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Introduction  

“Virus” is a word that usually spread fears in the heart of humans and 
viruses can certainly be dangerous pathogens like Ebola virus, Dengue virus 
and HIV to name a few. But there are also many that are harmless to humans 
such as the many types of bacteriophages and some of these can even be of 
use to us. Bacteriophages are viruses that infect bacteria and can be found in 
the soil and sewage and pretty much anywhere where bacteria can be found. 
The genome of viruses can be either RNA or DNA and this also implies that 
the complexity among viruses varies a lot. The extremely simple small RNA 
bacteriophages have a tiny genome that encodes only four gene products: a 
capsid, a replicase, a lysis protein, and a maturation protein. Other viruses 
have an additional arsenal of proteins for different tasks, e.g. HIV that has 
specific proteins on the surface that interact with CD4 receptors on T-cells 
during infection of the host cell. HIV also has its own reverse transcriptase 
to transcribe the viral RNA to DNA and an integrase that integrates the viral 
DNA into the human DNA. Because of the high mutation rate of this virus, 
and long-term side effects of the anti-HIV drugs, new drugs are needed. The 
small RNA bacteriophages are fascinating since they manage to “survive” 
using a minimal amount of genome products, while the larger and more 
complex viruses fascinate us with their elaborate systems for infecting host 
cells and evading the immune system.  

This thesis examines different aspects of two different viruses that share 
one feature: they both have an RNA genome. The results presented are the 
crystal structures of bacteriophage PRR1 viral-like particle, VLP, and the 
VLP with an RNA stem-loop bound. Crystallographic studies of two and 
kinetic studies of several transition-state mimicing inhibitors of HIV-1 
protease provide the results of the last manuscript. 

The first part of the thesis, Part 1:PRR1, deals with the small RNA 
bacteriophages. The initial chapter will introduce you to the world of 
bacteriophages by presenting some interesting details about them. Then a 
description of the virus family of importance for Papers I and II will serve as 
an introduction to the next part that describes the life cycle of these small 
RNA bacteriophages. Here you will get acquainted with the proteins that are 
expressed in these viruses and to some of what is known about translational 
control. This is followed by a summary of the main lessons and conclusions 
of Papers I and II. 
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The second part of the thesis, Part II: HIV, presents the context in which 
the HIV protease inhibitors, Paper III, are important. A short introduction to 
the discovery HIV and AIDS is followed by an overview of the HIV-1 life 
cycle. Since treatment against HIV/AIDS nowadays involves several drugs 
striking at several targets at the same time in HIV, each type of drug is 
described separately. This section describes what kinds of drugs are 
currently available against HIV and how they act. Since the work on a HIV-
vaccine has yet to result in a marketed product a discussion on HIV-vaccine 
is therefore not included. After this, a summary of Paper III follows. 

The Appendix contains reprints of the published paper, Paper I, and of 
manuscripts corresponding to two additional papers referred to as Paper II 
and Paper III. 
 



PART I: PRR1 

“Bacteria don´t die, they just phage away.” 
- Mark Muller, Microbiologist 
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Small RNA bacteriophages 

Bacteriophages: More than meets the eye 
Bacteriophages (Phages) are a group of viruses only infecting bacteria. They 
have been tried as an alternative to antibiotics when resistance emerged 
among bacteria (Gorski et al., 2009). For example phage kpn5 has been 
evaluated as a treatment for burn-wound infections in comparison with the 
antimicrobial agents gentamicin and silver nitrate (Kumari, Harjai, and 
Chhibber, 2010). The phage was found to give the strongest protection of the 
three. It has been shown that administration of certain types of phage 
preparations can inhibit metastases and solid tumors, but in order to achieve 
this effect a very pure phage sample is needed. Lipopolysaccharides 
associated with the phages can otherwise trigger the opposite effect and 
cause an increase in tumor development (Dabrowska et al., 2004).  

Cryo-EM analyses of five phages belonging to the Leviviridae family 
reveal an efficient way of packing the RNA (van den Worm et al., 2006). 
This study concluded that the packing of RNA in these viruses probably 
represented “the maximum amount of RNA that can be packed in a single 
ordered layer”. 

Furthermore small RNA phage MS2 has been part of a study of the 
survival of microbes in Martian environment (Moll and Vestal, 1992). Both 
Martian and terrestrial soils and environments, and combinations thereof, 
were tested and MS2 was, rather surprisingly, found to survive better in the 
Martian conditions than in the terrestrial conditions. 
 

Introducing the Leviviridae family 
Phages belonging to the Leviviridae family of viruses are small viruses with 
a single-stranded RNA genome. The Leviviridae are divided into genuses 
levivirus and allelovirus where MS2, fr and GA belong to the leviviruses 
while alleloviruses include Q  and SP (Fiers, 1979) The genome of 
leviviruses codes for a maturation protein (also known as the A-protein), a 
coat protein, a replicase and a lysis protein, while the genome of 
alleloviruses lacks the gene coding for the lysis protein, instead, the 
maturation protein is capable of cell lysis (Van Duin, 1988).  
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Infection 
The enterobacteria-infecting leviviruses attack their target by attaching to the 
bacterial F-pili using the maturation protein both for attachment and for 
transfer of its RNA into the host cell (Paranchych et al., 1971). An early 
finding suggested that bacteriophage R17, belonging to the leviviruses, was 
dependent on divalent cations for attachement to the F-pili (Valentine and 
Strand, 1965). More studies concluded though that divalent cations are not 
needed for attachement to the pili but that they are required for viral RNA to 
penetrate the cell (Danziger and Paranchych, 1970; Paranchych, 1966). 
Other Leviviridae phages use different types of pili during infection, for 
example the Pseudomonas aeruginosa phage PP7 that attaches to polar pili 
(Folkhard et al., 1981). After infection, the phage use translational control of 
the maturation, replicase, and lysis proteins by means of RNA secondary 
structure and RNA-coat protein interactions. This ensures specific packaging 
of RNA and that the lysis of the cell is not induced too early (Beremand and 
Blumenthal, 1979; Hindley and Staples, 1969; Staples et al., 1971).  

The maturation and the lysis proteins 
The maturation protein is important for viral entry and the lysis protein for 
viral exit.  

The maturation protein is involved in attachment to the bacterial pili and 
also transfer of the viral RNA (Frost and Paranchych, 1988; Leipold and 
Hofschneider, 1975). The translation of the maturation protein is not 
possible when RNA exhibits secondary structure; it can only be expressed by 
nascent RNA (Staples et al., 1971). Only one maturation protein per capsid 
is necessary for infection although a slight excess is synthesized (Fiers, 
1979). This presents problems in the quest of solving the structure of the 
maturation protein. So far it has not been possible to see the maturation 
protein in any phage structures solved by X-ray crystallography. This is 
because the single protein is believed to sit at one of the pores of the capsid 
and the position of the protein in the crystal lattice would therefore be 
random. The orientation of the protein in the capsid may also differ. Hence it 
will not be ordered in the crystal and as a consequence will contribute little 
to the diffraction pattern. Mutation of Pro78 in the viral capsid of MS2 led to 
viral particles that were unable to infect host cell (Hill et al., 1997). This 
suggests that Pro78 could be interacting with the maturation protein and the 
process of transferring viral RNA to the host cell. Since Pro78 is located in a 
loop that constitutes the capsid contacts around the pores this further 
supports that the maturation protein may be located at one of the pores of the 
viral capsid.  
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The lysis protein disrupts the cell walls and frees the newly synthesized 
phage particles (Beremand and Blumenthal, 1979). The expression of the 
lysis protein is controlled so that it does not express until a viral coat protein 
has been expressed (Berkhout et al., 1987).  

The replicase  
The replicase protein of Leviviridae make use of the host´s Ef-Tu, Ef-Ts and 
ribosomal protein S1 to create the full holoenzyme (Su et al., 1997). 
Expression of the replicase protein is controlled through binding of a specific 
RNA stem-loop to the coat protein. This interaction blocks the start of the 
replicase gene, effectively hindering further translation. The binding of the 
stem-loop is also considered to be the initial step of coat protein assembly 
into viral capsids (Beckett, Wu, and Uhlenbeck, 1988; Peabody and Ely, 
1992; Witherell, Gott, and Uhlenbeck, 1991). The crystal structure of the Q  
replicase in complex with Ef-Tu and Ef-Ts provided the first structure of a 
viral RNA-dependent RNA polymerase in complex with host proteins 
(Kidmose et al., 2010). The structure of the replicase was found to be similar 
to that of other known viral RNA polymerases. The Q  replicase is 
extremely efficient since it can use both the plus and minus strands as a 
template (Chetverin, 2004; Dobkin et al., 1979) and this allows exponential 
amplification. Furthermore, the Q  replicase does not appear to use 
promoters or primers (Blumenthal and Carmichael, 1979) but still it 
replicates RNA at high speed. Purified Q  replicase can replicate a single 
genomic RNA molecule in 104 copies in less than one hour (Weissmann, 
1974).  

The viral capsid 
The gene coding for the coat protein is the only gene accessible to the 
ribosome at the start of infection. Translation of the coat protein allows 
translation of the replicase gene that is in turn negatively regulated by the 
coat protein (Robertson, Webster, and Zinder, 1968).  

The viral capsids of Leviviridae phages consist of 180 subunits assembled 
in an icosahedral shape. The icosahedron is created by 20 triangles and 
exhibits twofold, threefold and fivefold symmetry axes. There are 60 
equivalent positions in icosahedral objects. But what happens when a virus 
need less than 60 equivalent environments to create the capsid? A solution to 
this problem was proposed by Caspar and Klug in 1962 (Caspar and Klug, 
1962). Inspired by the Buckminster fullerene, where the triangular surfaces 
are split into yet farther triangles, they proposed that the viral capsids would 
be arranged in a similar manner (Morgan, 2003). They also suggested that 
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only certain multiples of 60 would be allowed and came up with the 
triangulation number, T. The suggested formula was: T=h2+hk+k2 where h 
and k are integers. Many structures of icosahedral viruses have been solved 
since then and this prediction turned out to be mostly true. But there are also 
examples of viral capsids with icosahedral symmetry where the arrangement 
of coat proteins do not fit the rules given by Caspar and Klug, for example 
the polyomavirus (Rayment et al., 1982). 

The coat proteins among the Leviridae all share a common fold. An N-
terminal beta hairpin stretches over a 5-stranded beta sheet. After the last 
strand in the sheet, strand G, a longer helix is followed by a short helix close 
to the C-terminal, see Fig. 1. 

 A  B  
Fig.1 (A) image of a coat protein monomer of bacteriophage PRR1 (PDB code 
2VF9) illustrating the fold and secondary structure nomenclature. (B) The coat 
protein dimer. 

The beta hairpin and helices are located on the outside of the assembled 
capsid. On the inside of the capsid the beta sheets are involved in binding the 
genomic RNA. The monomers assemble into dimers using the long G beta 
strands arranged next to each other and the C-terminal alpha helices extend 
over the other monomer in the dimer, Fig 1b. In the final capsid the 
monomers exist in three quasi-equivalent forms denoted A, B, and C. The 
exact route of assembly after dimer formation is not yet fully understood, but 
the loop between beta strands F and G, called the FG-loop, is involved in the 
contacts at the fivefold- and quasi-sixfold icosahedral axes. This implies that 
they might be of importance for capsid assembly. When comparing different 
phages from Leviviridae, this region show also shows bigger structural 
variation compared to the rest of the coat protein structure. However, a 
deletion mutant excluding part of the FG-loop successfully formed particles, 
indicating that the FG-loops are of less importance in assembly of phage 
capsids or VLPs (Axblom et al., 1998). In Q  the FG-loop is disordered in 
the A and C subunits (Golmohammadi et al., 1996) while in MS2 it is 
ordered for all three quasi-equivalent subunits, but not extended in the B 
subunit. Instead it folds back towards the subunit core (Valegard et al., 
1990), see Fig. 2A. The FG-loops in PP7 are all ordered and extended (Tars 
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et al., 2000). The Leviviridae family seems to lack a clear switch mechanism 
to control the assembly pathway. Switch mechanisms have been observed in 
other icosahedral viruses (Harrison et al., 1978a; Lokesh et al., 2002). 

 

 
 

 
 
Fig 2. (A) B-subunit of PRR1 (PDB code 2VF9) in black with extended FG-loop 
superimposed on MS2 (PDB code 2MS2). The * indicates the position of the FG-
loop. Images below show the arrangement of the three quasi-equivalent subunits 
A(red), B(blue), and C(green) at the 3-fold axis (B) and at the 5-fold axis (C) of 
PRR1. 

Calcium ions have been found in the capsids of two leviviruses, PRR1, see 
Paper I, (Persson, Tars, and Liljas, 2008) and Cb5 (Plevka et al., 2009). In 
PRR1 an ion is located at the quasi-threefold axis. In cb5 a calcium ion is 
found close to the quasi-threefold axis but here calcium ions were also 
located between the alpha helices that are involved in the dimer contacts. In 
both viruses the metal ions affect capsid stability. 
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The importance of RNA binding in Leviviridae 
MS2 has been used as a model system to study RNA-protein interactions. 
Therefore very detailed information on the RNA binding in MS2 exists 
(Grahn et al., 2001; Grahn et al., 1999; Helgstrand et al., 2002; Rowsell et 
al., 1998; van den Worm et al., 1998; Witherell, Gott, and Uhlenbeck, 1991). 
The genomic RNA is bound over the coat protein interface of the AB- and 
CC-dimers. An RNA stem-loop or hairpin has been identified that binds 
specifically to the dimer (Witherell, Gott, and Uhlenbeck, 1991). This stem-
loop contains the initiation codon for the viral replicase. Apart from this 
specific binding the viral RNA also binds unspecifically to the coat protein 
(Beckett, Wu, and Uhlenbeck, 1988; Hohn, 1969). A negative consequence 
of this is that it has not been possible to see any RNA binding to the coat 
protein in detail using X-ray analysis of a Leviviridae phage particle. The 
structure of MS2 capsid with the viral RNA stem-loop covering the start of 
the replicase gene made a rational mutation strategy possible in order to 
pursue the crucial residues and nucleotides for binding (Valegard et al., 
1994). In MS2 the non-extended FG-loop in the B-subunit of MS2 make it 
impossible for the stem-loop to bind at one of the two quasi-symmetry 
related binding sites. In PRR1 though, the extended FG-loop conformations 
enable the stem-loop to use both sites, see Fig. 3. In the CC-dimer it binds in 
the two possible binding sites related by twofold symmetry. In the situation 
where both binding modes are observed it complicates the model building 
and requires adjustment of occupancy levels. 

 
Fig. 3. The AB dimer of PRR1 (in black) superimposed on the AB dimer of MS2 (in 
white). RNA stem-loops are shown in green (PRR1) and orange (MS2). The line 
representing the RNA is traced through the phosphates of the RNA backbone. The 
red * denotes the position of the FG-loop difference in the B-subunits of PRR1 and 
MS2 and the proximity of the PRR1 RNA stem-loop. 
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A number of key interactions and specificities have been identified by 

introducing mutations in both the RNA and the coat protein for analysis by 
X-ray crystallography and binding assays (Grahn et al., 2001; Grahn et al., 
2000; Grahn et al., 1999; Lim and Peabody, 1994; Witherell, Gott, and 
Uhlenbeck, 1991). Important interactions are discussed in the summary of 
Paper II, where the RNA stem-loop coat protein interaction of PRR1 is 
compared with MS2. Interestingly, the structure of the related PP7 coat 
protein dimer in complex with the PP7 RNA stem-loop revealed a very 
different binding mode using other sites for key interactions (Chao et al., 
2008). These findings suggest that the coat protein interface is a more 
versatile instrument for binding different RNA fragments then previously 
thought. 
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Crystal structure of PRR1 VLP (Paper 1) 

Production, crystallization and data collection 
The VLPs of PRR1 were produced by standard molecular biology 
procedures for cloning and protein expression. Bacterial cells were lysed 
using sonication and the soluble fraction was applied on a 500ml CL-4B 
column. VLP-containing fractions were pooled and reapplied on the same 
column. After the second run on the column, fractions were collected, 
pooled and concentrated to 10 mg/ml in 20mM Tris-HCl, pH 8 buffer. Co-
crystallization experiments with RNA oligonucleotide corresponding to the 
likely operator stem-loop (Paper I) were conducted. Crystals were exposed 
to X-rays at the European Synchrotron Radiation Facility in Grenoble, 
France, and data were collected to a resolution of 3.5 Å. The space group of 
the crystal was P1 and the unit cell dimensions were a=281.4 Å, b=285.4 Å, 
c=472.4 Å, =93.27 , =90.00 , =119.44 . 

The data were processed using the HKL package (Otwinowski and Minor, 
1997). Spot overlaps were ignored. The overlaps in this case were minimal 
and ignoring them increased the completeness from 37.3% to 62.4% while 
the Rmerge increased only slightly from 0.21% to 0.23%. Later, visual 
comparison of the final maps also showed that the results from both 
approaches were more or less identical. The total number of independent 
reflections was 935,909 up to 3.5 Å. 

A 3.5 MDa VLP missing 
As a first step to find the molecular replacement solution using MS2 as a 
model (PDB code 2MS2), the rotation of the VLP was identified using the 
program GLRF (Tong and Rossmann, 1997). Given the size of the unit cell 
and that of the VLP, a second VLP was expected in the unit cell. If the first 
particle were centered at the origin there were two possible positions for the 
second particle. The first possible location was at 1/3, 2/3 and 1/2 and the 
second at 2/3, 1/3 and 1/2 of the a, b, and c unit cell axes, see Fig. 4. After 
finding the rotation of the second particle, the quest for the translation 
solution began. However, during locked rotation function calculations, a 
strong 2-fold peak was found running parallel to the 2-fold axis indicating 
that the spacegroup might be monoclinic.  
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Fig. 4. The possible locations of the second particle in the unit cell where a, b, and c 
are the unit cell axes. VLPs are represented as circles. The light grey particle 
corresponds to the possible position 1/3, 2/3, 1/2 of the unit cell with respect to the 
unit cell axes a, b, and c respectively. The dark grey circle signifies the possible 
position 2/3, 1/3, 1/2. 

However, efforts at scaling the data in C2 all produced very high R-merge 
values indicating that C2 was incorrect. Even though the orientations found 
by the rotation function were similar (Paper I) no peak was observed in a 
native Patterson map. The translation function program TF (Tong, 1993) 
also failed to find a solution using MS2 as a search model. The problem with 
the missing particle was eventually solved by using a model of the entire 
VLP in the search. This was done in PHASER (McCoy, Storoni, and Read, 
2004). Usually the asymmetric unit is used and the NCS is applied through 
matrices generating a search of the whole particle. But this approach did not 
work this time, possibly due to the non-complete data and the differences 
between the model and PRR1. 

Getting acquainted with the Babinet principle 
While searching for the second particle, the process of solving the structure 
continued but using only one particle. As a model during phase calculation 
in CNS (Brunger et al., 1998a) MS2, PDB code 2MS2, was chosen. 
Moleman2 (Kleywegt et al., 2004) was used to position the MS2 VLP in one 
of the solutions found by the rotation function. Real space averaging using 
AVE (Kleywegt and Jones, 1994) resulted in a map with seemingly random 
density. 

Switching to negative contour levels in O (Jones et al., 1991), however, 
produced a map that looked like an expected one. This map corresponds to 
the Babinet opposite. An incorrect model may converge to a density map 
with negative sign since there is a phase difference of 180 , even though 
there is no difference in the structure factor amplitudes. Although it is not 
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common, this phenomenon known as the Babinet principle, has been 
observed in other virus structure determinations (Tsao, Chapman, and 
Rossmann, 1992; Valegard et al., 1991). 

The model was positioned in the negative density and a new cycle of 
refinement and real-space averaging produced a new map. This map was 
now in the positive sign of the density. 

An unexpected large peak in the map 
A very large peak in the map was identified at the quasi-threefold axis. In the 
proximity of this peak there were several charged atoms. The size of the 
peak and the spherical shape of the density led to the conclusion that the 
density corresponds to a metal ion. Since the crystallization buffer contained 
calcium and calcium ions have been observed in the capsids of other viruses 
(Harrison et al., 1978b; Jones and Liljas, 1984; Stehle et al., 1996; Tars, 
Zeltins, and Liljas, 2003) the assumption was made that it was a calcium ion. 
Placing an atom in the middle of the density revealed distances that are 
expected from calcium ion interaction (Harding, 2001), see Fig. 5. The 
octahedral coordination that the calcium ion requires (Katz et al., 1996) is 
likely to be completed by water but the limited resolution did not allow 
modeling of individual water molecules.  

 
Fig. 5 Coordination of the proposed calcium ion at the quasi-threefold axis of the 
PRR1 VLP. The red electron density is a 2fo-fc map countered at 10  and the blue 
at 4 . Black dots indicate the atoms involved in coordinating the calcium. 

The role of Ca ions in VLP stability 
To test whether the calcium ion influenced VLP stability an accelerated 
stability study was conducted and the samples were applied to a 1% agarose 
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gel with ethidiumbromide. The result (Fig. 6) showed that the MS2 particles 
had a melting temperature between 65-70 C, and this remained unchanged in 
the presence of EDTA. For PRR1 the melting temperature dropped 10 C 
from 70-75 C to 60-65 C with the addition of EDTA. Interestingly the 
PRR1 VLP was found to migrate towards the negative cathode unlike the 
MS2 VLP that migrates towards the positive anode. The theoretical 
isoelectrical point of PRR1 coat protein, calculated by Expasy´s Protparam 
tool, is 6.98 and the corresponding number for MS2 is 7.74. The experiments 
were performed at pH 8 so this does not explain the difference in migration 
direction. Depending on buffer type and small changes in pH, PRR1 has 
been observed to migrate towards either minus or plus but always very 
slowly. 

 
Fig 6. Stability study; MS2 upper 10 bands and PRR1 lower 10 bands. Temperatures 
are noted below the gel, 55-75 C and the first 5 columns of MS2 and PRR1 are 
samples without addition of EDTA while samples 6-10 on MS2 and PRR1 include 
EDTA. PRR1 migrates upwards in the opposite direction to MS2 capsids and the 
RNA. Clear band indicates intact particles. 

Calculations of the coat protein binding area using the program SASA (Le 
Grand and Merz, 1993) showed that PRR1 had less binding area around the 
quasi-threefold axes compared to MS2. The calcium ion compensates for the 
lower binding area and even makes PRR1 more stable than MS2 as seen by 
the results of the stability study (Fig. 6). On the other hand, most of the 
binding area is contributed by the dimer interface and this is where MS2 has 
a larger binding area than PRR1. This explains why PRR1 is less stable than 
MS2 when the calcium ion is removed and emphasizes the importance of the 
calcium ion in PRR1 VLP stability. 
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Structure of PRR1 VLP binding to its 
translational operator (Paper II) 

Protein expression to protein structure 
The PRR1 VLP was expressed and purified in the same manner as described 
in the summary of Paper I. Vapour-diffusion crystallization experiments 
were set up as 1 l of PRR1 VLP at 10 mg/ml, 1 l reservoir solution, and 1 l 
RNA at 3 mM. 

Data was collected at the European Synchrotron Radiation Facility, 
Grenoble, France, at beamline ID14-1. The spacegroup was P1 and the unit 
cell used for processing was similar as in Paper I, a=281.3 Å, b=285.4 Å, 
c=472.9 Å, =93.23 , =90.03 , =119.45 . The data was processed using 
the program HKL2000 (Otwinowski and Minor, 1997) and scaled using 
Scalepack (Otwinowski and Minor, 1997). Unlike the case in Paper I, a good 
model for phase calculation could now be used as well as the “standard 
method” for phase calculation. The standard method is to use the coat-
protein trimer and apply the NCS through 60 matrices, for each particle 
when working in P1, to generate a search for the whole VLP. Since we 
regard all asymmetric units in the VLP to be the same, there is no need for 
individual modelling of all subunits in the particle. Phases were calculated 
with CNS (Brunger et al., 1998a) using the structure of PRR1, PDB code 
2VF9, as a model and maps were generated using real space averaging in 
AVE (Kleywegt and Jones, 1994).  

RNA binding in comparison to MS2 
The manner in which the coat protein binds the translational operator stem-
loop was found to be similar to that in well-characterized MS2 phage. In 
MS2 the stem-loop bind the CC dimer at two symmetry-related positions 
while in the AB dimer it binds at only one of the equivalent positions 
(Valegard et al., 1994). This is due to a structural difference in a certain loop 
in the B subunit, the FG-loop. In PRR1, the FG-loop is extended in all 
subunits allowing the RNA to bind at both symmetry-related binding sites in 
both the AB and the CC dimers (Persson, Tars, and Liljas, 2008). Only one 
published structure, besides that of MS2 exists of a coat protein bound to its 
RNA stem-loop, namely PP7 (Chao et al., 2008). This structure was solved 
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by using a mutant coat protein producing only dimers and unable to 
assemble into VLPs. The structure of the PP7 coat protein dimer, in complex 
with the PP7 RNA operator stem-loop showed a different RNA-binding 
mode using other interactions for the two adenines that face the protein 
surface. PRR1 use the same residues as MS2 interacting with these adenines, 
(Fig.7A and 7B). 

 

 
Fig. 7 The binding pockets at ade-6 (A) and ade-13 (B). MS2 is shown in silver and 
PRR1 in black. Both adenine binding-pockets show a high degree of similarity 
between MS2 and PRR1. 

In MS2 a tyrosine that stacks against a base in the RNA has been shown to 
be of importance for the pH-dependence of binding (LeCuyer, Behlen, and 
Uhlenbeck, 1996). The tyrosine stacks against a base in PRR1 as well but the 
arrangement is different, see Fig. 8. 

  

 
Fig. 8 The image to the left show the loop in the RNA stem-loop of MS2 and the 
stacking residue Tyr85. The stacking interaction of the equivalent Tyr86 in PRR1 
and the loop in the RNA stem-loop is shown to the right. The U-5 and U-6 
nucleotides of PRR1 are not shown because they could not be modeled due to very 
weak electron density in the area. 

Even though the nucleotide in PRR1 corresponding to U-5 in MS2 could not 
be seen, it is clear from the electron density that G-7 is used for stacking 
interaction to the tyrosine in PRR1. 
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 PRR1 contains one extra nucleotide in the loop region of the stem-loop. 
Unfortunately we were unable to see two bases of the loop, U-5 and C-6 due 
to a lack of electron density in the region. This indicates that there is more 
than one conformation of the RNA at this position. 
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Conclusions: Paper I and Paper II 

The process of solving the initial PRR1 structure 
During early stages of solving the initial PRR1 VLP structure it was 
concluded that there should be two VLPs in the asymmetric unit of the 
crystal. Finding the rotation of the second particle was smooth, but finding 
the translation proved to be more challenging. In the end we had to resort to 
whole particle search instead of applying the icosahedral NCS on one trimer.  

Another problem encountered was that the initial map seemed to contain 
random density but when switching to the negative sign of the map, a 
protein-like density appeared. This effect could be attributed to a difference 
in radius between PRR1 and the model MS2. In such circumstances the map 
might converge to the Babinet opposite solution. The problem was solved by 
placing the model in the map of negative sign and running a new refinement 
cycle. The map then converged to a positive sign. 

Metal ions in PRR1 VLP 
Even though metal ions had been recognized in viral capsid of other classes 
of viruses this was the first time metal ions were observed in a bacteriophage 
VLP belonging to the Leviviridae family. The ions contributed to 
interactions between the quasi-equivalent subunits at the quasi-threefold 
axes increasing VLP stability. The effect on stability was confirmed in a 
stability study where removal of the calcium ions by treatment with EDTA 
lowered the melting temperature with 10 C while having no effect on the 
MS2 control. After the publication of Paper I calcium ions have been found 
in the VLP of another Leviviridae phage, cb5 (Plevka et al., 2009). In order 
to evaluate what effect removal of the calcium ion have on the PRR1 capsid 
structure, the strategy of growing VLP crystals in the presence of EDTA 
needs to be tested further. So far production of crystals, in these conditions, 
with acceptable diffraction have failed. 
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Coat protein – RNA stem-loop interaction 
The interaction of PRR1 coat protein to its translational operator stem-loop 
showed similarities to MS2. The major difference in the RNA structure was 
located near the loop area where the base of a nucleotide at the 3´side of the 
RNA folds towards the 5´side of the RNA and stack against both a 
nucleotide and the TyrA85. In PRR1 the corresponding nucleotide was not 
visible but it is clear that the arrangement is not the same. In PRR1 the three 
visible 5´side nucleotides, following the bulged adenine at -11 towards the 
loop to position -7, all stacked against each other with the final nucleotide 
forming the stacking interaction to the tyrosine. Since PRR1 have an extra 
nucleotide in the loop this will, most likely, inflict several other differences. 
Since we were unable to see two of the nucleotides in this critical area of the 
map the solution to how PRR1 bind the loop at this location remains unclear. 
Some changes of amino acid residues from larger in MS2 to smaller side 
chains in PRR1 could be interpreted as necessary to fit a larger loop. 

More co-crystallization trials need to be set up using fresh RNA and fresh 
coat protein. One could also try to set up the trials at lower temperature, use 
RNAse free water to prepare buffers, and to only use new previously 
unopened chemicals in order to keep the RNAse levels at a minimum. It 
should be noted though that these precautions have, however, not been 
necessary when preparing MS2 crystals. Yet another variable to change 
would be to increase the amount of RNA added to the crystallization trials. 
This could make a difference since PRR1 can bind in both binding modes 
over the AB-dimer and therefore need more RNA to be saturated compared 
to MS2. 

To perform mutations in the PRR1 stem-loop in order to investigate the 
preferences at various positions of the RNA using both structural studies and 
binding assays would also be of interest. 



PART II: HIV 

“ I could not care less if the guy I´m guarding has HIV. 
I´m going to slam him anyway.” 

- Dennis Rodman, former professional basketball player in NBA 
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Discoveries, life-cycle, and drugs 

Discovery of AIDS and HIV 
The quote by Dennis Rodman on the previous page hints at the fear that HIV 
has caused society since its discovery. In 1981 a report surfaced describing 
the case of five men, between 29-36 years old, that had aquired 
Pneumocystis pneumonia. This condition is normally observed in severely 
immunosuppressed individuals (1996; Walzer et al., 1974). Other 
opportunistic infections were also spreading and the phenomenon seemed to 
be isolated to the gay community (Borkovic and Schwartz, 1981; Durack, 
1981; Gottlieb et al., 1981).  

 The symptoms were initially proposed to be caused by a 
cytomegalovirus. In December, 1981, the first non-gay cases were reported 
of what was beginning to be recognized as a new disease (Masur et al., 
1981). The patients in this case were intravenous-drug users. In 1982 the 
name AIDS started being used (Marx, 1982) and between 1982 and 1983 it 
was noticed that AIDS could be transmitted through blood transfusion, 
mother-to-child, and homosexual- as well as heterosexual sex. In 1983 at the 
Pasteur Institute in Paris, France, Luc Montagnier and co-workers isolated a 
new retrovirus they proposed as being the causative agent of AIDS (Barre-
Sinoussi et al., 1983). Finding the source was a breakthrough in the fight 
against AIDS. The new virus was initially named Lymphoadenopathy-
associated virus (LAV). In 1984 though another group isolated a virus that 
they called Human T-cell lymphotropic virus, type 3 (HTLV-III) and which 
they claimed was the cause of AIDS (Broder and Gallo, 1984; Salahuddin et 
al., 1984). In 1985 it was concluded that HTLV-III was the same virus as 
LAV described by Montagnier a year earlier and in 1986 a new name was 
chosen by the International Committee on the Taxonomy of Viruses to solve 
the name dispute. The new name was Human Immunodeficiency Virus 
(HIV).  

Two subtypes of HIV have been identified, HIV-1 and HIV-2, but the 
majority of the scientific work has been focused on HIV-1 since it is 
pandemic while HIV-2 appears to be endemic (de Silva, Cotten, and 
Rowland-Jones, 2008). With HIV-2 the progression to AIDS is also much 
slower and chances of survival are greater than for HIV-1. So far four 
different subgroups of HIV-1 have been identified: M (major), N (Non-M 
non-O) (Simon et al., 1998), O (Outlier) (De Leys et al., 1990) and P 
(Plantier et al., 2009). The majority of the AIDS infections in the world are 
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caused by the M subgroup (Sayer et al., 2010). The mean annual expenditure 
for care in 2006 of an HIV patient was 19,912 dollars and it was concluded 
that with increasing survival rate costs should be carefully monitored in the 
future (Gebo et al., 2010). As of the end of 2008, 33.4 million people were 
living with HIV/AIDS according to the UNAIDS “2008 Report on the 
Global AIDS Epidemic – Executive summary” available at www.unaids.org. 

Life cycle of HIV 
The initial problem that the virus faces during infection is to get its genome 
across the cell membrane of the host cell. The viral surface proteins gp120 
and gp41 interact with CD4+ T-cells and through a series of structural 
rearrangements create a fusion pore that enables entrance of the viral capsid 
(Chan et al., 1997; Huang et al., 2005). 

Once inside the cell the virus reverse-transcribes its RNA genome into 
double-stranded DNA (Freed, 2001). Certain viral proteins and the viral 
DNA are then transported to the nucleus. To achieve this they use the cells´ 
own transport system  nuclear transport proteins called importins. The 
importins bind to proteins tagged with a nuclear localization signal (Terry, 
Shows, and Wente, 2007).  

Once inside the nucleus the viral DNA is integrated into the host cell 
DNA by the viral integrase (McColl and Chen, 2010). At this stage it is 
known as a provirus. 

When the provirus is transcribed it produces two gene products  Gag 
and Gag-Pol (Adamson and Jones, 2004). The viral RNA is bound to both 
the Gag and Gag-Pol proteins. The Gag proteins also assemble into a 
spherical shell encompassing the RNA and viral proteins (Ganser-Pornillos, 
Yeager, and Sundquist, 2008). The Gag protein binds to the cell membrane 
that creates the viral membrane during budding from the host cell. 

In association with budding the protease is activated and cleaves the Gag 
precursor protein liberating the viral proteins within the Gag protein. This 
final process creates mature viral particles that can infect new cells 
(Adamson and Jones, 2004).  

Current drugs against HIV 
As of September 2010 there were 30 drugs against HIV approved by the 
U.S. Food and Drug Administration (FDA). These are aimed at the protease, 
the reverse transcriptase, viral fusion, viral entry, or the viral integrase, see 
Table 1. The benefits of using several drugs simultaneously are significant. 
Between the first quarter in 1995 to the second quarter of 1997, mortality 
dropped from 29.4 per 100 person years to 8.8 and the majority of this effect 
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was attributed to combination antiretroviral therapy, nowadays called highly 
active antiretroviral therapy (HAART) (Palella et al., 1998).  

Table 1. The current status of available HIV drugs as of 2010-09-22.  

Targets in HIV for the 
inhibitor 

Date of approval for first 
drug product 

Number of available drugs in 
the category 

Reverse transcriptase 
(nucleoside analogue) 19 March 1987 13 
Reverse transcriptase  
(Non-nucleoside) 21 June 1996 4 
Protease 6 December 1996 10 
Host cell fusion 13 March 2003 1 
Host cell entry 6 August 2007 1 
Integration of viral genome 12 October 2007 1 

http://www.fda.gov/ForConsumers/byAudience/ForPatientAdvocates/HIVandAIDS
Activities/ucm118915.htm 

During the past 25 years work has also been ongoing to create an HIV 
vaccine but a successful vaccine has not yet been realized (Wijesundara et 
al., 2010).  

Protease inhibitors  
The HIV protease is an aspartic protease and the specific interactions are 
defined according to standard nomenclature, see Fig. 9A. The substrate 
residues are labeled with respect to their positions relative to the scissile 
bond where the protease cuts. The protease cleaves the precursor Gag and 
polygag proteins thereby liberating several HIV-structurally and functional 
proteins including the protease itself (Sayer et al., 2010). This cleavage is 
part of the maturation process that ultimately leads to an infectious virus. 
The first HIV-1 protease crystal structures were published in 1989 (Lapatto 
et al., 1989; Navia et al., 1989; Wlodawer et al., 1989) and revealed a 
homodimer with aspartic protease-like domains. 
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Fig. 9. (A) The nomenclature of substrate and protease residues at the active site of 
aspartic proteases. The wave symbol denotes the scissile bond where the protease 
cleaves the substrate. (B) Two-step mechanism for HIV protease catalysis proposed 
by Das et al (Das et al., 2010). 
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The active site residues are Asp25, Thr26 and Gly27 from each monomer 

in the dimer and they are located in a loop at the dimer interface (Wlodawer 
and Erickson, 1993). The exact details on the catalytic mechanism of the 
HIV-1 protease are not fully known but a recently proposed mechanism by 
Das et al. (Das et al., 2010) suggests a two-step mechanism, Fig. 9B. By 
exploiting conditions where the HIV protease activity is severely reduced, 
they managed to solve the structure of a gem-diol transition-state 
intermediate.  

Upon substrate binding, a region known as the flap region folds towards 
the active site and contribute to substrate/inhibitor interaction. A protease 
structure with an inhibitor bound in the active site is shown in Fig. 10A. 
Between the two flaps and the inhibitor there is a water molecule, involved 
in binding the substrate, coordinated by the NH groups of the Ile50 residues 
from each monomer. In the apo-form the flaps are flexible. Fig. 10B shows 
the differences between the substrate-free (PDB code 3HVP) and substrate-
bound (PDB code 9HVP) protein.  

 
Fig. 10. (A) HIV-1 protease (PDB code 2CEM) with an inhibitor in red and the 
catalytic Asp25 from each subunit in green. The A subunit is white and the B 
subunit in black. The structural water molecule is shown as a blue sphere. (B) 
Structural difference between bound (black) (PDB code 9HVP) and empty (orange) 
(PDB code 3HVP) forms of the protease. 

The initial inhibitors aimed at the HIV protease were, of course, made to 
resemble the natural substrate of the protease which was the cleaving sites of 
the Gag and Gag-Pol polyproteins (Debouck et al., 1987). These peptide 
analogues had a nonhydrolyzable bond in a position equivalent to where the 
scissile bond otherwise would be located. However, there were drawbacks 
with these peptide analogue compounds. They were not stable enough, had 
poor oral adsorption, and were quickly metabolized. This led to the 
construction of symmetric compounds that would match the C2 symmetry of 
the HIV protease dimer. This first compound showed good inhibition of the 
HIV protease while having low inhibition of cellular aspartic protease i.e., 
that it was also selective (Erickson et al., 1990). 
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Because the precursor proteins that are cleaved by the protease are 
available after the virus leaves the host cells, protease inhibitors renders new 
virus particles non-infectious rather than killing them.  

A recently developed protease inhibitor, Darunavir, has proven to be very 
potent as well as producing a good gastrointestinal and lipid profile 
(Wensing, van Maarseveen, and Nijhuis). Unfortunately, weakened response 
to Darunavir has been observed and 11 mutations that lead to resistance have 
been identified so far. However, some of the mutations causing resistance 
towards Darunavir lead to an increased positive response to Tiprinavir, 
another protease inhibitor. 

Reverse transcriptase inhibitors 
There are two types of HIV-1 reverse transcriptase inhibitors, nucleoside 
analogues and non-nucleoside inhibitors. The nucleoside analogues are made 
to resemble regular nucleosides but they lack a certain hydroxyl-group 
crucial for further incorporation of nucleosides (Tantillo et al., 1994). Once a 
nucleoside analogue inhibitor is incorporated in the growing DNA chain 
synthesized by the viral reverse transcriptase they cause chain termination. 
However, these are not entirely specific for the viral reverse transciptase and 
can inhibit the mitochondrial  polymerase leading to mitochondrial 
dysfunction (Koczor and Lewis, 2010). Non-nucleoside inhibitors bind to a 
hydrophobic pocket that is situated close to the binding site of the nucleoside 
analogues. Binding of a non-nucleoside inhibitor leads to structural 
distortions that affect the active site (Esnouf et al., 1995). The first 
generation of non-nucleoside reverse transcriptase inhibitors (NNRTIs) 
proved to be very vulnerable to mutations (Sardana et al., 1992). 
Crystallographic studies of specific mutations leading to resistance towards 
NNRTIs showed that the mutations caused shifts in residue positions. The 
shift of the residues also induced a movement of the inhibitor position 
causing the latter move further away from stacking interactions to two 
tyrosines.  The first generation of NNRTI inhibitors was more dependent on 
the stacking interactions to these tyrosines than the second generation of 
them. This can be one explanation for the second generation NNRTIs higher 
tolerance to HIV RT mutations (Ren et al., 2004). 

Integrase inhibitors 
As the name implies, the integrase catalyzes the integration of viral DNA 
into the host DNA. It does so by first binding to the ends of the RT-
transcribed DNA and cleaves the ends of a long terminal repeat that exist in 
the viral DNA (Goldgur et al., 1999). This is followed by the 3´-processing 
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where two nucleotides are removed and a 3´hydroxyl group is exposed 
(Brown, 1990; Goldgur et al., 1999). The viral DNA is then covalently 
inserted into the host DNA. Unpaired dinucleotides at the 5´-ends are 
removed, single-strand gaps between the DNAs are filled, and the 3´- and 5´-
ends are ligated. 

Inhibitors targeting unbound protein are called 3´-processing inhibitors 
because they inhibit the initial mode of action by the integrase, the 3´-
processing. There are also inhibitors targeting the viral DNA–integrase 
complex, called strand-transfer inhibitors (Espeseth et al., 2000; Hazuda et 
al., 2000). Unfortunately only strand transfer inhibitors have been effective 
in vivo. Because magnesium ions are used by the integrase to perform its 
catalysis, drug design introduces groups that chelate the ion (Grobler et al., 
2002). 

Despite being a fairly new target, resistence to integrase inhibitors has 
already emerged and more than 60 mutations leading to resistance have been 
identified (Ceccherini-Silberstein et al., 2009) 

Viral entry and viral fusion inhibitors 
Upon cell entry, the HIV-1 envelope protein gp120 binds to CD4 cells 
(Kwong et al., 1998). Binding of CD4 induces a conformational change that 
enables subsequent binding to co-receptors on the host cell surface (Huang et 
al., 2005). This interaction with the co-receptors induces further 
conformational changes that expose a fusion peptide in the other envelope 
protein, gp41. Certain regions of gp41 undergo further conformational 
changes (Chan et al., 1997) that bring the transmembrane region of gp41 
closer to the inserted fusion peptide. This arrangement creates a fusion pore 
enabling the viral capsid to enter the host cell membrane (Melikyan, 2008). 

An example of a viral entry inhibitor is the T20 inhibitor. The T20 targets 
the gp41 protein to inhibit viral fusion. It mimics the C-helices of the gp41 
proteins thereby preventing the C-helices from forming a six helical bundle. 
(Eckert et al., 1999). The C-helices of gp41 otherwise form a six helical 
bundle and this step is important during the rearrangement process where the 
fusion peptide is brought within proximity of the host cell membrane. (Chan 
et al., 1997).  
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HIV-1 protease inhibitor study (Paper III) 

Production of HIV protease and inhibitors 
His-tagged HIV protease was expressed in AI cells and lysed using a cell 
disruptor. Cell debris was spun down and the soluble material was loaded on 
a Ni-NTA column. After elution the material was immediately precipitated 
using ammonium sulfate and re-dissolved in a buffer suitable for subsequent 
Superdex 75 size exclusion chromatography purification on an ÄKTA 
Prime. The purified sample was concentrated to 5mg/ml and kept at -20 C 
until and co-crystallization experiments were initiated. 

Different inhibitor compounds were synthesized with variations in the 
P2/P3 site and tested for activity. One of the compounds was chosen for 
further optimization of the P1´site. These new compounds were named 9a to 
9h, see Fig. 11A on the next page. All 9-series compounds proved to have a 
acceptable inhibitory effect with Ki values ranging from 2.8-7.0 nM. 
Toxicity was evaluated using CC50 while EC50 was used to elicit the in vivo 
potency. The newly synthesized compounds belonging to the 9-series 
delivered EC50 values around 1-2 M with the exception of 9h.  

Crystal production and structure solving 
HIV-1 protease mutant (L63P, V82T, I84V) was co-crystallized with 9a and 
9d, respectively and the inhibitor was added to the protein at 21 C are 
incubated for 2 minutes. The samples were centrifuged and drops were set 
up at -4 C at a 1:1 ratio between protein-inhibitor solution and well 
solution. The well solution was 0.7M NaCl, 50 mM MES pH 5.0. The drops 
were also seeded with older crystals in order to increase the crystal size. The 
crystals had to be flash cooled immediately prior to beam exposure at the 
Maxlab synchrotron facility in Lund, Sweden. All crystals collected were of 
spacegroup P21212 and the diffraction varied between 1.5 to 1.8 Å. The data 
were processed using the program Mosflm and scaled with SCALA (Evans, 
1993; Leslie, 1999). Molecular replacement and refinement was done in 
CNS (Brunger et al., 1998b). The final R-factor and Rfree were 22.1% and 
25.7% for 9a while for 9d they were 22.3% and 25.0%, respectively. The 
final resolution for 9a was 2.0Å and 1.8Å for 9d. 
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Fig. 11. (A) Inhibitor variatiants of the P1´site. The different variations at position R 
in the chemical structure are shown below (a-h). (B) Chemical structures of the two 
new inhibitors 9a and 9d as well as Atazanavir (Atz) and 14 to which the new 
inhibitors were compared. 



 42 

Structural comparison between 9a, 9d, 14, and 
Atazanavir 
Compounds 9a and 9d were compared to previously published atazanavir 
(atz) (PDB code 3EL9) and 14 (PDB code 2UXZ), see Fig. 11B. Compounds 
9a and 9d are rotated 180  in the active site in relation to Atz and 14. During 
discussion Atz /14 residue numbering is used. The positioning of the central 
hydroxyl is shifted in 9a, 9d, and 14 compared to atz where the central 
hydroxyl is positioned symmetrically over the two catalytic aspartates. The 
shift also leads to less optimal bond angles from the catalytic aspartates 
compared to atz and also loss of hydrogen bonds to the protease for 14 and 
9d when compared to atz. The interactions with the structural water 
molecule between the inhibitors and the flaps are similar in all four 
compounds and bond distances range between 2.6 Å and 3.0 Å.  

 
Fig. 12. Residue numbering is according to Atz and 14. (A) Comparison of the 
difference at the P1´site in the four inhibitors: 9a (green), 9d (blue), 14 (red), and atz 
(purple). The 9a, and 9d have a different angle in P1´compared to atz and 14. 
Furthermore, the extension of 9a and 9d effect the position of Phe53 and Pro181. (B) 
Movement of Arg8 in 9a due to the presence and location of a methylamide group in 
14. 

A notable difference between 9a, 9d and the previous atz and 14 compounds 
can be seen in Fig. 12A. It shows that 9a and 9d have a different angle in the 
P1´site and extend slightly higher up in the site even when compared to atz 
that also has an extended P1´site. This brings 9a and 9d closer to the Phe53 
to which they can form an edge-on interaction. This interaction has not been 
exploited yet in drug design. The closeness of 9a and 9d forces Phe53 to be 
pushed back 1-1.5 Å (measured between the closest atoms in the inhibitors 
and the Phe53).  
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The difference in the angle also brings the inhibitors 9a and 9d closer to 
Pro181 forcing the Ca-atoms to move 0.7-0.9 Å. The Ca-atom movement at 
this position is greater than the Ca movement of Phe53.  

There is also a change in the position of the central hydroxyl group of the 
inhibitor in relation to the catalytic aspartates. For atz it is positioned very 
close over the aspartates while in 14, 9a, and 9d this hydroxyl is positioned 
further away from the aspartates. This leads to fewer hydrogen bonds, less 
optimal bond angles, and less optimal bond distances.  

At the S3 site of the protease the sidechain of Arg8 has to move 2 Å in the 
case of 9a and 9d compared to 14, Fig. 12B. This is due to the presence of a 
methylamide in the P3 position of 9a and 9d. It also causes loss of an edge-
on interaction between the arginine and a phenyl group in the P1 site. 
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Conclusions Paper III 

Hiv-1 protease inhibitors 9a and 9d explored a new edge-on interaction to 
Phe53. They also exhibit a larger angle at the P1´site when compared to 
inhibitors 14 and atz. This pushes Pro181 away from the inhibitor for steric 
reasons.  

The P3 site difference in 9a and 9d compared to 14 causes the Arg8 
sidechain to move and this leads to a loss in edge-on interactions to a 
phenylgroup in the P1 site.  

The position of inhibitors 9a, 9d, as well as the previously solved 14 in 
the active site was shifted, causing an asymmetric binding over the catalytic 
aspartates. This resulted in less optimal bond angles between the aspartates 
to the inhibitors as well as loss in hydrogen bonds. 

This work is part of the continuing search for new drug targets against 
HIV due to the high mutation rates that lead to emergence of resistant strains 
relatively swiftly. Future perspectives of this work could be to continue to 
explore the possibilities in the P1´ and P3 sites as well as identify allosteric 
sites, and introduce groups at the inhibitor sub-sites with new chemistry. To 
search for new potential inhibitors of other targets in HIV is of course also a 
possibility and in agreement with the HAART regime. 
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Summary in Swedish 

I denna avhandling presenteras strukturella studier av två olika virus, PRR1 
och HIV-1. PRR1 är ett virus som angriper bakterier, en virusgrupp som 
kallas bakteriofager. PRR1 hör till en av de enklaste virustyperna och har 
endast fyra genprodukter. Denna typ av virus är intressanta att studera för att 
se hur de klarar sig med så få genprodukter.  

Vi har löst strukturen av PRR1 virus-lik partikel (VLP) och jämfört det 
med det nära besläktade MS2 viruset. VLP hos dessa virus består av 180 
enheter av ett skalprotein som tillsammans bildar ett skal vilket skyddar 
virusets genom. Här identifierades, för första gången inom denna virusfamilj 
Leviridae, kalciumjoner i VLP. Kalciumjoner har observerats i skalprotein 
hos andra virus och har där bland annat visat sig kunna påverka dess storlek.  

En strukturstudie av PRR1 RNA bundet till PRR1 VLP möjliggjorde en 
jämförelse med RNA bindningen hos MS2. Inom Leviviridae binds RNA på 
insidan av kapsiden till skalproteinerna specifikt vid en del av RNA som 
innehåller initieringskodonet för uttryck av viruset replikas. Det var denna 
del av det virala genomet som vi använde. Vid jämförelsen med MS2 
framkom olikheter i hur baserna hos nukleotiderna är arrangerade vid 
öglorna av RNA fragmenten. De interaktioner som visat sig vara viktiga i 
MS2 behölls i PRR1 om än inte alltid via exakt samma aminosyrarest-
baspars interaktioner. Syftet med arbetet med PRR1 har varit att få fram 
strukturell information som kan kopplas till funktion och utöka kunskapen 
om den specifika virusfamiljen, Leviviridae, speciellt gällande dess RNA 
bindning. Bakteriofager har också använts för att bekämpa bakteriella 
infektioner och det pågår även forskning för att använda viruskapsider som 
vektorer för införsel av transgener och läkemedel. 

Den sista delen av arbetet behandlar det ökända HIV viruset. Enligt 
statistik från UNAIDs är 33 miljoner människor infekterade av HIV. Det 
som först ansågs vara begränsat till gayvärlden, och initiellt kallades bland 
annat för GRID (Gay-related immunodeficiency), upptäcktes snart även hos 
andra grupper i samhället och man insåg att detta var en sjukdom som 
påverkade alla. De första fallen av AIDS rapporterades 1982 och sedan dess 
har forskning för att identifiera och förstå viruset i syfte att få fram nya 
läkemedel pågått. Det första läkemedlet, azt, kom ut på marknaden 1987 och 
var från början ett misslyckat läkemedel mot cancer. Sedan dess har ett antal 
läkemedel godkänts som slår mot olika delar av viruset. Att använda 
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läkemedel som slår mot olika delar av viruset samtidigt visade sig drastiskt 
förbättra verkningsgraden mot viruset då ett stort problem med HIV viruset 
är dess höga mutationsfrekvens. Det tar således inte lång tid innan en 
livsduglig variant dyker upp som tolererar ett visst läkemedel. Ett annat 
problem är de biverkningar som nuvarande läkemedel ger upphov till. Så 
länge arbetet med att ta fram ett vaccin tyvärr inte lyckas så finns det ett 
kontinuerligt behov av nya läkemedel. 

Här beskriver vi ett antal nya inhibitorer som binder till HIV proteas. De 
utgår från tidigare inhibitorer från den grupp jag nu tillhör fast med 
ytterligare variation i P2/P3 och P1´site. Om proteaset slås ut kan viruset ej 
längre klyva två proteiner, Gag och poly-gag. Denna klyvning är nödvändig 
för att frigöra virala proteiner som finns i dessa proteiner. Utan denna 
klyvning kan inte infektionsdugliga virus bildas. 

Strukturer av komplex mellan HIV proteas och två av de nya 
inhibitorerna löstes med röntgenkristallografi. Hur de nya inhibitorerna binds 
till proteaset jämfördes med dels en godkänd läkemedelssubstans atazanavir 
samt ett tidigare publicerat inhibitor-proteas komplex. En tidigare outnyttjad 
interaktion till proteinet identifierades så väl som strukturella förändringar 
vilka ytterligare indikerar HIV proteasets strukturella flexibilitet. Detta 
tillsammans med HIVs stora mutationsförmåga gör viruset ovanligt 
anpassningsbart. 
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