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Role of TrimSa in the Suppression of Cross-Species Transmission and its
Defence Against Human Immunodeficiency Virus
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Abstract: Acquired Immunodeficiency Syndrome (AIDS) was discovered 30 years ago and was followed by the
identification and characterization of its causative agent, Human Immunodeficiency Virus (HIV). Increasing spread of
retroviral infections has impelled science to understand the evolution of retroviruses from primates to humans. In the
course of evolution, host cells have developed intracellular proteins to counteract the transforming viral defence system.
Such inhibitory endogenous intracellular proteins are known as restriction factors. Tripartite motif protein isoform 5 alpha
(TRIMS5a), Apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like (APOBEC), and Tetherin proteins are few
important restriction factors that have been extensively studied. Several evidences have conveyed information regarding
specific adaptations occurring in HIV-1 and its relatives to inhibit these host defenses; making the study more interesting.
The characteristic potential of restriction factors to restrict the replication of retroviruses was enticing when studies were
found that HIV-1 virus cannot infect nonhuman primate species. This review emphasizes on TRIMSa as a restriction
factor and its significance in the evolution of retroviruses. It also accentuates the role of polymorphism within the regions
of TRIMS5a in both human and primate species that eventually affect the cross-species transmission of immunodeficiency

viruses.
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INTRODUCTION

Discovery of AIDS was followed by the identification
and characterization of its causative agent, human
immunodeficiency virus (HIV). Today even after immense
research being done on this disease, there are 30 million
people worldwide affected with AIDS. Every year 2.5
million people are newly infected and 1.7 million die due to
AIDS. According to UNAIDS 2012 global AIDS report, 34
million people have been diagnosed with AIDS and 1.7
million deaths have been reported worldwide [1]. In the face
of these daunting statistics, when we look back at the
progress achieved in AIDS treatment, there are several
effective drugs and ongoing attempts to establish a useful
HIV-1 vaccine, but a deeper understanding of the innate
defence mechanism by restriction factors in human cells will
not only determine the underlying cause but also reveal the
pattern of cross-species transmission. Several restriction
factors have evolved with the advancement of retroviral
infections. Soon after the identification of Friend-virus-
susceptibility factor 1 (Fvl), TRIMS5a was identified as a
factor mediating HIV-1 resistance in rhesus macaque lung
fibroblasts. It is a widely studied restriction factor that has
provided significant evidence on the evolution of
retroviruses from primates to humans [2-5]. The changes in
the variable regions of TRIM5a have generated the potential
to develop compounds that can bind to specific regions on
human TRIMS5a and retarget it to act against HIV-1 [2].
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Retargeting TRIMSa would mark a crucial step in the
development of novel therapeutic strategies for the treatment
of AIDS.

VIRUS-HOST INTERACTION

Viruses are obligate parasites as they depend on the host
cells for their survival [6]. They are bits of genetic material
covered in a protein sheath (capsid), capable of sequestering the
protein synthesis machinery of the host for their own replication
[7]. After utilizing this machinery they continue to amplify as
part of the host cell DNA. Viruses have been classified into
different families based on their characteristics. Retroviruses
belong to the Retroviridae family [8]. The structure of
retroviruses consists of a RNA genome embedded in a capsid
which is surrounded by a lipid envelope studded with
glycoprotein due to which they exist as a small particle called
virion [9, 10]. The shape and location of the internal protein
core are characteristic features of this family. The virion RNA is
7-12 kb in size, linear, single-stranded, non-segmented, and
positively charged [9]. The distinguishing characteristic of this
family is its replication pattern which include; reverse
transcription of the virion RNA into a linear double-stranded
DNA and further integration of this genome into the host cell
genome [8, 11]. The integrated viral DNA (provirus) becomes
an addition to the host chromosome and persists in latent stage
until some unknown agents activate it to restart the replication
[12, 13]. The latency of the virus is the biggest threat to
diagnose the disease. Hence, the interplay between virus and
host has generated the need to develop newer defense strategies
[14]. Restriction factors are emerging to be better defense
mechanisms against the sprouting replication of retroviruses
[15-17].
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PATTERN OF CROSS-SPECIES TRANSMISSION

With the transmission of Simian Immunodeficiency
Virus (SIV) from Chimpanzees (SIVcpz) and Sooty
Mangabeys (SIVsm) to humans; the virus has
magnanimously developed itself being competent to several
external threats. Excogitating the transmission pattern to the
discovery of AIDS will uncover the extent of competency
developed by the virus to resist against the anti-retroviral
therapy and the diminution of restriction caused by
restriction factors over the years.

As shown in Fig. (1), HIV-1 and HIV-2 had their
emergence from SIVcpz and SIVsm, respectively [18-20].
The question that arises is: What led to the emergence of
Simian precursors of HIV and how this led to the occurrence
of AIDS epidemic? Retracing the evolution from SIV to
HIV; researchers have concluded several theories that could
be used to trace the emergence of AIDS and find a possible
solution to combat it. To resolve the mystery of origin of
SIV in chimpanzees; fecal and urine samples were collected
from different field sights and were evaluated for the
presence of virus specific antibodies. After scrutinizing
antibody positive specimens; molecular characterization was
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performed by RNA extraction and RT-PCR amplification of
the virus specific samples. The results obtained from the
experiment provided an in-depth scenario of prevalence of
SIV and confirmed Chimpanzees as reservoirs of SIV (called
as SIVepz) [21]. The geographic distributions of SIVcpz and
SIVgor infections in Sub-Saharan African regions have been
meticulously described in previous studies [18-21]. These
studies described minor prevalence of SIVcpz in Central and
Eastern regions of Africa and absence of infection in the
Western and Nigeria-Cameroonian chimpanzees. On the
contrary, major prevalence of SIVsm was observed in these
regions. The inference from these studies have suggested,
rare occurrence of SIV in chimpanzees was due to migration
of Western African apes that were members of P.t. verus
subspecies (members of Chimpanzees found in Western
Africa) to Eastern regions and their inability to get infected
by SIV [21].

It is quiet speculating that chimpanzees being predators
of monkeys; considered as natural reservoirs of SIV have
acquired the virus during the process. Thereafter, the spread
of the virus was rapid as humans came into contact with the
mucous of Chimpanzees while hunting. But, the interesting
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Fig. (1). Cross-species transmission of SIV from old world monkeys to human HIV. SIV: Simian immunodeficiency Virus, HIV: Human

immunodeficiency virus [18-21].
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fact is that these viruses are non-pathogenic in their natural
host and exert their pathogenic nature when transmitted to a
foreign host like humans. Phylogenetic analyses of full-
length pro-viral sequences have revealed that SIVcpz has
been generated by recombination of two lineages of SIVs
that infect monkeys. The 5’half of the genome, nef gene and
the 3’LTR of the SIVcpz is related to the SIVrcm from red-
capped monkeys whereas, the vpu, fat, rev and env genes are
related to SIVs infecting several Cercopithecus species [21].
Hence, it can be inferred that SIV in the process of cross-
species transmission has undergone several host-specific
changes to inure itself to the new environment [22, 23].
Based on the prevalence of transmission of SIVcpz to HIV in
humans; Fig. (2) represents the subgroups of HIV and their
occurrence in different parts of the world.

RESTRICTION FACTORS

Retroviruses are obligate intracellular parasites that have
extremely evolved with their increasing occupancy in the
host cells for millions of years consequently utilizing several
host factors; needed for their survival. On the contrary, to
compete with these mechanisms, host cells have evolved
with their intracellular proteins to restrict the rapid
replication of viruses. Such intracellular inhibitory cellular
factors are referred to as restriction factors [24, 25]. These
factors serve as activators of the defence system in the host
cell, but their expression remains complicated. Restriction
factors inhibit the reverse transcription of the newly
synthesized DNA to the nucleus by conferring on the
retroviral capsid [26]. They act as natural watch-guards by
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keeping an eye on the replication of viruses and inhibiting
rapid replication and spread of the disease.

Tissue tropism of retroviruses largely depends on the
factors and the conditions provided by the host cells for their
optimal completion of the viral life cycle. The inhibition of
replication in a given cell type could be attributed to the
inhibition of viral entry into the host cell. It might be caused
due to the absence of specific cell surface receptors or
species-species differences in receptor molecules that make
them unable to support infection. When the virus is inside
the cell, it requires several conditions to carry out its life
cycle. Therefore at the level of gene expression, replication
of retroviruses may be halted due to improper transcriptional
machinery that can mediate synthesis of retroviral mRNAs.
These intriguing concepts lead to the development of various
restriction factors [27]. Both dormant and expressive
restriction factors were found in humans. Fvl, TRIM5a,
RNA silencing and zinc-finger antiviral proteins are few to
list [28].

TRIMSa AS A RESTRICTION FACTOR

Fvl was the first restriction factor identified in 1996 by
positional cloning strategy. It was found as a mouse locus,
having potential resistance towards Friend Murine Leukemia
virus and Murine Leukemia Virus (MLV) [29-32]. Soon
after the identification of Fvl, TRIM5a gene was identified
as a factor mediating HIV-1 resistance in rhesus macaque
lung fibroblasts by cDNA library screening technique [33].
There are several cellular factors that block retroviruses in
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Fig. (2). Hierarchy representing the origin of HIV and its subtypes based on their emergence in different parts of the world. SIV:
Simian immunodeficiency Virus, SIVcpz: SIV from chimapanzees, SIVsm: SIV from sooty mangabeys, HIV: Human immunodeficiency
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the primate cells. The Lentivirus susceptibility factorl (Lvl)
and restriction factorl (Refl) are such cellular factors that
block retroviruses in non-human primate cells and N-MLV
in human cells, respectively. During the characterization of
Lvl and Refl, it was found that TRIMS5a is solely
responsible for the anti-retroviral activity of Lvl and Refl
[29]. Studies had found that it had no homology with Fvl
gene and it belongs to a separate family of proteins known as
tripartite motif (TRIM) family [25]. The first structure of
TRIM was identified as a Xenopus nuclear factor 7 (XNF7)
[34]. Gradually with advancement, various TRIM motifs
were identified and their sequences were cloned. The
restriction mediated by these factors came into interest when
it was found that human cell lines also exhibited resistance
towards viruses [35].

STRUCTURE OF TRIMSa

TRIMS5a isoform is the largest product amongst the
TRIM family and consists of approximately 493 amino
acids. It also encompasses B30.2 (SPRY) domain that
distinguishes itself from the other isoforms. The TRIM5a
gene consists of the N-terminus and the C-terminus. The
tripartite motif of TRIM is also known as RBCC domain
based on the presence of RING, B-box and Coiled-coil
domains (Fig. 3).

The N-terminus of the gene consists of RING (really
interesting new gene) domain, one or two B-boxes and the
coiled-coil domain [16, 32]. RING finger proteins are regar-
ded as the most common zinc binding motifs found in
eukaryotes [36, 37]. This domain can be found in a large
variety of species ranging from yeast to humans; including
double strand DNA viruses. RING domain is the cysteine-
rich binding domain found to provide E3 ubiquitin ligase
activity. It acts as an interaction domain as it plays an
important role in enzyme specificity. Ubiquitination is a
post-translation  modification process that involves
modifications of proteins in presence of ubiquitin. It recruits
ubiquitin-activating enzyme (E1), ubiquitin-conjugating
enzyme (E2) and ubiquitin ligase (E3) enzyme for the
process. E3 enzyme functions as a substrate-recognition
molecule and is capable of interacting with both E2 and the
substrate. Proteasome enzyme carries out the final
degradation process of the ubiquitinated proteins that result
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in the release of Ubiquitin and the degraded protein. RING
proteins are absent in Bacteria and lack of ubiquitination
differentiates them from eukaryotes. In the TRIM family,
Ubiquitin ligase activity is found in TRIMS5d isoform and
several other types of TRIM’s such as TRIM18, TRIM32,
TRIM63 [25, 32, 37, 38]. Focusing on TRIMS5a, poly-
ubiquitination and rapid degradation require intact RING and
B-box domains; however the rapid formation of the degraded
protein does not hinder the antiretroviral activity. Members
of TRIM family are targets for specific regulators or
adopters in the ubiquitin-dependent protein degradation
pathway [39-41]. The B-box domain consisting of the Bl
and B2 boxes is known as the interaction domain. The boxes
determine the RING-Box ubiquitin ligase substrate
specificity. The two B-boxes differ from each other in both
number and spacing of conserved cysteine and histidine
residues. B1 always precedes B2. The key determinant of
TRIM family proteins is the presence of B2 domain [42].
The coiled-coil domain is a hyper-secondary structure
formed by twining of multiple a-helices. It is responsible to
cause homo and heterodimerization of TRIM proteins and is
required for assembling them [43].

The C-terminus of the gene consists of the B30.2 domain,
which is involved in binding of protein to the capsid
molecule of the incoming retrovirus and controls further
replication. The presence of B30.2 domain in TRIMS5a
imparts specificity to the protein which is absent in other
shorter counterparts (TRIMS5y and TRIMS3). These shorter
isoforms act as negative dominants and inhibit restriction
when over-expressed [32, 37, 38, 43]. Variation in sequence
of PRY/SPRY domain can determine the specificity of
TRIMS5a to a particular species, and the difference in the
sequence of amino acids in the viral capsid protein can
determine the viral sensitivity to restriction [44]. Subsequent
cloning of TRIMS5a from a variety of species led to the
finding that species variation in TRIM5a sequence (specific
in B30.2 domain) was the reason for species-specific retro-
viral restriction and tropism, discussed in later paragraphs.

SPECIFICITY

Interestingly, species-specific investigation of TRIM led
to the finding that variation in the sequence of B30.2 domain
at the C-terminal end of RBCC, attributed to its species
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specificity and tissue tropism. These findings were
confirmed further by investigating restriction activity of
TRIMSy isoform (which lacks B30.2 domain) against HIV-1
and SIV. Absence of B30.2 domain was found to be the
major factor, hindering anti-HIV-1 and anti-SIV activities
[45, 46]. Studies on human and rhesus (Rh) recombinant
TRIMS5a have also revealed that the major determinant of
species-specific restriction against HIV-1 resides in the
variable regions of the PRY/SPRY domain. It was found that
old world primates exhibit variation specifically in the V;
(variable) region. A single amino acid change from Arginine
(R) to Proline (P) at position 332 on the V; site of the human
TRIMSa (R332P) can induce strong restriction ability
against HIV-1 and SIVmac (SIV of rhesus macaques). Cell
culture assays suggested that human TRIMS alleles had the
ability to block the infectivity of SIVsm strains but not of the
SIVmac strains [47]. In case of HIV-2 infection, three
amino-acid residues Threonine, Phenylalanine and Proline
(TFP) at positions 339-341 of Rh-TRIMSa (V) were
essential to confer restriction against HIV-2 strains.
Restriction towards N-MLV by human TRIMS5a was
conferred by the presence of amino acid residues at positions
409 and 410 in the variable region 3 (V;) of the PRY-SPRY
domain [43, 48, 49]. Studies have suggested that all three
variable regions of B30.2 domain of TRIMS5a contribute to
the specificity of retroviral restriction. Amplification of axon
8 of TRIMS5a gene from 12 different primate species and its
fusion with RBCC domain of human TRIMS5a resulted in
chimeras which were checked for restriction against several
retroviruses. The restriction pattern of the resulting chimeras
has given significant evidence to identify compounds that
can bind to specific variable region on B30.2 domain and
eventually retarget human TRIMS5a to recognize HIV-1[2].

RELATION OF TRIM WITH CYCLOPHILIN

Retrotransposition in the sequence of TRIMS5a protein
caused expression of the inserted sequence. Widely accepted
model of retrotransposition is the TRIMCyp A isoform
model. Retrotransposition of Cyclophilin (Cyp A) into the
TRIMS5a gene sequence resulted in the expression of
TRIMCyp A isoform as a consequence of replacement of the
B30.2 domain with the Cyp A sequence [38, 50, 51]. Hence,
the specificity after the insertion of Cyp A was targeted on
the TRIMCyp A domain, instead of the B30.2 domain. This
phenomenon highlights the fact that B30.2 domain is the
primary determinant, conferring specificity towards
retroviral restriction. The activity of TRIMCyp A varies
from species to species due to its independent development.
In case of Aotus (New World Monkeys), TRIMCyp A
restricts Human Immunodeficiency Virus (HIV-1) and
Feline Immunodeficiency Virus (FIV) [52,53] while in case
of Macaca macaques (Old World Monkeys), genetic
changes caused due to the insertion of Cyp A had resulted in
expression of TRIMCyp A but not TRIMS5a. Few reports
indicate that Old World Monkeys (Macaca nemestrina) do
not express TRIM5a; instead they transcribe novel isoforms
of TRIM56 and TRIMS5n. These isoforms are formed due to
single nucleotide polymorphism (SNP) and alternate splicing
of the introns and axons [54]. TRIMCyp A exhibits more
potent restriction to incoming retrovirus because of its
association with Cyp A, which differentiates it from
TRIMSa [52, 55]. The potent activity of TRIMCyp A was
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observed in different species and it was found that
retrotransposition caused restriction of both HIV-1 and
SIVmac in Spider monkeys while it only restricted the
former in Owl monkeys. As thTRIMS5a restricts HIV-1 in
rhesus macaques; it is the TRIMCyp A that restricts HIV-1
in the Owl monkeys. It has been suggested that Cyp A
improves the anti-viral activity of TRIMS5a but is not merely
responsible for anti-viral activity [56]. Changes in the
amino-acid residues of the Cyp A can alter the conformation
or orientation of the distal CypA-binding loop. TRIM-Cyp A
retrotransposition in a way can disrupt the activity of
TRIMSa. Changes in the Valine86 and Histidine87 residues
can alter the conformation of TRIM-CypA binding
eventually disrupting the assembly of TRIMS5a dimers [57].

MECHANISM OF TRIMS5a

Plethora of research done on TRIM5a has suggested that
its presence is not the sole factor responsible for restriction.
Intermolecular association of the structural domains,
formation of dimers and presence of clustered amino acids
on the SPRY domain and their replacement in different
species, presence or absence of proteosome activity and anti-
TRIM mechanism developed in the viruses to inhibit the
restriction activity are the factors that have equal importance
in determining the anti-retroviral activity [57-59].

Several initial studies have reported that TRIMS5a acts at
initial stages of retroviral replication; viral capsid uncoating
and further restricting formation of reverse transcription
products (Fig. 4) [58, 60]. Recent research in presence of
proteosome inhibitors has observed that reverse transcription
was restricted in presence of proteosome inhibitors but, there
was no alteration in the restriction activity of TRIMS5a [61,
62]. Thereafter, scientist found that TRIMS5a has several
restriction mechanisms. Despite the formation of pre-
integration complexes in presence of proteosome inhibitors,
it (TRIM5a) was able to restrict the infection. The
mechanism behind proteosome independent degradation was
speculated to be the presence of E3 ubiquitin ligase activity
within TRIMS5a, which mediated restriction by inducing
proteosomal degradation of the viral cores. The question that
aroused was; if reverse transcribed viral ¢cDNA rescued
restriction caused by TRIMS5a then what was the reason
behind their inability to integrate into the chromosomal
DNA. It was found that nucleoprotein complexes involved in
the reverse transcription of viral ¢cDNA are inherently
defective for integration or these complexes had failed to
find their chromosomal targets because of their contact with
TRIMS5a [63]. Hence, it can be inferred that TRIMS5a
exhibits two-phase mechanism of restriction: first binding to
the viral capsid cores and then targeting these cores for
proteosomal  degradation eventually impairing the
accumulation of reverse transcription products. Inhibition of
proteosome can lead to formation of reverse transcription
products but does not impair the TRIMS5o mediated
restriction. Cytoplasmic assembling of TRIMS5a mediates
sequestering of viral cores into these bodies before
undergoing proteasomal destruction by the inhibitors. Hence,
it can also be inferred that cytoplasmic sequestering of the
viral cores by TRIMS5a prevents the viral cDNA from
intergrating into the nucleus and further integration into the
host chromosomal DNA [61-65]. In vitro studies have also
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Fig. (4). Tripartite motif (TRIMSa) proteins interfering at initial stages of retroviral replication. Schematic representation of life-cycle
of retroviruses and mechanism of TRIMSa acting on initial stage of replication of retrovirus. PIC, Pre-integration complex [25].

revealed that TRIMS5a can recognize capsid proteins that
have larger viral core, not those that are free capsid proteins.
It signifies that viral assembly along with intermolecular
association of TRIMS5a is an important factor influencing
restriction [65]. Additionally, innate immunity exhibited by
TRIMS5a restriction factor has been recognized as a sensor in
the form of pattern recognition receptor that recognizes the
pattern of infection caused by the pathogen; referred to as
pathogen-associated molecular patterns (PAMP) [66].

SPECIES-SPECIFIC RESTRICTION OF TRIMSa AND
ITS ROLE IN CROSS-SPECIES TRANSMISSION

Several hypotheses have been proposed suggesting
species-specificity conferred by TRIMSa. Red queen
hypothesis and sequential analysis of TRIMS5a are the most
evident studies, suggesting the role of cross-species
transmission of viruses in imparting species-specific
restriction to TRIM5a. Red queen hypothesis describes the
antagonizing effect developed during the evolution of
viruses [67, 68]. Antagonizing effect was observed as a
result of replacement of amino acids at the interaction
domain (positive selection) of TRIM5a. Sequential analysis
of TRIMS5a has revealed the importance of 13 amino acids
patch in the SPRY domain which offers positive selection of
the residues [69]. The ratio of non-synonymous (dN) and
synonymous (dS) changes per site along different branches
suggested that TRIMS5a has been subject to positive selection
for at least 133 million years [70]. This supports positive

Darwinian selection which describes the presence of
selective pressure, favouring change. High dN/dS ratio of
SPRY domain when compared to other domains revealed
that it had undergone the most intense positive selection. As
shown in Fig. (5), change in the amino acids at 334 site of
SPRY domain and increase in dN/dS ratio can reveal that
TRIMS5a had evolved during past several years and is
undergoing selective pressure to exert its retroviral
restriction activity.

Hence, it can be inferred that with gradual evolution,
humans have developed several innate mechanisms to
defend themselves but, viruses in turn, have also found ways
to counteract these restriction factors. However, before the
virus infects a new species it has to overcome several hurdles
for its survival. Proteomic studies have also suggested that
during the process of cross-species transmission drastic
amino acid substitutions have occurred in the protein matrix
of the virus due to occurrence of strong host-specific
selection pressures. These substitutions have made the virus
resistant to restriction exhibited by the restriction factors. It
was found that Gag-30 in the viral protein matrix of SIVcpz
and SIVgor was encoded by Met, which was replaced by
Arg in HIV groups of M, N and O. Arg or Lys were further
conserved in the strains of HIV-1 [21]. The interchange in
the amino acids has been confirmed by reciprocal-
transmission studies which involved conversion of Arg to
Met in Chimpanzees and increased efficiency in replication
of virus in Chimpanzees due to the presence of Met at the



HIV-1 Rev Multimerization

Current HIV Research, 2013, Vol. 11, No. 8 607

SPRY domain

Species Hominids 3 Old World Monkeys e New World Monkeys
334 site 0of B30.2 Arginine =~ =——> Proline _— Glutamine
domain
dN/dS ratio of SPRY AN/ds>1 —> dN/ds<1 _— dN/ds>1
domain *
Humans Rhesus monkey, Spider monkey,
Gorilla, African green Squirrel monkey,
Examples Gibbons, monkeys, Spider monkey
Chimapanzee baboon

Fig. (5). Species-specific restriction of TRIM5a and its role in cross-species transmission. The figure represents the pattern of change in
the amino acids at 334 site of the interaction domain (B30.2 domain) and the dN/dS ratio of the SPRY domain, describing their role in
species specificity and cross-species transmission [69, 70]. *dN/dS ratio of SPRY domain indicated is not species-specific.

position 30 [71]. Plethora of research is being done to trace
the polymorphisms occurring in the sequence of TRIMS5a so
that change in the particular amino acid sequence can
eventually retarget it to exert restriction against viruses in
humans.

CONCLUSION

The daunting spread of HIV and the uncertain prospects
of development of an effective vaccine will sustain to pose
threat for decades to come. In such a scenario, the study of
factors helping to fight against the replication of virus will
not only lead to the development of species-targeted drugs
but also help to prevent further transmission. Successive
generations of Lentiviruses (SIV and HIV) have transformed
them from non-pathogenic to pathogenic through the process
cross-species transmission. This transmission has not only
made the viruses more competent but also has made the cure
complex. Tracing the host-specific selection pressures and
changes at particular amino-acid sequence provides a scope
to restrict the rapid transmission of virus. As several studies
have been done to evaluate the adaptations occurring in HIV
to counteract the restriction conditions provided by the host;
co-relating these studies with the spread of HIV and species-
specific change in the amino-acid sequences in restriction
factors will be challenging task to combat against the deadly
virus. For example, Tetherin being a restriction factor has
been widely studied to possess restriction activity by
inhibiting budding and release of virions from infected cells.
Studies have identified anti-tetherin responses emerging in
the virus as a consequence of host-selection pressure. SIVs
utilize Nef proteins to withdraw Tetherin from cell surface

by targeting at its cytoplasmic domain; HIV-1 and SIVs
from Dent’s monkeys use Vpu protein to inhibit Tetherin to
bind to its membrane-spanning domain [21]. Further studies
identifying such anti-response mechanisms towards TRIM5a
will help to identify the key reason behind its inactivity in
humans. Hence, evaluating the broad-spectrum of
mechanism(s) exhibited by restriction factors will help to
predetermine the future risks of zoonotic infections.
Additionally, high selection pressure according to positive
Darwinian selection has revealed that with increasing
evolution, humans are going to face more pressure in
developing endogenous defence strategies. Investigation of
compounds that can bind to the wvariable region and
retargeting human TRIMS5a to recognize HIV-1 can be a
milestone in AIDS research. Deeper understanding of
restriction factors in different primate species can help to
develop a vaccine for AIDS. Surprisingly, the current global
AIDS report released by UNAIDS revealed, more than 50%
decrease in the incidence of AIDS in India and other Asian
countries. Comparing the polymorphism in the variable
regions of restriction factors in Asian countries with other
countries may discover some hidden facts. Finally, the
discovery of restriction factors has eventually paved the path
to understand the evolution pattern of AIDS.

LIST OF ABBREVIATIONS

AIDS = Acquired Immunodeficiency Syndrome
HIV = Human Immunodeficiency Virus
TRIMSa = Tripartite Motif Protein Isoform 5 Alpha
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APOBEC = Apolipoprotein B mRNA Editing Enzyme,
Catalytic Polypeptide-Like

Fvl = Friend-Virus-Susceptibility Factor 1

SIV = Simian Immunodeficiency Virus

MLV = Murine Leukemia Viruses

Refl = Restriction Factorl

XNF7 = Xenopus Nuclear Factor 7

RING = Really Interesting New Gene

FIV = Feline Immunodeficiency Virus

CypA = Cyclophilin A

SNP = Single Nucleotide Polymorphism

PIC = Pre-Integration Complex

FRET = Fluorescence Resonance Energy Transfer

INF = Interferon
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