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This report describes the first purification procedure of the human full-length N Oct-3 protein in amounts
suitable for structural studies and proteomic investigations. N Oct-3 is a transcription factor member of the
POU protein family. It possesses a large N-terminal transactivation domain and a DNA-binding domain (DBD)
which is composed of two subdomains, POUs and POUh, which are joined by a linker peptide. N Oct-3 is a
master gene for central nervous system development but also for melanoma progression. Previous structural
studies have all been performed using N Oct-3 DBD only. In this study, the full-length N Oct-3 protein was
bacterially expressed and purified to homogeneity. The purified protein gave a single band at approximately
53 kDa on SDS-PAGE, while cDNA sequence analysis revealed a calculated molecular mass of 47 kDa confirmed
by mass spectroscopy. Size-exclusion chromatography experiments indicated that in solution, full-length N
Oct-3 was a monomer. Circular dichroism and intrinsic tryptophan fluorescence showed that full-length N
Oct-3 was folded, with a significant a-helix content probably located in its DBD. Comparison with the purified
N Oct-3 DBD demonstrated that, at least in vitro, the affinity of the protein for its DNA targets was similar. This
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suggests that the transactivation domain of N Oct-3 was not involved in N Oct-3 DNA interaction.

© 2008 Elsevier Inc. All rights reserved.

Transcriptional regulators are clustered into large families of
proteins defined by highly homologous DNA-binding domains
(DBD)? that have the ability to bind the same or analogous DNA
sequences. POU transcription factors present the particularity of
being able to bind, at least in vitro, very different sets of DNA target
sequences [1]. POU is the acronym for Pit-1, Oct-1, Unc-86, the first
three proteins of this structural family.

The ability of the POU proteins to recognise different DNA
sequences is due to the presence of two DNA-binding units (POUs
for POU specific and POUh for POU homeodomain) connected by a
flexible linker [2]. Until now, three distinct types of N Oct-3 DNA tar-
gets have been described: “PORE” for Palindromic Oct Recognition
Element, “MORE” for More palindromic Oct Recognition Element
and “NORE” for N Oct-3 Recognition Element [3]. The molecular
structure of their DBD allows POU proteins not only to distinguish
a large set of DNA targets, but also to bind different transactivator
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proteins, depending on the spacing and the positioning adopted by
the two subdomains of the POU DBD |[3].

N Oct-3 (termed Brn-2 in mice), is a POU protein of about 47 kDa
made up of an N-terminus transactivation domain (TAD) and a
C-terminus DNA-binding domain (DBD). The protein is expressed
during central nervous system development but also in adult brain
[4-6]. Although N Oct-3 is not expressed in melanocytes, it has
been demonstrated to be involved in melanoma growth [7]. N Oct-3
is directly or indirectly implicated in molecular events leading to
a malignant transformation of melanocytes to melanoma, such as
[-catenin overexpression [8,9], BRAF activation [10] and microph-
thalmia-associated transcription factor dysregulation [10].

Most, if not all, of the in vitro N Oct-3 DNA interaction studies
have been performed so far with the DNA-binding domain of the
protein [3,11-13]. N Oct-3 DBD is an 18 kDa domain encountered
in vitro as a monomer [14]. However, N Oct-3 DBD can be recov-
ered as a dimer interacting with various DNA sequences [13].
The transactivation domain exhibits structural features such as
extended stretches of glycine and glutamine residues and clus-
ters of histidine residues (Fig. 1A). With the exception of a fish
isoform of Pit-1 [15,16], few attempts have been made to pro-
duce and purify functional full-length POU family transcrip-
tion factors. This paper describes the production of the human
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Fig. 1. Protein sequence and plasmid constructions. (A) The human full-length N Oct-3 amino acid sequence is presented. The N-terminal transactivation domain is high-
lighted in grey. The N Oct-3 DBD is a bipartite domain composed of a POUs (highlighted in black) and a POUh (highlighted in dark grey) subdomain located in the C-terminal
part of the protein. The two POU subdomains are connected by a flexible linker. Due to the removing of the His-GST tag by the TeV protease, the N-terminal sequence of the
full-length protein was GASMATAA... After thrombin-removing of the histidine tag, the N-terminal end of N Oct-3 DBD was GSHMTPTSDD... (B) Schematic representation of
the plasmid constructions used for bacterial expression of His-N Oct-3 DBD and His-GST-N Oct-3 proteins. In both vectors, a sequence coding for a protease cleavage site was

present between the sequences encoding the tag and the protein of interest.

full-length N Oct-3 protein in Escherichia coli, its purification to
homogeneity and the comparison of its DNA recognition prop-
erties with those of its DBD alone. The full-length N Oct-3 pro-
tein exhibited an aptitude to recognise and bind to DNA targets
comparable to the N Oct-3 DBD alone suggesting that, at least in
vitro, the transactivation domain of the protein was not involved
in N Oct-3 DNA-binding properties.

Materials and methods
Expression plasmids

A 468-bp PCR fragment corresponding to the N Oct-3 DBD
(amino acids 264-420; GenBank Accession No. P20265) was sub-
cloned into a pET15b plasmid allowing the production of a histi-
dine-tagged protein. The DNA fragment was inserted downstream
and in-frame with a hexahistidine tag followed by a sequence
encoding a thrombin cleavage site [11,13]. A fragment of 1360-bp
encoding the human full-length N Oct-3 protein was amplified by
PCR using human cDNA as a template. The amplified cDNA was
first inserted into a pET15b vector and did not allow any bacterial
expression of the protein. The cDNA was therefore inserted into a
pGex plasmid at BamHI and Xbal sites. However, only very low pro-
tein expression was observed in the E. coli strain BL21(DE3)pLysS.
Therefore, the 1360-bp fragment was amplified using the following
primers: F/5'-cgcgtggagctagcatggegaccgeage-3' (Nhel); R/5’-agct
catggagtcgaattcactggacgggc-3' (EcoRI), containing the indicated
restriction sites. The amplified cDNA was digested for 1h at 37°C
by Nhel and EcoRI and ligated into a pBADM-30 plasmid in which
the original Ncol site had been replaced by an Nhel one (“Quick
change mutagenesis kit”, Stratagene). The fragment was inserted
downstream and in-frame with a hexahistidine tag followed by
a glutathione-S-transferase (GST) coding sequence and a Tobacco
Etch Virus (TeV) protease cleavage site. Fidelity of PCR and identity
of the constructs were confirmed by sequencing the inserts. E. coli
strain BL21(DE3)pLysS was transformed with the obtained plas-
mids named pET15-N Oct-3 DBD and pBADM30-N Oct-3, respec-
tively (Fig. 1B).

Expression and purification of N Oct-3 DBD and full-length N Oct-3
protein

PET15-N Oct-3 DBD-transformed BL21(DE3)pLysS bacteria cells
were grown overnight in Luria-Broth (LB) medium supplemented
with ampicillin at 100 pg/ml. The cell suspension was then diluted
10-fold in fresh LB and incubated for 15 min at 37 °C. Then, five vol-
umes of M9 medium (16 mM Na,HPO,, 9 mM KH,PO,4, 9mM NacCl,
18 mM NH,4Cl, 2mM MgS0O,4, 1mM CaCl,, 1% glucose containing
ampicillin at 100 pg/ml) were added and bacteria were grown to
an ODgggnm Of 0.6. The cell suspension was induced with 1 mM iso-
propyl-B-p-thiogalactopyranoside (IPTG) for 4h at 30°C. One hour
after IPTG induction, 100 pg/ml rifampicin was added to the cell sus-
pension. Cells were harvested by centrifugation at 8000rpm (JA10
rotor) for 15 min. The cell pellet from 21 of culture was suspended
in 40ml of sonication buffer (50mM Tris-HCl, pH 8.0, 500mM
NaCl, 10mM B-mercaptoethanol, 1% betaine, 10% glycerol, 0.4 mg/
ml of lysozyme). The cells were disrupted by sonication (6 cycles,
60s each) on ice. Tween-20 was added at a final concentration of
0.2% and the suspension was incubated whilst shaking at 4 °C for
30min. After centrifugation (1h at 4°C and 48,000g), the superna-
tant was passed through a HisTrap 1 ml HP column (GE Healthcare,
France) at a 1 ml/min flow rate. The column was washed with 20
volumes of buffer A (50 mM Tris-HCl, pH 8.0, 500mM NacCl, 2 mM
B-mercaptoethanol) followed by two steps of 20 volumes of 10%
and 20% of buffer B (buffer A containing 250 mM imidazole). The
fusion protein was eluted with 20 volumes of buffer B and concen-
trated to a final volume of 2 ml using 20 ml Vivaspin concentrators
with a cut-off value of 3000Da (Vivascience, France). The eluted
protein fractions were pooled and treated for 2 h at room tempera-
ture with 8 U of thrombin (Novagen, France) in order to remove the
hexahistidine tag. After incubation, thrombin was inactivated by
adding 4mM EDTA and 2 mM of a freshly prepared phenylmethyl-
sulfonyl fluoride solution. Finally, the protein solution was loaded
onto a HiLoad 16/60 Superdex 75 column (GE Healthcare, France)
eluted with 50mM Tris-HCI, pH 8.0, 250mM NaCl, 5% glycerol,
0.5mM tricarboxyethylphosphine (TCEP) at a flow rate of 0.5ml/
min.
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