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Since the first isolation and characterization of BK virus (BKV), a number of BKV variants which differ in
genomic structure or antigenic determinants have been described. The regulatory region, in particular, the
enhancer elements, show the most divergent sequences among different isolates. The structural organization of
a putative ancestral prototype or archetype, from which all of the variants are probably derived, has been
proposed. By sequencing the regulatory regions of 13 different isolates from the urine of bone marrow
transplant recipients, we determined the structures and sequences of BKV variants diffused in the human
population. The enhancer region was amplified by polymerase chain reaction to avoid passage in culture, and
the product was directly sequenced. The structure most frequently observed is in agreement with the postulated
archetype, containing a single enhancer element with no repeats. By sequence analysis we identified four hot
spots of nucleotide variation. These variations are consistent with the existence of two consensus sequences. One
sequence motif, observed in about 85% of the isolates, is referred to as the archetypal BKV, while a second
motif, observed in the remaining 15% of the variants, is highly reminiscent of the AS strain.

BK virus (BKV) is a human papovavirus originally iso-
lated from the urine of an immunosuppressed patient (7).
Since then, several BKV variants have been isolated. The
genomes of the Dunlop (DUN), MM, and AS strains have
been cloned and completely sequenced (22, 26, 29), while the
origin of replication and transcriptional control elements
have been sequenced in other variants (16, 17, 19, 23, 25,
27). These isolates differ in several ways, but the structural
organization of the early-region transcriptional enhancers is
the most variable. In the first BKV isolate, the Gardner
strain, the enhancer region is composed of three tandem
repeats. Enhancers were first described in simian virus 40
(3), where they consisted of two tandem repeats, suggesting
that enhancers are typically made up of a number of tan-
demly repeated elements. However, BKV strains DIK (27),
WW (19), and AS (26) have a linear arrangement of the
regulatory region, with no repeats, similar to the archetype
BKV proposed by Yoshiike and Takemoto (31). Isolation of
different BKV variants may answer questions about the
origin of the variation and lead to definition of the ancestral
prototype or archetype. It was speculated that BKV strains
with tandemly repeated enhancers have acquired this struc-
ture during passage in culture, with specific arrangements
being selected by plaque purification. Indeed, rearrangement
in the transcriptional control region of strain WW occurs
during passage in cell culture (20). To determine the most
common BKV strain in the human population and clarify its
archetypal structure, we analyzed the regulatory region of
BKV isolates from 13 bone marrow transplant recipients
during the posttransplant period. Of the 13 patients, 2 (no. 7
and 12) had hemorrhagic cystitis (2). We avoided passage in
culture by using the polymerase chain reaction (PCR) to
amplify the region directly, followed by sequencing of the
amplified products.

* Corresponding author.

The BKV regulatory region was amplified by using the
primers 5'-TTGAGAGAAAGGGTGGAGGC-3' (BRP-1) and
5'-GCCAAGATTCCTAGGCTCGC-3' (BRP-2) (Fig. 1), start-
ing from urinary sediments. The urinary sediments were
prepared as described previously (1). Pellets were suspended
in PCR buffer and boiled for 10 min, and 5-,ul samples were
added to 45-,ul reaction mixture volumes. The primer con-
centrations, as optimized by checkerboard titration, were
0.5 and 0.2 jiM for BRP-1 and BRP-2, respectively. The
cycling parameters were 60 s at 94°C, 30 s at 42°C, and 60 s
at 72°C for 50 cycles. To sequence the PCR products
directly, we produced a single-strand template by carrying
out an asymmetric PCR (11), starting with 0.15 ng of the PCR
product, 0.3 pmol of the limiting primer, and 10 pmol of the
other primer in a 100-pul reaction. The parameters 95°C-60 s,
60°C-30 s, and 72°C-60 s were repeated for 40 cycles.
Products of the asymmetric PCR were purified by using the
Centricon 30 spin dialysis procedure (21). Sequencing on the
single-strand template product of the asymmetric PCR was
performed as previously described (11). Of the 13 samples,
12 have a linear arrangement composed of 68-, 39-, and 63-bp
elements, in perfect agreement with the proposed putative
archetype (31). Only one sample, no. 14, has a 23-bp repeat
(from nucleotides 42 to 65 of Fig. 2), within the 68-bp
element (Fig. 1). From this structural analysis, we conclude
that the organization of the regulatory region most fre-
quently observed in BKV variants infecting human popula-
tions is the proposed archetype and that all of the other
strains originate by duplications and/or deletions of the
prototype sequence. Analysis of short sequence variation
among the numerous isolates indicates that four regions are
polymorphic (Table 1). Region 1 can be indifferently AA,
TT, or TA, while differences in the other three regions are
compatible with the existence of two sequence motifs. The
most common motif (85% of the isolates) has the following
consensus sequences: region 2, 5'-AAGGAAA-3'; region 3,
5'-AAAA-3'; and region 4, 5'-CTGG-3'. The second motif
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FIG. 1. Schematic representation of the structural organization
of the regulatory regions of various BKV isolates. The regions
analyzed in this study were enclosed between the two PCR primers
BRP-1 (from positions -26 to -7 of reference 28) and BRP-2 (from
positions 238 to 219 of Fig. 2) (see the text for sequence details).
BKV strains are represented and compared with the archetypal
structure proposed by Yoshiike and Takemoto (31; boxed diagram
on the top). The region comprises the origin of replication (ori), the
A+T-rich sequence (AT), the enhancer repeats composed of the 68-,
39-, and 63-bp elements, and the 63-bp late leader (LL) sequence.
The black rectangles on the top of the archetypal sequence indicate
the four hot spots for nucleotide variation. Below the diagram of the
archetypal region, the structural characteristics of different BKV
isolates are indicated: continuous lines denote the presence of the
corresponding sequence in the archetypal structure, interrupted
lines indicate a deletion, and overlapping segments indicate a

duplication. The prevalence of the archetypal structure and how all
of the other strains derive from the archetype by sequence duplica-
tions and deletions are shown.

(15% of the isolates), similar to the AS strain, has the
following consensus sequences: region 2, 5'-AAGCAA-3';
region 3, 5'-AACA-3'; and region 4, 5'-CTGT-3'. Region 2
sequences, 5'-AAGGAAA-3' and 5'-AAGCAA-3', are ho-
mologous to the adenovirus type 5 ElA enhancer core (12).
The strong homology to a regulatory element of another
virus suggests that they also have an important function for
BKV and that even small differences may determine dif-
ferent biological properties. By comparison of all of the
sequences, a consensus sequence (Fig. 2) of the archetypal

10 20 30 40 50 60

1 GCCTCGGCCT CTTATATATT ATAAAAAAAA AGGCCACAGG GAGGAGCTGC TTACCCATCG

61 AATGCAGCCA AACCATGACC TCAGGAAGGA AAGTGCATGA CTGGGCAGCC AGCCAGTGGC

121 AGTTAATAGT GAAACCCCGC CCCTAAAATT CTCAAATAAA CACAAGAGGA AGTGGAAACT

181 GGCCAAAGGA GTGGAAAGCA GCCAGACAGA CATGTTTTGC GAGCCTAGGA ATCTTGGCCT

241 TGTCCCCAGT TAAACTGGAC AAAGGCCATG

FIG. 2. Nucleotide sequence of the archetypal BKV regulatory
region, deduced as a consensus sequence from comparison of the
sequences of all of the BKV strains presented in Fig. 1. Numbering
begins at the origin of replication, as in reference 28. Duplication of
PCR no. 14 is from nucleotides 42 to 65.

TABLE 1. Hot spots for nucleotide variation and sequence
motifs in the regulatory regions of different BKV strains

Sequence of the designated nucleotidesb of region':
Straina

1, 52-53 2, 86-92 3, 145-148 4, 179-182

Gardner TA AAGGAAA _d _
MM TA AAGGAAA AAAA
IR TA AAGGAAA - CTGG
JL TA AAGGAAA GAAA
DIK AA AAGGAAA AAAA CTGG
WW AA AAGGAAA AAAA CTGG
AS TA AAGC-AA AACA CTGT
PCR no. 2 TT ANGNAAA GAAA CTGG
7 TA AAGC-AA AACA CTGT
8 TA AAGGAAA AAAA CTGG
9 TA AAGGAAA GAAA CTGG
10 TA AAGGAAA NAAA CTGG
12 AA AAGGAAA AAAA CTGG
13 TT AAGGAAA AGAA GTAG
14 TT AAGC-AA AACA CTTT
15 AA AAGGAAA AAAA CTGG
16 AA AAGGAAA AAAA CTGG
17 TA AAGGAAA GAAA CTGG
18 TA AAGGAAA AAAA CTGG
19 AA AAGGAAA AAAA CTGG

Motifs
1 TA AAGGAAA AAAA CTGG
2 TA AAGC-AA AACA CTGT

a The sequences of strains Gardner, MM, IR, JL, DIK, WW, and AS are
from the literature; the sequence of PCR strains is from this study.

b Numbering begins at the origin of replication and proceeds towards the
late region, as in Fig. 2.

c The four regions are schematically represented in Fig. 1.
d_d, not found in the corresponding strain.

BKV regulatory region can be deduced and used to verify all
new BKV isolates.
No heterogeneity was observed in PCR-amplified se-

quences, suggesting that urine samples contained only vi-
ruses with the archetypal organization of the regulatory
region. However, the presence of undetectable amounts of
rearranged variants cannot be ruled out. As noted by Sunds-
fjord et al. (24), rearranged variants could initiate replication
in cell culture because of the advantage conferred by en-
hancer repeats in this in vitro environment, explaining the
constant isolation of strains with rearranged control regions.
Sequence analysis of the transcriptional control region

from noncultured isolates enables determination of the wild-
type organization of the region. On the basis of the foregoing
data, we propose that the regulatory region of the putative
archetype (31) is actually the predominant structure present
in the BKV strains that infect the general population. Anal-
ogous results have been recently obtained by Flaegstad et al.
(6). Deviations from this ancestral structure may reflect
different biological features. Biological properties of BKV
variants with sequence variations in the regulatory region
should be compared with the WW strain, whose sequence is
the closest to that of the archetypal BKV deduced from the
13 BKV isolates described. BKV strains with tandemly
repeated sequences in the regulatory region most probably
arose during passage in cell culture, with specific arrange-
ments being selected by plaque purification. In agreement
with this hypothesis, BKV strain WW (19) and other isolates
(23) with single-repeat arrays cannot grow in cell culture
under conditions that allow growth of other BKV strains.
Indeed, forced growth of BKV strain WW in culture deter-
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JCCY - GAA--------------GTGGAAAGCAGCCAGGGGAACATGTTTTGCGAG -235
LL

LL
ARCHEBK - CCTAGGAATCTTGGCCTTGTCCCCAGTTAAACTGGACAAAGGCCATO -270

JCCY - CCAGAGCTGTTTTGGCTTGTCACCAGCT ------------GGCCATO -270
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Identity: 64.4%

FIG. 3. Comparison of archetypal sequences of human papovaviruses BKV and JCV (30). (A) Matrix analysis was done with the
NMATPUS program (which uses Pustell's algorithm [18]) of the PCGENE package, release 6.01 (Intelligenetics, Inc./Genofit S.A.). The
parameters used were the following: window size, ±5 bases; minimum match percentage shown, 80%. Symbols: A, 100%; B, 98 to 99%; C,
96 to 97%; D, 94 to 95%; E, 92 to 93%; F, 90 to 91%; G, 88 to 89%; H, 86 to 87%; I, 84 to 85%; J, 82 to 83%; K, 80 to 81%. The interrupted
diagonal in the output denotes divergence between two evolutionarily related sequences. (B) A more consistent indication of the conserved
homologous regions in the two viruses was obtained by aligning the two sequences. The result was obtained by using the NALIGN program

with the algorithm originally developed by Gotoh (8). The origin of replication and the A+T-rich region are highly conserved, as is the BKV
39-bp element in the enhancer region, while the 68-bp element is almost completely divergent. Two other regions (191 to 205 and 210 to 225
bp), at the boundary between the 63-bp element and LL, are 100% conserved between the two viruses.

mines the evolution and propagation of BKV variants with
rearranged regulatory regions (20).
Even if the sequences ofBKV strains with tandem repeats

were all present in the archetypal structure, junctions be-
tween repeats or deletions might determine new sequence

determinants. In fact, a new binding site for the AP-1
transcription factor was generated by a sequence junction in
strain DUN (15). trans- and cis-acting elements are involved
in the regulation of transcription initiation: host cell speci-
ficity for both viral and cellular enhancers (9, 13) is con-

trolled by the presence or absence of either positively or

negatively acting factors (10, 14). Thus, a different structure
of the enhancer region may confer different biological prop-

erties on BKV strains harboring variations of the basic
archetypal motif, like a new cell specificity. The variant
BKV IR was isolated from a human insulinoma, and the
genome of the reactivated virus has the same structural
features as the viral DNA detected in the tumor (4, 16),
suggesting that its structural organization evolved during in

vivo persistence and was not due to cell culture propagation.
It is possible that the enhancer organization of BKV IR
contributes new properties to the virus and is causally
related to tumor development. BKV variants similar to IR
have been identified and isolated from other human tumors
and tumor cell lines (5, 15). The presence of a BKV strain
(TU) with a rearranged control region in a human host was
also recently reported (24). However, this strain was found
only in the urine of Norwegian patients, indicating a proba-
ble specific geographic localization for this strain (6).

Recently, a putative archetype of the other human pa-

povavirus JC virus (JCV; CY strain) was identified (30). In
this case too, the enhancer element has a linear arrangement
with no repeats, indicating that the structure of the region in
different strains has followed the same evolutionary pathway
as in BKV. Matrix and sequence comparisons between BKV
and JCV archetypes (Fig. 3) show a clear relationship. The
most divergent sequence is between the 68-bp element of
BKV and the 23- and 55-bp elements of JCV (30), which

B
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most likely confer different cell specificities on the two
viruses. The region with the highest grade of homology is
within the 39-bp element in BKV and the 66-bp element in
JCV. It is notable that this region is completely or partially
deleted in some BKV variants (Gardner, DUN, and IR) and
in JCV strains isolated from patients affected by progressive
multifocal leukoencephalopathy (30). Since this region par-
tially overlaps the negative regulatory domain in the BKV
enhancer (10), it is tempting to speculate that deletion of this
region can determine the evolution of more aggressive
strains.
Comparative analysis of the structures of the regulatory

regions in different BKV isolates demonstrates no evolution-
ary relationship within the group, with the exception of the
DUN strain, which clearly derives from the Gardner strain.
However, from short-sequence analysis, the existence of at
least two closely related types of BKV variants can be
proposed: one type, corresponding to 85% of the isolates, can
be considered the archetypal BKV, and the other 15% of the
isolates belong in a second type which includes the AS strain.

Nucleotide sequence accession number. The GenBank ac-
cession number for the nucleotide sequence in Fig. 2 is
M64605.
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