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Figure 2.2
Changes in the incidence rate of HIV infection, 2001 to 2009, selected countries 

Source: UNAIDS.

In the absence of a reliable diagnostic test that can directly measure the level of new HIV infections in a population, estimates of HIV 
incidence have been produced through modeling The map includes 60 countries for which reliable estimates of new HIV infections 
over time were available from the 2010 round of country-specific estimation using the EPP/Spectrum tools, and 3 countries for which 
peer-reviewed publications with incidence trends were available. The EPP/Spectrum methods estimate HIV incidence trends from HIV 
prevalence over time combined with the changing level of antiretroviral therapy. The criteria for including countries in this analysis were as 
follows. EPP files were available and trends in EPP were not derived from workbook prevalence estimates; prevalence data were available 
up to at least 2007; there were at least four time points between 2001 and 2009 for which prevalence data were available for concentrated 
epidemics and at least three data points in the same period for generalized epidemics; for the majority of epidemic curves for a given 
country, EPP did not produce an artificial increase in HIV prevalence in recent years due to scarcity of prevalence data points; data were 
representative of the country; the EPP/Spectrum–derived incidence trend was not in conflict with the trend in case reports of new HIV 
diagnoses; and the EPP/Spectrum–derived incidence trend was not in conflict with modelled incidence trends derived from age-specific 
prevalence in national survey results. For some countries with complex epidemics including multiple populations groups with different 
risk behaviours as well as major geographic differences, such as Brazil, China and the Russian Federation, this type of assessment is highly 
complex and it could not be concluded in the 2010 estimation round. UNAIDS will continue to work with countries and partners to improve 
the quality of available information and modeling methodologies to include HIV incidence data for additional countries in future reports.

Several regions and countries do not ! t the overall trend. In seven countries, 
the HIV incidence increased by more than 25% between 2001 and 2009. In 
Western, Central, and Eastern Europe, Central Asia, and North America, the 
rates of annual new HIV infections have been stable for at least the past ! ve 
years. However, evidence is increasing of a resurgence of HIV in several high-
income countries among men who have sex with men. In Eastern Europe and 
Central Asia, high rates of HIV transmission continue to occur in networks of 
people who inject drugs and their sexual partners.

Young people leading a revolution in HIV prevention
A recent analysis among young people provides further evidence of decreasing 
incidence and safer sexual behaviour (Table 2.1). Seven countries showed a sta-
tistically signi! cant decline of 25% or more in HIV prevalence (the percentage 
of people living with HIV) by 2008 among young pregnant women attending 
antenatal clinics.

Increasing >25%
Stable
Decreasing >25%
Not included in analysis

Note about Figures:
Dotted lines in fi gures represent ranges, 
solid lines represent the best estimate.
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Trends in the number of people living with HIV
UNAIDS estimates that there were 33.3 million [31.4 million–35.3 million] 
people living with HIV at the end of 2009 compared with 26.2 million [24.6 mil-
lion–27.8 million] in 1999—a 27% increase (Figure 2.4 and Figure 2.5).  Although 
the annual number of new HIV infections has been steadily declining since the late 
1990s, this decrease is o" set by the reduction in AIDS-related deaths due to the 
signi# cant scale up of antiretroviral therapy over the past few years (Table 2.2).

$ is report revises the estimate of the number of people living with HIV in 2008 
of 33.4 million [31.1 million–35.8 million] published in AIDS epidemic update: 
November 2009, to 32.8 million [30.9 million–34.7 million], which is within the 
uncertainty range of the previous estimate. $ is revision is based on additional 
data becoming available for many countries, including data from population-based 
surveys such as in Mozambique. AIDS epidemic update: November 2009 included 
Mexico in Latin America. $ is report includes Mexico in North America and 
categorizes the rest of Latin America as Central and South America. $ is report 
presents trend analysis based on the new de# nition of these regions.

$ e estimated number of children living with HIV increased to 2.5 million 
[1.7 million–3.4 million] in 2009 (Figure 2.3). $ e proportion of women living with 
HIV has remained stable, at slightly less than 52% of the global total (Figure 2.6).

Figure 2.4
Global prevalence of HIV, 2009

Source: UNAIDS. 
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HIV-1 LIFE CYCLE 3

Figure 1 Organization of the HIV-1 genome and virion.

as a molecular entity consisting of 15 proteins and one RNA. We first describe
how each component fits into the viral life cycle, and then we review selected
structural and biochemical studies to highlight important functional aspects of
each protein.
In our view, the HIV-1 replication cycle may be broken into 15 discrete

steps, as depicted in Figure 2. We begin the cycle with the viral genome inte-
grated into a host chromosome, and we describe the order of events that lead to
expression of the viral gene products, production of virus particles, infection
of a new cell, and reintegration of the viral genome. In step 1, viral transcripts
are expressed from the promoter located in the 5� long terminal repeat (LTR),
with Tat greatly enhancing the rate of transcription. In step 2, a set of spliced
and genomic-length RNAs are transported from the nucleus to the cytoplasm,
where they can be translated or packaged. This step is regulated by Rev. In
step 3, viral mRNAs are translated in the cytoplasm, and the Gag and Gag-
Pol polyproteins become localized to the cell membrane. The Env mRNA is
translated at the endoplasmic reticulum (ER). In step 4, the core particle is
assembled from the Gag and Gag-Pol polyproteins (later processed to MA,
CA, NC, p6, PR, RT, and IN), Vif, Vpr, Nef, and the genomic RNA, and an
immature virion begins to bud from the cell surface. To provide SU and TM
proteins for the outer membrane coat during budding, the Env polyprotein must
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primate lentiviruses. Notably, the ‘‘prosimian’’ lentivirus pSIVgml
that evaded the host genome several million years ago contains
a dUTPase, which is otherwise only found in nonprimate lentivi-
ruses (Gifford et al., 2008). In addition to vif, vpr, and nef, SIVs
infecting the Papionini tribe of monkeys (mangabeys, drills,
and mandrills) and HIV-2 contain a vpx gene. Vpx may have
arisen from a duplication of the vpr open reading frame (Tristem
et al., 1990) or by the acquisition of a heterologous vpr gene
(Sharp et al., 1996). Finally, another gene (vpu) was most likely
acquired by a common ancestor of SIVs nowadays found in
Cercopithecus monkeys (Bailes et al., 2003). To our current
knowledge, this vpu containing SIV was transmitted to chimpan-
zees and formed a hybrid with the ancestor of an SIV found in
red-capped mangabeys (Cercocebus torquatus) (Bailes et al.,
2003). Chimpanzees prey on these monkeys, and their ranges
in west and central Africa overlap. Most likely, one chimpanzee
became coinfected by both simian viruses. They recombined,
and the vpu-containing hybrid virus (SIVcpz) then spread in
chimpanzees and was later transmitted to humans and gorillas
to become HIV-1 and SIVgor. Thus, Vpu distinguishes HIV-1
and its SIV counterparts in chimpanzees, gorillas, and some
Cercopithecus monkeys from most other primate lentiviruses
that do not encode a homolog to Vpu.

Accessory HIV-1 Proteins Antagonizing Host Restriction
Factors
Compared to the most primitive retroviruses, HIV-1 is equipped
with six additional genes. Two of them encode essential regula-
tory proteins (Tat and Rev) and four small accessory factors
(Vif, Vpr, Vpu, and Nef) that are dispensable for viral replication
in some cell types. Accumulating evidence suggests that the
main function of three of the latter, i.e., Vif, Vpu, and (most likely)
Vpr, is to counteract intracellular proteins that humans and other
mammals have evolved primarily or exclusively as a defense
against viral pathogens (reviewed in Malim and Emerman,
2008). The necessity of such antiviral factors and the enormity
of encounters with invading retroviruses over millions of years
are evident from the fact that about 8% of our genome consists
of the defective remnants of once infectious retroviruses
(reviewed in Bannert and Kurth, 2004). This is a larger proportion
of our genetic material than that encoding proteins. Thus, retro-
viruses have not only left their imprints, but have also driven our
evolution and shaped our genetic repertoire. Similarly to highly
active antiretroviral therapy (HAART), antiviral ‘‘host restriction’’
factors interfere with different stages of the viral life cycle:
APOBEC3G induces lethal hypermutations of the retroviral
genome; TRIM5a proteins restrict the incoming retroviral capsid;
and tetherin inhibits the release of viral particles (reviewed in
Huthoff and Towers, 2008; Malim and Emerman, 2008; Neil
and Bieniasz, 2009) (Figure 2). Its high variability allows HIV-1
to evade the adaptive immune response. In comparison, it is
more difficult for the virus to avoid factors targeting viral compo-
nents in a less-specific manner because it cannot easily become
resistant by escape mutations. TRIM5a proteins inhibit viruses
with limited homology and thus seem to target viral capsids
with a relatively relaxed specificity. However, escape by capsid
mutations is clearly possible, as retroviruses from a given
species are not restricted by the TRIM5a variants found in the
same species (reviewed in Song, 2009). Of interest, binding of
the HIV-1 capsid protein to cyclophilin A increases its suscepti-
bility to simian TRIM5a and may thus reduce its potential for
cross-species transmission (Keckesova et al., 2006). Incorpora-
tion of APOBEC3G proteins into budding virions and inhibition of
virus release by tetherin are both relatively unspecific processes
(reviewed in Bieniasz, 2004; Malim and Emerman, 2008). Thus,
HIV-1 is unable to avoid them by escapemutations but has taken
the highly demanding step of acquiring new tools to antagonize
these intrinsic immunity factors. Of note, the functional charac-
terization of the viral antagonists was frequently instrumental in
identifying the host restriction factors. As outlined in a recent
review (Malim and Emerman, 2008), Vif, Vpu, and Vpr all seem
to target antiviral factors for ubiquitin-dependent proteasomal
degradation to render the intracellular environment more condu-
cive to viral replication. In comparison, the multifunctional HIV-1
Nef protein interacts with numerous cellular factors and evolved
to facilitate viral immune evasion from adaptive immune
responses and to directly promote viral spread.
Virion infectivity factor (Vif) is a basic protein of 23 kDa that

is essential for viral replication in primary T cells and in vivo
(reviewed in Malim, 2009; Chiu and Greene, 2009). Its cellular
target, APOBEC3G, was initially discovered by theMalim labora-
tory by comparing the mRNA expression profiles of cells that do
or do not support efficient replication of vif-defective HIV-1
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Figure 1. Genomic Organization of Lentiviruses
The organization of the consensus endogenous RELIK and pSIVgml proviral
genomes is shown in comparison to that of other infectious lentiviruses.
RELIK, rabbit endogenous lentivirus type K; FIV, feline immunodeficiency
virus; OMVV, ovine maedi-visna virus; pSIVgml, gray mouse lemur prosimian
immunodeficiency virus. Question marks indicate the possible presence of
short, spliced Rev and Tat exons.
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diately upstream of the PBS in the viral genome.16 –18 Extensive phylogenetic analysis of the U5-
PBS RNA structures of all types of human and simian immunodeficiency viruses indicated that this
RNA hairpin structure is critical for virus replication. However, the importance of the loop–loop in-
teraction was not directly supported by this analysis.19 These extended interactions between viral
RNA and the tRNALys,3 primer not only enhance the initiation efficiency,20 but also provide a struc-
tural basis for the specificity of the reverse transcription initiation.21 Indeed, recently it was shown
that these interactions favor the RT binding by preventing steric clashes between the nucleic acids
and the polymerase. Consequently, the viral RNA/tRNALys,3 conformation fits perfectly into the nu-
cleic acid binding cleft of RT. Moreover, the subsequent transition to a less specific elongation phase
is facilitated by these extended template/primer interactions.22

2. Minus Strand DNA Synthesis

The synthesis of the (!)strand DNA, initiated from the annealed tRNALys,3 primer, involves the
copying of the genomic RNA template up to the 5! cap, resulting in the formation of the minus-strand
strong-stop DNA (!sssDNA). Continued (!)strand synthesis requires a strand transfer reaction, that
allows the 3! end of the genomic RNA to serve as a template. This first “jump” in the HIV-1 reverse
transcription can occur in an intermolecular or intramolecular manner, because of the presence of
two identical RNA genomes in the virion.23
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Figure 2. Mechanism of HIV-1 reverse transcription.
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its maturation to late endosome. A study using a lysosomal
protease inhibitor cocktail of leupeptin, pepstatin A, and
E64d also supports the role of endosomal/lysosomal
pathway in Vpu-mediated degradation of tetherin (Iwabu
et al. 2009). Finally, knockdown of the μ2 subunit of the
AP-2 adaptor complex partially prevents the Vpu-induced
tetherin downregulation (Mitchell et al. 2009).

MG-132 has been used in several studies as a protea-
some inhibitor to prevent tetherin degradation by Vpu, but
the results showed varying degrees of efficacy (Van
Damme et al. 2008; Goffinet et al. 2009; Mangeat et al.
2009; Mitchell et al. 2009). It is noted that long-term
treatment with MG-132 may deplete the intracellular pool
of free ubiquitin and thus affect the ubiquitin-dependent
degradation by either the proteasomes or the lysosomes
(Van Damme et al. 2008; Douglas et al. 2009; Mitchell et
al. 2009). Given the important role of β-TrCP and
ubiquitination in the degradation of tetherin by Vpu, results
obtained with MG-132 treatment alone may not be
sufficient to distinguish between the roles of proteasomal
or endolysosomal pathway in tetherin degradation. The use
of the other proteasome inhibitors ALLN and clasto-
lactacystin β-lactone (inhibitor of the 20S proteasome)
increases the level of intracellular tetherin in the presence or

the absence of Vpu (Goffinet et al. 2009). Notably, both
proteasome inhibitors abolish the ability of Vpu to rescue
viral release in the presence of tetherin (Goffinet et al.
2009). It is possible that both the proteasomal and the
endolysosomal pathways are involved in Vpu-mediated
degradation of tetherin, albeit likely to varying degrees in
different cell lines.

In addition to degradation, Vpu may disturb tetherin
trafficking in cells and sequester tetherin away from the
plasma membrane. Tetherin is normally localized to the
plasma membrane and to, a less degree, in the perinuclear
regions. Vpu causes a relocalization of tetherin from the
plasma membrane to the TGN where tetherin is sequestered
(Dubé et al. 2010). Results of immunoelectron microscopy
showed an increased presence of tetherin at the early/
recycling endosomes when Vpu is expressed (Habermann
et al. 2010). It is conceivable that Vpu interacts with
tetherin and diverts the trafficking of tetherin toward
specific intracellular membrane compartments for seques-
tration or degradation.

Vpu likely recognizes tetherin through an interaction
between the transmembrane domains of these two proteins.
This scenario was first suggested by the finding that HIV-1
Vpu is unable to counteract tetherin from monkeys such as

Table 1 Summary of viral tetherin antagonists

Tetherin
antagonists

Tetherin
surface
downregulation

Tetherin
intracellular
depletion

Target domain
in tetherin

Intracellular
relocalization
of tetherin

Species
specificity

References

HIV-1 Vpu Yes Yes TM domain TGN Yes Neil et al. (2008), Van
Damme et al. (2008),
Mitchell et al. (2009),
Goffinet et al. (2009),
Douglas et al. (2009),
Mangeat et al. (2009),
Iwabu et al. (2009),
Dubé et al. (2010)

SIVcpz/gor Vpu ? ? ? ? Yes Sauter et al. (2009),
Yang et al. (2010b)

SIVgsn/mus/mon Nef ? ? Cytoplasmic tail
(G/DDIWK)

? Yes Sauter et al. (2009),
Yang et al. (2010b)

SIVmac/smm Nef Yes ? Cytoplasmic tail
(GDDIWK)

? Yes Jia et al. (2009),
Zhang et al. (2009)

SIVagmSab/Tan Nef ? ? Cytoplasmic tail
(DDICK)

? Yes Zhang et al. (2009)

HIV-2 Env Yes No Ectodomain TGN No Le Tortorec and Neil (2009),
Jia et al. (2009),
Hauser et al. (2010),
Abada et al. (2005)

Ebola GP No No ? ? No Kaletsky et al. (2009),
Lopez et al. (2010)

SIVtan Env Yes No Ectodomain Perinuclear region No Gupta et al. (2009b)

KSHV K5 Yes Yes Cytoplasmic tail(K18) Late endosomes Yes Mansouri et al. (2009),
Pardieu et al. (2010)
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! Ol!

F=E!V3+.%3&.+,!I@9PTO:PE!.+%5&'(%.3+!9$.+,!TW*:!

F=E=?!C5>5-3@75+%!3;!'+!'$$'D!%3!73+.%3&!I@9!'+6!TO:PE!.+%5&'(%.3+!

! 25!()!Q#,,!>'-Q'!5%&5!3+B!&'/!94:;<!&7#!&0,#!5-!('5#7&$5!Q(5%!#&$%!-5%#7!

5%7-B@%! 5%#(7! 7#)+#$5(6#! 57&')*#*07&'#! /-*&(')! qGGM;GGkrH!1-Q#6#7E! 5%#!

#R&$5! '&5B7#! -8! 5%()! ('5#7&$5(-'! &'/! 5%#! 7#)(/B#)! ('6-,6#/! Q#7#! '-5! Q#,,!

$%&7&$5#7(Y#/H! 2'! -7/#7! 5-! @&('! (')(@%5! ('5-! 5%#! ('5#7&$5(-'! 0#5Q##'! 123;G!

3+B! &'/! %B*&'! 94:;<! Q#! /#6#,-+#/! &'! &))&.! 5-! *-'(5-7! 5%#! ('5#7&$5(-'!

B)('@! 5%#! +7('$(+,#)! -8! 0(-,B*('#)$#'$#! 7#)-'&'$#! #'#7@.! 57&')8#7! L9WT:PH!

j#! @#'#7&5#/! 8B)(-'! +7-5#(')! -8! 94:;<! 8B)#/!Q(5%! W#'(,,&! ,B$(8#7&)#! LW,B$;

94:<P!&5!(5)!S;5#7*('&,!&'/!3+B!8B)#/!Q(5%!TgX_!&5!(5)!S;5#7*('&,!!LTgX_;?G;

3+BP!-7!?;5#7*('&,!LTgX_;SG;3+BPH!!

! W,B$;94:<!Q&)!$-57&')8#$5#/!Q(5%!#(5%#7!TgX_;?G;3+B!-7!TgX_;SG;3+B!

('5-!1Tf<lM:!$#,,)H!?-#,#'5#7&Y('#!%!Q&)! 5%#'!&//#/!&'/!0#$&*#!-R(/(Y#/!

0.! W,B$! 7#)B,5('@! ('! &'! #*())(-'! -8! #'#7@.H! 28! W,B$! &'/! TgX_! Q#7#! Q(5%('!

GFFÑ!-8!#&$%!-5%#7E!5%#!#'#7@.!#*(55#/!0.!W,B$!*&.!0#!57&')8#77#/!5-!TgX_!

7#)B,5('@! ('! &'!#*())(-'!-8! #'#7@.!0.!TgX_! LX(@B7#!G<IPH!:%#!!"#$!!"#$% !
!"#$$#%&!!"!!"#$
!"#$$#%&!!"!!"#$ !Q&)! B)#/! 5-! &))#)! 5%#! +7-R(*(5.! -8! 5%#! 5Q-! +7-5#(')H! :%#!

'#@&5(6#!$-'57-,!B)#/!Q&)!&'!#*+5.!TgX_;SG!6#$5-7!$-57&')8#$5#/!Q(5%!W,B$;

94:<!&'/!5%#!+-)(5(6#!$-'57-,!Q&)!&!6#$5-7!Q(5%!TgX_!8B)#/!5-!W,B$!LTgX_;

W,B$PH!:%#! 7#)B,5)! )%-Q! 5%&5! $-57&')8#$5(-'!-8!TgX_;SG;3+B!&'/!W,B$;94:<!

#R%(0(5#/!&!9WT:!7&5(-! 5%&5! ()!@7#&5#7! 5%&'!5%#!+-)(5(6#!$-'57-,!LTgX_;W,B$P!

)B@@#)5('@! 5%&5! TgX_;SG;3+B! &'/! W,B$;94:<! ('5#7&$5! )57-'@,.! Q(5%! #&$%!
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-5%#7!LX(@B7#!G<9PH! 2'5#7#)5('@,.E!TgX_;?G;3+B!&'/!W,B$;94:<!%&6#!&!9WT:!

7&5(-!5%&5!()!$-*+&7&0,#!5-!5%#!9WT:!7&5(-!*#&)B7#/!('!5%#!'#@&5(6#!$-'57-,H!

:%()! ()! ,(>#,.! /B#! 5-! 5%#! +,&$#*#'5! -8! TgX_! &5! 5%#! S;5#7*('&,! -8! 3+B! 5%&5!

Q-B,/!+-)(5(-'!(5!&5!5%#!-++-)(5#!8&$#!-8!5%#!+,&)*&!*#*07&'#!5-!W,B$H!:%()!

+,&$#*#'5!Q-B,/!('5#78#7#!Q(5%!&'.!#'#7@.!57&')8#7!87-*!W,B$!5-!TgX_!#6#'!

(8!94:;<!&'/!3+B!/(/! ('5#7&$5H!9&)#/!-'! 5%#)#! 7#)B,5)!Q#! $-'5('B#/! 8B75%#7!

#R+#7(*#'5)!B)('@!TgX_;SG;3+B!L87-*!'-Q!-'!7#8#77#/!5-!&)!TgX_;3+BPH!!
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*#/(&5('@!5%#!('5#7&$5(-'!0#5Q##'!5%#!5Q-!+7-5#(')E!Q#!)#,#$5(6#,.!*B5&5#/!

5%#! '-';&,&'('#! 7#)(/B#)! 5-! &,&'('#! ('! )('@,#E! /-B0,#! -7! 57(+,#!*B5&5(-')! -8!

3+B! ('! 5%#! TgX_;3+B! $-')57B$5! LX(@B7#! GMPH! I//(5(-'&,,.E! Q#! *B5&5#/!

7#)(/B#)! Q(5%('! 5%#! 57&')*#*07&'#! /-*&('! -8! 94:;<! ('! 5%#! W,B$;94:<!

$-')57B$5!5-!5%#!$-77#)+-'/('@!7#)(/B#)!('!&@*94:;<!-7!7%94:;<!0#$&B)#!5%#!
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94:<!*B5&'5)!Q#7#! $-57&')8#$5#/!Q(5%!Q(,/! 5.+#! TgX_;3+B! ('5-! 1Tf<lM:!
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&'/!2GN!&7#!('6-,6#/!('!('5#7&$5('@!Q(5%!94:;<H!:%#!7#)(/B#)!5%&5!('/($&5#!5%#!

Vpu  MVPIIVAIVALVVAIIIAIVVWSIVIIEYRILRQ  35!
!RKIDRLIDRLIERAEDSGNESEGEVSALVEMGVE  69!
!MGHHAPWDIDDL                        81!

Wt Vpu       8-IVALVVAIIIAIVVWSIV-25!
IV8,9AA      8-AAALVVAIIIAIVVWSIV-25!
VV12,13AA    8-IVALAAAIIIAIVVWSIV-25!
III15-17AAA  8-IVALVVAAAAAIVVWSIV-25!
IVV19-21AAA  8-IVALVVAIIIAAAAWSIV-25!
W22A         8-IVALVVAIIIAIVVASIV-25!
S23A         8-IVALVVAIIIAIVVWAIV-25!
IV24,25AA    8-IVALVVAIIIAIVVWSAA-25!
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('! 7#/H! :%#! @7&+%! )%-Q)! 5%#! 9WT:! 7&5(-! -8! 5%#! *B5&'5! TgX_;3+B!

$-57&')8#$5#/!Q(5%! W,B$;94:;<! ('! 1Tf<lM:! $#,,)H! :%#! +-)(5(6#! $-'57-,! ()!

57&')8#$5(-'! -8! TgX_;W,B$! &,-'#H!:%#!9WT:! 7&5(-)!%&6#!0##'! &/eB)5#/! 0.!

)B057&$5('@!5%#!6&,B#!-8!5%#!'#@&5(6#!TgX_!$-'57-,H!!
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94:;<!*B5&'5)! 5%&5!Q#7#!$7#&5#/!&7#!,()5#/!&'/!5%#!*B5&5#/!&*('-!&$(/)!

&7#!('/($&5#/!('!7#/H!:%#!@7&+%)!)%-Q!5%#!9WT:!7&5(-!-8!5%#!*B5&'5!W,B$;

94:<! $-57&')8#$5#/! Q(5%! Q(,/! 5.+#! TgX_;3+B! ('! 1Tf<lM:! $#,,)H! :%#!

+-)(5(6#! $-'57-,! ()! 1Tf<lM:! $#,,)! 57&')8#$5#/! Q(5%! TgX_;W,B$H! :%#! 97#5!

7&5(-)! %&6#! 0##'!&/eB)5#/! 0.! )B057&$5('@! 5%#! 6&,B#!-8! 5%#!'#@&5(6#! TgX_!
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!
Del22/23LL     22---LGIGILVLLIIVILGVPLIIFT-45 !
G25A           22-LLLAIGILVLLIIVILGVPLIIFT-45 !
Del25/26GI     22-LLL--GILVLLIIVILGVPLIIFT-45!
V30G           22-LLLGIGILGLLIIVILGVPLIIFT-45!
I33V           22-LLLGIGILVLLVIVILGVPLIIFT-45!
IVI34-36AAA    22-LLLGIGILVLLIAAALGVPLIIFT-45!
I36L ! !   22-LLLGIGILVLLIIVLLGVPLIIFT-45!
LGV37-39AAA    22-LLLGIGILVLLIIVIAAAPLIIFT-45!
PLI40-42AAA    22-LLLGIGILVLLIIVILGVAAAIFT-45!
I43F           22-LLLGIGILVLLIIVILGVPLIFFT-45!
T45I           22-LLLGIGILVLLIIVILGVPLIIFI-45!
 !

agmBST-2     37-LAV--GILGLLVIVLLGVPLIFFI-48 
rhBST-2      37-LVV--GILGLLVIVLLGVLLIFFI-48 
hBST-2       22-LLLGIGILVLLIIVILGVPLIIFT-45 
                * :  *** **:**:*** **:*  
 
agmBST-2        GLRAVMECHNVTYLLQQELAEAQRGFRDAEAQAVTCNQTVMALMASLDAEKAQGRKKVEE 118 
rhBST-2         GLRAVMECRNVTYLLQQELAEAQRGFRDAEAQAVTCNQTVMALMASLDAEKAQGRKKVEE 118 
hBST2           GLRAVMECRNVTHLLQQELTEAQKGFQDVEAQAATCNHTVMALMASLDAEKAQGQKKVEE 115 
                ********:***:******:***:**:*.****.***:****************:***** 
 
agmBST-2        LEGEITTLNHKLQDASAEVERLRRENQVLNVRIADTNS-ASSQDSSCAAEPPLLILLLGL 177 
rhBST-2         LEGEITTLNHKLQDASAEVERLRRENHVLNARIADTDS-ASPQDSSCAAEPPLLILLLGL 177 
hBST-2          LEGEITTLNHKLQDASAEVERLRRENQVLSVRIADKKYYPSSQDSSSAAAPQLLIVLLGL 175 
                **************************:**..****..  .*.****.** * ***:**** 
 
agmBST-2        GALLL 182 
rhBST-2         SALLL 182 
hBST-2          SALLQ 180 
                .*** 

 

NOTE: Sequence alignment of agmBST-2, rmBST-2 and huBST-2 from ClustalW2. Highlighted 
sequence represents transmembrane domain (derived from Kupzig et al. 2003 (Traffic)).!
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)57-'@#)5! ('5#7&$5(-'!Q(5%! 94:;<! $,B)5#7! &5! 5%#! ?;5#7*('&,! #'/! -8! 3+BH! 25! ()!

+-))(0,#! 5%&5! 5%#! ?;5#7*('&,! #'/! -8! 5%#! +7-5#('!*&.! 8-7*! 5%#! +7#/-*('&'5!

,('>! 5-! 94:;<! &'/! -5%#7! 7#)(/B#)! *&.! 0#! ('6-,6#/! ('! )5&0(,(Y('@! 5%#!

('5#7&$5(-'H!

:%#!94:;<!*B5&'5)!!bb<<=<M!&'/!3MFC!Q#7#!)(@'(8($&'5,.!(*+&(7#/!('!

5%#(7! &0(,(5.! 5-! ('5#7&$5! Q(5%! 3+B! &'/! 5%#! 57(+,#! *B5&'5)E! 232MO;MnIIIE!

bC3MN;MlIII! &'/! _b2OF;O<III! &,,! /#*-')57&5#! &! 7#/B$#/! 9WT:! 7&5(-!

LX(@B7#! GOPH! ?-')(/#7('@E! &,,! 5%#! 57(+,#! *B5&5(-')! -8! 94:;<! 7#)B,5#/! ('! &!

7#/B$#/! 9WT:! )(@'&,! 5%#7#! ()! &! +-))(0(,(5.! 5%&5! 5%#!*B5&5(-')! $%&'@#/! 5%#!

)57B$5B7#! -8! 5%#! 57&')*#*07&'#! /-*&('! 5--! /7&*&5($&,,.! &'/! 5%#7#0.!

&88#$5#/!5%#!&0(,(5.!-8!94:;<!5-!('5#7&$5!Q(5%!3+BH!:%#!7#)(/B#)!b<<E!b<M!&'/!

3MF!&7#!&,,!,-$&5#/!+7-R(*&,!5-!5%#!S;5#7*('&,!7#@(-'!-8!94:;<!&'/!)%-Q!5%#!

@7#&5#)5! /#$7#&)#! ('! 0('/('@! 5-! 3+B! &)! &))#))#/! 0.! 5%#! 9WT:! &))&.H!

2'5#7#)5('@,.E!5%()!7#@(-'!$-77#)+-'/)!5-!5%#!?;5#7*('&,!)(/#!-8!3+B!Q%#7#!5%#!

7#)(/B#)!)##*#/!5-!%&6#!%&/!5%#!@7#&5#)5!('8,B#'$#!-'!0('/('@!5-!94:;<H!:%()!

('/($&5#)!5%&5!)+#$(8($!&'/!)57-'@!0('/('@!*&.!-$$B7!('!5%()!7#@(-'H!!

F=E=F!W5$.695$! .+! %/5!<P%5&7.+'-!5+6!3;!I@9!5$$5+%.'-! %3!@&373%5!>.&'-!

&5-5'$5!

! j#!'#R5!)-B@%5! 5-!/#5#7*('#!Q%#5%#7!&!/#8#$5! ('! 5%#!&0(,(5.!-8!3+B!5-!

('5#7&$5!Q(5%!94:;<!Q-B,/!&88#$5! (5)!&0(,(5.!5-!7#)$B#!5%#!7#,#&)#!-8!123;G!('!

5%#! +7#)#'$#! -8! 94:;<H! :-! #')B7#! 5%&5! TgX_! /-#)! '-5! ('5#78#7#! Q(5%! 5%#!

+7-5#('!8B'$5(-'!-8!3+B!Q#!@#'#7&5#/!5%#!)&*#!3+B!*B5&'5)!('!5%#!&0)#'$#!
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('8#$5(6(5.! )%-Q! 5%#! j<<I! *B5&'5! Q&)! %(@%,.! (*+&(7#/! ('! (5)! &0(,(5.! 5-!

-6#7$-*#!94:;<!7#)57($5(-'!-8!6(7&,!7#,#&)#!LX(@B7#!GkPH!:%#7#!Q&)!&!GF;8-,/!

/#$7#&)#!('!6(7&,!('8#$5(6(5.!('!5%#!+7#)#'$#!-8!j<<I!&)!$-*+&7#/!5-!5%#!Q(,/!

5.+#! 3+BH! :%()! ()! ('! ,('#!Q(5%! 5%#! ('&0(,(5.! -8! 5%#!j<<I!*B5&'5! 5-! ('5#7&$5!

Q(5%! 94:;<! &)! )%-Q'! B)('@! 5%#! 9WT:! &))&.H! 1-Q#6#7E! 5%#! 4<MI! *B5&'5E!

Q%($%!/(/!'-5!)%-Q!&'!('&0(,(5.!5-!('5#7&$5!Q(5%!94:;<!Q&)!&,)-!(*+&(7#/!('!

(5)!&0(,(5.!5-!('$7#&)#!6(7&,! ('8#$5(6(5.!LX(@B7#!GkPH!:%#!233Gl;<GIII!*B5&'5!

Q&)! 5%#! *-)5! )#6#7#,.! (*+&(7#/! ('! 7#)$B('@! 6(7&,! 7#,#&)#E! %-Q#6#7! 5%()!

0.,9&5!?M!I@9!ZEE"!'+6!OEF"!9+'#-5!%3!&5$(95!HAIP?!>.&'-!&5-5'$5=!

3+B!*B5&'5)!Q#7#!57&')8#$5#/!('5-!1Tf<lM:!$#,,)!&,-'@!Q(5%!91GFL3+B;P!

&'/!Q(,/! 5.+#! 94:;<H! :%#! +7-5#('! #R+7#))(-'! -8! 3+B!Q&)!*#&)B7#/! ('! &!

j#)5#7'! 0,-5H! :%#! &0(,(5.! -8! #&$%! 3+B! *B5&'5! 5-! 7#)$B#! 91GFL3+B;P! ()!

)%-Q'!('!5%#!&*-B'5!-8!('8#$5(-B)!6(7B)#)!+7-/B$#/H!!
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*B5&'5!Q&)!'-5!#R+7#))#/H!4B7+7()('@,.E!222Gk;GNIII!&'/!23<O;<kII!*B5&'5!
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