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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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HIV Transcription Elongation ↗

Stable identifier: R-HSA-167169

Compartments: nucleoplasm

Diseases: Human immunodeficiency virus infectious disease

Inferred from: RNA Polymerase II Transcription Elongation (Homo sapiens)

In the absence of the HIV-1 protein Tat, transcription of the proviral DNA is inefficient and results in the production 
of truncated transcripts (Kao et al., 1987). While initiation of transcription from the HIV-1 LTR and formation of the 
early elongation complex occurs normally, transcription elongation is incomplete with non-processive polymerases 
disengaging from the proviral DNA template prematurely (reviewed in Karn 1999). The mechanism of Tat-mediated 
elongation is described below.
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Formation of the HIV-1 Early Elongation Complex ↗

Location: HIV Transcription Elongation

Stable identifier: R-HSA-167158

Compartments: nucleoplasm

Diseases: Human immunodeficiency virus infectious disease

Inferred from: Formation of the Early Elongation Complex (Homo sapiens)

This HIV-1 event was inferred from the corresponding human RNA Poll II transcription event. The details relevant 
to HIV-1 are described below. Formation of the early elongation complex involves hypophosphorylation of RNA Pol 
II CTD by FCP1P protein, association of the DSIF complex with RNA Pol II, and formation of DSIF:NELF:HIV-1 
early elongation complex as described below (Mandal et al 2002; Kim et al 2003; Yamaguchi et al 2002).
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Tat-mediated elongation of the HIV-1 transcript ↗

Location: HIV Transcription Elongation

Stable identifier: R-HSA-167246

Compartments: nucleoplasm

Diseases: Human immunodeficiency virus infectious disease

The Tat protein is a viral transactivator protein that regulates HIV-1 gene expression by controlling RNA Pol II-
mediated elongation (reviewed in Karn 1999; Taube et al. 1999; Liou et al. 2004; Barboric and Peterlin 2005). Tat 
appears to be required in order to overcome the arrest of RNA Pol II by the negative transcriptional elongation 
factors DSIF and NELF (Wada et al. 1998; Yamaguchi et al. 1999; Yamaguchi et al 2002; Fujinaga et al. 2004). 
While Pol II can associate with the proviral LTR and initiate transcription in the absence of Tat, these polymerase 
complexes are non-processive and dissociate from the template prematurely producing very short transcripts (Kao et 
al. 1987). Tat associates with the RNA element, TAR, which forms a stem loop structure in the leader RNA 
sequence (Dingwall et al. 1989). Tat also associates with the cellular kinase complex P-TEFb(Cyclin T1:Cdk9) and 
recruits it to the TAR stem loop structure (Herrmann, 1995) (Wei et al. 1998). This association between Tat, TAR 
and P-TEFb(Cyclin T1:Cdk9) is believed to bring the catalytic subunit of this kinase complex (Cdk9) in close 
proximity to Pol II where it hyperphosphorylates the CTD of RNA Pol II (Zhou et al. 2000). The RD subunits of 
NELF and the SPT5 subunit of DSIF, which associate through RD with the bottom stem of TAR, are also 
phosphorylated by P-TEFb(Cyclin T1:Cdk9) (Yamaguchi et al. 2002; Fujinaga et al. 2004; Ivanov et al. 2000). 
Phosphorylation of RD results in its dissociation from TAR. Thus, Tat appears to facilitate transcriptional elongation 
of the HIV-1 transcript by hyperphosphorylating the RNA Poll II CTD and by removing the negative transcription 
elongation factors from TAR. In addition, there is evidence that the association of Tat with P-TEFb(Cyclin T1:Cdk9) 
alters the substrate specificity of P-TEFb enhancing phosphorylation of ser5 residues in the CTD of RNA Pol II 
(Zhou et al. 2000).
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Abortive elongation of HIV-1 transcript in the absence of Tat ↗

Location: HIV Transcription Elongation

Stable identifier: R-HSA-167242

Compartments: nucleoplasm

Diseases: Human immunodeficiency virus infectious disease

This event was inferred from the corresponding Reactome human Poll II transcription elongation event. The details 
specific to HIV-1 transcription elongation are described below. In the absence of the HIV-1 Tat protein, the RNA Pol 
II complexes associated with the HIV-1 template are non-processive. RNA Pol II is arrested after promoter clearance 
by the negative transcriptional elongation factors DSIF and NELF as occurs during early elongation of endogenous 
templates (Wada et al, 1998; Yamaguchi et al. 1999). This arrest cannot be overcome by P-TEFb mediated 
phosphorylation in the absence of Tat however, and elongation aborts resulting in the accumulation of short 
transcripts (Kao et al., 1987).
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