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Summary. — Human herpesvirus 6 (HHV-6) isolates can be classified into two variants, A and B. Comparison
of genomic sequences of these variants has highlighted sequence variability in the region spanning U86 to
U100. This region includes the immediate early A (IE-A) locus that was defined as positional homologue of
the major IE locus of Human cytomegalovirus (HCMV) with little recognizable sequence homologies. A
3.5 kb transcript, one of the four spliced transcripts identified in the IE-A locus, is derived from the U90/89
ORF encoding the IE1 protein. We expressed six Escherichia coli fragments spanning the HHV-6A U90/89
OREF as IE1 fusion proteins. The bacterially expressed fusion protein was used to raise monospecific polyclonal
antiserum for detection and identification of the IE1 protein product(s). Using this antiserum we detected 165,
190, and >190 K proteins in HHV-6A- and HHV-6B-infected cells and the 165 K protein in cells transfected
with an IE1 ¢cDNA construct. The IE1 proteins exhibited perinuclear and cytoplasmic localization in infected
cells. There was a correlation between the expression level of IE1 and the degree of permissiveness for virus
growth in various cell lines. In transient expression experiments a 140 bp fragment from the upstream IE-A
region was shown to possess promoter activity. The C-terminal region of IE1 delineated by amino acids (aa)

588 to 636 showed a DNA binding activity in Southwestern blot analysis.
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Introduction

HHV-6 (the Human herpesvirus species, the Roseolovirus
genus, the subfamily Betaherpesvirinae, the Herpesviridae
family) has been first isolated from the peripheral blood of
patients with lymphoproliferative disorders and AIDS where
the virus had reactivated (strain GS; Salahuddin ez al., 1986).
Since then several reports have described isolation of similar
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Abbreviations: CBI = cord blood lymphocytes; DME medium =
Dulbecco's Modified Eagle's medium; DR = left direct repeats;
DR, =right direct repeats; EBV = Epstein Barr virus; HCMV =
Human cytomegalovirus; IE = immediate early; MBP = maltose
binding protein; MCMV = Murine cytomegalovirus; post ino-
culation = p.i.; SCMV = Simian cytomegalovirus; SDS-PAGE =
polyacrylamide gel electrophoresis in the presence of sodium
dodecyl sulfate; XLB = E. coli strain XL-1 blue

viruses from patients with AIDS, including the prototype
strain U1102 from Uganda (Downing et al., 1987), and Z29
from Zaire (Lopez et al., 1988). HHV-6 and the closely
related HHV-7 are members of the Roseolovirus genus. By
molecular and biological criteria, HHV-6 isolates can be
classified into two main variants: A consisting of GS- and
U1102-like isolates and B consisting of Z29-like isolates
(Ablashi et al., 1993). Primary infection with HHV-6B is
causally associated with exanthema subitum, a mild
childhood disease (Hall et al., 1994; Yamanishi et al., 1988).
To date, primary infections with variant A strains have not
been specifically associated with any pathological condition.
Accumulated recent data indicate that while A and B variants
are closely related, they occupy independent biological
niches and meet the criteria for classification into distinct
species (Dominguez et al., 1999; Johnson et al., 2000).
HHV-6is CD4+ T lymphotropic and monocyte/macrophage
is a possible site for its latency (Kondo ez al., 1991). Infection
of primary T cells or T cell lines in vitro causes a cytopathic
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effect characterized by marked “’balloon-like” enlargement
of infected cells, features typical for all betaherpesviruses
(Frenkel et al., 1990; Honess, 1984; Lusso et al., 1988).

Although based on serological cross-reactivity
(Larcher et al., 1988), amino acid sequence homologies
(Lawrence et al., 1990) and cross-reactivity in the T-cell
immune response (Yasukawa et al., 1993), HHV-6 and
HCMV belong to betaherpesviruses, their overall genome
structure is different. The HHV-6 genome consists of a
unique segment flanked by two tandem repeats and the
computer-assisted analysis suggests that it is closest to a
progenitor herpesvirus (Karlin et al., 1994b). The position
and orientation of all conserved genes on the HHV-6
unique region are collinear with the unique long
component of HCMV genome (Lawrence et al., 1990;
Neipel et al., 1991).

Gene transcription and expression in herpesviruses are
regulated; they follow a well-ordered and characterized
pattern. IE (alpha) genes are expressed immediately after
virus entry into the cell and their expression does not require
de novo protein synthesis, the majority of them encode
regulatory proteins. The HHV-6 IE-A locus was defined as
positional homologue of the major IE locus of HCMV and
does not share significant homology with HCMV or HHV-7
or any other known herpesvirus genes (Dominguez et al.,
1999; Isegawa et al., 1999; Kosuge et al., 1997; Martin et
al., 1991; Schiewe et al., 1994).

HHV-6, like HCMV and other betaherpesviruses
examined (SCMV and MCMV), have local CpG suppression
(Dominguez et al., 1999; Gompels et al., 1995; Honess et
al., 1989; Karlin et al., 1994a) in which only CpG deficiency
and matched TG/CA excess in the major IE gene region
were observed (Gompels et al., 1995). A trans-activating
function has also been mapped to the IE gene region (Martin
etal., 1991). In HCMV major IE genes are transcribed from
two genetic units designated IE1 and IE2 (Wathen et al.,
1981). Transcriptional studies on the HHV-6 IE locus have
identified four transcripts: two longer ones of 3.5 and 4.7
kb are derived from one strand and two shorter ones are
derived from the opposite strand (Schiewe et al., 1994).
Among these transcripts only the 3.5 kb mRNA can be
detected in the presence of cycloheximide (Schiewe et al.,
1994; F. Neipel, personal communication). Martin (1991)
has identified within this region a function capable of trans-
activating heterologous promoters in transient expression
experiments.

In this study, to further characterize the HHV-6 1E-A
locus, we expressed the putative cDNA sequences of
HHV-6A strain U1102 (Downing et al., 1987) corresponding
to the 3.5 kb mRNA identified by Schiewe et al. (1994) in
E. coli and in eukaryotic cell lines. The prokaryotically
expressed recombinant IE1 proteins were used to examine
the DNA-binding activity of IE1 as well as to generate

monospecific polyclonal antiserum in rabbits for detection
of authentic IE1 proteins in infected cells.

Materials and Methods

Cells and viruses. HeLa and Cos7 cells were grown at 37°C in a
5% CO, atmosphere in the Dulbecco’s Modified Eagle’s medium
supplemented with 5% of fetal calf serum. Cord blood lymphocytes
(CBLs) were isolated by centrifugation on Ficoll-paque gradients
(Biochrom KG). HHV-6A U1102, HHV-6B R104 and HHV-7 RT
(Frenkel, 1990) were propagated in CBLs. Suspension cultures of
CBLs were grown in the RPMI 1640 medium containing 15% of
heat inactivated fetal calf serum, 100 U/ml penicillin, 100 U/ml strep-
tomycin and 10 pg/ml phytohemagglutinin at 37°C and in 5% CO,.
Prior to infection with HHV-6 or HHV-7, the CBL cultures were
stimulated with 20 U/ml and 5 U/ml human recombinant interleu-
kin-2 (Sigma), respectively. The viruses were propagated by co-
cultivation of infected and uninfected cells at a ratio of 1:10 (Schiewe
et al., 1994). To achieve a sufficient amount of infectious cell-free
virus, the culture supernatants were processed as described earlier
(Schiewe et al., 1994). Jurkat, Molt-3, and HL60 cells were cultured
in the RPMI 1640 medium containing 10% of heat-inactivated fetal
calf serum, 100 U/ml penicillin, 100 U/ml streptomycin, and were
infected with cell-free viruses (Rapp et al., 2000).

Oligonucleotides purchased from Eurogentec (Belgium) were
used. They were namely Xbal5211 (5-CAATTCCATATTTGTC
TAGAAGGGG-3'), Xhol5351 (5'-CCACTTCTCGA GAATAGTG
GCACTGAA-3"), BamHI258 (5'-AACAACATGGGATCCAAT
GATGAAC-3'"), Pst1978 (5'-AAAGTCCTTACTGCAGAT
GTCAGGA-3"), PstI1598 (5'-CCCTGACTGTCT GCA
GTTTTCAGTG-3'), EcoRI11986 (5'-TCACCACCAGAAT
TCACCCCTTCTA-3"), Pst12742 (5'-AGTAGGGGTGACGT
CATTATATTTA-3"), F1 (5'-CGCGGATCCATGGAC AACGA
CACAGTGATG-3"), R1 (5'-CGGGAATTCTCGTTGGAGTTA
GAGTCAG-3"), F2 (5'-CGCGGATCCATGGCGGCGGTGATC
CACAC-3'), and R2 (5'-CGGGAATTCCCGTCATAGTAGCTTA
GCTGAAC-3").

DNA amplification and plasmid construction. The exon struc-
ture of the IE A locus has been described by Schiewe et al. (1994).
The IE1 gene consists of 5 exons and 4 introns, while the coding
region contains a part of exon 3 (amino acids (aa) 1-20), exon 4 (aa
21-84) and a part of exon 5 (aa 85-941). Plasmid Cdnalx1 contains
the full-length cDNA of the putative HHV-6 IE1 sequence (Schiewe
et al., 1994). In all the following constructs, the fragments contai-
ning parts of the IE1 sequence were prepared from the plasmid Cd-
nalx1 and cloned into the indicated restriction sites of pMAL-c2
(New England Biolabs) for production of proteins fused to the mal-
tose binding protein (MBP). pMA6001 was constructed by cloning
the 3,058 bp BamHI/Xhol fragment containing the entire IE1 co-
ding sequences (929 aa, excluding the 12 N-terminal amino acids)
into the BamHI/Sall sites. pMAG6011 was constructed by cloning
the 1,874 bp BamHI/Pstl fragment (IE1 aa 13-636) into the BamHI/
Pstl sites. pMAG6013 was constructed by cloning the 651 bp Xmnl/
Pstl fragment (IE1, aa 419-636) into the Xmnl/Pst sites. pMA6020
and pMA6025 were constructed by cloning the BamHI/Pst1 720 bp
and 1,340 bp fragments (IE1 aa 13-252 and 13458, respectively)
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generated by PCR with the primer pair BamHI258/Pst1978 (annea-
ling temperature of 52°C) and BamHI258/Pst11598 (annealing tem-
perature of 50°C) into the BamHI/Pst1 sites, respectively. pMA6023
was constructed by cloning the EcoRI/PstI 146 bp fragment (IE1 aa
588-636) isolated from a larger fragment of 756 bp generated by
PCR with the primer pair EcoR11986/Pst12742 (annealing tempera-
ture 52°C) into the EcoRI/Pst sites. PCR was performed using Taq
polymerase (New England Biolabs). The PCR conditions used were
as follows: initial denaturation step at 94°C for 4 mins, 30 cycles of
denaturation at 94°C for 1min, annealing at the temperatures descri-
bed above for 1min, and extension at 72°C for 1min, and final ex-
tension step at 72°C for 4 mins. pMA6012 was constructed by clo-
ning the 3,358 bp Notl/Xhol fragment of Cdnalx1 containing the
entire IE1 sequences into the Notl/Xhol sites of pcDNAI/NEO (In-
vitrogen). Putative IE1 promoter sequences were amplified from
the plasmid p293-6 (nt 136,111-138,300 of the HHV-6 U1102 ge-
nome) using the Xbal5211 and XhoIS351 primers (annealing tem-
perature of 54°C). The 140 bp PCR product was cloned into the
Xbal/Xhol sites of plasmid pIGA-53 (Gelman and Silverstein, 1987)
to generate pMA6033. Fragments containing 112 bp and 124 bp
EBYV sequences (nt 168, 658—168, 763 and 168, 164-168, 269)
were amplified by PCR with the primer pairs R1/F1 (annealing
temperature 54°C) and R2/F2 (annealing temperature of 54°C),
respectively.

Expression and purification of IE1-MBP fusion proteins. Re-
combinant plasmids were transferred into the E. coli strain XLB.
For induction of MBP fusion products, cultures were grown at
37°Cin LB broth to A of 0.5 and were induced with 0.8 mmol/l
IPTG (Integra Biosciences). These conditions were determined as
optimal in preliminary experiments. The induced cells were cultu-
red at 37°C for 4 hrs, harvested, washed in PBS, and stored at
-70°C until used. The recombinant proteins were purified from
the cell lysates by affinity chromatography according to the ma-
nufacturer’s instructions (New England Biolabs).

Production of antisera. The full-length prokaryotically expres-
sed IE1 protein was separated by polyacrylamide gel electropho-
resis in the presence of sodium dodecyl sulfate (SDS-PAGE )and
isolated by electroelution from 8.5% polyacrylamide gels. White
New Zealand rabbits were immunized subcutaneously with 500 ug
of the isolated protein mixed with complete Freund's adjuvant.
Two booster immunizations were carried out 2 weeks apart with
the same inoculum but without adjuvant. The animals were sacri-
ficed 1 week after the final boost. Production of the U89 oligo-
peptide antiserum (CI465) has been described previously (Papa-
nikolaou et al., 2002).

Transient expression experiments. pMA6012 in which the HHV-6
IE1 sequences are under control of the major HCMV IE promoter
was used in transient expression experiments with HeLa cells.
PMAG6033 in which the putative HHV-6 IE1 promoter region contai-
ning the TATA sequence was cloned upstream of the CAT gene, was
used in transient expression experiments with Cos7 cells. The cal-
cium phosphate precipitation method was used for transfection.

Chloramphenicol acetyltransferase (CAT) assay was performed
on duplicate cultures. Three different plasmid preparations were used
in each experiment. Two days after the transfection the cells were
harvested in 100 pl of 0.25 mol/l Tris-HCI pH 7.8 and disrupted by
three cycles of freezing and thawing. The cell lysates were clarified
by low-speed centrifugation. Fifty pl of the supernatant was added

to 80 ul of the CAT reaction mixture consisting of 0.625 mol/l Tris-
HCI pH 7.8, 0.85 mg/ml acetylcoenzyme A (Sigma) and 0.025
mCi/ml “C-labeled chloramphenicol (specific activity 60 mCi/
mmole; Amersham). The reaction proceeded at 37°C for 2 hrs and
then 1ml of ethyl acetate was added to each sample. Following sha-
king and a low-speed centrifugation 900 pl of the upper phase was
saved and evaporated under vacuum. The dry products were dissol-
ved in 20 pl of ethyl acetate and applied on a 15 mm silica gel of a
thin-layer chromatography (TLC) plate. The acetylated derivatives
were separated from non-acetylated chloramphenicol by TLC using
a chloroform-methanol (95:5) solvent. The separation was visuali-
zed by autoradiography (X-Omat, Kodak).

Western blot analysis. Cell lysates were subjected to SDS-PAGE
in 8.5% gel and the separated proteins were electroblotted to a
nitrocellulose membrane. The blots were probed with the antisera
at various dilutions as described in figure legends.

Indirect immunofluorescence assay (IFA). Mock- and virus-
infected cells were processed for IFA as described earlier (Takeda
et al., 1996). Finally, the slides were counter-stained with 10%
Evan's-Blue in PBS for 10 mins. The slides were air dried and
were mounted with glycerol containing NaN,.

Southwestern blot analysis. The 140 bp PCR product gene-
rated by the primer pair Xbal5211/Xbal5351 spanning the IE1
promoter region was purified from low melting agarose gels and
was then digested with Xbal and Xhol whose recognition sites
occurred within the primers ends. The 112 bp and 124 bp pro-
ducts generated by PCR with primer pairs R1/F1 and R2/F2,
respectively, were purified from low melting agarose gels and
were then digested with Ncol and EcoRI whose recognition sites
occurred within the primers ends. The resulting DNA fragments
were end-labeled with a-[**P]dCTP (specific activity
3000Ci/mmol; Amersham) using the Klenow fragment of DNA
polymerase. Total E. coli cell lysates expressing various porti-
ons of IE1 protein were subjected to SDS-PAGE in 8.5% gel and
the separated proteins were electroblotted to a nitrocellulose
membrane The blots were probed with the end-labeled DNA as
described by Inoue et al. (1994) in the presence of 100 pg/ml
fragmented salmon sperm DNA (Sigma).

Results

Prokaryotic expression of the IEI protein and produc-
tion of IEI antisera

The coding sequence regions from the putative IE1 gene
of HHV-6A U1102 were cloned into the expression vector
pMAL-c2 (Maina et al., 1988) in order to produce IE1-
MBP fusion proteins under control of the inducible tac
promoter (Fig. 1).

In preliminary experiments E. coli strain XLB and 37°C
as expression temperature were found as optimal (data not
shown). Upon induction with IPTG, the bacteria containing
pMA6001, pMAG6011, pMA6013, pMA6020, pMA6023 or
PMAG6025, respectively, expressed fusion proteins of
apparent M of 150, 135, 94, 100, 55, and 116 K,
respectively (Fig. 2).
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Schematic map of IE1 ¢cDNA sequences cloned into pMAL-c2

(a) Positions of the translation initiation (K-ATG) and translation termination (TAG); relative positions of restriction sites and PCR primer sites used
in the construction of plasmids. (b) IE1 domains for production of MBP fusion proteins.

The identity of these proteins was confirmed by Western
blot analysis with a rabbit antiserum specific for the MBP
due to the fact that the pMA6013 protein product was
produced in traces and could not be easily detected by SDS-
PAGE (data not shown). The fusion proteins were purified
by affinity chromatography on amylose columns, except for
the 150 K protein expressed by pMA6001 and isolated from
preparative gels (SDS-PAGE) by electroelution due to
insolubility of the chimeric protein. The isolated 150 K
protein was used to generate a monospecific polyclonal
antiserum in rabbits. The rabbit antiserum was checked for
specificity by Western blot analysis against cell lysates
prepared from bacteria containing pMA6001, pMAG6011,
PMAG6013, pMA6020, pMA6023, pMAG6025 and pMAL-c2
(data not shown). As it was expected the antiserum reacted
only with its autologous proteins.

Detection of authentic IEI proteins in HHV-6 infected
CBLs

The authentic IE1 proteins expressed in the HHV-6-
infected CBLs were detected by Western blot analysis as
products of M_of 165 K, 190 K, and >190 K with the rabbit
IE1 antiserum 6001 (Fig. 3A). Since the proteins detected
by the antiserum were significantly larger than the predicted
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Fig. 2
Prokaryotic expression of HHV-6 IE1 protein

Western blot analysis of lysates prepared from IPTG-induced bacterial
cells. The IE1 fusion proteins (stars) and MBP (solid circles). The positions
and M values of size markers are indicated on the right margin. The
fusion protein band of pMA6013 was not readily visible.
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Identification of the IE1 gene products in HHV-6A- and
HHV-6B-infected CBLs

Mock-infected, HHV-6A-, HHV-6B- and HHV-7-infected CBLs were
harvested on day 4 p.i. and subjected to Western blot analysis. The
immobilized proteins were probed with the IE1 monospecific polyclonal
rabbit antiserum 6001 at a dilution of 1:200 (A) and with the IE1
monospecific polyclonal rabbit antiserum CI-465 at a dilution of 1:100
(B). The positions and M, values of size markers are indicated on the left
margin.

one (104.5 K), we next used the antiserum CI-465 that was
raised in rabbits against a synthetic polypeptide correspon-
ding to aa 926-941 of U89. This antiserum reacted with
exactly the same protein bands (Fig. 3B) as the antiserum
6001. As shown in Fig. 3A, the IEI antisera reacted with
the same proteins in HHV-6A U1102- and HHV-6B R104-
infected CBLs. Cross-reactivity was not observed with
HHV-7 RT-infected CBLs. Thus the antisera showed
specificity for the IE1 locus of both HHV-6 variants.

Localization of IEI proteins in HHV-6 infected CBLs

As shown in Fig. 4, IE1 in HHV-6-infected CBLs was
localized at the nucleus as expected for an IE protein, and at
the cytoplasm as well where protein synthesis takes place.
There was no apparent difference in localization between
HHV-6A and 6B (Figs. 4 and 5). HHV-6 (Z29) IE1 products
were detected as early as 1 day post inoculation (p.i.) in the
permissive Molt-3 cell line. In contrast, in the non-
permissive cell lines Jurkatt (derived from T-cell leukemia)

Fig. 4
Localization of the IE1 gene products in the HHV-6-infected CBLs
as determined by IFA

Mock-infected (a) and HHV-6A U1102- (b and c), and HHV-6B R104-
infected CBLs (d and e) were reacted with a pre-immune antiserum (a, b
and d) and with the antiserum CI-465 (c and e) at 1:50 dilution.

and HL-60 (derived from promyelotic leukemia), expression
of IE1 was delayed by 1-3 days (Fig. 5 and Table 1). The
IE1 products were detected first as a small granule-like
staining in the nucleus and later as diffuse nuclear staining.

Eukaryotic expression of IEI1 protein

Functional analysis of a defined eukaryotic polypeptide
is greatly facilitated by its production in an appropriate
system. The entire IE1 coding sequence was cloned into the
eukaryotic expression vector pcDNAI/NEO and used in
transient expression experiments with HeLa cells. As shown
in Fig. 6, in two independent experiments transfected cells
expressed two IE1 immunoreactive proteins, one of 165 K
and a smaller one which may be a degradation product of
IEL.
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Fig. 5
Localization of the IE1 gene products in Molt-3 and Jurkat cell
lines as determined by IFA

Molt-3 (A-C) and Jurkat (E and F) cells were infected with HHV-6B Z29
and the IE1 gene products were reacted with the antiserum CI465 at days
1 (A), 2 (B and E) and 4 (C and F). Uninfected Molt-3 cells (D).

Designation of the promoter regulatory region

In order to provisionally map the promoter of the IE-A
region, the upstream region of exon 1 of the IE1 gene
(Fig. 7¢) was cloned upstream of the CAT gene in pIGA-53
resulting in plasmid pMA6033. High levels of CAT activity
were detected in pMA6033-transfected COS-7 cells and the
percentage of chloramphenicol acetylation was greater than
50%, thus revealing a strong promoter (Fig. 8).

DNA binding activity of prokaryotically expressed IE1

Cell lysates from bacterial cultures containing plasmids
pMAG6001, pMA6011, pMA6013, pMA6020, pMA 6023, and
pMAG6025 (Fig. 1) were electrophoretically separated and
blotted on nitrocellulose sheets. The blots were probed with
a radiolabeled 140 bp DNA fragment spanning the region
—131 to 49 of the IE1 promoter (Fig. 7). The experiment
was performed in the presence of excess of unlabeled salmon
sperm DNA. As shown in Fig. 9, only the fusion protein
products encoded by plasmids pMA6001, pMA6011,
pMAG6013, and pMA6023 bound to the probe specifically,
while those encoded by pMA6020 and pMA6025 did not.
The amounts of the loaded protein were approximately equal
as evidenced by the intensity of the 84 K cross-reacting band
that was present in all samples. Similar results were observed
when the fusion proteins were probed with radiolabeled

HeLa7 HeLa8 HeLa

190K —

116K ~ B
—

84K - |

75K — & :

55K — .

Fig. 6
Transient expression of IE1 proteins in HeLa cells

HeLa cells were transfected with plasmid pMA6012, harvested at 48 hrs
p.i., lysed and the lysates were subjected to Western blot analysis. The
immobilized proteins were reacted with the IE1 monospecific polyclonal
rabbit antiserum 6001 at a dilution of 1:100. HeLa refers to the lysate of
non-transfected cells (negative control); HeLa7 and HeLa8 refer to two
independent transient transfections. The positions and M, values of size
markers are indicated on the left margin.
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Putative structure of the regulatory region
(a)Overall arrangement of complete HHV-6 genome showing relative
positions of the repeats R1, R2 and R3 and the terminal direct repeats
DR, and DR,.
(b) Expanded view of the IEA region showing the arrangement of the
coding sequence of the IE1 locus.
(c)Expanded view of structure of the putative regulatory region.
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Relative activity of the IE-A promoter in Cos7 cells

Cos7 cells were transfected with the plasmids indicated and 48 hrs later
the cell extracts were prepared for CAT assay. The CAT activity was
quantitated by densitometry of autoradiographs. The figure shows average
values from two separate experiments. The CAT expression level from
the promoter-less pIGA-53 vector was defined as one.

Sz,

3 §F & 5 2
5§ §§§¢

190K =
-
116K =
k4
ME = wh S - i
TIE =
o = ’-
' 'R
3 A
d ' 54
Fig. 9

Southwestern blot analysis of prokaryotically expressed IE1 fusion
proteins and identification of the IE1 domains exhibiting
DNA-binding activity
Cell lysates from E. coli cultures containing plasmid constructs pMA6001,
pPMAG6011, pMA6013, pMA6020, pMA6023 or pMA6025 or the vector
plasmid pMAL-c2 were subjected to Southwestern blot analysis. The
immobilized proteins were probed with the a[*’P]-radiolabeled 140 bp
DNA fragment comprising the region of the putative IE1 promoter. The
positions of the IE1 proteins exhibiting DNA binding activity are indicated
by stars. XLB = E. coli strain XL1-Blue control cells. The positions and

M values of protein size markers are indicated on the left margin.

Table 1. Detection of IE1 (Z29) in various cell lines by
IFA with CI 465 antiserum

Cells infected with HHV-6B (Z29)

Days pi. CBL Moli-3 Jurkat HL60
1 ++ + - -
2 ++ ++ + -
4 +++ +++ ++ +

CBL, Molt-3, Jurkat and HL60 cells were infected with HHV-6B (Z29)
and at the days p.i. indicated were stained with the CI 465 antiserum and
subjected to IFA. The relative intensity of staining is indicated as negative
(-), very weak (%), positive (+), strongly positive (++) and very strongly
positive (+++).

DNA fragments of approximately the same size derived from
irrelevant EBV sequences (data not shown).

Discussion

In this study, we extended the characterization of the
HHV-6 IE1 gene of the IE-A locus and its products.
Comparison of the HHV-6A and -6B nucleotide sequences
(Dominguez et al., 1999; Isegawa et al., 1999) has revealed
marked differences in the DR, -U junction, the left end of
U, the region spanning ORFs U86 to U100 and in the DR
region. Whereas the highest amount of variability (63.2%
nucleotide identity) was observed in the region spanning
ORFs U86 to U90, the greatest identity between the variants
(96.5%) was observed in the region encoding U94 (the
adeno-associated virus type 2 replication homologue;
Dominguez et al., 1999). In this region, four transcripts have
been identified in the presence of cycloheximide (Schiewe
et al., 1994) from one strand, the 3.5 and 4.7 kb transcripts
representing IE1 (U89/90) and IE2 (U86/87), respectively,
and from the other strand, the 1.0 and 1.5 kb transcripts
representing the spliced products of U91 (Gompels et al.,
1995; Schiewe et al., 1994). Identities in IE1 amino acid
sequences between HHV-6A and HHV-6B were 68.4% for
exonl, 67.2% for exon2, and 71.5% for exon3 whereas
similarities were 73.7%, 70.3%, and 76.7%, respectively
(Dominguez et al., 1999). Interestingly, while the overall
intra-variant sequence variability between HHV-6B strains
729 and HST was below 2%, in the region of U89/90 the
variability was almost 8% (Sunwen et al., 1994; Dominguez
et al., 1999). The variability observed in the IE-A locus is
likely to be of importance in determining the biological
properties of the virus.

In an earlier study by other investigators (Takeda et al.,
1996), two immunoreactive IE1 polypeptides of 155 K and
170 K have been detected in HHV-6B (HST)-infected cells.
Our finding of 165 K and 190 K products in HHV-6-infected
CBLs is basically consistent with their results. Despite the
high variability of IE1 between HHV-6A and HHV-6B, our



24 NIKOLAOU, K. et al.: GENE PRODUCTS OF ORF U90/89 OH HHV-6

results show that there is a considerable antigenic
conservation between the U90/89 regions of the two variants,
since their protein products reacted with the same antiserum
(6001) at a similar level. In addition to the 165 K and 190 K
products, we also detected a small amount of a product of
>190 K in both HHV-6A- and HHV-6B-infected CBLs.
Importantly, we succeeded in expression of IE1 cDNA in
HelLa cells and detection of the 165 K product with the same
antiserum used for the HHV-6-infected CBLs. This finding
confirmed that the 165 K product, the major one in the
infected cells, was truly an IE1 product, although the
apparent M was higher than the calculated one of 104.5 K
for HHV-6A IE1. Post-translational modifications including
phosphorylation, nucleotidylation and ubiquitination are
common among herpesvirus regulatory proteins (e.g. Blaho
et al., 1993; Purves and Roizman, 1992; Hofmann et al.,
2000; Spengler, 2002).

The origin of the 190 K and >190 K products are currently
unknown. It is possible that there is an so far unidentified
spliced transcript encoding the proteins containing the amino
acid sequence of the C-terminal portion of U89 used for
generation of the CI-465 antiserum but not the U86/87
sequence (Papanikolaou er al., 2002). An alternative
explanation is an additional post-translational modification
of the 165 K IEI in infected cells. We demonstrated that
IE1 localizes more to the nucleus and less to the cytoplasm.
Importantly, the IE1 products were detected first as a small
granule-like staining in the nucleus and later as a diffuse
nuclear staining. It is possible that an additional modification
triggers shift of the IE1 localization. In HCM V-infected cells
IE1 and IE2 early after infection localize to the nucleus but
later IE1 is distributed in the plasma membrane and IE2 in
the cytoplasm (Tsutsui and Yamazaki, 1991).

To further understand the transactivation function of IE1,
we tested the DNA binding of the IE1 protein to its promoter
sequence. A typical TATA box has been located 24 nt
upstream of the transcription initiation site (+1) of the 3.5
kb IE1 transcript (Schiewe et al., 1994). We demonstrated
that the 140 bp sequence covering nt —131 to +9 functioned
as a strong promoter. We found by Southwestern blot analysis
that the bacterially expressed IE1 proteins bound to this 140
bp sequence. In addition, the minimum domain for the DNA
binding mapped to the region delineated by aa 588-636.
However, the sequence specificity of the DNA binding
activity of IE1 is presently unclear, because IE1 bound also
to irrelevant EBV sequences. It is possible that the
denaturation-renaturation process of IE1 proteins occurring
in the Southwestern blot analysis created an artificial non-
specific DNA binding domain, e.g. by exposure of a
positively charged amino acid stretch. Actually, 18 amino
acids of the 48 aa-long putative IE1 DNA-binding domain
are basic amino acids. (Lys, Arg and His). Although HCMV
IE2 binds directly to its own promoter and down-regulates

the promoter activity, HCMV IEI does not show a DNA-
binding activity (Mocarski and Courcelle, 2001). Therefore,
it will be essential to confirm the HHV-6 IE1 DNA-binding
activity by additional experiments, such as electrophoresis
mobility shift assays.

Finally, we demonstrated that HHV-6 IE1 expression
levels in cell lines correlated with permissiveness for virus
replication, suggesting that HHV-6 IE1 plays a critical role
in virus replication, as does HCMV IEI. The reagents
developed in this study will be useful for determining the
mechanisms of regulation of HHV-6 IE1 expression at the
transcriptional and translational levels, for identification of
cellular factors that interact with HHV-6 IE1, and for
development of diagnostics. It is noteworthy that the
antibodies we generated are useful to distinguish the HHV-6
from HHV-7 infection, because they did not cross-react with
HHV-7 IE1 homologue.
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