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Dear opponent, members of the committee and the audience! Today I will present you my work "When biologist meets chemist: a search for HIV-1 inhibitors"
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Presenter
Presentation Notes
The object of my research was human immunodeficiency virus type 1 - HIV. It is an RNA virus. Its genomic RNA has protein-coding region and untranslated regulatory regions at both ends. Viral particle contains genome RNA and viral proteins including reverse transcriptase about which I will tell you later.
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Presentation Notes
Viral life cycle starts when virus binds to the cell receptor. Then viral and cellular membranes fuse and viral core enters the cell. In the cytoplasm viral RNA is converted into viral DNA in the process of reverse transcription. Viral DNA integrates into the host genome. After that viral RNA and proteins are synthesised.  They assemble at the plasma membrane and new particle is formed. Currently many compounds exist targeting every step of HIV life cycle. The main focus of my research were inhibitors of reverse transcription reaction.



Picture made by Thomas Splettstoesser  

1. RNA/DNA - dependent 
DNA polymerase activity 
 

2. RNase H activity 

Reverse transcriptase   
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Reverse transcriptase is a viral enzyme. It converts viral RNA into viral DNA. It has 2 main activities: RNA- and DNA- dependent DNA polymerase activity and RNase H activity. Currently there are 2 types of compounds that inhibit polymerase activity.



Nucleoside Reverse Transcriptase Inhibitors (NRTIs) 
  

chain-terminator 
prodrug 

nucleoside analog 

Reverse transcriptase inhibitors I 

Presenter
Presentation Notes
The first type is nucleoside reverse transcriptase inhibitors - NRTIs. They are analogues of normal nucleosides except that they lack hydroxyl group at the 3' carbon. They are prodrugs. Inside the cell they must be phosphorylated. Reverse transcriptase recognizes them as normal nucleotides and incorporates them into the nascent DNA chain where they act as chain-terminators.



NNRTI binding pocket 

сhemically diverse 
conformational change 

Reverse transcriptase inhibitors II 

Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs) 
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Presentation Notes
The second type is non-nucleoside reverse transcriptase inhibitors - nnrtis. Chemically it is a very diverse group of compounds. They bind reverse transcriptase near the polymerase active site – at the nnrti binding pocket. This leads to the conformational change of reverse transcriptase and inhibition of its activity. So currently around 30 compounds are approved for HIV treatment. Why do we need more compounds?



1. Drugs cause side effects  
  

2. Virus mutates fast: resistant forms appear  
  

Problems with current drugs 

Novel and effective therapeutics should be developed 
  

Presenter
Presentation Notes
First of all, drugs cause different side effects. Secondly, HIV mutates very fast and resistant forms of the virus can appear. That’s why novel and effective therapeutics should be developed.



• Not toxic 

• Active against wild-type virus 

• Active against resistant forms of the virus 

• With unique for HIV-1 inhibitor structures 

Goal: find HIV-1 inhibitor(s) 
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The goal of my work was to find HIV inhibitors. I was looking for compounds which are not toxic, active against wild-type and resistant forms of the virus and have unique (for HIV inhibitor) chemical structures.



1. Develop system for screening 
 

2. Test 3 groups of compounds: 
a. acyclic thymine nucleoside analogues (NRTI) 
b. saccharide hydrazones (NRTI) 
c. bimorpholines and their derivatives 

 
3. Test the group of 16 possible NNRTIs (rational 

drug design) 

Tasks 
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For this I had to accomplish the following tasks. First, develop a system for screening for HIV inhibitors. Secondly, test 3 different groups of compounds. Acyclic thymine nucleoside analogues and saccharide hydrazones could be considered as possible nucleoside inhibitors. Bimorpholines and their derivatives are not similar to any known HIV inhibitor so here we used a trial-and-error approach. And last but not least I tested the group of 16 possible non-nucleoside inhibitors which was found using rational drug design.



1. Development of a new screening system 
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Development of a new screening system.
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RT 

Presenter
Presentation Notes
When I came to the laboratory we already used HIV-based virus-like particles - VLPs. In order to obtain such particles viral genome was splitted into 4 plasmids. The first plasmid encodes modified 5' and 3' HIV regulatory sequences. But instead of viral proteins this plasmid encodes two reporter genes. From this plasmid RNA is synthesised. Three helper plasmids encode viral proteins gag/pol and rev and glycoprotein of vesicular stomatitis virus. From these plasmids needed proteins are synthesised in trans. If these RNA and proteins are synthesised in the same cell they can assemble and form  virus like particle.



integration 

reverse transcription 

EGFP Blast 
Resist 

Blasticidin, 10-14 days 

Only infected cells survive 

Colony formation assay 
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This virus like particle is very similar to the real virus. It enters the cells via endocytosis. Next steps - reverse transcription and integration are identical to those of HIV. After integration new particles can not be produced. Instead reporter genes are expressed and 2 proteins are synthesised - EGFP and protein which makes the cells resistant to antibiotic blasticidin. After that we grow our cells in the presence of blasticidin for 10-14 days. Only infected cells survive and form colonies. We count these colonies and thus estimate the efficiency of infection.



+Safe 
+Similar to the real HIV-1 virus 

– Slow 
– Not sensitive 
– WT only 

VLP-based assay 
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So, VLP assay is safe and similar to the real HIV virus. But it is slow, not sensitive and allows to test our compounds only against wild type forms of the virus. In order to improve this assay the following changes were made.



Fast and sensitive 

1. Reporter gene replaced  

Colony formation assay Gaussia Luciferase activity 

EGFP Gau Luc 

Changes made 
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First EGFP reporter gene was replaced with Gaussia Luciferase reporter gene. So instead of counting colonies we measure the gaussia luciferase activity. This made the assay faster and more sensitive.



Test against resistant forms  

Changes made 

2. Mutations introduced  

K103N Y181C 

dual 
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Next we introduced mutations into the reverse transcriptase gene.  These mutations confer reverse transcriptase resistant to the known non-nucleoside inhibitor nevirapine. This allowed us to test our compounds against VLPs with resistant form of reverse transcriptase.



2. Test 3 groups of compounds 
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The next task was to test 3 groups of compounds.



1. Toxicity assay: non-toxic for cells  
 

2. VLP assay: antiretroviral activity 

Methods used 
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All these compounds were tested for their toxicity – in order to find concentration which are not toxic for cells. And VLP assay was used to determine antiretroviral activity.



article I 
 
(in collaboration with A. Paju, M. Päri, T. Pehk, K. Siirde,  
A.-M. Müürisepp, T. Kailas, M. Lopp)  

2.a. Acyclic thymine nucleoside analogues 
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First group of compounds - Acyclic thymine nucleoside analogues.



6a  R = CH3 
6b  R = CH2CH3 

6c  R = Bn 
6d  R = CH2CH2OBn 
6e  R = CH2CH2OH 

 
 

thymidine 

 
 

Synthesized in M. Lopp’s group  

Acyclic thymine nucleoside analogues (NRTI) 
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These group of compounds can act as nucleoside inhibitors. They are similar to thymidine except they have acyclic sugar, lack hydroxyl group and have substituent at the 4' carbon. In total 5 compounds were tested.



Compound Antiretroviral activity, 50 µM 
(efficiency of colony formation)* 

DMSO 100 

6a 60 

6b 48 

6c 52 

6d 45 

6e 63 

Lamivudine 9 

*percentage from negative control 

 

 
 

• Not toxic 
• Have some inhibitory effect (45-63%) 

Antiretroviral activity  
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They had some antiretroviral activity, inhibiting colony formation to 45-63 percent. They were not toxic and we assume that they inhibit VLPs activity directly. The activity of compounds was not very prominent and we did not study these compounds further.



2.b. Saccharide hydrazones 

article III 
 
(in collaboration with M. Ilisson, K. Tomson, S. Türk, U. Mäeorg)  
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The Second group of compounds –was Saccharide hydrazones.



hydrazone 

 
 

L-Arabinose 

 
 
 
 
 

(D-galactose, D-mannose, D-ribose, L-rhamnose, 2-deoxy-D-ribose) 

 
 
 
 
 

Synthesized in U. Mäeorg’s group 

Heterocyclic hydrazine 
 derivative (1-3)  

Saccharide hydrazones (NRTI) 
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This the common hydrazone structure. Compounds that contain heterocyclic hydrazine derivative and sugar moiety can be considered as acyclic nucleoside analogues just the same as the previous group of compounds. In total 18 saccharide hydrazones were synthesised.
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Compounds, 1 mM 

• Not toxic 
• 6 and 21 have weak antiretroviral activity 

Presenter
Presentation Notes
When tested for their antiretroviral activity 2 compounds were active - number 6 and 21.
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IC50 (comp 6) = 400 µM 
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Compound 6 was tested further in order to determine its IC50 - concentration of the compound which inhibits viral infection by 50%. Unfortunately it was very high (around 400 micromoles) so we did not study this compound further



2.c. Bimorpholines and their derivatives 

article II and unpublished data 
 
(in collaboration with K. Ausmees, K. Kütt, K. Lippur, T. Pehk, 
 M. Lopp, T. Kanger)  
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The third group of compounds included bimorpholines and their derivatives



morpholine 
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Synthesized in T. Kanger’s group 

Bimorpholines and their derivatives 
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Morpholine is a simple heterocycle. In total 5 compounds were synthesised and tested for their antiretroviral activity. These compounds don't look similar to any known HIV inhibitor so here we applied trial-and error approach.



Compound Antiretroviral activity, 50 µM 
(efficiency of colony formation)* 

DMSO 100 

1 67  

8 91  

9 72 

10 63  

11 69 

Lamivudine 9  

*percentage from negative control 

 

 
 

Antiretroviral activity  

• Not toxic 
• No antiretroviral activity 
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These compounds were not toxic and not active.



3. Test the group of 16 possible NNRTIs  
(rational drug design) 

 
manuscript IV 
 
(in collaboration with B. Viira, A. T. Garcia-Sosa, U. Maran, 
 M. Karonen, J. Sinkkonen)  
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And also I tested the group of 16 possible non-nucleoside inhibitors found using rational drug design.



J. Chem. Inf. Model., 2011, 51 (10), A.T. Garcia-Sosa, S. Sild, K. Takkis, U. Maran 

70 000 

 activity 

WT Y181C 

 metabolic properties 
 bind to reverse transcriptase  not bind to 5 host proteins  

16 

Rational drug design 
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The article describing this rational drug design was published in 2011.  They started with the virtual library of 70 thousand of compounds. Using a computer prediction programm they tested these compounds for their antiretroviral activity - ability to bind wild type and mutant reverse transcriptases.  In parallel they roughly determined the metabolic properties of compounds. They were looking for the compounds  which can not bind to 5 antitargets  - host metabolic proteins. As a result 16 different compounds were selected and purchased.



For all 16 compounds 
 
1. Toxicity assay: non-toxic for cells  

 
2. VLP assay: antiretroviral activity 

 
3. Cell-free assay with purified enzyme 
 

Methods used 
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All 16 compounds were tested for their toxicity in order to find concentrations which are not toxic for cells. Antiretroviral activity was tested using VLP assay. The direct action on reverse transcriptase was tested in in vitro assay.



Y181C K103N dual 

Methods used 

For active compounds 
 
1. Activity against HIV-1 

 
2. Activity against VLPs with mutant RT 
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Active compounds were also tested for their activity against real HIV virus and against VLPs carring mutant reverse transcriptase. We have chosen the mutations that confer reverse transcriptase resistant to the known non-nucleoside inhibitor nevirapine.
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compounds, 50 µM 

VLP assay 
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Here you can see the results of the first test with VLPs. Four compounds were active- number 8, 11, 13, and 16.
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In vitro assay 

Only compound 8 is active in both assays 
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In in vtro assay with purified reverse transcriptase 4 compounds were active - number 1, 2, 8, and 12. You can see that only compound 8 was active in both assays. That's why we studied compound 8 in a detail.
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VLP assay: IC50 (comp 8) = 0,33 µM 
                            IC50 (nevirapine) = 0,043 µM 
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First we determined its IC50 in VLP assay. It was 0.33 micromoles which was just 10 times higher than the IC50 of the known non-nucleoside inhibitor nevirapine.
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In vitro assay: IC50 (comp 8) = 105,7 µM 
                              IC50 (nevirapine) = 0,92 µM 
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Compound 8 was also active in in vitro assay, though its activity was 100 times lower than the activity of nevirapine.



HPLC was performed by B. Viira 

x/y 8 z 

89% 

Analysis of the sample of compound 8: HPLC 
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The sample of compound 8 was analysed using HPLC. It was shown that albeit compound 8 constituted 89% of the sample it also contained 3 other components - x, y and z. In order to confirm the antiretroviral activity of compound 8 it was purified. Also fractions containing x/y and z components were collected.



1. Compound 8 is not the true active compound 
2. Components x and/or y are active 
3.  x and y structures should be similar to 

compound 8 
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Analysis of the sample of compound 8: VLP assay 
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Surprisingly when tested in VLP assay purified compound 8 was much less active. Instead x/y fraction was very active. From this experiment we concluded that compound 8 was not the true active compound.  Rather one or both of the components of x/y fraction are active. We assumed that x and y have similar to compound 8 chemical structures.



Performed by B. Viira, A.T. Garcia-Sosa, U. Maran, M. Karonen, J. Sinkkonen 

1. The analysis of the methods for compound 8 
synthesis 
 

2. The analysis of the  x/y fraction using combined 
high-resolution MS and NMR approach 
 

 

Methods used for identification 
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In order to identify the active compound 2 approaches were used. First we analysed of the methods for compound 8 synthesis. We hoped to find byproducts and intermediate products of the reaction with the same molecular mass as x and y. Secondly x/y fraction was analysed using combined high-resolution Mass Spectrometry and NMR approach.
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X 
 
 

Z 
 
 

Y 1st guess 
(wrong) 

 
 

Y 2nd guess 
(correct) 

 
Synthesized by B. Viira 

New compounds synthesised 
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As a result 5 compounds were synthesised. These compounds share the same core structure but different substituents. The first was compound 8. Also it was separated into 2 stereoismers. The other  4 compounds were novel and not described anywhere before. Compound 17 coresponding to x and compound 19 coresponding to z were synthesised. Two compounds probably corresponding to y were synthesised - 18 and 20. Later it was confirmed that compound 20 was present in the initial sample.



8 < 17 (x) < 19(z) < 18(y1) < 20(y2)  most 
active  

least 
active  

Computer prediction 

Antiretroviral activity 
17 (x), 19 (z)            < 8              < 18 (y1) < 20 (y2) 
not active            moderate                active     
                               

Computer prediction performed by  A.T. Garcia-Sosa 

New compounds tested 
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These compounds were ranked according their abilities to bind reverse transcriptase. It was done using the same computer prediction programm as before. It was predicted that compounds 18 and 20 would be the most active ones. When tested in VLP assay their activities correlated well with computer prediction. Compounds 17 and 19 were not active. Compound 8 had moderate activity, but we assume that it was caused by its toxicity. Compounds 18 and 20 were the most active. These compounds I will discuss in a detail.
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nevirapine 

 
 

Most active compounds 
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Structures of compounds 18 and 20 are very similar, except that compound 18 has nitrogen and compound 20 has oxygen in the same position. I will compare their activities with the activity of the known non-nucleoside inhibitor nevirapine.



VLP (WT) In vitro 
assay 

HIV-1 
 

VLP 
(K103N) 

VLP 
(Y181C) 
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(dual) 

18 
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nevirapine 

NA – no activity 
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Antiretroviral activity of compounds 18 and 20 
(IC50, µM) 
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They were all active in VLPs-based assay. The activity of compound 20 was similar to the activity of nevirapine. They were all active in in vitro assay against purified reverse transcriptase. They inhibited HIV virus replication and as in the case with VLPs activity of compound 20 was similar to activity of nevirapine. Unfortunately when tested against VLP with resistant forms of reverse transcriptase these compounds lost their activity.



1. HIV-1 VLP-based assay was developed 
2. 3 groups of compounds were tested: 

a. acyclic thymine nucleoside analogues (minor) 
b. saccharide hydrazones (minor) 
c. bimorpholines and their derivatives (no) 

3. 16 possible NNRTIs were tested. 4 compounds 
 similar to compound 8 were synthesized. 
 Compound 18 was moderately active, activity  of 
 compound 20 was comparable to the activity of 
 nevirapine.   

Summary 
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Summary. First of all, HIV-1 VLP-based assay was developed.  3 groups of compounds were tested. Acyclic thymine nucleoside analogues and saccharide hydrazones showed minor antiretroviral activity. Bimorpholines and their derivatives had no activity. And last but not least, 16 possible non-nucleoside inhibitors were tested. 4 compounds similar to compound 8 were synthesized. Compound 18 was moderate;y active, the activity of compound 20 was comparable to the activity of nevirapine.



Conclusions 

1. Developed VLP-based assay is a safe alternative     
 to HIV-1. This assay can be used as a first screen 
 for possible RT and integrase inhibitors.   

2. Computer prediction and biological testing 
 allowed to find non-toxic and active antiretroviral 
 compound with novel core structure. 

3. Computer prediction program can be improved 
 based on the results of biological tests.  
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To conclude. Developed VLP-based assay is a safe alternative to the use of infectious virus. It can be used as a first screen for possible reverse transcriptase and integrase inhibitors. Rational drug design represents the first step in antiretroviral drug development. Computer prediction and biological testing allowed us to find non-toxic and active antiretroviral compound with novel core structure. Thus, computer screening allowed us to narrow down the chemical space when searching for compounds with high activities.The existing computer program can be improved based on the results of biological tests. My work shows the importance of collaboration between chemical and biological laboratories for successful drug development.



Thank 
you 
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This is it. Thank you for your attention.







Figures from articles 



Article I 
Novel acyclic nucleoside analogues 



TABLE 1 Results of the analysis of cytotoxic properties of compounds 

Compounds 6 
 

Cell viability 

MCF-7 HeLa 

1 a 119 97 

2 b 119 104 

3 c 129 110 

4 d 102 108 

5 e 102 103 

6 DMSO (control) 100 100 



TABLE 2 Inhibition of activity of HIV reverse transcription by acyclic 
nucleosides and control substances (colony formation assay) 

Compounds 6 
 

Anti-retroviral activity 

Number of colonies Efficiency of colony 
formation (%) 

DMSO (control) 75 100 

1 a 45 60 

2 b 36 48 

3 c 39 52 

4 d 34 45 

5 e 47 63 

6 Lam 7 9 

7 AZT 2 3 



Compound Toxicity assay, HeLaa 
50 µM 

Antiretroviral activityb 
50 µM 

DMSO ( negative control) 100 100 

6a 97 60 

6b 104 48 

6c 110 52 

6d 108 45 

6e 103 63 

Lam ND 9 

AZT ND 3 



Article II 
Bimorpholine and its carbanucleoside 



3 
 
 

11 
 
 

1 
 
 
8 
 
 
9 
 
 

10 
 
 



Article II (Bimorpholines) 
+ Kristin Lippur thesis “Asymmetric Synthesis of 2,2’-Bimorpholine and its 5,5’-Substituted Derivatives” 

*percentage from negative control 

 

 
 

Compound 
 

Preliminary test: Anti-HCV activity 
(normalized Fluc activity)* 

DMSO 100 

1 1 

8 138 

9 172 

10 156  

11 120 

Compound 1 had anti-HCV activity in preliminary tests 



Article II (Bimorpholines) 

Toxicity depends on: 
1. Cell type (toxic only to cells with HCV replicon) 
2. Cell confluency (less cells – more toxic) 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

U2OS Huh7Lunet Huh-Luc/neoET

50 µM

10 µM

1 µM

DMSO

cells

Compound 1: MTT cell viability assay, different cell lines 

Not always reproducible 
(for Huh cells) 



Table 2  Results of the analysis of cytotoxic action of compound 1 
to the Huh-7 Lunet cells, with or without HCV replicon 

Compound 
Concentration 

Huh7-Lunet 
24 hours 

Huh-Luc/neo-ET 
24 hours 

Huh7-Lunet 
48 hours 

Huh-Luc/neo-ET 
48 hours 

1, 50 µM 0.78 0.79 0.62 0.61 

1, 10 µM 0.83 0.94 0.62 0.87 

1, 1 µM 1.04 1.01 0.86 1.01 



Compound 
Concentration 

6 hours 24 hours 48 hours 72 hours 

1, 50 µM 1.01 0.79 0.75 0.78 

1, 10 µM 1.04 0.91 0.83 0.76 

1, 1 µM 1.00 0.97 0.97 0.95 

3, 50 µM 0.50 0.14 0.04 <0.01 

3, 10 µM 0.95 0.77 0.71 0.59 

3, 1 µM 0.95 0.90 0.83 0.74 

Table 1  Results of the analysis of cytotoxic properties of the 
compounds, Huh-Luc/ neo-ET cells 

Table 3  Effect of compound 1 on the HCV replication 

Concentration 6 hours 24 hours 48 hours 72 hours 

1, 50 µM 1.03 0.51 0.25 0.12 

1, 10 µM 1.23 0.75 0.88 0.85 

1, 1 µM 0.88 0.83 1.19 1.68 



Article III 
Saccharide hydrazones 



Article III (hydrazones) 
When aldehyde or a ketone reacts with a hydrazine derivative that contains primary amino 
group (-NH2), then a hydrazone forms in this condensation reaction. Hydrazones can be 
observed as analogues of imines, they just contain an extra N-N bond. 
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N N
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R
4 + OH2

aldehyde or ketone hydrazine 
derivative

hydrazone

Some saccharides (aldoses) are also aldehydes, when they are in linear (acyclic) form. Acyclic 
form is in equilibrium with its cyclic form, the balance shifts more to the right upon heating. 
The linear form of a saccharide is able to react with hydrazines, forming hydrazones. These 
kind of saccharide hydrazones stay always in linear form, because there is no carbonyl group 
left to from a hemiacetal cycle. 
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D-Galactose
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N

H OH
OH H
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H OH

N

D-Galactose N-aminopyrrolidine hydrazone
[Systematically: 
(2R,3S,4R,5S)-6-(pyrrolidin-1-ylimino)hexane
-1,2,3,4,5-pentol]

+ 



Article III (hydrazones) 

L-Arabinose, D-galactose, D-mannose, D-ribose, L-rhamnose, 
2-deoxy-D-ribose) 

 
 
 
 
 

2-deoxy-D-ribose 



Article III (hydrazones) 

Heterocyclic hydrazine derivative  



Compound Hydrazine 
derivative 

Monosaccharide Toxicity assay, 
U2OSa 
1 mM 

Antiretroviral activityb 
1 mM 

DMSO - 100 100 

4 1 L-arabinose 108 131 

5 2 106 96 

6 3 108 11 

7 1 D-galactose 102 117 

8 2 106 126 

9 3 109 136 

10 1 D-mannose 100 101 

11 2 94 93 

12 3 100 122 

13 1 D-ribose 112 93 

14 2 115 115 

15 3 113 101 

16 1 L-rhamnose 110 95 

17 2 115 133 

18 3 108 117 

19 1 2-deoxy-D-ribose 105 121 

20 2 102 150 

21 3 104 64 

nevirapine - - ND 0,03 

Article III (hydrazones) 
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Article III (hydrazones) 

Toxicity assay 1 mM 



Article IV 
NNRTIs and rational drug design 



In silico screening 
 ca. 7 million 

(The National Cancer institute, ZINC, DrugBank 

  solubility, toxic and reactive groups  
(α,β -unsaturated ketones) 

70 thousands  

 activity  metabolic profile 
WT RT (2BE2, 1S9E) 
Y181C RT (1JLA, 2IC3) 

 Antitargets: 
Cytochromes P450 (2a6, 

2c9, 3a4) 
Sulfotransferase 1A3 
Pregnane X receptor 

 



Compounds selected by in silico screening 
(possible NNRTIs) 
 



Figure 2. Cytotoxicity and antiviral activities of compound samples 1-16. Cell viability 
(A, B) and normalized Gluc activity (C, D) in presence of 0.5% DMSO (vehicle control) 
is taken as 100%. 



Figure 3. Dose-dependent inhibition of infectivity of HIV-1 VLPs in cell culture assay (A) 
and DNA polymerase activity of purified HIV-1 reverse transcriptase in cell-free test-tube 
assay (B)  



Figure 4. Analysis of ability of samples 1-16 (purchased from stock) to inhibit activity of HIV-
1 RT in cell-free test-tube assay at 200 µM (A) and 50 µM (B) concentrations.  



Figure 6. The active component of purchased and not purified sample is not pure compound 
8, the major component of the mixture. 
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Figure 8. Synthesized compound 18 inhibits infectivity of  HIV-1 VLPs 
(A) and HIV-1 virions (B) in cell-based assays and activity of HIV-1 RT in 
cell-free test-tube reaction (C).  



Figure 9. Docked binding mode of 
compound 18 with HIV-1 RT crystal 
structure. 

Figure 10. Docked binding 
mode of compound 20 with 
HIV-1 RT crystal structure.  



Figure 11. Compound 20  



Table 1. Compound samples 1-16 (from stock), their toxicity, and abilities to inhibit HIV-1 
activities in different assays. 

Compound MW (g/mol) Toxicity assay,  

cell indexa  

Cell culture assay, normalized 

Gluc activitya 

Cell free assay,  

normalized activitya 

    50 µM 5 µM 50 µM 5 µM 200 µM 50 µM 

1 373.4 42 99 - 111 66 90 

2 387.4 103 - 75 - 54 82 

3 405.4 116 - 104 - 102 92 

4 341.8 76 93 82 125 86 79 

5 376.3 105 - 101 - 89 88 

6 378.4 101 - 118 - 87 86 

7 323.4 101 - 128 - 103 89 

8 390.5 66 90 5.2 20 53 59 

9 375.4 99 - 94 - 93 92 

10 389.5 108 - 68 - 108 98 

11 406.5 67 87 30 94 98 94 

12 347.4 103 - 84 - 42 81 

13 323.4 98 - 54 - 78 92 

14 319.3 46 96 - 80 79 85 

15 319.3 40 91 - 84 82 86 

16 320.4 84 96 53 151 89 103 

nevirapine 266.9 not toxic not toxic 0.42 0.5 9.0 13.7 



Table 2. Anti HIV-1 activities of compound 8 and its derivatives.a 

  IC50, µM   CC50, µM 

  Cell free assay HIV-1 VLP (wt)   TZM-bl (HIV-1) U2OS (VLP) 

8(n.p.) 105.7 ± 30 ND 0.33 ± 0.07   ND ND 

8 NA NA 16.0 ± 3.5   >100 >100 

8(i1) NA NA 18.2 ± 5.2   >100 >100 

8(i2) NA NA 32 ± 12   >100 >100 

17  ND ND NA   >100 >100 

18  116 ± 12 5.6 ± 1.1 2.5 ± 0,3   57 ± 22 42.2 ± 5.6 

19  ND ND NA   >100 >100 

20  55.1 ± 7.5 0.16 ± 0.05 0.067 ± 0.009   >100 >100 

nevirapine 0.92 ± 0.15 0.026 ± 0.005 0.043 ± 0.007   >100 >100 



Table 3. Compounds related to 8.  

  MW (g/mol) Score (kcal/mol) 

18 307.4 –14.22 

19 396.5 –12.8 

17 384.5 –12.42 

20 307.4 –14.36 
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