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ABSTRACT:. The Nef protein from human or simian immunodeficiency virus enhances viral replication,
downregulates immune cell receptors, and activates multiple host cell signaling pathways. Conformational
information about full-length Nef has been difficult to obtain as the full-length protein is not readily
amenable to NMR or X-ray crystallography due to aggregation at high concentrations. As an alternative,
full-length HIV and SIV Nef were probed with hydrogen exchange mass spectrometry, a method compatible
with the low concentration requirements of Nef. The results showed that HIV Nef contains a solvent-
protected core, as previously demonstrated with both NMR and X-ray crystallography. SIV Nef, for which
there is no structural information, had a similar protected core, although it was more flexible and dynamic
than its HIV counterpart. Many of the regions outside the core in both SIV and HIV Nef were highly
solvent exposed. However, limited protection from exchange was observed in both N- and C-terminal
regions, suggesting the presence of structured elements. Protection from exchange was also observed in
a large loop emanating from the core that was deleted for NMR and X-ray analysis. These data show that
while the majority of Nef was highly solvent exposed, regions outside the core may have structural attributes
which may contribute to Nef functions known to map to these regions.

The Nef protein from human (HIV#and HIV-2) or
simian (SIV) immunodeficiency virus enhances viral replica-

flexible in solution, residues 239 and 159173 were
removed for solution NMR structural workly, 12). The

tion, downregulates immune cell receptors, activates multiple N-terminal region of HIV Nef (residues-125 and 2-57)

host cell signaling pathways, and is essential for high viral
loads and progression to AIDS (reviewed in réfs6). While
the nef gene is conserved among all primate lentiviruses,
SIV Nef appears to serve the same functional role as HIV
Nef through a slightly different mechanism<10). SIV Nef

was also investigated by NMRL%, 16) and found to be
mostly disordered. The structure of the N-terminal region
seems to be dependent on myristoylati@g){ and confor-
mational changes have been observed upon myristoylation
(17). All the known structural information for HIV Nef has

binds the Hck tyrosine kinase via its SH2 domain rather than been assembled into a model of the full-length protéB).(

through the SH3 domain as in HIV Nef. Further, SIV Nef
utilizes its first 50 amino acids for Hck interaction, while
these residues in HIV Nef are not required for Hck binding.
Structural information about parts of HIV Nef has been
produced by NMR 11, 12) and X-ray crystallographyl@,
14). Full-length HIV Nef could not be crystallized, whereas
a deletion variant including residues-5205 (13) or 58—
206 (14) provided crystals suitable for structural determi-
nation. However, residues 5469 and 149-178 remained
disordered in both crystals. As full-length HIV Nef was prone
to aggregation and significant parts of HIV Nef were highly
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In the model, the conformation of the loop between residues
157 and 174 remains unknown, and the residues were
inserted with a probable conformation before energy mini-
mization. Figure 1A summarizes the regions of HIV Nef for
which structural information has been obtained. There is
currently no structural information for SIV Nef.

Nef is a multifunctional proteinZ, 3, 6). Some of its key
disease-related functions map to regions where Nef appears
to be unstructured. For example, residues-62 in the
N-terminal region of HIV Nef are required for MHC-I
downregulation 19—-21), and two residues in the large
unstructured loop (D174 and D175) appear to be necessary
for CD4 downregulationZ?2). It is important, therefore, not
only to understand the conformation of the parts of Nef for
which limited structural information has yet been obtained
but also to have a method that can provide information about
changes to the structure of these regions during Nef interac-
tions with cellular partners that are important for disease
progression.

To further future biophysical analyses of the interactions
of Nef with binding partners and to elucidate the nature of
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Ficure 1: (A) Comparison of HIV and SIV Nef. The regions of HIV Nef for which there are X-ray crystallographic data are colored gray
(PDB entries 1IEFN and 1AVZ); regions where there is NMR structural information are colored black [resitREESPDB entry 1ZEC;

residues 257, PDB entry 1QA5; and residues-6R10A163—177 in our numbering (which corresponds to residues BB A159-172

in PDB entry 2NEF)]. Structural elements previously determined are shown on top of HIV Nef: white box, PPIl domain; blaak lines,
helices; and gray lineg strands. The shaded region of SIV Nef is predicted to be highly similar to the structured region of HI¥, Nef (

9). (B) Hydrogen exchange into intact HI\®@§ and SIV ©) Nef. The deuterium level has been adjusted assuming 12% back-exchange
during analysis. The maximum deuteration levels for HIV and SIV Nef are 201 and 248, respectively. The error bars represent the range
of two independent determinations. (C) Comparison of exposed and protected residues in intact HX in SIV and HIV Nef. Unprotected
residues were defined as those that had exchanged already by the shortest time point used (10 s), while protected residues were those that
did not exchange during ¢h8 h time course (the difference between the total number of exchangeable backbone amide hydrogens and the
number that exchanged after 8 h, panel B).

the SIV Nef conformation relative to HIV Nef, we have used at—80 °C until purification. To purify six-His Nef, the cell
hydrogen exchange mass spectrometry (HXMS) to probe thepellet was thawed and sonicated in a buffer containing 20
conformation of HIV and SIV Nef. In contrast to all previous mM Tris (pH 8.3), 500 mM NacCl, 5 mN8-mercaptoethanol,
structural work with NMR, it was possible to analyze both 20 mM imidazole, and 10% glycerol. The lysate was cleared
full-length Nef proteins with HXMS at concentrations 28 by centrifugation and loaded onto a His-trap chelating
uM. Nef has a tendency to form higher-order multimers at column (Amersham, 5 mL) using FPLC (Bio-Rad). The six-
the concentrations=200 M) required for NMR, and the  His Nef was eluted with a linear imidazole gradient (from
nonmyristoylated form (used here) has been reported to form20 mM to 1.0 M), and the fractions containing the six-His
multimers in solution Z3). Our HXMS results demonstrate  Nef protein were identified on an SBAGE gel with
that some type of structure exists in the parts of Nef that Western blotting using an anti-His antibody (His probe H-15,
have been deleted in previous structural investigations or Santa Cruz). The fractions containing six-His Nef were
deemed totally unstructured, suggest that the core of SIV pooled and dialyzed in a buffer containing 20 mM Tris, 100
Nef is similar to HIV Nef, and indicate that SIV Nefis more  mM NaCl, and 3 mM DTT (pH 8.3). The concentration of

dynamic than its HIV Nef counterpart. purified six-His Nef was obtained using a scanning densi-
tometer (Quantity One software, Bio-Rad) with BSA as the
MATERIALS AND METHODS concentration control. The mass of each purified protein was

verified with electrospray mass spectrometry (see Figure 1s

Production of HIV and SIV Nef\ef from either HIV-1 of the Supporting Information),

(SF2 strain) or SIV (mac293 strain) was amplified by PCR k )
and subcloned into baculoviral transfer vector pvL1393 using _HYdrogen ExchangeDeuterium labeling methods were
the BamHI and EcoRiI cloning sites. The cloning resulted in Similar to those previously describe2 26). Briefly, HIV
addition of a six-His tag (MHHHHHH) at the N-terminus and SIV Nef were independently incubated at°ZLin 20
followed by the second coding amino acid (glycine) for both MM Tris, 100 mM NaCl, and 3 mM DTT (pH 8.3) for 10
HIV and SIV Nef. The resulting transfer vectors were used Min prior to labeling. Approximately 6 nmol of protein [at

to produce recombinant baculoviruses in Sf-9 insect cells & concentration of 2aM (HIV Nef) or 6.4 uM (SIV Nef)] -
using Baculogold baculovirus DNA as described previously Was labeled by adding a 15-fold excess of 99% deuterium
(24). To express six-His Nef (same procedure for either SIv 0xide in 20 mM Tris, 100 mM NaCl, and 3 mM DTT (pD

or HIV Nef), Sf-9 insect cells were grown to a cell density /-42)- At various time points ranging from 10 s to 8 h, an
of 1.5 x 10P cells/mL in 1 L of Graces supplemented insect aliquot (400 pmol) of labeled protein was removed, and 0.5
medium (GIBCO) containing 10% FBS. One hundred N H(_:I was us_ed to reduce the pH to 2.50 and quench the
milliliter of high-titer baculovirus was added to the culture labeling reaction.

medium. The infected cells were harvested-48 h post- Intact Protein AnalysisFull-length protein (HIV or SIV
infection by centrifugation and washed once in ice-cold PBS. Nef) was analyzed immediately after the labeling reaction
The cell pellet was flash-frozen in liquid nitrogen and stored was quenched. Each quenched sample was injected onto a
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1 mm x 8 mm protein trap (Michrom Biosciences) and

desalted for 3 min at 2% acetonitrile at a flow rate of 100
uL/min. After desalting had been carried out, the acetonitrile
concentration was increased to 98% to elute the protein. Both et

HIV
A) (-5)-15 D) 4-17

N

o
-
o

10+ 4 _eo—e—e—o—e
HPLC solvents contained 0.05% TFA, and all tubing and —_ °
valves were placed in an ice bath to minimize deuterium a 0 L o_ L
back-exchange2(f). The eluant was directed into a Waters =
QTOF2 for mass analysis. The parameters of the mass g 1o [B220E 10447158
spectrometer were as follows: capillary voltage of 2.7 kV, 3 i .
cone voltage of 35 V, source temperature of 35, £ 5_/‘—‘_‘—‘ 5-
desolvation temperature of 17&, and nitrogen gas flow 2 1
of 500 L/h. The mass spectrometer was scanned over the 9 0 L, -
m/z range of 56-1990 with a scan time of 2.4 s and an § T T

interscan time of 0.1 s. Each mass determination was %Fﬁ_ 81 F) 66-7
calibrated with horse heart myoglobin infused at the end of 6
the chromatographic run. The resulting mass spectra were
converted from thenwz scale to molecular mass using the
transform algorithm in MassLynx. The centroid of each mass 0 L 0 L
for each labeled time point was determined. The difference 01 1 10 100 1000 04 1 10 100 1000
in mass between the unlabeled control and each exchange . .
time point was used to determine the extent of deuterium Time (min)
incorporation. A totally deuterated form of either HIV or FIGURE 2: Deuterium uptake curves for selected regions of HIV
SIV Nef could not be prepared. Both proteins (particularly (A~C) and SIV (D-F) Nef. Examples of the HXMS results for
SIV Nef) began to degrade after extended periods of time three peptic peptides in each protein are shown and correspond to
g9 9 p the extreme N-terminal region (A and D), areas of known or
(>12 h) at elevated temperatures35 °C) or at low pH predicted structure (B and E) (see Figure 1A), and the region just
(DCI). A totally deuterated form could not be prepared with before the PPII helix (C and F). The deuterium level of each peptide
denaturants either as it proved extremely difficult to remove has been adjusted assuming 15% back-exchange during analysis.

; : ; _The maximum of theY-axis in each graph corresponds to the
denaturants from the proteins prior to mass analysis. There number of maximum exchangeable backbone amide hydrogens in

fore, the level of back-exchang@?) was estimated to be  gach peptide (see also Tables 1S and 2S of the Supporting
12% (based on totally deuterated standard proteins), and allinformation).

data were adjusted according to the method of2&f ) ) .
Peptic Peptide Analysi©n-line pepsin digestion was used described a_\bove. The peptides were collected and injected
to localize deuterium uptake. Labeled protein was preparedOnto @ Ultimate Dionex LC system for reverse phase
as described above and injected at a flow rate of 260 separation and spotting (Propot)_ to a MALDI p!ate. MS/M_S
min into a 2.1 mmx 50 mm stainless steel column (Alltech Was performed on each peptide n each spot with an App.hed
part 65175) packed with pepsin immobilized on POROS- Biosystems 4700 MALDI to posltlvely identify each peptic
20AL beads (PerSeptive Biosystems). Under these condi-Peptide. Peptic peptides coveringd5% of HIV and SIV
tions, the digestion time was approximately 45 s. Immobi- Were identified (see Tables 1S and 2S of the Supporting
lized pepsin was prepared according to the method of ref Information). o _
29. The resulting peptides were trapped@1 mmx 8 mm .Calculat|ons.SoIvent accessibility calculations were made
peptide trap (Michrom Biosciences) and desalted for 3 min. With WHAT IF (30) for each HIV Nef structure file in the
The peptides were eluted from the trap with a gradient of 2 Protein Data Bank (1AVZ, 1EFNB, 1EFND, and 2NEF
to 98% acetonitrile in 10.5 min at a flow rate of 5Q/min model 1). The backbone accessibility values were tabulated
and separated with a Magic C-188 200 A, 1.0 mmx in an Excel spreadsheet, and the average solvent accessibility
50 mm column (Michrom Biosciences). The same QTOF2 for the backbone. of each reS|dye was calculated. No
mass spectrometer was used for mass analysis with the sam@tructural information for SIV Nef is available; hence, no
parameters as described above for the intact protein analysisc@lculations were made for SIV Nef. The PONDR (predictors
Peptides were identified and data processed by centroiding?f natural disordered regions) algorithn31j with the
an isotopic distribution corresponding to the, +3, or +4 stan_dard parameter settings was used to calculate the amount
charge state of each peptide. The relative level of deuterium©f disorder for the HIV and SIV Nef sequences.
incorporation in each peptide was plotted as deuterium level
versus the exchange time. This was repeated for both HIV RESULTS AND DISCUSSION
and SIV Nef, and levels of deuterium uptake for overlapping  Hydrogen Exchangedydrogen exchange mass spectrom-
regions were compared. All of the results were adjusted by etry (HXMS) can be used to probe protein backbone
15% to account for back-exchange during analysis. The dynamics and conformational changes (reviewed in32fs
adjustment for back-exchange is an average value which is34). Backbone amide hydrogens in proteins can undergo
suitable for the majority of peptides. In a few casg3)( exchange with hydrogens in solution. The presence of
the correction is slightly more than necessary. Because astructure (i.e., hydrogen bonding and protection from solvent)
totally deuterated protein could not be prepared (see above)may reduce the rates of backbone amide hydrogen exchange
a few peptides are overcorrected (Figure 3). by up to 16-fold over the rate observed for unstructured
To identify the peptic peptides, undeuterated intact full- amino acid sequences33). By measuring the level of
length proteins were digested with the same pepsin columnincorporation of deuterium into proteins with mass spec-
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Ficure 3: Summary of incorporation of deuterium into peptic peptides of HIV and SIV Nef. The sequence of both proteins is shown with
HIV Nef at the top (black) and SIV Nef at the bottom (blue). The alignment was done on the basis @aref45. The numbering starts

at the second amino acid of each Nef protein and does not include the six-His purification tag. Structural elements are indicated above the
HIV Nef sequence. Each peptic peptide is shown as three colored bars either above (HIV Nef) or below (SIV Nef) the sequence. The
deuteration level (%) is shown for three time points (10 s, top bar; 1 min, middle bar; and 8 h, bottom bar). The numbers above and below
each peptide are the actual deuterium percentage for the three bars, from the shortest time point to the longest. All peptic peptides that were
monitored are not shown (see also Tables 1S and 2S of the Supporting Information).

trometry, we can define regions of structure. Because compared (Figure 1C). The residues designated as unpro-
hydrogen exchange rates are a function of both hydrogentected were those that had exchanged by the first time point
bonding and solvent accessibility, it is not possible to in the analysis (10 s). Backbone amide hydrogens that were
determine the secondary structure in regions with reducedhighly solvent exposed and not hydrogen bonded would be
levels of exchange. It is, however, possible to delineate expected to exchange very rapidB5f and certainly would
regions with structure from those that must be highly solvent haye exchanged after 10 s in@at pH 7.0. According to
exposed. Protein dynamics are also concurrently revealed s criteria, SIV Nef had~57 more unprotected amide
Deuterium incorporation can be assessed for the full- hydrogens than HIV Nef. As SIV Nef has 53 more residues

Iengttr)l, ig?acttprgtei_r:é]on the .gtherthand, the(::a;)]eleéi pf[Ot(_emthan HIV Nef (which are predicted to be in unstructured,
can be digested with an acid prolease, an € deu e.”umsolvent-exposed loops), this result was not surprising.
levels of all the fragments were measured. By performing

; ; L 2 Protected residues were defined as those that had not
the digestion step, we can assess the deuterium incorporation

in distinct regions. HXMS was used to probe the structural exchanged afte8 h in deuterium (calculated by subtracting

features of HIV and SIV Nef first for the intact, undigested the de“te”“”? level a8 h ffom the tota! excha}ngea}ble.
proteins and then for peptic fragments that covered nearly 22ckbone amide hydrogens in each protein). Defined in this
all of the backbone for each protein. way, protecteq residues report on the dyr_1am|cs of the
Intact Protein AnalysisDeuterium uptake was assessed Structured portion of the molecule and/or the highly protected
for full-length HIV and SIV Nef by incubating each protein  region of the protein. The greater the movements and
in deuterium for various amounts of time. The mass increase Packbone dynamics, the fewer the number of residues that
was measured with electrospray mass spectrometry and wa@/ill be defined as protected. HIV Nef had approximately
plotted as the percent deuterated (Figure 1B). SIV Nef 15% more protected residues than SIV. This result implies
incorporated slightly more deuterium than HIV Nef. The that SIV Nef either is more dynamic in solution than HIV
incorporation of deuterium at two distinct time points was Nef, has a smaller highly exchange protected core, or both.
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Peptide AnalysisTo determine where deuterium incor-
poration is fast and slow, and therefore which regions of a
protein are likely unstructured or structured, a protein can
be labeled with deuterium and digested prior to mass
analysis. Protein digestion in HXMS has been shown to be
an effective method for gaining localized information about
deuterium uptake2(). Because quench conditions must be
maintained during the digestion, it is essential to use a
protease with high activity at the quench pH of 2.5. Pepsin
is ideal for such a digestion, but it cleaves nonspecifically.
However, the digestion is reproducible under identical
conditions. The identity of each peptic peptide from the
digestion of HIV and SIV Nef was confirmed with exact
mass or tandem MS experiments (Tables 1S and 2S of the
Supporting Information).

Intact HIV and SIV Nef were labeled with JO; the
exchange reaction was quenched, and the proteins were
digested with pepsin. The incorporation of deuterium into
each peptic peptide was assessed with electrospray mass
spectrometry for peptides that represente8@5% of the
sequence of each protein. For HIV Nef, deuterium incorpora-
tion was followed for 15 peptides, while for SIV Nef,
deuterium incorporation into 18 peptic peptides was assessed.
Representative data for several peptides from HIV Nef and
SIV Nef are shown in Figure 2. At the extreme N-terminus

81-100

1-
of both HIV and SIV Nef, there is some protection from 21-22
exchange (Figure 2A,D). Some regions, such as those in 2140
known or predicted secondary structural elements (Figure
2B,E), indicate protection from deuterium exchange due to 0"20
the presence of structure, while others (panels C and F) are ?_‘::t;’;:"{";‘

almost completely deuterated by the earliest time point. N _ .
Ficure 4. Deuterium incorporation results for HIV Nef from Figure

Exchange-in curves such as those in Figure 2 were
obtained for all the peptic peptides from both proteins and

3 mapped onto the model of HIV Nei8). Deuteration levels are
shown after (A) 10 s and (B3 h in deuterium.

were used to prepare a summary of the deuterium incorpora-

tion into both proteins (Figures 3 and 4). Figure 3 provides
a comparison of the exchange in HIV Nef and SIV Nef, while
Figure 4 indicates the levels of deuteration in HIV Nef peptic
peptides (after 10 s and 8 h) on the model of full-length

is some protection from exchange, implying that structure
may exist in those areas. A small degree of protection was
observed for the later part of the loop (residues-1182,

HIV Nef numbering). In the large loop between residues 163

HIV Nef prepared by the method of r&8. In Figure 3, three  and 178, there is again very rapid deuteration implying that
time points at which to evaluate the deuterium levels were little or no structure exists in those areas. The very C-terminal
selected: 10 s, 1 min, and 8 h. For each time, the percentageportion of SIV Nef also exhibited significant protection from
of deuteration was calculated on the basis of the number ofexchange, again indicative of structure and/or protection from
deuteriums that were incorporated and the total number of solvent.

possible exchangeable hydrogens for that specific peptide. The protection from exchange at the termini of SIV Nef
Bars representing the peptic peptides were color-coded toand at the N-terminus of HIV Nef might be the result of
represent the percentage of deuteration for each of the thredormation of higher-order structures or aggregation in solu-
time points. Most of the regions of HIV Nef with known tion. At the concentrations used for the exchange reactions
structure show significant protection from exchange. For (28 uM), analytical gel filtration indicated that both HIV
example, in HIV Nef helicies A and B (peptides 9004 and SIV Nef were monomeric (data not shown). Although
and 95-116), the deuterium levels were between 48 and 51% some structure exists in the N-terminal regions in the
after 8 h in deuterium, whereas in regions with no structure myristoylated form of HIV Nef 15), the protein analyzed
(such as peptide 684 in the PPIl helix region), the here was not myristoylated.

deuterium level was 98% afte8 h of labeling. The Structural PredictionsThe solvent accessibility of HIV
complementary regions of structure in SIV Nef based on Nef was calculated on the basis of the NMR and X-ray
sequence alignments also show protection from exchangecrystallographic data currently available for the core of the
but become more deuterated by the final time points, protein. Although there is NMR information for the60
consistent with SIV Nef being more dynamic as was shown N-terminal amino acids, no calculations were made for that
with the intact protein results (Figure 1B,C). In the majority portion of HIV Nef. The bars in Figure 5A represent the
of the N-terminal region (residues 280, HIV Nef nhumber- calculated backbone accessibility for each residue (see
ing) of both proteins, there was little or no protection from Materials and Methods for details). As expected, the acces-
exchange, indicating that those regions were unstructuredsibility correlated with the structural elements. The results
and highly exposed to solvent. At the very N-termini, there of the hydrogen exchange determinations (Figure 3) were
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Ficure 5: Solvent accessibility and prediction of disorder. (A) Solvent accessibility was calculated for each structure of HIV Nef (1AVZ,
1EFNB, 1EFND, and 2NEF model 1), averaged, and plotted vs residue number. Regions for which no structural data exist are indicated as
alight gray bar at 0.5 A The PONDR score (see Materials and Methods) was calculated for HIV Nef and overlaid on the solvent accessibility
graph as a solid black line. A dotted line indicates a PONDR score of 0.5. The known structural elements of HIV Nef are shown above the
graph. (B) Comparison of the PONDR scores of HIV (black line, as in panel A) and SIV Nef (gray line). The residue numbering is for SIV
Nef, and gaps are inserted in the appropriate places on the basis of the alignment of the two proteins (see Figure 3).

consistent with the accessibility calculations: in regions of predicted by PONDR, and the N- and C-termini were not
significant protection, the exchange was slow, while in predicted to have much order. Otherwise, the two Nef
regions with predicted exposure, the exchange was rapid.proteins are highly similar according to the PONDR algo-
The PONDR algorithm321) was then used to predict which  rithm. The hydrogen exchange data (Figure 3) for SIV Nef
regions of HIV Nef are likely disordered and the resulting are mostly consistent with the PONDR prediction. The region
PONDR score overlaid on the accessibility calculations. The of structure predicted for SIV Nef around residues-56
predictor is trained on both ordered and disordered sequenceslid not appear to be protected from exchange, although the
and results are smoothed over a sliding window of nine peptic peptide covering that exact sequence could not be
amino acids. If a residue exceeds a threshold value of 0.5,found in the HXMS data. HXMS indicated protection from
then it is considered to be disordered. A PONDR score exchange in the C-terminus of SIV Nef, yet PONDR only
between 0.0 and 0.5 is consistent with order and structure.predicted mild order in the region covering SIV Nef residues
The PONDR prediction for HIV Nef was consistent with 250-260. Taken together, the results indicate that SIV Nef
the accessibility calculations and the hydrogen exchange datais highly similar to HIV Nef in its core region while its loops
One exception was in the N-terminal region of HIV Nef in and N-termini are, like HIV Nef, mostly unstructured.

which the hydrogen exchange data indicated protection from

exchange. The PONDR score in that region was near 1.0, CONCLUSIONS

predicting disorder. Overall, the hydrogen exchange data Full-length HIV and SIV Nef proteins were analyzed to
were consistent with the accessibility data, verifying the gain information about the conformation and backbone
validity of the measurements. In addition, the PONDR dynamics of the regions absent in structural analyses. In this

prediction was generally correct and consistent with known
structural information and hydrogen exchange results.

As there are no structural data for SIV Nef, the goal of
the predictions in Figure 5A was to provide a baseline for
the prediction of possible SIV Nef structure. The validity of
the HXMS results and the PONDR predictions for HIV Nef
make the SIV Nef predictions much more reliable. The

work, the first conformational investigation of SIV Nef, it
was shown that SIV Nef is more dynamic in solution than
HIV Nef. The N-terminal regions of both HIV and SIV Nef
appear to have structure or are involved in some form of
intra- or intermolecular interactions that lead to protection
from exchange. As predicted for HIV Nef, the large loop
near the middle of the protein is unstructured and solvent-

PONDR scores were calculated for the sequence of SIV Nefexposed. HXMS verifies that the same is true for the

and aligned with the PONDR prediction for HIV Nef (Figure

5B). In the core of Nef, the PONDR scores were similar for
the two proteins, with PONDR predicting that the large loop
in SIV Nef around residues 18200 (SIV Nef humbering)

is a bit smaller than the corresponding loop in HIV Nef. A
region of structure in SIV Nef near residues-5b was also

corresponding loop in SIV Nef. The C-terminal regions of
both HIV and SIV Nef also had some degree of protection
from exchange.

The results of this study advance our understanding of Nef
structure in several ways. First, they are in complete
agreement with the model proposed for full-length HIV Nef
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in ref 18. Therefore, the use of this model is appropriate
when dealing with the nonmyristoylated form of Nef. Similar
HXMS studies are underway for the myristoylated form of
HIV Nef in an attempt to elucidate any changes in structure
compared with the nonmyristoylated form studied here.
Second, these results lay the groundwork for future HXMS
analyses of Nef in complex with other interacting proteins,
particularly those that bind in the regions containing little
or no structure. Changes to the hydrogen exchange profile
upon protein-protein interactions will be indicative of
protection, formation of structure, or both.
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