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Genomic Analysis of the Human B-Lymphotropic 
virus (HBLV) 

The human B-lymphottopic virus (HBLV) has a double-stranded DNA genome of 
greater than 110 kilobase pairs, which is consistent with its morphological classifica- 
tion as a herpesvirus. A 9000-basc pair cloned probe of HBLV dacctcd spcci.6~ 
sequences in DNA and RNA of infected cells but did not hybridize to the genornic 
DNA of other human herptsviruses including the Epstein-But virus, human cytomeg- 
alovirus, hcrpcs simplex type I, and varicella-mer virus. Conversely, while probes 
obtained from each of thc known human herpesvirus readily deteatd the homologous 
viral DNA, they did not hybridize to gcnomic HBLV DNA. This evidence, in addition 
to serological and morphological distinctions and the biological effects of this virus 
danonstratc that HBLV is a novel human herpesvirus. 

T HE HUMAN B-LYMPHOTROPIC VI- 
rus (HBLV) is a herpes-like virus on 
the basis of its icosahedral core struc- 

ture of 162 capsomers. However, it has 
several unusual features in terms of host- 
range, morphology, and serology (I) that 
distinguish it from other known members of 
the human herpesvirus family [the Epstein- 
Barr virus (EBV), human cytomegalovirus 
(HCMV), herpes simplex type 1 and type 2 
(HSV-1 and HSV-2) and varicella-mter 
virus (VZV)] (2). We report here that 
HBLV contains a large molecular weight, 
double-stranded DNA genome that is dis- 
tinct from the DNA of known human 
herpesviruses by Southern blot analyses. 

Fig. 1. A restriction map of the HBLV done. 
pZVH14 obtained as described (3). The insert 
size is 9.0 kb. Shown are the restriction enzyme 
sites for Bam HI (B), Eco RI (E), Xho I (Xh), Pst 
I (P), and Hind 111 (H). The dark boxes indicate 
the position and size of flanking vinl Eco lU 
fragments detected in genornic viral and itIfected 
cellular DNA. The positions of the T3 and T7 
promoters contained in the vector are shown by 
the labeled arrows. 
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The isolation of HBLV was performed by 
codtivation of peripheral blood lympho- 
cytes (from patients) with phytohemaggluti- 
nin-stimulated human umbilical-cord blood 
lymphocytes and by cell-free transmission of 
virus from HBLV-positive patients. Propa- 
gation was continued by reinfection of fresh 
umbilical-cord blood cells with filtered 
(0.45-pm filters) culture supernatants as 
described (I). The supernatants were then 
layered onto 20% glycerol cushions and 
centrifuged at 100,000~ for 3 hours and the 
DNA (HBLVdp DNA) was extracted from 
the pelleted virions (3). 

A molecular done designated pZVH14 
(Fig. 1) was then obtained from the 
HBLVd, DNA (3). When used as a probe, 
this done specifically hybridized to DNA 
of HBLV-infected human umbilical-cord 
blood cells harvested after several rounds of 
cell-ficc virus transmission (Fig. 2) and to 
the cytoplasmic messenger RNA (rnRNA) 
of infected cells but not to DNA or RNA of 
uninfected cells (I). 

The pZVH14 probe was also useful for 
detestion of virus in sucrose gradients by 
quantitative DNA dot-blot analyses (4). 
Two major peaks were evident (Fig. 3). The 
first was in fractions 3-5 (density 1.13 g/ 
ml), which was probably enveloped virus; 
and the second was the pclltt, which proba- 
bly contained the unenveloped capsids. 
Fractions 3-5, which contained the majority 
of the virus, were pooled and used to obtain 
DNA from gradient-banded virions 

(HBLVbv DNA) (5). Barn-HI digests of 
end-labeled (6) HBLVbv DNA indicate a 
minimum molecular weight estimate for 
HBLV of >110,000 base pairs (data not 
shown). 

To determine whether there is any si@- 
cant homology of HBLV to other human 
herpemiruses we performed Southern blot 
hybridizations (7) with two sets of filters 
(Fig. 4, A and B) that contained the restric- 
tion enzymetreated genomic DNA's (8,9) 
of HBLVbv, HBLVdp, CMV, HSV-1, 
EBV, VZV, and H q & w  saimm (HVS) 
of squirrel monkeys. Each set of filters was 
hybridized to a 32P-labeled viral DNA probe 
(8,9), then washed and analyzed by autora- 
diography. The probe was then removed by 
boiling the filters before each successive 
hybridization. In some of the rehybridized 
filters, weak bands could be seen as a result 
of incomplete removal of the previously 
hybridized probe. These proved u s d  in 
aligning the filters and as convincing refer- 
ence points for the new bands that appeared 
after each new hybridization. Set A was first 
hybridized to the HBLV probe pZVH14 

- - ind 111 Eco RI 
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Fig. 2. Hybridization of HBLV done pZVH14 
to DNA's digested with Hind III and Eco RI (5) 
(Fig. 5). Clone pZVH14 hybridized speu6caUy 
to extracellular virus DNA (HBLVa, DNA) 
(lanes 1) or infected umbilical-cord blood cell 
DNA (lanes 2), but not to the uninfected control 
DNA isolated from the skin of an AIDS patient 
(lanes 3). The infected cell DNA shown in lane 2 
was isolated after several rounds of cell-frce virus 
transmission in human umbilical-cord blood cells. 
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Fig. 3. DNA dot-blot analysis of sucrose-banded 
HBLV. Frozen supernatants (80 ml) from virus- 
infected umbilical-cord lymphocyte cultures were 

led and clarified by centrhgation at 80008 
r 2  minutes. The vim was pelleted fhm the 
c l d e d  Supernatants at 17,000 revlmin in a 
Beckman SW28 rotor for 90 minutes. The pellets 
were resuspended in TNE and layered onto a 15- 
60% sucrose gradient that was centnfbged for 30 
minutes at 20,000 revlmin in a Beckman SW41 
rotor. Fractions were collected from the top in 1- 
ml volumes. These were diluted to 10 ml with 
TNE and centrifuged at 17,000 revlmin for 90 
minutes in a Beckman SW41 rotor. The pellets 
were resuspended in 50 pJ of TNE, and 5 pl of 
each was used for dot-blot analysis (4) with 
pZVHl4. Incorporated 35S 10-01 and density 
[O-O] of the fractions were measured. 

(Al) followed in succession by the VZV 
Barn E fragment probe (A2), the HCMV 
Eco RI A fragment probe (A3), and the 
EBV Barn HI C fragment probe (A4). Set B 
was first hybridized to the HSV-1 
pSG18FB50 probe (Bl), then to an HVS 
probe pT7.4 (B2), thirdly to an EBV Barn 
K fragment probe (B3), and finally to the 
HBLV pZVH14 probe (B4). Autoradio- 
grams A1 and B4 showed the bands predict- 
ed fbr HBLV ZVH14 probe according to 
the map (Fig. 1) for the homologous 
DNA's. They are 9.0 kb for Hind I11 and 
(from top to bottom), 8.2,6.3,2.1,1.3, and 
1.2 kb for Eco RI. No cross-hybridizations 
of the HBLV probe ZVH14 occurred to 
any of the other herpesviruses examined. 
Conversely, while they hybridized to the 
homologous genomic DNA, none of the 
other viral probes hybridized to the lanes 

Fig. 4. Southern blot hybridizations (7) to cornpate HBLV DNA to DNA ftom known human 
(8,9). Blotted filters contained HBLVb, (lanes a, h), HBLVdp (lanes b, i), HCMV (lanes 

=(lanes d, k), EBV (lanes e, I), VZV (lanes f, m), and HVS (lanes g, n). Lanes a-g contain 
DNA's digested with Hind 111 and lanes i-m contain the Eco RI samples. Two sets of filters (A and B) 
were each hybridized to a probe, washed, expod ,  and then boded for 5 minutes in water before 
rehybridizing with the next probe. The 32P-labeled probes for set A were pZVH14 (Al), VZV Bam-E 
(A2), CMV Eco RI-A pHD-1 (A3) and EBV Barn H I 4  (A4). The 32P-labeled probes for set B were 
HSV-1 pSG18FB50 (Bl), HVS pT7.4 (B2), EBV Bam HI-K (B3), and HBLV pZVH14 (B4). 
Hybridizations were carried out with purified probes except for the HCMV Eco RI-A pHD-1 probe 
and the EBV Barn HI-K probe, both of which contained plasmid vector sequences. Each filter was 
hybridized for 15 hours at 37°C in 2 rnl of hybrid solution containing 3 x SSC, 50% formamide, 0.02% 
sodium dodecyl sulfate (SDS), 0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin, yeast 
transfer RNA 62.5 pglml), 10% dextran sulfate, and 8 x lo6 cprn of probe (specific activiity after nick- d translation, 1 cpmlpg). Afkr hybridization, the filters were washed duec times at room temperature 
in l x  SSC, 0.5% SDS, then incubated for 30 minutes at 60T, and rinsed three times with washing 
buffer at room temperature, blotted to dampness, and exposed at room temperature for 1 hour (except 
for A2 which was exposed 10 minutes) in cassettes equipped with Quanta I11 (Dupont) screens. Arrows 
indicate lanes showing the hybridization where DNA on the filter and the probe DNA represented the 
same vitus. 

containing HBLVd, DNA or HBLVI,, other previously characterized human 
DNA digested with either Eco RI or Barn herpesviruses (and HVS) by nucleic acid 
HI. Even though the HSV-2 genome was analyses presented here in addition to the 
not present on the blots, cross-hybridization previous serological, morphological, and 
would have occurred between the HSV-1 biological ( I )  results. 
probe pSG18F-B50 and HSV-2 under the 
moderately stringent washing conditions 
used [I x SSC (standard saline citrate) 0.5% 
SDS, 60°C, 30 minutes] (lo). Indeed, some 
cross-hybridization was seen between the 
HSV-1 probe pSG18F-B50 and VZV (Fig. 
4, B1, lanes f and m). 

We conclude that HBLV is distinct fiom 
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Tvypanosoma crtlzi Infection Inhibited by Peptides 
Modeled from a Fibronectin Cell Attachment Domain 

The mechanism by which T ~ p a m s m u  cmzi, the protozoan parasite that causes 
Chagas' disease, becomes attached to mammalian cells is not well understood. 
Pibronectin is thought to participate in the attachment, and in this study the region of 
fibronectin that interacts with the surface receptors of T. cmzi trypomastigotes was 
investigated by testing the binding of the amino acid sequence Arg-Gly-Asp-Ser, 
corresponding to the cell attachment site of fibronectin to T. cmzi trypomastigotes. 
Peptides with the sequence Arg-Gly-Asp-Ser, but not Arg-Phe-Asp-Ser, Arg-Phe-Asp- 
Ser-Ala-Ala-Arg-Phe-Asp, Ser-Lys-Pro, Glu-Ser-Gly, or Ala-Lys-Thr-Lys-Pro, bound 
to the parasite surface and inhibited cell invasion by the pathogen. Monoclonal 
antibodies to the cell attachment domain of fibronectin also inhibited cell infection by 
the parasite. The immunization of BALBIc mice with tetanus toxoid-conjugated 
peptide induced a significant protection against T. cmzi. The data support the notion 
that the sequence Arg-Gly-Asp-Ser of cell surface fibronectin acts as a recognition site 
for attachment of the parasites. 

A TTACHMENT OF Ttypanosoma cruzi, 
the causative agent of Chagas' dis- 
ease, to mammalian cells involves 

the interaction of the plasma membranes of 
the pathogen and the host cell. This interac- 
tion is believed to be of fundamental impor- 
tance in the host cell invasion by the patho- 
gen. Investigators searching for molecules 
that might mediate parasite-cell interactions 
believe that the receptor or receptors on 
host cells for parasite binding are glycopro- 
teins (1). However, little is known about 
their nature. 

Fibronectin (Fn), which is a high molecu- 
lar weight glycoprotein composed of 220- 
kD subunits linked into dimers and poly- 
mers by disulfide bonds, is present in blood 

and connective tissue and at cell surfaces (2). 
It participates in a number of cell surface 
interactions with the local extracellular mi- 
croenvironment (3, 4 ) .  Fibronectin can me- 
diate the attachment of pathogens such as 
Treponema pallidum (5) and Leishmania spe- 
cies (6) to the host cell surface. Recently, we 
demonstrated that Fn interacts with T, cruzi 
trypomastigote surface receptor (7). In addi- 
tion, involvement of this Fn receptor in the 
interaction between T. cruzi and vertebrate 
cells has been reported (8). 

The Fn molecule consists of highly struc- 
tured domains containing the binding sites 
for the macromolecules that interact with it 
(9). The site of its attachment to mammalian 
cells has been characterized ( lo) ,  and the 

analysis of small synthetic peptides has 
shown that this recognition site is carried by 
the sequence Arg-Gly-Asp-Ser (1 1) .  The 
region of Fn that interacts with the surface 
ofthe trypomastigote, the infective stage of 
the parasite, is unknown. We used monoclo- 
nal antibodies to the cell-attachment site in 
Fn (lo) ,  as well as synthetic peptides mod- 
eled from the sequence of this domain (Ta- 
ble l), to show that this dimeric protein acts 
as a bridge between the cell surfaces of host 
cell and T, cruzi with the same hydrophilic 
sequence Arg-Gly-Asp-Ser of Fn participat- 
ing in these interactions. 

Analysis of the data in Fig. 1 indicates 
that the infectivitv of 3T3 fibroblasts bv T. 
muzi can be inhibited by monoclonal anti- 
bodies to Fn. The antibodies M1205 and 
3E3 inhibited cell invasion by the parasite at 
antibody concentrations greater-than 0.1 
mglml, whereas 4B2 was inhibitory only at 
high concentrations. 

Both 3E3 and 4B2 reacted with the 120- 
kD chymotryptic fragment of Fn. However, 
fractionation of a pepsin digest of this frag- 
ment allowed the identification of a large 
fragment of 50 kD that binds to a 4B2- 
adsorbed Sepharose column and a small one 
(15 kD) that binds to 3E3-adsorbed Sepha- 
rose. Biological activity that promoted cell 
attachment was found in the 15-kD peptide 
(10). On account of the inhibitory effect of 
the monoclonal antibody 3E3 on cell inva- 
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