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A Genetic-Proteomic Approach to Identify Cellular

Components that Interact with HIV-1

Yang Luo, Ph.D.

The Rockefeller University, 2007

Given the limited genetic coding capacity of HIV-1, it is reasonable to expect that
the virus must interact with an extensive set of cellular factors and their
complexes to complete its passage through the cell. Indeed, it is remarkable that
the viral genome, comprising only about 0.0003% of the entire genetic capacity
of the cell, commandeers the cellular environment to its own advantage.
However, to date, only a small group of cellular proteins have been shown to be
required for viral propagation. In an effort to recover and identify those host
proteins that interact in complex with the viral machinery, we have developed a
systematic genetic method to select derivatives that can encode a small, but
potent, foreign epitope tag yet remain fully replication-competent in culture. In
conjunction with a novel cryogenic methodology to capture and preserve viral-
host interactions usually lost when more conventional isolation techniques are
employed, we have recovered host complexes that interact specifically with each
of three independently tagged HIV-1 proteins during progressive infection. Thus,
the quantitative purification of the tagged viral proteins has allowed the

identification of both described factors already known to interact with each of the



targeted viral proteins and as well, unanticipated sets of new host proteins in
complex with the virus and previously obscured from investigation. Identification
and characterization of protein-protein interactions between the host and the
virus will provide insight into the cellular processes expropriated by the virus to

complete its life cycle.
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Chapter 1: Introduction to the Interaction of HIV-1

with Host Factors

Human immunodeficiency virus type 1 (HIV-1) is the causative agent of acquired
immunodeficiency syndrome (AIDS) in human. Given the limited genetic capacity
(10 bp) of HIV-1 and the complex molecular events occurring during infection, it
is likely that the virus interacts with an extensive variety of cellular factors to
complete its passage through the cell. To date, a handful of virus-assisting host
proteins have been identified and well characterized for their mechanism of
action, but many questions remain unanswered (Goff, 2007). Here we endeavor
to identify the factors that interact directly with the HIV-1 machinery during viral
replication using a system in which viruses have been molecularly engineered to
incorporate an extremely potent immunologic peptide tag into the targeted HIV-1
proteins for investigation. As these engineered viruses were generated through a
selective process based on replication competence in culture, each of the tagged
viral proteins is likely to undergo the same interactions encountered by the wild
type virus. We believe that this system affords us a more authentic view of both
the transient and stable molecular interactions encountered during the natural
course of HIV infection and therefore can be used for recovery of the tagged viral
proteins from the infected culture. Indeed, using this set of independently tagged
replication-competent derivatives we have recovered host proteins previously
unknown to be in complex with any viral protein. Success of this work rests upon

a novel methodology that preserves protein-protein interactions during cellular



disruption and lysis that allows immunoaffinity purification of the tagged viral
protein and access to its associated host factors. Elucidation of the interplay
between the virus and host during HIV-1 infection would be a great asset not only
for detailed insights into basic strategies employed by the virus for its
propagation and survival but also to provide the rationale for the intervention of

host pathways usurped by the virus as it passes through the infected cell.

1.1 HIV-1 Genome and Replication Cycle

HIV-1 belongs to a large and diverse family of enveloped diploid RNA viruses,
the retroviridae, that can reverse transcribe their virion RNA into linear double
stranded DNA and subsequently integrate into the host genome. Retroviruses
are further subdivided into seven groups defined by evolutionary relatedness
(Coffin, 1992). HIV-1 is a representative example of the lentiviruses genus, the
name of which is derived from the Latin (lenti-, slow) characterized by a long
incubation period and their chronic, persistent infections that can cause disease
by killing or inducing function loss of specific cells and tissues. HIV-1 virions are
about 110 nm in diameter (Darlix et al., 1995). The mature viral particle is
composed of an inner core surrounded by an outer envelope formed of a lipid
bilayer with cellular origin incorporating and displaying viral glycoproteins. The
inner core is formed by an outer shell of capsid protein molecules (CA protein)
surrounding the dimeric RNA genome in close association with about 2000
molecules of nucleocapsid protein (NC protein), each virion containing about 100

molecules of reverse transcriptase (RT) and integrase (IN) (Figure 1.1A).



HIV-1 has two copies of a single stranded, positive-sense 9.2 kilobase (kb) RNA
genome. It encodes nine open reading frames, capable of producing fifteen
proteins after proteolytic cleavage of the Gag, Gag-Pol and Env polyproteins
(Figure 1.1B). The gag, pol and env open reading frames are common to all
retroviruses. Gag (55 kDa) is processed into the mature matrix (MA, p17), capsid
(CA, p24), nucleocapsid (NC, p9) and p6. They are the structural components of
the internal virion core. The three Pol proteins, protease (PR, p10) for proteolytic
cleavage, reverse transcriptase (RT, p66/51) containing both DNA polymerase
and RNase H activity and integrase (IN) mediating integration into the host
genome, all have enzymatic functions. The surface glycoprotein (SU, gp120) and
the transmembrane subunit (TM, gp41) encoded by env form a complex that
interacts with its specific cellular receptors and ultimately leads to fusion and
entry of the virus into the cell. In addition to these conserved genes products,
HIV-1 encodes six unique accessory proteins. Among them, Vif, Vpr and Nef are
virion associated and modulate infectivity, Tat and Rev regulate viral gene

expression and Vpu participates in viral assembly.
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Figure 1.1 HIV-1 structure and genetic organization. Schematic representations
of (A) cross section of HIV-1 particle, [modified from (Coffin et al., 1997)], and (B)

the HIV-1 genome. Different reading frames are indicated by vertical

displacement of the coding region.



The HIV-1 life cycle follows the general pattern of retroviral infection, but is
endowed with some unique features. It can be considered as a sequence of
discrete steps as outlined in Figure 1.2 (Freed, 1998). The viral surface envelope
glycoprotein binds to its receptor CD4 and provides a contact surface for direct
interactions with one of its associated co-receptors, either CCR5 or CXCR4. The
receptor/co-receptor engagement triggers viral-host membrane fusion between
the lipid bilayer of the virion and the host cell plasma membrane, releasing the
viral core into the cytoplasm. Although this step is very much uncharacterized,
viral uncoating is thought to occur next releasing an organized subviral
composite, operationally defined as the reverse transcriptase complex (RTC) or
preintegration complex (PIC), into the cytoplasm. The RTC/PIC is a high-
molecular-weight assembly of several viral, and possibly cellular proteins, in
combination with the two strands of nucleic acids that comprise the diploid viral
RNA genome. It is in the context of the RTC/PIC that the viral RNAs are copied
and converted by the activity of reverse transcriptase (RT) into a full-length linear
DNA copy, the genetic information now a mosaic of that originally encoded by
each of the viral genomic RNAs. Following an additional catalytic step (3’
processing) in which 2 nucleotides at both ends of the viral cDNA are “trimmed”
by the action of the viral integrase protein (IN) yielding recessed 3’ ends, the PIC
(or a subset of its original components) is transported across the nuclear
membrane. In the nucleus, the viral DNA, already “pre-activated” by the trimming

reaction for insertion into the host chromosome, is then recombined into cellular



DNA by another catalytic step, the strand-transfer reaction, also performed by the
IN protein. The gaps left after the ligation of 3'-ends of the viral DNA to the §'-
ends of the staggered cleavage in cellular DNA are then repaired, the
recombinant joint restored to its original state by the DNA repair activities of the
host. Host cell mediated circularization of viral DNA leads to the formation of 1-
LTR and 2-LTR circles, this event also coordinated by host enzymatic functions.
The integrated viral DNA, also known as provirus, is now competent for
transcription, generating the various sub-genomic RNA transcripts encoding the
viral regulatory and structural gene products as well as the full-length viral RNA
that is either translated to produce the large Gag-Pol polyprotein or directly
packaged into the budding virion. The cellular plasma membrane is the site of
virion formation and release. Here, the heavily glycosylated viral envelope protein
and other structural gene products are targeted for virion incorporation along with
the two new copies of viral genomic RNA. Finally, and soon after encapsidation
and budding, an increase in the local concentration of the viral protease (PR)
promotes its dimerization and activates PR for proteolysis. The reactive PR now
cleaves the Gag-Pol polyprotein into its constituent processed products to

generate the mature virion reinstating the infectious cycle.
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Figure 1.2 General features of the HIV-1 replication cycle. The early phase (left
portion of the diagram) begins with CD4 recognition and involves events up to
and including integration of the proviral DNA, and the late phase includes all

events from transcription of the integrated DNA to virus budding and maturation.



As shown above, HIV-1 has a relatively small complement of viral proteins. Thus,
to pass through each step of the viral life cycle, it is likely that the virus depends
heavily upon the host cell for additional factors for the completion of the various
molecular events required for sustained infection. In addition to the receptors and
cellular transcription factors that are required for retroviral replication, it has been
hypothesized that viral proteins must interact with many other cell components,
making extensive use of the available host cellular machinery (Coffin et al.,
1997). Moreover, it is a reasonable assumption that each of the viral proteins
must perform multiple functions at several discrete points within the viral life
cycle, each precisely tuned to encompass their multifunctional roles in the very
limited space of the HIV-1 proteome. Discoveries like this have provided an initial
glimpse into the molecular complexity at the viral-host interface. However, while
most of this work has relied on the detection of direct interactions between one
viral protein and its immediate cellular binding partner, the isolation and
identification of the set of host factors comprising multi-component protein

complexes and recruited for specific viral functions has remained elusive.

1.2 Methods for the Study of Virus-Host Interactions

Cellular co-factors for viral replication and pathogenesis have been subjects of
intense investigation. Several genetic and biochemical methodologies have been
employed to identify cellular genes or gene products essential to viral infection.

Chemical mutagenesis has been used to induce frameshift mutations in cellular



coding regions. Mutant cell lines resistant to viral replication can be easily
recovered and subsequently analyzed for interrupted gene functions (Bruce et
al., 2005; Gao and Goff, 1999). Chemical mutagenesis is a simple and
straightforward approach to select cell lines resistant to viral infection. However,
because of the nature of chemical mutagenesis, the altered gene(s) cannot be
readily identified. This fact, coupled with the possibility of altering several genes
in parallel, makes it extremely difficult to identify the mutant gene(s) responsible
for the associated phenotype. Another approach, insertional mutagenesis, uses
retroviral integration as an insertional mutagen to randomly inactivate host genes
(Joyner et al., 1989; Zheng and Hughes, 1999). This method has the advantage
that the identity of the gene can be determined and the creation of a large library
of independent insertional events can be readily obtained. However, this
approach inactivates only one homologue and therefore can identify only those
genes whose corresponding gene products are amenable to trans-dominant
interference or can be detected by their functional haplo-insufficiency. A third
method that has had success is transduction of a gene required for infection from
a cell line sensitive to infection to cells that are refractory to infection. As the
opposite of the insertional mutagenesis, this approach adds back positive factors
of infection. For example, this technique has been very successful to recover
cellular genes encoding restriction factors, host receptors or co-receptors
required for viral entry (Evans et al., 2007). Transduction of a resistant genotype
can also be used, especially for the study of restriction factors for viral infection

(Sheehy et al., 2002; Stremlau et al., 2004). Typically, a cDNA library is prepared



from cells that are resistant to viral infection. Closely related sensitive cells are
then transduced with a retroviral vector library and used to recover cells now
refractory to productive infection. The cells resistant to infection can be recovered
by their selected survival after an infection challenge with a virus that results in
cell death, a subset of surviving cells harboring the transduced gene conferring
resistance. Fluorescent screening methods have also been used (Stremlau et al.,
2004). However, in addition to the difficulty of making a representative
complementary DNA (cDNA) library for factors limiting in the population, these
approaches will succeed only when one gene product is required for its positive

or negative effects on viral infection.

Antisense library approaches and rescue methods have been developed to
quickly identify antisense cDNAs responsible for a given phenotype (Deiss and
Kimchi, 1991; Hannon et al., 1999). Interfering RNA (RNAI) libraries have also
been used. For example, double stranded RNA, termed small interfering RNA
(siRNA), homologous to a cellular gene can mediate sequence-specific
degradation of the cognate mRNA upon its introduction into cells, leading to
epigenetic gene inactivation (Elbashir et al., 2001). In recent years, it is clear that
the use of siRNA libraries is much more efficient than antisense RNAs in
knocking down gene expression and not surprisingly, this methodology has
attracted a great deal of attention as a powerful tool for functional identification of
genes (Vanhecke and Janitz, 2005). However, there are still some drawbacks.

Studies has shown that sequence identities of as few as 11 to 12 nucleotides

10



between an interfering RNA and an unrelated messenger RNA (mMRNA) may be
sufficient for interference to occur (Jackson et al., 2003). If this is true, cross-
reactivity, referred to as the ‘off-target effect’, could be a substantial problem (Ma
et al., 2006). Although RNA interference targeting is more efficient than the
antisense RNA approach, it is clear—as in the case of worms or flies—that the
expression of different genes in mammalian cells are diminished with a wide
range of efficiencies. The potential for a non-specific interferon response to
siRNA expression in mammalian cells might also be problematic using some

genetic screens (Scacheri et al., 2004).

A commonly used biochemical approach to identify co-factors for viral infection
and/or replication is based on the macromolecular interactions between an
ectopically expressed viral protein and its reactive host cell protein(s). In these
studies, a vector is engineered to express an affinity tag fused to the N- or C-
terminus of a viral protein of interest (VPOI). Upon high-level expression of the
VPOI, any proteins associated with it intracellularly can be affinity purified using
the fused tag and identified by techniques such as mass spectrometry or
immunoblotting. Many cellular factors have been identified for various VPOI by
this means (Cherepanov et al., 2003; Mulder et al., 2002; Schrofelbauer et al.,
2007). However, since the targeted protein is highly expressed, this conventional
and straightforward method might not necessarily represent the physiological
conditions occurring during infection and may not suitable for studying the

dynamics of the virus-host protein interaction.

11



In addition to the above methods, host proteins that directly interact with viral
gene products have been identified using the yeast two-hybrid system (Kalpana
et al., 1994; VerPlank et al., 2001). However, this approach requires tight
interactions that take place in the yeast fungi nucleus, and is notorious for
producing false positives. Moreover, this approach is not optimized for the study

of most viral proteins in their natural mammalian intracellular environments.

1.3 The Interaction of HIV-1 with Host Factors

Much effort has been focused on understanding the interactions between HIV-1
and its host cells. Identification and characterization of the different cellular
partners utilized by each viral protein would be invaluable in efforts to gain an
intimate understanding the biology of the virus and by extension, and to expand
the potential for the discovery of new antiviral targets. To date, various
biochemical and molecular techniques have been used to reveal the identity of
many cellular factors required for sustained propagation of HIV-1 in target cells.
Furthermore, research on HIV-1 as well as many other retroviruses has shown
that both viral and cellular factors regulate the progression of the viral life cycle. A
list of cellular co-factors for HIV-1 characterized over the past few years and the

methods used to identify them are summarized in Table 1.

12



Table 1. Examples of host factors that interact with HIV-1.

Viral Host Protein Methods of Function
Protein Identification
MA AP3 Yeast two hybrid Gag trafficking, virion
assembly
HO3 Yeast two hybrid Increasing infectivity
CA Cyclophilin A Yeast two hybrid,  Uncoating, RT initiation
in vitro binding
TRIM5a Gene transduction  Restriction factor,
degradation of CA?
Uncoating?
NC (p12) APOBEC3G Co-IP Hypermutation, genome
degradation
p6 Tsg101 Yeast two-hybrid Budding (ESCORT
recruiting)
AIP1/ALIX Isolation in virus Budding (ESCORTIII
like particle (VLP) recruiting)
Gag HP68 Co-IP Assembly
LysRS (KARS) Co-IP, in vitro tRNA packaging
reaction
AP-2 Affinity purification Viral budding and release
Staufen Co-IP RNA packaging
RHA Co-IP Particle production, RT
IN INI1 Yeast two-hybrid Viral assembly, nuclear
import
LEDGF Co-IP Viral DNA integration,
chromatin tethering
Rad18 Co-IP DNA repair in integration
Ku80, DNA-PK, PIC purification DNA repair, anti-apoptosis
Ku70
EED Yeast two-hybrid Import, PIC targeting
HSP60 Affinity purification  Catalytic
Importin 7 In vivo co-IP Nuclear import
p300 Co-IP IN acetylation
BAF Co-IP Chromatin targeting
SU (gp120) | CD4 Neutralization Receptor for viral binding
TM (gp41) | CXCR4, CCR5 Gene transduction Co-receptors, membrane
fusion
Vif APOBEC3G Gene trans- Hypermutation, genome
duction, Co-IP degradation
Cul5, Elongins  IP/MS during APOBEC3G degradation
B and C, Rbx1 infection
Vpr RIP/VpvBP Co-IP Cytoplasmic retention of
Vpr
DDBA1 Co-IP G2 arrest
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Rev

Tat

Nef

Crm1,
Rab/hRIP

p32

Cyclin T1, cdk9
ASK1

P13K

PACS-1

Yeast two hybrid

Yeast two hybrid
Co-IP

In vitro affinity
binding
Co-IP

Antisense

VRNA nuclear export

Post-transcriptional block
Transcriptional
transactivation

Signaling intermediate in
apoptosis pathway
blocks HIV induced
apoptosis

MHC | down-regulating
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Integrase (IN) is an essential viral protein that performs multiple tasks including
its cooperation in reverse transcription (Wu et al., 1999), nuclear import of the
PIC (Maertens et al., 2004), HIV-1 particle production (Bouyac-Bertoia et al.,
2001; Gallay et al., 1997), and as indicated by its name, integration of the viral
DNA into the host genome (LaFemina et al., 1992; Wiskerchen and Muesing,
1995a). In order to mediate these diverse processes, integrase is believed to
associate with a number of cellular factors to exploit their functions. Among the
binding partners, the integrase interactor 1 INI1/hSNF5 is a component of the
chromatin remodeling SNF-SWI complex and has been found to activate IN
DNA-joining activity in vitro (Kalpana et al., 1994). However, there is no strong
evidence for involvement of INI1 during the in vivo integration process. INI1’s
binding seems to be required for late events in the viral life cycle via an unknown
mechanism(s) (Yung et al., 2001). Given the timing of its activity, INI1 may
interact with IN within the context of the Gag-Pol polyprotein. Alternatively, given
the observed cellular relocalization of INI1 during HIV-1 infection, INI1 might play
a role for virus-associated INI1 and/or cellular INI1 during the early steps of HIV-
1 infection, such as PIC nuclear import (Turelli et al., 2001). Although INI1 has
been hypothesized to play a part in integration-site selection or HIV-1
transcription, no experimental evidence has been produced to support this
notion. On the other hand, the human lens epithelium-derived growth
factor/transcription co-activator p75 (LEDGF/p75) has been identified as a new
IN binding partner by co-immunoprecipitation (Cherepanov et al., 2003) and

confirmed by yeast two-hybrid system (Emiliani et al., 2005). Current studies
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suggest a role of LEDGF for various processes including the nuclear entry of the
PIC, tethering IN to chromatin or a function in the integration reaction itself
(Emiliani et al., 2005; Llano et al., 2006; Llano et al., 2004). Both INI1 and
LEDGF specifically interact with lentiviral IN, not with integrases from the
distantly related oncoretroviral family. This may suggest that their functional
significance is restricted to lentiviral replication (Llano et al., 2004; Yung et al.,
2004). Components of the DNA damage response system including DNA-PK,
ATM and Ku80, have also been reported to interact with IN (Li et al., 2001).
These proteins have been shown to be indirectly involved in the integration
reaction, but might be required to induce the post-integration DNA repair systems
that are responsible for filling in the gaps and sealing the nicks that are left after
integration at the sites of viral integration (Ariumi et al., 2005; Goff, 2007; Smith

and Daniel, 2006).

A notable example of exploring a cellular factor that involved in viral life cycle is
the elegant study on the viral accessory gene vif. The vif open reading frame is
present in all lentiviruses except equine infectious anemia virus and is required
for viral replication and pathogenicity in vivo (Simon et al., 1998). In the absence
of Vif, HIV-1 virions that are produced from non-permissive primary T
lymphocytes and certain T cell lines, are defective, and cannot initiate productive
infection. HIV-1 Vif is essential for viral evasion of the host antiviral factor
APOBECS3G, which is present in Vif-nonpermissive cells and has been identified

as a potent mediator of anti-HIV-1 activity (Sheehy et al., 2002). APOBEC3G
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belongs to a family of proteins that have cytidine deaminase activity and when
packaged into HIV-1 virions, induce modification of newly synthesized minus-
strand viral DNA from cytosines to uracils. The hypermutation damages the
genomic integrity and results in defective particles (Zhang et al., 2003). Vif
protects the viral genome by binding to APOBEC3G and inducing its
ubiquitination and degradation by a Vif-Cul5-Skp1-cullin-F-Box (SCF)-like
complex, thereby blocking incorporation of APOBEC3G into the viral particles

(Yu et al., 2003).

Another example of the involvement of an essential host protein pertains to the
export of RNAs of HIV-1. The HIV-1 Rev protein binds to the structured Rev
response element (RRE) on unspliced and singly spliced viral mRNAs and
targets the mRNA to the cytoplasm using the host RNA export pathway for Rev.
Rev has been shown to interact with Crm1, a host cellular protein and a main
member of the nucleo-cytoplasmic transport factors absolutely required to export
the viral structural mMRNA transcripts from the nucleus into the cytoplasm (Neville

et al., 1997).

As outlined above, a number of host proteins have been found to be involved in
different aspects of HIV-1 replication including viral entry, host restriction,
intracellular trafficking, mRNA export and assembly. Cellular functions that are
anticipated but not yet defined will include factors ranging from chromatin

remodeling to chemokine receptor-mediated signal transduction. It is certain that
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the scope of the host machinery usurped by the virus is unknown and several
new approaches will be necessary to find those interactions acting at the

molecular interface between the virus and its host cell.

1.4 Proteomic Approach for the Study of Host Proteins that

Interact with HIV-1

In our proteomic approach, we endeavor to identify factors that interact directly
with the HIV-1 machinery during natural viral replication using a system in which
viruses have been molecularly engineered to incorporate a potent immunological
or biochemical tag. A genetic procedure has been developed for the systematic
and comprehensive mutagenesis of individual HIV-1 gene segments (in, vif and
env) in an attempt to introduce a unique restriction endonuclease site (a five
amino acid in-frame open reading frame) into a viral gene without deleterious
effect to the function of the associated gene product in the context of cycling viral
replication. Transposon mutagenesis was used as a method to produce
insertional libraries within specific HIV-1 gene segments. This protocol relies on
the random introduction of a small DNA fragment encoding an efficiently
recognized tag throughout a viral protein-coding segment of HIV-1. This step
creates a large collection of uniquely marked bacterial DNA clones, each of
which contain a small number of extra codons at different positions. The plasmid
DNA from the library can be used to create a diverse viral stock and that is

subsequently used to initiate HIV-1 infection of susceptible cells. Following a
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stringent step for replication competency in vivo, viral DNA persisting after
several rounds of viral replication and represented by low molecular weight
extrachromosomal circular DNAs can be reintroduced back into E. coli, where
they can be clonally purified and amplified. In turn, homogeneous viral stocks
prepared from the plasmid DNA clones can be used to generate a panel of
viruses each uniquely tagged with respect to the location of the insertion.
Because of the rigorous step of biological selection, viruses that survive through
multiple passages can accommodate a tag within a specific location within the
HIV proteome without loss of biological “fithess” as revealed by their robust

replication.

The ability to introduce a small peptide into a viral protein without obvious effect
can be used as a mapping tool to locate a site(s) within the secondary, tertiary
and quaternary structure of the protein that can accommodate foreign amino
acids. Segments of protein sequence located at the surface of the three-
dimensional structure or in connector regions frequently tolerate insertions of a
few amino acids and remain functional, while segments that are buried, or part of
an active site, are generally intolerant of such insertions (Goff and Prasad, 1991).
In principle (and in practice), selected sites within proteins are usually amenable
to the incorporation of even larger numbers of amino acids yet have the ability to
remain functional. Here, DNA that codes for an efficient epitope or affinity tag is
subsequently introduced into the HIV-1 genome within the viral gene

corresponding to the preferred site of insertion.
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Following confirmation of replication competency, the epitope-tagged virus can
be utilized for the quantitative recovery of the viral protein. The modified viral
proteins expressed in infected cells are expected to form the same physiological
complexes as their natural counterparts and because of the high affinity epitope
tag, each modified protein can be purified, often associated with its binding
partner(s) or complex(es) that it relies on to performs its functions during viral
replication through the cell. Importantly, since binding is strong, potentially
transient complexes can be purified over a short period of time. A particular viral
protein tagged independently at different positions will allow corroboration of any
cellular binding partners identified using this procedure. The recovered proteins
that are associated with each tagged viral protein can be identified using
standard mass-spectrometry methods. This scheme should allow identification of
the binding partner(s) for each viral protein at various times throughout the viral

life cycle.

Large-scale studies of protein complexes have been carried out in yeast, in
which individual proteins are tagged and used to recover associated proteins
(Gavin et al., Ho et al., 2002). In those studies, hundreds of different proteins
were tagged with a fragment of protein A or an epitope FLAG tag to create ‘bait’
proteins. DNAs encoding the bait proteins were then stably introduced into yeast
cells. Importantly, the modified proteins form physiologically relevant complexes

with other proteins that are in association with the bait protein in the context of
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the living cell and thus provide a strategy to recover and identify true binding
partners. Adapting this approach to HIV-1 will provide a dynamic picture of virus-
host interactions not currently appreciated and contribute to the basic biological

strategy employed by HIV-1 to gain control of the host cell.

Thus, the method described herein will provide a powerful tool to identify cellular
proteins that associate with a given viral protein during the viral life cycle, a
subset of which may be absolutely required by the virus for its livelihood but in
part dispensable or compensated by the host cell. Research in this area has the
potential to provide many new targets for small molecule intervention, particularly
if the host factor is required for viral growth but dispensable for normal cell
function. For example, individuals with a 32 base-pair deletion in the CCR5
cellular co-receptor gene are refractory to HIV-1 transmission, yet are not
seemingly compromised for overall health. Consequently, small molecule
inhibitors have been screened and identified against this cellular target (Strizki et
al., 2001). Cellular proteins are emerging as potential targets for new
antiretroviral drugs since they do not mutate as frequently as the virus and viral
replication might be blocked because there are no alternative pathways. Coupled
with the development of RNAI therapeutics, antiviral drugs that target cellular

proteins may play major roles in combating HIV resistance.
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Chapter 2: Materials and Methods

2.1 Generation of Replication-Competent HIV-1 that Incorporates

a Potent Antigenic Tag
2.1.1 Random Insertion of a Unique Restriction Site (Pmel) into
Proviral DNA by a Transposition Methodology
For cloning purposes, the HXb2-derived HIV-1 proviral clone, R7/3, was
engineered to contain a pair of unique restriction endonuclease sites immediately
flanking each of the targeted gene segments. This allows for the precise insertion
of the targeted gene without disruption of the remainder of the proviral genome or
plasmid backbone. The proviral clone was modified to create or eliminate certain
restriction sites using overlap-PCR site-directed