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Abstract

HIV-1 protease is an aspartic protease whialggpan essential role in the life cycle of HIV arit is
responsible for the cleavage of the viral polyprsento the structural and functional proteinsialgir
viral maturation. The efficient inhibition of theqiease thus leads to the formation of immature and
non-infectious viral particles. The introductiongrbtease inhibitors dramatically changed the tneat
of retroviral infection. The viral replication wasduced to undetectable level and the rate of sksea
progression was significantly lowered. However,jstasice to the inhibitors was observed. The first
inhibitors had limited bioavailability, caused seveside effects and easily developed resistance. To
combat these negative factors, second-generathubitiors have been developed. Understanding the
mechanisms of resistance toward inhibitors isaaitfor the optimal use of antiretrovirotics inritial
practice. There is still need for new nonpeptidostim inhibitors with unique resistance profiles,

different modes of action and novel structures.

This thesis gives an overview of the developina different classes of new, unusual protease
inhibitors. In addition, it presents data on theistnce development during antiretroviral treatmen
with a protease inhibitor called nelfinavir. The imgart of the thesis is devoted to the design and
characterization of metallacarboranes, novel notigiepHIV protease inhibitors that represent

attractive pharmacophores with therapeutic potentia

The aims of the thesis

The first aim of the thesis was to prepare, enzggioblly, structurally and thermodynamically
characterize recombinant HIV-1 proteases bearingtioms responsible for the resistance to nelfinavi
The main purpose of this project was to understaowl single mutations contribute to the affinity of
protease to nelfinavir and how the additional matet can modulate their effect. The understanding o
the effects of individual mutations on inhibitomting determined by enzymological assay, X-ray
crystallography, and isothermal titration calorimiés important for the design of next generatiov H

protease inhibitors.

During random testing of different inorganic danorganic compounds, we identified
metallacarboranes as promising inhibitors of HI\ptbtease. The second aim of the thesis was to
determine inhibition characteristics, selectivépecificity, and resistance profile of novel nomptidic

HIV protease inhibitors containing metallacarborahsters.



Conclusions

In this thesis, | analyzed the mechanisms of @sc& toward one first generation inhibitor nelfiimav
In cooperation with the laboratory of Dr. Mammanithim the 5th EU framework, | prepared HIV-1
proteases bearing the single mutations D30N, L9SYBBD and A71V and their combinations, which
were identified as main contributors in resistadegelopment to nelfinavir. Many scientific groups
imputed the affect of D30N mutation on resistaréhe loss of hydrogen bonding between asparagine
at position 30 and the hydroxyl group of nelfinawising structural and thermodynamical analysis, we
found that although this bond is slightly weakenieds still maintained. The kinetic analysis shawe
high level of resistance for mutant D30N/N88D tisah rather frequent combination found in patients.
The main difference in the binding of nelfinavirttee active site of this protease variant was ifledt
and explained by distinct contact between mutatedidues mediated by water molecules.
Thermodynamical analysis revealed unfavorable obdmgh in enthalpic and in entropic contribution.
Similar analyses were carried out for other mupanteases as well. Molecular analysis finally akow
to interpret the experimental data and showedttigéntropy of the binding play significant roletire
development of nelfinavir resistance.

Seven years ago, during random testing of hedsdof inorganic and organic compounds for their
possibility to inhibit HV-1 protease, we identifiedetallacarboranes as potent inhibitors of the ewmzy
First, we aimed to characterize them by enzymobligéssay to determine the binding characteristics.
We found some structure activity relationship addntified metallacarboranes as nanomolar non-
peptide inhibitors of HIV protease. Further, theusture of parental metallacarborane bound to the
wild-type HIV-1 protease was determined which akbolwus to identify the binding mode of these
inorganic compounds into the active site of theyamz This was the first 3-D structure of a carberan

protein complex ever solved.

a)

Figure 1. (a) Chemical formula of parental metallacarbor&®-18. BH groups are depicted as orange balls,
CH groups as black balls, and cobalt ion as bllle () The crystal structure of the HIV-1 protea&B-18
complex. Two molecules of GB-18 are representedsfiyere model and called as Cbl and Cb2. The

structure was solved in the laboratory of Rez&ovéa from IOCB AS CR.



We knew from the history of the developmentottier inhibitors how important their specificity
towards their target was. We decided to test it fouhd out that metallacarboranes inhibit also
homologous protease from HIV-2 virus and anothowiral protease from endogenous virus MIA14,
but less tightly. They weakly inhibit other tesegpartic proteases (pepsin and cathepsin D) anclodid
inhibit other enzymes analyzed. The important negméent, especially during development of second
generation HIV-1 protease inhibitors, is the intii effectivity against multi-drug resistant strsi
Tested metallacarboranes kept their potency and efective inhibitors of various resistant proesas
even derived from patients with a long treatmestdny, in which the antiretroviral therapy failafe
invested much effort to the structural analysithee compounds. After many unsuccessful atterapts t
get the crystal, Dr.Rez&ova luckily solved the structure of an inhibitor ntaining two
metallacarborane clusters exhibiting low nanomaihibition potency. The strategy of the connection
of two clusters with amino group containing linkesulted in the formation of the most effective
inhibitors. However, the position of the linker waat visible in the map of electron densities dudd

high flexibility. Molecular modeling and calculatie were used to predict possible linker conformers.

a)

PR1 D30N/N88D

PR2 M461/A71V/IV82T/I84V

PR3 A71V/Vv82T/I84V

PR4 V32I147A
L101/115V/E35D/N37S/R41K/162V/
L63P/A71VIG73S/L90M
L101/L24I/L33F/M46L/154V/L63P/
A71VIV82A/184V
L10F/L191/K20R/L33F/E35D/M36l/

PR7 R41K/F53L/I54V/L63P/HE9K/ATLV/
T74P/184V/L89M/LIOM/I93L

inhibitors

Figure 2. (a) The list of mutations of recombinant HIV-1 prases used in study. (b) Vitalities of seven
clinically used protease inhibitors and metallacaaines with the panel of protease mutants. Chemical

formulas of metallacarboranes are shown.
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