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ABSTRACT

TGGCA—-binding proteins are nuclear proteins with high
affinity for double-stranded DNA homologous to the prototype
recognition sequence S YTGGCANNNTGCCAR 3I°. Their ubiquitous
tigsue distribution in higher vertebrates characterizes them as
a class of highly conserved proteins which may exert a basic
function. To obtain clues to this function, specific binding
sites were mapped on three viral genomes. Recognition sites were
identified in the enhancer region of the BK virus, in the LTR of
the mouse mammary tumor virus, and in the origin of replication
of adenovirus 12. The TG66CA-binding protein from HelLa cells
appears to be identical to nuclear factor 1 described by others,
which stimulates initiation of adenovirus DNA replication in
vitro. However, data from MMTV, BKV, and from cellular genes
suggest that this specific protein-DNA interaction may also be
involved in the control of gene activity.

INTRODUCTION

Alteration of chromatin organization is the structural
basis of the epigenetic code which controls the expression of
genetic information during differentiation. Specific
interactions of nonhistone proteins with recognition sites on
DNA appear to be decisive regulatory elements in transcription
and replication.

We have identified a DNA-binding protein with high affinity
for specific sites in the flanking regions of the chicken
lysozyme gene (1). DNAase 1 protection experiments revealed that
the binding site contained a central region of diad symmetry,
S TGGCANNNTGECCAS *, which is recognized by the protein on
double-stranded DNA (2). In reference to the half side of the
recognition sequence, the protein was named °‘TGBCA-binding
protein’.

Since the binding sites are clustered around the
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transcription unit of the lysozyme gene and since one coincides
with a DNAase-hypersensitive site in the chromatin of the active
gene (2,3), the specific TGGCA-binding protein~DNA interaction
was thought to be involved in gene regulation. To specify its
function, we have pursued two approaches: 1. an analysis of the
tissue distribution and of the conservation across species
boundaries of the binding protein, and 2. a search for TGGCA
binding sites in other eucaryotic and viral DNA sequences.

The specific binding activity was not only found in many
tissues (2), but appeared to be also conserved among higher
vertebrates. Complementary to the widespread occurrence of the
protein, several specific binding sites were identified on DNA
from different sources. Binding sites on the genomes of mouse
mammary tumor virus (MMTV), BK virus, and adenovirus were
selected for a detailed analysis. 7This was based on the
expectation that elucidating the function of the T7T66CA
protein—-DNA interaction in these thoroughly studied viruses
might cast 1light on its role in the host cell. An interesting
outcome of these investigations was the functional identity of
the TGGCA-binding protein with a recently identified,
host—encoded protein (nuclear factor I) which enhances
initiation of adenovirus DNA replication in vitro (4). However,
comparing the data obtained from MMTV and BKV and from cellular
genes (2,5), we propose that in eucaryotes the specific binding
protein—-DNA interaction is not tied sensu strictu to replication
initiation but may serve in maintaining a differentiated state

of chromatin structure.

MATERIALS AND METHODS
Rec inant plasmids

The following plasmids were used: pB2B3 (2); pB2H3, a
subfragment of pB2B3 inserted into pBR322; pMMTV-LTR, a Pst
I-Eco RI fragment of p2.6 (6) which contains the 3°'LTR of MMTV
and 222 bp of flanking mouse DNA cloned in pBR322; pBK (Dunlop),
the Dunlop strain of BK virus (7) inserted into pBR322 at the
Bam H1 site; pAd12-HindIII G (8).
Preparation of bindin rotein fractions

TGGCA-binding activity was obtained from nuclei by extrac-
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tion with 300 mM NaCl and subsequent precipitation at 40%Z
saturation of ammonium sulfate as described (2). These crude
fractions were generally used for binding reactions. In one case
the nuclear protein extract was further purified: nuclei from
hen 1liver were extracted with buffer CB (10 mM Tris-HCl, 7.5, 1
mM EDTA, 7 mM mercaptoethanol, 10%Z glycerol, 0.3 mM PMSF, 2.5
KIu/ml aprotinin) containing 300 mM NaCl. The extract was passed
over a DEAE-Sephacel column equilibrated with the same buffer.
The flow—through was directly 1loaded onto a phosphocellulose
column. The column was washed with two volumes of buffer CB
containing 360 mM NaCl, and the TB6CA-binding activity was
eluted in one step at 650 mM salt. After dialysis into buffer
CB, 350 mM NaCL, the binding fraction was applied ta a hep-
arin—-Sepharose column equilibrated with the same buffer. The
column was washed with two volumes of buffer CB containing 420
mM NaCl and eluted with a step of 650 mM NaCl. Peak binding
fractions were divided into small aliquots and stored at -70°C.
Nucleoids from E. coli strain D6 17 were prepared according
to the procedure of Varshavsky (9) with slight modifications (M.
Vielmetter, personal communication). Proteins were extracted
from nuclecids with 300 mM NaCl as described for nuclei.
Filter binding assays and DNAase 1 protection experiments
Binding conditions, nitrocellulose filter assays and DNRase
I protection experiments ( footprints’) followed our published
procedures (2). The state of purification of the extracts was
sufficient to demonstrate only one kinetically homogeneous
population of binding proteins. On additional purification

apparent binding constants did not change.

RESULTS

Occurrence of the TEGCA-binding protein in different species
Although TGGECA-binding was initially detected in a highly
specialized organ, the chicken oviduct, in connection with the
lysozyme gene, we scon realized that haomologous binding activity
could be demonstated in nuclei of all analyzed chicken tissues
(2). To test whether it is conserved beyond species boundaries,
we performed binding studies with nuclear protein extracts from

species of divergent classes of the phylogenetic tree. Nuclear
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Fig. 1. TGGCA protein binding to MMTV-LTR.
A, Map of integrated proviral DNA. LTR L and LTR R indicate the

S° and 3I° long terminal repeats. gag, pol, env designate the
coding regions of the core protein, the reverse transcriptase,
and the envelope protein, respectively. LTR R is shown in en-
larged scale with restriction sites for Eco RI (R), Pst 1 (P),
Sac I (S), Hpa II (Hp) and Hinf 1 (Hi). "orf" open reading
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frame. The 1location of the binding site for the TGGCA-binding
protein is indicated by an arrow.

B, DNAase I protection experiment. Three fmole of the Pst I-Hpa
11 fragment of pMMTV-LTR, labeled at the Hpa II site, and 100 ng
Eco RI-digested pBR322 as unspecific competitor were incubated
for 20 min at 25°C with various dilutions of nuclear extracts
from chicken oviduct or mouse liver. Final extract dilutions
were 1/500 (lane 2) and 1/300 (lane 3) for oviduct, 1/200 (lane
S), 1/300 (lane &) and 1/500 (lane 8) for mouse liver (2).
Incubations with BSA (lanes 1, 4, 7) served as control. After
equilibration of the binding reaction, 60 ng DNAase I were added
and incubated for 3 min. Endonuclease digested DNA was separated
on a sequencing gel together with a size marker (M) and a
G-specific sequencing reaction (G) (33).

extracts from mouse liver (2) and human Hela (Fig. 3) and KB
cells contained a DNA-binding activity specific for the TGGCA
motive. Extracts from Drosophila Kc cells (10) and from E. coli
nucleoids showed only nonspecific binding (data not shown). From
these examples we conclude that at least in higher vertebrates a
class of proteins exists which contains a highly conserved
DNA-binding domain for the recognition of the TGGCA motive.

Binding sites on viral DNA recognized by the TGGCA protein

The widespread occurrence of the TGGBCA-binding protein led
us to expect, by dialectic reasoning, a corresponding frequency
of the respective recognition sequence on DNA. We therefore
searched DNA data banks for sequences with at least 70%Z homology
to the consensus sequence S’ TGGCANNNTGCCA 3°. Selected DNAs
containing homologous sequences were tested directly for speci-
fic binding with nuclear extract from chicken oviduct by nitro-
cellulose filter binding assays. From the positives we finally
analyzed sites on three viral genomes.

Mouse mammary tumor virus We chose mouse mammary tumor

virus because transcription of the proviral DNA is positively
regulated by glucocorticoid hormone (11,12), a situation com-
parable to the steroid hormone control of lysozyme gene ex-—
pression in the chicken oviduct. Initial mapping experiments
located a specific binding site on identical restriction frag-
ments of both long terminal repeats (LTR) (data not shown). Fig.
1 shows a footprint (13), using a subfragment of the 3I°'LTR. A
protein—-protected region extends from position -80 to -S58 with
respect to the transcriptional start site. It has homology to

the consensus recognition sequence (Fig. 4). The T66CA binding
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site is adjacent to the promoter proximal binding site for the
glucocorticoid receptor (14). Nuclear extracts from hen oviduct
or mouse liver yielded identical footprints. The presence of a
recagnition site for the TGEGCA-binding protein on the LTR of
MMTV appears to be unique among retroviruses because homology
screening of all LTR sequences available in the EMBL sequence
library (July 1984) and partial testing by nitrocellulose filter
binding did not reveal another binding site.

BK virus The human papovavirus BKV (Fig. 2A) has a gene-—
tic complement and a structural organization similar to the
monkey virus SV40 and the mouse polyoma virus (135). Binding
experiments with HindIII-digested DNA of BKV (Dunlop), a strain
very similar to prototype BKV, showed that on incubation with
nuclear extract of chicken liver or Hela cells the HindIII C
fragment was specifically retained on nitrocellulose filters
(data not shown). This fragment contains the origin of replica-
tion and a triplicate tandem repeat on the ‘late’ side. Foot-
print analysis showed two sites protected from DNAase 1 diges-—
tion which mapped at homologous positions on each aof the outer
members of the repeat triplet (Fig. 2B). This was confirmed by
individual mapping on separate fragments (data not shown). The
protein-protected regions coincide with a sequence homclogous to
the consensus sequence (Fig. 4). Interestingly, the central
repeat did not show any binding. In this repeat unit a deletion
of 18bp alters one side of the recognition sequence (see Fig.
4), thereby eliminating binding.

§V40 does not contain a recognition site for the
TGGCA—-binding protein (our unpublished observation). Although
considerable sequence homology to BKV exists, the regions of the
tandem repeats are dissimilar. It has been suggested that the
repeated sequences did not diverge from a common viral ancestor
but have been acquired independently of the host genome (15).

Adenovirus 12 Binding studies with adenovirus 2 DNA
demonstrated binding of both terminal restriction fragments
(data not shown) indicating that sequences in the inverted
terminal repeats were involved in this protein-DNA interaction.
Homologous binding to the left-hand terminal Hga I restriction

fragment of adenovirus 12 was found by footprint analysis. The
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Fig. 2. TGGCA protein binding to BKV

A, Map of the BK virus. Restriction sites for Eco RI (R) and
Hind 1III (H) are shown on the map of the viral genome. The
restriction fragment Hind III € is drawn at enlarged scale
showing the origin of replication and the three tandem repeats.
Restriction sites for Hind III (H) and Hae III (He) are given.
The arrows indicate the position of the binding sites for the
TG66CA protein.

B, DNAase 1 protection experiment. Bam Hl linkers were ligated
to the 216bp Hae IIl subfragment containing the tandem repeats
and cloned in the plasmid pA II (7). The fragment was recovered
by excision at unique restriction sites in the plasmid poly-
linker and was labeled by ‘Klenow® fill-in reaction at the
origin proximal side. 4.3 fmoles of fragment were incubated with
dilutions of a purified fraction of TGGCA-binding protein from
chicken liver (see Methods). All cother conditions were as des—
cribed in legend to Fig. 1. Incubations were performed with 1/20
(lane 2), 1/50 (lane 3) and 1/100 diluted binding protein frac-
tion (lane 4) or with BSA (lanes 1 and S5). 6,C: 6- and C-spec—
ific sequencing reactions.
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Fig. 3. TGGCA protein binding to the left-hand terminus of
adenovirus 12.

A, Genomic map of adenovirus 12 showing the cleavage sites for
Hind III. Restriction fragments are designated in alphabetical
order according to size. Horizontal arrows indicate early tran-
scription units. Hind III fragment 6 containing the left-hand
terminus is shown at enlarged scale. TATA denotes the position
of the TATA boxes related to the early promoters Ela and Elb.
The 1large vertical arrow indicates the recognition site of the
TEGCA~binding protein. Restriction sites for Hga I (Hg) and Ava
ITI (Av) are given.

B, DNAase I protection experiment. The Eco RI-Hga I fragment was
labeled with [*2P] at the 3°'-end of the Eco RI site (the Eco Rl
site is derived from a linker ligated to the natural terminus of
fragment Hind II1I G to generate plasmid pAd12-HindIll 6). Five
fmoles of fragment were incubated with dilutions of nuclear
extracts from HeLa cells (lanes 2 and 5), chicken oviduct (lane
3), wmouse liver (lane 4), or with BSA (lanes 1, &6) and were
processed further as described in legend to Fig. 1. G, C: G~ and
C-specific chemical sequencing reactions.
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i
BS1b GGATGGTGCACTGCTGGCACTATGCCACGGCCTGCTTGTGA

CTACCACGTGACGACCGTGATACGGTGCCGGACCAACACT

BS2 TTCCGTTATAACCTTGGCAATCTGCCCAGCTGCCCACCACA
AAGGCAATATTGGAACCGTT?GACGGGTCGACGGGJGGTGT

BKV GAGCTGCTTACCCATGGAATGCAGCCAAACCATGACCTCAG
CTCGACGAATGGGTACCTTA?GTCGGTTTGGTACTGGAGTC

Ad12 AATATACCTTATACTGGACTAGTGCCAATATTAAAATGAAG
TTATATGGAATATGACCTGATCACGGTTATAATTTTACTTC

Ad2/5 AATATACCTTATTTTGGATTGAAGCCAATATGATAATGAGG

TTATATGGAATAAAACCTAACTTCGGTTATAC&?TTACTCC

MMTV-LTR TTCCTATGTTCTTTTGGAATCTATCCAAGTCT ATGTAAAT
AAGGATACAAGAAAACCTTAGATAGGTTCAGAATACATTTA

BSla GGCCTTTTTGTTT%TGACAGCTTGCCAGTTCTCTAAATAAA
AAAAAC, AAAACTGTCGAACGGTCAAGAGATTTATTT

Y 12 Y vT6652 | toccaa ¥ Y

-20 -15 -10 -5 0 +5 +lO +15 +20

Fig. 4. Compilation of DNA sequences containing regions pro—
tected from DNAase I digestion by TGGCA-binding protein and
nuclear factor I.

Sequences were aligned at the central homology. Vertical arrows
delineate the boundaries of the DNAase protected domain on the
respective DNA strand. Arrows of different type represent pro-
tection at different sites with identical sequence. When assign—
ment of a boundary was ambiguous, an interval is shown by two
symbols of the same type. Conserved nucleotides within the
protected region are indicated. A central core of twofold rota-
tional symmetry is underlined. The characters above the BKV
sequence show the base alterations of the middle repeat caused
by a 18bp deletion. References for DNAase protection and/or DNA
sequence data: BSta, BSib, BS2 (2)3; BKV (15); Ad12 (16); AdS
(4); Ad2 (18); MMTV-LTR (32, N. Kennedy, personal communi-
cation).

sequences of the inverted terminal repeats are highly conserved
between adenovirus 2 and 12 (16). A region located at position
18-46 was protected from DNAase cutting by a protein in nuclear
extracts from chicken oviduct, mouse liver, and Hela cells (Fig.
3B). The protected DNA sequence contains the TGGCA consensus
motive (Fig. 4). It is present in many adenovirus serotypes (4),
and is embedded in a region which constitutes the origin of
replication (16). This stresses the importance of this pro-
tein-DNA interaction for the control of the viral replication
cycle. Indeed, a protein from uninfected HelLa cells has been
described which generates a DNAase 1 protection pattern identic—
al to that shown here on the homologous sequence of adenovirus

serotype S (17) and serotype 2 (18). This protein, termed nu-
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clear factor I, stimulates initiation of adenovirus DNA replica-
tion in vitro (17). We conclude that the TGGCA-binding proteins
we detected in various species and the nuclear factor I contain
a DNA-binding domain with identical sequence specificity. They
most 1likely represent a class of homologous proteins (see Dis-—
cussion).

Comparison of the protein-protected DNA sequences

Fig. 4 compiles the DNA sequences protected from DNAase I
digestion by binding of the TBGCA protein to the three viral
recognition sites. In addition, footprint data of the binding
sites on the 5° flanking region of the lysozyme gene (2) and of
adenovirus serotype S5 (4) and 2 (18) are included. When the DNA
sequences are aligned at the symmetry axis of the palindromic
homology region, the coincidence of DNA sequence and DNAase I
protected domain becomes apparent. Slight variations at the
boundaries of the protected areas may derive from imprecise
assignment due toc a locally low cutting frequency of the endo-
nuclease.

A consensus sequence can be derived from the binding sites:
5'YTGG§a—*—§ECCAa 3° (Fig. 4). Although consistent with the
consensus sequence 5 TEGCANNNTGCCA 3° initially deduced from the
binding sites BSla, BSilb and BS2 in the lysozyme gene region
(2), the additional data allow a more precise definition. It
appears that the consensus sequence can be extended by one base
pair on either side. Further, at position -3 an A will be
tolerated for a C and, for symmetry reasons, a T at position +3
for a G (Fig. 4). The central bases of the consensus sequence
(position -2/+2) conform less stringently to symmetry and may be
- of lesser importance for interaction with the protein. It is not
clear whether the homologies outside the symmetry are used for
recognition.

Inspecting the regions adjacent to the consensus sequence,
an additional feature becomes apparent. In a subgroup of binding
sites (adenovirus 2, 5, and 12, MMTV-LTR, BSla), the symmetry
region is flanked by A/T-rich stretches at homologous positions.
Whether these sequences have any bearing on the effect of the

protein-DNA interaction is presently unknown.
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Fig. S. Equilibrium competition binding.

Binding reactions contained one fmole Eco RI-linearized [32P]
pAd12-HindIIIl 6 ‘as labeled ligand and increasing amounts of Eco
RI-linearized DNA of pAdi2-HindIII G (@), pB2H3 (O), pMMTV-LTR
() and pBR322 (0) as unlabeled competitors in 100 ul assay
volume. Concentrations of nuclear extracts from HeLa cells and
mouse liver (Mliv) were set to yield 50% binding of input [32P]
DNA in the uncompeted reaction (Bo). B/Bo is labeled,
filter-bound DNA in the presence of the indicated amount of
competitor as fraction of uncompeted binding.

Relative affinities of TGGCA proteins from various species to

different DNA binding sites

The variability of certain bases within the homology region
could reflect a species-specific binding preference. We there-
fore performed competition binding experiments to compare rela-—
tive affinities of linearized plasmids pB2H3, pAd12-HindIll G,
and PpMMTV-LTR to TGGCA-binding proteins from chicken oviduct,
HeLa cells, and mouse liver. Fig. 5 shows that pB2H3 and
pAd12-HindIII G are equally bound by nuclear extract from Hela
cella. Affinity to pMMTV-LTR is three- to fourfold lower. The
plasmid pB2H3 contains the two closely spaced binding sites BSla
and BSib of the lysozyme gene region (1). Since BSla has only
one-tenth the affinity of BSib, its contribution to the overall
.binding strength of the B2H3 fragment is insignificant (2).
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Identical relative binding affinities are aobserved when compe-
tition experiments were conducted with nuclear extracts from
mouse liver (Fig. 5) or hen oviduct (data not shown). Thus, the
DNA recognition properties of the TGECA-binding proteins from
man, mouse and chicken are highly conserved and do not display a

species— or tissue-specific variation.

DISCUSSION
A recognition sequence of twofold rotational symmetry

Comparison of binding sites on viral and eucaryotic DNA
with high affinity for a nuclear protein revealed a conserved
ﬁore sequoﬁce of twofold rotational symmetry from which the
idealized prototype S 'YTGGCANNNTGCCAR 3I° can be deduced. We
think that it is mainly this region of dyad symmetry which is
specifically recognized by the DNA-binding protein (see also
ref. 2). Only limited base alterations are found in the natural
binding sites when compared with the ideal prototype. The
highest stringency seems to be imposed on the triplet S°'TGE 3’
on each half-site. The base pair C/6G at position -3/+3 (see Fig.
4) may be exchanged on one half-site by A/T without detectable
loss of binding strength (compare pB2H3 with pAd12-HindIII G in
Fig. 3). A double-sided replacement as in MMTV-LTR {(see Fig. 4)
leads to a three- to fourfold reduction of affinity (Fig. S5). As
a general conclusion it can be stated that a balanced set of a
few base alterations ocutside the 5°'TG6 3° triplets generates a
class of binding sites with comparable affinity. Remarkably,
binding sites which completely match the ideal prototype have
not been found so far. Thus, either optimal protein-DNA inter-
action has an inherent asymmetry or increased symmetry results
in such a high binding affinity that it would be physiologically
detrimental. We are currently testing these possibilities with a
synthetic DNA fragment containing the ‘ideal '’ recognition site.

The dyad symmetry of the consensus sequence led us to
propose that the binding site is occupied by a protein dimer of
the same symmetry (2). Since the highly conserved triplets 5°'TGG
3° are 3.4 nm apart on DNA in B conformation, the DNA-binding
domains of the protein monomers would be positioned on one face

of the DNA helix, probably at adjacent major grooves.
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TG6CA-binding proteins/nuclear factor I constitute a class of

highly conserved proteins
DNA-binding proteins with recognition specificity for the

consensus sequence described above have been detected in several
vertebrates (2,4,18, this paper). For one species, a general
occurrence in many tissues has been demonstrated (2). Several
lines of evidence argue that these proteins, termed TGGCA-bind-
ing proteins or, in the case of HelLa cells, nuclear factor I,
perform identical functions and are similar in structure: 1.
They bind - per definition ~ selectively and with high affinity
to homologues of the recognition sequence 5 YTGGCANNNTGCCAR 3°.
Different variants of this sequence are bound with the same
relative affinities by TGGCA-binding proteins from different
sources. Absolute affinities for a particular DNA biﬁding site
are also comparable: an apparent equilibrium dissociation con-
stant of KD =2 x 10_11 M at 150 mM NaCl has been determined for
factor 1 +from Hela cells (18), TGGCA-binding protein from hen
oviduct vyielded a KD = &6 % 10_12 M at 100 mM NaCl (1). 2. The
only functional assay established so far besides specific DNA
binding is an in vitro system which replicates template DNA
containing the origin of replication of adenovirus (19-21). It
has been shown by this assay that nuclear factor I enhances the
initiation reaction (4). A protein fraction from mouse, hamster
(18), and chicken (P. Leegwater, P. van der Vliet, R. Rupp, J.
Nowack, and A. E. Sippel; unpublished observation) with specifi-
city for the TGGCA binding site can be substituted for HelLa
factor 1. 3. The various proteins protect in vitro a remarkably
constant 23 to 25 base pair region of DNA from DNAase digestion.
4. The sedimentation coefficient has been estimated for both the
HeLa factor I (4) and the chicken TGBCA-binding protein (R.
Rupp, unpublished result) to be 3.4 S.
Functional aspects

We have detected and analyzed binding sites on viral DNA
which are recognized by a host—encoded DNA-binding protein. The
effects of this specific protein-DNA interaction on the meta-
bolism of well studied viruses may provide clues to its role in
the host. A prerequisite for functional considerations is that

the binding sites determined hy in vitro techniques are of in
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vivo significance for the virus. Several in vitro mutational
approaches in combination with DNA transfection experiments had
not yet defined the TBGCA binding site on the MMTV-LTR as an
independent control element (6,22-24). We have constructed a
mutant by a 3 base pair insertion into the center of dyad sym—
metry of the recognition site, which eliminates binding by the
TGGCA-binding protein. After linking the mutant LTR to a thymi-
dine kinase gene and transfection into mouse Ltk- cells, the tk+
transformants showed a strongly reduced glucoccorticoid hormone
response compared with wild type (J. Nowock, H. Ponta, U. Borg-
meyer, M. Theisen, and A. E. Sippel; manuscript in preparation).
This result establishes the functional significance of this
binding site. The importance of the binding site in BKV is
inferred from its conservation in the tandem repeats of another
human polyomavirus, the JC virus (25). Except for the TGGCA
binding motive, the two papovaviruses share 1little further
sequence homology in their repeats. Finally, the involvement of
the binding sequence on the inverted terminal repeats of adeno-
virus in DNA replication has already been mentioned above.

At present it is unknown whether the role of TGGCA-binding
protein/nuclear factor 1 in initiation of adenovirus DNA
replication is homologous to a function of the host or whether
it represents an assimilation of this protein into heterologous
viral functions. The inverted terminal repeats of human adeno-—
virus subgroups D and E and of many nonhuman adenoviruses lack
the TGGCA motive. This sequence may either have been laost or may
not have been acquired during evolution. At least it appears to
be dispensible for replication. That initiation enhancement of
replication is the sole function in adenovirus is put into
question by our finding of other TGGCA binding sites in adeno-
virus 2 located internally (J. Nowock, unpublished).

The intriguing asscciation of TGGCA binding sites with
elements defined as transcriptional enhancers in BKV (7) and
MMTV (22) suggested that interaction of the TGBCA-binding pro-
tein with the recognition sequence could be a caomponent of the
molecular complex of certain activator mechanisms. Using the
chloramphenicol acetyltransferase (CAT) assay to evaluate

enhancer activity (26), small fragments containing two different
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TG6CA recognition sites of the lysozyme gene region failed to
induce CAT activity (M. Theisen, unpublished results). The close
proximity of a minor glucocorticoid receptor binding site (14)
and the TGGBCA recognition site on the MMTV-LTR made experiments
with these sequences not feasible. On the other hand, the major
glucocorticoid receptor binding region on the LTR, when physic-—
ally separated from the TGGCA binding site, still acted - though
moderately - as a hormone-responsive enhancer element (22). It
thus appears that the specific TGGCA-binding protein-DNA inter-
action does not by itself 1lead to an enhancement of tran—
scription, although it can act as an auxiliary element in this
process.

Clues which wmay elucidate the role of the specific TGGCA
protein-DNA interaction come from an alternative experimental
approach which addresses the structural organization of genes in
chromatin. The first activation of the chicken lysozyme gene in
oviduct (27,28) and of the integrated MMTV in the mouse mammary
gland {29) requires a process of differentiation. The
early—to-late transcriptional switch of viruses represents a
similar discrete developmental transition. Differential gene
activation is accompanied by alterations of chromatin structure.
Especially short regions of perturbed nucleosomal array, which
are particularly open to trans—acting factors (and endo-
nucleases, hence the operational term DNAase-hypersensitive
sites), are regarded as critical elements of gene regulation. An
interesting coincidence of individual hypersensitive sites with
TGGCA recognition sequences can be found in the lysozyme gene
region of hen oviduct (2,3,30), in the 3’ region of the myc gene
of lymphoblastoid cells and Burkitt lymphomas (5), and in the
LTR of MMTV derivatives stably integrated into mouse L cells
(31). Similar data for BKV are not available. When the dynamics
of these hypersensitive sites associated with TGGCA recognition
sites were analyzed, a strict correlation was observed bestween
their appearance and the expression of the respective gene.
However, the omnipresence of the TGGCA-binding protein makes it
unlikely that the protein alone can establish a hypersensitive
site or that it can act as a switch changing the state of gene

expression. It might rather exert a more conservative function
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in conjunction with other elements of a multifactorial control
unit, which determines tissue— and stage—specific expression of

a gene.
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