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Chapter {
GENERAL INTRODUCTION

The most obvious hallmark of all metazoans is the specialization of particular
cell types to carry out different function. This specialization is reflected by
the expression of specific genes who's products are required to carry out the
specialized tasks of the cell. Thus, red blood cells produce massive amounts
of hemoglobin to transport oxygen from the lungs to all parts of the body.
Liver cells produce albumin, B-lymphocytes antibodies, eye-lens cells
crystailines and so on. Yet the cells that make up the adult organism are all
derived from a single cell, the fertilized egg. At the onset of embryogenesis
the fertilized egg starts to divide and multiply. The newly generated cells
organize themselves into primordial germ layers, from which all the
embryenic and extraembryonic tissues are derived, and create body form and
structure through a reguiated process of further cell division, migration and
differentiation. Since each cell within the developing organism contains the
full complement of genetic information (except for B and T cells) the central
probiem in developmental genetics can be phrased as; How is the genetic
information regulated during development so that cells acquire a stable
differentiated phenotype?

Studies on Drosophila andd Caenorhabditis elegans embryogenesis have
suggested the existence of a hierarchy of regulatory genes. The sequential
activation of these genes accomplish the transformation of genetic
information into body form and structure through a spatial and temporal
regulation of effector genes, which in turn determine celi identity. Because
of the lack of a large number of developmental mutants, a similar genetic
approach to identify developmental control genes in vertebrates is not
feasible. instead a ‘reverse’ approach has been taken by identifying genes
in the gencmes of higher organisms that are structuraly related to
developmental control genes in Drosophila (see [1] for review). Thus, the
vertebrate Hox genes were identified on the basis of structural homology
with the antennapaedia homeo hox, while the Pax genes contain a sequence
that is homologous to the paired box as present In the paired gene in
Drosphifa. Three members (Pax3, 6 and 7) of the Pax gene family contain in
addition to the paired box a class specific homeo box; the paired type homeo
box. It is assumed that many of these genes, like the Pax and Hox genes
play a similar role in higher organisms like Xenopus, mouse and human.
Consistent with this idea, Hox and Pax genes are expressed during mouse
development in a spatially and temporally restricted way. Moreover, the
direct involvement in development of at least the Pax genes is becoming
evident now that mutations in a number of these genes are associated with
genetic developmentally aberrant traits in mouse and human: 1. the Splotch
mutation in mouse and van Waardenburg syndrome in human are associated



with a mutation in the mouse and human Pax-3 genes respectively (2, 3, 4L
Because of similarities in phenotype it was suggested previously that the
Splotch mutation would provide an adequate animal model for this human
trait. 2. Mutations in the Pax-8 gene are associated with the smaill evye
mutation in mice and with aniridia in man, while 3. the Pax-1 gene was
found to be mutated in the genome of the mouse mutant undulated [5, 6, 71.

An alternative approach to isolate develcpmentally important reguiatory
genes would be to start at the bottom of the proposed hierarchy of
regulatory events, i.e. with the proteins that interact with cis-acting elements
that govern cell type specific expression of the linked genes. Of special
interest would be those proteins that are eéxpressed during development and
show a cell type restricted expression pattern. Using the well characterized
‘octamer’ DNA element, this approach has led to the identification of a
family of sequence specific DNA-binding factors {Oct factors) that show a
cell type specific expression pattern and are expressed at different stages of
mouse development ([8-13]), for review see [14]). The cloning and
characterization of cDNA molecules encoding the Octl and Oct2 proteins
revealed that they are structurally related to each other and t¢ another
mammalian pituitary specific transcription factor, Pit1 (also called GHF-1),
and the C. elegans reguiatory protein Unc86 [15-21]. The structural
homology between the DNA binding domain of these proteins defined a new
family of cell type specific transcription factors: The POU domain {gene)
family (POU being the acronym for Pit-1, Oct1/2, Unc86) which is illustrated
inFigure 1 [22, 23, 24]. Using the structural similarity between these genes
as a tool, several other members of this family were identified and
characterized [10, 25-40].

In the work described in this thesis, we have used the approach
described above to identify octamer binding factors that could play a role
during the terminal cytodifferentiation of sperm cells {chapter iV and V) in
the mouse, and in early embryogenesis, using mouse embryonal carcinoma
cells as an in vitro model (chapter Vi). This work led to the cloning of cDNA
molecuies encoding octamer binding factors expressed during specific stages
of differentiation.

[n the following paragraphs, [ will briefly review some aspects of the POU
domain protein family. Then | will discuss two members of the POU domain
family for which genetic data are available, to illustrate the role these
proteins play in determining cell identity. In the last paragraph of this generat
introduction, | will give an outline of the experimental work described in this
thesis.

The Octamer sequence and POU proteins.

The octamer sequence ATGCAAAT was first identified as a conserved
element in the promoters (and enhancer} of both the light and heavy chain
immunoglobulin genes (41, 42, 43]. The octamer element plays an important



role in the B-cell specific activity of these promoters [42, 43, 44]. This
correlates with the observation that two B-cell specific nuclear factors
(Oct2A and Oct2B) and a ubiquitous factor (Oct1) interact with this element
in /n vitro binding assays [8, 12, 45]. Unexpectedly, this same conserved
element was also found in a number of ubiquitously expressed genes such
as the histone H2B and the small nuclear RNA genes (46, 47]. Moreover it
is also present in the origin of replication of adenoviruses {see [48]}. The
octamer element in the H2B promoter confers cell-cycle dependent regulation
on this gene through interaction with Oct1, while the same combination is
also involved in replication of the adenovirus genome [48-51]. Apart from
being a strong B-cell specific enhancer and promoter element, the octamer
sequence also stimulates transcription from a linked gene promoter in
embryonic stem cells and embryonal carcinoma cells [52]. These cells
express Octl and two additional factors called Oct3/4 and Oct6 [11, 53].
In fact, using the octamer element in gel retardation assays a number of
additional octamer binding factors were identified in a variety of organs and
tissues and at different developmental stages of the mouse [11] (reviewed
n [14]). Thus, through the interaction with a whole family of cell type
specific nuclear factors, the octamer element is involved in a number of
biological reguiatory mechanisms. All the octamer binding proteins
characterized so far belong to the POU domain family of proteins. [t is

POU domain
Oct-2
Pit-1
Oct-1 |
unc-86 |

Figure 1. Structural crganization and alignment of the four founding fathers of the POU
domain protein family. The proteins are aligned with respect to the POU domain as
indicated. There is no further homology among these proteins cutside the POU domain.
The Oct2 protein is also called OTF2Z or NF-AZ2; Pit-1 is also called GHF-1, and Oct1 is aiso
called OBP100, OTF-1, NF-A1 or NFAIll. PQU, is the POU-specific domain and POU,; is
the POU-homeo damain. This figure was adapted from [23).




expected that all other octamer binding proteins that have nof been
characterized yet wiil belong te this family also.

Structure of the POU domain.

As mentioned before, the POU domain was first recognized as a region that
is highly conserved among the three mammalian transcription factors Pit-1
and Oct1/0ct2 and the C. elegans gene Unc86 (see Figure 1). The
characterization of additional members of the POU domain gene family and
pair wise compariscn of the primary structure of the POU domain enabled a
further classification of these protegins into five groups [28, 36] (Figure 2}.
The POU domain is 150-160 amino acid residues in length and can be
subdivided in two major regions of very high homology; the POU-specific
(POUg) and the POU-homeo (POU s} domain. The POU specific region can be
further subdivided into two regions referred to as the POU-A and POU,-B
region (see Figure 2}. A short 14-25 amino acid long linker sequence
separates the POU; from the POU,, domain. This linker is poorly conserved
between members of different ciasses but highly conserved among class il
members. The 60 amino acid POU,, domain is distantly related to the
classical Drosophila homeo box [54]. The homeo domain of the POU proteins
shares 22 invariant amino acid residues, 13 of which are aiso found in the
Drosophila antennapedia homeo box at similar positions {Figure 2). Thus the
homeo domain of the POU proteins are more related to family members than
to the homeao domain of Drosophila homeobox proteins and the vertebrate
hox genes. Therefore they define a new class of homeo proteins. Using the
Chou-Fasman algorithm it is predicted that this region will contain three
a-helical structures similar to those in the Drosophila homeo domain proteins
{see below). The POU,, domain contains clusters of basic amino acids at
both ends while the POUg domain has a simitar cluster at its amino terminus.
The highest homology within the POU,, domain is found in the carboxyl
terminal part, as zll members of the POU family contain the sequence
RVWFCN. This region shows alsc the highest homology with the classical
homeobox proteins. The cystein residue being characteristic for the POU
homeo proteins, as most Drosophile homeo box proteins have a giutamine
{Q) residue, or a serine (S} residue in case of the Pax type homeo box, at this
position. It has been suggested that different functional domains of proteins
will be encoded by separate exons. This does not seem o be true for the
POU gene family, as the different homologous domains of the POU domain
are not encoded by separate exons ([55-58], and chapter VIl of this thesis).
In fact, the number of exons encoding the different POU proteins various
from 1 (Oct8) to over 14 {Oct2) and intron/exon borders in multi exon POU
genes are not found in homologous positions. This, together with the fact
that POU genes have been cloned from species as diverse as worms,
insects, amphibians, birds and mammals, is indicative of their long
evolutionary history.
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Figure 2. Primary sequence comparison of a family of POU proteins defines five classes of related proteins, Homologies are boxed and identities
are highlighted on a black background. The consensus {cons) amino acid sequence is shown under the POU; and the POU,,, domains. The
antennapaedia homeo domain is shown with the positions of three helical domains indicated as H1, H2 and H3. The species from which factors
were cloned are rat {r), mouse {m), C. efegans (n), Drosophifa (d) and human {h}. The factor Tst-1 is also called SCIP and Oct8. Alternative names
for the factors Oct1, Oct2 and Pit-1 are mentioned in the legend to figure 1. This figure is taken from [96].



The POU domain and DNA binding.

The demonstration that the POU domain constitutes the DNA binding domain
of the POU proteins provided the first conclusive evidence that the homeo
motif is 8 DNA binding domain [24]. Recently the detailed structure of the
engrailed homeodomain bound to DNA has been described using X-ray
crystallography [58). The homeo domain is foided in three o-helices (see
Figure 3). Helices 2 and 3 form a helix-turn-helix motif related to the
structure of prokaryotic regulatory proteins, such as the lambda cro protein
and the phage 434 repressor {see [60]). a-Helix 3, the "recognition™ helix,
binds to the major groove of the DNA helix via specific hydrogen bonding
between amino acid side chains and bases. Helices 2 and 1 lay in an
anti-paraliel orientation perpendicular to the major groove and make
hydrophobic contacts with heiix 3. Furthermore, two amino acid residues N-
terminal of helix 1 contact bases via the minor groove (Figure 3B}. Although
no X-Ray or NMIR data are available yet, it is anticipated that the overall
structure of the POU homeodomain bound to DNA will be very similar to that
of the engrailed homeodomain. Supportive evidence for this assumption
comes from the characterization of the I-PCU protein in Drosophila [38]. This
protein fails to bind DNA but instead strongly forms heterodimers with
another POU protein, Cfl1a [31]. It was shown that the inability of the I-POU

Figure 3. A. Schematic drawing showing the relationship of the engrailed homeo domain
a helices with respect to the double helical DNA. Cylinders represent the o helices
{(numbered 1 to 3), while ribbons are used 10 show the sugar-phosphate backbone of the
DNA. The B figure is as A, but rotated 90,° and gives a view along the axis of helix 3
which lies in the major groove. Critical contacts betwean amino acid side chains and bases
are indicated. These figures are taken from reference [59].




protein to bind DNA is due to the absence of two basic amino acid residues
(RK}, N-terminal of helix 1. These two amino acid residues are in a similar
position as the two basic residues that make minor grocve contacts in the
engrailed protein. Reintroduction of these residues into I-POU turns the
polypeptide into a DNA binding protein that is no longer capable of binding
to Cf1a. Furthermore a mutation in the carboxyl terminal basic cluster within
the Pit-1 homeodomain (substituting the arginine for a giycine residue
directly flanking the WFCN motif) completely abolished DNA binding [61].
Introduction of a proline residue in the third helix had the same detrimental
effect on DNA binding, underscoring the importance of the recognition helix
in DNA binding. However the mutation of the cysteine residue within the
WFCN motif into a glutamine {which is representative of the antennapaedia
class of homeo proteins) did not effect DNA binding, while in the classic
homeo proteins this residue is important for specificity [61, 62, 63].

Deletion analysis of various other POU domain proteins shows that,
whereas an intact homeo deomain is required for DNA binding, the
contribution of the POU specific domain is variable and depends on the exact
sequence of the DNA binding site (61, 84]. For the Pit-1 protein, the
homeodomain suffices for low affinity binding with relaxed sequence
specificity, while the presence of the POU,; domain increases site specificity
and affinity (see further Ingraham et a/ [61] for a detailed mutational
analysis of the POU; domain). A detailed analysis of the contributions of the
Octl PQUg dorain in binding of the POU domain to the ad2 octamer
sequence was undertaken by Verrijzer et a/. [64]. Their results showed that
the POU; domain contacts the 5” half of the ATGATAAT sequence, white the
homeodomain contacts the 3’ half of this sequence. At high protein
concentrations, the isalated POU; domain was shown to bind to the the
5'part of several octamer and reiated binding sites. Hydroxy radical
footprinting showed that the majority of the backbone contacts are made by
the POU,p. The specificity of binding is determined by base contacts, while
the binding energy stems almost completely from electrostatic interactions
between the protein and the phosphate backbone [60]. Curiously enough,
the presence of the POU, domain greatly increases the affinity of the POU
domain for the ad2 octamer element. This could indicate that part of the
binding energy of the POU domain stems from protein-protein interactions,
possibly between the POU, and the POU,, domains. The contributions of the
PCOUs domain to DNA binding affinity depends on the specific recognition
site. The Oct1l POU domain was also shown to induce conformational
changes {bending) in the bound DNA and is sufficient to stimulate adenovirus
DNA replication in an /n vitro replication assay (57, 65]. Both functions are
lost upon deletion of the POU; domain.

Recently it was shown that the DNA binding affinity of the Pit-1 protein
can be modulated by phosphorylation. Phosphorylation of a serine residue,
next to the amino terminal basic cluster in the POU,, maodifies the



conformation of Pit-1 on DNA recognition sites and results in either
decreased or increased affinity depending on the flanking nucleotide
sequence [66]. Furthermore, phosphorylation of the Oct1 protein was shown
10 be modulated as a function of the cell cycle correlating with the proposed
involvement of this protein in the cell cycle regulated expression of the H2B
gene [49, 5C]. Thus phosphorylation is an important mechanism through
which the (DNA binding} activity of these POU proteins can be reguiated.

The POU domain and protein-protein interactions.

Several studies have indicated that the POU domain is not only a DNA
binding motif but is also invelved in protein-protein interactions. For example,
together with at ieast one other ceilular factor, the Oct1 protein is recruted
by the Herpes Simplex Virus (HSV) protein VP16 (also called ¢-TiF and
Vmw65) into a multiprotein complex on the TAATGARAT response
elements, to stimulate transcription of the immediate early gene promoters
of HSV [67-71]. The Octl protein alone binds with low affinity to this
response site, but DNA binding is greatly increased upon interaction with
VP16 and other proteins. VP16 itseif does not bind to DNA with high
affinity, but instead contributes a strong transactivation domain to the
complex. The interaction between VP16 and Oct1 is specific for Oct1, as the
closely related Oct2 protein fails to form a complex with VP16. A detailed
mutational analysis by Stern et a/. revealed that seven amino acid differences
between helix 1 and helix 2 of the Oct1 and Oct2 POU,, docmains dictates
the specificity of interaction with VP16 [72]. As discussed above, the helices
1 and 2 are not directly involved in DNA binding but instead function in
highly specific protein-protein interactions (see below}. The VP16/0ct]
interaction clearly illustrates how non DNA binding proteins can specifically
influence differential transcriptional regulzation of two proteins that have
identical DNA binding specificities. it also presents an extreme example of
modularity in the sense that the DNA binding interface (Oct1) and the
transcriptional activation domain {VP16) are located on separate proteins.
The case of VP16 has stimulated a lot of specuiaticn about the possible
existence of similar cellular factors. Such factors have not been described to
date.

As aiready mentioned in the previous paragraph, the Drosophila -POU
protein does not bind DNA, but forms heterodimers with the Cflza and not
with any of the other known POU factors [38, 73]. The region required for
heterodimer formation is entirely limited to the POU,, domain and
encompasses only the amino terminal basic region and helices T and 2. The
I-POU protein does not dimerize with the Brn-2 protein, another octamer
binding factor, although this protein has 2 POU,, domain that differs only in
three positions in helix 1 with Cf1-a. Only when all three amino acid residues
in the Brn-2 protein are mutated 1o the corresponding residues in Cfl-a the
protein is able to dimerize with -POU. It appears that protein-protein



interaction in both cases (Oct1/VP16 and |-POU/Cfi-a} relies on critical
determinants in the POU,, helices 1 and 2. These regions in the POU,, show
the highest variability in primary sequence between the different classes (see
Figure 2). This variability would provide a structural basis for selective
protein-protein interaction between POU proteins and other factors.
Interestingly, the amino acid sequence separating helix 1 and 2 is identical
for the QOct6 {called tst-1 in Figure 2) and Oct3/4 proteins (36]. These
proteins belong to different classes and are both expressed in
undifferentiated ES and EC cells. it has been suggested by Schéler et /. that
the conserved linker sequence between helices 1 and 2 in these proteins
could provide an interaction interface for an ES/EC cell specific factor [36].

Most of the POU proteins bind as monemers to their recognition
sequence, except the Pit-1 protein which binds as a dimer as a consequence
of synergistic, DNA binding dependent, protein-protein interactions. Dimer
formation of Pit-1 on DNA requires the POUg; domain [61]. Furthermore,
cooperative binding of the Oct1 protein to flanking octamer and heptamer
sequences in the Ig promoters was shown 1o depend on the POU,; domain
as well [74]. Whether the POU; domain of other POU proteins plays a role
in protein-protein interactions remains to be established.

Transactivation domains of POU proteins.

Most transcription factors contain a transactivation domain that can be
physically separated from the DNA binding domain {see for example [75]).
The PCU proteins do not seem to form an exception to this general rule,
although it has been suggested that the amino terminal part of the Oct2
POUs domain could function in transactivation [78]. The transactivation
domains of the Octt [77], Oct2 [76, 77, 78], Oct3/4 (34, 78], Oct ([80]
this thesis) and Pit-1/GHF-1 [67, 811 proteins have besen determined. The
different transactivation domains do not share an overall similar structure,
but instead are characterized by an abundance of one or a few particuiar
amino acid residues [82]. Thus the Octl protein has a carboxyl terminail
(refative to the POU domain} sering/threonine- and an amino terminal
glutamine-rich activation domain, while the Oct2 protein has an amino
terminal glutamineg/leucine/proline- and a carboxyl terminal serine/threonine-
rich domain. The transactivation domain of Oct3/4 is rather proline-rich and
is focated at the extreme amino terminus of the protein. Oct6 has a
glycing/alanine-rich transactivation domain located inthe amino terminal third
of the protein, The Pit-1/GHF-1 transactivation domain is also located in the
amino terminus of the protein and is rich in sering/threonine residues. This
great diversity in transactivation domains might indicate that the different
POU proteins interact with different components of the basic transcription
machinery or with different auxiliary factors [83]. All these proteins have
been analyzed in the context of transcriptional activation, using either
artificial or natural promoters. However, the Oct8 (tst-1/SCIP) protein has



also been shown to function as a transcritional repressor of the P, gene
promoter [84, 85]. The P, gene is a member of the immunoglobulin
superfamily and is specifically expressed in glia ceils of the peripheral
nervous system [86]. Furthermore, the relative importance of the different
activation domains in Oct2 seem to depend, to a certain extent, on the
reporter construct used [76, 771. Thus the validity of the results of this type
of experiments should be treated cautiously.

The Upc86 and Pit-1 POU proteins and development.

In contrast to the ciassical Drosophifa and mammazlian homeobox genes,
most POU homeo genes show a highly cell type restricted expression
pattern. From these expression data alone, it is not clear whether the POU
proteins play an active role in cellular differentiation or that they are only
involved in maintaining a fully differentiated phenotype. The genetic data
available for the C.efegans Unc86 and murine Pit-1 (GHF-1) gene suggest
that these POU proteins are indeed actively involved in differentiation, in that
they link a particular cell identity to cell lineage.

Unc86 and cell lineage.
The effects of Unc&6 mutations are seen in three post-embryonic neuroblast
lineages. Figure 4A shows the lineage of the V5.paa neuroblast. In wild type
animals, Unc86 protein appears within a few minutes after neuroblast
division in one daughter cell but not in the other [87]. The daughter cell that
does not express Unc88 will differentiate into @ dopaminergic neuron, while
the Unc86 expressing daughter will undergo another cell division, giving rise
10 a different type of neuron and a programmed celi death. In the absence
of functional Unc86 protein the daughter repeats the division pattern of the
parental cell generating a chain of dopaminergic neurons (Figure 4A). Thus
the Unc86 protein is required to distinguish one daugther from its mother cell
by reprogramming the expression of an unknown number of genes. The
appearance of the Unc86 protein is sensitive to an asymmetric feature of the
cell division, probably in a way that does not involve cell-cell interactions.
Besides its rofe in cell lineage, the Unc86 protein also participates in the
determination of certain neural identities. The 57 neurons (approximately
one-fifth of the total 302 neurons in the adult organism) that express the
Unc86 protein comprise 27 different types of neurcns, which share no
common feature. This is taken to suggest that the Unc86 protein controls
different sets of genes in different cell types. One candidate for control by
Unc86 is the homeo domain gene mec-3 [88]. Although expression of this
gene depends on Unc86, this is clearly not sufficient as only 10 celis of the
57 Unc86 expressing ceills do actually express the mec-3 gene. This is
suggestive for the Unc86 protein being part of a combinatorial code that
establishes cellular identity.

10



Pit-1 and pituitary gland development.

In mammals, the anterior gituitary gland originates from an invagination of
the oral ectoderm at the roof of the primitive mouth. This structure, known
as Rathke's pouch, appears at around day 8.5 of embryonic development of
the mouse. By embryonic day 12, Rathke's pouch detaches from the oral
ectoderm and becomes an independent structure. The anterior pituitary
originates from the ventral part of rathke’s pouch while the dorsal part gives
rise to the intermediate lobe of the pituitary. Five phenotypicaily distinct cell

A

wild-type unc86 mutant

V5.paa V5.paa

F_L

N X DN

DN

Rathke's
pouch

144 16/17d 17d

Figure 4. A. Schematic representation of the C. elegans V5.paa neuroblast lineage. The
other two neuroblast lineages that are affected by unc86 mutations are the Q and the T.pp
neuroblasts. The thick line represent cells that express the unc86 protein in wild type
animals. DN is a dopaminergic neuron and N is a sensory neuron that expresses the homeo
box gene mec3. X is a programmed cell death. In vnc86 mutant animals, the division
pattern of the parental cell is repeated resulting in the generation of a chain of
dopaminergic neurons, The figure is taken from reference [87].

B. Schematic representation of the five different cell types that deveiop in the anterior
pituitary gland. The time points during embryonic development of the rat at which these
cell types become identifiable, on the basis of the trophic factor they express, is indicated.
The Pit-1 protein is expressed in thyrotrophs, somatotrophs and lactotrophs (indicated in
black). These cell types are depleted in dwarf mutant mice. Thyrotrophs appear before the
Pit-1 protein is detectable. ACTH is adrenocorticotropin hormone, TSH is thyroid
stimulating hormone, LH is luteinizing hormone, FSH is follicle stimulating hormone, GH
is growth hormone (somatotropin), Prl is prolactin. This figure is taken from [86].
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types will differentiate from the anterior pituitary anlagen in a stergotypical
order {see Figure 4B). These celi types are defined by the factor they
produce [corticotrophs, thyrotrophs, gonadotrophs, somatotrophs and
lactotrophs). Pit-1 gene expression is first detected in ali five distinct celi
types in the anterior pituitary around day 15 of embryonic development of
the rat [88]{see also [90]}). The Pit-1 protein is detected at low levels around
this time, butis restricted to thyrotrophs, lactotrophs and somatotrophs, and
precedes the expression of prolactin and growth hormene genes on
embryonic day 18-17. This is consistent with the proposed role for Pit-1 in
activation of these two transcription units [21].{It should be noted here that
there is some disagreement in the literature over the rcle of Pit-1 in prolactin
gene activation and in the cell types in which the Pit-1 gene is expressed;
see [82])

A role for Pit-1 in pituitary gland development was firmiy established with
the molecular characterization of a form of dwarfism (dw locus) in mouse
[55]. These genetic dwarf mice produce no detectable levels of growth
hormone {GH), prolactin {Prl} and thyroid-stimulating hormone (TSH), and
mature somatotrophic, lactotrophic and thyrotrophic cell types are depleted.
Two alleles of the dw locus were shown to result from mutations in the Pit-1
transcription unit. In the dwarf Jackson mouse there is a large (>4 kb)
disruption (an inversion or insertion} in the Pit-1 gene, while tha Snell dwarf
mouse is characterized by & point mutation in the homeobox of the gene.
This point mutation converts the tryptophan residue in the RVWFCN motif
in the recognition helix to a cysteine residue (RVCFCN), resulting in a protein
that is no longer abie to bind 1o its recognition elements. The low levels of
Pit-1 mBNA in Snell dwarf pituitaries, and the presence of Pit-1 binding sites
in the Pit-1 gene prometer is consistent with a mechanism in which Pit-1
boosts its own transcription [93, 84]. Thus the loss of three pituitary cell
types in the dw mutants indicates that Pit-1 is involved in at least a part of
the pituitary developmental program. It also suggests that the Pit-1 protein
is directly or indirectly involved in the proiiferation and survival of these cell
types. Indeed, inhibition of Pit-T synthesis by complementary oligo-
nucleotides led to a decrease in proiliferation of somatotrophic cell lines and
a decrease in GH and Prl expression. The fact that the GH gene and Prl gene
are expressed only in a subset of the pituitary cells that express the Pit-1
protein further suggests the existence of additional mechanisms that restrict
the actions of this protein [88, 95]. Mutations at a second dwarf locus (df)
result in a phenotype that is similar to the two allelic dw mutants including
the depletion of somatotrophic, lactotrophic and thyrotrophic cell types in
homozygous Ames dwarf animals. No Pit-1 expression could be detected in
the hypoplastic pituitaries of Ames dwarf mice [55]. This could suggest that
the df gene is involved in the regulation of the Pit-1 gene, or, together with
Pit-1, is involved in the specification and/or maintenance of the three
pituitary cell types affected by the mutation.
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Qutline of this thesis.

The work described in this thesis zims at the elucidation of mechanisms that
govern cellutar differentiation events in male germ cell development
{spermatogenesis), especially during the posi-meiotic phase
{spermiogenesis), and in embryonal carcinoma cells. Chapter il describes the
meolecular characterization of 2 variant ¢c-abl mRNA {TSabi) that is specifically
expressed at high levels during spermiogenesis and was suggested to play
an important role in this proces. The TSabl mRNA is transcribed from the
proximal of the two c-abl promoters and is alternatively processed resulting
in a removal of most of the 3'UTR, without an effect on the coding capicity
of the mRNAs. The high levels of this shortened mRNA in post-meiotic maie
germ cells could be due to two not mutually exclusive mechanismes, i.e. a
higher mRNA stability or/and continued transcription of the gene during the
later phases of spermiogenesis. Chapter lll describes experiments that tried
to address the question whether the TSabl mRNA has a longer half life as a
consequence of the removal of most of the 3'UTR. in chapter [V a
preliminary analysis of the c-abl promoter is presented, using DNAsel
footprinting and gel retardation assays. The resulis of these experiments
hinted at the possibility that there exists a testis specific octamer binding
factor that could be involved in the haploid specific regulation of gene
expression. This stimulated us 1o undertake the experiments described in
chapter V that aimed at the cloning of testis specific ¢cDNAs encoding
octamer binding factors. We show that the POU domain gene Oct2 is highly
expressed in spermatogenic cells, generating two transcripts through a
mechanism of alternative processing and/or promoter usage. This chapter
closes with a discussion of testis specific gene expression.

The temporally regulated expression of a family of octamer binding
factors during 'neurcnal 'differentiation of P19 EC ceils is described in
chapter VI. One factor, Oct6, is expressed in a bi-phasic pattern, suggesting
that it might play a role at different stages of development. This factor is
further characterized by cloning of the cognate cDNA and was found to be
the mouse homologue of the rat Tst-1 POU gene [29]. This gene is highly
expressed in rat testis but not in mouse testis (this thesis). Chapter Vi
describes the functicnal mapping of the protein domains involved in
transcriptional activation and DNA binding. In chapter Vill the genomic
organization of the Oct6 gene is described. Furthermore, we present an initial
characterization of the Oct® promoter, to begin to address the important
guestion of how this transcriptional regulator is regulated itself. In the last
chapter some aspects of the QOct8 gene are discussed in relation to jts
possible function in differentiation, drawing on examples from other
members of the POU domain gene family.
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The c-abl gene encodes a protein tyrosine kinase and is trans-
cribed from at least two promoters giving rise to transcripts
of two size classes of ~5 and 6 kb in length. These mRNAs
only differ in their most 5 exon and encode proteins of similar
size but with different N-termini, In the mouse testis an addi-
tional abundant ¢-ab! mRNA. of 4 kb is detected. This mRNA
was shown 10 be expressed in the haploid male germ cells of
the adult mouse. Here we describe the cloning and molecular
¢haracterization of a cBNA representing the testis specific
c-abl transeript. We show that the 4 kb e-zbf mRNA arises
from alternative polyadenylation of an RNA transcribed from
the same promoter as the 5 kb mRNA. The site of poly-
adenylation is unusual in this shorter transeript as it is not
preceded by the highly conserved hexanucleotide AAUAAA.
The use of this polyadenylation site removes 1.2 kb of 3
sequences present in the somatic ¢-abf mRNAs, but does not
affect the main open reading frame of the transcript. Using
ir situ hybridization on whole testis sections it is shown that
the 4 kb cab! mRNA. is most abundant in the elongating sper-
matids.

Key words: c-abl/spermarogenesis/polyadenylation/differential
expression/cDNA

Introduction

The mouse cellular ¢-abl gene is the homologue of the v-ab! on-
cogene. present in the genome of the acuiely tamsforming
Abelson muring lenkaemia virus (AMuLV), The c-ab{ gene is
highly conserved during evolution and c-ab! related genes have
been detected in the genomes of 2 large variety of organisms such
as hamster, chicken, rabbit, man (Goff er ai., 1980), Drosophila
melanegaster (Shilo and Weinberg, 1981) and Casnorizbdites
elegans (Goddard er af., 1986). The ¢-abl gene was shown to
be a single copy locus in the mouse genome (Wang et al., 1984).
In all murine tissues examined., the gene is trnscribed into mainly
two RNA species of —~ 6 and § kb that are translated into a 150 kd
protein, exhibiting tyrosine specific protein kinase activity
(Konopka and Wize, 1985). The genomic organization and the
relationship berween the two mRNAs have now been deseribed
(Wang er al.. 1984, Ben-Neriah et al., 1986). The c-abi gene
consists of a body of 10 small exons and one large 3° exon, span-
ning >30 kb of mouse DNA. Recent cDNA cloning of c-ab!
mRNAs from a mouse lymphoid cell line identified an addftional
series of four 5 exons (Ben-Neriah er al., 1986), Each of these
exons ¢an be spliced onto the common set of 11 body exons,
producing four different c-ab! mRNAs with hererogeneous 5

& IRL Press Limited, Oxford, England

ends. This is the basig for the difference in size between the two
c-abl mRNAs, as the two predominantly used 5° exons (called
type I and type IV) differ by > 1 kb in length. These type T and
type IV exons are conserved in humans and they are both
preceded by a rangeriptional promoter (Shivelman er al. . 1986;
Bernards er al., 1987). So the two major c-ab! mRNAs are thus
trapscribed from two separate promoters. The remaining two
transeripts. i.e. type I and type I mRNAs, are probably very
rare. The type [ and type IV wanscripts encode proteins of 1123
and 1142 amino acids and differ only in their most N-terminal
26 and 45 amino acids, respectively. Both N-termini are relatively
hydrophilic and do not resemble transmembrane or signal se-
quences. However, the type IV mRNA encoded protein initiates
with the sequence Met-Gly-Gln. which is used as an acceptor
site for myristic acid in the v-ab! and scr-proteins. Such a hydro-
phobic modification might result in membrane anchorage of the
protein.

Neone of the ¢c-ab! ranscripts deseribed above can account for
an additional ¢-ab! mMRNA of 3.7—4.7 kb found in the mouse
testis (Miiller er al., 1982). This mRNA was shown 1o be
specifically expressed in the haploid germ cells, present in the
mature tests (Ponzetto and Wolgemuth, 1985). Here we describe
the cloning and characterization of this tests specific c-abl

a b

Fig. I. Expressicn of the ¢-ab! gene in different tissues. Equal amounts of
poly(A}™ RNA (10 ug) were run on denaruring 0.8% agarose gels,
transferred to nitroceilulose and hybridized with (a) a c-abl cDNA probe
{covering the protein tyrosine kinase domain) or (b) a type IV specific c-abl
¢DNA probe (Ben-Neriah et al., 1986).
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Fig. 2. c-abl mRNAs expressed in lestis. Schematic representation of the c-eb! mRNAs expressed in the mouse testis. The ORF of the mRNAs is indicated by
2 box, Differences in the ORF, contribuied by the type I and type IV exons are doned or lined, respectively. The sequence shows at which position
polyadenylation takes pluce in the shorter transeripts, The overlined and underlined sequences are discussed in the text.

transcript. We show that this c-ab! mRNA is transeribed from
the type I promoter and is alternatively polyademylated. RNAs
wanscribed from the type IV promoter can be alternatively
polyadenylated as well. but they represent a minor species in
testis. The encoded ¢~ab! protein remains unaltered. Using in situ
hybridization we show that the short c-ab! ranseript is most abun-
dant in the later stages of spermatogenesis. The possible func-
tion of this mRNA in germ cells is discussed.

Resuits

Cloning of a testis specific c-abl cDNA

RNA extracted from BCEA mouse brain and tests was poly(A)
selected, separated on a denaturing agarose/formaldehyde gel and
blotted onto nitrocellulese. Hybndization of this Northern blot
with a ¢c-abl cDNA probe, encompassing the protein tyrosine
kinase domain, showed that the c-abl geme expresses wo
wanscripts of 5 and 6 kb (Figure 1a). In testis the predominant
c-abl mRINA 15 a transcript of 4 kb, as was shown before by
Miilier e al. (1982). In order to characterize this mRNA. in more
detail cDNA molecules representing this transerips were cloned
from a mouse testis cDNA library.

The poly(A)* RNA from testis was used to synthesize cDNA
primed with oligo(dT). The cDNA was tailed with dGTP using
termminal deoxynucleotidyl transferase and cloned into Agtl0 using
a synthetic EcoRI-C adaptor according to LeBouc er al. (1986).
Recombinant phages were plated onto Escherichia coli BNN102
and the resulting plaques (1 X 10°) were screened with a 3’
veabl Sall—Hindill probe (Reddy er al., 1983). More than 50
positive clones were obtained. Inserts from phages longer than
1.2 kb (12) were subcloned into the EcoRI site of pUC19 and
mapped for the presence of known restriction enzyme cleavage
sites. Based on their restriction map. the cDNAs could be grouped
into two classes. One class (two clones) contained inserts. that
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were colinear with the previousty described 1.2 kb 3° cDNA
clone, isolated from a mouse L-cell cDNA library by Wang er
al. (1984), It contains a poly(A) signal and terminates in a poly(A)
tail. This cDNA represents the 3’ end of both 6 and 5 kb c-ab!
mRNAs.

The second class of clones were colinear with v-ab! sequences,
but were lacking all sequences contained in the 3’ ¢cDNA clone
mentiened above. The restriction maps indicated that all cDNA
inserts in this class were primed at exactly the same position,
making it unlikely that they were artifacts of cloning.

To determine whether these clones arose from altermatively
polyadenylated or spliced transcripts, the 3* part of three in-
dependently derived cDNAS was sequenced, It was found that
all three were colinear with the published v-ab! sequence up to
nucleotide 4465 (Reddy er al., 1983). The 3’ sequence of these
cDNAs is depicted in Figure 2. From these results we conclude
that the clones arose from polyadenylated transcripts. contain-
ing a poly(A) fmil 1171 nucleotides upsmeam of the normal
poly(A) addition site, used in the generation of the somatic 5 and
6 kb transcripts (Wang er al., 1984, Ben-Neriah er al., 1986).
51 nuclesse mapping further showed that this poly{A) addition
site is zbundanty used in tests. whereas it is not used to a detec-
wble extent in brain (Figure 3B).

As the longest testis specific cDNA is only 2.6 kb. we con-
structed a foll length clone (TS c-abl) with 2.5 kb of upstream
genomic sequences. using two other independently derived partal
cPNAs and a genomic DNA fragment containing the type I exon
{Figure 3A). The latter was isolated from a mouse genomic
library. using a type I exon probe. To check the integrity of this
construct, we performed S1 nuclease mapping experiments on
testis RNA using brain or cell line 70Z RNA as control. (70Z
is a pre-B cell line of Balb/c origin, known to express relatively
high levels of c-abl mRNA (Paige er al.. 1978; Wang er al..
1983). The results of these experiments are shown in Figure 3A.
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Fig. 3(A). Structure of the testis specific type [ cDNA. The upper part of the {igure shows the restriction map of the TS c-abf cDNA clone. The thick line
represents ¢DNA, sequences, while the thin line represents genomic DNA sequences. Resimiclion sites ave indicated by leners. B = 8¢/, P = Pvull, H = HindIII,
He = Hincll. $1 probes used to cheek the integrity of the construct are shown below the map (a,b.c). Hybridizations were done at 55°C using 20 xg of
totul RNA. Probes b and ¢ were derived from subclones of the TS abl ¢DNA in pUCI?. The thick lines represent plasmid sequences. Input bands rn high
ap in the gel and arc ot visible in lanes 2, b and ¢ (a) S1 analysis with probe (2) with 1. 70Z RNA, 2, wstis RNA (b) probe (b) with 1. testis RNA 2. brain
RNA (¢} probe ¢ with 1. testis RNA 2. brain RNA. Different expesurs times for lanes 1 and 2 are shown to &llow 4 better comparison of the S1 protected
bands. (B) Confirmaton of the position of the testis specific poly(A) addition site. The SI probe used Is a 1540 bp Pwvill fragment derived frem a 3° c-abl
<DNA, clone isolated from a brain cDNA library and covers 1445 nt of 3' UTR including the poly(A)} consensus sequence used 1o generate the somatic c-
abl transcrpts. The open box indicate plasmid sequences. The probe was labelled using 2 “replacement synthesis’ protoeol aceording to Maniats er al.
(1982). Protected fragments are indicsted below the auroradiogram, Input (1549) and fully protecied fragments (1450) are not scpariied ot this gel. The
272 nt fragment prowected by testis RNA (arrow) confirms the position of the poly(A) addition site as shown in Figure 2.

The first probe (a) covering the first (type I}, the second and
part of the third exon yielded protected fragments of 278
rucleoddes (nt). a set of two minor fragments of 450 and 455 nt
and two major fragments of 435 and 500 nt. The 278 nt frag-
ment corresponds o the 57 common exon border (Ben-Neriah
et al., 1986) and represents non-type I mRNAs (mainly type IV).
The two sets of major and minor bands probably correspond o
different transcriptional start sites of the type I promoter. The
two minor bands were also seen when 70Z RNA was used 1
protect prebe (a), while the two major bands were absent. It is
possible that the minor fragments represent start sites in diploid
cells in the testis, while the major fragments represent the start
sites in the haploid spermatids. We did not investgate this ebser-
vation further.

Probes (b) and (c) derived from our TS c-a&f clone were fully
protected by RNA from testis and brain, (arrows in panels b and
¢) indicating that no alternative splicing takes place in testis ¢-
abl{ mRNA downstream from the 5' HindIl site (the 57 Hindll
site maps within the 3rd exon).

Asthe last 3" exon, in which alternative polyadenylaton ocours,
is also present in the 6 kb type IV transeripe, the question arose
whether this transcript is also alternatively polyadenylated in
testis, To address this question, a Northern blot containing
poly(A)* RNA from liver, brain and testis was hybridized with
atype IV specific probe. As can be seen in Figure 1b this probe

detects i liver and brain only the 6 kb mRNA, while in testis
RNA. an additonal band of 5 kb is observed and one minor band
of ~3.5 kb. We do not know the nature of this minor transcript.
The 5 kb mRNA probably represents an alternatively
polyadenylated type IV transcript. We conclude that both major
c-abl wanscripts are subject to alternative polyadenylation in testis,

Alternative poivadenylarion dees not affect the main open reading
frame

The 37 part of the c-abl transeripts is encoded by one large exon
of 3 kb (Wang er oL, 1984). This exon contzins a long un-
translated region (UTR, = 1630 bp). As alternative polyadenyla-
tion of c-abl mRNAs takes place 1171 nt upstream of the normal
poly(A) addition site, the use of this upstrearn polyadenylation
site does not affect the main open reading frame (ORF) and
therefore should encode the same protein 25 the somatic 5 kb
mRNA. To obtain further evidence, we used full length cDNA
clones representing both type I mRNAs to transcribe RNA in
vitro in the presence of the Cap analogue 7m GpppG. using T7
RNA polymerase. Both RNAs were translated in a cell free
transladon system (rabbit reticulocyte lysate) in the presence of
{33S)methionine. It was found that both RINAs were translated
into proteins with a mol. wt of 150 kd (Figure 4) which could
be precipitated with anti c-ab{ antibodies (not shown). Although
the in vitro transcribed RNA is translated into a 150 kd c-abl
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[Fig. 4. Jn vitro translation of in vitro transcribed RNA. RNA was transcribed
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somatic 5 kb mRNA. Ja vitre manslation products were separated on a

7.5% SDS—polyacrylamide pel. L. Protein wanslazd from the tests
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protein this does not necessarily mean that the 4 kb is ranslated
in vivo also.

The 3’ untranslated region of different genes has been shown
to be involved in regulation of expression (Shaw and Kamen,
1986; Owen and Kihn. 1987). Regulation of the stability of a
transcript can be a possible mechanism of control. This hypothesis
was examined by measuring the half-life of the c-e4f transcripts
in the cell line 707 and in isclated spermatds. Resuits of these
experiments are shown in Figure 5a. RNA was extracted from
70Z cells and isolated spermatids before and after weatment with
5 pg/ml of actinomycin D at varicus times (0—6 h). The RNA
sampies were subsequently electrophoresed in agarose/for-
maldehyde gels ard blotted onte nitrocellulose. The Northern
blot contaiming 70Z RNA samples was hybridized with a c-abl.
a myc and a glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH) probe. The half-life of the #rve and GAPDH wranscripts
have been reported and were chosen as reference (Dani er al..
1984), Figure 5a shows thar the myc transcript is rapidly depleted
from the RNA pool, while the GAPDH transcript seems almost
constant over the 6 h time pericd. The half-life of the myc
transcript was estimated to be ~20 min in accordance with carlier
reports (Dani ef al . 198%; Lindal et al.. 1985). The c-abl mRNAs
of 5 and § kb seem to be relatively stable over the first 2 h of
actinomycin D incubation, but then rapidly decay with an
estimated half-life of ~30 min. The 6 kb c-eb! anscript seems
10 be slightly more stable than the 5 kb transcript.

A similar experiment was performed using spermatids isolated
from mouse testis. As shown in Figure 50 the results of this
experiment clearly indicate the higher stability of the c-abl
mRNAs in spermatids. In fact the 6 kb ¢c-abl mRNA scems w0
be more stable in spermatids too. This blot was also probed with
a pim-I probe. pim-I is 3 gene that is frequently activated by
proviral insertion in murine leukaemia virus-induced T cell lym-
phomas (Selten ez al.. 1986). The pirm-I gene expresses a 2.8 kb
mRNA in lymphoid cells and encodes a protein kinase. In mouse
testis the pim-/ gene is expressed as a 2.3 kb mRNA (M.von
Lindern, unpublished resultsy. This 2.3 kb pim-J transcript in
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spermaiids is more stable than the 2.8 kb pim-J in 70Z cells.
where we measured a half-life of ~30 min (data not shown).
The myc gene is not expressed in spermatids. These results can
be explained in two ways. Either all or most transcripts are more
stable in isolated spermatids than in somatic cells, or the actine-
mycin D is not able 1o block wranscription in spermatids. The
lawtcr explanation is ruled out since it was observed that 2.5 ugfml
actinomyein D essentially blocks [PHluridine incorporation in
isolated spermatids (2.6 X 10° isolated spermatids incorporated
+1600 c.p.m. [PHluridine in 1 h while in the presence of
2.5 pg/ml actinomycin D only 20 ¢.p.m. werc incorporated).

In siru hybridizarion on whole 1estis sections

Using isolated populations of male germ cells Ponzetto and
Wolgemuth (1985) demonstrated that the shorter testis specific
c-abl mRNA is present in spermatids and elongating spermatids
but not in mid-pachytene spermatocytes. We used in siw
hybridization on whele testis sections 1o study the expression of
the shorter c-abl mRNA. The unique structure of the 3’ end of
the 4 kb c-abl mRNA made it possible to synthesize an
oligonucleatide that would only hybridize to the shorier c-abl
transcripts under appropriate hybridization and washing condi-
tiors. The oligonucleotide synthesized was a 3G-mer. covering
the first 20 nuclectides preceeding the upstream polyadenylation
site and 10 adenine residues of the poly(A) il of the shorter
transcript {see Figure 2). Hybridizaton and washing ¢conditions
were selective for a full 30-mer hybrid. The specific hybridiza-
tior to the testis 4 kb c-abl mRNA was checked on Northern
blozs under these conditions (final stringency 2 x 88C, 56°C).
Anatysis of cross sections of different seminifercus wbules, con-
tzining different stages of maturation indicated that the short e-ab!
mRNA is most abundant in the elongating spermatids. One such
cross-section of a tubule is shown in Figure 6z. To rule out the
possibility that this oligonucleotide hybridizes non-specifically
1o structures present in the elongating spermatds. a series of con-
trol experiments were performed. We synthesized an
oligonucleotide that covers the poly(A) addition site of -major
globin of the mouse and 10 A residues of the poly(A) tail. No
labelling above background of any cell type present in the testis
was observed using this oligonucleotide. In another experiment
we used a DNA probe specific for tTRNA. As can be seen in
Figure 6b this probe labels all cells, but in particular those close
to the tubular wall. No non-specific labelling of late spermatids
was observed.

Discussion

Here we have shown that the 4 kb testis specific ¢-abf transeript
Tesults from the use of an alternative polyadenylation site 1172 nt
upstreamn of the normal addition site. We have further
demonstrated that this alternative polyadenylation site is specific
for the haploid stage of spermatogenesis.

Polyadenylation of the ¢-ab! transcripts in spermatids is unusuzl
23 the site of poly(A) addition is not precesded by the highly
conserved hexanucleotide AAUAAA (Proudfoor and Brownlee
1976). Many studies concerning 3’ processing of polyadenylated
transeripts have demonstrated the importance of this hexa-
nucleotide in cleavage/polyadenylation (reviewed in Birnstiel o
al.. 1985). As shown in Figure 2 a sequence TACAAA is pre-
sent ~ 11 nt upstream of the poly(A) addition site used in sper-
matids and remotely resembies this conserved hexanucleotide.
However. this sequence contains two mutatons cne of which
(U—C) was shown to prevent cleavage/polyadenylation in $VA0
late transcription (Wickens and Stephenson, 1984). Moreover,
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Fig. 6. Ju sine hybridization on whole festis sections using the 1estis specific c-ab! oligonuclectide (a) or an rRNA probe (). The pictures shaw one cross

section of a semininiferous ubule.

the same transition in the S-globin polyadenylation sequence was
found to be the sole cause of a S-thallassaemia in humans (Orkin
er al., 1985).

Although these studies show that the AAUAAA element is
necessary for proper 37 processing of pre-RNAs, it cannot be
the only prerequisite. as this sequence fraquently occurs in
transcripts, where it does not direct cleavage/polyadenylation,
It has been shown that in addition to the upstream AAUAAA
signal. sequences downstream from the addition site are required
as well (Kessler er al. 1986; McDevin er al,, 1936: Gil and
Proudfoot, 1987). These sequence elements ars very weakly con-
served and are generally referred to as GT or T-rich sequences.

McLauchlan er al (1985) compiled a large number of
downstream sequences from different genes and derived a con-
sensus sequence YGTGTTYY (Y = pyrimidine residue) located
~30 nt downstream of the addition site in §7% of the genes ex-
amined. A perfect match to this consensus sequence is found at
the appropriate distance downstream from the spermatid specific
poly(A) additien site {overlined in Figure 2}, Berget (1984) also
provided evidence for the conservation of 2 sequence CAYUG,
located immediately downstream and upstream from the poly(A)
addition site in a number of genes. Two pentanucleotides.
perfectly matching this consensus, are also present downstream
of the testis specific addition site (underlined in Figure 2).
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It is very likely that these sequence ¢lements play 2 role in
the formation of the shorter ¢-abl transeripts. Nevertheless, a
cell type specific factor or mechanism must exist that
discriminates between the two poly(A) addition sites that can be
used. It has been suggested that small ribonucleoprotein particles
(saRNPs) are involved in 3" processing of mRNAs on the basis
of partial complementarity between the small U4-RNA and
sequences surrounding the poly(A) additon site. including the
highly conserved hexanucleotide and the more weakly conserv-
ed CAYUG sequence (Berget, 1984). Although there is no direct
evidence for a role of U-RNAs in 3° processing of polyadenylated
mRNAs, involvemnent of small RNAs has been demonstrated for
the maturation of a non-polyadenylated histon mRNA in sea
urchin (see Birnstiel r af., 1985). It is tempting to speculate that
different U-RINAs might direct the choice of different potential
cleavage sites 1o be used.

wernative polyadenylation has been demonstrated for a
number of genes. In the calcitonin/CGRP gene (Amara er al.,
1984) and the mouse p-immunoglebulin gene (Early er al.. 1980).
polyadenylation can oceur in two different coding exons, thereby
directing the protein to be synthesized. In contrast, altiernative
polyadenylation in testis of the c-ab! transcripts does not affect
the coding capacity of the transcripts. as was also observed in
the case of the mouse «-amylase (Tosi e al, 1981) chicken
vimentin, (Zehner and Paterscn, 1983), chicken ovalbumin
{LeMeur er ol 1984 and mouse dihvdrofolate reductase
(DHFR) gene (Setzer er al., 1980, 1982). For the latter genes,
no tissue specificity in the use of poly(A) addition site was
observed although Kaufroan and Sharp (1983) demonstrated 2
correlation with the metabolic state of the cell in the case of
DHFR polyadenylation. The miner polyadenylation sites utilized
in the shorter ovalbumin and DEFR. transcripts are not precceded
by the polyadenylation signal AAUAAA as well.

It is of interest to note that the Drosophila c-abl homolegue.
Dash, contains 2 large 3* exon, that is processed in several alter-
native ways (Telford er al, 1985). 51 mapping of the 3’ end
revealed five different ends. presumably corresponding 10 dif-
ferent polyadenylation sites. Three of these sites are used in the
ovaries of the fly while the other two are utilized during develop-
ment. The material specific poly(A) addition sites generate shorter
transcripts. In this respect the 37 processing of the Dash mRNAs
in Drosophila ovaries resembles the 3’ processing of the c-abl
mRNAs in the mouse male germinal celis.

It was shown by Ponzetto and Wolgemuth, 1985 and illusrrated
in Figure 5b, that the 4 kb mRNA is the predominant c-abl
transcript present in isolated spermatids. The high abundance of
this mRNA, compared to the normal mRNAs could be due 0
several mechanisms: (i) The 4 kb c-abl mRNA is more stable
and has a longer haif-life than the normal mRNAs. dus to dele-
tior of sequences that make the transcript unstable. (i) The mun-
cated mRNA s the only transcript produced during the hapioid
expression of the c-abl gene and continues to a far later stage
in the developing germ cells than expression of the normal
mRNAS. (iii) A combination of possibilities {i) and (ii).

(i) The 3 untranslated region of 2 number of genes have been
shown to play an important role in gene expression. Shaw and
Kamen {1986) demonstrated the existence of 2 specific AU-rich
sequence (AUUUA) within the 3° UTR of a number of wansiently
expressed genes. that renders the transcripts unstable. Owen and
Kithn {1987) recently demonstrated that the non-coding 3/ part
of the wansferrin receptor gene is required for regulation by iron.
The c-ab! gene of the mouse contains a long 3° UTR that con-
1mins sequences that are conserved in the human c-abl gene, as
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detected by cross hybridization at relatively high stringency
(0.3 % 8SC. 56°C, data not shown). These sequences are
removed from the mRNAs, by the use of the upstream
polyadenylaticn site in spermatids and might be an important
mechanism of regulation. Part of the 37 UTR of mouse c-abl
and all of the 3’ UTR contained in v-ab! has been sequenced
(Wang er al., 1984; Reddy er al.. 1983). Although the 3’ UTR
does contain an AT-rich stretch, it does not contain a copy of
the destabilizer motif described by Shaw and Kamen (19806).
However, our results with the actinomycin D chase experiments
indicate that the shorter TS transcript is more stable in spermatids
than the regular c-abl mRNAs in 70Z cells. In the latter, the ¢-
abl transcripts display 2 relatively high stability, but after 2 h
they rapidly decay (t, ~30 min). This mitial relative stability
of the c-abl transeripts can be explained by the presence of 2
pool of nuclear pre-RINAs thar replenish the cytoplasmic pool
of mRNA by RNA splicing after transeription has stopped. until
the pre-RNA pool is exhausted. "We are currently testing this
hypothesis. However, alternative explanations are also possibie.

In isolated spermatids all transcripts were found to be stable
over the 6 h time course. This makes it impossible to test our
hypothesis on a longer half-life of the 4 kb c-ab! mRNA.

Also, the shorter pim-J transcript is more stable than the nor-
mal 2.8 kb transcript which has a halflife of ~30 min. In-
terestingly, the normal pim-I mRNA contains z tandem of
AUUUA sequences (Selen er al, 1986) in its 3’ UTR.
Preliminary data suggest that these sequences are no longer pre-
sent in the testis specific pim transenpt, which might explain the
higher stability of this transcripl in spermatids.

The data discussed above provide circurnstantial evidence for
a higher stability of the testis specific shorter c-ab! wranscript.
Proof for the involvement of the ¢-abl 3’ UTR in determining
messenger stability must await mutational analysis and expres-
sion of the TS c-abl genc construct in nermal cells. A higher
stability of mRNAs might well be a prerequisite for genes ex-
pressed in spermatids. For instance it has been shown that the
mouse protamine mRNAs are present in spermatids, days before
they are translated during steps 12—15 of spermiogenesis, in-
dicating that they are under translational control (Heeht, 1986).
Although the exact time is not known, it is believed that wanscrip-
tion stops around step 12 of spermicgenesis. From: this point on,
the cell continues to change its morphology. which is probably
mediated by the reguleted translation of mRINA, transeribed at
an carlier stage in spermiogenesis.

(iiy Alternatively, accumulation of the 4 kb c-ab! transcript in
the late stages of spermiogenesis is not due to increased stability
of the mRNA but to late ranseription of this mRNA. This raises
the question of what function the truncation of the mRNA serves.
Possibly, it affects the translation of the mRNA,, by altering the
conformation of the tanscript. or changes its ability to bind
cellular factors. As the short c-ab! transeript is present in large
quantities until the later stages of spermiogenesis. the ¢-abi pro-
1ein could play 4 role in the terminal differentation of the germ
cells.

Materials and methods

Sources of tissue and cell lines

Adult BCBA and NIH Swiss tice wers used as sources of issue in all experiments.
Animals were killed by cervical disiocation and the tissues were impnediately frozen
in liquid nitrogen and subsequendy used 10 extract RNA. The 70Z ¢ell line is
2 pre-B Jymphoid ¢ell of Balb/c origin (Puige ef af., 1978). This ccll line was
frown i RPMI medium, supplementzd with 15% new bom calf serurn and 70 uM
B-mercaprocthanol.



Cell separation

Spermatogenic eclls were isolated from decapsuiated testis from NIH Swiss mice,
using; ¢ollagenase and trypsin. The ¢ells were subsequently fractionated, using
sedimentation at unit gravity (Staput procedure). followed by density gradient
centrifugation (Percoll gradients) as described by Grootegoed er al. (1986} The
different cell populations were immediately frozen in liquid nitrogen for subse-
quent RNA extraction, Spermatids for actinomyein I chase cxperiments were
incubated in Eagles MEM., supplemented with $ mM sodium-L-actate and 0.4%
“wivy BSA (fraction V) and used immedizely. To measure the inhibition of
transeriplion in iselated spermatids by actinomycin B, 2.6 x 107 spermatids
were incubated for I h in mediom (os above) containing 2.5 xCi/ml [PHluridine
(5 Cilmmol) with or without actinomy¢in D (2.5 pg/rol) at 37°C, 5% COy. Cells
were washed twice with PBS/0.5 mM uridine before [*Hluridine incorporated
in TCA precipitated material was measured.

RNA isolarion and Northern blot kybridization

RNA was isolated using either the LiCl/urea (see Manintis ef af., 1932) or the
guanidinjum-isothiocyanate protccol (Collins er al., 1984). Pely(A)*‘ RNA was
selected by one or two cycles of oligo{dT) ecllukose (Bochringer) chromarormaphy.
RNA was denatured in formamides/formaldehyde at 55°C for 15 min prior to
clectrophoresis ont dénaturing 0.8% agarose/formaldehyde gels, blotied onto nitre-
cellulose for $—14 h and baked for 1 hat 80°C. Prehybridization of filters wos
carried out for I h at 42°C in hybridization Jiquid containing 30% formamide,
10% dexmansuliate, 3 X SSC, 0.1% SDS and 100 pg/mi denamared salmon sperm
DNA. Probes Tor hybridizetion were labelled with ““P by random oligonuclectide
labelling (Feinberp, and Vogelstem, 1983). denatured in boiling water for 5 min
quenched on ice and directly added to the hybridization mix. Following over-
night hybridizaton at 42°C the filters wers washed 10 a final stringency of
0.3 x $8C, 65°C. Filtzrs were scaled in a plastic bag and exposed 1o Kodak
XAR film ot =70°C for various lenpths of time.

<DINA library preparation and screcning

RNA was isoluted from testes using the guanidiniam-isothiocyanate method,
POly(A}™ selected twice, as described above and used 1 prepare 2 eDNA Lbrary
in phage hgtl) (Huynh er al., 1983). Oligo(dT) was used to prime the {irst strand
synthesis usiag reverse tmnscriptase. Second strand cDINA was obtained with
Klenow enzy ne after wding of the first swrand with dGTP and TdT using olipo{dC)
as @ primer, Double standed ¢DNA was wiled with &G TP and TdT and cloned
into Agtl0 using a synthetic £coRI adapler (Lebouc er af., 1986). Recombinant
phages were plated on £ cofi stramn BNN102 {1 % 10%p.f.u.) and grown to con-
fluency. Duplicate filters were prepared and screcned with a 3° w-ab/ probe
Safl —HindIX 1.1 kb, according to Maniaris er @l (1982). Positive clones were
plaque-purified in a sccond screening and the inserts were subcloned into the EcoRI
site of pUC19 (Yanisch-Perron er al., 1985).

Int site hyvbridizarion

In zire hybridization on whole tissue seetions was performed according to a pro-
el developed by two of us (D.T. and G.D.V.). This protocol is based on
published methods, used for in siu hybridization on Drosophila seetions {Akam,
1983, Hafen ¢r @, 1983). A detailed description of this method will be published
cisewhere by G.D.V. and D.T. The following oliponucleotides were synthesized.,
using an Apphed Biosystems DNA synthesizer. Tests specific c-abl
oligonucleotide: GCTTACAAACTGCCCCGACAAAAAANAAAA (-giobin ma-
Jor oligenucleotide: ATAAAAAGCATTTATGTTCACTGCAAAAAAAAAA.
“The meclting temperaure of RINA —DNA duplexes formed by these oliponucieotides
was calculated using the Wallace rule (Suggs ez al,, 1981). The oligonucleotides
were labelled by priming, using [¥*S]dATP and Kicnow enzyme.

DNA sequencing

DNA fragmemts end labelied at appropriate sites were sequenced. using the
chemical degradation method of Maxam and Gilbert (1980).

5! mapping

Totai RNA (20 z£) was hybridized with hear donatized P, 5% or 3' end labelled
DNA fragments according o established methods (see Manjatis et oL, 1982) at
55°C for 18 h. §1 digsstion was carricd out at 37°C with 1000 Uml of the erzyme
{Bochringer) in 300 ul digestion buffer (300 mM NaCl/50 mM Na-acetate pH
4.4; 2.5 mM ZnS0,).

In vitro transeription/transiaton

Fragments t be tanscribed were cloned in the polylinker of pTZ19 (Pharmacia)
3" of the T7 promoter. RNA was transenibed with T7 polymerase (Biclabs) in
the prosence of 250 xM GpppG (Pharmacia). according to the manufacturers pro~
tecol (Biofabs). After removal of the template by DNasel digestion. the RNA
was purified by phenol/chloroform extraction and precipimred three times with
2M NH-acetare and 3 vol ethanol. RNA was subsequently translated in 3 cell
free wanslation systam (Rabbit Teticlocyte lysate Promepa), in the presence of
{*9S}methionine. Samples were clectrophoresed on 7.5% SDS —polyacrylamide

Cloping of the testis specific c-gbl mENA

gel. The gel was treated with enhancer {Amersham), dried and exposed to auio-
rdiographic film (Kedak XAR-5),
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Chapter i

On the possible role of the ¢c-ab/ 3’'UTR in
determining messenger RNA half life

Dies Meijer, Anneke Graus and Gerard Grosveld

MGC, Department of Cell Biology and Genetics,Erasmus University,
Rotterdam, The Netherlands

ABSTRACT

Through the use of an alternative polyadenylation site, the testis specific ¢-abl {TSabi) transeript
of 4kb iacks 1.2kb of 3"UTR sequences that are otherwise present in the 5.3 and 6.5kb ¢-abl
mRNAs. The TSabl RNA is abundantly expressed in post-meiotic male germ cells where it is
very stable {t,,>> Ghrs). in contrast, the somatic 5.3 and 6.5kb mRNAs have a much shorter
half life (t,, 30-60 min.}. This suggested that the 3'UTR of c-abi is involved in the regulation
of c-abl expression through influencing mRNA half life. Here we test this hypothesis by ectopic
expression of the TSabl RNA and derivatives thereof, in COS cells. The results of these
experiments show that the ectopically expressed TSabl RNA has a similar short half fife as the
somatic ¢-abl mRNAs, thereby weakening the hypothesis that the 3'UTR of c-abl is involved
in determining messenger half life. These results further suggest that the higher stability of
TSabl mRNA in round spermatids is not a result of its 3 truncation, but rather that the
mechanism(s) that regulate c-abl mRNA degradation in somatic cells are not operational in the
haploid male germ ceils.

RESULTS AND DISCUSSION
The mouse c-abl gene is the cellular homologue of the v-abl gene, the
transforming oncogene of Abelson murine leukemia virus. The gene encodes
a non-receptor type tyrosine specific kinase enzyme of 150 kD {reviewed in
[1]). Two c-abl mBNAs of 5.3 (Typei} and 6.5kb (TypelV) in length are
present in all tissues and cell lines examined [2, 3, 4]. The genomic
organization of the c-abl gene and the relationship between the two mRNAs
have been described {2, 5, 6, 7]. The two c-abl RNAs arise through
alternative splicing of two different 5 exons (called typel and typelV in
mouse and 1A and 1B in human ) t0o a2 common set of ten 3’ exons.
Transcription of the two different 5 exons is initiated from separate
promoters [8, 71). The difference in size of the two c-abl RNAs is due to the
difference in size of the first 5" exons. Since translation initiates within the
first 5’ exon, the two mRBRNAs encode proteins with different NH, termini.
In addition to the two c-abl mRNAs of 5.3 and 8.5kb, a shorter abundant
transcript of 4kb is present in mouse testis (3] . This transcript was shown
10 be uniquely present in the post-meiotic germ cells within the testis [8].
cDNA cloning of this 4 kb testis specific c-abi {TSabl) transcript revealed that
itis 1.2kb shorter atits 3’ end as compared to the 5.3 and 6.5kb c-abl RNAs
through the use of an alternative polyadenylation site [2, 10]. This
alternative polyadenylation site is unusual in that it is not preceded by the
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highly conserved hexanucleotide AAUAAA but instead contains a sequence
remotely resembling this motif (UACAAA). Since this alternative
polyadenylation site is well within the 3" UTR the open reading frame {ORF)
is not affected. Furthermore the TSabl transcript contains a Type! 5" exon
and is probably initiated from the same promoter as the 5.3kb mRNA. The
high level of the TSabl mRNA in transcriptionally inactive elongating
spermatids and residual bodies suggested that the transcript is very stable.
Indeed, direct measurement of the stability of the TSabl RNA in round
spermatids revealed a long half life (> 6hrs}. In contrast the half life of the
5.3 and 6.5kb c-abl mRNAs were shown to be in the order of 30 minutes to
one hour in the pre B-cell line 70Z [9].

We hypothesized, that the higher stability of the TSabl mRNA is a direct
result of the lack of 1.2kb of 3'UTR sequences. A longer haif life of the
TSabi mRNA could be linked to the progressive transcriptional inactivation
of the spermatid nucieus during spermiogenesis. The stable TSab! mRNA
could serve as a tempiate for translation at a stage at which transcription has
ceased. The 3’"UTR of many eukaryotic mRNAs have been shown to be
involved In regulation of expression {11-14]. The sequences important for

1 h CTTGGTATGCATCTTTTATAGACGCTCTTTTCTAAGTGGCGTGTGCATAGEGTCCTGECS
Il il ol | FIbEd Pttt AR 11
1 m TTTAAAATAGA CTT G CGCTC TTATAAATGACATGTAAATAG TTCACCATC
Dral
61 h TGCCCCCTCGGeCTGT GG T GG e TCCCCCTCTGCT T TCGGEGGTCCAGTGE[ATTIITGTTTC
AR | [ o ANEREERENL BERIREREE!
51 m TGCTCCCTCTGGCACACCAACAGCATTCCCCTTTTTTCTCAGTCCAGTACATTI[TGTTTE
121 h TGTATATGATTCTCTGTGGTTTTTTTTGAATCCAAATCTGTCCTCTGTAGT[ATTNTTTAA
RERERRER 11 EEREEEEREREE RN FITTILLLI ATl
1m m TGTATATGA cTG TTTTTTGAATCCAAATCT CTCTGTAGTATTITTTAA
Dral
181 h ATAAATCAGTGTTTACATTA
AEREERE! | A ——————
159 m ATAAA TGTTTACAGAACTATCGACAGACTGCTTGGTETGTGATTCATCTCTGCAAG
215 m CCCTCATGTCCCAGCCCGTSTGTCCCEAGCATATCGTTGCCAGCTGCCCAGCTCTTGGCA
275 m GCCTCACAGCAGATGGTAGTGTCCTGTGTCGGGCCGGAAGTAGGAGCGGCTAAGCALETG
335 m AGATTCTTGCTGGCGGAGTGAGTCCCTCCCCGGCATGCCTCTGUCTTCAGCCGETLAGTE
385 m CTCTCTCTCTCTCATGTGGCTTCGGGTCCCAGCTGTTAGGCTTCAGTGGACAGTGAACAA
4s5 m ACGCCTCGGCAGGCTCCGTGGACTATGCTTCAGTCACTGGAGETC

Figure 1. Partial sequence of the mouse ¢-abl 3"UTR plus flanking genomic fragment. The
sequence is aligned with the last 200bp of the human c-abl 3"UTR (top strand) to show
the regions of high hamology in this region [15]. A Sacl fragment of 1.1kb (fragment
pS808 in [2]) was subcloned from & large genormic clone in AEMBL3. This genomic phage
which was isolated from a mouse Balb/C genomic library and contained the last large c-abl
exon plus flanking sequences. The 5° Sacl site of the 1.7kb fragment maps within the
3'UTR of the last c-abl exon [2]. The fragment was sequenced on both strands after
subcloning in the M13 phages mp18 and mp19. Only the last 525bp of this fragment are
shown here. The Dral sites at position 3 and 158 were used to insert Clal linkers. The
conserved sequences resembling the dastabilizer motif AUUUA are boxed. The poly{A)
signal is underlined and the poly{A} addition site in the mouse sequence is indicated with
an arrow. The GT-rich sequences 3’ of the polyadenylation/cleavage site are overlined.
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regulation within these RNAs are likely to be phylogenetically conserved. A
comparison between the human c-abl 3’"UTR and the mouse ¢-abl 3'UTR
revealed one region of high homoliogy [15]. This region which is lccated at
the extreme 3’ end of the c-abi mRNAs includes twe conserved elements
resembling the "destabilizing element” AUUUA found in the 3'UTR of
lymphokine and cytokine mRNAs and some proto-oncogenes like ¢-fos and
c-myc {see Figure 1; [11, 16]}. In generai these elements are found in the
3'UTR of genes that can be rapidly and transiently induced by an external
signal. Although the c-abl gene does not belong to this class of genes, it is
possible that the AU rich sequences within the c-abl 3'UTR do play a role in
determining c-abl mRNA stability.

In order tc address the role of these sequences in mMBNA stability we
constructed four different c-abl expression plasmids {see Figure 2}. The
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Figure 2. Schematic representation of the different ¢-abl expression plasmids. Transcription
of c-abl mutants is initiated from the SV40 early promoter. The SV40 sequences are
represented here by 2 box. Apart from the SV40 early promoter/enhancer this fragment
also contains the SV40 origin of replication and a small intron [24]. The plasmid
background is pTZ19. The thick line represents the c-abl cDNA sequence and the thin line
the genomic sequence 3" of the poly(A) addition site (see figure 1). The position of the
start and termination codons of the c-abl ORF is indicated by vertical arrows. The Clal
restriction sites were introduced by ligating Clal linkers into the Dral sites of the 1.1kb
genomic Sacl fragment. Using the unique Ncol and Sall sites, full iength clones were
constructed (pSVabl and pSvabl/aDra)., The Clal restriction site at the testis specific
poly(A) addition site was introduced by PCR. Two oligonucleotides were synthesized:
CAGTGAGCAATCGATCTCGGGGAC and GACTGAGAAAGCCTGTGCC. The first (anti
sense) oligonuclectide maps to the testis specific poly(A) addition site while the second
(sense) oligonuclectide maps upstream of the unique Sall site. The typel c-abl cONA was
used as a template and the resulting amplification product was cut with Clal ang Sall and
subcloned to create pSVTSabl and pSVTSabl/Cra. All cloning manipulations were done as
described [25]. The double headed arrow indicates the fragment of which the sequence
is shown in figure 1.
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proper 3’ processing (cleavage and polyadenylation) of primary transcripts
requires certain sequences 5’ as well as 3’ of the poly{A) addition site
{reviewed by [17, 18]). Since ¢cDNAs are derived from processed transcripts
they do not contain the necessary downstream sequences. In order to be
able to express the c-abl cDNA constructs in eukaryotic cells, the 3'end of
the cDNAs were replaced by genomic sequences extending 340bp beyond
the poly({A) addition site. The nucieotide sequence cof the genomic fragment
is shown in Figure 1. Downsiream of the poly(A} addition site {indicated by
an arrow) there is a GU rich region which was recognized as a second
important cis element in 3'end processing [19]. Further experimentation
showed, that this fragment supports the efficient 3’end processing of the
c-gbl transcripts. Clai restriction sites were introduced by ligating Clal linkers
into the Drai site at position 3 or/and at position 178, directly flanking the
poly{A) signal {see Figure 1}. A Clal restriction site was further created by
PCR at the testis specific poly(A) addition site of the TSabl cDNA. Using the
unique Clal restriction sites, four different clones were constructed. These
clones were placed under controi of the SV40 early promoter. A small SV40
derived intron is present in the expression plasmids. The resulting constructs
are schematically depicted in Figure 2. Cione pSVabi contains the entire typel
c-abl cDNA and contains a Clal linker in the Dral site preceding the poly(A)
signal sequence. The second construct pSVabl/aDra is derived from pSVabl
but lacks the 175bp Dral fragment containing the conserved sequences (see
Figure 1). The pSVTSabl construct represent the TSabl ¢cDNA and the
pSVTSabl/Dra construct in addition contains the 175bp Dral fragment. All
four constructs were transiently expressed in COS cells and assayed for the
stability of the c-abl RNAs. These experiments couid not be done in isolated
spermatids as a suitable transfection protocol for these cells does not exist
as yet. The results of these experiments are presented in Figure 3. All four
constructs expressed c-abl RNAs of the expected size indicating that the 3’
genomic sequences are sufficient for proper 3'end processing of the primary
transcripts. When transcription was blocked by ActinomycinD, all c-abl
transcripts decay at a similar rate, while the endogenous GAPDH mRNA is
stabie. Therefore, removal of the 175bp Dral fragment does not result in a
more stable RNA {compare panel A with panel D). Furthermore, the TSabl
RNA is not more stable than the Typel c-abl RNA in COS cells (panel B}, and
inclusion of the 175bp Dral fragment in the pSVTSabl does not result in a
drastic destabilization of the transcript either. {(panel C). As we did not
guantitate the intensity of the hybridizing signal, we cannot rule out that the
Dral fragment or the sequences from the testis specific polyA addition site
to the Dral site at position 3 (Figure 1) have a subtie effect on messenger
stability. However the gualitative picture is clear in that these sequences do
not influence mBNA stability to the extent expected from the half life
measurements of the TSabl RNA in round spermatids. These results argue
against a role of these c-abl 3'UTR sequences in mRNA destabilization.
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Instead these experiments suggest that the mechanism(s) that regulate ¢-abi
degradation in COS cells are not operational in spermatids. However it should
be noted that all four mutant c-abl RNAs share the last 20 nucleotides
directly upstream of the polyA addition site, including the polyA signal.

A B

0051246 0051 24 &

-« 50kb

51kb®
GAPDH# « GAPDH

pSVabl pSVabi/aDra
c D
0051 2 4 6 0051 2 4 B

€ 40kDb

A1Kkb
GAPDH» " & GAPDH

pSVTSabl/Dra pSVTSabi

lfigure 3. ActinomycinD chase experiments. COS cells were transiently transfected as
described [26]. At day 3 of the transfection procedure the medium was changed for
medium containing 10 pg/mi ActinomycinD. Cells were harvested at the indicated time (in
hours} after addition of the actinomycinD containing medium and RNA was prepared using
the Urea/LiCl method. Equal amounts of RNA was electrophoresed through denaturing 1%
agarose gels and blotted onto nitroceilulose [27]. Blots were hybridized overnight at 42°C
with a **P labelled mouse c-abl prabe (2 2.2kb Bglll cDNA fragment) and a human GAPDH
probe in a hybridization buffer containing 50% formamide. Blots were washed to a final
stringency of 0.1xSSC at 85°C and exposed for several hours. The human GAPDH probe
detects the endogencus monkey GAPDH mRNA which is very stable [28]. The mouse c-abl
probe detects the c-abl RNAs transcribed from the expression plasmids. Exposure times
are too short to allow the detection of the endogencus monkey c-abl mRNAs.
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Although it is uniikely that the polyA signal itself is involved in destabilizing
the RNA we cannot rule out such a role for the 14 nucleotides separating the
poly(A) signal from the poly(A) addition site. Destabilization of mRNAs have
been shown to be linked to ongoing protein synthesis in @ number of cases
{for a review see [20]). if such a mechanism zlso operates on the TSabl RNA
it is conceivable that the TSabl RNA is only poorly transiated if at all.
However the shorter 3'UTR of the TSabl transcript does not seem to affect
the translatability of this mRNA intrinsically as it is an equally good template
for transiation jn vitro as is the 5.3kb c-abl mBNA [9]. Polysome analysis
experiments presented by Zakeri et a/. has shown that a portion of the TSabl
mRNA is found in the polysome fraction, indicating that at least some of the
TSabl mRNA is translated in testis [21]. Furthermore Ponzetto et /. showed
that the 150kD c-abl protein is present in spermatids and residual bodies,
suggesting that the TSabl! transcript is indeed transiated /n vivo [22]. The
same distribution over the polysome, monosome and RNP fraction was found
for the 5.3 and 6.5kb c-abl mRNAs as for the TSabi mBNA [21]. This
suggests that the shorter 3'UTR of the TSabl mBNA does not influence the
distribution of the RNA over these fractions etther. Therefore, it remains
unclear what function the alternative polyadenylation plays in TSabl RNA
maturation and what factors cause the high stability of the transcript in
spermatids. It has been suggested that the high level expression of the ¢-abl
gene during spermiogenesis indicates an impertant role for the abl protein in
the terminally differentiating germ cells. Recently Tybulewicz et a/. described
the generation of a c-abl null-mutant mouse [23]. It was shown that a male
mouse homozygous for this mutation was fertile. Although this does not
mean that the ¢-abi protein does not play a role in spermiogenesis, it shows
that the protein is not essential. It's functicn could be redundant and may be
taken over by other non-receptor tyrosine protein kinases.
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Chapter IV

Analysis of the mouse Type | c-abf promoter.
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ABSTRACT

The 4.2kb testis specific ¢-abl (TSabl) transcript is transcribed from the same promoter region
as the type | 5,3kb c-abl mRNA that is expressed in every cell type. The TSabl RNA is
abundantly expressed in the post-meiotic male germ cells. The high level of TSabl in round and
elongating spermatids could be due to the high stability of the transcript {see Chapters If & Wi}
and/or to ongoing transcription of the gene during spermiogenesis up 10 the point of genome
inactivation.ST nuclease protection analysis of the c-abl RNAs expressed in testis revealed the
presence of two major CAP sites within the type | promoter region (Chapter i). These two
transcriptional Initiation sites were distinet from the major CAP sites observed with pre-B cell
RNA. This suggested the possible involvement of tissue specific factors in forming the initiation
complex. In this chapter we describe an analysis of the c-abl Type | proximal promoter region
using DNAse! footprinting and gel retardation assays. We show that there are no differences
in footprinting patterns in the Type | promoter region up to position -250 (position 1 is here
taken as the first nucleotide of the AUG start codon), using crude nuclear extracts from testis,
spermatids, fiver and pre-B cells. However In a gel retardation assay we observed a testis
specific complex with a probe containing the octamer binding site {position -260). This testis
specific octamer complex is shown to result from proteolytic degradation of the ubiquitous Oct1
protein.

iINTRODUCTION

The mouse ¢c-abl gene is the cellular hemologue of the viral oncogene present
in the genome of the acutely transforming Abelson murine leukemia virus
(reviewed in [1]). The c-abl gene gives rise to two major transcripts of 5.3
and 6.5kb {termed Typel and TypelV respectively) [2, 3]. These two mRNAs
originate freom the alternative splicing of two different 5’ exons onto a set of
10 common exons [2]. Transcription of these 5’ exons is initiated from
separate promoters [4, 5]. The two transcripts encode c-abl proteins which
differ only in their amino termini. Both proteins have a tyrosine specific
protein kinase activity and are thought to play an important role in an as yet
unidentified signal transduction pathway. The gene is transcribed in all cell
types examined and throughout embryogenesis[3, 8, 71.

Apart from the 5.3 and 6.5kb c-abl mRNAs a testis specific c-abi
transcript of 4.2kb is present in the post-meiotic male germ cells [8]. The
cloning of a ¢DNA corresponding to this mRNA revealed that it is 1.2kb
shorter at its 3’ end as compared to the 5.3 and 6.5kb c-abl mRNAs through
the use of an alternative polyadenylation site [9, 10]. The alternative
polyadenylation site is located within the 3" UTR and thus does not affect
the ORF of the open reading frame of the mRNA. The TSabl mRNA contains
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a Typei 5” exon and is probably transcribed from the same promoter region
as the 5.3kb mRNA.

The high level of this testis specific c-abl transcript could be due to
different, not mutually exclusive mechanisms; a) the TSabl mRNA is more
stable and has a longer haif-life than the normal ¢-abl mRNAs, and b} the
truncated 4.2 kb c-abl RNA is the only transcript produced during the haploid
expression of the c-abl gene and continues to be transcribed to a far later
stage in the developing germ cells than the normal c-abi mRNAs. The
stability of the TSabl mRNA has been discussed in the previous chapters.
Here we concentrate on the Typei promoter region, from which the TSabl
mRNA is transcribed, and the nuclear factors that interact with sequence
elements within the promoter. Nuclease Sl protection analysis of testis RNA
revealed the presence of two major transcription initiation sites (CAP sites)
within the Typel promoter region [9]. These transcription initiation sites are
distinct from the major CAP site used in the pre-B cell line 70Z/3. This
suggested the involvement of tissue specific factors in forming the initiation
complex. Here we describe DNAsei footprint and gel retardation experiments
aiming at the Identification of DNA elements, and nuclear factors that
interact with these elements, that might play a role in the haploid specific
expression of this promoter.

RESULTS AND DISCUSSION

The typel ¢-abl promoter region and its human homologue TA, have been
cloned and sequenced [4, 5]. Using nuclease Sl protection assays the
transcription initition sites in 702/3 cells (a pre-B cell line) and testis have
been mapped {2]. The chromosomal organization of the c-abl gene is
schematically depicted in Figure 1. The approximate position of the testis
specific and B cell specific CAP sites are also indicated in Figure 1 with
arrows. [t should be noted that the CAP sites in 70Z/3 cells have been
mapped at the single nuclectide level, while the CAP sites in testis are
approximate. The two major transcription initiation sites in testis are distinct
from the transcription initiation sites in 70Z/3 cells. The Typel c-abl promoter
is rather rich in the dinucleotide CG and lacks a TATA-box and CCAAT box
sequence. Transcription from TATA-less promoters is mostly promiscuous
with respect to the initiation site used. The results of the nuclease Sli
experiments suggested the involvement of tissue specific factors In
forming/positioning the initiation complex in 70Z/3 cells versus testis.

[n order to identify DNA binding proteins that might be involved in the
testis specific regulation of the Typel ¢-abl promoter, we performed DNAsel
footprint experiments using DNA probes derived from this promoter and
crude nuclear extracts from testis, spermatids, 702/3 cells and liver. The
DNA probes we used for this analysis contain the transcription initiation sites
in testis and 702/3 cells. DNA fragments were labelled at the Aval or the
Pvull site using y(**P)-ATP and T4 polynucleotide kinase. Four areas were
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identified that were protected from limited DNAsel digestion by nuclear
proteins from testis, liver and 70Z/3 cells. The results of these experiments
are schematically shown in Figure 1. The most proximal protected area maps
over the cluster of CAP sites that are used in 70Z2/3 cells. This footprint
partially overlaps with a three times repeated motif GGCGGGA. The
repetition of these motifs creates two junction motifs; GGGAGGC that
resemble the concensus binding site for the nuclear factor Spl (GGGCGG).A
mutational analysis by Letovsky and Dynan[11] of the central cytosine
residue within this recognition sequence showed that a C-A mutation
resultad in only a three fold reduction of the binding affinity of Spl for this
site. It is of interest to note here that this part of the Typel promoter is
highly conserved between the human and mouse gene. However the A
residue in the two distal GGCGGGA repeat elements is a C residue in the
human la promoter sequence. The junction of these two elements create a
concensus Spl binding site (GGGCGGC). itis likely that the GGGAGGC motif
represents a true binding site for Spl and that protection results from binding
of this factor. The second and third protected regions most likely aisc result
from binding of Spl. The protected region around position -140 contains a
concensus high affinity Spl binding site (GGGGCGGGGC) and a concensus

TYPE | ¢c-ABL PROMOTER REGION
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Figure 1. Schematic representation of the c-abl gene and its typel promoter. The four
regions that were protected from limited DNAsel digestion by all four nuctear extracts
used, are indicated by ovals. The DNAse! footprint analysis was performed with crude
nuclear extracts from testis, spermatids, liver and 70Z2/3 cells. The approximate position
of the testis specific CAP sites are indicated by large arrows and the CAP sites in 70Z/3
cells by small arrews, CAP sites were mapped by S1 nuclease protection, The pasition of
the protected fragments is indicated relative to the AUG start codon.
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binding site for the factor GCF. The last factor is involved in the
transcriptional repression of the EGF-R gene [12]. The third protected region
around positien -180 contains the lower affinity Spl binding site
GGGGAGGGC. The major CAP sites in testis map 3’ of the two lower affinity
Spl binding sites present in protected region | and lil.

The fourth protected region maps around position -275 and contains a
perfect match with the concensus coctamer binding site ATTTGCAT as
present in the promoters of light and heavy chain immunogliobulin genes and
the IgH enhancer [13, 14, 15]. This element is not conserved in the human
1A promoter sequence {but might be located in a more upstream position for
which no sequence data are available yet). Interestingly, no abundant TSabl
mBNA is observed in human testis. The octamer element was shown to be
the major element that confers cell-type specificity onimmunoglobuline gene
promoters and enhancers [15, 16, 17]. This DNA motif was shown to be a
binding site for the ubiguitous nuclear factor Oct1 (also called NFIIl, OTF1,
OBP100 etc) and for a large number of other nuclear proteins present in a
more restricted set of cell types [18-23]. These tissue specific octamer
binding factors establish tissue specific expression patterns through
interaction with a common DNA element [14, 24]. The B-cell specific
expression of immunoglobulin genes can at least in part be explained by the
B-cell specific octamer binding factors Oct2A and Oct2B [14, 16, 22, 25].
These proteins cannot be distinghuised on the basis of their footprints over
the octamer sequence as they produce simitar footprints. However in 2 gel
retardation assay the different proteins binding to the octamer element can
be easily distinghuised on the basis of the electrophoretic mobility of the
protein/DNA compiexes they form. Thus although we couid not detect
differences in fecotprints cver the Typel promoter region when using testis,
spermatid, liver or 70Z/3 cell nuclear extracts it is possible that these prints
resulted from binding of different tissue specific factors with the same DNA
element. In this respect it is of interest that a testis specific octamer binding
factor has been described in sea urchin [20, 26]. It is possible that a similar
factor exists in mouse. Such a factor could be involved in the spermatid
specific regulation of the the Typel c-abl promoter. We therefore decided to
perform gel retardation experiments using a2 DNA probe containing the
octamer motif and nuclear extracts from testis, spermatids, liver and a B-cell
line (BMG). The results of this experiment are shown in Figure 2. All four
extracts contain the Oct1 protein. B cells contain in addition to Cct? the
B-cell specific octamer binding factors Oct2A and Oct2B [22], while testis
nuclear extracts produce & complex with a mobility in between that of
Oct2A and Oct2B. Furthermore this complex was also observed when using
nuclear extracts of spermatids, indicating that the protein is present in the
germ cells. This complex was tentavily named TSoct.

The Oct1 and Oct2 proteins are encoded by different genes that belong
to & large gene family [27]. This gene family is characterized by the presence
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of a large stretch of homology which was first noted when the protein
sequence of the Oct1 and Oct2 proteins was compared with the sequence
of the rat pituitary specific transcription factor Pit1/GHF1 and the C. elegans
gene Unc86 ([27] and references therein}. This region of homology, the POU
domain, was subsequently shown to constitute the DNA binding domain of
the different proteins [28, 28, 3Cl. The POU domain consists of
approximately 160 aminoacids and can be subdivided into two conserved
regions, The aminoterminal POU-specific {(POU;) region of aproximately 75
residues is connected by a short diverged linker sequence to a second
conserved domain of aproximately 85 aminoacids that shows extensive
homeology to the Drosophila homeobox proteins (POU homeodomain; POU, ).
As the testis specific octamer binding factor binds to the same sequence as
the Oct1 and Oct2 proteins it is possible that the protein is encoded by one
of these two genes or by another member of the POU domain gene family.
(It is of interest to note here that we have found that the mouse Oct2 gene
is highly expressed in testis, making this gene the prime candidate to encode
the TSoct protein). The expression of the Oct2 gene in testis and the cloning
of testis specific Oct2 cDNAs is described in the next chapter.

To further characterize the TSoct protein and to establish its relation with

Liver
Testis
Stids
BMG

oct1% &
TS oct#

Figure 2. Bandshift experiment showing that distinct octamer binding factors are expressed
in different cell types or tissues. A radiolabelled 30bp double stranded oligonucleotide
containing the octamer motif was incubated with 5 ygram of crude nuclear extract from
liver, testis, spermatids and a B-cell line (BMG). Protein/DNA complexes were resolved on
a native 4% polyacrylamide gel.
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the Oct1 and Oct2 proteins we performed protease clipping bandshift assays
{PCBA; [22]). Nuclear extracts from testis, a2 B cell line {ROS) and a cell line
that only expresses Oct? (Epi7) were incubated with the octamer probe for
15 minutes at roomtemperature with different amounts of the endoprotease
Arg-C. This protease hydrolysis peptide bonds at the carboxy end of arginine
residues. Proteolytic degradation products that are still capable of forming
a complex (ie fragments that retain the DNA binding domain) with the
octamer probe are visualized after seperation on a native polacrylamide gel.
In this way a protease specific degradaticn pattern of the octamer binding
factor is produced. The results of these experiments are shown in Figure 3.
Comparison of the degradation patterns of the testis complexes with the
degradation pattern of the B-cell complexes reveal major differences. While
the degradation pattern of the testis complexes is quite similar to the Oct1
degradation pattern {compare panel B and C in Figure 3}. This indicates that
the protein in the TSoct complex is more related 1o the Oct1 protein than to
the Oct2 protein. To test whether the TSoct protein is also- related
antigenically to Oct1, we used antibodies directed against the Oct] protein
[31] in combination with a bandshift assay. As can be seen in Figure 4,
preincubation of nuclear extracts with increasing amounts of Oct1 antibodies
resulted in a progressive decrease in intensity of the Oct? compiex as waell
as the TSoct complex. The intensity of the Oct2 complex was only slightly
decreased when B-cell nuclear extracts were preincubated with Octl
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Figure 3. Protease clipping bandshift assay. Radiolabelled probe was incubated at
roomtemperature with nuclear extracts of a B-cell line (ROS-1; left panel), Epi7 ceils
(middle panef) and testis (right panel). After ten minutes the indicated amount of the
endoprotease Arg-C was added. Incubation at roomtemperature was continued for another
ten minutes, before loading the samples on gel. The position of the degradation products

is indicated with a triangle. Free probe is not shown.
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antibodies (pane! B In Figure 4). These results strongly suggest that the
protein in the TSoct complex is related to Octt and not Oct2. The TSoct
protein might therefore be encoded by a testis specific Cct? mRNA, a related
POU gene or the protein is a degradation product of Oct1. To test the latter
possibility, the octamer probe was incubated with testis nuclear extracts for
longer periods of time at roomtemperature, on ice and at roomtemperature
in the presence of a wide spectrum cocktail of protease inhibitors. As is
evident from Figure 5 the TSoct complex results from proteolytic degradation
of the Qct1 protein. Degradation of Oct1 was never observed in nuclear
extracts of brain, kidney, spleen, liver and a large number of cell lines.
Despite the extensive precautions to prevent degradation of nuclear proteins
during their isolation we have to conclude that a specific protease activity
copurifies with the testis derived nuclear proteins. It is possibie that this
proteolytic activity resides in the acrosome or acrosomal membrane that is
thightly associated with the spermatid nucleus. Thus, despite the fact that
the Oct2 gene is highly expressed in testis, we must conclude that in mouse
testis Octl is the only octamer binding factor detected and that binding of

Ed
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Figure 4, The TSoct complex centains Octl immunoreactive material. Testis nuclear
extracts were incubated with the radiclabelled octamer probe in the presence of increasing
amounts of a non-specific serum or O¢t1 anti-serum as indicated above the lanes (panel
A). Panel B shows a similar experiment with B-cell nuclear extracts. Note that the presence
of Octl antibodies does not result in a supershift of Oct1 containing complexes but rather
in a decrease in the number (intensity} of these complexes.
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this protein results in the observed footprint 1V.

CONCLUDING REMARKS
The proximal part of the typel ¢-abl promoter contains at least four DNA
elements that interact with nuclear factors present in testis, spermatids,
702/3 cells and liver. Three of these DNA elements {footprint | to Il
probably interact with the transcription factor Sp1, while the fourth DNA
element interacts with the transcription factor Octl. These transcription
factors are probably involved in the activation of transcription from the type
| c-abl promoter region. As we did not positively identify Sp1 as the
transcription factor interacting with the DNA elements | to ili it is possible
that other factors, like GCF [12], that have a high affinity for DNA elements
related to the Sp1 binding site are responsible for the footprints | to .
Two other DNA motifs that are conserved between the mouse typel and
human 1A promoter were not protected from limited DNAsel digestion
(GGGGTTAAGG around position -160 and TGGGCCCTTTGTTA around
position -120). These elements, which are located at either site of the
concensus Spl site, do not match any of the DNA motifs known to be
involved in transcriptional regulation. However, the high conservation of
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Figure 5. The TSoct complex results from proteolytic degradation of the Oct1 complex.
Equal amounts of freshly prepared testis nuclear extracts were incubated with the
radiclzbelled octamer probe over an increasing time span either at roomtemperature or on
ice {time indicated in minutes above the lanes}. Two other samples were incubated at
roomtemperature in the presence of a cocktail of protease inhibitors.
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these elements in the otherwise diverged promoter region suggests that they
may be important. It is possible that these DNA motifs do interact with
nuclear proteins but that these interactions are not detected in our footprint
assays as we used crude nuciear extracts.

It has been suggested by Zhu erf 5/[32] that the TTAA motif present in
these conserved elements represents a functional TATA box. The TATA box
was shown 1o be important in determining the exact site of transcription
initiation in a number of cases. Deletion of the TATA element from the rabbit
£-globin promoter was shown to affect the rate of transcriptional initiation
in vitro, Furthermore initiation was shown to occur randomiy over a stretch
of DNA [33]. Given the observation that transcription initiation from the
mouse typel c-abl promoter occurs over a large stretch of DNA it is not likely
that the TTAA element represents an efficient TATA box.

From the footiprinting analysis presented here it is not clear if any of
these DNA elements is involved in the activity of the typel promoter in
spermatids. It is clear that a functiona! analysis of the typel c-abl promoter
is needed to answer this question. Since a suitable transient transfection
system for spermatogenic celis is missing, such an analysis must involve the
generation of transgenic mice carrying different promoter deletion
constructs.
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MATERIALS AND METHODS

Celi separation and nuclear extract preparation

Different populations of spermatogenic cells were isolated using a sedimentation method
{Staput procedure) followed by density gradient centrifugation (Percoll gradients) as described
by Grootegoed er a/.[34]. This resulted in a highly purified population of round spermatids.
Nuclear extracts from spermatids were prepared exactly as described (20]. Nuclear extracts
from whole tissues was done as described by Lichtsteiner et a/[35] During the whole isolation
procedure a mixture of protease inhibitors was included in the buffers (ImM PMSF, 5ug/mi
leupeptin, Spg/ml pepstatin, 5 mM Benzamidin, 5 pg/m’ chymostatin). Protein concentrations
of the nuclear extracts were determined with the direct photospectrometric method of Kalb and
Bernlohr [386].

Bandshift and footprint assays

Electrophoretic mebility shift assays were performed as described [37] using a double stranded
oligonucleotide that was lzbelled with y[*?P]-ATP and T4 polynucletide kinase (Boehringer).
Typically, 2 fmoles of probe was combined with 5 pg of nuclear extract in 20 x4 bandshift
buffer (10 mM Hepes-KOH pH7.6, 60mM KCI, T mM EDTA, 1 mM DTT, 4% Ficell, 100 wg/ml
poly(di-dC]}. and incubated at roomtemperature for 30 minutes. Samples were electrophoresed
through a 4% {29:1) polyacrylamide gel in 0.25xTBE. After fixation in 10% acetic acid/10%
methanol, the gel was dried and exposed 10 an auteradiographic film. DNAsel protection assays
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were performed as described by Barberis et 5/.[20) Probes derived from the typel ¢-abl promoter
were endlabelled on different restriction enzymse sites, either at the 5 end or 3’ end, and
purified from preparative low melting agarose gels. Probes were incubated on ice with 10 10
25 pg of crude nuclear extract in 25 ul of footprint buffer (20mM Hepes-KOH pH7.6, 60mM
KCI, tmM DTT, 0.8 mM MgCl,, 0.2 mM PMSF, 8% glycerol,1 g polyldl-dC]). Then 1 to 10
pg of DNAsel was added and incubated for 80 seconds on ice. The reaction was terminated
by adding 80 4 of stopmix (20mM Tris-HCI pH7.5, 10 mM EDTA, 0.5% SDS). The DNA was
extracted by phenol/chloroform, ethanol precipetated, washed once with 70% ethanol and
dissolved in sequence gel loading buffer. DNA samples were electrophoresed through a 8%
polyacrylamide/7.5M Urea sequence gel together with a partially chemically degraded G+ A
sequence ladder of the probe as marker. After fixation and drying, the gel was exposed to
autoradiographic film at -70°C using an intensifying screen.
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ABSTRACT

Using Northern blot analysis we show that the mouse Oct2 gene is highly expressed in testis.
Two major transcripts of 7.2 and 6.8 kb were observed in testis and one major Oct2 MRNA of
7kb in brain and spleen. Cell separation experiments indicate that the Oc¢t2 gene is abundantly
expressed in spermatocytes but not in spermatids. Oct2 ¢cDNAs were isolated from a testis
cDNA library and through PCR amplification of testis cDNA. Two ¢cDNA constructs {1-1s0ct2
and 2-ts0ct2) were obtained that represent the ORF of the 7.2kb QotZ2 mRNA. This mRNA
results from alternative splicing of 0¢t2 exons and is possibly transcribed from a testis specific
promoter. The ts0ct2 cDNAs do not contain sequences encoded by the Oct2 exons 1 to 7a
(1-tsOct2) or 1to 7b (2-ts0ct2). The Oct2 proteins potentially encoded by these cDNAs {(44kD
and 38kD respectively) are initiated from in frame methionine residues and are therefore
truncated of the first 190 {1-ts0ct2) or the first 248 {2-1s0c¢t2) amino acids. This truncaticen
of the 2-1s0ct2 CORF includes most of the POU.-A box, resulting in a severe reduction in DNA
hinding affinity of this protein. Alternative splicing of 2 small 74nt exon {excen13) results in a
carboxyl terminus of the ts0c¢t2 proteins that is identical to that of the B-cell Dct2B protein.
Expression of the tsQct2 ¢cDNAs and analysis of the produced proteins in a2 bandshift assay
gave rise t0 complexes with a much higher mobility than the Octl and Oct2A complexes.
However these tsQci2 generated complexes were not observed in testis nuclear extracts.

INTRODUCTION
Male germ cell formation in mammais, in particular rats and mice, is a well
characterized developmental process. A self renewing population of
spermatogonial stem celis exists within the seminiferous epithelium in the
testis. These spermatogonia produce daughter cells that go through meicsis
(spermatocytes) and give rise to four haploid round spermatids. The round
spermatids then differentiate 10 elongated spermatids and finally to
spermatozaa. During the post-meiotic peried the germ cells undergo dramatic
morphological changes as they acquire the flagellum, the acrosome and
adopts its species specific head shape. The major part of the cytoplasm is
shed as a residual body that is subsequently resorbed by Serioli cells.
Underlying these processes is the temporally controlied expression of an
as yet undefined number of genes. Some of these are uniquely expressed
during spermatogenesis, while others express a testis specific form of a
protein or transcript (for review see;[1-4]}). The control of expression of these
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genes can be at the transcriptional and/or post-transcriptional level. For
example, the mouse protamine T gene {(MP1) is expressed shortly after the
second meiotic division but the mRNA is translated only days iater during the
later stages of spermiogenesis. Another example is the testis specific
phosphoglycerate kinase 2 (PGK2} gene that is first transcribed during
prophase of meiosis but translation of the mRNA occurs during
spermiogenesis [5]. Both genes, MP1 and PGK2, are under transcriptional as
well as translational control. In the case of MP1, sequences within the 3’
untranslated region of the gene seem to be involved in the proper timing of
translation [8]. Other genes such as the oncogenes int-1, c-mos and c-abl
show temporally controlled expression during spermatogenesis as well
{reviewed in [3]). It is very likely that specific transcription factors are
inveolved in the temporally controlled expression of these genes. Identification
and subsequent characterisation of these factors may give insight into the
male germ cell differentiation pattern at the molecular level. These factors
might be uniquely expressed in testis or might represent variations of factors
that are also expressed in other cell types.

Many transcription factors are known to interact through common DNA
elements. Cne such DNA element is the octamer sequence (ATTTGCAT),
which is known to be a binding site for several transcription factors. This
sequence was originally defined as a conserved element within the
promoters and enhancer of the immunoglobulin genes [7, 8]. The octamer
element was shown to confer B-cell specific expression {0 a non B cell
specific promoter [8, 10]. This sequence was also found in the regulatory
regions of genes that are not B cell specific, such as the histone H2b genes,
the snBNA genes, and the mouse c¢-abl gene. Initially two proteins, called
Oct1 and Oct2, have been described to interact with this element. Oct] is
a ubiquitous factor invoived in cell cycle regulation of the histone H2b gene,
the replication of adenovirus DNA, and expressicn of the snRNA genes [(11-
18]. The second factor Oct2 was originally described as B cell specific and
as such assumed to be inveolved in the regulation of the immunoglobulin
genes [19]. The two proteins have been purified and cDNAs encoding these
proteins have beenisolated and characterized [20-23]. Sequence comparison
between these two cDNAs revealed a large stretch of homology which was
aiso found in the rat pituitary specific factor Pit-1/GHF-1 and the C. elegans
gene unc8b ([24] and references therein). This region of homology (called
the POU domain) was shown to be the DNA binding domain [25, 26, 27].
The POU domain is approximately 180 amino acids long and contains two
subdoemains. The amino terminal PCOU-specific {(POU;) region of approx. 75
amino acid residues is connected through a short linker sequence to the 85
aming acid POU-homeo domain (POU, ). This last domain is related to the
homeoboX, a conserved region originally found in many Drosophila genes
involved in development [28]. Over the past years, additional factors binding
to the octamer motif have been identified [28-33]. Noteworthy with respect

48



to the work described here is the identification of a specific octamer factor
in sea urchin testis {29]. It is possible that these distinct factors are involved
in the tissue specific regulation of a [arge number of genes.

The presence of an octamer element within the mouse Type | c-abl
promoter region [34], and our initial observation of a testis specific octamer
binding factor (see previous chapter) suggested the involvement of this
factor in the haploid specific expression of the c-abl gene. We therefore set
out to clone cDNA molecules enceding octamer binding factors that are
specifically expressed in the testis. Here we describe the cloning of cDNAs
potentially encoding Oct2 proteins that are uniquely expressed during
spermatogenesis. The possible involvemeant is discussed of these proteins in
the processes described above.

RESULTS

Cloning of a CDNA encoding an octamer binding factor

The approach we took to isolate ¢DNAs from testis RNA potentially encoding
octamer binding factors was based on the high homology within the POU
homeo domain of the Oct1 and Oc¢t2 ¢DNAs (Figure 1). Fully degenerated
oligonucleotides were used to generate cDNA from testis RNA, that was
subsequently amplified using Taql polymerase {PCR). ¢cDNAs hybridizing
with an internal degenerated oligonucleotide were subcloned in the plasmid

POU-DOMAIN POU,, POU,
EN H Za P E
POV ,-B BOX POV BOX
—_ — — Cet hgtio ST S N IS
e ] : I :
/ | / \ | \ Ocr PCR 950 0o
[}
hOCT1 KWLNDAE OKPTSEEI RVWFENR
Qct PCA 700
hoCT2 KWLRDAE OKPTSEE! AVWECNR _
—_— —_— R
8" amp PRIMCA PRQOL oliga 2 amp PRIMCR
2+ACATCTCTQATACAGACAC TAAGCAgETpg OGTTTAATCAACTEATCO-5"
5" amp PRMER 5" RT PRIMEZR

Figure. 1 ¢cDNA PCR amplification of testis mRNAs encoding POU domain proteins. Fully
degenerate oligonucleotides {see M&M} were synthesized based on amino acid sequences
conserved between the human Oct1 and Oct2 proteins. Amplification products were
separated on agarose gels and blotted onto nitrocellulose. The filters were probed with a
POU,, specific oligonucleotide. Positive bands were excised from the gel, cloned and
sequenced.

8. Cloning of a testis specific Oct2 ¢cDNA. A partial cDNA was isclated from a Agz10 testis
cDNA library by use of a POU domain probe. Five prime extensions were cloned by
exploiting the RACE protocol. The structural relationship between the partial Oct2 cDNA
and the 5’ extension clones is depicted. Restriction enzyme sites are: N = Ncol, H=HindIll,
P=Pstl, S=Sall, Sa=_S8acl, E=EcaRl. The Sall and EcoRl sites are artificial cloning sites.
The 5 extension clones were joined &t the Ncol site with the Agt10 Oct2 clone resulting
in two clones: 1-tsOct2 (950 PCR) and 2-tsOct2 (750 PCR).

49



vector pTZ18. Sequencing of these clones showed them to be identical to
the Oct2 PCU domain. Using this cDNA as a probe, a testis cDNA library
was screened. This yielded one positive clone (OctAgt10 in Figure 1B}, and
the cDNA insert was subcloned into pTZ19 and sequenced. Sequence
analysis of this clone indicated that the cDNA was truncated at its 5’ side.
To obtain full length ¢DNA, 5 extensions were cloned using the RACE
protocol ([351, see Materials and Methods) and distinct 5 cDNAs were
obtained (Oct PCR850 and Oct PCR 700 in Figure 1B}. Using the unique
overiapping Ncot site in the ' extended cDNAs and the original octAgt10
cDNA two full length cDNAs were constructed; 1-tsOct2 representing the
longer clone and 2-tsOct2 representing the shorter one. The relation between
the two 5’ PCR products is schematically depicted in Figure 1B.

The Oct2 gene is highly expressed in testis

Previously it has been reported that the Oct2 gene is exclusively expressed
in lymphoid cells [20, 21, 22]. More recently, He er s/ [36] also
demonstrated expression of the Oct2 gene in rat brain, but not in rat testis.
Therefore it is surprising that we isolated an Oct2 related cDNA from a
mouse testis cDNA iibrary. As we only isolated a singie cDNA related to
Oct2 from our testis cDNA library there is a possibility that the RNA, used
io construct the library, contained some lymphoid RNA due to the presence
of lymphoid cells in the testis.

We investigated the expression pattern of the Oct2 gene using Northern
blot analysis of RNA from testis, spermatccytes, round spermatids and brain.
As a probe we used the Oct2 cDNA from OctAgt10. in brain one major
transcript of approximately 7kb was present while in testis two transcripts
of approximately 7.2 and 6.8kb were detected (Figure 2A). These two RNAs
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Figure 2. Northern blot analysis of Oct2 RNA from various sources as indicated. A. The
probe consisted of a 490bp Neol/Hindlll Qer2 ¢DNA fragment {see figure 4) spanning most
of the POU; and all of the PQU,, domain. The position of 288 rRANA is indicated.

B. The probe used was a 430bp Sacl-Sacli fragment derived from the 5" end of the
1-tsoct2 cDNA. The amount of total RNA in each lane is 10 ug.
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were also detected at a high level in RNA from spermatocytes, but at 2 much
tower leve! in RNA from round spermatids. This clearly indicates that the
QOct2 gene is actively transcribed during meicsis and is down-regulated after
completion of the meiotic divisions. The probe used in the experiment
described above only contains sequences that are also present in the ¢DNAs
cloned from human and mouse B-cell libraries. However the 5’ part of the
1s0ct2 ¢cDNAs is distinct and fails to show any homology with B-cell derived
Oct2 cDNAs (s2e below). To establish the relationship between the 1s0ct2
cDNAs and the two Oct2 RNAs detected in testis and spermatocytes, a
probe derived from the unigue 5 part of the ¢cDNA (a 430bp Saci-Sacll
fragment} was used to screen a Northern blot containing RNA from spleen,
brain, testis, spermatocytes and spermatids. This probe only detects the
higher molecular weight transcript in testis and spermatocytes (Figure 28).
Therefore, the tsOct2 cDNAs represent the longer transcript observed in
testis. As we selected two amplified 5 c¢cDNA ends for further
characterization, it is possible that the shorter of the two PCR products
represents the other testis specific Oct2 RNA,

Sequence analysis

The nucleotide sequence of the 1-tsOct2 and 2-tsOct2 constructs was
determined on both strands. The seguence is presented in Figure 3.
Sequences that are not present in the 2-tsOct2 ¢DNA are underlined. Both
cDNAs contain a long ORF encompassing the POU domain. in the 1-tsOct2
cione the reading frame starts at position 814 and terminates at position
1907 while in the 2-ts0ct2 clone the reading frame starts at position 791
and terminates at position 1907. Thus the 2-ts0ct2 ORF represents an
aming terminal truncation of the 1-isOct2 frame and lacks most of
subdomain A of the POU specific box. The calculated molecular weights of
the proteins potentially encoded by the 1-ts0c¢t2 and 2-ts0ct2 are 44kD and
39 kD, respectively. Both ¢cDNAs contain along 5’UTR that contains multiple
short open reading frames. The nucleotide seguence of the Oct PCR750
clone that was used to construct 2-tsOct2 is identical to the Oct PCRY50
sequence, except that nucleotides between nt432 and nt859 are missing
{underlined sequence in Figure 3). This sequence has the halimark of an
intron, At the 5’ side there is a GT dinucieotide and at the 3’ side there is an
AG dinucleotide preceded by a long stretch of pyrimidine residues. tis likely
that these sequences represent an alternatively spliced intron within the
PCR950 Oct2 ¢cDNA. The sequence upstream of nt 432 that is shared by
both PCR cDNAs, contain multiple splice donor/acceptor sites indicating that
they may contain even more non-spliced sequences. The two independent
PCR cDNA molecules start at the same position (nt1). This nucleotide could
therefore represent the transcriptional initiation site {see below).
Downstream of nt 610 the c¢DNA sequence is homologous with the
previously described QOct2 ¢cDNAs cloned from B-cell libraries [20, 21, 22].
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Only a few amino acid differences are found between the mouse and human
sequence, none of them within the highly conserved POU domain. it should
be noted that the methionine codon that opens the 1-tsOct2 reading frame
is a valine codon in the human Oct2 sequence [20, 21].

Recently the genomic organization of the mouse Oct2 gene has been
described [37, 38]. The gene consists of at least 14 exons spread over 35kb
of genomic DNA. Six different B-cell specific Oct2 mRNAs have been
characterized that arise through alternative splicing. Comparing the tsOct2
cDNA with the Oct2 exon sequences showed that the sequence up 1o nt810
is unique to the testis specific Oct2 ¢DNAs. Downstream of nt 611 the

1 AGAGCAGTTTTAAATGCACAGT GAAACTGAGCT CARRAT AGATCCCATATGTCTCCTGTCCTCCACT GCACCACCTCCCTCTTTCAGCAT
a1 COTCGACCCATATAATACCCATCT GTAGT CCAGGCAT CTACATGT CAGT GTCACAT CTATAGACAGAACCTCTJ{E‘C"I!‘ITI'CACTCTATGCCT
181 CTCCLCT TCGACAACCT GCTTATTAGT AATCTTAAT CT AAT AAT CCAATGGGCAGGTGGEGCT GTAGTGACGCTTTLCTGT TCAAT GGAGS
27 GOAATGT CGOTTCCAGGAGCTTTAAGACGAGCT GAGTTGCCTOTCOAGT CACT CCCAGAGGACGAT CCAGGATGAACCCTCTGT CCETAG
261 CTTTCAGCCCACTGAGCCATCAGCAAAGGACACT GGCTECTCCTTCTGAGAGGT TCGGCCET CT AAACGAAGGTGAAGAGT AATCGAGAG

451 CACCGOGOTAGGCAGT GGAQT AAACCT YT AACAGCAAT TAGAGATT AGTCTGGOCCCTTGGGCAGGT GAGGEGAGT CTGAAGCAAGCCAG

Ta
541 TGCACAACCGTTGCTTAGCCCCATCCAGGTCCTCCATCCCGCATCCCATCCACCTGCCCA‘TCCCCACCAG]GCTATGACTCGCCCCACGL’T
m T R P T L G

75
631 GCCLGACCCACACCTCT CACACCCGCAJCCCCCGAAATGCTT GGAGCCGCCCT CCCACCCfAGGAGCCCAGCGA’T CYGGAGGAGCTGGA
E s

P O P MW L 5 H P @ P P K € L E P P 5 H P O L £ E L E| 3

721 ACAGTTTGCTCGCACCTTCMGCAACGCCGCATCAAGCTGGGCTTCACACAGGGTGM’GYGGCCCTGGCCATGGGCAAGCTCTATGGCAA

a8 F AR T F K QA R I KL & F T QG D v G M G K L Y G N| 6
POU=pecific domain

811 CGACTTCAGCCAMCGACCATTTCl:CGCTTCGALGCCCTCAACCTGAGCTTCAAGAACATGT GTAAACTCAAGCCGCT CCTGGAGMGTG

i § R F E A L N L S F K N MG®E K L K P L L E 96

9
901 GCTCAACGACGCAGL\ CTATGTCT GTGGAT’T CAAGCCTACCCAGCCCAAACCAGCTGAGCAGCCCCAGCCT GGGTTTCGACGOGETGCC
L N D A E|JT M 35 WV S s N © L 5 & P 5 L G F D G L P 128

]
391 GGGGCGGAGACGCAAGAAGAGGACCAGCATCGAGACGMTGTCCGCTTCGCCTTAGACAAGAGTTTCCTAGCGAACCAGAAGCCTACCTC
GlAR R R X K & T 3 1 E T N v R L A N Q 156
POU—homeo domaun
1081 AGAGGAGATCCTGCTGATCGCAGAGCAGCTGCACATGGAGAAGGAAGTGATCCCCGTCTGGTTCTGCAACCGGCGCCAGAAGGAGMACG
E
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mn CATCAACCC‘T GCAGTGCGGCCCCCATGCTGCCCAGCCCGGGMAGCCGACCAGCTACAGECCTCACCTéGTCACACCCCAAGGGGGCGC
N PlC $ A A P M L P S5 P G KX P T Y &§ £ H L VT P 0 G G 218

1261 ‘AGGGACCTTACCATTGTCCCMGCTTCTAGCAGTCTCAGCAC&ACAGITTACTACCTTATCCTCAGCTGTGGGGACCCTCCA‘TCCCAGCCG
t 5 @ A S § 8 L $ T T VYV T T L $ S5 ANV G T L HP 5§ R 256

1351 GACAGCAGGAGGGGGTGGGGGTGGGGGCGGACGTGCGCCCCCCCTCAATTCCATCCCCTCTG‘I’CACTCCCCCACCCCCGGCCACCACCAA
T G G ¢ R A P P L N S I P 5 VT P P P P AT T N 2

|
1441 C&CICACAAACCCGAGCCCTCAAGGCAGCCACTCGGCTATTGGCTTGTCGGGCCTGAACCCBAGCGCGG AGCACAATGGTGGGGTTGAG
N F S QG 5 K S A1 G L 5 G L NP 35 MW G L 306

14
1631 lCTCTGGGCTGAGTCCAGCCCTCATGAGCAACAACCCTTTGGCCACTATCCAAG CCTGGLCTCTGGT GGAACCCTGLCCCTTACCAGCCT
G 4 < P A LM S N N P L A YT | O A 5 & G T L P L T 5 L 336

1621 TGATGGCAGCGGGAACCTGGTGLTGGGGGCAGCCGGT GCGGCCTCAGEGAGT CCLAGCT TAGT AACET CGCCTCTCT TCTTGAACCACAT
c G s M L ¥V L 6 A A G A AP G S P S L v T S5 P L F L N H T 368

17N CGGTCTGCCGLT GCT CAGTGCCCCACCAGGCOT GEGLCTGGT CTCAGCGCCGGCTGLAGLCAT AGCAGCAT CCAT CTCCAGCAAGTCTCE
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1801 TGGCCTCTCCTCGTCTTCTTCAT CCT CATUATCCT CCACGTGCAGT SAT GTGECAGCACAGACCCCT GCACGCCCCGGAGGACCCGAGGT
cC L § s 8 £ 5 7T C o v A A QT P G G P G G P T A 420

1891 GGGGTCCMGGC’TGAGTGAGAGCCGGCCATGCCTCCCCTCCTACTCCTCTGAATC‘TCCCGACCTTGGTCCCCTGCCCAAGAGAGGGTAAG
G s K A &

1981 GAGGLT GETGGGGGAT ACGSTGGGT CCTTGOAGCAGGAGT CACAAACTAGGAAAAAACCARAAAT CCAACCAAAAAAAAALAAAARAAAA

Figure 3. Nucleotide sequence and deduced aming acid sequence of the tsOctZ cONA
constructs. The sequence that is not present in the 2-1s0ct2 cDNA is underlined. Exon
assignment and numbering is according to Wirth et al. {[38]; see also Figure 7). The exon
junctions are indicated by a verticai bar. The 74nt exon (exon13) that is subject to tissue
specific alternative splicing is boxed (see also Figure 4).

52



1s0¢12 sequence is composed of exons 7a to 14 (indicated in Figure 3, see
also Figure 7). interestingly, the tsOct2 cDNA contains exon 13. This 74nt
exon was shown to be subject to alternative splicing in B cells. The splicing
in of this exon resuits in a shift of reading frame, extending the ORF with
132 amino acids. B cell specific Oct2 mRNAs containing this exon encode
the Qct2B protein, a second Oct factor in B cells [37, 38, 39]. Thus the
putative tsOct2 proteins have the same carboxy! terminus as the Oct2B
protein. This part of the protein is rich in serine residues, a property it shares
with the human Cctl protein [23]

Splicing of the 74nt 3'exon

To prove that the 74 nt sequence indeed represents a bona fide exon,
genomic sequences were cloned from a phage library, mapped and
sequenced. The result of this analysis is shown in Figure 4A. The exon is
located on a bBkb Hindlll genomic fragment and is flanked by consensus
splice acceptor/donor sites. The two flanking exons are also located on this
fragment. The 74nt exon is separated by a 122bp intron from its 5’
neighbouring exon and by a 284bp intron from its downstream neighbour.
This 74nt exon is conserved in human, since the cDNA sequence of one of
the B-cell Oct2 cDNAs presented by Clerc et a/. [20] contains this exon plus
the 5° flanking intron and part of the 3’ flanking intron. To demonstrate
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Figure 4. Tissue specific alternative splicing of a 3" exon, its genomic organization and
sequence. Using a probe from the 37 part of the ¢DNA, a S5kb Hindlll fragment was
subcloned from a genomic clone in A phage EMBL3. The fragment was mapped and
partially sequenced (the two Aval fragments were sequenced on both strands). Numbering
of the exons is according to Wirth et af. [381. Exons are not exactly drawn 1o scale. B.
Sequence of the Aval fragments. Exon sequenices are represented by a capital lettertype,
introns by a small lettertype. Splice donor and acceptor sequences are underlined. The
oligonucleotides that were used to amplify Oct2 cDNAs are indicated {oligo1 and oligo3).
Alternative splicing of exon13 will give rise to amplified ¢DNA products of 158bp and
232bp. These amplified products were detected with 2 third oligonucleotide{oligo2) on
Southern blots of amplified material (C).
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tissue specific alternative splicing of this exon, we employed the ¢cDNA PCR
technigue. An Oct2 specific oligo was used to generate cDNA from mouse
testis and spieen RNA. These cDNAs were subsequently amplified by PCR
using the oligo’s as indicated in Figure 4A. Amplified products were
separated on a 2% agarose gel and blotted onto nitrocellulose. An internal
oligo was used to detect the amplified products. As can be seen in Figure 4B
the spliced-in product is the most abundant transcript in testis {232bp) while
the spliced-out product is the most abundant transcript in spleen. In
conclusion, the 74nt excn is subject to alternative splicing and this process
seems to be regulated in a tissue specific fashion.

is Oct2 gene expression in testis initiated from a tissue specific promoter?
As the two 5'PCR Oct2 cDNA mclecules start at the same nucleotide, it is
possible that this nucleotide represents the transcription initiation site.
Furthermore, a probe derived from the 5’ part of these cDNAs only detects
the largest of the two testis specific Cct2 mRNAs (Figure 2). Since the
sequence upstream of nt 810 shows a perfect match with the splice
acceptor consensus, and these sequences are not homologous to Oct2
exons 1 to B, itis possible that transcription is initiated from a testis specific
promoter located in intron 6. To map the position of the 5 part of the tsQct2
cDNAs, a genomic clone covering intron 6 was obtained {a kind gift of Dr T
wirth). Using a probe derived from the 5’ part of the ¢cDNA, it could be
shown that these sequences mapped to intron 8 (not shown). Sequence
analysis showed that the tsOct2 sequences are colinear with the genomic
sequence upstream of exon 7a. A 440bp genomic Hindlll fragment was
subcloned and sequenced, covering the most 5’ part of our PCR cDNAs (3
Hindili site at position 163 in Figure 3} and mapping 447bp upstream of exon

AAGCTTCTTATTTTTAATTTARATTTATTTATATT TTGGTATTACTAGAG
AGTCAATCCAGAATTTTTAGTATACTAGGCAGGGGCTCTACCACTGAGCC
ACACCCCCAGCCCTCTATTCATATTTTATTTTGAGATGGTCTTTCTGAGT
TGCTCAGGCTCGCATTGAACTCACTCTCTAGTTCAAGCTGACCTTARALG
AATCCCTCTGCCTTGTTCTCTGGAGCAGCTATATGTTTGCTGTCAGGCCT

TAATTTTTTTTTTAGAGCAGTTTTAAATGCACAGTGAAACTGAGCTCAAG

ATAGATCCCATATGTCTCCTGTCCTCCACGTGCACCACCTCCCTCTTTCA

GCATCCTCGACCCATATAATACCCATCIGTACTCCAGGCATCTACATGTC

AGTGTCACATCTATAGACAGAACCTCAAGCTT

Figure 5. Sequence of the 440bp Hindili fragment derived from intron 6. The sequence
represented in the tsOct2 cDNAs is underlined. Overlined sequence motifs are discussed
in the text.
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7a. The sequence of this fragment is shown in Figure 5. The 3’ part of the
sequence is colinear with the tsOct2 cDNA sequences {underlined in Figure
5}. Directly upstream of nt 1 of the ts0Oct2 cDNA sequence there is 2 stretch
of 10 T residues. At position -30 (taking the first nucleotide of the tsOct2
cDNA as position 1) a TATA box sequence is present, and at position -95
there is an inverted CAAT box. These typical promoter elements might form
the testis specific Oct2 promoter. However, an alternative explanation why
the two PCR cDNA products start at the same nucleotide is provided by the
presence of the 10 T residues upstream of nt 1. First strand ¢cDNA molecules
were tailed using TdT and dATP. Second strand synthesis was subsequently
primed by a polylinker-oligodT oligenucleotide (see M&M). Obviously, this
primer can anneal to internal A stretches {in the first strand ¢DNA) and
generate truncated cDNAs. Thus, despite the presence of 2 TATA box and
a CAAT box at typical distances, we cannot conclude that these sequences
represent the actual promoter from which testis specific Oct2 gene
expression is initiated.

The tsOct2 ¢cDNAs encode functional octamer binding proteins

The 1-ts0ct2 and the 2-tsOct2 ¢DNAs potentially encode proteins that differ
in size considerably. However, in gel retardation experiments using testis
nuclear extracts and the c¢-abl octamer element as a probe, only the
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Figure 6. In vivo expression of 15s0c12 cDNAs. The 1s0¢t2 ¢cDNA were expressed in COS
cells under control of the SV40 early promoter/enhancer (see M&M). Mini nuclear extracts
of transfected and mock transfected COS cells were used in a bandshift assay with a
radiolabelied octamer probe (panelA). The arrow points at the 1s0¢t2 encoded proteins and
the free probe is indicated with an F. For comparisen, Panel B shows the octamer
complexes that are formed with 1estis and B-cell (ROS cell line} nuclear extracts.
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ubiguitous Oct1 complex is observed (Figure 6B and the previous chapter).
One explanation for the failure to detect testis specific Oct complexes could
be that the ts0ctZ mRNAs are poor templates for translation. Both 1-ts0ct2
and 2-tsOct2 have long 5 untranslated regions containing multiple short
open reading frames. It has been suggested that the presence of muitiple
potential start codons within the mBNA leader sequence severely reduces
the efficiency of transiation from a downstream start codon [40]. To test
whether the ts0ct2 cDNAs could encode functional octeamer binding
proteins, we performed bandshift assays using nuclear extracts of COS cells
expressing the tsOct2 cDNAs from the SV40 promoter. The results of these
experiments are shown in Figure 6. Clearly the tsOct2 RNAs are efficiently
translated /n vivo, giving rise to protein/DNA complexes that have a higher
mobility than the Oct1 complex. These complexes are not cbserved with
testis nuclear extracts (Figure 6B). ldentical resuits were obtained with /in
vitro transiated proteins. The weaker intensity of the 2-tsOct2 complex is
probabiy not due to inefficient translation of the 2-ts0Oct2 mRNA, but to the
fact that the protein misses most of subdomain A of the POUg domain.
Mutations and truncations of the POU; domain of the Octt and Oct2
proteins impairs DNA binding to a different extent [26, 41]. Thus, the failure
to detect these complexes in testis nuclear extracts is not due to an intrinsic
poor translatability of these mRNAs.

DISCUSSION

In this paper we show that the mouse OctZ gene is abundantly expressed in
the germ cells of the testis. Two uniquely sized mRNAs of approximately 6.8
and 7.2 kb are detected at a high level in spermatocytes and at a much
lower level in the post-meiotic round spermatids. In brain, spleen and thymus
only one abundant transcript of 7 kb was detected. The expression of the
Oct2 gene was further analyzed by cloning of Oct2 ¢DNAs from testis RNA,

Oct2 expression in testis

The genomic structure of the mouse Oct2 gene has recently been described
[37, 38l. It is a single gene copy in the mouse genome and consists of at
least 14 exons spread over 35kb of genomic DNA. The Oct2 gene was
shown to generate at least 6 different mBRNAs through alternative splicing,
encoding different forms of the Oct2 protein. The exons that were shown to
be subject to alternative splicing in B-cells are exon 4a and 4b, exon 7a,
exon 12a and exon 13 {see Figure 7}. From a comparison of the tsOct2
cDNAs and the B-cell Oct2 cDNAs, the foliowing picture emerges. The
1-ts0ct2 cDNA contains the exon seguences from exon 7a to 14, while
2-ts0ct2 contains exon 7b to 14. Upstream of nt 611 the tsOct2 cDNAs
don’t show any homology to the published Oct2 seguence, nor to any other
sequence in the EMBL DNA datzbase. Consistent with this finding is that 2
probe derived from the 5’ part of the tsOct2 cDNAs detected the fonger of
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the two testis Oct2 RNAs and none of the Qc¢t2 transcripts in spleen,
thymus or brain (Figure 2B). The tsOct2 cDNA sequence directly preceding
exon 7a {at nt811) shows a perfect match to a splice acceptor site,
suggesting that these sequences are derived from the intron between exon
& and 7. Indeed, cloning, mapping and sequencing of genomic intron 8
sequences showed that the first 610 nt of the tsOct2 ¢DNAs are derived
from intron 6. The 750 PCR oct2 cDNA molecule derives from a mRNA that
arose through splicing of an intronic cryptic splice donor to the splice
acceptor of exon 7b, skipping the exon 7a splice acceptor. it is of interest
to note here that in B-cells the 7b splice acceptor is more frequently used
than the 7a splice acceptor, resulting in a low frequency of Oct2 mRNAs
containing exon 7a (5%; [38]). As both Oct2 ¢cDNAs have anidentical 5" end
that uniquely detects the longer of the two testis specific Oct2 mRBNAs, it
is possible that these mRNAs are transcribed from a unique promoter that is
located in intron 6. Sequence analysis of the genomic region upstream of the
PCR ¢DNA 5’ end reveals the presence of TATA and CAAT box-like elements
at typical distances. This is not very surprising as the whole region is rather

The mouse Oct2 gene
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Figure 7. Schematic representation of the mouse Oct2 gene as described by Wirth et a/.
[38]. The way the tsOct2 cDNAS arose through a combination of alternative splicing and

promoter usage from the Oct2 gene is schematicaily depicted underneath an enlarged
portion of the Oct2 map.
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A/T rich. It is more likely that the same 5’ end of the two independent PCR
cDNAs is caused by internal priming on the stretch of 10 A residues in the
first strand cDNA molecules. Conventional primer extension experiments to
determine the transcriptional start site of the tsOct2 mRNAs have not been
successful so far. Further experiments need to be done 10 map the promoter
region that generates Oct2 transcripts in testis. As stated above, the 5" ends
of the characterized tsOct2 cDNAs detect the 7.2kb Oct2 mRBNA in testis
and not the 6.8kb mRBNA. This indicates that this mRNA has a different 5’
end. This mRNA is detected with a probe covering sequences encoded by
exon 8 tc exon 11 (Figure 2A).

It was shown by Wirth et a/. [38] that exons downstream of the exons
encoding the PQU domain (exon 7b to exon 10} are also subject to
alternative splicing (exon 12b and 13). We isolated one cDNA from a testis
cDNA library that contained both exon 12b and exonl13. Exon 12b was
shown to be present in the majority of B-cell Oct2 mRNAs {>80%]) while
exon 13 was only present in 18% of the B-cell Oct2 mRNAs., We
investigated the alternative splicing of exon 13 in testis and spleen (Figure7)
using the cDNA PCR technique. We showed that exon 13 is present in the
majority of testis Oct2 transcripts while it was only present in a minority of
B-cell OctZ RNAs. This finding is in agreement with the results obtained by
Hatzopoulos et a/. [37] who used a RNAse protection assay to study the
alternative splicing of exon 13 in different tissues.

As we combined a cDNA cloned from a cDNA library with 5 extensions
obtained through PCR the possibility exists that full length cDNAs are
constructed that do not represent all of the different RNAs observed /n vivo.
It is possible that Oct2 RNAs are produced in testis that have the same
5'end as our ts0ct2 cDNAs but lack exon13.

As shown by us and others the inclusion of exon 13 results in a shift of
reading frame. This alternative reading frame terminates at a more
downstream stopcodon. It was shown that B-cell Oct2 mBNA containing this
exon encodes the low abundance OctZB protein observed in B-cell nuclear
extracts [37,38,38].

The tsOct2 ¢DNAs encode amino-terminal truncated Oct2 proteins

Because the ts0ct2 cDNAs do not contain the Oct2 sequences encoded by
exon 1 to 6, the ORFs in these ¢cDNAs encode severely truncated versions
of the B-cell Oct2 proteins. As the testis specific sequences in the Oct2
cDNAs do not provide a start codon, the open reading frames of the two
ts0ct2 cDNAs start at in frame methionine codons. As a consequence, the
ts0c¢t2 encoded proteins do not contain the three glutamine rich regions
located in the amino terminal part of the B-cell Oct2 proteins. Recently, these
glutamine rich regions have been shown to be involved in the transcriptional
activation function of the Oct2 protein [41, 42, 43]. A second domain
involved in transactivation was shown to be located carboxyl terminal of the
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POU domain of Qct2. Furthermore, it was suggested that the cluster of
acidic residues in the aming terminal part of the POU domain constitutes a
third transactivation domain. This cluster of acidic residues (aa 27-36 in the
1-ts0Oct2 ORF) is not present in the 2-ts0ct2 encoded protein. Whether the
tsCct2 proteins can activate a promoter containing an octamer motif, in
particular the c-abl type | promoter, remains to be determined. Even if the
tsOct2 proteins lack an intrinsic transactivation domain, it is still possible
that through interactions with other proteins the tsOct2 proteins canregulate
responsive promoters via the octamer motif. Such combinatorial interactions
have been studied in detail for the Oct? protein and the Herpes Simpiex
Virus transactivating protein VP16 {also calied VMWG5 or o-TIF}[44-48]. A
multiprotein compiex of VP16, Octl and at least one other cellular factor can
induce kigh level immediate early gene expression of HSV genes via the
TAATGARAT motif, whereas Oct1 alone cannot. It is possible that similar
interactions between the tsQOct2 proteins and other cellular proteins exist.
Such interactions might be established through the POU; domain,as was
shown to be the case for Oct1/VP16 interaction [46], or through the putative
leucine zipper that is located carboxyl terminal of the POU domain in the
Oct2 proteins. However, it should be noted that the 2-tsOct2 encoded
protein misses a part of the POU,, domain resulting in a severely reduced
binding affinity for the octamer sequence.

The possible role of Oct2 gene expression in the male germ line

The peculiar transcription of the Oct2 gene in male germ cells is not
exceptional. Testis specific transcription of a2 large number of genes have
been described, among which many oncogenes (for review see (2, 3, 4]). For
a number of these genes it is not clear whether the testis specific transcripts
they generate are transiated, and if so what function these proteins play in
spermatogenesis. For example the mouse fer gene, a member of the tyrosing
kinase gene family, expresses a uniquely sized transcript in the germ celils of
the testis [48, 50]. Analysis of cDNA clones representing a testis specific fer
transcript {ferT) showed that the transcript encodes an amino terminal
truncated fer protein. The ferT transcript was shown to contain a non spliced
intron. The ORF is preceded by & long 5" UTR and starts within this
non-spliced intron. The fer protein, encoded by this ferT transcript, still
contains all of the characteristic features of a tyrosine kinase protein.
Although /7 vitro transcription/translation indicates that ferT mRNA can be
translated, it is not clear whether the BNA is actually translated in vivo,
Another example is the proopiomelanocortin (POMC) gene. This gene is
predominantly expressed in the pituitary gland, but testis specific transcripts
have been described in rat, mouse and human [51]. In rat testis, the PCMC
transcripts do not contain exonl and 2 of the POMC gene (which consists
of three exons). The S'ends of this testis specific POMC transcript were
mapped using primer extension and $1 nuclease protection assays and were
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shown to be heterogeneous. Depending con its exact 5’end, the testis
specific transcript wouid encode a truncated version of the polyhormone
precursor missing its first 52 to 100 amino acid residues. Furthermore no
signal sequence would be present, making it unlikely that these mRNAs
produce functional polypeptides.

As is the case for the ferT RNA, the tsOci2 RNAs have long 5'UTR
sequences that contain multiple short open reading frames. It has been
suggested that the presence of multiple start codons in 5'UTR sequences
reduces the efficiency of transiation of the downstream open reading frame
[40]. Our in vitro transiation and COS cell expression experiments clearly
show that the tsOct2 RNAs can be transiated. However, we could not detect
complexes of the expected size in bandshift experiments using testis nuclear
extracts (see Figure 6B) or extracts from spermatocytes or spermatids. Thus,
it remains unclear whether the Oct2 mRNAs are actually translated in male
germ cells. it is possible that Oct2 mRNAs are translated during a short
interval in late pachytene and that they are then rapidly turned over as the
cells go through the meiotic divisions. Stage specific regulation of translation
has been demonstrated for a number of gene transcripts during
spermatogenesis. If so, then the low overall concentration of the tsOct2
proteins in nuciear extracts of total testis would make them undetectable in
our bandshift experiments. Another possible explanation is offered by the
recent characterization of a new member of the POU domain family [52].
This protein called [-POU {'inhibitory POU’) was isolated from Drosophila.
The I-POU protein does not bind DNA itself but forms a complex with the
Drosophila Ctla POU protein, thereby inhibiting DNA binding of this protein
to its recognition sequence. The characterization of the -POU protein adds
an additional level of regulation of gene expression. This situation is simiiar
to the regulation of DNA binding activity of the transcription factors NFkB
and AP1 for which inhibitors have been characterized [53, 54, 55]. It is
tempting to speculate on the presence of an [-POU-like factor in male germ
cells that would be able t¢ reguiate the DNA binding activity of the Oct2
proteins through complex formation. Thus, the inability to detect the tsQct2
proteins in bandshift assays could be explained by the presence of an
abundant |-POU like protein that inhibits the binding of the tsOct2 proteins
to the octamer sequence by complex formation. In this respect, it is
noteworthy that several additional POU genes are expressed in mouse testis
[56]. it could be that one of these genes, or an as yet unidentified POU gene,
expresses an l-POU-like activity in testis. Thus, the question whether the
tsQct2 proteins are present at any stage in male germ cell development, can
only be answered with the use of antibodies directed against the Oct2
protein(s).

As long as the presence of Oct2 proteins in testis has not been proven,
the possibility exists that the Oct2 transcripts are not translated at all. if so,
their translation is actively prevented, as our COS cell expression
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experiments show that the Cct2 BNAs can be transiated /n vivo. We can
only speculate as to why the Oct2 gene is transcribed in spermatocytes, but
its RNA not translated. During the pachytene stage of the meiotic prophase,
the chromosomes are aligned, the synaptonemal complex is formed and
recombination occurs. It couid be that transcription plays an unanticipated
role in any of these processes. Alternatively transcription might be a side
effect of the complex organization of chromatin during meiotic prophase, or
transcription is linked with recombination in an as yet unknown fashion. In
any case, in testis a mechanism must have evoived that distinguishes
transcripts that are to be translated at a later stage, from transcripts that are
not translated at all.

MATERIALS AND METHCDS

Cloning of POU domazin cDNAs after amplification by PCR

Total RNA was extracted from testis by the LiCl/Urea method [57]. RNA (10 wg) was
precipitated with ethanol, washed ance with 70% ethanol and dried. The RNA was dissolved
in 9 4 annealing buffer (250 mM KCI, 10 mM Tris-HCI pH8.3, 1mM EDTA) and 1 gl (10 pmol)
of a fully degenerate anti sense oligonucleotide (5°-C(TGHGA)TT(GAICA(AGIAACCAIACTG)-
AC(ACTG)C-3";3"amp primer in Figure 2A) was added. The sample was heated for 3 minutes
at 80 °C and subsequently incubated at 80°C for 30 minutes. The sampie was cooled over a
time span of approximately one hour to 42°C. After addition of 15 g1 ¢DNA buffer (24mM
Tris-HCI pH8.3, 16mM MgC!l,, 8mM DTT, 0.4mM dNTPs) and 10 units of AMV reverse
transcriptase, the sample was incubated for 60 minutes at 42°C. Subsequently the cDNA was
amplified by adding 55 ¢ of Taq polymerase buffer (100mM Tris-HCI pH8.8, 30mM {NH,),S0Q,,
8mM MgCl,, 10 mM B-mercaptoethanol} 20 pl of dimethyl suifoxide and 1 g of a fully
degenerate sense oligonucleotide (5’-AA(AGITGGCT(AGCTIAA(TCIGA(CT)GCIAGCTIGA-3';
5’amp primer in Figure 2A). The sampie was denatured for 3 minutes at $3°C, and 1 unit of
Taq polymerase was added. Twentyfour cycles were performed to amplify the cDNA: 5 min at
72°C (extension), 2 min at 42°C {annealing) and 1 min at 93°C (denaturation). The
ampiification was repeated with 10% of the material produced in the first amplification
experiment. Finally the samples were desalted over a G-50 Sephadex spin-column, ethanol
precipitated and dissolved in TE {10mM Tris-HCI pH7.1, TmM EDTA} Ten percent of the
material was electrophoresed through a 2% agarose gel, blotted onto a nylon membrane (Zeta
probe} and hybridized to 2 degenerate oligonucleotide probe (5-CA(AGIAAGCCTACCTC-
(AGIGA{AGIGAGATC-3; probe oligo in Figure 2A). DNA corresponding te the hybridizing bands
was purified frem a preparative agarose gel by phenol extraction and precipitation. Using Sall
restriction enzyme sites incorporated in the amplification oligonucleotides the cDNAs were
cloned in pTZ18. Positive clongs were selected by colony hybridization using the probe
oligonucleotide. Four positive clones were selected for further sequence analysis.
Construction and screening of a mouse testis cDNA library

The construction of the mouse testis Agt10 cDNA library has been described {58]. The library
was screened with a radiolabelled probe covering the mouse Oct2 POU domain. This probe was
obtained through PCR amplification of testis cDNA as described above. One positive clone was
obtained. The insert of 1.4kb was subcloned in pTZ19. Five prime extensions of this cDNA
were generated foliowing the "rapid amplification of cDNA ends™ (RACE) protocol as developed
by Frohman et a/.[35]. The foliowing oligonucleotides were used;

5'RT oligo 5-GCTGCTCAGCTGGTTTGG-37

57amp oligo 5'-GGTCGACGAATICACAGACATAGTCTCTGCG-3"

PLAT15 oligo 5'-GTCGCGAATTCGTCGACGCGTTTTITTTITTTITTITTT-3

adaptor oligo 5-GTCGCGAATTCGTCGACGCG-3".

Amplification products were electrophoresed through a 2% agarose gel and blotted onto
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nitrocellulose filter. Five major bands, visualized by ethidium bromide staining of the gel,
hybridized with a DNA probe representing the 5’ part of the 1.4kb Oct2 cONA. These bands
ranged in size from 150 to 950bp. The two largest amplification products of $50bp en 750bp
were subcloned and used for further analysis. The smaller amplification preducts have not been
analyzed any further,

Subcloning and sequencing

The 1.4kb Oct2 cDNA isolated from the testis cDNA library as well as the 350bp and 750bp
RACE products were further subcloned into the M13 derived phages mp18 and mp19 for
dideoxysequencing with M13 universal primer. Sequencing was performed on single stranded
recombinant phage DNA using T7 DNA polymerase (Pharmacia) or Sequenase {USB) according
to the manufacturers specifications. Sequence data were handled using the Microgenie
software package (Beckman).

Bandshift assays

Electrophoretic mobitity shift assays were performed as described [29] using a double stranded
oligonucleotide that was labelled with p-(*?P) ATP and T4 polynucleotide kinase (Boehringer).
Typically, 2 fmoles of probe were combined with 5 pg of nuclear extract in 20 1 bandshift
buffer {10mM Hepes-KOH pH7.6, 60mM KCI, TmM EDTA, TmM DTT, 4% Ficoll, 100xg
poiy{dl-dC)) and the mixture was incubated at room temperature for 30 min. Samples were
electrophoresed through & 4% (29:1) polyacrylamide gel in 0.25xTBE. After fixation in 10%
acetic acid, 10% methanol, the gel was dried and exposed to an autoradiographic film.

Iy vitro transcription and translation

The 1-tsOct2 and 2-tsOct2 cDNAS were subcloned as Sall-EcoRl fragments into pBluescript and
linearized with Sall or EcoRI. RNA was synthesized using T3 RNA polymerase (sense RNA) or
T7 RNA polymerase {g-sense RNA). /n vitro translation was performed in rabbit reticulocyte
lysates {Promega) according to the manufacturers specification. 1/50 of the in vitro translation
mixture was used in a bandshift assay.

COS cell transfection

COS cells were maintained in DMEM/F10 (1:1), 5% FKS at 37°C and 5% CO2. Transfections
were performed as described [58]. To obtain high level expression of the T-ts0c¢t2 and 2-1s0c¢t2
cDNAs /n vivo, the cDNAs were subcloned in the eukaryotic SV40 based expression vector
pCDX [80] and transfected to COS cells. Mini nuclear extracts were prepared accarding to
Schreiber et af. [61].

isolation of RNA and Northern blotting

Total RNA from tissues or cells was isclated by the LiCL/Urea method 1571, Electrophoresis of
RNA and blotting onto nitroceliulose membranes was done as described [62].
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ABSTRACT

We have cloened a cDNA encoding a novel octamer
hinding factor Oct6 that is expressed in undifferentiated
ES cells. Expression of the Oct6 gene is downregulated
upon differentiation of these cells by aggregate
formation. Furthermore the gene is transiently up
regulated during retinoic acid induced differentiation
of P18 EC cells, reaching maximum levels of expression
one day after RA addition. Sequence analysis of the
cDNA encoding the Qct6 protein indicated that the Qcté
gene is a member of the POU-HOMEQ domain gene
family. The gene expresses a 3 kb mRNA encoding 2
449 amino acid protein with an apparent molecular
weight of 45 kD. The sequence of the O¢té POU domain
is identical to that of the rat SCIP (Tst-1) gene. The Oct6
expression pattern suggests a role for this DNA binding
protein in neurcgenesis as well as early
embryogenesis.

INTRODUCTION

Cellular differentiation processes are believed to be the result
of differential regulazion of expression of the geretic content of
the ¢ell. That is. genes are turned on and off in response to intra-
or extra cellular cues. Regulation of gene expressicn can operate
at the transcriptional and/or posttranscriptional level. Although
some well documented examples of regulation ar the
posttranscriptional level exist (1—4). the main mode of regulation
of gene expression is at the wanscriptional level. Regulaton is
achieved by sequence specific interaction of transeription factors
- with cis-acting DNA elements in gene promoters and enhancers
(5). Some of these cis elements are known 1o bind multiple related
proteins (AP-1. CCAAT and Oct binding proteins: (6). An
exampie is the octamer motif ATTTGCAT, which is a well
defined cis element found in a variety of promoters and
enhancers. The octamer motif in the immunoglobulin heavy chain
(IgH) gene promoter and enhancer confers lymphoid specific
expression, through binding of the lympheid specific binding
factors Oct2A and Oct2B (7). In contrast. the same motif 15 also
found in the promoters of widely expressed genes. like U snRNA
and histone genes. Probably the ubiquitous octamer binding factor

Qetl is involved in the cell cycle dependent expression of these
penes (3), Recently several additional (Oet3 —0ct10) octamer
binding proteins were reported to be present in various adult
mouse tissues and in embryos at different stapes of development
9). To date three of these octamer binding proteins (Octl.Oct2
ard Oct3/Octd) have been defined by cloning of the
corresponding cDNAs (10— 16). Sequence analysis showed that
they are encoded by different genes belonging to the POU-
HOMEO domain (short: POU domain) gene family (17).

Here we report on the expression and cloning of a fourth
octamer binding factor, Oct6, that is expressed in undifferentiated
mouse embrye derived stem {ES) cells. Furthermore the Oct6
gene shows a biphasic expression patiern during retinoic acid
{RA} induced neuronal differentiation of P19 embryonal
carcinema (EC) cells. Sequence analysis of a cDNA encoding
the Oct6 protein idertified a POU domain within the largest open
reading frame. This POYU domain is identical 10 the previously
described SCIP(tst-1) POU domain (18, 19). The expression
patern of the Octé gene suggests a role for this putative
transcription factor in carly embryogenesis as well as in
NERIOZEnEsis,

MATERIALS AND METHODS
Cell culture, transfection and in vitro differentiation

P19 EC cells were grown in DMEM/FI0 (1:1) medium
suppiemented with 5% Foetal Calf Serum (FCS), penicillin and
strepromyein, The cells were split every 3 to 4 days. CCE ES
(20) cells were grown on a feeder layer of lethally irradiated STO
fibroblasts in DMEM, supplemented with 10% FCS. non-
essential amine acids (Gibeo), 0.1 mM S-mercaptoethanci,
penicillin and strepiomyein. ES cells were subcultured every 23
days on fresh feeder layers.

RA induced differentiation of P19 cells was done as described
(21) with some modifications. P19 cells were wypsinized and
seeded a5 a single cell suspension in petri dishes to form cell
aggregates. To prevent the cells from sticking to the petrd dish,
the bortom was first covered with a layer of 1% agar in cultare
medium. After 4w 5 days, differentiation of the cell aggregates
was induced by plating them on tissue culwre dishes in full

= To whom correspondence should be addressed
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medium, supplemented with 1 gmolar all trans retineic acid
(RA:Sigma). These meodifications of the original protocol
prevents massive cell death, occuring during aggregate formation
in the presence of RA.

DMSO induced differentiation of P19 cells was done as
described (21). In vitro differsntiation of ES cells to simple
embryoid bodies and cystic embryoid bedies was performed
according to Robertson (22).

COS-1 cells were grown in DMEM/F10 medium supplemented
with 5% FCS. penicillin and streptorny¢in. COS8-1 cells were
wransfected using the DEAE/Dextran method. The day before
transfecyon cells werg subcultured by plating 0.5 % 10° eclls in
a 10 em dish. Two hours before transfection the culture medium
was refreshed. Cells were washed once with serumfree medium
followed by addition of serumfres medium containing 10 pg of
plasmid DNA and 100 pg/ml of DEAE/Dextran. After two hours
the transfection medium was removed and replaced by serumfree
medium containing 0.1 mM chloroquine. After another two
hours, the chloroquine containing medium was replaced by 14
mi of medium with 5% FCS. Three days after transfection, cclls
were harvested for preparation of nuclear extracts and isolation
of RIVA.

Nuclear extract preparation and bandshift 2ssay

Cells were harvested by trypsinization. The single ¢ell suspension
was washed once with full medium and once with ice cold PBS.
Preparation of nuclear extract (XT) and cytoplasmic RNA was
done according to Schreiber et al (23} and Cough (24). Protein
concentration of the nuclear X7T's was determined. using a direct
spectrophotometric method of (25). Protein concentrations of
nucicar XTs were typically in the order of 5 mg/ml. Bandshift
assays were performed according to Barbens et al. (26). using
a ¥P en¢ labelled double stranded synthetic oligonucicotide, The
nucleotide sequence of this oligonucleotide used throughout this
study was derived from the mouse type I c-abl promoter sequence
(27) gagageaaATTTGCATnecacegacetee. Typically, 2 fmoles
(106.000 cpm) of ds oligonuclectide was incubated with 5 zg of
nuclear protein in 10 mM Hepes (pH 7.9), 60 mM KCi. I mM
DTT. | mM EDTA, 4% Ficoll and 2 pgrams of poly di-dC at
room temperature, for twenty minutes, DNA-protein complexes
were separated on a 4% polyacrylamide gel in 0.25 X TBE buffer.
Electrophoresis was carried our at 130 Volts for 2 hours. using
a protean IT slab gel apparatus (Biorad). After clectrophoresis.
the gel was fixed in 10% methanol, 10% acetic acid for 20
minutes. The dried gel was exposed 10 autoradiographic film (Fujt
RX) without intensifying screen. The proteolytic ¢lipping band-
shift assay (PCBA) was done as described (28). Nuclear XT
preparation of whole tssue (Brain) was done according to
Lichtsteiner et al. (293.

Sequence of the double stranded oligonucleotides are.
abl T v TAGGAATITGCATTTCCGATC

Uz i TGGTTGTGGCCGTCACAAAGAGGCGGGELCT
ATGCAAATAGGGTGTGCCGGGGCAGTCGGG

ad2 1 AGGCCAATATGATAATGAGGGGGT

204 i CACGCCTTATTTGCATATTACT

ICP4 i AGGGCGGTAATGAGATGCCATGT

abl Ifmut) @ TAGGAATGTTCAGTTCCGATC

heptoct® | COGAGTGCTCATGAATATGCAAATCAATTGG

heptoct™ @ COAGTGCTCATGAATATCAGTCGCCATTGG

The 300 bp EcoRI fragment used in the binding competition

experiment {Fig.6) were derived from the plasmids
p6W.TKCAT (FD) and p6W,TKCAT(o—) (Fd) {9, 30).
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Northern blot analysis

Adult BCBA mice were used as a source of tissues for RNA
extraction. Total RINA was extracted. using the mcthod of
Aufirey and Rougeon {31). Cytopiasmic RNA from tissue culture
cells was prepared. according to the method of Cough (24). Ten
pg of denatured total RNA was separated on ¢ 1% agarese gel
containing 0.66 M Formaldchyde (32). RNA was transferred 1o
nitrocel[ulose ($&S) or Biotrans (Dupont) bletting membranes,
by capillary action. Hybridization was done overnight at 42°C
in hybridization buffer, containing 50% formamide. Hybriziation
probes were labeled with [o-P] dATP and [e-*P] JCTP using
the random hexamer primed labeling method (33). Blots were
washed to z final stringency of 0.1xSSC. 0.1% SDS at 65°C
and exposed to Kodak X-ARS films using an Intensifying screen
at —80°C.

Cloning and sequencing

Caonstruction of the Brain ¢cDNA library in Sgti0 was cssentially
done as described (34). All sereening and cloning manjpulations
were carried out following standard protocols (35). The library
was screened with a mouse Oci2 POU domain probe, Positive
clones were selected and subcloned into the EcoRI site of pTZ18
(Pharmnacia). Suitable restriction endonuclease sites in the selected
clones were used t¢ construct subclones in the MI3 cloning
vectors mpl8 and mpl9. Single stranded recombinant phage
DNA was used as template for sequencing according to the
methed of Sanger (36) using [«~**S]) ATP and the Sequenase
{USB) enzyme. Sequence data were compiled and analysed. using
the Microgenie software package (Beckman).

RESULTS

A family of octamer binding factors is differentially expressed
during EC cell differentiation

Embryonal carcinommna cells provide an excellent in viro gystem
to study early embryonic events. Depending on the culwre
conditions. these cells can differentiate into a wide spectrum of
different cell types. We employed the P19 EC cell system w0
investigate expression of octamer binding factors during retinoic
acid (RA) and dimethylsuifoxide {OMSQ) induced differentiation
of these cells. P19 cells can be induced 1o differentiate into
neurectodermal cell types. mainly astroglia cells and neurons,
by high levels of RA, Trearment of P19 cells with DMSO results
in mesodermal dertvatives, including skeletal and ¢ardiac muscle
cell types (37, 38). P19 cells were induced 1o differentiate
following the RA and DMSQ protocol and cells were harvested
at the indjcated day (Fig. 1A.B}. Nuclear extracts and cytoplasmic
RNA were prepared from the same batch of cells. Using a double
stranded oligonucleotide containing an octamer motif, bandshift
experiments were performed. Results of these experiments are
presented in Fig. 1A.B. Nuclear extracts of undifferentiated P19
cells gave rise to two complexes. The lower mobility complex
is found in all cell lines tested and has been labelled Octl (also
called NFAL, OTF1. NFII. OBPL00 {17)). The higher mobility
complex was labelled Oct4 as it comigrated with the previously
described ES/EC cell specific complex Qetd (9) in 2
coelectrophoresis experiment (dat2 not shown), When the cells
are aggregated. two changes are apparent (Fig. 1A, d0). The
most dramatic change consists of induction of a second Gerd-like
compiex with a slightly higher mobility, concomimant with a
decreased ingensity of the Octd complex (small arrows in Fig.
1A). At the same time, a weak complex appears that we refer
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Figure 1. Octamer binding factors in nuclear exmacts of Cifferentiating P19 and ES cells. Radiolabelled probe was incubated with nuclear extracts of T'19 ¢r ES
cells at cifferent stages of differentiation. 3—35 pp of extract was used per lane. The position of the Ocrl, Octd and Getd complexes are indicated. Small arrows
locate thz Octd and Octd-like complex. Panel A: RA induced differentiation of P19 cells. Nuclear extracts of undifferenuated P1% celis {lane —}. aggregates d0).
at day one of RA induction (d1). day two (d2), day four {d4), and day eighz (d8). As a control a bandshift of mouse brain nuclear extract is shown. Pane] B: DMSQ
induced differentiation of P19 ¢ells, Tndications as in panet A, Panel C: Differentiarion of ES cells. Nuclear cxaracts of undifferentiated ES cells {ES). simple embryoid
bodies at day % of differendation (EB4) and cystic embryold bodies at day 3 of differentiation (EB8). Free probe is indicated by F.

to 2s the Oct6 complex as it comigrates exactly with the EC/ES
cell complex Octé (9). Culturing aggregates in tissue culture
dishes. in the presence of RA for one day. leads to a further
increase in the amount of Octb complex and to further reduction
of the Oct4 and Octd-like complexes (d1). At day two (d2). the
Oct4 complex is no longer detectable and atso the Octd complex
deereases in intensity. At day four (d4) a new complex appears
with a mobility that is slightly slower than the Oct4 complex.
Furthermore a complex is observed with a mobility similar to
Octé. When clectrophoresis was prolonged, it was evident that
this complex has a Iower mobility then the Oct6 complex observed
ir: lanes 40, d1 and 42 (data not shown). At day 8. an additional
complex is observed that migrates much slower then the Qcté
complex. From day five onwards, many neuronal cells could be
identified in the differentiating culmres by virtue of their long
processes. Throughout differentiation of the ceils. the intensity
of the Octl complex remains roughly constant. Some of the
octamer complexes observed during P19 cell differentiation, are
also seen when whole brain nuclear extracts were used. It is clear
from these results, that differentiation of P19 cells along the
neurectodermal pathway correlates with a highly complex
temporally controlled expression pattern of a family of octamer
binding factors.,

To check whether the observed differential expression of
octamer factors was restricted 10 RA induced differentiation of
P19 cells, we performed a similar experiment, now using DMSO
as a differentiation inducing agent. Resuits of this experiment
are shown in Fig, 1B, This experiment differs from the previous
one in that DMSQ was already present during aggregate
formaticn. Over the timespan studied. the only change observed
in the expression of ocmamer binding factors is the gradual
appearance of the higher mobility Qetd-like complex (small
arrows Fig. 1B). Again Octl expression seems 1o be relatively
constant. Therefore the temporal expression of octamer binding
factors appears to be specific for RA induced differentiation of
P19 cells.

P19 Celis+RA ES Cells
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Fipure 2. Expression of mb: mRNA in differentdating P19 and ES cells.
Cyioplasmic RNA and nuclear extracts were prepared from the same batch of
cefls. Nuclear extracts wers tsed in the bandshift expeniments presented in Fig.
i. Twenty gr of cytoplasmic RNA was denatured. separated on 2 1% agarose
e in 0.66M formakichyde and blotied onto Biotrans (NEN) membranes. The
bioss were probed with a 300 bp Pvull mbl probe in hybridization buffer containing
30% formamide a1 42°C for 18§ hours. Blots were washed te a final sringency
of 0,1x85C.65°C. Exposure was for three days. Indications of the lanes as in
Fig. 1.

EC cells are often regarded as closely resembling embrycaic
stem cells. We were therefore imterested to see whether the
observed octamer factors were also expressed during ES cell
differentiation. ES cells can be induced to differentiate by growth
in suspension where they will form aggregates, After a few days,
aggregates will form a layer of endederm cells on their outer
surface. The structures thus formed are termed embryoid bodies.
Continued culturing of these embryoid bedics in suspension leads
1o formation of cystic bodies and further differentiation of the
cells into ectodermal and mesodermal cell types. When nuclear
extracts of undifferendated ES cells were assayed for the presence
of octamer binding factors. three complexes were observed; Octl.
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COB-1 cells (left), MES68¢12 (middle) and Epi7 cells {right). After ten minutes. different amounts of the endoprotease ArgC was udded (amounts 43 indicated ar
the bottom of the lanes). Incubation ot roomtemperature was continued for another ten minutes, before louding the samples on the gel. The position of the Octé
depradation products are indicated with a triangle. Octl degradation products are indicated with & dot. The position of undegraded proteins are indicuted with aa

arrow. Free probe is indicated by F.

QOctd and Oct6 (Fig. 1C). Previously. these complexes have been
described to be present in D3 ES cells and F9 EC celis (5),
Differentiation of ES ¢ells correlates with a drastic decrease in
intensity of the Oc¢t4 and Octs complexes (Fig. 1C: EB4. EBS).
The residual intensity of the Octd and Octé complexes at day
4 (EB4) is probably due to remaining undifferentiated ES cells
in the core of the aggregates. Again, appearance of the higher
mobility Octd-like complex is observed during ES cell
differentation (Fig. 1C). No additicnal complexes were observed.
Clearly P19 EC cells differ from true ES cells in that they do
not express the Octb proteings) in the undifferentiated state. The
regulated expression of the Octé complex during P19 cell
differermiation and expression in undifferentiated ES cells suggests
a role of this protein in both systems. As a first step in defining
the role of the Oci6 protein in these systems, we set out 1o clone
2 cDNA encoding the Oct6 protein.

Cloning of an Oct6 ¢DNA

The three octamer binding facrors thar have been identified ro
date, by cloning of the corresponding cDNAs, are encoded by
different members of the POU domain gene family. As the POU
domain constitutes the DNA binding domain of these proteins
it is tempting to assume that the octumer factors identified here
are also encoded by genes belonging to this family. Recently it
was demonstrated thar 3 number of additional POU domain genes
are expressed in different regions of the rat brain, kidney and
testis (19). The Octé protzin in ES cells and differentiating P19
cells may well be encoded by 2 member of this gene family.
Given the high homology within the POU domain among the
different members of this gene family, we tried w© ¢lone 2 cDNA
enceding the Oct6 protein based on this homology. Using a mouse
Oct2 POU domain probe. derived from a testis specific Oc2
¢DNA (Meijer et al. unpublished results}, a2 mouse brain cDNA
library was screened. Six clenes {called mbl to mb6) were
isolated. that hybridized with varying intensity to the Oct2 probe.
DNA fragments derived from these clones were used as probes
to sergen Northern blots contairing RNA from differentiating
P19 and ES cells. It was anticipated. that the expression pattern
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Figure 4, Expression of Octé mENA 1n different mouse tissues and <ell lines.
Twenty ug of denatured tol RNA was seperated on 8 1% agarose gel in 0.66M
formuldehyde 2nd blotted onto Biotrans blofting membrane. Probe and
hybridization conditions as in Fig. 2. Lane |+ total RNA from whole smbryos
at day 10 {=10). day 13 {el3), day 16 (e16) and doy 19 (€19} of gestation. Lane
5—12: Towal RNA from adult mouse tisues. Lane 13 and [4; Towl RNA from
MESE8eI2 and undifferentiated CCE ES cells.

of the Octé mRNA would correlate with the expression pattern
of the Oct6 protein in our bandshift experiments. A prebe derived
from ¢lone mbl fulfilled this eriterion and detected a transeript
of approximately 3 kb (Fig. 2A.B). Interestingly, at day 8 of
RA induction of P19 cells, expression of mbl mRNA reappears
after its high transient expression around day 1. This correlates
exactly with the reappearance of the Oct6 bandshift complex at
day 8. However at this stage of differentiation, the Octé complex
is obscured by the presence of a protein complex with a slightly
lower mobility, that first appears at day 4.

In vitro transcription/translation of the mbl ¢DNA generated
a protein that did bind to the octamer probe, but gave rise 10
a complex with a slightly higher mobility than the Oct6 complex
in a bandshift assay (data not shown). Sequence analysis
indicated, that this clone represented a 3° end (runcared cDNA,
instead of trying 1o clone a longer ¢DNA, the mbl cDNA clone
was extended at its 57 side with 320 bp of genomic sequences.
These were derived from a mouse 3 EMBL3 clone, that contains
the geromic counterpart of the 5° end of the mbl ¢DNA (not
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CGCAGACGGAGCGACGLEELGCLCELOCCOGECCGELELAGGLIGCCEECCOLCATCCCOACCACCGOGCAGTATCTGCCGCGGEGOCCC
primer T T A Q ¥ L P R G P

CONA,
GGCGGCGGAGCTGGFGGCACAGGGCCGCTCATGCATCCCCATGCCGCCGCGGCGGCGGCAGCGGE—'CCGAGCGCCTCCACGCGGGGGCC
G 6 ¢6 A &G & T G P L M H P D A A A A A A A A A E R L HAMTGC A

CCGTACCGCGAAGTGCAGRAGCTGATCCACCACGALTGGLTGGGCGOGEECGCEGGLCACCCOGTGGGCTTAGCGCACTCTCARTGGOTA
A Y R EV K L ¥M HH E W L ¢ A G A ¢ HPV GLATUH®PLS WL

CCCACGGGAGGACGCGGCCGCCGCGACTGCGCCGGCGGCCCGCACCTGGRACACGGCRAGGCAGCCCGTGCCGGEACCGCCCGAGCTGAC
P T 6 &G & 6 6 ¢ D W A G G P HULEHGSGEKAGGC G GTE R A D

GACGOLGGLGGTCECOGUGGTI TCCACGCECGLCTGCTGCACCAACCGECCECCCACGCEEGCGCCECATECGCACAAGGCCGTACAGCC
LD &6 G G &L GG FHARTLVVHQGAAUHEHDARAGAAWAOQOGGCT A

CACCACTTCCGOCOCGCCATCTCOOCETCGCCCGEECSCOGCGEEECTCACCAGCCCCAGCCOCTCOGGCTCTACGCTCAGGCGGCCTAC
H H L G P M 35 P 5§ F G A GG C H QP Q P L G L ¥ A Q A A Y
CCCGCTCGCEGCGEOGEEGELCTLGCCCGGATCCTCGCGECCCCAGELGGLCGCOEGEOACCOGECCTCCACCACGCACTGCACCAGEALC
P & 6 G GGG L A G ML AASGG G G A G P G LYY HALUHED

GCCCACGAGGLACAGETGGAGECGTCGCCALCACCCCACCTCEG UG CATACGGACACGCACACCEACATGCACACGCEGGCEEICTCCAC

¢ ¥ E A @ LLE P S§ P P P H L G A H G HAHGUH®AUHATGGLH

GCGGCEGLGECECACCTGCACCCEEECOCOELCGE TGO TGGCTCOTCSETCOGCCAGCACTCGGACGAGGATGCTCCCAGCTCCGACGAL
A A A A HL HPGA S GG G S5 $ Y G EHS D EDR AP S S5 D D

CTCGAGCACTTCOCCARGCACTTCAAGCAAC SACGCATCAACCICECCTTCACCOAGGLCGACG TGEGACTCECGCIGGECACCCTOTAC
L E @ ¥ A X Q F XKQ RRIKULGTFTOQADTYUGDLAMLGEGETTIL Y
POU -specific domain
GG TARCOTCTTCTCOCAGACCACCATCTGLCO T ECHACGCLCTGCAGETGAGCT TCAAC AACATGTGCAAGCT CAAGCCGCTGCTCAAC!
¢ NV F S QTJTTICRPFEATLGUGILS F KKMCUECKTLXTPTULTLN

FACTCCCTGOAGGACACCCAQICETCCAGCOGOAGECCCACCARCCTCCACRAGATCCCCOCOLCACGEOUCCAAGCCLAAGAAGLGCACS
¥ ¥ L E E T Dj5s § 5§ ¢ 5§ P T ¥ L D K I A A ¢ G|R KR XXTZ R T

TCCATCGAGGTGGGTGTCAAAGG“CCGCTCGAGAGCCACTTTCTCAAG CTCCCAAGCCGTCTCCCCACCACATCACCGGCCTICGCCLAL

vV & v X ¢ AL E S HVF L XK CP KPS AHETITGGCTL A D

POU-HOMEDO domain
AGCCTCCARCTGGAGAAGGAGGTGGTGCCTGTETEG T TCTCCAMCCHGLEECACANGGAGARGLCCATGACCCCOTCCECUGGEGEGEEE

§ L ¢ L EXK E YV VR YV W ¥ ¢ N RR QG XEZXK®RMT P|A & G A ¢

CRCCCGCCCATCCACCACCTITATGCGCCTCSEGAGLTEGECCCTOGCGGEGECAGCGCCTCOCCACCTTCTGOLCCCCCCOCACCCCOG
H P P ¥ 00OV ¥ A P CELG?P?P GGG A $ P P 5 A P P P P I

CCGGCCGCGCTGCACCACCACCACCACCACACACTCCCCCGCTCTGTGCnGTGACCCTGCGGACTGGGTTCCCCGCCGCCGCACCGGTGC
P A A L H K HHEHETLUPG S V
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1441 CTCUGGOGCCCAGTTAGCCCGCGCGECCIGGACTCTTITICTTCTTTATTCGGITITGCTTTGCATTTTACAAAARG

Figure 5.

Nucleotide and predicted amino acid sequence of the extended mbl ¢DNA encoding O¢té. Toml length of the prescnted sequence is 1517nt. Nucleotide

sequence of eDNA clone mb] starts ut position 155, The fint 154 e are derived from a genomic 510 bp Sacl-Kpnl frugment. Position | of the presented sequence
represents the CAP site of the Octd mRNA i determined by primer extension (Fig. ). The POU specific and POU-HOMEQ domains are indicated by the boxed
arinoacid sequences. Homopolymeric, or quasi-hemopelymeric imino ucid sequences are underlined. The Kpnl site that was used 1o tink the genome Q16 sequences
oo the eDNA is indicated. The position of the { =) strand oligonuclectide that was used in the primer extension experiment s indicated with an arrow (pos. 38 w 54).

shown). As indicated in Fig. 6, the 57 end of the cDNA maps

at position 155. Downstream of this position. the sequence of

the genomic DNA and the mbl ¢DNA are exactly colinear 10
the Kpnl site at position 344, For convenience the 5° cDNA
sequences were replaced by genomic sequences from this Kpnl
site on. Upstrearn of position 155 the reading frame remains open.
No consensus splice acceptor or donor sites are present (Fig. 5).
However, at positions —25 angd —80 with respect to the presented
sequence @ TATA box sequence and CCAAT box are. present
respectively (not shown), suggesting that this genomic fragment
also commains part of the Octé promoter. To prove that the
extended cDNA contained the entire Octé open reading frame.
plus part of the Octd prometer the construct was cloned into the
SVA0 based expression vector pcDX (39) in the antisense
orientation with respect to the SV40 carly promoter and
transfected into COS-1 cells. In this way an Oct6 protein can
only be produced when transcription starts from the putative Octh
promorer.

As can be concluded from the results presented in Fig. 3 (see
also Fig. 6) the extended mbl clene deseribed above produced

a protein that gives Tise to an octamer complex in a bandshift
assay with the same mobility as the Octd complex observed when
using MES68¢]2 nuelear exracts (an adenovirus Ela wansformed
MES] cell line (44); M.P.M. and A.L. unpublished results).

Furthermore primer extension experiments indicated that the
CAP site used on the exiended cDNA template in transfecied
COS cells is the same as that used in MES68c12 cells (data not
shown).

To further corroborate the identity of the Octé protein encoded
by the cloned DNA with the endogenous Oct6 protein present
in the MES68cI2 cell line 2 protease chipping bandshift experiment
(PCBA: 28) was performed. The MES68¢cl2 cell line was used
as a reference instead of ES cells or RA induced P19 cells,
because it has a high endogenous level of Octé (see Fig. 4) and
gave a clear degradation pattern in the PCBA. The presence of
Octé in ES eells and P19 cells would have obscured the clipping
pamern of Octé. Limited proteolytic degradation of the protein
cncoded by the cloned DNA gives rise w three complexes (Fig.
3, left panel); indicated with triangles. The same degradation
products are observed when Octé containing MES68¢12 nuclear
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extracts were used (Fig. 3, middle panel). The two additional
bands observed in the MES68¢]2 experiment (indicated with a
dot) are derived from degradation of Octl, as ¢an be ¢concluded
from the third panel that shows the degradation pattern of Octl
in a cell line that only expresses Qctl (Epi7),

Taken together these results indicate that the construct indeed
contains the entire Oct6 open reading frume and that transcription
is inittated from the Octé promoter using the authentic CAP site.

Since the distance between the CAP site and the 5 end of the
mbl cDNA measures 154 bp, the ORF of the construct is
extended by 33 amino acids to the methicnine indicated as the
start codon In Fig. 6.

Nerthern biot analysis

The Octé complex was observed in differentiating P19 cells, adult
brain and ES cells. In order to get a more complete picture of
the expression of the Oct6 gene, various tissues of adult animals
and whole embryos at different stages of gestation were analyzed
using northern blots. The result of this limited survey is shown
in Fig. 4. No adult tissue other than brain has an appreciable
level of Oct6 expression. Furthermore. no expression of Oct6
was observad in whole embryos at day 10, 13, 16 and 19 pe.
RNA samples of MES68¢]2 and ES cells were included as extra
controls.

Sequence of Octb

The full length Octé clone was sequenced on both strands. The
complete nucleotide sequence is presented in Fig. 5. Translation
of the sequence reveals a long open reading frame (ORF),
encoding a protein of 449 amino acids with a caleulated molecular
weight of 45 kID. As expected. this reading frame contzins a POU
domain (residue 253-397). Comparison of the Octé POU
dornain with published POU domain sequences revealed a 100%
identity with the rat SCIP/Tst-1 POU domain (18, 19), indicating
that Octd is encoded by the mouse counterpart of the rat
SCIP/Tst-] gene. Apart from the POU domain, the protein does
not show a high degree of homology with other members of the
POU domain gene family. According t¢ the terminology of He
et al. (19) the Oct6 protein is a Class I POU domain protein.
The Drosophila Cfla gene is the only other member of this
subclass of POU domain genes, for which a sequence is published
(apart from the POU domain itself) (40). Comparison of the Octé
amino acid sequence with Cfla did reveal a short stretch of
homology in the amijnoterminal part of the proteins. This
homelogy is due 1o the presence of a relatively long {9) stretch
of alanine residues. Interestingly the Oct6 protein containg several
homopolymeric amino acid stretches. Apart from 2 stretch of
alanine residues there are several stretches rich in glycine.
histidine and proline. Glycine rich amino acid domains are also
present in the Qctd4/0ct3 protein (16, 15}, This protein is also
very proline rich. The amino acid sequence of the Oct protein
carboxyterminal of the POU domain is particularly rich in proline
residue (25%). The functional impertance of the domains outlined
above remains 1o be determined. ’

The Cet6 protein binds to the octamer motif

Ta determine whether the Oct6 protein binds to the octamer mouf
conzained within the probe DNA., DNA binding competition
experiments were performed. As competitor sequences we used
wo DNA fragments of which the first consists of a six times
repeated synthetic oligonucleotide, derived from the G enhancer
sequence, contzining the octamer binding site, while the second
consists of the same repeat with a muzated octamer binding site
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(FD and Fd respectively (30, 41)). In Fig. 6 it is shown that a
theusand fold molar excess of FID comperitor inhibited the binding
of Oct6 protein to the radiolubelled probe. while the mutated Fd
competitor failed to show this effect. Therefore, binding
competition depended on the presence of an intact octamer motif
which showed that interaction between the Qct6 protein and the
probe is mediated by these scquences.

The Oct6 protein binds to other seguence motifs as well

It has been shown that the Cetl and Cet2 proteins bind w0
sequences differing considerubly from the consensus octa motif
(49, 50} albeit with lower affinity. The putative binding domain
(PCU demain) of Qa6 differs from that of Qetl/Oet2, It is
therefore possible that the spectrum of DNA binding sites for
Octé differs from that of Oct1/0et2. To test whether the Octé
protein shows differential affinities for ectamer and octamer
related binding sites as compared with Octl we performed
bandshift assays using MES68¢l2 nuelear extracts that contain
Oct! and Oci6 protein and different probes known w be binding
sites for Octl. The probes used are listed in figure 7A and are
aligned with respect to the consensus octamer motif. The ratio
between probe shifted by Octl versus Octé is wmken as an
indication of their relative affinites for that site. The three probes
that contain a perfect match to the consensus octa motif but differ
in their flanking sequences (abll. U2 and 3d4) all bind Oct1 and
Qct6 albeir with different affinities (Fig. 7B). This indicates that
flanking, sequences contribute to binding affinities and that these
contributions are different for Octl and Qcté. The ad? octa motif
differs at two positicns from the consensus octamer sequences.
However the ratio berween Octl and Qct6 is now shufted in favour
of the Oct6 compiex indicating that this mutation more strongly
affects Octl binding to the ad? oetz motf than Geté binding,
The strongest ditferential affinity between Octl and Oct6 is seen
with the Herpes simplex virus (HSV) ICP4 gene promoter
TAATGARAT motif. This site poorly binds to Octl whereas

QCte/COS MESESI2
S M ETEOEE
competitor, _ T 2 _ 8 T

Cligm e = Octt

i

OctEa i’

e e ~F
1223458

Figure 6. The Oct protein binds 1o the octamer met!. Radiolabetled probe was
Incubated with nuclear extraets of Octé transfected COS cells (Tane | 10 3} or
MES68cL2 nuclear extract (lane 4 to 6) either in the absence (lane | and 4) or
in the presence of a 1000 fold motar excess of cold competiter DNA {lane 2,
3and 5. 6). The FD competitor 15 4 300 bp EcoRI restriction fragment contining
six tandem copies of the sequence: cpageisaacuccacapEaAT T TGCAT ctanan-
wagrepa (30). The Fd competitor is the same as FID except that it containg an
octamer motif mutated ar two positions; ATETICAT (41}
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Figure 7. The octarner binding taetors Octl and Oct6 bind with different zffinilies.
to sequences rolated 10 the consensus o¢tamer motil. Pane! A shows the sequence
of the ditferent OCTA matifs present in the ds oligonucleotides used. Nucleotides
fiming the octamer concensus sequence are indicated in biagk. Only the octamer
mott plus flanking nucleotides are shown {sez Matenals and Methods)., abl It
mouse type [ c-abl prometer 27). U2: Xenopus U2 small nuclear RNA distal
sequences clement (46) add; adenovirus serolype 4 TTR (48). ad: adenovirus
serotyppe 2 ITR (48) ICP4: HSV immediate early ICP4 gene promoter (47) abl
1 truty: mutated version of abl I hep™0¢1™: heplamer (boxed) and octamer
elements of the murine 104 =2 IgH promoter. hep™oct™: inwet heptamer motif,
mutated octa motif (58} (B) Bandshift experiment with MES&8¢(2 nuclear extracrs
showing reltive affinities of the Octl and Octé proteins for the different probes
(see Al F indicates free frapment. 1C) The Octé protein binds to the heptamer
sequence. Bandshift experiment with ds oligonucleotides hep ™oct™ and hep"ost™
and nu¢lear extracts of Octb transfected COS ¢alls. DNA prolein complexes are
indicated #s CI and C2. F indicates free fragment {D} Bandshift competition
experiment (o assay tht refative arfinities of Octi and Octt fore the TAATG-
ARAT motif. MES68¢12 nuclear proteing were incubated with radiolzbeled abl
[ probe in the presence of increasing umount of cold ICP4 probe s competitor
tright 10 left). The eompetitor was added in 2-fold seriat dilutions starting with
a 1000 fold excess of TAATGARAT binding sites 10 oca binding sites.
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it is a good birding site for Oct6. The abil (mur) oligo conwains
threc mutations in the octa motif, This mutant was shown 1o
abolish binding by Cetl and Oc2 (30) and has a similar dramatic
effect on binding by Oct6.

A second conserved element within the promoters of IgH
genes, the hepramer motif locared 2—22 bp upstream of the octa
clement, was shown to be 2 binding site for Octl and Oet2 (59).
Two ds oligonucleotides were used to assay binding of Oct6 to
the heptamer motif., The result of this experiment is shown in
fig. 7C. Clearly Oct6 binds to the heptamer element in the
absence of an intact octamer motf (complex C2). In the presence
of an intact octamer element a lower mobility complex (C1) is
observed indicating that both binding sites are occupied by Oct6.

To show that the rato of Octl and Oerd complexes seen with
the ICP4 probe indecd reflects the different affinitics of the two
proteins for this binding site we performed a binding competition
assay. Octl and Qct$ complex formation on the abll octa motif
was challenged by increasing amounts of cold ICP4 competitor.
Clearly the ICP4 oligo more efficiently compeles out the
formation of the Oct6 complex than the formation of the Octl
complex, reflecting a higher affinity of the Oct6 protein for the
TAATGARAT motif. From this limited survey it is clear that
Qct6 binds the same spectrum of binding sites as Octl but exhibits
different affinities.

DISCUSSION

During early embryogenesis, the totpotent cells of the inner cell
mass (ICM) of the blastoeyst embryo become comitted to specific
differentiation pathways. Murine embryonic stem cells and
embryonal carcinoma cells provide a culre system in which
it is possible 10 study these early embryonic events, Here we used
P19 EC cells and CCE ES ¢ells to study octamer binding factors
that are differentially reguiated during differentiation of these
cells. Several interesting points emerged from this survey. The
first change that is observed, when EC cells and ES cells form
aggregates, is the induction of an Octd-like complex. that runs
ahead of the Octd complex in a bandshift assay. Whether the
protein present in this faster migrating complex is ¢ncoded by
the same Qctd gene remains 10 be determined.

Second. 2 family of sctamer binding factors is observed during
neuronal differentiation of P19 cells. These additionzl complexes
appear in a temporally ordered fashion during the differentiation
process. suggesting that each of them plays a role in successive
steps of differentiation. The P19 EC cells provide an excellent
system to study the role of these octamer factors in the
establishment of glial and neurcnal cell lineage and subsequent
differentiation of these lineages since the different compiexes only
appear in the RA-induced differentiation of P19 EC cells. Of
particular interest is the appearrance of the Octé complex as it
is one of the first complexes 0 be induced in P19 cells upon
RA additon to the culwre. This induction is biphasic; the early
cxpression is transient but reappears later during differentiation
(d8), suggesting that the protein may play a role in the
establishment of the neuronal differentation direction (around
day 1 of RA induction), as well a5 in the establishment or
induction of a more differentiated phenotype (day 8).
Furthermore, the protein is expressed in undifferentiated ES cells
and is down regulated upon differentiation of these cells. As a
first step in defining the diverse roles of the Octd protein in these
diffcrent differentiation processes we cloned 2 cDNA encoding
the Oct6 protein. Three lines of evidence suggest that we have
cloned the gene encoding the Oct6 protein. First, the expression
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pattern of the gene at the RNA level correlates with the expression
pattern of the Oct6 complex during P19 EC cell and ES cell
differentiation. This correlatien is aiso found in the cell line
MES68c12, which has the highest amount of Oct6 protein and
mRNA of all eel] lines analvzed. Second, in bandshift assays the
protein expressed from the extended cDNA construct in COS-1
cells gave the same mobility shift as the endogenous Octd protein,
present in nuclear extracts of differentiating P19 cells, MES68cI2
or mouse brain. Third, Hmited proteolytic degradation
experiments on the protein expressed from the cloned Oct6 gene
in COS-1 cells revealed a partern of degradation. that s identical
to the degradation pattern of the endogenous Octd protein in
MES68c12 cells.

As anticipated, sequence analysis of the cloned Gceté gene
revealed the presence of 2 PO domain within the longest open
reading frame. The original cDNA clone mbl appeared to miss
part of the N-terminus of the ORF, since both In viro
transeription/translation of this clone, as well as expression in
COS8-1 cells produced a protein with a higher mobility in a
bandshift assay than the endegenous Oct6 protein in ES cells,
Since the mb! sequence started at nucleic acid position 155, the
in frame methionine at aming acid position 51 probably functioned
as the start codon in these experiments. Extension of mbl with
the homologous genomic sequences. supplies two more in frame
methicnine residues (pos. 1 and 23). Because the presented
sequence encodes o proteinof the same size as the endogenous
Octb protein, we favour the first methionine to be the inftiation
codon, since it has a better resemblance to the Kozak sequence
(42). The genomic extension of the ¢DNA clone supplied the
authentic CAP site 20 the construct, which was used in the COS-1
cells transfected with this DNA inserted in an SV-0 based
expression vegtor, Therefore, the genomic fragment roust ar least
contain the minimal promoter of the Octd gene. Since the Octs
mRNA measures 3 kb of which the extended ¢cDNA represents
half the size. in which the CAP site is contained. the ¥’
untranslated region is estimated to be 1.5 kb. From the sequence
it is obvious that the cDNA lacks the poly (A) addition sequence;
probably cDNA synthesis was primed from an A-rich sequence.
present in the 3' UTR.

The DNA binding competition experiments, with an intact and
a mutated octamer sequence clearly showed that ineraction
between the Qctd protein and the probe DNA was mediated by
the octamer sequence.

Bandshift assays using different binding sites revealed that Octé
does not only bind o the consensus octamer sequence but also
to such degenerate sites as the TAATGARAT and the IgH
heptamer motif. Clearly Oct6 and Octl differ in their affiniry
for these sites probably reflecting differences in their POU
dormain. The observation that Oct6 has a higher affinity for the
ICP4 TAATGARAT metf than Octl (7B and D) might have
important implications for the transcriptional regulation of the
HSV IE genes, Activation or inactivation of IE gene expression
is the important step leading to the lytic ¢ycle or a lateqt state
of the virus (53). Activation of IE genes requires the assembly
of a multiprotien complex on the TAATGARAT motif containing
Qctl, the viral protein Vmw63 and a third ceilular factor x (51).
Critical determunants of Vmw65/0ctl interaction in the Qctl
protein have been mapped to the homeo domain (52). It will be
very interesting to see whether the Oct6 protein can interact with
Vmw65 or whether it can efficiently compete with binding of
the Qctl/Vmw65/X complex to the TAATGARAT motif. Such
antagonist acdon may well be involved in the regulation of HSV
IE genes.
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Comparison of the Qeté POU domain sequenes with other
known POU domains revea'ed 2 100% identity with the rat
SCIP/Tst-1 POU domain (18, 19). The Oct6 protein is probably
encoded by the mouse counterpart of this rat gene. This 15 further
corroborated by the following observations: First, the length of
the Oct6 transeript is similar to that of the reported SCIP/Tst-1
mRNA (18), Second, Southern blot analysis indicated, that the
Cct6 gene is 2 single copy gene (data not shown), excluding the
possibility that the Octé protein is encoded by a gene closely
related to the SCIP gene. And third, the expression patterns of
Oct6 and SCIP overlap. However. an interesting difference exists
between Oct6 expression in mouse and SCIP expression in rat.
SCIP/Tst-1 was reported to be expressed in rat testis (19). No
expression of Octé was cobserved in mouse testus. Such
interspecies differences in testicular gene expression have been
observed for other genes as well. It is of interest 1o note that
we have detected expression of 02 in mouse testis, while He
¢t at (19) showed that Oct2 is not expressed in rat testis (Meljer
et al. unpublished results). The reason for these differences is
enigmalic.

Outside the POU dornain the protem contains & large number
of (quasi) homopolymeric stretches of a limited number of amino
acids: alanine, glycine, histidine and preline, Proline rich protein
domains have been identified in a rumber of transcription factors
(6). Tt was shown that the ¢carboxyterminal proline rich part of
CTF/NF-1 functions as a transactivation domain (45). By
extension it is possible that the Octf protein acts as a wansactivator
and that this function is mediated by its proline rich domain.
Indeed prelimenary experiments indicace that the Oct§ protein
is capable of activating a minimal promoter linked to a synthetic
enhancer containing a mutimerized octamer motif. Whether this
function is indeed mediared by the proline rich domain of Octd
remains 1o be determined.

it was shown, that SCIP/Tst-1 is probably involved in the
differentiarion of PNS and CNS$ glial cells into myelinating
Schwann cells and oligodendrocyies (18), Furthermore, in situ
hybridization data indicated. that SCIP/Tst-1 is also expressed
by a restricted set of neurons in the adult brain. as well as in
different regions of the developing nervous system during
embryogenesis (19). Since we used nuclear extracts from whole
populations of differentiating P19 cells, we cannot assign any
of the observed octamer fagtors 1o individual cell types. However
in differentiating P19 cells the main type of glial cells that are
formed are astrocytes. Mo myelinating cells were found te be
present (38). This suggests that expression of Octé in
differentiated P19 cells represents expression in neuronal cells.
Recently, we have cloned the complete Oct6 gene from a mouse
genomic library. This will enable us to study the regulatory
sequences of the gene. that direct expression in the different cell
linzages. Construction of an Qcié promoter driven marker gene
will further enable us to study the precise temporal expression
in individual ccll types, in relaten to differsnt differentiation
markers, Further studies will aim ar the identification of target
zenes of the Oct6 protein and on the regulation of the Oct6 gene
itself.
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Chapter VI

Mapping the transactivation domain of the Oct6
POU transcription factor.

Dies Meijer, Anneke Graus and Gerard Grosveld
Department of Cell Biology and Genetics, Erasmus University, Rotterdam,
the Netheriands
ABSTRACT

The POU transcription factor OctS is expressed in embryonic stem cells, glial progenitor cells
and in a restricted set of neurons in the CNS. The protein has been shown to act as a
transactivator as well as a repressor. MHere we show that the Oct8 protein activates
transcription from three different promoters in Hela cells. The ability to activate a minimal tk
promoter via & multimerized IgH enhancer octamer motif relies on a domain within the aming
terminal third of the protein. Parts of this domain can be deleted without abolishing
transactivation, suggesting that there is functional redundancy within this region. The
transactivation domain of the ot protein is different from other described activation domains
in that it is highly giycine and alanine rich.

INTRODUCTION

The octamer motif (ATGCAAAT) is a well studied DNA motif present in
enhancers and promoters of both ubiguitous and cell type specific expressed
genes [1, 2, 3]. This DNA element was shown to be a binding site for a
family of nuclear proteins present in different cell types and at different
stages of mammalian develogment [4, 5]. A number of these proleins are
believed 10 be involved in determining cell fate through selective regulation
of target genes. The cloning of different cDNAs encoding several of these
octamer binding factors revealed that they belong to the POU domain gene
family [6-13]. This family was defined by a region of extensive seguence
homology {the POU domain) between three mammealian transcription factors
(Oet1, Oct2 and Pit1/GHF1) and one nematode regulatory protein (Unc86;
[14] and references therein}. The POU domain constitutes the DNA binding
domain of these proteins and can be subdivided in two regicns, separated by
a short linker {10, 12, 15, 16]. The carboxyl terminal part shows homology
with the classical homeobox proteins {the POU,; Domain}, while the amino
terminus contains a homology specific for this class of proteins {the POU,
domain}.

Oct6 was originally defined as an embryonic stem cell specific octamer
binding factor [4]. Differentiation of these cells in wvitro leads to a
downreguilation of the Oct6 protein. However in undifferentiated P18 EC
cells the OctB gene is expressed at very low levels. The gene is transiently
upregulated when these cells differentiate into neuronal cell types after
aggregation and addition of retinoic acid to the culture medium. Expression
increases ageain after several days of induction, indicating that the protein
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plays a role in different stages or cell types during neuronal differentiation
i7].

Cloning and sequencing of cDNAs encoding the Oct6 protein revealed
that the Oct6 gene is the mouse homologue of the rat SCIP\Tst-1 gene {17].
The SCIP gene is highly expressed during glial cell development in the
peripheral and central nervous system. it has been shown that the SCIP
protein functions as a repressor of meylin specific genes during a period of
rapid cell division that seperates a premyelinating from a myelinating phase
in Schwann cell development [18]. Furthermore, using a PCR based
approach, a partial Oct8/SCIP was cloned from neonatal rat testis which was
named Testes-1 (Tst-1 [19]). Using /n situ hybridization it was shown that
the OctB/SCIP/Tst-1 gene is also highly expressed in discrete regions of the
developing nervous system [13, 18]. The Oct6 protein was shown to
function as a positive as well as a negative regulator of transcription
depending con the exact promoter architecture {13, 18, 20].

Here we show that high level ectopic expression of the Qc¢t6 protein in
HELA cells can activate transcription from three different promoters. Using
a series of Oct6 deletion mutants we show that the fransactivation domain
of the protein is located in the first 157 amino acids and is distinct from its
DNA binding domain. This domain, which is extremely glycine and alanine
rich, can be subdivided in at least two active subdomains.

RESULTS

OctB transactivates a variety of premoters when ectopically expressed in
HELA celis.

To study the transactivation potential of the Oct® protein we used three
different promoter constructs. A simplified promoter in which the octamer
is located 20 bp upstream of the rabbit §-globin TATA box (pf0 *Cat in
Figure 1A} driving a CAT reporter gene. An almost identical promoter
construct was shown to constitute a B-Cell specific promoter [8, 21]. This
promoter could be readily activated by ectopiczlly expressed Oct2A, Octd
and Oct6 proteins (8, 13, 22]. Transcription from this promoter was shown
to be dependent on an intact octamer motif. A second promoter construct
congists of a minimal HSV-1 TK gene promoter flanked by a multimerized IgH
enhancer octamer/uE4 motif (BWtkCat; [23, 24]). This type of enhancer was
shown to be at least 1000 fold more active than its mutated counterpart in
EC cells (6FdtkCAT in which only the octamer box was mutated;[24]). In this
particular arrangement the closest octamer motif is 147 bp separated from
the tk TATA box. A third promoter used in this study is the Herpes Simpiex
Virus 1 ICP4(IE175K) gene promoter [28]. This promoter contains one
TAATGARAT monuf at position -280 and a second related motif
{TAATGGAAT) at position -110. The distal TAATGARAT motif of the ICP4
promoter has been shown to be a strong binding site for Oct8 wheras it is
a weak binding site for Octl [7]. The reporter constructs are schematically
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depicted in Figure TA. In order to exgress the Oct8 protein in HELA ceils the
Qct6 cDNA was cloned in a CMV promoter/enhancer based expression
vector ([26]; see M&M for details). The Oct8 expression vector and the
different CAT reporters were co-transfected in different combinations in
HELA cells. Reporter gene expression was measured by CAT assays [27].
Expression of the Oct6 protein was monitored by a bandshift assay {not
shown}.

As can be seen in Figure 2A Qct6 activates the simple fO™ promoter
confirming earlier reports [13]. Furthermore this activation is dependent on
an intact octamer motif (compare lane 2 with lane 5). The same promoter

CAT | [ — pBO CAT

6 x UE4/QCTA

SWIkCAT
TAATGAGAT TAATGGAAT
[ CAT | plCP4CAT
OCTA box [] TATA box V GCCAAT box  {J GC box

m S

Figure 1. A. Schematic representation of the reporter plasmids used in this study. The
reporter gene is the bacterial Cloramphenicol Acetyl Transferase gene (CAT). The
BWtkCAT and the [CPACAT construct do not contain additional enhancers downstream
of the CAT gene. The scale bar above the drawing indicates the position (in basepares) of
the cis-acting elements relative to the transcriptional start site {(arrow).

B. Structure of the Oc16 expression vector.
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could be activated by Oct2A {lane 4 and [8]) and a chimaeric protein
POU/VP186. This chimaeric protein consists of the Oct8 DNA binding domain
(POU domain) coupled to the VP16 transactivation domain ([28, 29];see
M&NM]} and is & strong transcriptionai activator {see also Figure 4, lane 15).
Althcugh this promoter construct is clearly responsive, the absolute levels
of expression are rather low.

In a second set of transactivation experiments we used the BWtkCAT
reporter and its mutated counterpart 6FdtkCAT. Clearly Oct6 is able to
transcativate the tk promoter via the IgH octamer motif {fig 2B, lane 1 and
2} This results contrasts with an earlier report by Suzuki er af. [13] who
reporied that the Oct8 protein is not able to activate this reporter (see
discussion}. Furthermore, the HSV1 ICP4 promoter is also strongly induced
by Oct8. Thus the Oct® protein is able 1o activate transcription via octamer
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Figure 2. A. OctB activates transcription from a simple octamer/TATA promoter. The
expression vectors pQOct8, pPOU/NPI6 and Qct2A and reporter plasmids were
cotransfected into Hela cells as indicated. The structure of the Oct8 expression vecrtor is
outlined in figure 1. The structure of the POU/VP16 vector is described in Materials and
Methods. The Gct2A vector is described in [8]. When no expression vector is indicated the
reporter plasmid is cotransfected with an equal amount of the empty expression vector
pEVRFO. B. Oct6 activates also more complex promoters.

The Qct6 expression vector (see figure1) was cotransfected with CAT reporter plasmids
as indicated. Reporter constructs are as outlined in figure 1. The 6Fdtk promoter construct
is the mutated counterpart of the 8W1ik promoter [24]. The RSVCAT construct serves as
positive c¢ontrol, tn which the CAT gene is driven by the strong Rous Sarcoma Virus
promoter.
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and octamer related sequences in different promoter settings.

Transactivation by ectopically expressed Oct6 is not restricted to Hela celis.
In an earlier report by Suzuki et a/. it was shown that Oct8 is not able to
activate transcription from a distal position (with respect to the transcription
initiation site) when expressed in Hela cells [13]. Similar findings were
reported for the B cell specific Oct2A and the stem cell specific Oct4
proteins [22, 30]. One explanation for the ability of Oct6 to activate
transcription from a more distal position in the experiments presented here
is that our Hela cell line contains facters that are missing in their particular
line or that our cell line misses factors that otherwise would prevent
transactivation. To test this possibility we performed transactivation
experiments using the 6WtkCAT reporter in cell lines of different origin. The
MES cell fine is stable derivative of the P19 EC cell line. and CHOQO is a
Chinese Hamster Ovarian cell line. As can be seen in Figure 3 Oc¢t8 activate
the SWtkCAT repeorter gene in all three cell lines tested, indicating that there
are no qualitative differences between the ceil lines with respect 1o

RSVCAT
6FdtkCAT + Oct6
RSVCAT
BWthCAT + Qct 6

o
Rl

o
Q
+
.
<
Q
=
=
e

. 6FdtkCAT+Oct6
. 6FdKCAT+ Oct6
BWHKCAT+ Oct6

. RSVCAT

MES CHC HELA

Figure 3. Oc¢t6 transactivates the 6Wik promoter in different cellular backgrounds. MES,
CHO and Mela cells were transfected with the expression and reporter plasmids as
indicated. CaPQ,/DNA precipetates were prepared as described and spiit into three
portions and applied 1o the different cells.
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supporting transactivation, However there are clear quantative diferences in
the level of activation in the different ceiluiar backgrounds. Transfection
efficiency and ievels of activation are highest in Hela cells. Therefore this cell

line was chosen for mapping of the transactivation domain of the Oct6
protein.

Deletion mapping of the Octf transactivation domain.

In order to map the domain(s) of Oct6 involved in transactivation, a set of
progressive amino terminal and carboxyl terminal deletions was constructed,
using natural restriction sites in the Oct6 gene [7]. These truncated cDNAs
were cloned in frame into CMV/enhancer based expression vectors [26]. All
mutant Oct8 proteins have an intact POU domain. To test whether the
different deletion constructs encode stable proteins that bind to the octamer
motif and are localized in the nucleus, plasmids were transfected into COS-1
cells. The expressed mutant Oct6 proteins were assayed in & bandshift
experiment using nuclear extracts from the transfected COS-1 cells and 2
radiolabelled OCTA probe. All constructs express Octd mutant proteins of
the expected size at high levels. These proteins appear t¢ be stable and are
located in the nucleus {data not shownj.

The transcriptional activation potential of the mutant Oct6 proteins was
tested in cotransfection experiments with the BWtkCAT reporter plasmid in
Heia cells and quantative CAT assays {(Figure 4, see alsc Figure G). To
exciude the possibility that differences in CAT activity are due to different
levels of Oct6 mutant proteins, the amount of protein was estimated in a
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Figure 4. A. Transactivation of the 6Wtk promoter by truncated Octb proteins. Hela cells
were transfected with the 6WtkCAT reporter plasmid and the different expression vectors
as indicated except for lane 2 were the reporter plasmid is the 6FdtkCAT construct. Lanel
shows the basal level of expression of the BWIkCAT construct (cotransfected with the
empty expression vecter pEVRFO). The structure and the relative transactivation potentials
of the different Oct6 mutant proteins is cutlined in figure 6. B. Bandshift assays with
whole cell extracts of a fraction of Hela cells transfected with the different truncated Oct6
proteins.
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bandshift assay using whole cell extracts of transfected Hela cells. As can
be seen in Figure 4B ali mutant proteins are expressed at a comparzabie high
level except for POU/VP18. The fusion of the VP16 transactivation domain
to the Oct6 POU domain appears to result in a labile protein or alternatively
influences its DNA binding affinity. Nevertheless, this chimaeric proteinis a
strong transcriptional activator. As can be seen in Figure 4A high level
expression of Oct6 results in 30-b0 fold induction of the 6Wtk promoter
(compare lane 1 and 3; the percentages conversion obtained in these
experiments are given in Figure 8). This activation is dependent on an intact
Octa motif within the 6W enhancer as this stimulation of CAT expression is
not observed with the mutant version of this promoter {lane 2}. Deleting the
first 115 amino acids does not reduce the ability to activate the BWtk
promoter. Although expression of mutants N23 and N44 resulted in a slightly
lower transcactivation level, the mutants N97 and N115 showed wild type
activity. Further deleting the Oct8 protein to amino acid 143 resulted in a
drop of activity to approximately 30% of the wild type level. Deleting beyond
a.a. 157 completely abolished transactivation. This maps a minimal region
required for transactivation between amino acid 115 and 157, which is rich
in glycine and alanine residues (18 Gly + Ala). However, this feature is not
characteristic for this domain, as the entire Oct6 protein is extremely rich in
glycine and alanine residues, apart from its POU domain. Therefor other
features than just a high glycine and alanine content must be involved in
mediating transactivation.

The Qct8 protein domain carboxyl terminal of the POU domain is rich in
proline residues (13 out of 52). Proline rich transactivation domains have
been described for a2 number of transcription factors. However no such
function can be ascribed to this part of the Oct6 protein as the amino
terminal deletion mutants N157 to N228 all contain this domain but fail to
transactivate. Furthermore, the N2C52 deletion mutant in which the entire
carboxyl terminal domain is removed shows a wild type level of
transactivation. The POU domain by itself (N223C52} even seems to repress
basal level of expression {compare lane 14 with lane1}.

The experiments described above mapped a minimal transcriptional
activation domain between amine acid 115 and 157. To check whether this
domain is required and sufficient for transactivation or whether there is some
functional redundancy within the amino terminal third of the protein, a small
set of internal deletion mutants was constructed and tested for its ability to
transactivate the 6Wtk promoter. The results of this experiment is shown in
Figure 5A, while the internal deletion mutants are schematically depicted in
Figure 6. Surprisingly all internal deletion mutants transactivate the 6Wtk
promoter albeit at a lower fevel than the full length Oct8 protein. The level
of the AS4/232 and A116/230 proteins is lower than that of the other
deletion mutants. This was consistently observed in a number of transfection
experiments, which might indicate a lower stability of these mutant proteins
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Figure 5. A. Transactivation of the 6Wik promoter by Qct6 internal deletion mutant
proteins. Hela cells were cotransfected with the 6WikCAT reporter plasmid and the
different expression plasmid as indicated except for lane 1 were the reporter is the
6FdtkCAT plasmid. The structure and the relative transactivation potential of the different
OctB proteins is depicted in figure 6. B. Bandshift assays with whole cell extracts of Hela
cells transfected with the different Oct6 mutant proteins.

{note the smear in lanes 5 and 6 in Figure 5, right panel} leading to
underestimating the transactivation potential of the mutant proteins. As
expected, internal deletions in the first 98 amino acids (A23/44; lane 3 and
A23/97; lane 4) did not abolish transactivation as these proteins retain the
domain between a.a. 115 and 157. However, neither deletion of aa 85 t¢ aa
231 (lanme 5) nor smaller deletions in this region (A116/230; lane6 and
A144/197; lane 7) resulted in a complete loss of transactivation.

Thus, the combined anaiysis of the N terminal and intermnal deletion
mutants suggest that the entire amino terminal third of the protein is
involved in transactivation and can be split up in functionally redundant
subdomains.

Interestingly, this amino terminal region contains a long stretch of alanine
residues (9} that is polymorphic. The Oct6 cDNA cloned by Suzuki er al.
encodes an Qct6 protein with a stretch of 8 ala residues and the rat Oct6
homologue SCIP has 11 ala residues at this position [13, 18]. The alanine
stretch is located in a large region that is likely to adopt an ¢ helical
structure.

DISCUSSION

The six times repeated IgH enhancer octamer element (6W) was shown to
strongly enhance transcription from the linked HSV tk promoter in ES and F9
EC cells. These cells express three octamer binding factors; Octl, Oct4 and
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Oct8 [24]. The Oct4 and Oci6 factors are downregulated upon
differentiation. At the same time the 6W enhancer is extinghuised in these
differentiating cells, implicating either of the two or both factors in enhancer
function. However ectopic expression of Oct4 in Hela cells failed to activate
the tk promoter via the 6W enhancer. in contrast with the resuits presented
here, Suzuki et a/. reported that also Oct6 is not able to activate the 6W
enhancer in Hela cells whereas it activates a simple OCTA/TATA promoter
{(this promoter is similar to the pfO* promoter used here; Figure 2;[13]). it
is unlikely that this discrepancy is due to intrinsic differences in the cell line
used, as we show that high level expression of Oct6 resuits in the activation
of the 6Wtk promoter in different cell lines. More likely these differences are
due to differences in the lavels at which the effector protein is expressed. It
is possibie that only high levels of Oc¢t6 effectively compete for binding with
the endogenous Oct1 protein and stimulates transcription in Hela cells. Thus
our results suggest that the Oct8 protein could play a role in stimulation of
transcription of several gene promoters in EC/ES cells.

One of the aims of this study was to localize the domain(s) in the Octd
protein involved in the transactivation function of this protein. First we
tested the responsiveness of three different promoters to high levels of Oct6.
The three promoters used are different with respect to the number and the
exact sequence of Octd binding sites, the distance of these sites to the
TATA box, and the nature, number and position of other cis-acting elements
{see Figure 1}. Allthree promoters can be activated by coexpression of Oct6.
Thus in our test system OctB can activate transcription from octamer and
octamer related sequences in different promoter/enhancer settings. To
determine which part of the Oct8 protein is involved in this function we
constructed a series of deletion mutants of the Oct6 protein that were tested
for their capicity to stimulate transcription from the Wtk promoter. All
deletion mutants have an intact POU domain and thus retain the ability to
bind the octamer motif. The data from the Oct8 deletion analysis indicate
that the transactivation function is located in the amino terminai third of the
protein. The entire activation domain is extremely rich in glycine and alanine
residues and is composed of multiple, functionally redundant, subdomains.

Protein domains have been determined, involved in the transactivation
function of a large number of transcription factors. There are no apparent
structural similarities between these domains, although they can be roughly
classified as being particularly rich in certain amino acids {see [31] and
references therein). As far as data are available, the transactivation domains
of the POU proteins are either glutamine- (Oct1) glutamine/leucine/preline-
(Cct2), proline- (Oct3/0ct4) or serine/threonine-rich (Pit1/GHF1) [8, 16, 30,
32-35). The transactivation domain of the Oct6 protein would form a new
class, being glycine- and alanine-rich.

Interestingly, the proline rich region carboxyl terminal of the POU domain
is dispensible for Oct6 to activate the 8Wik promoter, suggesting that a high
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concentration of a particular amino acid residug is not enocugh to make up an
activation domain. This is also illustrated by the fact that the region between
aa 157 and 229 of the Qct6 protein is aise rich in glycine and alanine
residues but does not activate transcription. A direct approach to address
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Figure 6. Structure and transactivation potential of the Oct6 deietion mutants used in this
study. The naming of the different mutants reflects the number of codons removed from
the Qct6 ORF either from the aminoterminus {N) or the carboxyterminus (C). The
construction of the different expression plasmids is detailed in Materials and Methods. The
N2 Oct6 protein is considered to be the wild type protein, The POU-specific and the
PQU-homeodomain are indicated by shaded boxes. The relative transeriptional activation
of the Wtk promoter by the different mutant proteins is indicated. The percentage
acetylation refers 1o the percentage of acetylated forms of chloramphenicol in the
experiments presented in figure 4 and 5. CAT activity in extracts of the 6W1ikCAT
transfected cells is 2% (lanes 1 in figure 4 and 5). A. Structure of the N- and C-terminal
OctB mutant proteins. B. Structure of internal deletion mutant Oct6 proteins. The portion
of the Oct6 protein deleted is indicated by the number of the codons at which the ORF is
fused. C. Structure of the Oct6 protein, highlighting the domain invalved in transcriptional
activation and DNA binding (the POU domain; POUg and POU,).
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this issue for the Oct2 protein has been reported by Gerster et a/.[35]. The
amino terminal transactivation domain of the Oct2 factor is characterised by
a high content of glutamine, leucine and proline residues. The analysis of
substitution mutants of subdomain i in which the glutamine residuss were
replaced by asparagine or the leucine residues by iscleucine showed a drastic
reduction in transactivation potential. Thus the particular arrangement and
interaction with other residues are critical for the activation function of this
domain.

The transactivation domains of the Oct8 and Oct4 factors belong to
different classes (being glyc/ala rich and pro rich respectively). This might
indicate that Qct4 and OctB interact with different components of the basic
transcription apparatus or alternatively that they interact with different
socalled coactivators associated with the TATA box binding protein{TBP;[36]
see also [37]. Thus taking into account the interaction with other DNA
binding proteins and the differences in affinity between the two proteins for
different octamer binding sites it is likely that the two octamer factors
regulate different sets of genes in ES/EC cells.

The importance of interactions between octamer factors and other
transcription factors is illustrated by the observation that the octamer motif
can also mediate repression of transcription in FS EC cells [38]. Obviously
the sequence context of a cis-acting element is highly critical. Several
mechanisms can be envisaged by which transcription factors can function
as repressors (see [39]), one of which is competetive binding. For instance
the SV40 B element consist of two directly repeated Sph motifs of which
the junction forms an octamer binding site. Both Sph motifs are required for
enhancer function in Hela cells, while high level expression of Oct1 or Oct2
represses the activity of the Sph motif via competetive binding [33].

The rat homologue of Oct8, SCIP is expressed at high levels in
proliferating Schwann cells [17]. The expression of SCIP/Oct6 seems to
antagonize the expression of glial specific genes like MBP and P, [18].
Transfection of a SCIP/Qc¢tb expression vector into cultured Schwann cells
resuits in the downregulation of cotransfected MBP, P, and NGF-R
promoters. These results indicate that the SCIP/Qct8 protein serves as a
negative regulater of Schwann cell specific genes. Significantly
downregulation of the P, promoter by SCIP was also observed when
cotransfected in the monkey cell line CV-1, indicating that no Schwann cell
specific components are needed to downregulate this promoter [20]. The P,
promoter contains five SCIP/Oct6 binding sites that are remotely related to
the octamer motif. One of the weaker binding sites overlaps with the P,
TATA box. It was suggested that this binding sites serves as a negative
element for SCIP/Oct8 regulation of P, gene transcription through a
competition mechanism [20]. it is not known whether the POU domain of
SCIP/Qctd suffices for repression of the P, promoter or that in addition other
domains of the protein are required for this function. It is of interest to note
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here that a domain capable of mediating repression in Hela and CV-1 cells
has been identified in the Drosophila Krippel protein. it was shown that a
N-terminal alanine rich domain of this protein fused to the DNA binding
domain of the lac repressor can repress transcription of farget genes
containing lac operator sequences [40]. Such an alanine rich region can also
be found in the Droscphila transcriptional repressors engrailed and
evenskipped. Similarly, alanine rich domains are present in the Oct® protein
interwoven with the transcriptional activation domains as determined in this
study. It is possible that these regions in the Oct8 protein are also involved
in mediating repression of glial cell specific genes.
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MATERIALS AND METHQODS

Construction of Oct6 deletion mutants.

Deletions of the Oct6 cDNA were ¢reated using naturally occuring restriction sites. The different
deletion constructs were cloned in frame into the CMV based expression vectors pEVRFO,
pEVRF1, pEVRF2 or pEV3S [26]. These vectors allow expression of N terminally deleted
protgins as an in frame fusion product with the first four amino acids of the HSV itk protein.
Cloning of the fuli length Oct8 cDNA in pEVRFO using the Ball restriction site in effect results
in a protein that has 7 amino acid residues inserted between as 2 and aa3 as compared 10 the
wildtype protein. The first two aa encoded by the tk reading frame are the same as in the Ocif
reading frame. This expression plasmid is referred 10 as clone pN20c¢t6 or Octd in Figure 2. The
N stands for a N terminal truncation and the number following the N refers to the number of
codons removed from the Oct6 open reading frame. The C stands for a carboxyl terminal
truncated protein and the number following the C indicate the number of codons removed from
the carboxyl terminus of the Oct6 protein. The translated linker sequence of the truncated
clones is as follows: N2, MASWGSGTP: N23, MASWGSGTL; N44, MASWGSGTH; N7,
MASWGSGVP; NT15, MASWGSGTL; N143, MASWGSGVP; N157, MASWGSGTH; N182,
MASWGSGT: N187, MASWGSGVP; N229, MASWGSGY. The chimaeric cione POU/VP16 was
constructed by replacing the 3’ part Oct6 cDNA from the Sacll to the Xbal site {encoding the
51 za carboxyl terminus of Oct) in ¢clone N22S far the 3’ part of the HSV1 VYmwBh (VP16)
gene, [n this way the Oct6 POU domain is fused to the 80 aa carbaxy! terminus of the VP16
protein. This part of the VP18 protein is a strong transactivator [292]. Internal deletion mutants
were made by excising part of the Oct§ open reading frame in clone pN20ct6. The numbers
represent the codons at which the Oct6 ORF is fused. All fusion points were checked by
dideoxy sequencing. All deletion consiructs were tested by expression in COS cells. Using
nuclear extracts of transfected COS cells in a bandshift assay indicated that all mutanis were
stable, bind to the octamer sequence with high affinity and were located in the nucieus.
Reporter plasmids

The reporter plasmids 6WtkCAT and 6FdtkCAT are described in detail in [22] and were a kind
gift of Dr Hans Schéler. The SOCTA promoter was constructed by PCR amplification using a
5" sense oligo containing an OCTA box or a mutated version thereof and a 3° anti-sense oligo
mapping in front of the rabbit S-globin start codon. A genomic subcloneg in pBR327 containing
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the entire rabbit 8-globin gene was used as a template. 5’ sense oligo, GCGGATCCATTTGCAT-
TACATAGTTCAGGACTTGG; 3" anti-sense oligo, GCGCTCGAGTCTGTITTGGGGGATTGC The
amplification products were cloned in front of the CAT gene in pBLCAT3 [23]. The integrity of
the A0* and S0 promoter constructs were checked by dideoxy sequencing. The full sequence
of thesepromotersisasfollows; GGATCCATITGCATTACATAGTTICAGGACTTGGGCATAAAA-
GGCAGAGCAGGGCAGCTGCTGCTTACA

The ICP4 CAT (IE175CAT) construct was 2 kind gift of Dr Peter O'Hare. This construct
contains the IE175 (ICP4) promater from -330 to + 20 [25, 41].

cell transfections

Using the CaPQ, precipetate method, Hela, MES or CHO cells were transfected with 5 ug of
reporter plasmid and 2.5ug of Octb expression vector (or with 2.5ug of the empty expression
vector pEVRFO) and 12.5 pg of pTZ19 plasmid DNA as carrier [27]. Transfected cells were
harvested 48 hrs after removal of the CaPQ, precipetate. Eighty percent of the cells were used
1o prepare cell extracts for a CAT assay and the remaining 20 % was used to prepare whole
cell extracts for monotoring Oct6 protein expression in a bandshift assay. CAT assays were
performed with egual amounts of protein (20 pg). Acetylated and non-acetylated forms of ™C
labeled chloramphenicol were seperated using standard thin layer chromatography. The ratio
petween acetylated and non-acetylated forms of chloramphenicol were calculated after
quantitation of the signals using a Molecular Dynamics Phosphorimager.

Bandshift experiments and whole cell extracts

Whole cell extracts of transfected Hela cells (20%:; see above) were prepared by resuspending
the cells in 40 ul of 20mM Hepes-KOH pH7.9, 400mM KCI, TmM EDTA, 10% glycerol, 10mM
DTT, imM PMSF, 5 yg/ml leupeptin, Spg/ml pepstatin and 10ug/ml chymostatin,Resuspended
cells were subject 1o 4 cycles of freezing in liquid nitrogen and thawing on ice. The cellular
debris was removed by centrifugation at 14000g for 5 minutes at 4°C. Equal amounts of
cellular extract were used in a bandshift assay using 3 fmol of 2 **P endlabelled double stranded
QCTA probe. Prche and protein were incubated on ice for 20 minutes in 20 mM Hepes-KOH
ph7.9, TmM EDTA, 1 mM EGTA, 4% Ficoll in a total voiume of 20 ul. Complexed and free
probe were seperated on a 4% polyacrylamide gel in 0.25 x TBE.
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Chapter Vil

The mouse Oct6 gene and its regulatory
sequences.

Dies Meijer, Robert Kraay, Anneke Graus and Gerard Grosveid.
MGC, Department of Cell Biology and Genetics, Erasmus University
Rotterdam The Netherlands

ABSTRACT

The gene encoding the PQU factor OctB is expressed in embryonic stem cells, during early
development of the nervous system, in a subset of neuronal cells and in glial cells of the central
and peripheral nervous system. Here we describe the genomic organization of the Octf gene
and a preliminary characterization of the promoter of the gene. The Oct6 gene is a single exon
gene that generates a2 3 kb mRNA. The promoter and the entire protein coding part of the gene
are located in a CpG island.The chromatin structure of the Oct8 gene promoter region is
DNAasel hypersensitive in ES cells, but not in non-expressing MES cells. The Oct8 promoter
is a typical cell type specific promoter in that it contains 2 TATA and CCAAT box at canonical
distances from the transcriptional initiation site. From transient transfection experiments it is
tentatively conciuded that the promoter region does not contain all the information for cell type
specific expression but that additional downstream sequences are required for this.

INTRODUCTION

The POU domain gene family is defined by a bipartite DNA binding domain
which is composed of a class specific homeo box and a POU specific domain
({1] and references therein}. Members of this class of proteins have been
implicated in cell fate determination through selective regulation of target
genes (2, 3, 4]. For exampie the mouse Pit-1 gene has been shown to be
mutated in two different alleles of the mouse dwarf locus [5]. These
mutations interrupt the normal development of the anterior pituitary gland
which results in the loss of expression of growth hormone, prolactin and
thyroid-stimulating hormone and hypoplasia of their respective cell types.
Other members of the POU domain family for which no genstic data are
available are supposed to be inveolved in cellular differentiation processes
mainly on the basis of a restricted expression pattern during development
and by association. A number of POU proteins bind with high affinity to the
octamer sequence {ATTTGCAT), which constitutes a strong enhancer
element in embryonic stem cells and B lymphocytes (6, 7]. One of these
POU proteins, Oct6; also called SCIP and Tst-1, is expressed in
undifferentiated embryonic stem cells, inearly embryonic and adult neuronal
cells and in glia ceils of both the central as well the peripheral nervous
system [8-12]. In Schwann ceils the Oct6 gene is highly expressed during
a phase of rapid cell division that separates a premyelinating from a
myelinating state [13]. Expression of the Oct6 gene correlates with the
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negative regulation of a number of Schwann cell specific genes. Indeed
cotransfection analysis has shown that the Oct6 protein can repress
expression from the P, promoter in non glial cells, while other promoters can
be activated [12, 14, 15]. Thus the protein can either act as a positive or
negative regulator of gene expression. An important question is how these
cell type specific transcription factors themselves are regulated during
development and homeostasis. As a first step towards understanding the
regulation of the Oct8 gene we describe here the genomic organization of
the gene and its promoter. The OctS gene is a single copy, single exon gene
in the mouse genome. The protein coding part and the promoter are part of
a CpG island. The promoter region of the gene is associated with a DNAasel
hypersensitive chromatin structure in ES cells but not in the non-expressing
MES cells. Transient transfection assays using 5’ truncated promoter
deletion mutants driving the bacteriai CAT reporter gene identified an
important element upstream of the CCAAT box. However these promoter
constructs were equally active in ceils expressing or not expressing Oct8,
suggesting that additional regulatory elements are missing from these
promoter constructs.

RESULTS
Cloning of the mouse Octé gene.

A MB1-4

= = T T =

s & k: 23
...... | | | ...

500 bp P :

z e
g
[

|— Sact

Kpnl

Xhel
L Hingll
| Kpnl

— Hindil
- EooRi

A. Schematic representation of the one lambda clone out of ten that was further analysed.
This clone contained a 18 kb genomic fragment generated by partial Sau3A digestion of
total genomic mouse DNA cloned in the BamHI site of the AEMBL3 phage. The Sall sites
are part of the phage and flank the BamH! cloning site.

B Detailed restriction map of the §.4kb EcoRi fragment derived from AMB1-4, The cDNA
sequence is aligned with the genomic clone to show that they are colinear over the entire
length of the cDNA. The EcoRl sites in the Oct6 ¢DNA represent artificial cloning sites.
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Ciones were isolated by screening of an EMBL3 mouse genomic library at
high stringency with an Oct6 c¢cDNA probe (300bp Pvull fragment covering
the POU domain). Ten strongly hybridizing clones were plague purified in a
second screening. Two of these clones were further analyzed by restriction
mapping (Figure TA). Hybridization of restriction fragments of the larger of
the two genomic clones with a2 1.4kb ¢DNA clone {(covering 95% of the
QOci6 open reading frame} revealed that the entire cDNA sequence was
present on a 6.3kb EcoRl fragment and is not interrupted {data not shown,
see Figure 1B). This fragment was subcloned in the plasmidvector pTZ18.
The size of this EcoRl fragment corresponds with that of the Oct8 cDNA
hybridization signal on genomic Southern blots, indicating that we have
isolated the Oct8 gene and not a pseudogene or other closely related POU
domain gene (see Figure 4).

The 6.3kb EcoRl fragment contains alf of the Oct6 coding sequences.

The Oct6 gene expresses a 3 kb mRNA in ES cells, brain and Schwann cells.
As the longest cDNA molecule we isolated is 1.4 kb, additional coding
information must be present in the 6.3kb EcoR! fragment or flanking
fragments. Previously we have shown that the 5’ part of the open reading
frame pilus 5 * UTR is contained within a 450bp Sacl/Kpnl fragment
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Figure 2. Schematic representation of Oct6 expression vectors

A. pcOctB. The Qctd cDNA {see figure 1) was extended at its 5 end by linking the
genomic Sacl/Kpnl fragment 1o the Kpnl site. This extended cDNA was cloned as 2 Sacl
fragment in the pcDX vector in the opposite orientation with respect to the SV40 early
promoter {Pe)/origin of replication (SV40 ori). Transcription termination and
polyadenylation signals on both strands are derived from the SV40 genome (8V40 pA).
B. pgQOctB/svand pgOctf/Py. The genomic 6.4 kb EcoR! fragment was cloned downstream
of the SV40 promoter/ori fragment that is derived from pcDX. No $V40 termination and
polyadenylation sequences are present. The pgOct6/Py clone was constructed by linking
the genomic Sacl/EcoRl fragment to the polyoma virus PyF441 enhancer fragment. The
enhancer fragment is derived from the pMC1neoPolyA plasmid [31].
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immediately flanking the cDNA homologous region. To prove that this
fragment also contains the minimal promoter region of the Oct6 gene we
designed a functional assay. The 1.4kb Cct6 cDNA {mb1 in chapter V) was
extended by fusing the ¢DNA with the genomic fragment on the Kpnl site,
and this construct was cioned in the SV40 based expression vector pcDX
{[16], called pcOct8 in Figure 2 and 3). The orientation of the Oct6 insert is
antisense with respect to the SV40 early promoter. Thus expression of a
functional Oct8 protein conly occurs when the Sacl/Kpn! fragment contains
promoter activity (see Figure 2 for details). Two transcripts are expected to
be generated; one antisense RNA of 1.9kb transcribed from the $V40
promoter and gne sense transcript of approximately 5kb transcribed from the
putative Oct8 promoter. The pcOct8 construct was transfected into COS
cells and expression was monitored in 2 gel retardation assay and by
northern blotting {Figure 3A and B). As can be seen in Figure 3A, lane 1,
transfected COS cells express high levels of Oct6 indicating that the
Saci/Kpni fragment indeed contains promoter activity. Northern blot analysis
using an Oct6 cDNA fragment as probe revealed two major and one minor
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Figure 3. Bandshift and Northern blot analysis. Nuclear proteins and total cytoplasmic RNA
was extracted from transfected COS cells. The presence of the Oct8 protein in nuclear
extracts was determined in a bandshift asssay using the radiolabelled OCTA probe (see
chapter V). The Oct6 mRNA is detected with the 200bp Oct6 Pvull probe (see chapter V).
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RNA species. As outlined above, the abundant transcript of 1.9kb most likely
corresponds to the Oct8 antisense RNA generated from the SV40 early
promoter. The low abundance 4.8kb transcript probably corresponds to the
sense Oct6 RNA transcribed from the Oct8 promoter. The origin of the
intermediately sized RNA is not clear. Thus despite the high level of
antisense RNA the sense mRNA seems to be translated efficiently enough
to generate high levels of Oct8 protein. To exclude the possibility that sense
transcripts are generated from a cryptic promoter within the Saci/Kpnl
fragment we performed primer extension experiments on RNA from
transfected COS celis and from an Oct8 expressing cell line (MESE8; data
not shown). Extension products of exactly the same length were observed
in both cells indicating that transcription in the transfected COS cells is
initiated from the correct CAP site.

To test whether the 3" end of the gene is aiso present on the 6.3kb
EcoR! fragment a functional assay was used, similar to the one described
above. The generation of stable RNA requires proper termination and
polyadenylation of primary transcripts. We asked whether the 6.3kb
fragment contained all the neccassry sequences by introducing the gene in
COS cells and monitoring expression by gel retardation assay and northern
blots. Two constructs were made (Figure 2). The 8.3 EcoRl fragment was
cloned in a nonreplicating (in mammalian cells) vector and the fragment was
fianked by a polyoma virus enhancer element to boost transcription from the
Qct6 promoter {pgOct6/Py}). A second construct was made by cloning the
6.3 kb fragment 3’ of the SV40 early promoter/ori (pgQctBsv}. This plasmid
will replicate in COS cells. Both constructs were transfected in COS cells.
Bandshift analysis of transfected cells showed that only pgOct&/sv expresses
high levels of Oct® protein. It has been shown previously by Yamaguchi and
Matsukage [17] that DNA replication can overrule cis-acting silencing
glements. The Oct8 gene is normally not expressed in COS cells. Therefore,
the most likely explanation for the fact that pgOct8/sv expresses Oct6 and
pgQOct6/Py not, is that only pgOct6/sv replicates in COS cells. Northern
analysis of pgOct8/sv transfected COS celis showes that the plasmid
expresses an abundant Oct6 transcript of 3kb and several shorter RNAs
{Figure 3B). Probabiy the shorter RNAs result from the use of cryptic
polyadenylation sites. As we used total RNA we do not know whether all the
detected RNAs are actually polyadenvlated. Thus the pgQOct8/sv clone
expresses an Octé mRNA of correct size and a functional DNA binding
protein, suggesting that the entire Oct8 gene is located on the 8.3kb
genomic EcoRI] fragment. Since it is unlikely that the 3'UTR of the gene is
separated in more exons it is highly likely that the Oct8 gene is a single exon
gene. Recently the rat homologue of the Oct6 gene, SCIP, has been
described and it was shown to be a single exon gene [20].
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The promoter region of the Oct8 gene contains DNAsel hypersensitive sites
in expressing ceils.

The chromatin stucture of promoter and enhancer regions of actively
transcribed genes is often hypersensitive for nucleases, while the entire
transcribed region and beyond shows an increased generalized sensitivity
when compared with non-transcribed genes {[18, 18] for review). This
hypersensitivity reflects the accessibility of the DNA jr vivo for nucleases
and other molecules like transcription factors. Thus the presence of
hypersensitive sites within a region of interest is taken as a first indication
of the presence of important cis-acting elements. To further delineate the
elements involved in the regulation of the Oct6 gene, we examined the
presence of DNAsel hypersensitive sites within the 6.3kb genomic EcoR!

A the mouse Oci6 gene
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Figure 4. Mapping DNAasel hypersensitive sites within the mouse Oct6 gene. Panel A
shows the genomic region covered by the probes used (a, b and c). The DNAasel
hypersensitive sites are indicated with vertical arrows. The longest arrow indicates the
position of the major hypersensitive site (see panel B). DNAasel fade outs. Southern blots
of Xhol/EcoRI restricted DNA isolated from DNAasel treated ES cell nuclei were probed

with the probes indicated in panel A. MES cell DNA was digested with EcoRl and Hindlll
and probed with probe c.
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fragment in Oct6 expressing cells {ES cells) and non-expressing celis (MES
cells). Nuclei of ES or MES cells were incubated with various amounts of
DNAsel for a short period of time (see M&M). DNA was extracted from the
nuclei, digested with restriction enzymes and separated on agarose gels.
Southern blots of these gels were probed with varipus DNA fragments
covering the 6.3 EcoRl fragment (Figure 4). The position of the probe
fragments on the Oct6 map is indicated in panel A. Probe a detects an
EcoRl/Xhe! DNA fragment of 2.7kb that disappears with increasing DNAsel
concentration. One major band and two smaliler bands of lower intensity
appear and disappear again. The major band has an estimated size of
1.45kb. Fragment b detects the same 2.7kb EcoRl/Xhol fragment but probes
it from the 3’ side. A major band of 1.25kb and a minor band of 1.15kb
appear with increasing DNAsel concentration. As the sum of the length of
the DNAsel generated fragments is the length of the EcoRI/Xhol fragment
these fragments result from one major DNAsel hypersensitive site that is
located approximately 1.25kb 5’ of the Xhol site and 150bp 5'0of the
transcription Initiation site. The position of this site and that of the lower
intensity bands are indicated in Figure 4. The position of these sites is only
approximate (+ or - 25bp} because of the limitations in determining the
length of restriction fragments in agarose gels. Fragment ¢ detects the
3'3.5kb EcoRI/Xho! band. This band gradually disappears with increasing
DNAsel concentration. No additional bands appear indicating that there are
no DNAsel hypersensitive sites in this part of the QOctB gene. The presence
of the DNAsel hypersensitive site detected by the a and b fragments
carrelates with the active state of the Oct8 gene as this sites are not present
in the non-expressing cell line MES. Thus DNAsel hypersensitive sites are
only associated with the 5’ region of the Oct6 gene suggesting that
important regulatory elements are clustered in this region. However it should
be stressed that the analysis presented here only covers the 6.3kb EcoRlI
fragment. [t is possible that additicnal important regulatory elements are
located further away from the gene.

Sequence of the CctS gene promoter region.

From the results presented thus far it is clear that promoter and putative
regulatory elements are located within the 200bp Kpn! fragment (see Figure
4). The nuclectide sequence of this fragment was determined on both
strands. Part of this sequence is presented in Figure 5. The promoter
sequence of the rat Oct6 homologue, SCIP, has recently been published and
is highly homologous to the mouse Oct8 promoter sequence [20]. Nucleotide
differences are indicated above the Oct8 promoter sequenc in Figure 5.
Because of the high degree of conservation between the mouse and rat
sequence the alignment is not very informative with respect to pinpointing
sequences that might be important for transcription reguiation of the QOct6
gene. The position of the transcription initiation site as determined by primer
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extension is indicated with an arrow (Figure 5). The sequence of the Oct6
promoter region is extremely rich in the dinucleotide CpG, as is the entire 5’
region of the Oct6 coding sequence. Thus the gene is located in a CpG island
of approximately 1kb. Indeed this region is undermethylated in expressing
and non-expressing cells {data not shown). This is a remarkable finding as
most CpG islands are associated with the promoter region of housekeeping
genes [21]. Notable other excepticns are the ¢ globin and the Thy1 gene
[22, 23]. Interestingly the Oct8 promoter has all the halimarks of a tissue
specific promoter. At around -30bp with respect to the transcriptional
initiation site there is a TATA-hox like sequence and at -80bp there is a
typical GCCAAT box. This latter sequence element is highly homologous to
the CTF/NF1 binding site in the o globin promoter. The TATA box sequence,
TTTAA, resembles the TATA element of the Schwann cell specific P,
promoter [24]. A computer search identified further a number of additional
putative transcription factor binding sites (several sites are indicated in Figure

The Oct6 Promoter Region

Ap2 A .C CCG A G
1 GGATCCTGECCCGCAGGQAGAGGCGCACGGCAGGGAAGAGTGCGGGGCTGAGTCTCTGCT 50
wp H388X

G ca Spi G
61 CGGAACCCBAGCGCLTCCCGGAGCCCECAAT CCCECECCLELCCUAGTGGGATGCAGGES 120

121 GAAATTGAGCTTGTGTGGAACGTGGGGACCGACCGGGCT CCGAGTCTLCCGLECTGCGGT 180

E.RS
181 GAGAGCGGBGCCCACGCAGCCGGEALCEGAGEGEETIGCGGT CCCAGT GCCACCCCTGCGE 240

Sp1 G C Spl GG
241 CACTCCCCACGTGGCGGECGCCCCCGGGGCGTGAATGTGTACGCGGTGVGTGGG 300
— -2B2EX

. _CsP
301 GGTCAT GAAT GAAGCCLCCAGCGG CAATCAGCACTGCCGGCGCGCGGGACCCCGGGAGCG 360

CBP A A Sp1 c
361 AGACWGCGAGCTcCGGGTTGCAGGcccCGGCGGCEGGCGGIGCACGGGGGGAGGAG azo

ey -1805IX
Ap2 CTF/NF1
421 GcCGGGGCCGGGAGGCGGGAGGCGGCE[CCGCGGGCEAGCCAATE GCG CB§GCG_}GGTGG 480
—r -995I1X
c TATA-box 2t
481 GGCTCCGGAGCGCCCAGCGEGET CCGGECTTT ANGCCEGCGEAGCEEGGEGGCGGEGCECE 540
w3 -BIACXK S -1ApX

.. .8p1 M A T
541 CAGACGGAGCGAGGCGGCGGCGRCGECEEGECEELETAGEECGECGGGECGGCATGGCCAC 600

Figure 5. Nucleotide sequence of the Oct6 gene promoter.

The position of the transcriptional start site is indicated (+ 1). The transcribed region is
underlined. Several putative cis acting element are boxed. The 5° deletion endpeints of the
promoter constructs shown in figure 7 are indicated. Nucleotides that are different in the
rat SCIP/QOct8 promoter are indicated above the sequence, while dots indicate nuclectides
not-present in the SCIP/Qc16 sequence [20]
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5 with the name of the factors that could bind 10 these sequences}. Not
unexpectedly there are at least eight binding sites for the factor Sp1 and
several sequences that resemble recognition site for GCF, ETF, Krox 20 and
Krox24 [25, 26, 27, 28]. interestingly around -330 there is a sequence that
perfectly matches the concensus binding site for the papilloma virus protein
E2 (this region is strongly protected against limited DNAasel digestion by
nuclear proteins from ES ad MESS8 celis but not kidney). The DNAasel
hypersensitive site as mapped in ES cell nuclei is located between -180 and
-80. This region is extremely G + C rich and contains a sequence that is very
simitar to a region found in the NGF-R promoter, as noted earlier for the SCIP
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Figure 6. DNAasel footprinting of the Octé promoter region. Endlabelled probes were
incubated with nuclear extracts as indicated and briefly exposed to DNAasel. Protected
regions are indicated with brackets and the transcription initiation site with an arrow (5°).
Prongunced DNAasel sensitive phosphodiester bonds afe indicated with an open
arrowhead.
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promoter {20, 291. The NGF-R gene is expressed in Schwann cells as is the
SCIP/QOct6 gene. This sequence could therefore represent a2 common
regulatory element within these promoters.

Footprint analysis

To get an impression of the DNA elements within the Oct8 promoter that
interact with nuclear factors and to see whether we could detect differences
between expressing and non-expressing cells, we performed DNAsel
footprinting assays using probes covering the proximal promoter region up
to -150nt. This region contains the major DNAse! hypersensitive site in ES
cells. Three different crude nuclear extracts were used , ES cells, MESE8
cells and kidney. ES and MESB8 cells both express the Oct8 gene, while
kidney celis do not express the gene. Probes were either labeled at the
coding or noncoding strand. The resuits of these experiments are presented
in Figure 6. The whole of the non-coding strand of the Oc¢t6 promoter from
the CAP site to >-150 is protected against limited degradation by DNAsel
(lane 3, left panel, the protected regions are highlighted by brackets on the
right hand side). Three DNAsel sensitive sites are not protected (indicated
with an open triangle, left panel). Strong protection is seen between nt -40
and -150 using ES cell extracts and 1o a lesser extend in MESS8 cells. The
region from -90 to -150 seems not to be protected by kidney nuclear
extracts. However a strong protected area on both strands, overlapping the
TATA box, is observed with kidney extracts {lane 5 in left and right panel
indicated with a curved line}. Since kidney cells do not express the Qc¢t8
gene, it is possible that this factor is involved in the repression of the gene.
Thus the clearest differences in protection patterns between expressing and
non expressing cells are found in the region upstream of the GCCAAT box
at -80. Possibly these sequences are involved in the regulation of the Oct6
gene in ES and MESB8 cells (see below).

Functional dissection of the Oct6 promoter

Expression of the Oct6 gene is restricted to undifferentiated embryonic stem
cells, neuronal celis and glial celis of both the peripheral and central nervous
system. OctB gene exprassion in ES cells is downregulated upon RA induced
differentiation of these ceils. To see whether the Oct8 promoter region
contains all the information for cell type specific expression and regulation
we tested several promoter deletion constructs by transient transfection of
a limited number of cell lines. The cell lines we used are ES and MESGE8 cells
both of which express Oct6 and MES cells which don’t express the gene.
The promoter deletion mutants, driving 2 CAT reporter gene, used in this set
of experiments are depicted in Figure 7A. The activity of the different
promoter deletion mutants was measured in a CAT assay using cell extracts
of transiently transfected cells {Figure 78). The longest promoter construct
tested contains ali of the DNAsel hypersensitive sites (-538BX in Figure 4
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and 7). This promoter construct is active in ES cells. Activity is retained in
the deiletion mutants -282 and -1 60 but drops dramaticatly (5 fold) when the
promoter is deleted to -88 and is completely lost when further deleted to
-53. The region between -160 and -88 thus contributes significantly to the
activity of the Oc¢t8 promoter. This region also contains the major DNAsel
hypersensitive site and is strongly protected against limited DNAse! digestion
by ES cell nuclear proteins (Figure 4 and 6). The same set of mutants shows
a similar activity in MES68 cells {Figure 7, panel D). However the same is
observed for MES and differentiated ES cells. {panel B and C in Figure 7).
Thus the Octd promoter constructs do not show tissue specificity and are
not downregulated upon RA induced differentiation of ES cells suggesting
that important regulatery elements are missing or that transient assays are
not suitable for analyzing the Oct6 promoter (see discussion).

DISCUSSION

The data presented here strongly suggest that the mouse Oct6 gene is a
single exon gene located on a 6.4 kb EcoRl fragment. Mapping of the Qct8
cBNA to this gencmic EcoRl fragment indicates that the cDNA is colinear
with the genomic DNA. The 5'UTR is 55nt long and is also not interrupted
by introns. Thus the whoie of the ORF and the 5'UTR are encoded by one
exon. The sequence of the 1.5kb 3’UTR is not known as yet. However
functional data presented here suggest that the 3"UTR maps to the 6.3 kb
EcoR! fragment (Figure 3).This rather sketchy picture is in line with the
organization of the rat SCIP gene {the rat homologue o¢f Oct8) that has
recently been described {20]. Mapping and sequencing of cDNA molecules
covering the 3’UTR of the SCIP gene revealed that indeed the entire gene is
encoded by one exon. The 5 part of both the rat and mouse genes are
extremely rich in CpG dinucieotides. This region of high CpG content extends
well beyond the transcriptional initiation site of the gene. However the Oct6
promoter has all the hallmarks of a typical cell type specific promoter in that
it is characterized by the presence of a CCAAT and TATA box at canonical
distances from the transcription initiation site. Thus the Oct8 gene presents
an exceptiona! situation in which a cell type specific promoter is interwoven
with a CpG island. As expected this CpG island is undermethyiated in the
different cell lines we looked at {MES, ES, ES + RA and MESE8 cells}. From
this we infer that the methyliation state of the CpG island does not correlate
with the activity of the Oct8 promoter. It has been suggested by Kuhn et a/.
that the introniess SCIP/Oct6 gene arose through gene duplication involving
a processed mRNA intermediate [20]. Possibly this duplicated gene
intergrated in a CpQG island that constitutes the regulatory region of a
constitutively expressed gene. As expression on the QctB sense strand is cell
type specific, ubigquitous expression from this CpG isiand then is expected
to be on the opposite strand and divergent from the Qct6 gene. Whether this
is the case remains to be determined.
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The Oct8 gene is expressed at iow levels in isolated Schwann cells and
B103 neuroblastoma cells. The level of expression is drastically increased
upon stimulation of these cells with cAMP. However no concensus cAMP
response elements (CRE) are found in the promoter region although they
could be present further away from the transcription initiation site. Instead
two AP-2 like binding sites are found at position -80 and -540. The AP-2
element has been shown to mediate cAMP induced transcription [30]. [n
accordance with this, prelimenary data indicate that a -180 promoter/CAT
construct transiently transfected in B103 celis is still cAMP inducible,
suggesting that the most proximal AP-2 element is involved in mediating the
cAMP effect (Ronaid Zwart personal communication}.

Transient transfection of deletion mutants of the Oct8 promoter suggest
the presence of important enbhancer elements in a region of approximately
80bp, upstream of the CCAAT box. This region coincides with the mazjor
DNAse! hypersensitive site in ES cells and shows homology with a region in
the NGF-R promoter. As yet the importance of these findings is still obscure
because the promoter constructs used here did not show cell type restricted
activity. As the Oct8 promoter contains binding sites for ubiquitous
transcription factors it is not surprising that it has a high basal activity in all
cell types. Unfortenately, even the levels of activity are comparable in all cell
lines tested {compare activity with the RSV promoter control). This lack of
cell type specificity could be either a consequence of the transient assay
itself or it might indicate that additional sequences are needed for proper cell
type specific reguiation, despite the inclusion of gll the sequences that are
DNAsei hypersensitive in ES cells. The latter possibility seems likely for the
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following reason. Transient transfection of the pgQct6/Py construct into COS
ceils did not result in the production of Oct8 protein as assayed by bandshift.
In this construct the strong polyoma enhancer is cloned 5’ of the Oct6
promoter at position -160 (Figure 28, compare with construct -180CAT in
Figure 7} driving the rest of the OctB8 gene. This result could indicate that
sequences within the OctB gene from the start codon to the 3 EcoRl site are
involved in the regulation of the promoter, or alternatively, that the Py
enhancer downregulates the Octb promoter in the pgOct8/py construct. The
inclusion of this part of the gene in the CAT constructs described in Figure
7 and transfecting them to different cell types would give an answer to this
question. If the failure to obtain cell type specific expression from the Oct6
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Figure 7. Functional dissection of the Oct5 promoter. A. CAT constructs.A Xho! site was
introduced at the ATG codon of the Octé ORF (+55) by PCR and used to cione the
different promoter constructs in the right orientation upstream of the CAT gene in
pBLCAT3. The numbers indicate the number of nucleotides upstream of the CAP site
present in the individual deletion constructs {see Figure 5).

B. CAT assays. RSV is the Rous Sarcoma Virus promoter and 6W1tk is the minimal HSV
TK promoter as present in pBLCAT2 with a multirmerized IgH enhancer upatream of it [7,
32, 33). Note that the 6Wtk promoter is strongly expressed in undifferentiated ES cells
but is downregulated upon RA induced differentiation of these celis.
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promoter constructs is due to the nature of the transient assay the
constructs can be tested in stable transfected B103 and MES cell lines. The
advantage of this approach would be that the promoterconstructs are
analysed while integrated in the cells chromosomes and thus in a normal
chromatin configuration. Any integration position effects could be
circumvented by analysing large pools of transfectants instead of clonal
lines. The obvious and ideal aiternative would be to generate transgenic mice
using an easy identifiable reporter gene iike the E.coli lacZ gene. This would
enable the analysis of Oct6 expression during all stages of mouse
development. Clearly more experiments need to be done to link individual
cis-acting sequences with extra and intra celflular stimuli that modulate Oct8
gene expression.

MATERIAL AND METHODS

Mapping of DNAasel hypersensitive sites.

Cultured cells {(MES and CCE ES) were washed twice with ice cold PBS. Cells were suspended
in 3 ml of ice ¢old HS-buffer (15 mM Tris-HCI pH 7.4, 60 mM KCi, 15 mM NaCl, 0.2 mM
EDTA, 0.2 mM EGTA and 5% glycerol, supplemented with TmM DTT, 0.15 mM spermine and
0.5 mM spermidine, just before use}. The ceils were disrupted by passing 5 to 10 times through
a0.5x16 mm (25G) needle. The disruption was followed by examining a drop of the suspension
under the microscope. Nuclei were collected by a brief centrifugation at 2500 rpm and
resuspended to a final concentration of approximately $x107 nuclei per mililitre of HS-buffer {the
nuclei do not pack thightly after this centrifugation step). Limited DNAasel digestion of
chromatin was carried out in a final volume of 500 w1 of HS-buffer containing 5x10°% nuclei,
5mM MgCl, and DNAasel, varying in congentration from O to 400 units. The reaction was
incubated for 15 ¢r 30 minutes on ice, stopped by adding 10 ¢l of 0.5 M EDTA, 12.5 4l of
20% SDS and 50 ul of a 10mg/ml Proteinase K selution and the mixture was further incubated
overnight at 37 C. After phenol/chloroform extraction the DNA was collected by isopropanol
precipetation. The DNA was dissclved in 175 4l TE and restricted with EcoRl and Xhol or with
EcoRl and Hindlll. Restriction fragments were respfved on a 0.8% agarose gel and blotted onto
nylon membrane (Zeta Probe). The blots were hybridized to the probes indicated in Figure 4.
Alt other methods used have been described in the previous chapters.
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Chapter IX
CONCLUDING REMARKS

The work described in this thesis concerns the identification and
characterization of octamer binding transcription factors that could play a
role inseveral aspects of cellular differentiation processes. Two mouse genes
encoding octamer binding factors have been characterized and studied. The
Oct2 gene is highly expressed in B cells, in brain and in meiotic male germ
cells, while the Oct6 gene is expressed In early embryonic cells, the
developing and adult nervous system and in differentiating glia of the
peripheral and central nervous system {Chapter V and [1-4]}. In the absence
of genetic data, a role for these factors in differentiation is mainly inferred
from their tissue and stage specific expression patterns and the fact that
they can function as transcription factors. As the testis specific expression
of the mouse Oct2 gene and its putative role in germ ceil development has
been discussed extensively in Chapter V, | will restrict myself here to a
discussion of a number of aspects of the Oct8 gene and its regulated
expression.

We used P19 EC cells 1o study the regulated expression of a number of
octamer hinding factors, focusing on the Oct8 protein {Chapter Vi}. The
direction of differentiation /7 vitro of this cell line can be manipulated using
different culture conditions in combination with differentiation inducing
agents such as retinoic acid {RA) or dimethylsulfoxide {(DMSQ} [5, 6, 71.
Aggregation of P18 cells followed by administration of RA leads to
differentiation in a neurectodermal direction. The Oct6 gene is transiently
induced during the first peried of differentiation and reappears at a later
stage, suggesting that the gene plays a role at an early commitment stage
and at a2 [ater stage in the establishment of differentiated cell types [4]. This
assumption is in ling with what is known about the expression of the Oct6
gene in the developing embryo and during postnatal development of the
nervous system. Using /in sity hybridization histochemistry, Oct6 mRNA
could be detected in day 8 rat embryos at the egg cylinder stage. At later
stages of mouse and rat development, the expression of the gene is confined
to discrete regions of the developing central nervous system, while in new
born animals high levels of expression are observed in differentiating glia of
the peripheral as well as the central nervous system. Furthermore, Oct8
expression could also be detected in discrete regions of the adult brain (1,
3, 8]. Despite its obvious limitations, the P13 EC cell system might be useful
as a model system to study the possible role(s) of the Oct6 gene during
some aspects of neuronal differentiation. In particular the early expression
of the gene, preceding morphological differentiation of the P13 cells, is
intriguing (Chapter Vi). It is possible that the expression of the gene is
involved in an early step that commits the cells 1o follow a neurectodermal
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differentiation pathway. At present itis not known whether all differentiating
cells express Oct6 at this early stage, or that expression is limited to a
subset of ceils. The use of antibodies directed against OctB in conjunction
with antibodies against different differentiation markers should enable us to
address this guestion. Studying the neuronal differentiation capacity of P19
cells in which the expression pattern of the Oct6 gene is altered might give
insight into the role this gene plays in the differentiation process.
Manipulation of the Oct6 expression pattern in P18 cells could be done either
by constitutive expression of the gene, or by inhibiting the expression of the
gene through the use of anti-sense expression vectors or anti-sense
oligonucleotides. An alternative approach would be the creation of Oct8é
mutant mice through the targeted disruption of the Oct6 gene in ES cells
followed by reintroduction of these celis into blastocyst embryos. Breeding
of germ line chimeric animals to homozygosity will hopefully give insight into
the roie of the Oct6 gene in normal development.

The rat homologue of the Oct6 gene, called Tst-1 or SCIP, has been
shown to be expressed in rat testis. However we could not detect
expression of the Oct8 gene in mouse testis by conventional Northern blot
experiments, or by PCR amplification of POU domain protein encoding
mRNAs using degenerate oligonucleotides. The last approach was also taken
by Goldsborough et a/.[8]. They obtained ¢DNAs for Oct1, Oct2, Brn3 and
a gene which they called Oct11, but not Oct6. In contrast with these
results, Suzuki et a/. detected a very low expression of the Oct6 gene in
mouse testis [8]. As described in Chapter V, the Oct2 gene is highly
expressed in mouse testis, whereas this gene does not seem 1o be expressed
in the rat testis. So there are clear differences between rat and mouse testis
with respect to the POU domain genes they express. The reason for these
differences is unclear but might indicate that the different POU proteins are
functionally redundant in testis.

Given the observation that the Cct6 protein is a sequence specific DNA
binding protein that is capable of stimulating or repressing transcription, it is
likely that the protein is involved in cellular differentiation through regulation
of & set of downstream genes. However, the Oct8 protein is one of a family
of proteins that bind to the octamer sequence, and many cell types contain
multiple octamer binding proteins that could compete for the same binding
site. For example, ES cells express three octamer binding factors; Oct1l,
Oct3/4 and Oct6. This poses the guestion as to how a specific set of target
genes can be regulated by individual members of the octamer binding protein
family. Obviously, there are two levels at which specificity can be achieved:
differences in DNA binding specificity for different binding sites, and
differences in the spectrum of proteins with which the individual oct factors
interact via protein-protein contacts. Thus although embryonic stem celis
express three different proteins that bind to the cctamer sequence J/n vitro,
the affinity for this sequence and related sequences differs for the individual
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proteins, reflecting differences in their respective POU domains. We have
studied the differential affinity of the Oct1 and the Qct6 protein for a number
of octamer and octamer related binding sites {Chapter V). it was conciuded
that these two proteins bind to a different but largely overlapping set of
binding sites. A comparison between the seven Oct8 binding sites studied
here and the five Oct6 binding sites as present in the P, promoter yielded the
following rather loose consensus; A/TATG/TNA/TAATNA/C (see figure).

it was shown for the Pit-1 protein that phosphorylation of a serine residus
in the amino terminal cluster of the homeodomain results in altered DNA
binding affinities for different Pit-1 DNA binding sites [11]. Similarly,
phosphorylation of the Octl protein as a function of the cell cycle modulates
its DNA binding affinity for the octamer element [12]. Thus phosphorylation
of POU proteins might be a general mechanism by which the
specificity/affinity of DNA binding is regulated. Whether this is also true for
the Qct6 protein remains to be established

Given the fact that the DNA binding specificity of Octb overlaps greatly with
that of Oct1 and other Oct factors, it is not likely that DNA binding alone
determines the specificity for the genes that are regulated by the individual

Oct6 DNA binding sites

Relative affinity
AblQct GGAAATGCAAATTCCT +++

igHCct AGAAATGCAAATTAGCC 444

ad4 TAATATGCAAATAAGS -t
ag2 CAATATGATAATGAGE +4++
ICP4 TCGGGCGGEGTAATGAGA e+
EN26 CATACTTAAAATTCAA +
Cfa CATAAATCAAATTGTA

Fy I CCTGCTTAAAATCCCC +
Py T AGCAGTTTAAATGATC 4

Pyl TAGCATTCTAATAGCGA  +i+
Py Mas TAGAATGGTAATTCAG 44+
Py Ivas TGCAGCTAGGAATACCA 44
Py Vas GATAAGGGAAATAAGG +

G A A
N_AATHN

TT c

Consensus DNA binding site for the Qc¢t protein. It should be noted that the relative
affinity of Oct8 for the first seven DNA binding sites was based roughly on the amount
of complexed DNA in a bandshift experiment using equal amounts of crude nuclear
extracts. The relative affinities of the P, DNA binding sites were taken from experiments
by He et a/. [10] and can therefore not be directly compared to our experimenis.

A
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proteins. From a number of examples it is clear that further specificity is
achieved through interaction with other transcription factors, depending on
determinants in the POU domain as well as outside the POU domain {see
Introduction). Thus the Qct2 protein is capable of activating a simple
promoter consisting of a minimal £-globin promoter and flanking octamer
motif, whereas Octl is not [13, 14]. These proteins do not differ in their
DNA binding affinity for the octamer element ([15, 16], and references
therein}. Both Oct? and Oct2 contain an amino terminal transcriptional
activation domain, while Oct2 has an additional activation domain carboxy!
terminal of the POU domain [13, 17, 18]. Through the use of chimeric
molecules it was shown that transcriptional activation by Oct2 depends on
the presence of both the amino terminal and the carboxyl terminal activation
domain [13]. Activation of the [E genes of HSV depends on the productive
interaction between the viral protein VP18, QOctT and at least one other
cellular factor on the IE response element [19-22]. The interaction between
Oct? and VP16 depends on critical amino acid residues within the QOct1
homeodomain. The Oct2 protein is not capable of interacting with VP16
[23]. Thus intrinsic differences between Oct1 and Oct2 determine whether
a promoter can be activated or not.

A synthetic promoter consisting of a minima! tk promoter flanked by =z
muitimerized IgH octamer/yE4 enhancer (6W) was shown to be highly active
in undifferentiated EC and ES cells. However, ectopic expression of the Oct4
protein in Hela cells failed to activate this promoter, suggesting that
additional cell type specific factors are missing or that the promoter is
repressed in Hela ceils [24, 25]. Activation of this promoter in Hela cells
could be achieved when the Oct4 protein was coexpressed with the
adenovirus ETA gene. Overexpression of either Oct4 or E1A resulted in a
reduced activity of the §Wtk promoter. Furthermore, bandshift experiments
suggested that the QOc¢t4 protein and E1A interact directly. Activation of the
BWitk promoter is dependent on an intact transcriptional activation domain
of the Oct4 protein. The interaction between Oct4 and ETA is specific, as
Oct2 failed to stimulate the 6Wtk promoter in the presence of E1A. Thus the
E1A protein functions as a bridging factor that mediates the transcriptional
activation effect of the Oct4 protein to the promoter. [t was suggested that
the viral protein mimics the action of a stem cell specific factor with which
Oct4 interacts in these cells, and that this factor is the elusive ETA like
activity [28]. Thus different sets of gene promoters can be regulated by
different Oct factors through a combination of DNA binding specificity and
selective interaction with other factors.

Although most Oct factors are ciearly involved in transcriptional
regulation, a number of observations implicate these factors also in cellular
proliferation, reflecting a direct or indirect role in DNA replication. For
example the Octl and Oct2 proteins stimulate adenovirus DNA replication
in vitro. The stimulation of viral DNA replication does not depend on the
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transcriptional activation domains of these proteins, as anintact POU domain
is sufficient [27]. Furthermore, the specific inhibition of Qct3/4 mRNA
translation in fertilized mouse eggs resuited in a failure of these cells to
undergo cell division. Coinjection of /n vitro transcribed Oct3/4 mRNA could
revers the effect. This inhibitory effect on the first cell division could also be
obtained by iniection of double-stranded oligonucleotides containing an
octamer binding site. A direct role of the Qct3/4 protein in DNA replication
is suggested by the following cbservations. Treatment of one-cell mouse
embryos with high concentrations of g-aminitin, which inhibits RNA
polymerase |l and Il mediated transcription, does not biock the first cell
division but resuits in a developmental arrest at the two cell stage.
Furthermore, the injection of Oct3/4 anti-sense oligonucleotides resulted not
only in 2 block of cell division but also in a 87 % reduction ¢f DNA replication
[28]. The fact that the block in the first cell division can be relieved by
coinjection of in witro transcribed Oct3/4 mRNA opens the possibility to test
whether this function solely depends on the Oct3/4 DNA binding domain or
that the transcriptional activation domain is essential as well, A role for the
OctB protein in cellular proliferation has been suggested on the basis of its
high expression in proliferating Schwann cells, and is down regulated when
these cells differentiate and stop to divide {3]. It is possible that the high
transient expression of the gene during early neuronal differentiation of P19
cells is linked in a similar way to the proliferation of precurser cells. Again
the P19 cell system could prove to be a valuable system to study the
proposed function of the Qc¢t6 protein in cellular proliferation. If it is true that
the Oct6 protein is involved in the proliferation of precursor cells, and that
down-regulation of the gene is required for further differentiation, it is
anticipated that a sustained expression of the gene will block terminal
differentiation of these cells. It would be very interesting to study the effects
of sustained expression of Oct6 in Schwann celis and oligodendrocyte
precursor cells in mice. This would require the generation of transgenic
animals carrying the Oct8 gene, preferably under control of a Schwann cell
specific promoter. The Qc¢t6 promoter itself would be the ideal promoter to
use, provided that it is possible to identify and selectively mutate the
cis-acting element(s) that govern the down regulation of this promoter during
terminal cell differentiation. Clearly a detailed study of the Oct6 promoter is
mandatory.

One remarkable piece of data from the preliminary characterization of the
Oct6 gene as presented in Chapter Vill, is that the Oct6 promoter is a
classical cell type specific promoter although it is embedded in a CpG island.
CpG isiands are a characteristic feature of promoter regions of ubiquitously
expressed genes [29). Most of these promoters lack a TATA box, and some
generate transcripts from both DNA strands. Transcription is mostly
promiscuous with respect to the transcriptional initiation site used. It is
possible that this CpG islands represents the promoter of a housekeeping
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gene that is located on the bottom strand and is thus transcribed in the
opposite direction with respect to the Oct8 gene. if so, transcription on the
Oct6 sense strand from this CpG promoter must be actively prevented. In
this respect it is interesting to note that we observed a strong footprint
overlapping the TATA box when using nuclear extracts from kidney in
DNAase | protection assays. Since kidney cells do not express the Oct6
gene, this factor could be involved in the repression of the Oct8 promoterin
these cells. Thus, it is possible that the Oct6 gene is under positive as well
as negative control. A first dissection of the Oct8 gene promoter might be
undertaken using the B103 cell line and promoter deletion constructs. This
cell line expresses the Oct6 gene at & very low level, but expression is
increased upon stimulation of these cells with cAMP. As a consequence of
cAMP stimuiation, the cells differentiate morphologically and start to express
the Schwann cell specific marker gene PLP. Thus this cell line will be useful
1o study one aspect of Oct6 gene regulation that might be relevant for its
regulation in developing Schwann celis. Ultimately, the promoter deietion
constructs must be tested in transgenic animals to asses the relative
importance of the individual promoter elements. Using then these cis-acting
DNA elements as probes we will be able to study the factors that are
involved in the tissue specific modulation of the Oct6 gene itself.

A detailed study of the Oct6 promoter and enhancer sequences and the
protein factors that interact with them, will give insight into the regulatory
mechanisms that incorporate intra- and extra-cellular cues to modulate the
expression of the Oct6 gene, and place the Oct8 gene in the proposed
hierarchy of events that lead to the acquisition of a fully differentiated
phenotype.
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SUMMARY

Molecular genetic studies on Drosophila and C.elegans have suggested the
existence of a hierarchy of regulatory genes that operate during
embryogenesis. The sequential activation of these genes accomplish the
transformation of genetic information into body form and structure through
a spatial and temporal regulation of effector genes, which in turn determine
cell identity.

The work described in this thesis aimed at the elucidation of mechanisms
that govern celiular differentiation events in male germ celi development,
especially during the post-meiotic phase, and in embryonal carcinoma celis.
The experimental work focused on the characterization of a ¢class of cell type
specific transcription factors, the octamer binding factors, that could play a
role in the cellular differentiation events mentioned above. These factors
belong to the POU domain protein family. In Chapter | this family of proteins
is introduced and their role in cellular differentiation is briefly discussed. The
first part of this thesis {Chapters Il to IV} is mainly concerned with the testis
specific expression of the c-abl gene. In the second part of this thesis
{Chapters V to V) two genes encoding octamer binding factors (OctZ and
OctB) are described that are expressed during distinct stages of male germ
cell development (Oct2) and neuronal differentiation of P19 EC cells {OctB).
Their supposed role in cellular differentiation is discussed in Chapters V and
Vill, respectively.

In Chapter ll, the molecular characterization is described of the testis
specific c-abl mRNA. The c-abl gene expresses two mRBRNAs of 5.3 and 6.5
kb in all cell lines and tissues tested, both encoding a non receptor type
tyrosine specific kinase thatis involved in an as yet uncharacterized signaling
pathway. The high expression of a shorter c-abl transcript of 4 kb (TSabl} in
post-meiotic male germ celis suggested an involvement of the c-abl protein
in the terminal cytodifferentiation of these cells. The TS abl mRNA is
transcribed from the proximal of the two c-abl promoters and is alternatively
processed, resulting in a2 removal of most of the 3'UTR, that does not affect
the coding capacity of the mRNA. The high levels of this mRNA in round and
elongated spermatids could be due to two not mutually exclusive
mechanisms, i.e. a higher stability of this mRNA or/and ongoing expression
of the mRNA during the later stages of spermiogenesis. indeed ActinomycinD
chase experiments showed that the TSabl mRNA in round spermatids has a
longer halflife than the two c-abl RNAs expressed in other cell types. In
Chapter Il we describe experiments that were designed to test the
involvement of the 3'UTR in determining messenger halflife. It was shown
that the removal of the 3'UTR of the c-abl mRNA did not have an appreciable
effect on the rate at which this RNA is turned over in COS cells. Nor does
it alter the translatability of the RNA. Therefore, it remains unclear what
function the alternative polyadenylation plays in TSabl RNA maturation and
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what factors cause the high stability of the transcript in spermatids.

$1 Nuclease protection assays indicated that the TSabl mRNA is transcribed
from the proximal of the two ¢c-abl promoters. A prelimenary analysis of the
proximal c-abl promoter is presented in Chapter IV, using DNAsel footprinting
and gel retardation assays. Four regions were identified that are protected
from limited DNAsel digestion by nuclear protein extracts from testis,
spermatids, liver and pre-B cells. There are no obvious differences between
the footprints obtained. In a gel retardation experiment, we observed a testis
specific compiex with a probe that contained the octamer sequence. This
specific complex, however, most likely resuited from proteolytic degradation
of the ubiquitous Oct1 protein.

The initial ocbservation of a testis specific octamer complex stimulated us
to undertake the experiments described in Chapter V. These experiments
aimed at the cloning of testis specific ¢cDNAs encoding octamer binding
factors. We show that the POU domain gene Oct2 is highly expressed in
spermatogenic cells, generating two transcripts through a mechanism of
alternative processing and/or promoter usage. The two cDNAs analysed
potentially encode octamer binding factors of 44 and 39 kD. At the moment
it is still unclear whether these proteins play a role in the post-meiotic
expression of the c-abl gene, for two reasons. First, the Oct2 gene is highly
expressed during the pachytene stage of spermatogensis whereas the TSabl
is expressed after completion of meiosis, and second, it is as yet unclear
whether the tsOct2 mRNAs are actually translated in male germ cells as no
octamer complexes of the expected size were observed in a gel retardation
assay using testis nuclear extracts. This failure to detect the tsOct2
complexes does not seem 1o be due 1o an intrinsic inability of the t1sOct2
mRNASs 1o be translated, as the two ts0ct2 complexes were observed when
using nuclear extracts of tsOct2 transfected COS ceils. At the same time,
a second POU domain gene, called Tst-1, was reported to be expressed at
high levels in rat testis. However, we found that the mouse homologue of
this gene is not expressed in mouse testis but is expressed In
undifferentiated embryonic stem celis and in differentiating P18 embryonal
carcinoma cells. Chapter VI describes the temporally regulated expression of
a number of octamer binding factors during the neuronal differentiation of
P18 EC cells. One factor, called Oct8, is expressed in a bi-phasic pattern
suggesting that it might play a role at different stages of development. This
factor is further characterized by cloning of the cognate cDNA, and was
found to be the mouse homologue of the rat Tst-1 gene. The cDNA encodes
a protein of 45 kD that belongs to the POU domain protein family. The Oct5
gene generates a single mRNA of three kb and is expressed, apart from
differentiating P19 EC cells, in undifferentiated ES cells and in brain. In
Chapter Vil we show that the Oct6 factor is capable of activating different
promoters via octamer, and octamer related, sequences. The transcriptional
activation potential resides in the amino terminal third of the protein, a
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domain that is extremely rich in glycine and alanine residues, and is distinct
frem the DNA binding domain (the POU domain}). in Chapter VI, the
genomic organization of the Oct8 gene is described. The entire protein
coding region and the promoter are part of a CpG island. Nevertheless, the
Oct6 promoter has all the hallmarks of a classical cell type specific promoter
in that it contains a TATA and CCAAT box at canonical distances from the
transcription initiation site. The Oct8 promoter is associated with & DNAsel
hypersensitive chromatin structure in Oct6 expressing ES cells but not in
non-expressing MES cells. A prelimenary functional characterization of the
OctB6 promoter suggests that sequences upsiream of the CCAAT box are
neccessary for full activity. A more detailed analysis of the Oct6 promoter
is needed to identify the cis-acting elements that govern the strict tissue
specific expression of the gene. Characterization of the protein factors that
interact with these cis-acting elements will enable us to study the
mechanisms that regulate this transcriptional regulator and piace the Oct6
gene in a hierarchy of events that lead to a fully differentiated phenotype.
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Samenvatting

Moleculair genetisch onderzoek aan Drosophila en C.elegans suggereert dat
er een hiérarchie van regulerende genen bestaat. De opeenvolgende
activering van deze genen gedurende de embryogenese ‘vertaalt’ de
genetische informatie in vorm en structuur van het organisme, door de
temporele en spatiéle regulatie van andere genen welke op hun beurt de
uiteindelijke identiteit van de lichaamscellen bepaalt.

Het in dit proefschrift beschreven werk had tot doel inzicht te verkrijgen
in de moleculaire mechanismen welke de differentiatie van cellen reguleren,
met name de differentiatie van de mannelijke kiemcelien en embryonale
carcinoma cellen. Het experimentele werk concentreerde zich op de
karakterisering van een klasse van cel type specifieke transcriptie factoren,
de octameer bindende factoren, die een rol zouden kunnen spelen in de
hierboven genoemde cellulaire differentiatie processen. Deze factoren
behoren tot de POU domein eiwit familie. In Hoofdstuk | wordt deze familie
van eiwitten geintroduceerd en wordt de rol van twee van deze eiwitten in
verschillende cellulaire differentiatie processen beschreven, Het eerste
gedeelte van dit proefschrift (Hoofdstukken Il tot en met 1V) behandelt
voornamelijk de testis specificke expressie van het c-abl gen. In het tweede
gedeelte (Hoofdstukken V tot en met VIll} worden twee genen beschreven
die octameer bindende transcriptie factoren coderen {Oct2 en OctB). Het
Oct2 gen komt tot expressie in een specifiek stadium van de zich
ontwikkelende mannelijke zaadcel terwiji het Oct6 gen tot expressie komt
gedurende de neurale ontwikkeling van P19 EC celien. De veronderstelde rol
die deze eiwitten spelen in celiulaire differentiatie wordt respectievelijk
bediscussigerd in Hoofdstuk V en Vil

Hoofdstuk 1l beschrijft de moleculaire karakierisering van het testis
specifieke c-abl mRNA. Het ¢-abl gen expresseert twee mRNAs van 5,3 en
6,5 kb in alle celtypen. Beide mRNAs coderen voor een niet-receptor type
tyrosine kinase eiwit dat betrokken is bij een tot nu toe niet geidentificeard
signaal transductie systeem. De hoge expressie van het kortere testis
specifieke c-abt (TSabl) mBNA in haploide spermatiden suggereert dat het
een rol speelt bij de terminale differentiatie van deze cellen. Het c-abl gen
heeft twee promotors. Het TSabl mRBNA wordt afgeschreven van de
proximale promotor en wordt op een alternatieve manier gemodificeerd,
hetgeen resuiteert in de verwijdering van het grootste gedeelte van de
3'UTR. Dit heeft geen consequenties voaor het te coderen eiwit. Het hoge
expressie niveau van het TSabl mRNA in ronde en elongerende spermatiden
kan een gevolg zijn van twee elkaar niet uitsiuitende mechanismen: Het
TSabl mRNA is zeer stabiel en/of transcriptie van het TSabl mBNA persisteert
tot de latere stadia van de spermiogenese. Met behulp van zogenaamde
ActinemycineD experimenten konden we aantonen dat het TSabl mRNA in
spermatiden inderdaad veel stabigler is dan de twee ¢c-abl mRNAs in andere
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cel typen. in Hoofdstuk 11l worden experimenten beschreven die er op gericht
waren om de mogelijke betrokkenheid van de 3"UTR bij de mRNA stabiliteit
te onderzoeken. Uit deze experimenten bleek dat de 3'UTR nauwelijks
invioed heeft op de stabiliteit van het c-abl mRNA in COS cellen. Truncaties
van de 3'UTR hebben ook geen invioed op de transieerbaarheid van het
mABNA. Het is daarom niet duidelifk geworden wat de functie is van de
aiternatieve modificatie van het TSabi mRNA en welke factoren de hoge
stabiliteit van het TSabl mRNA in spermatiden veroorzaken.

S1 Nuclease protectie experimenten wezen uit dat het TSabl mRNA
getranscribeerd wordt van de proximale c-zbl promotor. In Hoofdstuk |V
wordt een eerste voorlopige karakterisering beschreven van deze promotor,
gebruik makend van zogenaamde DNAsel footprinting en gelretardatie
experimenten. Vier regio’s werden op deze wijze geidentificeerd in de c-abl
promotor welke beschermd werden tegen een beperkte digestie met het
nuclease DNAsel na incubatie met ruwe kernextracten van testis,
spermatiden, lever en pre-B cellen. Er werden geen duidelijke verschillen
gevonden tussen de footprint patronen die verkregen werden met de
verschillende kernextracten. Echter in een gelretardatie experiment vonden
wij een testis specifiek complex met een DNA probe die een octameer
sequentie bevatte. Dit specifieke complex was hoogst waarschijnlijk het
gevolg van proteolytische afbraak van het Oct1 eiwit. De observatie van een
testis specifiek octameer complex stimuleerde ons de experimenten te
ondernemen zoals beschreven in Hoofdstuk V. Deze experimenten waren er
op gericht testis specifieke cDNAs te cloneren die octameer bindende
factoren coderen. We vonden dat het POU domein gen Oct2 hoog tot
expressie komt in mannelijke germinale cellen in de vorm van twee mRNAs,
die gegenereerd worden door een mechanisme van alternatieve processing
en/of promotor gebruik. De twee cDNAs coderen mogelijk octameer bindende
factoren van 39 en 44 kD. Op het moment is het nog niet duidelijk of deze
twee eiwitten een rol spelen in de post-meiotische expressie van het c-abl
gen. Er zin twee redenen om aan te nemen dat dit niet het geval is: Het
Oct2 gen komt tot expressie gedurende het pachyteen stadium van de
meiose, terwijl het c-abl gen hoog tot expressie komt nadat de kiemcellen de
reductie deling voltooid hebben. Ten tweede, het is onduidelijk of de tsOct2
mRNAs wel vertaald worden aangezien geen octameer complexen van de
verwachte grootte werden waargenomen in gelretardatie experimenten met
testis kernextracten. Het feit dat de tsOct2 complexen niet werden
waargenomen is hoogst waarschijnlijk niet het gevolg van een intrinsiek
probleem in de transleerbaarheid van de tsOct2 mRNAs., Dit werd
geconcludeerd uit het feit dat expressie van de twee tsOct2 cDNAs in COS
cellen aanieiding geeft tot specifieke octameer complexen in een gelretardatie
experiment. Rond die tijd werd de expressie beschreven van een tweede
POU domein gen in rat testis. Dit gen werd Tst-1 genoemd. Echter, wij
konden geen expressie aantonen van dit gen in de testis van de muis, maar
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vonden dat het tot expressie komt in ongedifferenticerde embryonale stam
cellen (ES celien} en in differentiérende P19 embryo carcinoma cetlen {(EC
cellen). In Hoofdstuk VI beschrijven wij de temporeel gereguleerde expressie
van een aantal octameer bindende factoren gedurende de neurale
differentiatie van P18 EC cellen. Eén factor, die Oct6 genocemd werd, komt
tot expressie in een bi-fasisch patroon wat suggereerde dat de factor een rol
zou kunnen spelen tijdens verschillende stadia van de neurale differentiatie
van deze cellen. Deze factor werd nader gekarakteriseerd door clonering van
het corresponderende cDNA. Dit ¢cDNA bleek het muizen homoloog te zijn
van het ratten Tst-1 gen. Het ¢cDNA codeert voor een 45 kD eiwit en behoort
tot de POU domein eiwit familie. Het Oct6 gen in de muis genereert een 3
kb mRNA en komt, naast differentiérende P19 cellen, tot expressie in
ongedifferenticerde ES cellen en in de hersenen. De experimenten
beschreven in Hoofdstuk V1 laten zien dat het Oct6 eiwit een transcriptie
factor is, dat in staat is verschillende promotors te activeren via octameer en
octameer gerelateerde sequenties. Het eiwit domein betrokken bij deze
functie bevindt zich in het aminoterminale gedeeite van het eiwit en is rijk
aan de aminozuren glycine en alanine. Een mutant eiwit dat wuitsluitend
bestaat uit het POU domein, bond nog steeds DNA maar was niet in staat
transcriptie te activeren van een test promotor. Hoofdstuk VI beschrijft de
genomische organisatie van het Oct6 gen. Het gehele eiwit coderende
gedeelte en de promotor maken deel uit van een CpG eiland. Desondanks
heeft de Oct8 promotor de karakteristieke eigenschappen van een cel-type
specifieke promotor zoals het voorkomen van een TATA en CCAAT box
sequentie op de juiste afstanden van de transcriptie initiatie plaats. De Q¢t8
promotor is geassocieerd met een DNAsel hypersensitieve chromatine
structuur in expresserende ES cellen, maar niet in MES1 cellen die geen Oct8
expresseren. Een eerste functionele karakterisering van de Oct8 promotor
suggereert dat seqguenties 5" van de CCAAT box belangrijk zijn voor de
activiteit van de Qct8 promotor. Een meer gedetailleerde analyse van de
Octb promotor is noodzakelijk om de DNA sequenties te identificeren die de
cel-type specifieke expressie van het Oct& gen dicteren. Karakterisering van
de eiwitten die een interactie aangaan met deze DNA sequenties zullen ons
in staat steflen de mechanismen te bestuderen die de expressie van het Oct6
gen reguleren. Op deze wijze kan een beeld verkregen worden van de plaats
die het Oct8 gen inneemt in een hiérarchie van cellulaire regulatie
mechanismen welke uiteindelijk [eiden tot een volledig gedifferenticerd
fenotype.
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CURRICULUM VITAE

De schrijver van dit proefschrift werd geboren op de twaalfde november van
het jaar 1958 in de plaats Almkerk. Na een aantal jaren al moest hij naar de
lagere schooal, in Doorn, waar hij vele nuttige dingen leerde zodat hij in 1871
naar het christelijk lvceum ‘Revius’ mocht. In 1977 behaalde hij daar het
einddiploma Atheneum B. Met dit diplema op zak vertrok hij naar
Wageningen om iets te gaan studeren aan de Landbouwhogeschool. Dat
werd uiteindelilk  Molecuiaire Wetenschappen. In 1882 werd het
kandidaatsexamen behzald en in 1885 het doctoraal examen. De
doctoraalstudie omvatte twee hoofdvakken; Kolloidchemie en Molecuiaire
Biologie. Voor het hoofdvak Kolloidchemie werd onderzoek gedaan, onder
leiding van Dr W. Norde, naar de absorptie van het serum albumine eiwit aan
geladen ijzeroxide solen. Het hoofdvak Moleculaire Biologie behelsde de
isolatie en karakterisering van de replictie startpunten in het DNA van de
tomaat. Dit onderzoek werd uitgevoerd onder de bezielende leiding van Dr
P. Zabel en Prof. Dr A. van Kammen. De "ingenieurs stage” werd uitgevoerd
in het Laboratory of Gene Structure and Expression van het National institute
for Medical Research in Mill Hill, London. Onder leiding van Dr F. Grosveld
en Dr J.-P. Julien werd daar onderzoek verricht naar de structuur en
expressie van de neurofilament genen. Na terugkeer in Nederland werd de
vervangende militaire dienstplicht vervuld in het instituut Genetica van de
Erasmus Universiteit te Rotterdam. In april 1987 volgde een tijdelijke
aanstelling als "onderzoeker’ aan het zelfde instituut. Gedurende de periode
in Rotterdam werd het in dit proefschrift beschreven werk uitgevoerd onder
leiding van Dr G. Grosveld en Prof. Dr D. Bootsma. Sinds october 1881 is
schrijver dezes wederom werkzaam in het Laborotary for Gene Structure and
Expression te Mill Hill, London, ditmaal financieei gesteund door de ‘Bruno
Mendel research fellowship’ hem toegekend door de Royal Society.
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