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Summary 

We studied the structure and function of the Tat transcriptional activator protein of the human 

immunodeficiency virus type 1 (HTV-1) and the regulation of transcription from the LTR 

promoter. In Chapter 1, a brief, molecular overview of HTV-1 replication is presented, with an 

emphasis on the regulation of viral transcription by the Tat protein. This small protein is essential 

for virus replication and activates transcription from the viral Long Terminal Repeat (LTR) 

promoter through a unique mechanism The mode of action of Tat involves binding to an RNA 

target in the nascent transcript (the TAR RNA hairpin) and interaction with cellular kinases (e.g. 

the cyclinT/cdk9 complex) that subsequently phosphorylate and activate the RNA polymerase II 

complex. Despite intensive research over the past ten years, little is known on the structure of the 

Tat protein, which is largely due to the poor solubility of Tat and ready oxidation of its cysteine-

rich domain. In the work described in this thesis, we have used a combination of biochemical and 

virological methods to study the HTV-1 LTR promoter, including the TAR RNA element, and in 

particular the transcriptional function of mutant Tat proteins and the replication characteristics of 

Tat-mutated viruses. 

Chapter 2 focusses on the precise structure requirements for the transactivation function 

of the TAR RNA hairpin motif. Although the binding site for the Tat protein is formed by the 

upper half of this hairpin, including the three nucleotide bulge, it was found that the full-length 

stem of the TAR hairpin structure is required for optimal transcriptional activation. 

It has been reported that Tat produced by HTV-1 infected cells can have an effect on 

bystander cells, e.g. resulting in the activation of certain cellular genes. In Chapter 3, we analyzed 

the mechanism of this inter-cellular Tat effect, and concluded that the Tat protein itself is 

transported from one cell to the nucleus of the other cell. We also demonstrated that the C-

terminal domain of Tat, containing an RGD motif that has been suggested to interact with integrins 

on the cell surface, is not involved in this process. 

One cellular gene whose expression has been reported to be negatively affected by Tat is 

MHC class 1. Expression of this gene is important for the recognition of virus-infected cells by the 

immune system, and downregulation by Tat may provide HTV with a means to escape 

immunesurveillance. This repression has been proposed to occur at the transcriptional level by the 

C-terminal Tat domain (amino acids 73 to 86). We studied this mechanism in Chapter 4 with a 

mutant virus that expresses only a short 71 amino acid Tat form that is encoded by the first tat 

exon. Although a significant contribution of the C-terminal Tat domain to LTR transactivation and 
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virus replication was measured, our results could not confirm the idea that this Tat domain is 

critical for MHC class 1 downregulation. 

To determine the relationship between Tat activity and virus replication, we constructed 

a large set of Tat mutants. This set was tested in transfection assays with an LTR-CAT reporter 

construct, as well as in the context of the replicating virus. 

From these assays, we concluded in Chapter 5 that the activity of Tat, as measured in LTR-CAT 

assays, directly parallels the replication capacity of the corresponding virus mutants. It was also 

noticed that a small reduction in Tat activity already affects viral replication, indicating that the Tat 

is indeed esential for optimal viral replication. We emasured that a threshold level of around 15% 

Tat activity is required for virus spread in tissue culture. 

With several of the replication-impaired HTV-1 Tat mutants described in chapter 5, we 

performed long-term virus cultures to select for faster replicating variants with improved Tat 

function. The rationale behind this genetic approach is that compensatory second site mutations 

in Tat may provide details on intramolecular contacts in the tertiary structure of this protein. In 

Chapter 6, we describe the analysis of a large number of such viruses that regained rapid 

replication potential over time. We obtained one revenant virus that had acquired a mutation at 

a second site in the tat gene while retaining the original inactivating mutation. This second-site 

mutation partially restores transactivation activity and virus replication, but is not specifically 

associated with the original mutation, since it can also improve the activity of the wild-type Tat 

protein. Despite the large number of revenant viruses, little information on the tertiary fold of the 

Tat protein was obtained due to the lack of compensatory second-site mutations observed in the 

tat gene. This genetic approach to study protein structure may not be a good method to analyze 

the tertiary fold of small proteins. 

Since the revenant viruses obviously had regained replication capacity but most of them 

did not improve the Tat function, we analyzed the LTR promoter region to search for 

compensatory mutations that may render HTV-l transcription less dependent on the activity of the 

Tat transactivator protein. An intriguing mutation was observed in one revenant virus, where an 

NF-kB enhancer element was inactivated by a single nucleotide deletion (Chapter 7). Further 

analysis revealed that this modified sequence was able to bind a novel transcription factor of the 

Ets family, yielding a virus with different promoter and replication characteristics. Interestingly, 

an identical mutation is present in the LTR of HTV-1 subtype E viruses, suggesting that the 

presence of this modified enhancer element has relevance for the biology of this clade of the HTV-1 

epidemic. 
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In Chapter 8 we analyze the genetic stability of a potential HTV-1 vaccine strain with large 

deletions in the vpr and nef genes and in the U3 upstream enhancer of the LTR promoter. This 

virus replicates with an attenuated phenotype in transformed and primary cell types, and the SIV 

equivalent has been used effectively as a live-attenuated virus vaccine. It is demonstrated that this 

virus also gains replication capacity upon prolonged in vitro culturing, and analysis of the fàst-

replicating revenant revealed a 39 nucleotide insertion in the LTR promotor. Specifically, a 

duplication of the three binding sites for the Spl transcription factor was observed. This altered 

promoter configuration enhances the transcriptional activity of the LTR and profoundly increases 

the replication capacity of the vaccine strain. This study indicates that live-attenuated strains of 

HTV-1 with multiple gene deletions are genetically unstable and therefore unsafe for vaccine trails 

in human beings. 
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