
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The impact of HIV-1 subtypes on molecular diagnostics

de Baar, M.P.

Publication date
2000

Link to publication

Citation for published version (APA):
de Baar, M. P. (2000). The impact of HIV-1 subtypes on molecular diagnostics. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-impact-of-hiv1-subtypes-on-molecular-diagnostics(7afb62e1-bbda-4508-bfb5-1af953c08d9c).html


CHAPTERR 3: 

SUBTYPE-SPECIFICC SEQUENCE VARIATION OF THE 

HIVV TYPE 1 LONG TERMINAL REPEAT AND PRIMER 

BINDINGG SITE 
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Karinn H. M. van der Horn, Audrey M. van der Schoot, 

Frankk de Wolf, Vladimir V. Lukashov, 
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Wee studied sequence differences in regulatory elements of the long terminal 

repeatt (LTR) and primer binding site (PBS) among various human immunodeficiency 

viruss type 1 (HIV-1) subtypes. Phylogenetic sequence analysis of a fragment of 729 

basee pairs (bp) covering the gag-coding region for half of p24 and all of pl7 revealed 

thee gag-subtype of all 60 viruses included in the study: A (n=20), B (n=12), C 

(n=7),, D (n=10), E (n=3), F (n=4), G (n=3), and H (n=l) . The subtype was also 

determinedd by analysis of a 689 bp fragment comprising the LTR and the PBS motif. 

Comparisonn of the LTR versus gag sequences showed a mosaic genome for seven 

isolates.. After analysis of all sequences, we could describe subtype-specific 

differencess in sequences encompassing the regulatory elements of the LTR and the 

PBSS motif. 

Sincee subtype-specific distinction based on the HIV-1 long terminal repeat 

(LTR)) sequence is possible,53'104 there might also be differences in subtype-specific 

regulationn of viral replication, which occurs in the LTR. The LTR of the proviral 

double-strandedd DNA HIV genome is subdivided into three large domains, designated 

U3,, R and U5. The U3-region comprises the 5* part of the LTR in the proviral HIV-1 

DNAA genome and overlaps the nef gene in the HIV-1 RNA genome. U3 contains most 

off the important c/s-acting elements like the NF-AT, TCF-la, NF-kB, and SP1 sites. 

Virall or cellular proteins recognise these sites and thereby regulate several steps in 

thee viral replication cycle. The R-U5-regron contains elements like the TAR hairpin 

andd the polyA hairpin. Besides the c/s-acting protein-bind ing sites, other elements 

insidee and just downstream of the LTR are important for integration and reverse 

transcription,, whereas the primer binding site (PBS), located just downstream of U5 

inn the untranslated leader sequence, is of importance for initiation of reverse 

transcriptionn by binding of the tRNAlys'3 primer. 

Thee c/s-acting elements in the enhancer of the LTR and the various motifs of 

thee core promoter, as well as the PBS have been studied in detail for HIV-1 subtype 

B,, but only few studies have focused on the other HIV-1 subtypes.5*104 In this study, 

wee have addressed the subtype-specific sequence differences in various regulatory 

elementss in the HIV-1 LTR and the PBS, and confirmed with a large set of sequences 

thatt subtype clusters can be distinguished based on the LTR. Sequences of the gag 

geness and the 5' LTRs were obtained using a previously described protocol.29 To 

obtainn sequences from the 3' LTRs, we isolated HIV-1 viral RNA from serum of 57 

individualss and 3 subtype F0*3 viruses (kindly provided by Brigitta Asjö, 
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Figuree 1. Phylogenetic analysis of the gag sequences by the neighbor-joining method. Distance matrices 
weree generated by Kimura's two parameter model. The subtype assignment was confirmed by 
publishedd reference sequences (in italics) for each subtype. (AN=Angola, BR=Brasil, CB=Caribbean, 
CU=Curasao,, DA=Dutch Antilles, ET=Ethiopia, GH=Ghana, CM=Cameroon, KE=Kenya, LB=Liberia, 
MA=Morocco,, MZ=Mozambique, NG=Nigeria, UG=Uganda, RO=Romania, Ru=Russia, RW=Rwanda, 
SE=Senegal,, SU=Surinam, TN=Tanzania, TH=Thailand, ZR=Zaire, ZM=Zambia). Bootstraps are 
indicatedd at nodes of subtypes and subgroups. 
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Figuree 2. Phylogenetic analysis of the LTR sequences. For sequence names, see figure 1. 
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Centree for Research in Virology, University of Bergen, Bergen, Norway) using a silica-

basedd method.10 Reverse transcriptase reactions and first PCR reactions were 

performedd as described before,29 but using the primers 3' R-M (5' 

ACTYAGGCAGCTTTATTGAG)) (HIVHXB2CG [Genbank accession no. K03455] 

nucleotidess [nt] 9630 to 9609) and 5' U3-M (CAGGTACCTTTAAGACCAATGAC) (nt 

90133 to 9035). The nested 3' LTR product was amplified with the primers 5' T7-U3-M 

(5'' taatecgactcactatagggTTTTTAAAAGAAAAGGGGGGAC) (nt 9064 to 9085) and 3' 

SP6-R-MM (5' arttaggtgacactafagATTGAGGCTTAAGCAGTGGGTT) (nt 9614 to 9593). 

Thee presence of amplified PCR products was verified on 1% agarose gels stained with 

ethidiumm bromide. For sequence reactions, fluorescence-labelled SP6 and T7 primers 

weree used in combination with the Dyenamic ET primer direct cycle sequencing kit 

(Amershamm Life Science). The sequence products were analysed on an automatic 

sequencerr (Applied Biosystems DNA sequencer model 373A stretch). A sequence was 

generatedd that comprised the entire LTR and a small part of the gag leader, by 

assemblingg the 3' LTR and 5' LTR sequences by their overlapping 6 nucleotides. The 

distancee matrix was generated by Kimura's two-parameter model88 and used for the 

phylogeneticc analysis of the sequences by the neighbor-joining method of the 

TREECONN program.1S8 Analysis of the gag-gene sequences of 60 HIV-1 isolates 

showedd that our panel of sequences represented subtypes A through H (Figure 1). 

Phylogeneticc analysis of the LTR revealed that LTR sequences and gag sequences 

formedformed similar clusters (Figure 2). We assigned subtypes to those clusters of LTR 

sequencess for which no complete reference sequence was available (subtypes A, F, 

G,, and H) similar to the gag subtypes, while the other subtypes were assigned by 

theirr similarity to the complete reference sequences which are indicated in italics in 

bothh figures. Three viruses, of which two clustered together, could not be classified 

basedd on their LTR sequences (Ul and U2 clusters). Seven viruses (12%) showed a 

mosaicc between LTR and gag sequences (indicated in bold in Figure 1 and 2). This 

numberr corresponds to what has been estimated as the amount of mosaics observed 

betweenn env and gag sequences.133 The IBNG-like subgroup showed a subtype A and 

GG mosaic: gag sequences clustered in subtype A, while LTR sequences clustered in 

subtypesubtype G. Subtype E sequences formed a distinct cluster on LTR, close to subtype 

GLTRR sequences, while forming a subgroup of subtype A on gag, as reported 

before.14;22;533 Interestingly, our virus with the subtype H0"9 sequence (93ZR95), had 

aa distinct LTR sequence that did not cluster with the only partially determined 

referencee subtype H sequence (90CR056). It could be that isolate 
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Figuree 3. Alignment of the subtype consensus LTR sequences. Depicted are the specifically discussed 
regionss of the LTR. Identity is indicated by dashes; insertions/deletions are indicated by dots. 
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93ZR955 is a recombinant between subtype H and other unknown subtypes, or that 

thee reference sequence was too short to contain enough sequence information. 

Therefore,, our distinct LTR sequence may be the first complete subtype H LTR 

sequencee to be described. 

Wee calculated that the three main regions of the LTR, the U3, R and U5 

region,, differed in nucleotide diversity (data not shown). The upstream part of U3, 

whichh overlaps the coding region of the nef-gene, allowed the most sequence 

diversity,, but only if the nucleotide mutations were synonymous at the amino-acid 

level.. This region also contained the well conserved NF-AT sites, the TCF-loc and the 

NF-KBB sites (Figure 3). Subtype B, D and F viruses gained a second CTG motif 

downstreamm of the TCF-la site and subtype C viruses exhibit a third NF-KB site, an 

additionn shown to increase promoter activity compared to other subtypes.104 The loss 

off a NF-KB site combined with the gain of a GABP site was specific for subtype E and 

hass been observed before.166 

Anotherr important motif in transcription regulation is the TATA (-28 bp) box. 

Thee TATA box is flanked by highly conserved E-boxes, which show subtype-specific 

changess for subtype G and E viruses. For subtype E viruses, a changed (T -> A 

transition)) TATA (-28 bp) box together with a nucleotide deletion in the bulge of the 

TARR hairpin has been described.103 We found viruses of subtypes A and D which had 

aa regular TATA (-28 bp) box but also a nucleotide deletion in the bulge of the TAR 

hairpinn motif. The U2LTR viruses had no TATA (-28 bp) box and a three nucleotide 

bulgee in the TAR hairpin motif. Besides that, the U1LTR viruses had no TATA (-28 bp) 

boxx and had also a two-nucleotide bulge in the TAR hairpin motif. We have observed 

thatt all possible combinations between the presence or absence of either a TATA (-28 

bp)) box or a nucleotide deletion in the TAR hairpin motif can occur. A reported 

connectionn between the distinctive two-nucleotide bulge in the TAR hairpin and the 

presencee of a subtype A pol region is subject to further research.53 

AA duplication of the 3' part of the PBS stem-loop structure was observed 

withinn the sequences of IBNG-like, E, G, and Ul viruses (Figure 3). Additionally, in 

thee IBNG-like viruses, we found a deletion in the first of these two fragments. The 

importancee of both the duplication and the deletion are unknown, as no data are 

availablee to address their influence on the folding and the function of the PBS region. 

Inn this study we have analysed the subtype-specific sequence differences in the LTR 

andd PBS, which have been summarized in Figure 3. The functional relevance and 

significancee of the observed differences between subtype-specific LTR and PBS 

sequencess remains to be established. 
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