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Abstract

The first account on the dynamic features of Nef or negative factor, a small myristoylated
protein located in the cytoplasm believes to increase HIV-1 viral titer level, is reported herein.
Due to its major role in HIV-1 pathogenicity, Nef protein is considered an emerging target in
anti-HIV drug design and discovery process. In this study, comparative long-range all-atom
molecular dynamics simulations were employed for apo and bound protein to unveil molecular
mechanism of HIV-Nef dimerization and inhibition. Results clearly revealed that B9, a newly
discovered Nef inhibitor, binds at the dimeric interface of Nef protein and caused significant
separation between orthogonally opposed residues, namely Asp108, Leu112 and Gln104. Large
differences in magnitudes were observed in the radius of gyration (�1.5 Å), per-residue
fluctuation (�2 Å), C-alpha deviations (�2 Å) which confirm a comparatively more flexible
nature of apo conformation due to rapid dimeric association. Compared to the bound
conformer, a more globally correlated motion in case of apo structure of HIV-Nef confirms
the process of dimeric association. This clearly highlights the process of inhibition as a result
of ligand binding. The difference in principal component analysis (PCA) scatter plot and
per-residue mobility plot across first two normal modes further justifies the same findings.
The in-depth dynamic analyses of Nef protein presented in this report would serve crucial
in understanding its function and inhibition mechanisms. Information on inhibitor binding
mode would also assist in designing of potential inhibitors against this important HIV target.
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Introduction

Since its emergence in early 1980s, the ‘‘global killer’’

acquired immunodeficiency syndrome (AIDS) has already

proclaimed the lives of estimated 22 million people worldwide

(1). To date, the human immunodeficiency virus type 1 (HIV-

1), the instrumental agent in causing AIDS, is regarded as one

the most challenging epidemic in the history of infectious

diseases (1,2). According to different documented reports, an

estimated 34 million individuals live with HIV/AIDS world-

wide (3,4). Let alone in sub-Saharan Africa, an approximated

22.9 million individuals constitute the overall global estimate

(3,4). Despite the continuous global effort, no cure yet exists for

HIV/AIDS. Currently, the most effective therapeutic regimes

consists of a multiple drug ‘‘cocktail’’, otherwise known as

highly active antiretroviral therapy (HAART), approved by the

Food and Drug Administration (FDA), which consists of

several antiretroviral, targeting different enzymes in HIV life

cycle (5). These drugs mainly include: protease inhibitors (PIs),

integrase (IN) inhibitors reverse transcriptase (RT) inhibitors,

entry inhibitors and progression inhibitors (6).

The development of resistant strains against almost all

currently approved anti-retrovirals prompt researchers to find

new drug targets, which can prove effective in reducing viral

load from the host. The recently discovered HIV-Nef target, a

small 27–35 kDa myristoylated protein, which plays a major

role in HIV-1 pathogenicity (7). Nef localizes primarily in the

cytoplasm, but also partially to the plasma membrane and is

one of many pathogen-expressed proteins, known as virulence

factors. When undergoes dimerization in HIV, Nef protein

is able to manipulate the host’s cellular machinery and thus

allow infection, survival or replication of the pathogen (8).

Nef stands for ‘‘Negative Factor’’ and even though the viral

protein is a major component for HIV-1 replication in infected

hosts, Nef markedly elevates viral titers (4). As Nef is one of

the accessory proteins of the HIV genome, it has a central role

in the down-regulation of host immunity.

Because of its major role in HIV-1 pathogenicity, Nef

protein has been proved to be a very important target in anti-

HIV drug design and discovery process. Understanding Nef

dimerization process and its inhibition mechanism is crucial

for the design of potent inhibitors as anti-HIV. To date, a

handful of small molecule inhibitors were identified using
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high throughput screening (HTS), which block the Nef-

dependent HIV replication. Among them, a diphenylpyrazo-

lodiazene containing small molecule inhibitor, B9 (Figure 1)

appeared to be specifically potent (IC50 2.8 mm) at blocking

Nef activity by preventing dimerization of the two Nef

subunits (9,10). The binding pocket of compound B9 with

HIV-Nef dimeric interface proved as a future ‘‘hot spot’’ to

target this protein (9).

Molecular dynamics simulations and post-dynamics cal-

culations emerged as a close counterpart to experiment and

helps in understanding the complex biological phenomenas.

Application of long-range molecular dynamics simulations to

unveil folding-unfolding behavior of biological macromol-

ecules paved a way to understand the complex process of

macromolecular dimerization (11–15). Recent applications of

enhanced post-dynamics approaches proved to be efficient in

understanding the conformational landscape of biological

macromolecules. Principal component analysis (PCA) or

essential dynamics analysis is one of the widely used

enhanced post-dynamics approaches to explore structural

fluctuations among different biological systems (6,16).

A large portion of overall fluctuation can often be accounted

by a few low frequency eigenvectors with high Eigen values.

If motion between two different macromolecules is similar

then the Eigen vectors coming from individual trajectories

should be similar to each other. For this reason, PCA has

proved to be an efficient tool that can be used to compare

motions of different macromolecules. Besides principal

component analysis a number of post-dynamics analyses

were also applied to understand the conformational behavior

of biological systems (6,17–24). Dynamic cross-correlation

analysis is one of those techniques, which has been applied to

understand the difference in macromolecular motion across

different biological systems (25,26).

In order to understand the dynamic landscape HIV-Nef

dimerization process and its inhibition, comparative molecu-

lar dynamics simulations were employed for the apo and

bound protein. A wide range of post-dynamic analyses were

carried out in order to accomplish this task – these include,

dynamic cross correlation (DCC), principal component ana-

lysis (PCA), radius of gyration (Rg), protein mobility plots as

well as monitoring other several metrics.

To the best of our knowledge, this is the first account of

such comprehensive computational study on this crucial HIV

target. Therefore, we believe that this report serves as a

cornerstone towards the understanding HIV-Nef protein

structure and dynamics and its inhibitory mechanism. The

compilation of computational and bioinformatics tools pre-

sented herein could also be implemented within the drug

discovery and development of more potent HIV inhibitors

against Nef.

Computational methods

Protein structure preparation

The crystal structure of HIV–Nef conserved core in complex

with SH3 domain was retrieved from protein data bank (PDB:

1EFN) for subsequent simulations (27). The SH3 domain was

deleted from the protein system to generate a native model of

HIV-Nef core domain. The protein structure was prepared

using Chimera’s (28) molecular modeling suite.

B9-Nef complex preparation

The recent diphenylpyrazole-based HIV-Nef inhibitor, B9,

was believed to bind at dimeric region of HIV-Nef (9). To

generate an initial starting structure of B9-Nef complex, B9

was docked into the active site of HIV-Nef, which is located at

the helical dimeric region (9,10) of HIV-Nef (Figure 2). Prior

to docking, the ligand and protein systems were prepared as

explained in our previous reports (29,30). Autodock Vina (31)

was used to generate docked conformations of B9-HIV-Nef

complex.

The active site of HIV-Nef conserved domain is high-

lighted in Figure 2 and Table 1 and was used to generate a

grid box with a spacing set at 1 Å and an exhaustiveness of 8.

The top docked conformation of compound B9 complexed

with HIV-Nef was then visualized using ViewDock plugin

(32) integrated with Chimera (28).

Molecular dynamic simulations

All-atom explicit solvation molecular dynamics simulations

were performed on both apo and B9 bound conformations

of HIV-Nef using Amber12 (6,33). The GPU version of

PMEMD engine provided with Amber 12 was used to perform

all molecular dynamics simulations. The restrained electro-

static potential (RESP) procedure was used to generate atomic

partial charges and geometry was optimized using Gaussian 09

at the HF/6-31G* level (14). The ANTECHAMBER module

Cl N
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N

N
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S

N
+

O
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Figure 1. Two-dimensional structural representation of diphenylpyrazo-
lodiazene containing Nef inhibitor, B9.

Figure 2. Graphical representation of HIV-Nef active site located at the
junction of dimeric cleavage.
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was used to generate atomic partial charges for the ligand using

GAFF force field (34). The ff99sb force field implemented

with Amber 12 was used to describe the protein system (35).

The LEAP module integrated with Amber 12 was used to add

missing hydrogens and heavy atoms and required counter ions

to neutralize the system. To ensure the correct protonation state

of individual amino acids, the Leap-generated receptor struc-

ture is compared with receptor structures generated by H++

(http://biophysics.cs.vt.edu/H++) at different pH (see

Supplementary Informations). Both the systems were

immersed into an orthorhombic box with TIP3P (36) water

molecules, such that no atom was within 10 Å of any box edge.

Periodic boundary conditions were enforced and long-range

electrostatic interactions were treated using particle mesh

Ewald (PME) method (37) with a direct space and vdW cut-off

12 Å. Prior to system preparations, the minimizations, heating

and equilibration steps were performed as described in our

recent report (6). Finally, a 100 ns production run was

performed in a isothermal-isobaric ensemble (NPT) ensemble

with target pressure of 1 bar and a coupling constant of 2 ps.

The trajectory in both cases were saved and analyzed in

every 1 ps. The PTRAJ and CPPTRAJ modules (38)

integrated with Amber 12 were used for post-MD analysis,

e.g. RMSD, RMSF, Rg, distance, PCA. All visualizations and

plots were carried out using Chimera (28)/VMD (39) and

Origin data analysis tool, respectively.

Dynamic cross correlation

The dynamic cross correlation between the residue-based

fluctuations during simulation was calculated using the

CPPTRAJ module integrated with Amber 12. The following

equation describes the DCCR as:

Cij ¼
Dri � Drj

� �

Dr2
ih i � Dr2

j

D E� �1=2

where, i and j stands for ith or jth residue and Dri or Drj

represents displacement vectors correspond to ith and jth

residue. The cross correlation (Cij) varies within a range of

�1 to +1 with lower and upper-limit indicates a fully anti-

correlated and correlated motion during simulation time. In

this instance, the DCC calculations were carried out taking

into account the backbone Ca atomic fluctuations.

Principle component analysis

Principle component analysis is widely used in recent years

to reduce dimensionality of data obtained from molecular

dynamics simulations to extract dominant modes responsible

for conformational (6). PCA was performed on C-alpha atoms

using PTRAJ and CPPTRAJ modules (38) integrated with

Amber 12. The data were averaged over 1000 snapshots with

an equal interval of 100 ps in both cases. The first two

principal components correspond to first two Eigen vectors of

the covariance matrix (6). The scatter plot showing the

dominant conformational motion representative of each

structure was created using Origin data analyses program.

The porcupine plots corresponding to first two normal modes

were created using ProDy interface (40) integrated with

Normal Mode Wizard plug-in of VMD (39).

Results and discussion

Binding mode of B9 with HIV-Nef

The docked structure of inhibitor B9 inside the active site of

HIV-Nef dimeric cleavage provided crucial information on

ligand binding landscape inside the active site of HIV-Nef

(Figure 3). It can be observed that –NO2 group attached with

the phenyl ring involved in the formation of two hydrogen

bond interactions with Gln104 and Gln107 residues of one

subunit of HIV-Nef dimer. Interestingly, compound B9 binds

at the dimeric cleavage of HIV-Nef dimer possessing multiple

common residues from both sub-units in its active site. The

2D interaction plot (Figure 4) highlighted the position of

inhibitor B9 in the HIV-Nef dimeric cleavage and common

active site residues from each dimeric subunit. The binding

mode clearly shows the presence of a hydrophobic/aromatic

moiety, which is involved in proper binding of inhibitor in the

dimeric groove, consists of some major active site residues

involved in dimer packing, e.g. Asp108, Pro122, Leu112.

Figure 4 further highlights the position of pharmacophoric

features, which are necessary for a proper binding of inhibitor

within residues involved in dimer packing, e.g. Gln104,

Asn126, Gln107. Future efforts to understand detailed

pharmacophoric features in combination with a recently

reported structure activity relationship study (41) may provide

structural benchmark to develop novel small molecule

inhibitors using a rational approach.

It is believed that binding of compound B9 in the HIV-Nef

dimeric cleavage leads to inhibition of HIV-Nef dimerization.

The docked structure of compound B9 was further used to

obtain a dynamic insight into the mechanism of dimerization

inhibition by an aid of long-range molecular dynamics

simulation.

MD simulations and post-dynamics analysis

RMSD, RMSF and radius of gyration

Figure 5 highlights the time-dependent root mean square

deviation of backbone C-alpha atoms for both HIV-Nef free

and ligand (B9) bound conformation. It was noticed that the

backbone of both systems were well stabilized after a 30 ns

time period. However, a larger magnitude (�2 Å) of fluctu-

ation was observed in case of unbound conformation of HIV-

Nef when compared with bound state. One possible

Table 1. The active site residues and GRID box dimensions used to dock
compound, B9 inside HIV-Nef active site.

Protein System Active site residues* Grid box dimensions

HIV-Nef conserved
core domain

Gln104B, Gln107B,
Asp108B

Number of
points

Asp111B, Leu112B,
Pro122B

X¼ 22.0 Å

Asp123B, Trp124B,
Gln125B

Y¼ 24.0 Å

Asn126B, Gln104D Z¼ 24.0 Å
Gln107D, Asp108D Centre Grid Box
Asp111D, Pro122D X¼ 44.0 Å
Asp123D, Trp124D Y¼ 18.0 Å
Gln125D, Asn126D Z¼ 37.0 Å

*B and D refers to dimeric chains of HIV-Nef conserved core domain.

DOI: 10.3109/10799893.2014.984310 HIV-Nef dimerization inhibition mechanism 3
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explanation of this phenomenon is that the attachment of

inhibitor molecules inside HIV-Nef active site leads to a

conformational rigidity, which hampers conformational

evolution of HIV-Nef, especially during the process of

dimerization.

To assess the effect of inhibitor (B9) binding on the

conformational flexibility of the HIV-Nef, per-residue RMSF

of C-alpha carbons were computed for both ligand-bound and

apo conformations. From per-residue fluctuation (Figure 6) it

can be clearly noticed that the presence of inhibitor inside the

active site of HIV-Nef highly affected the conformational

flexibility of the overall protein structure, which reflects the

inhibition of dimerization in the presence of inhibitor. The

significant difference (�2 Å) in average per-residue fluctu-

ation clearly indicates a conformationally flexible nature of

apo conformation, which might account for the disruption in

dimerization. Furthermore, a more flexible region was

observed between residues 138–152, which are located in

one of the dimeric helix section of Nef (apo conformation).

The higher value in RMSF might be due to the process of

dimerization, which involves flexible helical residues located

at Nef dimers. Whereas, the presence of B9 in the helical

region inhibits the process of dimerization that affects the

overall RMSF of Nef-B9 complex, as highlighted by lower

average RMSF as well as lower magnitude of per-residue

fluctuation at the helical region.

The overall fluctuations in RMSF further correlate with

C-alpha RMSD fluctuations, which confirm a larger overall

fluctuation in case of free conformation when compared with

ligand-bound conformation of HIV-Nef. Figure 7 highlights

the deviation of C-alpha residues located at the helical region

of HIV-Nef active site, which clearly indicates more flexible

nature of residues in unliganded (apo) HIV-Nef system when

compared with bound conformation. The apo conformation

showed a higher value of C-alpha deviations at the Nef helical

region with an average RMSD of 5.17 Å, whereas its B9

counterpart displayed a comparatively lesser deviation with

an average RMSD of 3.71 Å. This significant difference in

Figure 3. Residue interaction plot of com-
pound, B9 inside the active site of HIV-Nef.
Green dotted lines denote hydrogen bond
interactions.

4 S. Moonsamy et al. J Recept Signal Transduct Res, Early Online: 1–11
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C-alpha RMSD’s (�2 Å) between helical region of native apo

and bound conformations further highlights the helical

flexibility, which played a significant role in the process of

dimerization. Thus, it can be further postulated that attach-

ment of inhibitor B9 in the helically active site of HIV-Nef

leads to conformational rigidity, consequently impairs dimer-

ization process.

These findings were further supported by the findings

observed from the radius of gyration (Rg) (Figure 8).

The shape and folding of Nef-bound and free conformations

over the trajectory can be seen in terms of Rg. Throughout the

simulation, the apo conformation of HIV-Nef showed com-

paratively higher Rg value as compared to B9-Nef complex.

The native apo conformation displayed an average Rg of

20.64 Å, whereas B9-Nef complex displayed a significantly

lower Rg fluctuation with an average value of 19.04 Å. This

larger breathing in Rg (�1.5 Å) in case of native apo

conformation highly correlates with per-residue fluctuations

and RMSD outcomes which justified an increased biomole-

cular flexibility of apo structure as compared to bound one.

Binding of inhibitor B9 in the dimeric cleavage of HIV-Nef

and its negative effect on dimeric flexibility confirms its

inhibitory mechanism by hampering the overall biomolecular

flexibility and dimer packing.

Understanding HIV-Nef dimerization

To further understand the dynamics of dimerization process,

the distance between the orthogonally opposed residues (10)

in each dimeric subunit are monitored along the dynamic

simulations. These residues are highlighted in Figure 9.

Figures 10–13 clearly suggests that in case of apo protein

the distances between the orthogonal residues are

Figure 4. (A) 2D interaction map of compound B9 at the dimeric cleavage of HIV-Nef. Yellow and light green indicates the location of residues in each
helical subunit. (B) Pharmacophoric feature of target bound conformation of compound B9.

Figure 6. Residue-based fluctuation of HIV-Nef free and inhibitor
bound conformation of HIV-Nef during the simulation time. The average
C-alpha per-residue fluctuation for apo and bound conformations were
found to be 12.26 and 10.48 Å, respectively.

Figure 5. C-alpha backbone RMSD for HIV-Nef free and ligand bound
conformations. The average C-alpha RMSD found to be 5.18 Å and
3.72 Å, respectively, for apo and B9 bound complex of HIV-Nef.

DOI: 10.3109/10799893.2014.984310 HIV-Nef dimerization inhibition mechanism 5
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significantly less when compared with bound conformation of

HIV-Nef. Snapshots along the pathway of molecular dynam-

ics simulations for apo- and B9-bound conformations of HIV-

Nef further justified a lack of dimerization in case of Nef-B9

complex (Figure 14). The average distances between C-alpha

atoms of orthogonally opposed Leu112, Gln104 and Asp108

residues in case of B9-bound conformation of HIV-Nef found

to be 11.24, 24.23, 17.32 and 32.38 Å, respectively. Whereas,

in case of apo conformation, the magnitude of average

Figure 7. Deviation of C-alpha atoms of residues located at the active
site helical region involved in the process of dimerization. The average
RMSD’s between apo and B9-Nef complex found to be 5.17 and 3.71 Å,
respectively.

Figure 8. Radius of gyration of C-alpha atoms of HIV-Nef free and
ligand-bound conformation. The average Rg of apo and bound
conformations found to be 20.64 and 19.04 Å, respectively.

Figure 9. Position of orthogonally opposed
residues at the dimeric helix of HIV-Nef
believed to be involved in the process of
dimerization (9,10).

Figure 10. Distance between C-alpha residues involving Leu112 resi-
dues from both subunits. The average distance in case of apo
conformation (10.93 Å) was lower as compared to bound conformation
(11.24 Å).

Figure 11. Distance between C-alpha residues involving Gln104’s from
both subunits. The average distances between two oppositely placed
Gln104 residues were found to be 24.63 and 11.62 Å for B9-bound and
apo conformation of Nef, respectively.

6 S. Moonsamy et al. J Recept Signal Transduct Res, Early Online: 1–11
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distances were comparatively less as the average C-alpha

distances between Leu112, Gln104 and Asp108 found to be

10.93, 11.62 and 13.73 Å, respectively. These significant

differences in distances among residues involved in dimer

packing confirmed the lack of dimerization in Nef-B9

complex. This fact further co-relates with the experimental

outcome, which confirmed a disruption of Nef dimerization

by B9 using a cell-based assay (9).

The inhibition of dimer-dimer interaction as a result of

B9 binding was further captured by an increase inter-residue

distance between two oppositely placed Tyr115 residues (9)

located at each dimer interface. The binding of B9 led to a

�1 Å increase in inter-residue contacts involving Tyr115

from each monomer (Figure 12). The occupancy of

compound B9 inside the active site of HIV-Nef dimer was

found responsible in increasing the average distances among

residues (Table 2) involved in dimer packing, suggesting

inhibition of HIV-Nef dimerization, which further substan-

tiates the lack of conformational flexibility as a result of

inhibitor binding.

Understanding the evolution of residues involved in dimer

packing by analyzing the time-dependent snapshots of apo-

and B9-bound conformation of Nef in combination with post-

dynamics analysis, e.g. distance, Rg, RMSD, RMSF provides

a model to understand the process of dimer packing and

explains how the inhibitor gained access to the Nef dimeric

site and its evolution in dimeric region leads to a dimeric

inhibition. These outcomes from a classical molecular

dynamics simulation unveils the large conformational drifts

of HIV-Nef during the process of inhibitor binding, which

will prove effective in designing novel Nef dimerization

inhibitors.

Figure 12. Distance between C-alpha residues involving Asp108 resi-
dues from both subunits. The average distances were 17.32 and 13.73 Å
for bound and apo conformations of HIV-Nef, respectively.

Figure 13. Distance between C-alpha residues involving Tyr115 residues
from each monomer. The average distances were found to be 32.38 and
31.70 Å, respectively, for bound and apo conformations.

Figure 14. Snapshots of apo- and B9-bound conformations of HIV-Nef at a certain time interval during MD simulation. The residues highlighted in
‘‘green’’ are responsible in the process of dimer packing. A and B highlights the pathway of dimer dissociation and association for inhibitor (B9) bound
and apo conformation, respectively.

Table 2. Residues involved in dimer packing (10) and their average
distances from each other during simulation time.

Residues Average distance (Å)

Asp108-Asp108 17.32* 13.73
Leu112-Leu112 11.24* 10.93
Gln104-Gln104 24.23* 11.62
Tyr115-Tyr115 32.38* 31.70

*Denotes B9-bound conformation of HIV-Nef.

DOI: 10.3109/10799893.2014.984310 HIV-Nef dimerization inhibition mechanism 7
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Dynamic cross-correlation analysis

Figure 15 highlights the cross-correlation map calculated for

apo and bound conformation of HIV-Nef. It is evident from the

correlation map that more globally correlated motion is

observed in case of the free conformation of HIV-Nef, which

further justifies the fact that in free conformation HIV-Nef

went through a process of dimerization causing a more

correlated residue-residue interaction. On the contrary, in case

of bound conformation, a greater existence of negative

correlated motions during simulation time was observed.

This fact is further justified by observing a higher occupancy

of positive Cij patches in case of free conformation as

compared to bound one. Such findings provide a solid

conclusion on the mechanism of dimerization inhibition by B9.

Principal component analysis

To further understand conformational preferences for both

ligand-bound and unbound conformations of HIV-Nef, PCA

was carried out taking in account C-alpha residues of both the

systems. Figure 16 highlights the dominant changes in motion

across two principal components in the case of ligand-bound

and unbound configurations of HIV-Nef. It was found that

eigenvectors computed from individual trajectories were quite

varied between the two systems, which further emphasize on

the difference in the conformational landscape between the

free and ligand-bound conformation. The difference in

magnitude of Eigen values coming from first principal

components of both apo and bound conformations was

found to be �0.05 Å whereas this difference was �0.02 Å in

case of the second principal component. This difference in

average Eigen values across first two principal components

suggests a greater mobility of the apo conformation as

compared to its inhibitor-bound counterpart.

Moreover, porcupine plots across two normal modes

clearly indicate a closer distance between helical dimers in

free conformation when compared with B9-bound conform-

ation of HIV-Nef (Figures 17 and 18). Also it clearly indicates

an overall change in the direction of motion between bound

and unbound conformation of HIV-Nef.

We also opted to monitor residue-based biomolecular

flexibility across different normal modes in order to further

understand the conformational flexibility and rigidity of the

two systems, free and bound protein (Figures 19 and 20).

Interestingly, it was noticed that the flexibility of the

residues ranging from 100 to 120 were comparatively higher

Figure 15. DCC map during simulation time taking in account Ca residues of HIV-Nef ligand-bound (A) and free (B) conformations.

Figure 16. Projections of Eigen values during simulation period for
ligand-bound and apo (free) conformations of HIV-Nef along the first
two principal components (PC1 and PC2).
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in the case of apo conformation of HIV-Nef across first two

normal modes. The average difference in fluctuation between

apo- and B9-bound conformation of HIV-Nef within residues

138-152 found to be �46.15 Å (mode 1) and �0.60 Å

(mode 2), respectively (Figures 19 and 20). This region

contained residues involved in dimer packing. Normal mode

analysis not only highlights the fact that the process of dimer

packing affects the overall flexibility but also substantiates the

findings of RMSD, Rg and RMSF parameters and further

justifies the process of dimerization and its impact on overall

protein flexibility.

Conclusion

Molecular dynamics simulation reveals a dimer packing and

unpacking phenomena of HIV-Nef in its apo- and inhibitor-

bound conformations. Small molecule inhibitors, such as B9,

which targets the dimeric helical area of HIV-Nef, inhibits the

process of dimerization thus leading to a more conforma-

tionally rigid system with hampered dimerization process.

The RMSF, Rg and mobility plots generated during normal

mode analysis for both the systems suggested a more

conformational flexible nature of HIV-Nef dimer in the

absence of an inhibitor. The increased magnitude of param-

eters, e.g. Rg (�1.5 Å), C-alpha deviations at the dimeric

helix (�2 Å) suggested a greater conformational flexibility of

Nef apo conformation and a flexible dimeric helix. On the

contrary, B9-bound conformation of HIV-Nef was found to be

more conformationally rigid with a lesser inter-dimeric

association during the simulation period. Location of inhibi-

tor, B9 in the active site of two helical subunits act as barrier

in the process of dimerization, which can be easily understood

by monitoring the distance among residues involved in the

process of dimerization and as well as by visual inspection of

snapshots generated during the long-range molecular dynam-

ics simulation. The difference in magnitude of the distance

parameter for inter-residue connection among Asp108,

Leu112 and Gln104 was found to be 4, 1 and 12 Å,

respectively. This first account report highlights important

dynamic features of an important HIV target, which would

Figure 17. Porcupine plots across two different normal modes showing the direction of motion of unliganded (free) HIV-Nef system.

Figure 18. Porcupine plots across two different normal modes showing the direction of motion of ligand-bound (B9) HIV-Nef system.
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also serve as an initial point in the process of designing novel

compounds against HIV-Nef as anti-HIV drugs.
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