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Note
"We knew that this was a virus and that resistance was eventually going to be a problem, and there was a feeling at Merck at the time that getting inhibitors in a given class that would work very robustly against viruses that were already resistant to a compound in the class was going to be extremely difficult, and so it was a question of doing something that was extremely difficult or doing something that was extremely difficult! And we chose to keep working on integrase, thinking that would be somewhat less extremely difficult. And in the end it turned out that it was probably easier to get second generation compounds in protease inhibitors, which was actually quite surprising. It still turned out to be extremely difficult to find second generation NNRTIs (non-nucleoside reverse transcriptase inhibitors), and up till today, there is no second generation NNRTI that has been licensed . . . at least one of them will probably be licensed around the same time that the integrase inhibitor is licensed. And so it turned out that those two problems were about equally difficult." ~ Daria Hazuda
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Note
Daria's role in this study was to come up with the hypothesis that they could find compounds with a differential effect on strand transfer versus 3'-processing, to design many of the experiments, and to write the manuscript. Drug discovery, she said, is a huge collaborative team effort: "I actually wrote that particular paper because it was such a compendium of information that different people had contributed." ~ Daria Hazuda
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Note
Pete Felock was one of the first researchers in Merck's integrase inhibitor program. He ran the assay that identified the first strand transfer inhibitors, L-731,988 and L-708,906.
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Note
Marc Witmer was responsible for sequencing all the viral genomes, identifying mutations in resistant viruses, and building mutant viruses to demonstrate that those mutations engender resistance. 
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Note
Abby Wolfe & Daria designed the biochemical assays that helped identify the first strand transfer inhibitors.
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Note
Kara Stillmock refined the biochemical assays to make them more high-throughput and did many of the mechanistic studies.
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Jay Grobler & Amy Espeseth helped to design the mechanistic studies that would demonstrate the differential effect of integrase inhibitors on strand transfer.
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Lori Gabryelski & Bill Schleif were the first people to isolate integrase inhibitor resistant viruses.
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Note
Carol Blau worked with Pete on the inhibitor screening - unfortunately, her screens did not identify the the strand transfer inhibitors, but she assayed thousands of compounds, without which they may have never found the two winners!
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Note
Mike Miller designed many of the assays that confirmed the strand transfer-specific effect of the inhibitors in HIV replication, which was critical for demonstrating that what they saw in the biochemical assays would translate to cell-culture assays.
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Note
The integrase inhibitors team faced a lot of skepticism from the HIV community and even their own management because many thought this was a biochemically impossible problem. Reverse transcriptase and protease catalyze reactions that are repeated thousands or at lease several times, respectively. Thus, there are many more chances to inhibit these enzymes than Integrase, which only catalyzes two strand transfer events per viral life cycle, after which the provirus is permenantly integrated. 
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"U3" and "U5" designate the end regions of the DNA substrate, to which integrase attaches during initial assembly of the complex. The designations arise from the original 3' and 5' ends of the viral genome, each of which is duplicated during reverese transcription. When designing a substrate molecule for biochemical assays, the viral coding DNA can be replaced with a shorter oligonucleotide sequence, sandwiched by the LTRs. That there were no mutations found in these regions indicates that any change in integrase's ability to catalyze the reaction is due to interactions at the active site, and not integrase's affinity for binding the LTRs.
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Note
Notice that the L-731,988-resistant strain can actually replicate in the presence of either inhibitor. Sequencing analysis of the viruses selected for resistance to this compound showed that many contained a pair of mutations, T66I/S153Y, the latter of which  confers resistance to L-708,906.

student
Note
Though integrase undergoes conformational changes during integration, these changes are not irreversible. In vitro, it will also catalyze the reverse reaction (disintegration) and the actual in vivo process could be an equilibrium that depends on the physical constraints on the target DNA and the availability of other viral or host factors.
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Note
Daria noted that while this hasn't been proven explicitly, there has been a lot of biochemical evidence since the 2000 paper which is consistent with the idea of an inhibition-sensitive conformational intermediate. Many people have been trying, unsuccessfully, to crystallize the intermediate, and until that is accomplished, this cannot be proven.

student
Note
DKAs have turned out to be extremely useful tools for understanding the HIV integrase mechanism in addition to facilitating studies of other viral polymerases and the bacterial enzyme, TN5 transposase, all of which have similar active site architechture and conformational intermediates.
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The plus-strand strong stop DNA refers to an intermediate in the reverse transcription process. After the minus strand and one end of the plus strand are synthesized, the reverse transcriptase gets up and moves to the other end to synthesize the rest of the plus strand. The amount of this intermediate present is used to assess whether reverse transcription kinetics are affected by inhibition.
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Note
This data was the most technically challenging data to obtain in this paper. To demonstrate that the ends of the viral DNA were still processed in the presence of the inhibitor requires a very hot infection, a lot of infected cells.
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Note
Host enzymes compete with integrase to recognize the viral DNA as foreign and circularize it. Circularized forms of viral DNA may be able to encode some transcription of viral proteins, but they cannot sustain a productive infection.
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"One of the things that's actually in the paper, which, at the time that we published it, we didn't realize how important it was, was this observation: it's a race. It's a race between the virus, the integrase integrating the viral DNA into the host DNA, and the cellular recombination & repair systems of the cell recognizing this piece of DNA as something foreign and wanting to get rid of it . . . If it were as people had originally thought about it, it's basically and irreversible process that only has to happen once . . . the critics would have been right, in that it would have been very difficult to inhibit. But because it's not, it's a race between the virus and the host, as long as you can tilt the balance toward the host, you can win the race." ~ Daria Hazuda
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Note
Another company, the Shionogi Company, patented a diketo acid inhibitor the same year. When asked about how the competition affects drug development, Daria said, "Well, we're always worried about the competition because there's a lot of incredibly bright people working at a lot of companies. So you're always worried that no matter how smart you are, how far ahead you are, the drug discovery process is sort of a land mine. And you could be extremely far ahead and you could land on a land mine and have to take many steps back. And your competition can always beat you in the end, even if you are ahead, so we're always concerned about that. But what you have to do is stay focused and keep on track if you really believe in what you're doing."






