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CHAPTERR 1

GENERALGENERAL INTRODUCTION
Thee human immunodeftency viruses (HIV-l and HIV-2) have been recognized as the
infectiouss agent that causes acquired immune deficiency syndrome (AIDS) in
humans.. A wealth of data has been gathered over the last 15 years concerning these
retrovirusess and the virus-induced disease. Many molecular aspects of the replication
cyclee of these viruses have been described. In this thesis, I will present studies
designedd to test the role of particular structured RNA signals within the HIV-l
genome.. Retroviral RNA genomes encode regulatory elements that control several
stepss of replication, such as polyadenylation and reverse transcription. To introduce
thee thesis work, the first chapter provides a literature review of studies concerning the
organizationn of the viral genome and the mechanism of polyadenylation and reverse
transcription. .

RETROVIRUSES S
Retrovirusess are viruses with an RNA genome that replicate through a DNA
intermediatee by the action of the virally encoded reverse transcriptase '. The family of
Retroviridacc are divided into three taxonomie groups 2'3. The first group is formed by
thee Oncoviridae or RNA Tumor Viruses that were found both in birds and in
mammals.. Viruses that belong to this group include the avian sarcoma and leukosis
virusess (ASLV), the murine leukemia viruses (MLV), the murine mammary tumor
virusess (MMTV) and the human T-cell leukemia viruses (HTLV-I and -II). The
secondd group consists of the Spumaviridae or the foamy viruses, agents that cause
vacuolationn (foaming) of cells in culture. Foaming viruses have been isolated from a
numberr of mammalian species, including monkeys, cattle, cats and humans.
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Relativelyy little is known about spumaviruses, which apparently cause no disease. The
thirdd group is formed by the Lentiviridae that can cause severe neurological and
immunologicall disorders in mammalian hosts, such as AIDS. The induced
pathogenicityy is characterized by slow disease progression (lenti means slow). The
lentiviruss genus consists of the Visna/Maedi Virus. Caprine Arthritis-Encephalitis
Viruss (CAEV). Equine Infectious Anemia Virus (EIAV) and several
immunodeficiencyy viruses in cattle (BIV). cats (FIV), monkeys (SIV) and humans
(HIV-11 andHIV-2).

THEE HIV-1 PARTICLE AND PROTEINS

HIV-11 particles are spherical and arc approximately 110 nm in diameter (Fig. 1A) 4 .
Thee membrane of extracellular HIV particles contains approximately 72 knobs or
spikess that mediate attachment to host cells. These knobs show triangular symmetry,
andd are thought to contain three heterodimcrs of envelope glycoprotein. Each
heterodimerr is composed of a surface subunit (SU or gpl20) that interacts with the
transmembranee subunit (TM or gp41) through noncovalent bonds. The lipid
membranee surrounds a dense cone-shaped core that is formed by matrix (MA) and
capsidd (CA) proteins. The nucleocapsid (NC) protein is associated with the viral
genome. .
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Figuree 1. (A) Structure of the HIV-1 virion particle. The lipid membrane that envelopes the virus
particlee contains the env glycoprotein subunit SU-gpl20 and the transmembrane TM-gp41. The lipid
membranee is associated with gag-encoded matrix proteins (MA), and the capsid proteins (CA) that
formm the cone-shaped virion core. The gag-derived nucleocapsid protein is associated with the RNA
genomee (vRNA). present within this core structure. The pol-cncoded proteins integrase (IN), protease
(PR)) and reverse transcriptase (RT) are also present within the virion particle. (B) The HIV-1 DNA
genome.. The double-stranded DNA proviral genome of HIV-1 encodes for the basic set of retroviral
proteinss gag. pol and env and the additional proteins vif. vpr, vpu, tat. rev and nef. The coding region is
flankedd by Long Terminal Repeats (LTRs) that encode regulatory signals essential for viral replication.

Thee RNA genome of HIV-1 is approximately 10 kb in size and consists of two plusstrandd RNA molecules (vRNAs) that form a non-covalently associated dimer. The
genomee contains the gag, pol and env open reading frames that form the basic set of
proteinss for retroviruses. The pol gene encodes the viral enzymes reverse transcriptase
(RT).. integrase (IN) and protease (PR). The RT enzyme is packaged into the virus
particlee in order to transcribe the RNA genome into a double-stranded DNA molecule
uponn infection of cells. The DNA genome, also called provirus, is shown in Fig. IB.
Initiationn of reverse transcription is primed by a tRNAlys> molecule that is bound to
thee vRNA strand within the virion particle (not indicated in Fig. 1 A) ~"s. Packaging of
thiss tRNA primer is thought to be mediated by specific interactions with the RT
enzymee 9. The PR enzyme is responsible for cleavage of the gag and pol precursor
proteins.. The env gene encodes for the glycoproteins that are expressed on the surface
off the virus particle. The gag gene encodes the MA, CA and NC structural proteins.
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Inn comparison with other members of the Retroviridae, lentiviruses have larger
andd more complex genomes, encoding for several additional proteins. HIV-1 encodes
66 additional proteins; tat, rev, vif, vpr, vpu and nef10;1!, of which vif, vprand nef are
presentt in virion particles (not indicated in Fig. 1 A). The vif, vpr, vpu and nef gene
productss are accessory viral proteins that are not absolutely required for replication in
somee experimental systems, but these functions are thought to contribute to virus
infectivityy in vivo l2. The tat and rev proteins are essential for viral replication. The tat
proteinn is critical for high-level initiation and elongation of transcription l3"17. Tatmediatedd activation of transcription is dependent on specific binding to the TAR RNA
structuree on the nascent transcript

l8:19

. The TAR element will be described in more

detaill in a later section of this chapter. In addition to its role in regulating HIV-1
transcription,, the viral tat protein has been suggested to affect the expression of
cellularr genes of both infected and uninfected cells and to induce apoptosis and T cell
anergy.. The rev protein binds unspliced viral mRNAs via the rev responsive element
(RRE),, an RNA element that is located within the env gene. Rev mediates a shift from
multiplyy spliced transcripts (encoding tat, rev and nef in the early stage of infection)
too both singly spliced and unspliced transcripts (encoding viral structural proteins in
thee late stage of infection)20. Rev induces nuclear export of unspliced RNA via a
specificc RNA transport pathway 21_2\

THEE REPLICATION CYCLE OF HIV-1

Thee replication cycle of HIV-1 can be considered as a cascade of steps which are
regulatedd by both viral and cellular proteins. HIV-1 replicates in CD4-positive cells,
includingg monocytes, macrophages and T lymphocytes, and the first step in the viral
replicationn cycle is the binding of the gp 120 envelope protein to the cellular CD4
receptorr and a specific coreccptor26*27. HIV-1 uses a variety of chemokine
coreceptors,, but the main coreceptors are CXCR4 (for T-cell tropic strains) and CCR5
(forr macrophage-tropic strains)28'36. The interaction of the envelope protein with the
cellularr receptors induces conformational changes that mediate fusion of the lipid
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bilayerss of the cell and viral membrane 37~40. This allows the viral core to be
introducedd into the cytoplasm of the host cell.
Reversee transcription takes place within the core particle that includes not only
RTT and the diploid RNA genome, but also viral proteins such as NC 41. It would
appearr that this complex provides a particularly favorable environment for the
conversionn of RNA into DNA. The complicated reverse transcription reaction has
beenn studied in detail for several animal and human retroviruses 5:S:41'4 . Nevertheless,
severall aspects of the mechanism of reverse transcription remain currently unclear.
Forr example, it is not known whether cellular proteins are involved in reverse
transcriptionn and studies are going on to test which specific sequences within the
retrovirall RNA genome facilitate this reaction. It is obvious that the primer binding
sitee (PBS) for tRNAlys3 is involved in initiation of reverse transcription. Other studies
reportedd that RNA sequences/structures in the non-coding region of the retroviral
genomee do promote the process of initiation of reverse transcription in
HIV-11 43 and Rous sarcoma virus 44:45. In this thesis, we will test whether specific
signalss within the non-coding leader region affect the first strand transfer step of the
reversee transcription process.
Theree is still some uncertainty about the exact order of several steps of the
HIV-11 replication cycle, and multiple steps may occur simultaneously. For instance,
thee transport of the ribonucleoprotein complex into the nucleus appears to occur
beforee DNA synthesis is completed. The incompletely synthesized state of most HIV
DNAA in the cytoplasm and the linkage between cell division and the completion of
virall DNA raises the possibility that completion of DNA synthesis may be linked to
nuclearr entry 41. Integration of the proviral DNA requires the virally encoded IN
proteinn and the specific attachment (att) site at the ends of the viral DNA molecule
12:46-48 8

Thee integrated DNA subsequently serves as a template for the production of
RNA.. Transcription is executed by the cellular RNA polymerase II (RNA pol II)
enzymee and the transcription efficiency is dramatically enhanced by the viral tat
transactivatorr protein 'l:l6:49:50. Biogenesis of functional eukaryotic mRNAs requires
thee addition of a polyA tail at their 3' ends 51"55. Polyadenylation plays a role in many
aspectss of mRNA metabolism, such as stability, translatability and translocation from
thee nucleus to the cytoplasm 5f"59. The viral RNA genome of HIV-1 contains a
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polyadenylationn (polyA) signal at both the 5' and 3' end. The polyA signal at the 3'
terminuss should be used efficiently, but the polyA signal at the 5' end, which is in fact
aa perfect copy of the 3' signal, should be ignored by the polyadenylation machinery. A
majorr part of this thesis deals with the study of how polyA signal selection is
regulatedd in HIV-1.
Thee structural viral proteins and two full-length vRNA molecules assemble at
thee cell membrane to form virus particles. These particles are released from the cell by
budding,, followed by maturation through processing of the gag and gag-pol precursor
proteinss by the virus-encoded PR enzyme. This maturation step produces infectious
particless that can initiate a new replication cycle.

THEE POLYADENYLATION MECHANISM
Mostt eukaryotic mRNAs are posttranscriptionally processed at their 3' end by
cleavagee and polyadenylation (Fig. 2) 5,;53;6°-62. i n mammalian cells, a minimum of
threee sequence elements define a polyadenylation site; the almost invariant AAUAAA
hexamerr sequence, the actual cleavage site (CS) that is located about 15 nt
downstreamm of this hexamer motif, and a downstream stimulatory element (DSE),
usuallyy a run of Us or a poorly defined GU-rich sequence, which is located
downstreamm of the cleavage site. Together, these signals are referred to as a core
polyAA site. The site of cleavage is the actual polyA-addition site and is determined by
thee spacing between the hexamer and the DSE, with a preference for cleavage on the
3'' side of an A residue within the permissive region. Some mRNAs may have
additionall sequence elements that affect polyadenylation, e.g. upstream stimulatory
elementss (USEs) ^65.
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Figuree 2. Schematic representation of the steps involved in eukarvotic m R N A p o l y a d e n y l a t i o n .

Thee newly synthesized RNA strand (pre-mRNA) contains a cap structure (GpppG) at the 5' terminus
andd .V-terminal polyadenylation signals (downstream enhancer element [DSE]. the AAUAAA hexamer
andd the cleavage site [CS]). Some viruses, such as HIV-1 also contain an upstream stimulatory clement
(USE).. Sec the text for a detailed description of the polyadenylation process.
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Thee AAUAAA sequence is recognized by the cleavage and polyadenylation
specificityy factor (CPSF) 66"70. As defined by purification and immunoprecipitation,
CPSFF contains four subunits of 160, 100, 70 and 30 kDa. The DSE is recognized by
thee heterotrimeric cleavage stimulation factor (CstF) with subunits of 77, 64 and 50
kDa.. The individual binding of either CPSF or CstF to RNA yields a relatively
unstablee complex. Cooperative binding of both proteins results in a stable CPSF-CstFRNAA ternary complex, probably mediated by protein-protein interactions between the
largestt subunits of the proteins. Binding of two cleavage factors (CFI and CFII) and
polyAA polymerase (PAP) result in further stabilization of the polyA complex. Three
polypeptidess of 68, 59 and 25 kDa copurify with CFI activity, but their role as
genuinee CFI subunits has not yet been established. CFII is currently described as an
impuree chromatographic fraction. The PAP enzyme is required for endonucleolytic
cleavagee in most cases, but the late polyadenylation site of SV40 is cleaved in the
absencee of PAP, albeit less efficiently. This result argues that it is not the enzymatic
functionn of PAP that is required for cleavage. Presumably, the enzyme is necessary to
stabilizee the polyA complex. It is currently not known which polypeptide among the
manyy components of the processing complex cleaves the phosphodiester bond 52;6°"
63;71 1

Thee PAP protein is the actual enzyme that adds adenosine residues to the 3'
endd of the cleaved RNA. Under physiological conditions and in the absence of other
factors,, PAP has an extremely low activity 72. The rate of polyA addition is
significantlyy elevated when manganese is substituted for magnesium in the reaction,
whichh increases the affinity of the enzyme for the primer 7 \ The PAP enzyme has no
specificityy for the RNA substrate, but needs to be recruited to the processing complex
byy specific interaction with CPSF-160 74.
PolyAA addition in the presence of CPSF and PAP is slow and distributive.
Processivee and efficient polymerization is promoted by the polyA binding protein II
(PABII)) . Stimulation of polyA extension by PABII requires the presence of a
minimumm often adenosine residues at the 3' end of the RNA, which provides the
bindingg site for this protein. The simultaneous presence of CPSF and PABII yields the
highestt rate of polyadenylation (25 nt sec"1) and full-length polyA tails can be
generatedd in a single round of processive synthesis 76.
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REGULATEDD POLYADENYLATION IN HIV-1

Thee provirus. the DNA form of a retroviral genome that is integrated into the host
genome,, has identical 5' and 3' termini (Fig. IB). This sequence is termed the long
terminall repeat (LTR) and consists of the U3. R (repeat) and U5 elements (Fig. 3).
Transcriptionn is initiated at the U3/R junction in the 5" LTR (indicating as the * 1
position),, and proceeds over the complete viral genome into flanking sequences.
Subsequently,, polyadenylation occurs in the 3' LTR. The LTRs contain multiple
regulatoryy elements such as the polyadenylation signal.
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Figuree 3. Regulated polyadenylation in HIV-1. The proviral DNA genome contains 9 open reading
framess (ORFs) and is flanked by the Long Terminal Repeats (LTRs). Retroviral LTRs contain three
segments:: U3, R (repeat) and L'5. The 5" LTR acts as a promoter for the synthesis of viral RNA.
Transcriptionn is initiated at the U3/R junction (indicated as the +1 position), and proceeds over the
completee viral genome into flanking chromosomal sequences. Subsequently, polyadenylation occurs in
thee .V LTR. The USE (triangle) is situated within the U3, the AAUAAA hexamer (open box) and the
CSCS (black box) in R and the DSF. (hatched box) in L'5. The absence of USF. and the presence of the
majorr splice donor (diamond) at the 5" end makes that the 5' polyA site is inefficient. See the text for
furtherr details.
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Thee 3' end of the R region of all retroviruses is defined by the location of the
cleavagee site. For HIV-1, the AAUAAA hexamer is situated within the R region. The
latterr situation predicts that a polyadenylation signal is encountered by the transcriptionn machinery in both the 5' R and the 3' R. The duplication of this sequence at both
endss of the mRNA necessitates the presence of regulatory features that either inhibit
thee 5' polyadenylation signal or activate the 3' polyadenylation signal7?.
Activationn of polyadenylation in the 3' context is mediated by a signal situated
inn the U3 region. The U3 region is transcribed only as part of the 3' LTR and is
thereforee a likely candidate to stimulate 3' end formation. Indeed, mutations of
sequencess in this region severely reduce the efficiency of polyadenylation 7R"*'. This
upstreamm enhancer element (USE) is positioned 77 to 94 nt upstream of the
AAUAAAA hexamer, and has been reported to direct the binding of CPSF to the premRNAA \ Although it is now widely accepted that U3 sequences play a role in the
regulationn of HIV-1 polyA site selection, the absence of the U3 enhancer is by itself
nott sufficient to account for the inactivity of the 5' R signal83.
Severall studies have suggested that the short distance of the 5' R polyA site to
thee transcription start site also negatively affects polyadenylation

7g;fas4

, The HIV-1

polyAA signal is occluded when positioned 500 bp or less downstream of different
promoterss 8 \ The contribution of promoter proximity to the occlusion of the 5' polyA
sitee is still not entirely resolved and it was demonstrated that a short distance from the
capp site to the polyA site is not sufficient to prevent correct processing ™-H1:8-\
Furthermore,, it was shown that the major splice donor inhibits polyadenylation 86;*7.
Thiss signal is located downstream of the LTR, and is thus only present at the 5' site of
thee RNA genome (Fig. 3). In the most recent study it was shown that the promoterproximall polyA site is repressed by interaction of the Ul small nuclear
ribonucleoproteinn particle (snRNP) with the splice donor. One of the stem-loops of
thee Ul snRNP was demonstrated to be involved in occlusion of the 5' polyA site **.
Thee underlying mechanism has not yet been worked out, but it may involve
interactionss of this stem-loop with polyadenylation factors or the polyadenylation
signal.. Thus, it appears that a complex interplay of positive and negative elements are
involvedd in the regulation of HIV-1 polyadenylation. In this thesis we will
demonstratee that RNA secondary structure within the R region also contributes to this
regulation. .
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REVERSEE TRANSCRIPTION
Conversionn of the single-stranded retroviral genome into double-stranded DNA is a
multi-stepp process termed reverse transcription K9:9°. This reaction is catalyzed by the
RTT enzyme, which has different catalytic activities; RNA-dependent DNA
polymerization,, RNaseH-mediated degradation of the RNA template and DNAdependentt DNA polymerization. Similar to other DNA polymerases, RT needs a
primerr with a free 3'-OH group to initiate DNA synthesis. For HIV-1, this primer is
thee host-cell derived tRNAlys3 molecule that can anneal to the PBS (Fig. 4). RNAdepcndentt DNA synthesis proceeds up to the 5' end of the viral genome. During
cDNAA synthesis the RNA molecule of the RNA-DNA replicative intermediate is
subjectt to degradation by the RNaseH domain. The small DNA product formed, the
minus-strandd strong stop DNA (ss)DNA is subsequently relocated to the 3' terminus
byy a strand transfer event 91. This strand transfer is mediated through complementarity
betweenn the cDNA and the 3' R region, and cDNA synthesis resumes after strand
transfer.. A short purine-rich region near the 3' terminuss of the RNA genome,
designatedd the polypurine tract (ppt), resists RNaseH-mediated removal and acts as
primerr for plus-strand DNA synthesis. The newly synthesized minus-strand DNA is
usedd as a template for the generation of this plus-strand DNA. A second strand
transferr event, using complementarity between the two PBS regions, is subsequently
neededd to complete the reverse transcription process.
Reversee transcription of an RNA template is generally inefficient in vitro, but
occurss efficiently in detergent-disrupted virions or partially purified ribonuclcoprotein
complexess 92m. This raises the possibility that besides RT other viral or cellular
proteinss are involved in reverse transcription. The NC protein that is associated with
thee viral genome has been shown to play an important role in the reverse transcription
process.. NC promotes annealing of the tRNA primer to the RNA template and
stimulatess minus-strand DNA synthesis 9g " )4 . Furthermore, it has been demonstrated
thatt NC suppresses nonspecific self-priming events m 2 J 0 \ It has been suggested that
directt interactions occur between the NC and RT protein and the retroviral RNA,
whichh may be important for optimal strand transfer
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Figuree 4. Scheme of the reverse transcription mechanism. The RNA genome (vRNA) that is copied
intoo a double-stranded proviral DNA molecule contains a repeat (R) region at both ends (white box).
Thee 5' R region is flanked by the L'5 element (grey box) and the 3' R region is flanked by the U3
elementt (black box). The tRNAl>v' molecule (tilled circle with three-loop motif bound to the primer
bindingg site [PBS: filled circle] serves as the primer for initiation of reverse transcription. The
polypurinee tract (ppt) is represented by an open circle. See the text for a detailed description of the
reversee transcription process.
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Thee NC protein also enhances the processivity of DNA synthesis, presumably by
resolvingg stable structures in the template 10?. This hypothesis was tested in this thesis
byy use of templates with structure-specific mutations.
Inn this thesis we will also focus on the first strand transfer step of the minusstrandd ssDNA. Many details of the molecular mechanism of this strand transfer are
stilll not understood. It is generally assumed that basepairing between the ssDNA and
thee 3' R drives the strand transfer reaction. This view is supported by the observation
thatt most retroviral template switching occurs between regions with high levels of
sequencee homology ]m. We will demonstrate that specific sequences or structure
motifss within R play a role in strand transfer.

THEE R REGION AS STRUCTURED RNA

Thee involvement of the HIV-1 R region in the process of reverse transcription and
polyadenylationn is mentioned previously. The R region is part of the non-coding
regionn of thee retroviral genome that encodes multiple signals that are important for
virall replication. These signals arc the cis-acting sites of recognition by proteins and
RNAss and consist of specific nucleotide sequences and/or structures. There has been
ann intense effort to analyze the secondary structure of the non-coding regions of
retrovirall RNAs using a variety of methods (biochemical analysis, free-energy
minimization,, sequence comparison, mutant analysis). On the basis of phylogenetic
comparisonn and structure probing, it was determined that some conserved structure
elementss exist within the R region of HIV-1 and HIV-2, despite relatively large
differencess in nucleotide sequence. Already mentioned is the TAR hairpin of the RNA
genome.. TAR contains a highly conserved 3-nucleotidc pyrimidine-rich bulge and an
apicall 6-nucleotide loop (Fig. 5). Tat binds specifically to the bulge domain of TAR
mm

,, and mutation of the bulge or the flanking basepairs abolishes tat-mediated

transactivationn 'l0"1 '2. Although the TAR loop is not directly involved in the tat-TAR
interaction,, the integrity of this domain is important for transactivation

J

. Optimal

tat-mediatedd activation also requires the stem of the TAR RNA hairpin in human T
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cellss

. Thus, not only the nucleotide sequence, but also the structural context is

importantt for viral replication. It has been reported that the TAR hairpin can enhance
thee reverse transcription process " ' "\ It was hypothesized that strand transfer was
stimulatedd by structure-induced pausing of RT and enhances RNaseH-mcdiated
cleavagee of the template. In this thesis, we will test the role of this RNA secondary
structuree motif within the R region on reverse transcription.

3'TAR R
5 -l/\B

B
C—GG
G—C C
A —— U

uG-cc
UU
U

A—
- U
G
CU
C
A —— U
C—G G
C—G G
3'' polyA
AA
G—CC
A —— U
U—U— A
u
U—A A
G —— C
FfFf
C
G—UU
W\W\
C
U —— A
C—GG
U—G G
Q—— l!
C—GG
C - GG
U —— A
U —— A
CC
C—G G
U —— A
UU
C—G G
G—C C
1-11—— G — C
G—C C
A -- U
GG — C
uc
UU — A
A—U
/
CC
CACUGCUU
CA(A

/£/£

'ifll c'
x3—— u '

t~

c-

-cc e .
UGUGCCCGUCUGUUGUGUGG

Figuree 5. RNA secondary structure model for the R region of a mature, polyadenylated HIV-1
transcript.. The 5" TAR and 5' polyA hairpins arc connected without a single nucleotide between the
twoo stems. Polyadenylation in the 3" R occurs 19 nt downstream the AAUAAA hexamer at the AU
cleavagee site. This process truncates the polyA hairpin and allows for extension of the 3' TAR hairpin.
Thiss rearrangement results in two stems separated by eight single-stranded nucleotides. The AAUAAA
hexamer.. marked by a black box. is present at both the 5' and 3' end of the genome. The CA cleavage
sitee and two GU-rich polyadenylation enhancer sequences, situated downstream the AAUAAA
hexamers.. arc marked bv shading.

Thee 3' part of the R region folds another stem-loop structure, termed polyA
hairpinn

'. The polyA hairpin structure encompasses the AAUAAA hexamer an<

ann AU cleavage site that is essential for polyadenylation. Although the sequence of
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thiss part of the viral genome varies significantly among different HIVs and SIVs, all
isolatess can fold a similar hairpin structure ' '7. Similar polyA hairpin structures could
alsoo be folded for spumaviruses ' '9. The loop and stem sizes are highly variable
amongg different viruses and therefore do not seem to be important parameters. No
particularr biological function has been described for this structure motif, but the
conservationn of this structure suggests that the polyA hairpin is essential for viral
replication.. The presence of the polyA signal in this hairpin structure may provide
additionall regulatory possibilities for polyadenylation. For instance, the stem-loop
structuree may either stimulate polyadenylation in the 3' R context or inhibit
polyadenylationn in the 5' R context. Several RNA structure mutants were tested in
thiss thesis to specify the role of this motif in polyadenylation.

AIMSS AND OUTLINE OF THIS THESIS
Thee 5'-untranslated leader region of an H1V-1 RNA genome encodes multiple
sequencee elements that are important for viral replication. For instance, the R region
containss the tat-responsive TAR hairpin that is involved in enhancement of the
transcriptionn process. The R region also contains a conserved polyA hairpin structure
thatt contains the polyadenylation signal. The repeat region is situated at both ends of
thee viral RNA genome. It is generally assumed that TAR is functional as a tat-binding
sitee in the 5' R region, whereas the polyA signal is functional only in the 3' context.
Thee latter hypothesis is reasonable, because synthesis of a full-length viral transcript
requiress bypassing of the polyadenylation signal in the 5' leader, but use of this site in
thee 3' R. However, as part of the 5' R leader region, the polyA hairpin structure may
performm a different function. Similarly, the TAR hairpin structure may have an
additionall function in the 3' context. For instance, the structures may confer protection
againstt cellular exonucleases. In that case, a hairpin-binding protein may also be
required,, because the presence of a hairpin near the 3' end of an RNA is not by itself
sufficientt for a longer lifetime of the RNA in vivo " .
Inn this study, we mutated the polyA hairpin of HIV-1 to test its role in viral
replication.. Viruses with stabilized of destabilized polyA hairpins demonstrated
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severee replication defects (chapter 2). Furthermore, we demonstrate that the
thermodynamicc stability of the poly A stem-loop structure has to stay within narrow
limitss for efficient replication. The presence of the AAUAAA hexamer within this
structuree suggested that this hairpin might be involved in the polyadenylation process.
InIn vivo and in vitro studies in this thesis are presented that demonstrate the role of this
polyAA hairpin structure in regulation of polyadenylation (chapter 3 and 4).
Thee polyA hairpin may also play a role in reverse transcription. It has been
suggestedd previously that this process is positively affected by the TAR hairpin
structuree

. PolyA and TAR mutants were tested in an in vitro reverse

transcriptionn assay. It is demonstrated that the wild-type 5' polyA hairpin marginally
inhibitss the reverse transcription process by inducing pausing of the RT enzyme
(chapterr 5). However, further stabilization of this hairpin resulted in a dramatic
inhibitionn of elongation of reverse transcription. The 5' TAR hairpin structure does
nott have a negative effect on the processivity of the RT enzyme. Instead, this element
iss demonstrated to be positively involved in the first strand transfer of the reverse
transcriptionn process (chapter 6).
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