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Abstract

We have suggested a random modification method for determining preferable binding sites of a DNA-binding protein and applied this method
to the Oct-2B transcription factor. Our results indicate that the Oct-2B protein interacts with canonical oct sequence ATGC/TAAAT and degenerated
sequences which contain TAAT motif in the binding site. We have determined nucleotides in the binding sites, involved in the DNA~protein
interaction, and the equilibrium dissociation constants K, for these sequences. These data show that a much greater number of potential targets for
Oct proteins exist on DNA and changed our view on the gene expression regulation by this protein factor.
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1. Introduction

The nuclear Oct proteins belong to a family of POU
proteins, exhibiting some critical functions in cell differ-
entiation and regulation of gene expression [1-3]. All
these factors contain a POU-domain, recognizing a con-
servative oct sequence (ATGCAAAT) in the regulatory
regions of target genes. The POU domain consists of
150-160 amino acid residues. Three parts can be distin-
guished in this domain: a conserved N-terminal POU-
specific domain (POUs) and POU homeodomain
(POUhd) connected by a variable spacer region [4-7].
The whole POU domain is involved in the site-specific
recognition. Deletion of the POUhd, or POUs domain
results in the elimination of the binding or a decrease in
the affinity interaction [8,9]. The POUhd consists of a
triple a-helical structure and a flexible N-terminal re-
gion. Two helices form a structure similar to helix-turn-
helix motif. The third helix plays the leading role in DNA
recognition since it creates many contacts in the major
groove of the DNA.

Recently the ability of Oct-2 proteins [10], and Oct-1
proteins [11] to bind a set of noncanonical sequences
have been shown. In this paper we have examined the
interaction between an octamer-binding protein Oct-2B
and a set of oct-related sequences. For this purpose we
used the ‘random’ oligonucleotide to determine a prefer-
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able DNA binding site in the Oct-2B POU domain. Our
results indicate that the Oct-2B POU domain affinities
towards the octamer sequence ATGCAAAT and the oc-
tamer-related sequence ATGTAAAT are similar. The
affinities to sequences containing the TAAT motif in the
binding sites are low. We have investigated the reason for
this reduction by analysis of the contact between DNA
and the POU domain.

2. Materials and methods

2.1. Isolation of cDNA clones

The cDNA library from the mouse NS/O cell line was obtained in
phage Agtll. The screening was based on the ability of recombinant
proteins to bind the double-stranded oligonucleotide probe incorporat-
ing a binding site (ATGCAAAT) for POU proteins. Two clones were
isolated and cDNA sequences were determined [10]. The sequence anal-
ysis of these clones has demonstrated their extensive similarity to
human Oct-2B DNA [6]. The cDNA fragment coding for the POU
domain was cloned in the pUR292 vector in the reading frame. The
resulting fusion-protein, named rec7, consisting of the POU domain
and f-galactosidase was purified and used for gel retardation assay with
the DNA probes containing the oct-sequence.

To detect non-canonical sequences, recognized by Oct-2B protein, we
have used ‘random’ oligonucleotide as a probe.

5’-CCGGGAAGCTGNNNNNNNNGTGCTGC
CTTCGACNNNNNNNNCACGACGGGCC-5"
where N is any of four bases (A, C, G, T)

2.2 Gel retardation assay

Oligonucleotides for gel retardation assay were **P-end labeled with the
large fragment of DNA polymerase I. The protein binding has been
carried out under standard conditions. The binding buffer contained
50 mM KCl, 20 mM Tris-HC], pH 7.8, 1 mM EDTA, 1 mM PMSF,
5% glycerol, 100 ug/ml BSA. 5-20 ng of purified rec7 protein and
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0.5-0.75 ug of the *?P-labeled random probe were added to the reaction
mixture. To eliminate the non-specific binding 0.5-2 ug poly [d(G-C))/
poly[d(G-C)] DNA was used. The reaction mixture was incubated for
30 min at room temperature. After autoradiography, the band contain-
ing a specific DNA-protein complex was cut out from the gel. DNA
fragments were purified, cloned in pUCI19 vector and sequenced. We
have used the gel retardation assay to compare the binding affinities of
the POU domain with those of several octamer sequences. The equilib-
rium dissociation constant K;; values have been determined in the bind-
ing saturation experiments in which the protein concentration was
increased in the presence of a fixed amount of the DNA probe [11].
Binding of the POU domain included in a fused protein was carried out
under standard conditions described above in the presence of 0.25 ug
poly [d(G-CO))poly[d(G-C)] and 5-107'° M DNA probe.

2.3 DNA methylation interference experiments
The *P-labelled DNA fragments were methylated with DMS accord-
ing to the method of Siebenlist and Gilbert [12].

3. Results and discussion

The oligonucleotide sequences, binding the Oct-2B
POU domain are shown in Fig. 1. All these oligonucleo-
tides bind the native Oct-1 and Oct-2B proteins. It is
possible to distinguish two groups of sequences that in-
teract with the Oct-2B POU domain. The first group
contains a common tetranucleotide T/CAAA, the second
one contains a tetranucleotide TAAT. Fig. 2 shows the
rec7 protein binding with some cloned sequences. All
probes differ by their affinity to rec7 protein. The stabil-
ity of DNA-protein complexes depends on the structure
of flanking sequences and for group 1, in particular, on
the presence of the second half of the binding site
(ATGQ). It should be noted that MATa2 protein, which
does not belong to the POU family of proteins, recog-
nizes AATTTACAT sequence which also binds with
high affinity to the Oct-2B POU domain [13]. Fig. 3
shows the results of DMS interference assay. This analy-
sis indicates that the interaction of POU domain with
octamer-related sequences is different. The modification
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[ group
67. GGGTCAGCACATGTAAATCAGCGTCCC
19. GGGTCAGCACATGCAAAACAGCTCCC
12. GGGTCAGCACAATGTAAATAGCTTCCC
129. GGGTCAGCATATGTAAATCAGCTTCCC
138. GGGTCAGCACAATGTAAATAGCCTTCCC
117. GGGAAGCTGATGCAAATGTGCTACCC
9. GGAAGGCTAATGCAAATCGTGCTGACCC
11. GGGAAACTTGTATGCAAAGTGCTGACCC
47 . GGGTCAGCACATGCAAATTAGTTTCCC
1. GGGTCAGCACAATGTAAACAGCTTCCC
20. GGGTCAGCATGTAAATTGCAGCTTCCC
17. GGGAGCTGATATGCAAATGCTGACCC
38. GGGTCAGCACAATGTAAACAGCTTCCC
27. GGGAGCTGATATGCAAATGCTGACCC
Il group
74 . CTGTTTTAATTGTCTGACCC
70. GGGTCAGCACTTAATAAACTGCTTCCC
108. GGGTCAGCACATAATTTACAGCTTCCC
91. GGGAAGCTGAGATAATTGTGCTGCCC
5. GGGTGCTGCATAATCAGTGCTGACCC
86. GGGTCAGCACGTGGTAATTAGCTTCCC
124. GGGAAGTATTCTAATTGTGCTGACCC
141. GGGTCAGCACACGATAATCAGCTTCCC
24, GGGTCAGCACTTAATATGCAGCTTTCCC
41. GGGTCAGCACTCGATAATCAGCTTCCC
13. CCCAAACTGCATAATCGTGCTGACCC
122. GGGTCAGCACAGAATAATCAGGCTTCCC
14. GGGAAGCTGACCTAATAATGCTGA
15. GGGAAGCTGTATAATCTATGCTGACCC
16. GTCAGCATATATAATTCAGTTTCCC
98. GGGTCAGCACGAGTAATCAGCCC
52. GGGAAGCTGCATATCTAATGCTGACCC
2. GGGAGCTGATTTAATGTGCTGACCC
3. GGGAACTGTAATTTTAATGCTGACCC
5. GGGTCAGTATGGTAATGGCAGGCTTCCC
6. GGGTCAGCATAATGTAGTGAGCTTCCC
7. GGGGTCAGCATTTAATAATCAGCTTCCC
8. AGTATGTTAATGTAGCTTCCC
10. GGGAAGCTGATTTAATGTGCTGACCC
32. GGGAAACTGCATAATCGTGCTGACCC
26. GGGAAGCTGCTTATATAATGTTGACCC
4. GGGAAGCTGCATACCAAGGTGCTGACCC

111. GGGTCAGTACGGTATAAGTAGCTTCCC
Fig. 1. Aligned oligonucleotide sequences recognized Oct-2B POU do-
main. Sequences of the cloned oligonucleotides were selected as de-
scribed in section 2.
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region for the canonical sequence ATGCAAAT occu-
pies 6-8 base pairs and our results on the DNA modifi-
cation are in accordance with those obtained earlier [4].

If a DNA sequence has two POU domain binding sites
TAATATTTGCAT (probe 47), then the POU domain
preferably binds to the canonical site ATTTGCAT. The
second group of sequences does not necessarily contain
a target site ATGCA for POUs (probe 141, 41, 122) or
contains a slightly modified sequence CTGCA (probe 13,
52, 24). Apparently, the presence of a sequence, recog-
nized only by POUs, is enough for the DNA-protein
interaction. For example, probe 4 binds the POU do-
main. In probes 24 and 111 POUhd apparently recog-
nizes the TAAG tetramer.

From these data and the results obtained earlier
[4,10,11,14,15] three possibilities of DNA-POU proteins
interactions may be suggested:

(1) ‘POU-specific’ type interaction. There is a strong
site for POUs domain (ATGCA) in the target sequence,
while there is no such site for POUhd. Probably POUhd
recognizes the DNA sequences close to the ATCGA site
albeit with a low affinity and so stabilizes the DNA—
protein complex. The most effective interaction is
achieved in this case. Apparently, the POUs domain ex-
pels POUKd from its binding site and makes maximum
possible contacts with DNA.

(i1) ‘Homeo’ type interaction. There is a strong site for
POUhd RTAATNA (probe 41, 141, 122) in the target
sequence, while a strong site for POUs is absent. POUhd
makes all possible contacts with DNA and expels POUs
which bind DNA with a very low affinity (apparently
one G/C or C/G pair to the left from the POUd site is
sufficient for a weak POUs interaction).

(iii) Both parts of the binding site are suboptimal
(probes 13, 52, 24) or degenerated (probes 4, 111) for
DNA-POU domain interaction. In these case the bind-
ing strength depends on the affinity of each part of the
binding site.

So, the POU proteins are able to interact in vitro with
both the canonical oct-sequences and non-canonical
ones. If this situation is reproduced in vivo (at least
partially) the pattern of gene expression regulation by
POU proteins should be essentially complicated, and the
number of genes regulated by Oct proteins may be much
higher than it is supposed at the present time.

(_

Fig. 2. Comparison of the POU domain binding affinities for several
probes determined by the gel retardation assay. The POU domain
binding was carried out in the presence of 5-107'* M DNA probe. The
amount of protein was gradually increased: 2 ng, 4 ng, 8 ng, 16 ng,
32 ng, 64 ng, 128 ng (lanes 1 to 7, respectively). Positions of the protein—
DNA complex (B) and free DNA (F) are indicated with arrows.
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Fig. 3. Methylation interference analyses. The guanine and adenine
residues which methylation interferes with the complex formation are
marked by circles. The solid circles indicate a four-fold reduction in the
band intensity while the open ones show about two-to-four-fold reduc-
tion in the band intensity. The consensus sequence for the POUs do-
main is indicated in boldface, the consensus sequence for POUhd is
underlined. On the right, the X, values for these sequences are cited.
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