type Nef and NefAl,s7 mutant corresponding to the product of 
the HIV-I protease cleavage. The  600-MHz ID-NMR spectra re- 
corded at 27°C in  10 mM Hepes buffer, pH 7.2, 150 mM  NaCl 
show that the full-length Nef protein and the NefAl,57 mutant have 
a stable and well-defined tertiary structure (Fig.  IA,B). Several 
broad resonances are upfield shifted to about - 1 ppm, indicating 
that methyl groups are buried in a hydrophobic environment. Am- 
ide protons are found from 7 to 9 ppm and some of them are still 
observed in D 2 0  solvent and are therefore involved in hydrogen 
bonds or are buried in the hydrophobic core of the protein. The 
spectrum in Figure 1A shows broad linewidths on the order of 
40 Hz, consistent with protein aggregation or oligomerization in 
solution. The spectrum of the mutant shows sharper linewidths 
than the wild-type Nef, on the order of  20-30  Hz (Fig. IB).  The 
spectrum recorded without salt (Fig. IC) is characteristic for a 
random-coil protein because most of the amide proton resonances 
are found at 8.3 ppm  and the methyl resonances give an unique 
peak centered at 0.9 ppm.  DLS experiments of full-length Nef 
revealed aggregation; the size distribution (Boyer et al., 1996) was 
broad and irregular. Elimination of the amino-terminal domain 
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Fig. 1. 'H-NMR  spectra  of  HIV-ILAI Nef protein recorded  at 600 MHz in H 2 0  at 27 "C. The protein solutions  contained 0.3 mM Nef 
in I O  mM Hepes buffer, pH 7.2, and 150 mM NaCI. A: Full-length Nef protein. B: Nef core  domain (NefAl,sr). C: Full-length Nef 
protein in I O  mM Hepes buffer, pH 7.2, without NaCI. 
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resulted in a reduction of aggregation with a unimodal distribution 
centered about 8 nm. 

Crystallizations: Crystallization conditions could only be found 
for NefAl,57 corresponding to the core domain of  Nef obtained by 
cleavage with the HIV-I protease. For crystal growth, a 0.4 mM 
Nef,,,,, protein solution was mixed with an equal volume of res- 
ervoir solution containing 18-20% (w/v) PEG 4000  (Fluka), 5% 
(v/v) isopropanol, 5 mM DTE, 1 CMC POG, over a pH range of 
7.3-7.7 in 50 m M  Hepes buffer. The best crystals (0.3 X 0.3 X 
0.8 mm) were obtained with the sitting drop technique, where 
IO-pL drops were suspended over a 1 -mL reservoir at 18 "C for 
2-4 weeks. 

Nef-Fyn SH3 cocrystals were obtained by the vapor diffusion 
technique at I8 "C. A Nef solution at 6.5 mg/mL in I O  mM Tris- 
HCI buffer, pH 8.0, with 150 mM NaCl, 0.2 mM EDTA, and 5 mM 
DTE is mixed with Fyn SH3 protein in the same storage buffer at 
a 0.7 to 0.9 SH3/Nef molar ratio, in the presence of 1 CMC POG 
as additive. Two microliters of this solution are mixed with 2 pL 
of the well solution consisting of 30 mM bicine buffer at pH 8.9, 
2.2-2.6 M NaCI, and 4%  (v/v) isopropanol. Single hexagonal crys- 
tals grew to typical sizes of 0.5 X 0.5 X 0.3 mm3 within 1 week. 

Preliminary X-ray studies: Crystals of unliganded Nefcorc belong 
to cubic space group P23 with unit cell dimensions a = b = c = 
86.4 A. The volume of the unit cell is consistent with a single 
molecule in the asymmetric unit, corresponding to a packing den- 
sity (VM) of  3.1  A'/Da and a solvent content of about 61%. The 
unit cell dimensions of hexagonal cocrystals for Nef-SH3 complex 
are a = b = 108.2 and c = 223.7 A, the space group assigned 
to P6,22 or its enantiomorph, P6,22. The packing density ( V ,  = 

3.7 A'/Da) corresponds to a solvent content of 67% assuming two 
Nef-SH3 complexes in the asymmetric unit. 

Both crystal forms diffract to 3.0 A resolution using synchrotron 
radiation (beamline D2AM, ESRF, Grenoble, France). However, 
severe radiation damage made it necessary to establish cryocooling 
conditions. Good results were obtained by serial transfer of these 
crystals in drops containing increasing amounts of glycerol (5, 10, 
20, 30%) in mother liquid. 

Conclusion: We have established crystallization and cryocooling 
protocols for unliganded NefD,,,, and in complex with the wild- 
type Fyn SH3 domain that enabled us to collect data suitable  for 
X-ray structure determination. NMR experiments showed that a 

minimum ionic force  is required for a correct folding of  Nef pro- 
tein. Amino-terminal truncation of the protein improved monodis- 
persity of solutions as shown by DLS experiments. 
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