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ABSTRACT

Spermatogenesis comprises a complex series of events
during which undifferentiated spermatogonia develop
and give rise to fully differentiated testicular
spermatozoa. These events form a programme of cell
development characterised by the sequential activation
and inactivation of certain testis expressed genes
throughout spermatozoa development. The temporal
sequence of these events and the mechanisms through
which these differential patterns of gene expression
are achieved are largely undefined at present.
In attempting to characterise genes which play a
role in the post-meiotic maturation of spermatids, a
cDNA clone, pHT2, was isolated from a human A.gt 11
library
with
antibodies
raised
to
acrosomal
preparations. Comparisons of the pHT2 nucleotide
sequence
to
the
those
contained within
the
Genbank/EMBL database revealed that this clone was
encoded by a novel single copy gene located on an
autosomal chromosome. A functional significance for
the pHT2 gene has been implied by a high degree of
phylogenetic conservation in vetebrates from human to
chickens. In the rat, analysis of the expression
pattern of the pHT2 gene revealed transcription to be
restricted to only testis, epididymis and ovary.
Examining the pattern of testis specific pHT2
expression in more detail showed that the gene was
expressed exclusively in stage IX of the cycle of the
seminiferous epithelium and that pHT2 mRNA localised
most probably to Sertoli cells. Following preliminary
Western blot analysis of spermatozoa and testis
protein extracts the presence of the pHT2 protein has
been confirmed in spermatozoa.
These analyses indicate the expression of a gene
encoding an unknown protein in a stage specific manner
at the initial stage of spermatogenesis.
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Attempts were made also to elucidate the mechanism
by which testis specific expression of the mouse U1
snRNA gene was brought about. This has revealed that
whilst the octamer motif contained within the promoter
of this gene was important for the transcriptional
activity of this gene, it was not the sole determinant
of testis specific gene expression.
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l.l. Introduction.

From the analysis of cellular morphology and the
molecular events constituting spermatogenesis, it is
clear that the synchronous development of germ cells
occurs as a highly ordered process with tightly
regulated patterns of gene expression. The mechanisms
which regulate this process are still being elucidated
and are known to involve, not only patterns of
endocrine regulation, but also paracrine communication
between the interstitial tissue, Sertoli cells and
germ cells.
1.1.1. Overview of Spermatogenesis.

Spermatogenesis consists of a complex series of
events
in
which
diploid,
undifferentiated
spermatogonia develop to give haploid, differentiated
spermatids and ultimately testicular spermatozoa. This
process may be divided into 3 phases, spermatogonial
multiplication
(mitosis),
meiosis
and
the
differentiation process, spermiogenesis. As germ cells
progress through these stages they migrate both along
the length of the tubule and from the basal edge of
the seminiferous tubule to the lumen of the tubule
(reviewed by Parvinen, 1982).
1.1.2. Mitosis and Meiosis.

The development of spermatozoa is initiated by
proliferation of type A spermatogonia, mitotic
divisions occurring in stages IX, XII, XIV, I, IV and
VI of the cycle of the seminiferous epithelium as
described in section 1.1.4.. Initial mitosis is
followed by the differentiation of these cells to
intermediate
spermatogonia,
and
after
further
development type B spermatogonia. Recent evidence has
19

revealed the transcription of the cellular oncogene,
c-kit (encoding a tyrosine kinase receptor) in
spermatogonia and the early stages of pre-leptotene
spermatocyte development. It has been shown that the
transformation of type A to intermediate type
spermatogonia is coupled with a down regulation in the
level of c-kit protein. Consequently, it has been
suggested that c-kit may act as a cell surface
receptor for a mitotic signal playing a role in germ
cell entry into spermatogenesis (Yoshinaga et al.,
1991; Koshimizu et al., 1992).
With the formation of pre-leptotene primary
spermatocytes mitosis ceases and the meiotic divisions
begin with the replication of cellular DNA between
stages VII and VIII (Clermont, 1972). Chromatin
condenses and homologous chromosomes pair up during
the leptotene and zygotene stages of the first meiotic
prophase, after which, crossing over of the chromatids
occurs in early pachytene (Hotta et al., 1977).
The first meiotic division is completed with the
formation of secondary spermatocytes which pass
quickly through the second meiotic division resulting
in the formation of haploid round spermatids (figure
1 .1 .) .

1.1.3. Spermiogenesis.

After meiosis, spermatogenesis is completed by
differentiation of round spermatids in a process known
as spermiogenesis.
The steps of spermiogenesis have been defined on the
basis of the changes in the acrosomic granule and the
nucleus and are reviewed by Parvinen (1982). Briefly,
in step 1, the acrosomic vesicle is formed at the
Golgi and is followed by the appearance and fusion of
proacrosomic granules to form a spherical acrosomic
granule in steps 2 and 3. In step 4, the acrosomic
20

Figure 1.1.
Pictorial representation of spermatogenesis in the rat
which can be divided into 14 stages (from Perey et
al., 1961).
A,
type
A
spermatogonia;
In,
intermediate
spermatogonia; B, type B spermatogonia; R, resting
primary spermatocytes; L, leptotene spermatocytes; Z,
zygotene spermatocytes; P, pachytene spermatocytes;
Di, diakinesis; II, secondary spermatocytes; 1-19, the
stages of spermiogenesis. The letter 'm' next to a
spermatogonium indicates the occurrence of mitosis.
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Figure 1.2.
Diagrammatic representation of the 19 steps of
spermiogenesis in the rat (from Leblond & Clermont,
1952) .
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granule becomes associated with the nuclear membrane
and in the subsequent steps flattens to cover the
nucleus. The chromatoid body moves from the Golgi to
the centriolar region in step 7 (Fawcett et al.,
1970), while in step 8, the nucleus rotates so the
acrosome is orientated toward the basement membrane.
In addition, the nucleus moves to the periphery of the
cytoplasm and RNA synthesis ceases as the nuclear
chromatin begins to condense (Monesi, 1964). Final
maturation and elongation of the spermatid occurs
through steps 10-13.
The final steps in the formation of a fully elongated
spermatid are characterised by movement of the
spermatid cytoplasm toward the nucleus along the
flagellum. When the spermatid detaches from the
seminiferous epithelium (spermiation) this residual
cytoplasm (containing remaining cytoplasmic RNA)
separates from the spermatid and is phagacytosed by
the Sertoli cell (Lacy, 1967). These processes are
summarised in figure 1.2.
During spermatogenesis, cell death results in a
lower number of spermatids than the maximum possible
number (calculated as arising from the division of one
spermatogonium). Consequently, one spermatagonium only
gives rise to approximately one third of the
spermatids it could potentially form
(Wing &
Christensen, 1982).
1.1.4. The Cycle of the Seminiferous Epithelium.

In non-seasonal mammals spermatogenesis is a
continuous process which for ease of reference has
been divided into a number of stages. As germ cells
are seen to progress through spermatogenesis, they
appear to do so in the cellular associations defined
by these stages (figure 1.1). The definition of each
stage is based on the analysis of morphological
25

changes occurring in the acrosome of developing
spermatids (Leblond & Clermont, 1952). In the mature
rat, of the 19 steps of spermatid development, only
the first 14 are used to define stages as step 15
spermatids are found in association with those in step
1 (Leblond & Clermont, 1952).
The definition of stages can be further refined into
sub-stages defined on the basis of more detailed
analysis of morphological differences within a stage.
Thus, 2-4 sub-stages are defined in stages I, IV-IX,
XII and XIV (Perey et al., 1961).
As the stages of spermatogenesis succeed each other,
the period between the appearance of the same stage is
designated one cycle of the seminiferous epithelium
(Leblond & Clermont, 1952). The duration of each stage
is constant and consequently it can be demonstrated
that the cycle is of a fixed period (Parvinen, 1982).
The number of stages in a cycle varies between
species, as does the number of cycles taken to
complete spermatogenesis. Further discussion will
concentrate on spermatogenesis as it occurs in the
rat, for reference to other species Hochereau de
Reviers et al. (1990) should be consulted.
In the adult Sprague-Dawley rat, a new cycle is
initiated every 12.5 days with the first mitotic
division of spermatogonia occurring in stage IX after
spermiation has been completed in stage VIII. It then
takes 4 cycles of the seminiferous epithelium to
complete spermatogenesis (Perey et al., 1961).
It is known that the formation of these cellular
associations is initiated as early as 6 days after
birth before the appearance of the majority of germ
cells and before the Sertoli cells have matured to
their adult form. However, the mechanisms involved in
the initiation and maintenance of these events have
yet to be elucidated (Clermont & Perey, 1957).
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1.1.5. The Wave of the Seminiferous Epithelium.

Each of the stages in the cycle succeed one another
along the length of the tubule. This arrangement is
termed the wave of the seminiferous epithelium and has
been shown to occur in many mammalian species (the
exception being man where the arrangement of stages is
thought to be helical), with one seminiferous tubule
containing up to 12 wave patterns of varying lengths
(Perey et al., 1961). The wave pattern is summarised
in figure 1.3.
Within a wave, each portion of the tubule that
contains the same stage is designated a segment, the
length of these varies and is not proportional to the
duration of the appropriate stage.
Where a stage can be sub-divided, the short sub
stages may occupy only a fraction of the circumference
of the tubule resulting in a break in the continuity
of the wave, the overall trend of the wave however
remains unchanged.
As for the cycle, the wave pattern is established
early in post-natal life before the appearance of many
of the germ cells. Whilst maintenance of the wave is
thought to depend on the mitotic activity of
spermatogonia,
the mechanisms involved in the
initiation and synchronisation of the wave pattern
have yet to be elucidated. Observations however
suggest that it is likely to be set in foetal life or
soon after birth (Clermont & Perey, 1957).
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Figure 1.3.
Longitudinally sectioned tubule showing, between the
arrows, a wave of the seminiferous epithelium with a
modulation. From the proximal end of the tubule, the
usual descending order of segments is observed. This
is followed by an ascent of segmental order prior to
a reversion to a descending order. The stage of each
segment is depicted by roman numerals (from Perey et
al., 1961).
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OF A WAVE

1.1.6. Progression of the Wave Along the Tubule.

Little is known about the mechanism by which the
wave progresses along the tubule. There are three
theories, although only one of these is thought to be
compatible with the observed facts (reviewed by Perey
et al., 1961) .
Regaud's theory (Perey et al., 1961) was based on
the assumption that segment length was constant and
proportional to the duration of the stage. This has
subsequently been shown not to be the case.
The second theory dictates a transient disappearance
of the shorter stages as the wave progresses, this has
also been shown never to occur.
The most favoured hypothesis divides segments up
into small subsegments called unit segments. The
boundaries of these are not fixed but progress along
the tubule in a 'jumping1 fashion causing the segment
sizes to change as they move. Within a segment, the
evolution of the cells would progress from the distal
to the proximal end, where the cells would reach the
next stage and thus become part of the next segment.
In this way, all segment boundaries would progress at
a constant rate from one end of the tubule to the
other.
1.1.7. The initiation of the Wave Pattern.

Formation of the wave pattern is still largely
speculative with two hypotheses proposed by Perey et
al. (1961), the embryological theory and the co
ordination theory. There is little recent data to
elaborate on these.
The former theory assumes the wave pattern is set
during foetal development or soon after birth with the
first spermatogonial divisions producing the first
segments which are then added to with further
spermatogonial divisions of the spermatogonia.
30

The co-ordination theory suggests production of a
substance by the cells of the testis which by
diffusion along the tubule induces spermatogonia to
divide. Thus an ordered wave pattern would be
initiated with the segments nearest to the release
site of the substance being the most advanced in the
wave pattern.
There is no evidence to support these theories and
it may be that a combination of the two is required to
account for the initiation of the wave.
1.1.8. The Renewal of Spermatogonia.

Once spermatogenesis has been established, its
maintenance relies on the continued division of
spermatogonia to replace the germ cells as they
develop. The sub-population of these cells responsible
for maintaining their numbers has in the past proved
to be a subject for debate. The theory in current use
was proposed by Huckins and will not be further
discussed as it is adequately reviewed by De Rooij et
al. (1989).
1.1.9. The Clonal Development of Germ Cells.

Early in spermatogenesis, incomplete cytokinesis of
dividing spermatogonia results in progeny that are
connected by cytoplasmic bridges (Huckins, 1971)
producing extensive clones of germ cells. These
persist throughout spermatogenesis and are thought to
function in allowing the distribution of gene products
to all cells of a clone. It is envisaged that this
would have two effects; to ensure phenotypically
equivalent spermatozoa by providing channels of
communication between the members of a germ-cell clone
(Braun et al., 1989a; Caldwell & Handel, 1991); and to
synchronise germ cell development (Ren & Russell,
1991). However, whereas sharing of cytoplasmic RNA and
31

proteins is feasible, it is unclear whether membrane
associated proteins or stably localized RNA could be
shared in this way, for example cytoskeletal proteins
(Lawrence & Singer, 1986).
y

1.1.10. Pre-pubertal Development of the Germinal
Epithelium.

The pre-pubertal development of the germinal
epithelium has been studied by means of the
characterisation of testicular cell types present in
each stage of the cycle from birth to maturity
(Clermont and Perey, 1957). This has revealed an
emergence of cells resembling type A spermatogonia by
4 days post-partum and concomitant with this, the
initiation of cell division. In 6 day old rats,
persistent mitotic activity produces clones of 6-9
type A spermatogonia and subsequently, intermediate
and B type spermatogonia, followed by leptotene
spermatocytes.
By 15 days post-partum the first round of
spermatogenesis progresses to the initial stages of
pachytene I and a second round of mitotic division of
type A spermatogonia begins. Thus, the cycle of the
seminiferous epithelium emerges at this age with 4
types of cellular associations distinguishable. The
first type of association represents an early form of
stages I-IV in the adult and is characterized by the
presence of A and intermediate (In) type spermatogonia
on the outer edge of the tubule and early pachytene
spermatocytes (mostly degenerating) on the innermost
edge.
The second type of cellular association consists of
the same cells as type I except B type spermatogonia
replaces the In spermatogonia. This is analogous to
stages IV to VI of the mature spermatogenic cycle.
Stages VII and VIII of the mature rat cycle are
represented in the immature rat by type 3 tubules.
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Cells present include some type A spermatogonia, many
resting spermatocytes and few pachytene spermatocytes.
Type 4 tubules comprise few type A spermatogonia in
addition to leptotene and zygotene spermatocytes. This
type of tubule represents stages IX to IV in the adult
rat.
The first round of spermatogenesis is completed by
26 days after birth. The duration of this round of
spermatogenesis is known to be shorter than the
subsequent rounds as a rapid evolution of the early
spermatogonia and spermatocytes is thought to occur
(Huckins, 1965). However, once established, the
duration of spermatogenesis is constant and not only
species specific but also strain specific, for
example, spermatogenesis in Sprague-Dawley rats takes
51.6 days, in Wistar 53.2 days and in Long-Evans 48
days (Clermont & Harvey, 1965).
1.2.

Structural Specialisation and Function of
Sertoli Cells.

Attempts to maintain the in vitro development of
mammalian germ cells have been unsuccessful beyond the
pachytene stage of the first meiotic division (Toppari
& Parvinen, 1985; Setchell & Brooks, 1988). This is
probably due to the difficulties of mimicking the
micro-environment of germ cells within the testis.
This is created and maintained by the presence of
tight junctions between Sertoli cells near the basal
lamina of the tubule. These junctions form a barrier
preventing the exchange of substances from the blood
to the post-meiotic germinal epithelium except through
the Sertoli cells. The blood-testis barrier is formed
at 15-18 days post-partum simultaneous with the
progression of the first germ cells into the pachytene
stage of meiosis and as the Sertoli cells cease
dividing (Bardin et al., 1988; Russell & Peterson,
1985).
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1.2.1. The Blood-Testis Barrier.

The
existence
of
the
blood-testis
barrier
effectively partitions the seminiferous epithelium
into basal and adluminal compartments (Dym & Fawcett,
1970). Germ cells move across through this barrier
before meiosis proceeds through the pachytene stage of
meiosis I. The mechanism by which this movement occurs
is unknown (reviewed by Dym & Fawcett, 1970; Russell,
1977; Russell, 1978). Briefly, it is thought that the
blood-testis barrier partially dissociates in stage
VIII and the pre-leptotene spermatocytes enter the
junction, the barrier then reforms behind these cells.
The germ cells mature in a temporary compartment
sealed at both the adluminal -and basal sides by a
transient form of the normal tight junction and emerge
as zygotene spermatocytes at the adluminal face in
stage XII. These observations infer that during stage
IX leptotene spermatocytes are sealed between adjacent
Sertoli cells within the partially dissociated
junction.
Generalized functions of the blood-testis barrier
can be divided into three categories, physiological,
biomechanical
and
immunological.
Physiological
functions include the maintenance of a unique tubular
environment suitable for spermatogenesis (as has been
discussed in section 1.2.). This is brought about by
active and passive regulation of the uptake of
inorganic and organic molecules (including metabolites
and regulatory substances) and also the exclusion of
potentially noxious substances (Neaves, 1977; Setchell
& Wallace, 1972; Koskimies & Kormano, 1973).
The strong cohesive forces created by the tight
junctions present between adjacent Sertoli cells
confer also a biomechanical function on the bloodtestis barrier. These forces are thought to maintain
the
structural
integrity
of the
seminiferous
epithelium and in doing so prevent mechanical damage
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to the tubules (Neaves, 1977).
With the appearance of spermatocytes and spermatids
at puberty, a range of antigens new to the immune
system are established. These should illicit an auto
immune response but rarely do because the tight
junctions
seal
the
germinal
epithelium
from
circulating immunoglobulins. In conjunction with this,
if antibodies that cross-reacted with spermatozoa are
ever produced, sperm production may not necessarily be
impaired because the blood-testis barrier can exclude
y-globulins from entering the tubule (Koskimies et
al., 1971). Conversely breakdown of the blood-testis
barrier by rupture or toxicants (for example cadmium)
will lead to a profound immune response (de Kretser &
Kerr, 1988).
1.2.2. Other Junctional Specialisations of Sertoli
Cells.
Junctional specialisations are thought to play an
important role in the communication that occurs
between Sertoli cells and germ cells (DePhilip &
Danahey, 1987). Several types of junction have been
described and are reviewed by Russell and Peterson
(1985). These include desmosome-like junctions which
appear in type B spermatogonia and persist to the
early stages of spermatid development; a few gap
junctions, ectoplasmic specialisations and tubulobular
complexes. The latter two complexes form between
Sertoli cells and elongated spermatids and are thought
to stabilize the relationship between these two cells.
Although there is no direct evidence of their
function, it has been suggested that the gap junctions
could provide a route through which Sertoli cells pass
small molecular weight substances to the germ cells.
It is this function which will be further considered
in section 1.2.3.
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1.2.3. Paracrine Communications of the Testis.

In addition to basic endocrine control of
spermatogenesis
(reviewed by Steinberger,
1971;
Hochereau et al., 1990), evidence is accumulating for
intratesticular regulation mediated by interactions
between Sertoli cells, Leydig cells, peritubular myoid
cells and germ cells. Hence, proteins synthesised by
Sertoli cells interact with other cells of the
seminiferous epithelium or interstitial tissue. The
secretion of these regulatory proteins may in turn be
influenced by factors arising from the interstitial
tissue and germ cells (reviewed by Skinner, 1987) .
Examples of Sertoli cell secretory proteins shown to
be regulated in this way include transferrin, androgen
binding protein (ABP) and inhibin, the levels of which
are all modulated by the factor, P-mod-S (peritubular
modifying Sertoli cells), secreted by the peritubular
myoid cells (Skinner et al., 1988; Rosselli & Skinner,
1992). In turn, the levels of P-mod-S are modulated
by testosterone synthesised by the Leydig cells
(Skinner & Fritz, 1985). Such factors are thought to
have a direct non-steroidogenic, paracrine action on
the Sertoli cells affecting inhibin secretion within
the testis (Sharpe et al., 1988). The converse
situation may occur also with Sertoli cell secretion
of a Leydig cell stimulatory protein which instigates
androgen production by Leydig cells (Verhoeven &
Cailleau, 1985).
Direct contact between pachytene spermatocytes and
Sertoli cells (and also the addition of pachytene
spermatocyte conditioned media to Sertoli cells)
increases the secretion of ABP and transferrin. This
would suggest not only the presence of a soluble,
diffusible factor produced by germ cells but also that
direct contact between germ cells and Sertoli cells
exerts some influence of protein secretion (Le
Magueresse & Jegou, 1988; Djakiew & Dym, 1988;
36

Castellon et al,, 1989).
Although
the majority of paracrine
factors
synthesised by germ cells have been purified from
pachytene spermatocytes, one such protein is also
known to be secreted by round spermatids suggesting
that paracrine mechanisms function at different levels
of germ cell development (Onada & Djakiew, 1990). This
uncharacterised protein has been shown to enhance
proteins secreted apically from Sertoli cell,
specifically transferrin, ceruloplasm and SGP-2.
However, not all protein secretions are stimulated
by the paracrine action of germ cells, some are
inhibited. In this way it has been shown that the
secretion of testins from Sertoli cells is inhibited
by the presence of germ cells in the adult rat (Cheng
et al,, 1989).
In addition to the paracrine interactions of Sertoli
cells and germ cells, the former have a general
supporting (house-keeping) role. This role is achieved
through polarized secretion of enzymes, mitogenic
polypeptides and hormones such as inhibin (Sylvester
and Griswold 1984; Kierszenbaum et al,, 1988). For
example, testicular transferrin (synthesised by the
Sertoli cell) is known to transport ferric ions from
the blood to pachytene spermatocytes through binding
of the ferric ion to the transferrin molecule in the
Sertoli cell cytoplasm and subsequent secretion of the
ferric ion into the adluminal compartment. This is
then bound by specific receptors on pachytene
spermatocytes and early spermatids (Sylvester &
Griswold, 1984).
These examples of spermatogenic regulation serve to
illustrate that this process is extremely complex
involving the interaction of many different cell types
and factors.

37

1.2.4. Use of Cultured Sertoli Cells.

Sertoli cells isolated from the testis of 20 day old
rats can be cultured in vitro and have been used in
many of the studies of protein secretion. However, at
this age the first round of spermatogenesis has not
been completed and therefore the testis from which
these cells are taken from does not possess a full
complement of germ cells. Owing to the importance of
cell-cell communications in the testis, it is likely
that the absence of a particular population of germ
cells may negate some of the paracrine mechanisms
discussed in section 1.2.3. resulting in the loss or
reduction in protein synthesis by these cells.
Evidence from Rivarola et al. (1985) suggests that
the intimate association of Sertoli cells and germ
cells is also important in stimulating processes such
as mitosis. Removal of the Sertoli cells from this
environment of intercellular contact could therefore
conceivably result in loss of some Sertoli cell
functions.
In agreement with the view that associations between
germ cells and Sertoli cell may stimulate protein
synthesis, it has been shown that the increase of
cyclic protein- 2 (CP-2) synthesis that occurs in vivo
between 35-38 days post-partum does not occur when
Sertoli cells alone are cultured. The pronounced
cyclic secretion pattern of this protein in vivo is
thought to depend on the changing associations of germ
cells in the testis. Thus when these are lost as
during in vitro culture there is a change in the
secretory pattern of the protein (Zabludoff et al.,
1990b). Therefore an important consideration when
studying Sertoli cell in culture is that the secretory
capacity of these cells only partially represent that
of Sertoli cells of adult animals in situ.
Some of these problems can be circumvented with the
culture of Sertoli cells on plastic overlaid with an
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extracellular matrix material (Tung & Fritz, 1984;
Byers et al., 1986). This results in an improved
Sertoli cell morphology (greater polarity) and more
active protein synthesis. However, the matrix is
itself thought to contribute to the protein content of
the
culture
media
and
therefore
complicates
purification of proteins from these cells.
Recently there has been evidence to confirm some of
the findings of in vitro culture by assaying freshly
isolated segments of tubule for stage specific
secretion of transferrin and ABP (Garza et al., 1991) .
This method may prove to be a more representative
system in which to study testicular protein synthesis.
1.2.5. Specialized Functions of Sertoli Cells.

Sertoli cells may also regulate the testicular
micro-environment
by
phagocytic
ingestion
of
degenerating germ cells, residual bodies (residual
spermatid cytoplasm remaining attached to the
epithelium after spermiation,
containing Golgi
remnants, ribosomes and mitochondria, Lacy, 1967) and
injected particulate matter. This occurs specifically
after spermiation, late in stage VIII and in stage IX
(Morales et al., 1985), triggering an increase in
Sertoli cell synthesis of the cytokine IL-1 (Gerard et
al., 1991, 1992; Soder et al., 1991). Thus, Sertoli
cell phagocytic activity may not only function to
remove degenerating germ cells and excess spermatid
cytoplasm but also to regulate cell function. In this
way, IL-1 has been shown to stimulate mitotic and
meiotic DNA synthesis in tubules in vitro (Parvinen et
al., 1991). Moreover, it is suggested that residual
body mRNA released into the Sertoli cell after their
lysis may influence Sertoli cell gene expression
which, through an undefined paracrine mechanism may
affect germ cell gene expression. Alternatively,
residual body translation products may themselves
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influence germ cell function (Jegou, 1992).
In addition to this, Sertoli cells exhibit fluid
endocytic activity at all stages of the cycle. This
results in the formation of endosomes which ultimately
give rise to secondary lysosomes containing acid
hydrolases. These may be involved in the degradation
of organic material phagocytosed in stages VIII and IX
of the cycle (Morales et al., 1986).
1.2.6. Protein secretions by Sertoli Cells.

Large amounts of data have accumulated concerning
the protein secretions of Sertoli cells. There follows
a brief summary of some of the major Sertoli cell
secretory proteins. This is by no means an exhaustive
list but the topic is too extensive to be covered in
this thesis and is adequately reviewed by Griswold,
1988.
Protein secretions by Sertoli cells fall into a
number of categories; proteins involved in transport,
growth factors and hormones, enzymes, proteins of no
known function and structural components of the
basement membrane (type IV collagen and laminin).
Whereas most of these proteins are produced at low
levels, transferrin and ceruloplasmin (transport
proteins), SGP-1 and SGP-2 (two glycoproteins of
unknown function) constitute 80% of the total mass of
proteins secreted.
The function of transferrin has been discussed
previously (section 1.2.3.). Ceruloplasmin functions
in a similar manner, but transports copper ions to the
developing germ cells. The other important transport
protein produced by Sertoli cells is ABP, which is
secreted into the tubule lumen and extracellular space
of the seminiferous tubule where it binds to
dihydrotestosterone and testosterone (Hochereau de
Reviers et al,, 1990). It is therefore purported to
perform a role in sequestering high levels of
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androgens around developing germ cells and in the rete
testis fluid which is contact with the androgen
dependent cells of the epididymal epithelium, i.e the
principal cells (Griswold, 1984, Hansson et al.,
1974) .
A variety of hormones and growth factors are also
secreted by the Sertoli cell. For example, antimullerian hormone synthesised by the Sertoli cells
precursors, causes the regression ofthe Mullerian
duct in the male
foetus (Josso et al., 1977). Also
inhibin,
Seminiferous Growth Factor
(SGF)
and
Epidermal Growth Factor (EGF) like growth factors
which are thought to mediate germ cell proliferation
and differentiation through interaction with a range
of target cells (reviewed by Bellve & Zheng, 1989) . In
many cases it has been difficult to assign a specific
role for these proteins during spermatogenesis and so
only general theories have been proposed. For
instance, as binding sites for the growth factor
somatomedian C occur both on Sertoli cells and
pachytene spermatocytes it has been suggested that
this growth factor may perform some function during
meiosis (Tres et
al., 1986). One ofthe principal
enzymes secreted
by Sertoli cells isthe protease,
plasminogen activator, which converts plasminogen to
plasmin. This is thought to be involved in the process
of extracellular proteolysis and cell migration and as
such has been shown to also occur in the granulosa
cells of the ovary (Strickland & Beers, 1976; Lacroix
& Fritz, 1982).
In determining the pattern of expression of
plasminogen activator, analysis of the levels of this
protein in the testis of X-ray irradiated rats
revealed that secretion from the Sertoli cell ceased
co-incidently with the loss of the pre-leptotene
spermatocyte population (Vihko et al., 1984). This
suggests that these germ cells may in some way trigger
the Sertoli cells to secrete plasminogen activator
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which is required to re-structure the Sertoli cells as
the preleptotene spermatoctyes move into the tight
junctions.
This work also revealed that with the loss of
plasminogen activator activity,
spermiation and
residual body phagocytosis still occur normally,
indicating that these processes do not necessarily
require this enzyme.
In addition to secreted plasminogen activator, a
membrane form occurs in association with pachytene and
diakinetic primary spermatocytes but the function of
this protein is unknown (Vihko et al., 1985).
A large percentage of the total amount of protein
secreted by Sertoli cells has no known function. The
heavily glycosylated and sulphated glycoproteins 1 and
2 (SGP-1 and -2) form the bulk of this secretion.
SGP-2 has been localized to the cytoplasm of Sertoli
cells, the epithelium of the epididymis, the vas
deferens and as a component of the sperm on the
anterior acrosome and distal tail region (Sylvester et
al., 1984). It is not however exclusive to the testis
being found also in the liver, brain and at low levels
in the spleen, kidney and mammary gland. It is thought
that SGP-2 may perform an immunosuppressive function
a
n* or ai^ in the transport of hydrophobic compounds e.g
lipids (Griswold, 1984). The similarity of testicular
SGP-2 with a protein expressed in the brain suggests
also close association of SGP-2 expression with cell
death (Danik et al., 1991).
SGP-1 has been localised to the Sertoli cell
cytoplasm, within secondary lysosomes, in addition to
the seminiferous tubule and rete testis fluid and at
lower levels in caudal epididymal fluid. Showing some
similarity to sphingolipid activator protein precursor
(presaposin) and given its localization, SGP-1 may
function in the testis to solubilize lipids for break
down by lysosomal hydrolases (Slyvester et al., 1989).
In addition, it is thought that SGP-1 may function in
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epididymal fluid to process sperm membrane lipids as
the spermatozoa have lost the capacity to do so.
1.2.7. Cyclic Changes in Sertoli Cell Activities.

Cyclic changes in the Sertoli cell were first noted
by Regaud in 1901, subsequently these were related to
the stages of the cycle of the seminiferous epithelium
by Leblond and Clermont (1952). Cyclic changes in
Sertoli cell activities are thought to result from
altering patterns of germ cell associations with the
Sertoli cells. This in turn implies that some form of
cell-cell communication occurs between these cells in
the
testis
(Parvinen
1982).
Although
initial
observations were primarily concerned with changes in
the Sertoli cell nucleus, cyclic changes in lipid
content, levels of enzyme activity and secreted
proteins have also been shown to occur (reviewed by
Parvinen, 1982; Parvinen et al., 1986).
Kerr et al., (1984) observed cyclic variations in
the lipid content of Sertoli cells such that the
amount of lipid increased after phagocytosis of the
residual body in stages IX-X. This increase is thought
to arise from lipid re-synthesis from the fatty acids
and glycerol produced through residual body breakdown.
Sertoli cell lipid content then falls to a minimum at
stages VII-VIII as the lipid store is depleted.
In addition, Sertoli cells exhibit cyclical changes
in enzyme activity. These changes can usually be
correlated with the function of the enzyme. For
example, hydrolytic enzyme activity is high between
stages I-VIII as the lipid content of the cell
declines (Parvinen et al., 1986).
Following the uptake of native ferritin and the
formation of labelled and unlabelled lysosomes a
cyclic variation in the lysosomal content of Sertoli
cells has also been determined. The variation observed
is consistent with their function of fusing with and
43

degrading the contents of phagocytosed residual bodies
in stages VIII and IX (Morales et al., 1986). Thus,
the number of secondary lysosomes per Sertoli cell is
at a minimum in stage IX, increases from stage X to a
maximum at XIV, then falls again. Mathematical
determination of the rate of secondary lysosomes
formation established a maximum from stage IX to XIII
decreasing to stage II and remaining low until stage
IX. Consistent with this, the lifespan of the
lysosomes was longest in stages II to VIII, decreasing
from stage X to XIV until it was almost negligible at
stages IX and X.
During the cycle of the seminiferous epithelium, the
maximum protein secretion occurs at stages VI and XII
(Parvinen, 1982). Of the proteins secreted at these
stages, transferrin is the major protein secreted at
stage XII. Since this is co-incident with the meiotic
division of germ cells (Morales et al., 1987) it
suggests an increased need for ferric ions by the
meiotic cells. All other testis specific proteins
synthesised
by
the
Sertoli
cell
including
ceruloplasmin are secreted maximally in stage VI.
One of the most pronounced stage-dependent secretion
pattern is CP-2. After maximal secretion at stage VI,
the levels of this protein fall to barely detectable
levels from stage IX to stage III (Zabludoff et al.,
1990a).
In
characterising
this
protein,
immunocytochemical localisation experiments have
established CP-2 movement from the basal region of the
Sertoli cell in stage V to the region adjacent to the
spermatid head in stage VII. This might suggest a
stage-specific function associated with the changing
populations of germ cells at each stage. To date, this
role has not been confirmed although potential
functions include an enzyme for processing hormones,
a hormone/paracrine factor in the peripheral tissues
or a neurotransmitter in the brain (Zabludoff et al.,
1990a).
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Whether these stage-specific protein secretions
occur in response to extrinsic factors or are due to
an intrinsic rhythmicity of the Sertoli cells remains
to be established.
1.2.8. Modulation of Protein Activity that is not
Stage-Specif ic•

Not all proteins are secreted in such a stage
specific manner, MIS (meiosis inducing substance) and
MPS
(meiosis preventing substance) are species
specific and secreted independently of sex to regulate
meiosis in the adult animal (Grinstead & Byskov,
1981) . In the male, MIS is secreted maximally at
stages VI and VIII as pre-leptotene spermatocytes
enter meiosis and also at stages XII-I when the
reduction division is occurring. However as MPS is
thought to be responsible for the degeneration of
early meiotic cells and the prevention of meiosis in
the male foetus there is a continuing requirement for
this protein. Thus it is secreted at approximately
constant levels throughout the cycle.
Rather than stage specific changes in protein
levels, stage and age specific regulation of meiosis
is brought about by the interaction between the level
of these 2 antagonistic substances.
1.3. Germ Cell Specific Gene Expression.

Overlaid onto patterns of Sertoli cell stagespecific gene expression are cyclic patterns of germ
cell gene expression. These have been extensively
studied in order to reveal the occurrence of gene
expression restricted to various populations of germ
cells. The mechanism of regulation of these cyclic
patterns of gene expression are complex and occur both
at the level of transcription and translation.
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1.3.1. RNA synthesis.

Preliminary evidence suggesting the synthesis of
both hnRNA and rRNA during spermatogenesis (Monesi,
1964) has been expanded to reveal levels of
transcriptional activity that vary with the changing
population of germ cells. Therefore, RNA synthesis has
been shown to occur at most stages of spermatogenesis
(except those in which the reduction division occurs)
with 2 peaks of transcriptional activity occurring
between stages VI-VIII in mid-pachytene spermatocytes
and in early spermatid development. Subsequently
transcription ceases at stage VIII of round spermatid
development (Soderstrom & Parvinen, 1976) as the
nucleus begins to elongate and the chromatin condense
(Kierzenbaum & Tres, 1975). In addition to hnRNA
synthesis it has recently been established that the
ribosomal genes also remain transcriptionally active
until the spermatid elongation phase of development
(Haaf et al., 1991).
1.3.2. Haploid Gene Expression.

Although studies indicated the persistence of
transcription
into
the
haploid
stages
of
spermatogenesis,
specific
examples
of
genes
transcribed at this stage were not defined until more
recently. Thus, the detection of de novo synthesis of
mPl RNA, mP2 RNA and a testis specific isotype of
actin established that transcription occured in the
haploid stages of spermatogenesis (Hecht et al.,
1986). Further to this many haploid expressed genes
have been described (Kleene & Flynn, 1987; Kleene,
1989; Kleene et al., 1990; Kashiwabara et al., 1990
and reviewed by Erickson, 1990).
One of the implications of haploid gene expression
is that in developing spermatids, mechanisms exist to
avoid the potentially lethal effects of deleterious
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genes. It is thought that this is accomplished either
by avoiding transcription from the haploid genome
through translational regulation of mRNA synthesised
prior to the reduction division or by sharing of
haploid
expressed
gene
products
through
the
cytoplasmic bridges that connect the developing germ
cells.
1.3.3. Sharing of Gene Products Among Developing
Germ Cells.
The first direct evidence that gene products may be
shared between germ cells came from Braun and
colleagues (1989a) who having established the postmeiotic expression of a transgene (composed of a mouse
protamine promoter and human growth hormone coding
sequence), confirmed the phenotypic equivalence of
genetically distinct spermatids. Subsequent evidence
has confirmed these results through the study of mouse
protamine 1 gene product distribution amongst the
spermatids of mice with chromosomally unbalanced
gametes (Caldwell & Handel, 1991).
The question raised by these results concerns the
mechanism by which sharing of post-meiotically
expressed gene products encoding membrane associated
proteins occurs. In this case, it is unlikely they
will be shared through the syncytium either as mRNA
when they are associated with membrane bound ribosomes
or as proteins with only a limited lateral movement
(Erickson, 1978). Although these restrictions should
result in these genes exhibiting a pattern of nonMendelian inheritance, there are few examples of this
taking place, the most notable being the T/t haplotype
complex (reviewed by Silver, 1985; Olds-Clarke, 1988;
Willison et al., 1989).
In addition to membrane associated gene products, it
is likely that any other gene transcripts which were
to become stably localised immediately after transport
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from the nucleus for example transcripts encoding
cytoskeletal proteins (Lawrence & Singer, 1986) would
not be shared among spermatids. It has been suggested
that should this occur, these phenotypic differences
may bring about the differential functions of sperm
(Caldwell & Handel, 1991).
1.3.4. Translational Regulation of Gene Products.

Although translational regulation provides
a
mechanism by which the germ cells can avoid postmeiotic gene expression and hence the potentially
lethal effects of deleterious genes, this form of gene
regulation also occurs in post-meiotically expressed
genes. It will therefore be discussed in section
1.3.7. as a wider aspect of temporal gene expression.
1.3.5. Patterns of Germ Cell Transcriptional
Activity.

The majority of testis expressed genes are
synthesised in a cell-specific manner. For the
purposes of this discussion, testis expressed genes
will be divided into three classes, those exhibiting
de novo expression in the testis, those which express
a specific isotype in the testis and those expressed
in a quantitatively or qualitatively different manner
from somatic cells.
The burgeoning topic of germ cell gene expression is
too extensive to cover in great depth in this thesis
but there are many reviews which summarise the data:
Hecht, 1990; Erickson, 1990; Willison & Ashworth,
1987. A brief outline of the types of genes
representing expression patterns typical of each class
will follow to illustrate the complexity of germ cell
gene expression.
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1.3.5.1. De Novo Gene Expression in the Testis.

The most well characterised of the genes transcribed
exclusively during spermatogenesis are the transition
proteins and protamines. These are transcribed at
different stages in round spermatid development and
ultimately give rise to basic proteins which replace
the histones in developing spermatids thereby aiding
the compaction of the mammalian sperm head by
neutralising the negative charge of the DNA (Loir &
Lanneau, 1984; Heideran et al., 1988). Most mammalian
species have only one form of protamine, the
exceptions being the mouse (Balhorn et al., 1984) and
hamster (Bower et al., 1987) with two, and the human
with three (McKay et al., 1986). These differences are
thought to reflect the flexibility in the number and
type of proteins required in compacting the DNA in the
sperm head (Johnson et al., 1988).
The mouse transition proteins 1 and 2 (TP-1 and -2)
(Kleene & Flynn, 1987) and protamine 1 and 2 (mPl and
mP2) genes (Peschon et al., 1987; Kleene et al., 1985)
have been cloned and sequenced and consequently have
been used extensively in the analysis of sequence
motifs involved in gene control in the testis.
The presence of several genes encoding zinc finger
proteins has also been shown in the testis. One such
gene, TSGA (testis specific gene A) encodes a protein
expressed specifically during the meiotic and postmeiotic stages of germ cell development (Hoog et al.,
1991). In addition, the mouse zinc finger protein,
Zfp-29, is one of a large proportion of genes that are
also expressed in the ovary and/or the developing
embryo. This gene has been shown to be expressed in
the testis in round spermatids and also in the
developing embryo (Denny & Ashworth, 1991).
A role in germ cell development has been postulated
for one of the most recently isolated oncogenes, c49

mak. Expression of this gene produces a 3.8kb
transcript detectable early in meiosis with a 2. 6kb
transcript appearing after the first meiotic division.
The level of both of these transcripts drops as the
germ cells progress into the initial stages of round
spermatid development which might suggest that this
protein kinase plays a role in meiosis (Matsushime et
al., 1990).
Another family of genes that have an established
function in the regulation of cell differentiation is
the homeobox gene family and as such the isolation of
a testis specific homeobox genes could suggest a
specific function in germ cell development. To this
end, expression of a novel member of this family, Hox
1.4, has been detected in the testis, ovary and
developing embryo producing 1.45kb and 1.35kb
transcripts in pachytene spermatocytes and early
spermatids (Wolgemuth et al., 1987). In addition,
another homeobox gene, MH3 has been shown to express
a 1.5kb transcript in pachytene spermatocytes and
round spermatids (Rubin et al., 1986).
Cell cycle progression in spermatogenesis is thought
to be regulated by the sby gene. This gene is found on
the Y chromosome and produces a protein shown to have
some homology to the ubiquitin activating enzyme, El.
It is expressed in early germ cells and may be
involved with the mitotic division of spermatogonia
(Mitchell et al., 1991).
As with all classes of gene expressed in the testis
there is a proportion of newly isolated genes for
which no function has been described. The RT7 gene,
for example, was isolated from male rat germ cells
where it is expressed as an approximately lkb
transcript at high levels in round spermatids (Van der
Hoorn et al., 1990). The physiological significance of
this gene is unknown.
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1.3.5.2. Testis Specific Isotypes/Isozymes.

In addition to testis specific genes, expression of
specific isotypes/isozymes of somatic cell transcripts
has also been shown to occur during spermatogenesis.
Cytochrome C is a ubiquitously expressed enzyme that
forms part of the respiratory chain in the
mitochondria. Somatic cells, spermatogonia and preleptotene spermatocytes express three differentially
polyadenylated transcripts, Cs, 1.3 kb, 1.1 kb and
0.5-0.7 kb in size. A 1.7 kb transcript derived from
the somatic cell gene is detectable also in round
spermatids, although it is found associated with the
non-polysomal fraction of the cell (Hake et al., 1990,
Virbasius & Scapulla, 1988). In contrast, the testis
specific isozyme, Ct, appears in the mid-pachytene
stage of meiosis and persists through to the spermatid
stage albeit at lower levels. This transcript is
thought
to be translationally
regulated with
transcripts in the size range 0.6-0.75 kb associated
with the non-polysomal fraction of testicular extracts
and those in the range 0.7-0.9 kb associated with the
polysomes. The differences in transcript size are
thought to be due to alterations in the length of the
poly-A tail. The physiological significance of the
expression of a testis specific isozyme of this enzyme
remains to be established (Hake et al., 1990,
Virbasius & Scapulla, 1988).
Other examples of testis specific isozymes include
phosphoglycerate kinase 2 (PGK-2)
and lactate
dehydrogenase-C (LDH-C). The former is a variant of
the X-linked somatic cell PGK-1 enzyme, and is
expressed as a 1.7 kb transcript from an autosome in
pachytene spermatocytes. As X-chromosome inactivation
occurs during pachytene, PGK-1 synthesis ceases at the
stage with the consequence that continued requirement
for
a phosphoglycerate kinase
function would
necessitate the expression of an autosomal gene, it is
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thought that PGK-2 fulfils this role (Robinson et al.,
1989, Gold et al., 1983).
On the other hand, transcription of the testis
specific lactate dehydrogenase isozyme, LDH-C is
initiated at low levels in leptotene/zygotene
spermatocytes with the expression of a 1.2-1.3 kb
transcript. Levels of mRNA expression increase and
persist through to the elongation stage of spermatid
development during which the LDH-C protein can also be
detected (Thomas et al., 1990). However, in addition
to the testis specific isozyme, two transcripts are
synthesised from the somatic cell Idh-1 gene. One of
these is spermatogenesis specific occurring as a 1.8
kb transcript in post-meiotic germ cells, the other
1.6 kb mRNA is found in a number of somatic tissues in
addition to germ cells from pachytene to elongated
spermatid stages of development. As both of these
genes produce proteins with a similar substrate range
in the same germ cell populations, it is difficult to
understand the necessity for a testis specific isozyme
for this gene.
A variety of other genes produce testis specific
transcripts
expressed at different
stages
of
spermatogenesis, the functional significance of which
can only be inferred from the role of the homologous
gene in somatic cells. For example, a testis homologue
of the somatic heat shock protein, hsp 70.2 is
expressed from late pachytene through to round
spermatids. Despite the detection of high levels of
the 2.7 kb transcript in these cells, there is no
direct evidence of function (Zakeri et al., 1988;
Zakeri & Wolgemuth, 1987; Krawczyk et al., 1988).
Other examples include, an enzyme involved in
cholesterol
synthesis,
farnesyl
pyrophosphate
synthetase (FPP), expressed exclusively in round
spermatids (Teruya et al., 1990, 1991); a member of
the tyrosine kinase family of genes (ferT) expressed
specifically in pachytene spermatocytes (Keschet et
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a l .,
1990)
and
transcripts
of
1,4galactosyltransferase
detectable
from
pachytene
spermatocytes to round spermatids (Shaper et al.,
1990).
1.3.5.3.

Qualitative/Quantitative Variations in
Testis Expressed Genes.

The final category of genes known to be expressed in
the testis include those which exhibit quantitative or
qualitative variations from somatic cell expression
patterns.
Within this category is the opioid neuropeptide
precursor, pro-opiomelanocortin (POMC) which occurs as
a l.l kb transcript in somatic tissues but as 625 bp
and 675-750 bp transcripts in pachytene spermatocytes
and round spermatids (Kilpatrick et al., 1987). In
this case, although the variation of spermatogenic
specific transcript is known to result from variation
in the length of the poly-A tail, this cannot account
for the differences between the testis and somatic
transcripts.
Of the other opioid precursors expressed in the
testis, proenkephalin (pEnk) is expressed in pachytene
spermatocytes and also in round spermatids as a 1.7 kb
transcript which differs from the 1.4 kb somatic cell
transcripts (Kilpatrick et al., 1990) In contrast to
the POMC transcript, this is known to arise from the
use of an alternative promoter causing deletion of the
first somatic exon and inclusion of an intron sequence
that is spliced out of the somatic transcript.
Other examples of testis specific variations of
somatic cell transcripts include one which encodes a
germ cell transferrin like protein, hemiferrin. This
is first detected in pachytene spermatocytes with
highest levels of the 0.9 kb transcript present in
round spermatids (Stallard et al., 1991). The
synthesis of this mRNA is initiated from a promoter
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sequence located within the transferrin gene resulting
in a spermatogenic transcript 0.9 kb in size which
contrasts to the somatic cell transcript of 2.6 kb. A
similar form of gene regulation occurs with testicular
angiotensin converting enzyme (ACE) which is expressed
as a 2.7 kb transcript in spermatogenesis compared to
the 5.1 and 4.2 kb transcripts present in somatic
tissues. The testis specific transcript is again
initiated from within the somatic gene at the twelfth
intron (Howard et al., 1990; Hubert et al., 1991).
1.3.6. Functional Significance of the Expression of
Testis Specific Isotypes.

In the many cases, there is an apparent functional
overlap between the transcripts that are common to
both somatic cells and the testis and those that are
spermatogenesis specific. This makes the physiological
significance of these genes difficult to understand.
One gene for which the occurrence of both somatic and
spermatogenic specific transcripts has been resolved
is the lactate dehydrogenase gene. Here, it has been
shown that anaerobic muscle type LDH-A mRNA is
expressed in conjunction with the testis specific LDHC mRNA (Thomas et al., 1990). This is thought to have
arisen due to the isolation of developing germ cells
from the lymph and vasculature system which has the
effect of regulating the supply of nutrients to the
germ cells. Hence, it is generally considered that
isotype switching in the testis is required to
increase the protein diversity and fulfil the distinct
biochemical requirements of developing germ cells.
However, the expression of testis specific isotypes
may not always be functionally significant. The
spermatogenic specific POMC transcript is known to be
a truncated version of the somatic cell mRNA lacking
some of the 5f sequences. As a consequence, the
transcript contains no signal sequence to direct the
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precursor to the ER and secretory pathway and it is
therefore non-functional (Ivell et al., 1988).
1.3.7. Translational Regulation of Testis Specific
Transcripts.

The presence of spermatogenic-specific
sized
transcripts have in many cases been shown to be caused
by the differences in the length of the poly A tail
for example Ct (Hake et al., 1990) and J3-galtase
(Shaper et al., 1990). In turn the differences in
length of the poly-A tail are implicated in the
translational regulation of transcripts
during
spermatogenesis.
Preliminary observations of translational regulation
during spermiogenesis revealed the cessation of
transcription one week before the termination of
protein synthesis (Gold et al., 1983). This has since
been confirmed through the analysis of transcript
distribution between polysomal and non-polysomal
fractions during spermatid differentiation. Thus, the
movement of transcripts from the non-polysomal to the
polysomal fractions is coupled to the initiation of
translation of mTP-1 and -2 and mP-1 and -2 mRNAs.
This occurs after a lag period in which the germ cells
progress through development from the round spermatid
stage to stages 12-15 of elongating spermatid
development (Heidaran & Kistler, 1987; Mali et al.,
1988; Kleene, 1989).
Since the initial description of this phenomenon
many transcripts have been shown to be stored for
variable periods of time prior to translation. For
example, trout protamine mRNA is synthesised in
primary spermatocytes and then stored for a period of
15-30 days (Iatrou & Dixon, 1978). Also, PGK-2 mRNA is
synthesised initially in pachytene spermatocytes but
no translation of the gene product occurs until after
meiosis has been completed (Gold et al., 1983).
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Not all testis derived gene products are subject to
translational regulation; e.g. proacrosin (Kashiwabara
et al., 1990), hsp-70.2 (Zakeri et al., 1988) and the
rat male germ cell specific gene RT7 (Van der Hoorn et
al., 1990).
1.3.8. Sequence Elements that give Rise to
Translational Regulation.

Movement of stored transcripts from the non-polysomal
to the polysomal fraction of the cell has been shown
to be accompanied by a marked shortening of the poly-A
tail (Johnson et al., 1988, Kleene & Flynn, 1987,
Gedamu et al., 1977). For example, mouse TP-1 and -2
and mPl and mP2 are translationally inactive in round
spermatids as non-polysomal mRNP's with poly-A tracts
of approximately 150 base pairs. In elongating
spermatids, some of the mRNA poly-A tracts become
shortened to give a heterogenous population of
transcripts with the length of the tail varying
between 30-150 base pairs. These then become
translationally active as they associate with the
polysomes (Kleene, 1989).
1.3.9. Storage of Translationally Regulated
Products.

It has long been established that the majority of
mouse TP-1, P-l and P-2 transcripts are inactivated
and stored as ribonuclear protein particles, RNP1s,
prior to translation (Kleene et al., 1984, Yelick et
al., 1989; reviewed by Hecht, 1990). Although it has
been suggested that mRNA association with the
chromatoid body may play a role in translational
regulation (reviewed by Parvinen et al., 1986;
Parvinen & Parvinen, 1979) , it has more recently been
shown
that translationally
inactive
TP-1
and
protamine-1 mRNA is distributed throughout the
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cytoplasm
of
the
spermatid
and
is
not
compartmentalised (Morales et al,, 1991). Specific
associations
of
these
transcripts
with
the
cytoskeleton may however function to modulate
translational activity during spermiogenesis.
1.3.10. Modulation of Testicular Gene Activity.

Modulation of gene activity is achieved in a number
of ways in the testis including changes in the
methylation pattern of genes, alternative splicing and
the use of alternative promoters or polyadenylation
sites. A brief discussion of these mechanisms with
specific examples of how each has been shown to
regulate the expression of genes in the testis will
follow.
1.3.10.1. Methylation Patterns of Genes
Differentially Expressed During
Spermatogenesis.

The transcriptional control of a variety of genes
has been shown to be effected through changes in the
methylation status of the cytosine residue in the
dinucleotide sequence 5'CpG 3' such that methylation
accompanies transcriptional inactivation of genes
(Cedar, 1988).
In an attempt to assess whether this regulatory
mechanism was involved in differential gene expression
in the testis, Trasler and colleagues compared the
methylation patterns of several spermatogenesis
specific genes, TP-1, mPl and mP2 in the testis and in
the spleen (Trasler et al., 1990). This revealed not
only that the TP-1 gene was less methylated in the
testis when compared to the spleen but also that the
amount
of
methylation
decreased
during
spermatogenesis. Therefore it was concluded that
methylation of the TP-1 gene followed a pattern
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expected if this gene was to be expressed only in late
spermatogenesis. In contrast, the mPl and mP2 genes
became more methylated as spermatogenesis progressed
leading to the conclusion that the methylation status
of the mouse protamine genes was unlikely to be
related to their transcriptional activity.
Further conflicting data has also emerged from the
analysis of the methylation status of other genes. For
example, PGK-2 shows a pattern of methylation that
parallels the expression pattern of the gene during
spermatogenesis (Ariel et al., 1991) whereas the LDH-C
gene remains methylated throughout spermatogenesis
despite a regulated pattern of gene expression
(Alcivar et al., 1991).
1.3.10.2. Alternative Mechanisms of Gene Regulation.

Alternative mechanisms of testis gene regulation
include alternative splicing and the use of
alternative promoters or polyadenylation sites.
Examples of transcripts which are synthesised using
these mechanisms are described in section 1.3.5.,
therefore a summary of sequence motifs that might
bring about these patterns of expression will follow.
In many genes the first two mechanisms are used
simultaneously and will not be discussed separately.
A more detailed discussion of the mechanism of
alternative splicing can be found in section 1.4 and
is reviewed by Latchman, 1990.
1.3.10.2.1. Sequence Motifs that Modulate Gene
Regulation Through the use of
Alternative Promoters and Alternative
Splicing.

These mechanisms of gene regulation are thought to
have originated to express genes that can fulfil the
function of somatic cell proteins in the unique
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environment of the testis. This might therefore imply
the need for testis specific transcription factors and
promoter sequences that confer not only tissue but
also germ cell specific expression. To date, analysis
of promoter sequences has largely focused on mouse
transition proteins and protamine genes as these are
some of the most well characterised.
Whilst numerous sequence elements are conserved
between the haploid expressed protamine genes in the
mouse (summarised in Johnson, 1988), there is little
evidence of individual elements that bring about germ
cell specific transcription. Thus, it has been shown
that 859 bp of mP-2 5'UTR sequences are sufficient to
direct transcription in round spermatids (Peschon et
al., 1987, Stewart et al., 1988). More recently,
analysis of PGK-2 promoter sequences has revealed that
in addition to the core promoter, tissue specific
promoter elements exist. Using DNA mobility shift
assays it has been shown that PGK-2 transcription may
be brought about by the action of proteins designated
E-l and E2 which bound to overlapping elements with the
sequence CCTAGCAACACAGTTCA extending from nucleotide 142 to -125. These proteins are thought to occur
specifically in germ cells at the later stages of
spermatogenesis coinciding with the appearance of PGK2 mRNA (Gebara & McCarrey, 1992).
In addition to these positive transcription elements
it
has
been
postulated
that
post-meiotic
transcriptional regulation of gene expression may be
brought about by repression of mRNA synthesis prior to
the appropriate stage (Johnson et al., 1988; Bunick et
al., 1990) . In this respect, it has been proposed that
PGK-2 synthesis is suppressed in somatic cells and
early germ cells by the binding of a negative
regulatory protein designated E4, to an 18bp motif
with the sequence TCAGATCCGAGATTGACAG, extending from
nucleotide -127 to -110 (Gebara & McCarrey, 1992).
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1.3.10.2.2.

Sequence Motifs that Modulate Gene
Activity Through the Use of Alternative
3 1 UTR Sequences•

The proposed temporal control of gene expression by
sequence motifs in the 3' UTR of haploid expressed
genes has been confirmed with the use of transgenic
mice containing human growth hormone (hGH) gene
constructs under the control of mPl 51 UTR sequences.
As translation at the correct stage of germ cell
development occurred only when the construct contained
mPl 31 UTR sequences it was concluded that mPl 31
sequences stabilised the mRNA and in doing so delayed
translation until late spermiogenesis (Braun et al.,
1989a; 1989b).
Further to this, it has been shown that 3 elements
contained within the 31 region designated Y (sequence
CTGAGCCCTGAGCTGCCA), H (sequence GCCACGAGATCTGC) and
Z (sequence AAAGCCACCTGCC) are highly conserved
between both transition protein and protamine genes in
a range of mammalian species (Kwon & Hecht, 1991). To
the Y element an 18kDa protein present in testicular
cytoplasmic extracts has been shown to bind. It is
postulated that this and other as yet undefined
interactions will control translational regulation
dur ing spermatogenes is.
1.3.11. Protein Sorting.

Analysis of the sub-cellular localisation of mPlhGH-hGH 3' and mPl-hGH-mPl 3' transgene products in
developing spermatids has revealed that the former was
translated in step 3-4 round spermatids and was
targeted to the acrosome (Braun et al. , 1989b) . As hGH
is a secretory protein synthesised in the pituitary,
it was suggested that in the testis, the acrosome
represents a secretory vesicle in which proteins are
stored until their release on the initiation of the
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acrosome reaction (Wassarman, 1987). In contrast,
translation of the mPl-hGH-mPl 3' transgene did not
occur until step 12 of spermatid development and the
protein product failed to enter the acrosome (Braun et
al., 1989b). This may be due to the non-function of
the protein targeting system in spermatids at this
stage which implies that the sorting of acrosomal
proteins is usually completed before step 12.
1.4. Splicing and its Possible Involvement in Testis
Specific Gene Expression.

The process of alternative splicing is potentially
important in the differential expression of genes in
the testis (discussed in section 1.3.5.) often giving
rise to testis specific transcripts. Therefore a brief
discussion of the mechanism of alternative splicing
and the occurrence of tissue specific factors which
may make this process important in testis specific
gene expression follows.
Splicing of pre-mRNA involves the removal of introns
from the precursor message to form the mature mRNA. It
requires an interaction between different cellular
factors and a recognition signal in the precursor RNA
molecule. The cellular factors involved are the small
nuclear ribonucleoprotein particles (snRNPs). In turn
these are composed of one member of the family of
uracil rich small nuclear RNA (snRNA) molecules (U1 to
U6) and approximately 10 different snRNP proteins.
1.4.1.1. Splicing.

In forming snRNP particles, individual snRNA
molecules associate with approximately 10 different
proteins some of which are common to all nucleoplasmic
snRNP's and some of which are specific to one snRNP
(Hinterberger et al., 1983). The role they perform in
splicing of pre-mRNA has been elucidated for some
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snRNP's, but the function of others remains unknown.
For example, purified U1 snRNP can bind to the 5'
splice site sequences in RNA (Tatei et al., 1984), U2
snRNP binds to the branchpoint sequences (Black et
al., 1985) and what is possibly U5 snRNP interacts
with the 3' splice site sequences (Chabot et al.,
1985).
Briefly, the current hypothetical model for the
mechanism of splicing involves the binding of U1 and
U5 snRNP complexes to their respective homologous 5'
and 31 sequences at intron-exon junctions and the
binding of heterogenous nuclear RNP proteins (hnRNP)
at unspecified locations in the intron. The function
of these proteins is not known but they appear to be
required for splicing to proceed (Krainer & Maniatis,
1985). This is followed by the binding of U2 snRNP to
the branch site and cleavage at the 5' splice site
resulting in the formation of a lariat structure. The
final step involves cleavage at the 3' splice site and
exon ligation releasing the intron as a lariat
structure with the snRNP particles still attached
(Ruskin et al., 1984) . Although both U4 and U6 snRNP's
are required for splicing there is no evidence to
suggest they base pair with the precursor RNA (Black
& Steitz, 1986).
1.4.1.2. Alternative Splicing.

Alternative splicing is a mechanism by which one
primary transcript is processed to give alternative
mRNAs encoding specific proteins. This has been shown
to occur in a variety of situations for example, sex
determination in Drosophila has been shown to be
controlled by alternative splicing in the hierarchy of
genes in males and females (Baker, 1989) and it has
also been shown to regulate the synthesis of different
forms of the major sacomeric muscle proteins
(Nabeshima et al., 1984).
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There has been much evidence to suggest the
existence of tissue specific factors that in some way
influence the usual splice machinery of the cell
although, there is little direct evidence. From this
data
it istherefore possible to
envisage a
hypothetical mechanism by which tissue specific
splicing events may occur. For example, it has been
shown that in Xenopus there are forms of U1 and U4
snRNA that are expressed in the early embryo only.
Also in the mouse there has been shown to be a variant
of U1 (called Ulb) expressed in the embryo and in
adult tissues that retain a high proportion of stem
cells and are therefore capable of differentiating
further. Direct evidence to suggest how these variants
associate with the normal splice machinery has not yet
been presented.
Gene expression in the testis has been shown to
result in the production of many tissue specific
transcripts. Some of these are thought to be generated
by alternative splicing events, for example, the
opioid
precursor
polypeptides
prodynorphin,
proenkephalin (Garrett et al., 1989), and POMC (Chen
et al., 1986), the testis specific tyrosine kinase,
ferT (Keschet et al., 1990) and the oncogene c-abl
(Ponzetto & Wolgemuth, 1984). In view of the essential
role played by U1 snRNA in the splicing of mRNA, it is
possible that a tissue specific form of U1 might play
an important role in alternative splicing in the
testis.
1.4.2. Ulb Expression in the Mouse.

In contrast to the constitutive expression of most
snRNAs, the mouse contains 2 different variants of U1
(Marzluff et al., 1983). Ula is expressed in all
tissues of the adult animal and Ulb present at high
levels in the testis only and at lower levels in the
tissues which retain a stem cell population (Lund et
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al., 1985). No other mammalian species has yet been
shown to express this U1 variant.
1.4.2.1. Expression of Ulb snRNA During Mouse
Development.

Lund studied changes in the relative amounts of Ulb
present in different tissues after fertilisation (Lund
et al., 1985). In liver and brain the level of Ulb
decreased continuously from day 13 after fertilisation
until at 1-2 weeks after birth when it was almost
undetectable. In the testis however, after the initial
decline observed in other tissues, the levels began to
rise around birth so that in the testes of 4-6 week
old mice Ulb accounts for 50% of the total (Ula + Ulb)
U1 RNA. They suggested that this pattern was
consistent with Ulb expression in pre-spermatid germ
cells as these showed similar changes in number during
this period.
Theories as to how this developmental regulation may
be brought about will be discussed with relation to
the promoter in the chapter 5.
1.4.2.2. Sequence Variation in Ul Genes.

Both Ula and Ulb genes have been sequenced and found
to differ in 3 sections of the coding region (Lund et
al., 1985, Marzluff et al., 1983), the heptamer
(ACCU3G) in Ulb replaces CACUCCG in Ula at positions
69-75, the oligonucleotide at position 58-68 differs
between Ula and Ulb and the ATG sequence in Ula at
position 78-80 is not present in Ulb. Mount and Steitz
have suggested a stem-loop secondary structure for
mouse Ula which may be involved in the snRNA's role in
splicing (Mount & Steitz, 1981). The nucleotide
changes observed in Ulb may result in an alternative
structure of one of the three stem-loops postulated
(stem-loop B) around residue A70. This nucleotide is
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methylated in Ula but not in Ulb (Lund et al., 1985).
It is possible that this may result in an alteration
of the protein-RNA interactions involved within the
snRNP molecule resulting in tissue specific splicing
events (Bach et al., 1990).
1.4.2.3. Promoter Elements of the Ul snRNA Gene.

Analysis of the functional elements of the Ul
promoter has shown that between 150 bp-250 bp of
upstream sequence is required for the accurate
transcription of the gene (Moussa et al., 1985,
Skuzeski et al., 1984). This region has been shown to
contain 5 elements that affect the efficiency and/or
the accuracy of transcription (called elements A-E)
(Skuzeski et al., 1984).
Although the Ul snRNA genes are transcribed by RNA
polymerase II (Murphy et al., 1982), their promoters
contain no TATA box. Instead, it is replaced by the
proximal sequence element, PSE (Skuzeski et al., 1984)
also called element B. This is positioned 80 to 50
nucleotides upstream of the transcriptional start site
rather than 30 to 60 nucleotides as the TATA box of
other RNA polymerase II transcripts are. The primary
function of the PSE is to determine the level of
transcription and also to fix the exact position of
the transcriptional start site.
The other element important in determining the level
of transcription from the promoters of snRNA genes is
the distal sequence element, DSE, (also called element
D) . This is positioned 220-250 nucleotides upstream
from the transcriptional start site and functions as
an enhancer. Hence, it will function in a position and
orientation independent fashion to increase the level
of transcription (although the snRNA enhancer will not
function when placed too far upstream or downstream of
the coding sequence).
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Elements A, C and E are not the primary determinants
of the level of transcription, they enhance the level
set by elements B and D. Element A at position -50 to
-8 functions to increase the efficiency and accuracy
of initiation, element C (-129) increases the
efficiency of transcription from element B and element
E
(-393 to -335)
has no direct affect on
transcriptional activity but increases the ability of
the gene to compete with other snRNA genes.
1.4.2.4. Factors Which Bind to the Ul Promoter
Sequences.

In an attempt to understand the function of these
promoter elements more fully, Gunderson and colleagues
have used computer searches to identify consensus
sequences for transcription factor binding sites and
DNA footprinting studies to analyze the protein
binding to these sites (Gunderson et al., 1988). In
this work they obtained footprints over elements B, D,
A and E. The B element contained possible sites for
the Spl transcription factor (Briggs et al., 1986),
the enhancer core transcription factor (Weiher et al.,
1983),
major late transcription factor
(MLTF)
(Sawadogo & Roeder,
1985) and a Ul specific
transcription factor. As all these sites overlap or
are contiguous it is not possible to assign the
footprint to a particular site and transcription
factor in this region.
The footprint over element D encompasses possible
sites for the octamer binding protein (Falkner et al.,
1986) and activator protein 1 (API) (Lee et al.,
1987) .
The chicken Ul enhancer region has been shown to be
composed of an octamer and GC box which bind Oct-1 and
Spl transcription factors respectively (Kadonaga et
al., 1986; Sturm et al., 1988). Also, more recent data
(Roebuck et al., 1990) has shown the existence of
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another transcription factor SBF (SPH motif binding
factor), which has a binding site, the SPH site (for
Sph I postoctamer homology) adjacent to these
elements. This work suggests that Oct-1 does not
function alone to directly stimulate transcription but
facilitates the stable binding of transcription
factors such as Spl and SBF to adjacent motifs.
In conclusion, although much preliminary evidence
suggests the existence of transcription factor binding
sites and in some cases the binding of the appropriate
factors, the exact function of these interactions in
the regulation of gene expression is largely unknown.
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1.5. AIMS OF RESEARCH
The primary aim of this thesis was to clone and
characterise genes involved in the post-meiotic
development of spermatids. To this end, a cDNA clone
designated pHT2 was isolated from a human testis
library and shown to exhibit a highly restricted
pattern of tissue specific gene expression. Data
presented in this thesis attempts to characterise this
clone further.
Analysis of the pHT2 clone focused at three separate
levels; at the level of the gene, the mRNA and the
protein. Cell specific expression of this gene during
the spermatogenic cycle was assessed and attempts were
made to correlate this with the temporal and spatial
appearance of the protein. In parallel with this, the
functional significance of the gene was estimated
through
a
demonstration
of
its
phylogenetic
conservation.
To address the question of how genes differentially
expressed in the testis are regulated, a study was
carried out also of the testis specific Ulb snRNA
gene. The results revealed the potential importance of
the octamer motif contained within the promoter
sequence to regulate differential transcriptional
activity of this gene when compared to the somatic
cell counterpart, Ula.
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CHAPTER 2
MATERIALS AMD METHODS
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2.1. MATERIALS
2.1.1. Animals.

A breeding nucleus of Sprague-Dawley rats were
obtained from Bantin & Kingman Ltd. (Grimston,
Aldbrough, Hull, H U H 4QE) and subsequently were
maintained at the Institute of Zoology.
CBA/Ca Black mice were obtained from Bantin and
Kingman Ltd. (Grimston Aldbrough, Hull H U H 4QE) and
were maintained at the Institute of Zoology.
Adult Balb/C mice were maintained in the animal
house at University College and Middlesex Hospital
Medical School (U.C.M.H.M.S.).
All rodents were maintained on a 12:12 hours
light:dark cycle.
2.1.2. Bacteria.

Y1089 - E.coli, lacU169, supOE, sup F, hsdR-,
hsdM+, metB, trpR, tonA21, proC::Tn5(pMC
9) .
Y1090 - E.coli, lacU169, proA+, Ion, araD139, strA,
supF (trpC22: :TnlO) (pMC9).
JM101 - E.coli, lacpro, thi, supE, F*traD36, proAB,
laclqz M105.
JM101 stock bacteria were maintained on minimal media
plates at 4°C. Y1089 and Y1090 were maintained on LB
agar plates containing ampicillin (50 /xg/ml) also at
4°C.
2.1.3. Cell Lines.

C127 mouse fibroblasts (Lowy et al., 1978) were
obtained from Dr. J. Roscoe, U.C.M.H.M.S. and C1300
mouse neuroblastoma cell lines (Augusti-Tocco & Sato,
1969) were obtained from the American Culture Type
Collection.
These were grown respectively
in
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Dulbecco's modified Eagle's medium (DMEM) or Roswell
Park Memorial Institute (RPMI) 1640 medium, both of
which were supplemented with 10% (v/v) foetal calf
serum.
2.1.4. DMA.

Adult human testis Agtll cDNA library - Clontech,
U.S.A.
Mouse a-actin cDNA - obtained from Dr. Aviva Symes,
Medical Molecular Biology unit, U.C.M.H.M.S.,
London.
SGP 2 cDNA - Gift of Dr. M.Griswold, Washington
State University.
Zoo Southern Blot - Clontech, U.S.A.
Human male and female DNA - obtained from Dr.
Baljinder Mankoo, Molecular Psychiatry,
U.C.M.H.M.S., London.
Vectors:
Bluescript sk+ - obtained from Dr. Mukesh Patel,
Medical Molecular Biology Unit, U.C.M.H.M.S.,
London.
pUC 1813 - obtained from Dr. R. Kay and Dr. J.
McPherson, Washington State University, (Kay &
McPherson, 1987).
pBL2 CAT - obtained from Dr. B Lucknow & Dr. G.
Schutz, Institut fur Zell und Tumorbiologie,
Heidelberg, (Lucknow & Schutz, 1987).
M13 mpl8 and 19 - Boehringer Mannheim Corporation
Ltd., U.K.
2.1.5. Enzymes.

All restriction endonucleases, T4 DNA ligase,
ribonuclease inhibitor (RNAsin), T3 polymerase, T4
polynucleotide kinase and DNA polymerase Klenow
fragment - obtained from NBL.
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Proteinase K and T7 polymerase - obtained from
Gibco/BRL.
Ribonuclease A - obtained from Boehringer Mannheim
Corporation Ltd., U.K.
Chloramphenicol acetyl transferase - Sigma chemical
company.
2.1.6. Radiochemicals.

Radiochemicals were purchased from New England
Nuclear Inc., Boston, U.S.A. These were [a-32P] dCTP
(3000 Ci/mmol), [a-32P] CTP (3000 Ci/mol), [y-32P] ATP
(3000 Ci/mmol), [a-35S] dATP (800-1500 Ci/mmol) and [a35S] CTP (800-1500 Ci/mmol).
2.1.7. Other Materials & Reagents.

Sequenase kits - United States Biochemicals, obtained
through Cambridge bioscience U.K.
Nylon and nitrocellulose filters - (Hybond N or C)
Amersham International, U.K.
Thin layer chromatography (TLC) plates - Camlab, U.K.
X-ray film - X-omat AR (Kodak, U.K.) or Fuji RX film
(Fuji Photofilm Co., U.K.)
Polaroid 667 film - Polaroid, U.K.
Ilford K5 emulsion, Ilfospeed paper developer, fixer
and microphen film developer - Ilford scientific
products, U.K
D19 developer - Kodak, U.K.
Sequagel concentrate, Sequagel diluent and Protogel
acrylamide - National Diagnostics, Bucks. U.K.
B.C.A. Protein Assay Kit - Pierce Co. U.S.A.
Geneclean Kit - Bio 101 Inc., California.
Swine
anti-rabbit
and
rabbit
peroxidase
antiperoxidase immunoglobulins - Dako Ltd, Bucks, U.K.
Bacterial growth media - Difco Laboratories, U.K.
GeneAmp PCR reagent kit - Perkin Elmer Cetus.
All deoxyribonucleotides and ribonucleotides
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Pharmacia LKB.
Tissue culture media, sera and plasticware
Gibco/BRL, U.K.
0.22 /zm and 0.45 /m nalgene filters - Millipore, U.K.
NAP25 columns - Pharmacia LKB.
All other chemicals, solvents and materials were
obtained from one of the following: Sigma chemical
company,
British Drug House
(BDH)
or Fisons
Laboratories.
2.1.8. Equilibration of Phenol.

Phenol was equilibrated before use as described by
Sambrook et al., (1989). Briefly, phenol was melted
and mixed with an equal volume of 0.5 M Tris.Cl pH
8.0. following which hydroquinoline was added to a
final concentration of 0.1% (w/v) . When the two phases
had been separated, the upper (aqueous) phase was
aspirated. This process was repeated two or three
times until the pH of the phenol was greater than 7.8.
After the final aqueous phase had been removed, 0.1
volumes of 0.1 M Tris.Cl pH 8.0 containing 0.2% Bmercaptoethanol was added to the equilibrated phenol.
This was stored at 4°C for up to 4 weeks before use.
Equal parts phenol and chloroform:isoamyl alcohol
(24:1) were used to remove proteins from nucleic acid
preparations.
2.1.9. Buffers, Solutions and Growth Media.

The following general solutions were used. Solutions
specific to a particular method are described in the
appropriate section.
L-broth (LB) -1% (w/v) bactotryptone, 0.5% (w/v)
bacto yeast extract, 1% NaCl in H20 and adjusted to pH
7.2 with NaOH.
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Agar and top agarose were prepared from this by the
addition of 1.5% (w/v) bacto-agar or 0.7% (w/v)
ultrapure agarose respectively.
M9 salts - 0.6% (w/v) NaHP04, 0.3% (w/v) KH2P04, 0.1%
(w/v) NH4C1 and 0.05% (w/v) NaCl.
Minimal media - to M9 salts add 1.5% (w/v) bactoagar.
H-broth - 1% (w/v) bactotryptone, 0.8% (w/v) NaCl.
H-Agar and H-top agar were prepared from the this by
the addition of 1.2% or 0.8% (w/v) bacto-agar
respectively.
lOOx Denhardt's solution - 2% (w/v) polyvinyl
pyrolidine 360,000, 2% (w/v) BSA and 2% (w/v) Ficoll
400,000.
Solution sterilized through 0.22 /xm nalgene filter
and stored at -20°C.
Phosphate buffered saline (PBS) - 135 mM NaCl, 27 mM
KCl, 10 mM Na2HP04, 15 mM KH2P04 in H20.
2Ox SSC - 3 M NaCl and 300 mM trisodium citrate.
TE (pH 7.5) - 10 mM Tris-HCl (pH 7.5) and 1 mM EDTA
(pH 8.0).
Tris-borate electrophoresis buffer (TBE) - 100 mM
Tris.Cl pH 8.3, 100 mM boric acid, 2 mM EDTA.
Tris-acetate elctrophoresis buffer (TAE) - 40 mM
Tris.Cl, 1 mM EDTA (adjusted to pH 8.0 with glacial
acetic acid).
All solutions were sterilized by autoclaving at 15
lb/sq.in. liquid cycle unless otherwise stated.
2.1.10. Antibody Production.

Antipeptide antibodies were raised in rabbits by Dr.
C. Smith, Regal Rabbits, Great Bookham, Surrey as
described in section 2.2.3.2.
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2.1.11. Tissue Sections.

All
tissue
sections
were
prepared
by
the
histopathology department at the Royal Free Hospital,
London. Haematoxylin and eosin staining of sections
not used for in situ hybridisation was also carried
out by this department.
2.1.12. Oligonucleotides and Peptides.

Complementary pairs of oligonucleotides containing
the Ula, Ulb, U4 octamer sequences and single
oligonucleotides complementary to pHT2 or Agtll
sequences were synthesised on an Applied Biosystems
model 381A oligonucleotide synthesizer. Ula, Ulb and
U4 oligonucleotides were synthesised such that the
double-stranded molecule would have a 5' GATC single
stand extension on either end to facilitate cloning.
Agtll oligonucleotides were synthesised with terminal
Eco R1 sites also to facilitate cloning.
Sequence:
Ula 5' GAT CCA TGT AGA TGA 3'
Ulb 5' GAT CCA TGC AGA TGA 3'
U4
5' GAT CCA TGT AAA TCA 3'
Sequence
450 B
5262 A
650 2
Agtll 1
Agtll 2

ofprimersused for DNAsequencing and PCR:
5' TTG GGA ACG TTG CAA TGA 3'
5' TCT CTC TCT TTC CTC AAT 3'
5' ACT GGT TGT CAG ATT GTT 3'
5' GAA TTC GGT GGC GAC GAC TCC TGG 3'
5' GAA TTC CAG ACC AAC TGG TAA TGG 3'

Peptides were synthesised by Dr. G. Wallis, London
School of Hygiene and Tropical Medicine, London. Both
were synthesised with a terminal cysteine residue to
enable coupling to a carrier molecule.
Peptide Sequences:
pHTpepl
Q D T R L H F I S C
pHTpep3
C A R Y K A P F H Q
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2.2. METHODS

All solutions were prepared using double distilled
de-ionised water and autoclaved for 20 minutes at 15
lb/sq.in. liquid cycle except where stated. Particular
care was taken when preparing and using RNA; all
solutions were made with 0.1% diethyl pyrocarbonate
(DEPC) treated water and all glassware was baked at
180°C overnight (except where otherwise indicated).
All procedures involving manipulation of bacteria and
tissue culture cells with recombinant vector were
performed under conditions of good microbiological
practice.
2.2.1.

DNA

2.2.1.1. Screening Agt 11 Libraries, Determination
of Phage Titre and Lysogen Production.

i) Screening of A. libraries with radiolabelled DNA
probes.

The method of Benton and Davies (1977) was employed
without modification. The selection of a homogeneous
population of positive plaques was achieved by
successive rounds of rescreening and sib selection on
90mm plates.
ii) Determination of Phage Titre.
Phage titres were established by plating out
dilution series on 90mm LB agar plates. Alternatively,
to process large numbers, a rapid method was used in
which a layer of 0.7% (w/v) agarose containing Y1090
bacteria was poured onto the agar base and allowed to
set. Aliquots (5/il) of each phage dilution were
spotted onto each plate in a grid array and incubated
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overnight at 42°C.

iii) Induction of Recombinant Lysogens.
Lysogens from positive recombinant Agt 11 clones
were prepared according to Sambrook et al., (1989).
2.2.1.2. Plasmid Preparations.

i) Large Scale PEG Precipitation Preparation.
Bacteria were grown to saturation overnight in an
orbital shaker in 400 ml L-broth containing ampicillin
(50 /xg/ml in water, sterilized by passage through a
0.22 jitm nalgene filter). The bacteria were sedimented
at 7000 rpm for 10 minutes at 4°C in a Beckman JA10
rotor and the pellet resuspended in 4 ml ice cold 50
mM Tris.Cl (pH 8.0) containing 25% (w/v) sucrose.
Freshly prepared lysozyme was added to a final
concentration of 1 mg/ml and the cells allowed to lyse
whilst incubating on ice for 15 minutes. The solution
was made 10 mM with respect to EDTA and after a
further 15 minute incubation on ice, 0.5 volumes of
Triton lysis buffer (150 mM Tris.Cl pH 8.0 containing
375 mM EDTA, 3% (v/v) Triton X-100) was added. After
incubation for a further 30 minutes on ice, the cell
debris was removed by centrifugation at 18,000 rpm for
60 minutes in a Beckman JA20 rotor. The supernatant
was removed and NaCl added to a final concentration of
0.5 M before phenol:chloroform and chloroform
extractions were performed to extract the DNA. Nucleic
acid was then precipitated overnight at 4°C with 10%
(w/v) PEG 6000. DNA was pelleted at 12,000 rpm for 20
minutes (4°C) in a Beckman JA20 rotor and resuspended
in 500 jitl 0.1 M Tris.Cl (pH 8.0). RNA was removed by
treatment with 0.2 mg/ml RNAse A (previously heated to
100°C for 10 minutes to inactivate DNAse) for 30
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minutes at 37°C. DNA was reprecipitated with an equal
volume PEG buffer (10 mM Tris.Cl pH8.0 containing 1 mM
EDTA, 1 M NaCl and 20% (w/v) PEG 6000) for 1 hour on
ice and then collected by centrifugation in a
microfuge for 10 minutes before redissolving in 400 /il
10 mM Tris.Cl pH 8.0 containing 0.5 M NaCl. DNA was
then
sequentially
extracted
with
phenol,
phenol:chloroform and chloroform prior to ethanol
precipitation. On recovery, the DNA was resuspended in
an appropriate volume of water and its concentration
determined spectrophotometrically.
ii) Small Scale Alkaline Lysis Plasmid Preparation.
Briefly, for small scale plasmid preparations, 10 ml
bacterial cultures were grown to saturation overnight
according to the method of Grosveld et al.,(1981). The
cells were pelleted by centrifugation at 7,000 rpm for
10 minutes in a Beckman JA20 rotor. These were
resuspended in GTE buffer (25 mM Tris.Cl pH 8.0
containing 50 mM glucose and 10 mM EDTA) and then
lysed with freshly prepared 0.2 M NaOH/1% (w/v) SDS.
After addition of 3 M potassium acetate pH 4.8 the
nucleic acid was collected by centrifugation in a
microfuge for 10 minutes. The DNA was precipitated by
addition of 0.6 volumes iso-propanol and incubated at
-20°C for 30 minutes. The precipitate was collected by
a further 10 minute centrifugation and the pellet
washed with 70% ethanol, dried and then resuspended in
200 fj.1 TE. DNAse free RNAse A was added to
a
concentration of 40 /xg/ml and incubated at 37°C for 30
minutes.
Plasmid
DNA
was
then
purified
by
phenol:chloroform extraction and ethanol precipitation
prior to finally resuspending the DNA in water.
2.2.1.3. Restriction Endonuclease Digestion.

Restriction endonuclease digestions were carried
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out according to the manufacturers instructions in the
appropriate buffer supplied by the manufacturer at
37°C for 1 hour.
2.2.1.4. Gel Electrophoresis of DNA.

i) Non denaturing Agarose Gel Electrophoresis.
DNA fragments were analysed by separation on
horizontal agarose minigels. The gels were prepared
from between 0.7% to 1.0% electrophoresis grade
agarose in lx TBE (depending on the size of the
fragment to be separated) as described by Sambrook et
al., (1989) . Where the DNA was to be used for cloning,
gels were prepared using low melting point agarose and
electrophoresis carried out in lx TAE. Prior to
loading 0.1 volumes, 6x loading dye (0.25% bromophenol
blue, 15% ficoll 400) was added to the DNA samples.
The gels were run at 5-20 V/cm for 60 minutes. The DNA
was visualized on an ultraviolet transilluminator
(wavelength 254nm) and photographed using polaroid 667
film through an orange filter.
ii) Denaturing Polyacrylamide Gel Electrophoresis.
DNA sequence reactions were run on a 6% denaturing
polyacrylamide gel. These were prepared from pre-made
sequa-gel acrylamide solutions using 33 ml sequagel
diluent, 12 ml sequagel concentrate and 5 ml lOx TBE
polymerised with 220 /zl 25% ammonium persulphate (APS)
and 12 jtil N,N,N',N 1-tetramethy1-ethylene diamine
(TEMED) . The samples were electrophoresed and the gels
fixed and dried as described in the 1Sequenase'
Version 2.0 manufacturers instructions.
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2.2•1•5• Southern Blotting•

i) DNA Transfer.
The transfer of DNA from agarose gels to nylon
membranes was carried out as described by Sambrook et
al., (1989) . DNA was fixed to Hybond-N membranes by UV
illumination (254 nm) for 3-5 minutes with the DNA
nearest to the light source.
ii) Hybridisation of Southern Blots.
The membranes were pre-hybridised (in Hybaid bottles
in a Hybaid oven) for a minimum of 2 hours in
prehybridisation buffer [0.01 M EDTA, 6x SSC, 5x
Denhardt's, 0.1% SDS, 10% (w/v) dextran sulphate and
100 ng/ml salmon sperm DNA (denatured by heating to
100°C for 5 minutes)] at 65°C. Filters were transferred
to hybridisation buffer (as pre-hybridisation buffer
omitting the EDTA)
containing sufficient heat
denatured probe at a final activity of aproximately
106 cpm/ml and were hybridised overnight at 65°C (also
in Hybaid bottles in a Hybaid oven). The stringency
and number of subsequent washes were determined by the
level of the activity left on the filter as monitored
by a Geiger Muller counter. The stringencies of the
washes were increased by reducing the concentration of
SSC: a typical high stringency wash was O.lx SSC, 0.1%
SDS at 65°C for 30 minutes. The filters were then
wrapped in Saran Wrap whilst still damp and exposed to
film at -70°C for varying lengths of time.
2.2.1.6. Isolation of DNA Fragments.
DNA fragments were excised from low melting point
gels under ultraviolet transillumination. Care was
taken to minimize the time the DNA was exposed to UV
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irradiation to minimize UV mediated damage. DNA was
recovered from agarose using the Geneclean glass milk
extraction procedure according to the manufacturers
instructions.
2.2.1.7. Construction and Selection of Recombinant
Plasmids.

i) Preparation of Vector DNA.
Plasmids were digested with the appropriate
restriction enzymes as described and the degree of
digestion monitored by running an aliquot on an
agarose gel. The remaining DNA was extracted with
phenol:chloroform and precipitated with ethanol to
concentrate the sample. Where necessary DNA was
dephosphorylated to increase the efficiency of
ligation and this was performed using calf intestinal
alkaline phosphatase according to the method of
Sambrook et al., (1989).
ii) Ligation of DNA Fragments and Plasmid Vectors.
The method of ligation depended on the way that the
insert DNA fragment was recovered:
1. Gel purified DNA fragments were combined with
vector DNA in a 5:1 molar ratio so that the total mass
of DNA did not exceed 200 ng in a final reaction
volume of 10 fil. Ligase buffer (5 mM Tris.Cl pH 7.8,
1 mM MgCl2 and 2 mM DTT) , ATP at a final concentration
of 1 mM and 10 units of T4 DNA ligase were added and
the reaction incubated overnight at 15°C.
2. 'In gel1 ligations were performed with DNA fragments
that had been excised from a low melting point agarose
gel. The gel slab containing the DNA was melted at
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65°C for approximately 10 minutes. A volume of molten
gel was added to the vector such that a 5:1 molar
ratio was maintained but the total mas^ of DNA did not
exceed 100 ng. The volume of the reaction was then
adjusted so that the concentration of agarose did not
exceed 0.2% (w/v) (Crouse et al., 1983). After
addition of ligation buffer and ATP to 1 mM, 100 units
of T4 DNA ligase were added and the reaction incubated
for a minimum of 5 hours at room temperature. The
ligation mixture was heated to 65°C immediately prior
to addition to competent cells.
iii) Preparation of E.coli Competent Cells and their
Transformation with Plasmid DNA.

JM101 competent cells were prepared by the calcium
phosphate method and transformed with half of the
ligation reaction mix as described by Sambrook et al.,
(1989).
iv) Selection of Recombinant Plasmids.
Since all the plasmids used in this work conferred
ampicillin resistance to the host cells,
the
transformed bacteria were plated onto LB agar plates
containing ampicillin (50 /zg/ml) .
Most of the
plasmids used in this study were constructed such that
a fragment of foreign DNA inserted into the multiple
cloning site would disrupt the protein coding region
of the 5* end of the lac Z gene. This resulted in the
failure of the plasmid to display a-complementation
activity of the lac Z gene product, B-galactosidase,
with the host bacterium. Lac+ bacteria form blue
colonies in the presence of 5-bromo-4-chloro-3indolyl-B-D-galactosidase
(X-gal)
but
bacterial
colonies containing recombinant plasmids have a white
appearance. Thus, the plates contained X-gal (800 ng)
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and an inducer of the lac Z gene, isopropylthio-B-Dgalactosidase, IPTG (1 mM) to facilitate the selection
of recombinant plasmids.
The pBL CAT2 plasmid was constructed without the lac
Z gene, displaying no blue/white selection properties.
It was therefore necessary to pick at least 96 white
colonies to determine the presence of an insert in the
plasmid.
In order to ensure that the putative positives
represented recombinants rather than recylised vector
DNA
which
had
lost
their
B-galactosidase
complementation activity by a deletion, putative
positive white colonies were subjected to in situ
hybridisation by protocol II described by Sambrook et
al., (1989). This is an adaption of the method by
Grunstein and Hogness (1975) . Briefly, putative
recombinant colonies were streaked onto nylon filters
placed
overlayed on L-agar plates
containing
ampicillin and allowed to grow overnight at 37°C. The
filters were removed and subsequently placed on 500 /j1
pools 0.5 M NaOH and then l M Tris.Cl pH 7.2 twice for
2 minutes each. Filters were washed in 0.5 M Tris.Cl
(pH 7.5)/l.5 M NaCl and the bacterial debris wiped
from the filter in 2x SSC. The DNA was fixed to the
filters by UV irradiation (254 nm) for 2-5 minutes
(with the DNA nearest the light source). The membranes
were prehybridised in hybaid bottles in a hybaid oven
for a minimum of 2 hours in 6x SSC and lx Denhardt's
reagent at 65°C. Thirty minutes before the addition of
radiolabelled probe, 100 /ug/ml of heat denatured,
fragmented salmon sperm DNA was added. Radiolabelled
cDNA probe was heat denatured at 100°C for 10 minutes
and added to the hybridisation buffer such that the
final activity was approximately 106 cpm/ml. The
filters were hybridised for a minimum of 12 hours
before an initial wash was carried out at a low
stringency of 2x SSC, 0.1% SDS for 30 minutes at 65°C.
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Subsequent stringency and number of washes were
determined by monitoring with a Geiger Muller counter.
The filters were then wrapped in Saran wrap whilst
damp and exposed to film for varying lengths of time
at -70°C.
2.2.1.8. Preparation of Recombinant M13 Plasmids and
Production of Single Stranded DMA.

Digestion and ligation of DNA fragments to double
stranded M13 mpl8 and mpl9 vectors was performed
exactly as decribed for plasmids. Transformation and
selection of recombinant phage was carried out
according to the Amersham sequencing manufacturers
instructions. Single stranded M13 DNA was subsequently
prepared also according to these instructions and half
of the product used in sequencing reactions as
described.
2.2.1.9. Radiolabelling of Double-Stranded DNA
Fragments.

i) Oligo-labelling of DMA Fragments.
Linear,
double-stranded
DNA
fragments
were
radiolabelled according to the
oligo-labelling
technique of Feinberg and Volgestein (1984) using [a32P]dCTP. The labelled probe was separated from
unincorporated nucleotides by centrifugation through
a 1 ml Sephadex G-50 spun column as described by
Sambrook et al., (1989) except that the Sephadex was
equilibrated in 2x SSC. The specific activity of the
radiolabelled DNA was determined by spotting 1 /Ltl of
probe directly onto a glass fibre disc and counting in
a liquid scintillation counter.
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ii) Kinase End Labelling of Fragments.
Oligonucleotides were end labelled with y_ATP using
T4 polynucleotide kinase by the procedure of Sambrook
et al., (1989).
2.2.1.10. DNA Sequencing.

This was performed according to the manufacturers
instructions using the fsequenase' kit supplied by
United States Biochemical Corporation. This procedure
is a modification of the chain termination method of
DNA sequencing originally described by Sanger et al.,
(1977) which utilizes the 'Sequenase' enzyme, a
modified form of T7 polymerase. For each reaction, 2-3
jitg double-stranded DNA from PEG precipitation
preparations was alkaline denatured as described in
the
'Sequenase'
manufacturers
instructions.
Alternatively PEG precipitated M13 single stranded DNA
was used in the sequencing protocol. The products of
the sequencing reactions were denatured and separated
on 6% polyacrylamide gels prior to the vizualisation
of the products by exposure to X-ray film.
2.2.1.11. DNA and Protein Sequence Analysis.

The DNA sequence analysis was performed using the
Wisconsin software package at Daresbury. The EMBL data
bank was used for the DNA sequence homology searches.
Protein sequence homologies were sought in the
National Biological Resource Foundation (NBRF) data
base.
2.2.2. RNA
2.2.2.1. Preparation of Total RNA.

Total RNA was isolated from tissues using a modified
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version of the guanidinium/CsCl method described by
Chirgwin et al., (1979). Tissues (up to 1 g) were
excised and placed immediately in liquid nitrogen
prior to grinding to a powder in a pestle and mortar
in liquid nitrogen. The powder was then added to 10 ml
lysis buffer (4 M guanidinium isothiocyanate, 0.1 M 13mercaptoethanol pH 5.0) and further homogenized with
a polytron probe (Ultra turrax T25, Janke & Kunkel IKA
Labortechnik) for 1-2 minutes. The homogenate was
over layered on a 3 ml cushion of 5.7 M CsCl, 0.1 M
EDTA pH 5.0 in Beckman SW40 polyallomer tubes and
centrifuged in a Beckman SW40 rotor at 33K rpm, 20°C
for a minimum of 12 hours. The supernatant was removed
by aspiration and the RNA pellet resuspended in a
total of 5 ml of 'RNA dissolving buffer1 (100 mM
Tris.Cl pH 7.4 containing 100 mM EDTA, 1% SDS).
Residual proteins were extracted with a 4:1 mixture of
chloroform and butan-l-ol, the organic phase was then
re-extracted with an equal volume of 'RNA dissolving
buffer' to ensure RNA recovery. The aqueous phases
from each extraction were combined and the RNA
recovered by the addition of ethanol followed by
sodium acetate pH 5.2 at -20°C overnight. RNA was
recovered by centrifugation in a Beckman JA20 rotor at
12K rpm, 4°C 10 minutes, vacuum dried and re
precipitation repeated as before. After recovery by
centrifugation the RNA was washed in 70% ethanol,
dried,
and
resuspended
in
sterile
H20.
The
concentration and purity
of nucleic acid was
determined spectrophotometrically at A260 anc* A280*
was aliquoted and stored at -70°C.
2.2.2.2. RNA electrophoresis.

Denaturing 1% agarose slab gels were prepared in lx
MEA buffer (20 mM MOPS, 1 mM EDTA, 5 mM sodium acetate
in H20 adjusted to pH 7.2 with NaOH) made 2.2 M with
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respect to formaldehyde before casting. RNA samples
were denatured by treating with sample buffer (lx MEA,
50% formamide, 2.5 M formaldehyde) and heating to 65°C
for 15 minutes prior to loading on this gel. After the
addition of 0.2 volumes 6x loading buffer (50%
glycerol, 1 mM EDTA, 0.4% bromophenol blue) RNA was
loaded and the gel run in lx MEA at 7-8 V/cm until the
bromophenol blue had migrated 100 mm from the wells.
An additional total RNA sample was loaded but removed
prior to blotting to be stained. This track was washed
in sterile H20 for 5 minutes and then rinsed 1-2
minutes in 2Ox SSC prior to staining in 2Ox SSC
containing ethidium bromide for 5 minutes at room
temperature. The prominent ribosomal RNA bands were
visualized by UV illumination.
2.2.2.3. Northern Blotting.

i) RNA Transfer.
The gels were blotted to Hybond N nylon membranes in
20x SSC as described by Sambrook et al., (1989). No
treatment of the gel prior to the transfer was
performed. The fixing of RNA to a hybond-N filter was
carried out by UV irradiation (254 nm) for 3-5 minutes
with the RNA nearest the light source.
ii) Hybridisation of Northern Blots.
Hybridisation of radiolabelled cDNA probes (with a
specific activity of 106 cpm/ml) to Hybond N membranes
was carried out at 42°C in buffers with the following
composition
according
to
the
manufacturers
recommendations with some modifications:
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Pre-hvbridisation
Solution
lx
Denhardt's
4x
SSC
SDS (w/v)
0 .1%
0.05 M
Phosphate buffer
(pH 6.5)
0.001 M
EDTA pH 7.0
Formamide (de-ionised)
Dextran sulphate
5%
Salmon sperm DNA
100 /xg/ml
(pre-boiled)
Yeast total RNA
Poly A

Hybridisation
lx
5x
0 .1%
0.05 M

50%
5%
500 /xg/ml
100 /xg/ml
10 /xg/ml

When hybridisation was carried out using 32P labelled
riboprobes (section 2.2.2.4.) membranes prehybridised
at 65°C in a buffer comprising; 60% formamide, 5x SSC,
5x Denhardt's, 20 mM phosphate buffer pH 6.8, 1% SDS,
100 /xg/ml salmon sperm DNA (heat denatured) , 100 /xg/ml
tRNA, 10 /xg/ml poly A. Hybridisation was performed for
approximately 15 hours in the same buffer with the
addition of 7% dextran sulphate.
The washing procedure is described for filters
hybridised with oligo-labelled probes, membranes
hybridised with riboprobes were treated in the same
way except washing was carried out at 65°C.
The initial washes following 12 hours hybridisation
were carried out twice for 15 minutes at 42°C in 2x
SSC, 0.1% SDS. These were followed by a series of
increasingly stringent washes at 55°C determined by
monitoring the activity of the filter with a Geiger
Muller counter as described for Southern blotting.
c) Stripping of Blots.
Northern and Southern blots were both stripped prior
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to re-hybridisation using O.lx SSC/0.1% SDS at 95°C
for a minimum of 2 hours.
2.2.2.4. Synthesis of Riboprobes.

The protocol for in vitro synthesis of radiolabelled
RNA probes was a modification of that described by
Melton et al., (1984). Both 35S labelled and 32P
labelled transcripts were synthesised.
Briefly, 35S labelled full length RNA transcripts of
high specific activity were synthesised in a 25 jul
reaction volume containing 1 fig of template DNA
(linearized with the appropriate restriction enzyme),
lx transcription buffer (supplied with the enzyme and
containing 40 mM Tris.Cl pH 7.5, 10 mM MgCl2, 1 mM DTT
and 0.1 mg/ml BSA) , 20 mM DTT, 25 units RNAsin, 500 /LtM
each of ATP, GTP, UTP and 2 /iM CTP. Immediately before
the addition of 15 units of T3 or T7 RNA polymerase,
50 /xCi [a-35S]CTP was added. The reaction was allowed
to proceed at 37°C for 1 hour at which time an
additional unit of RNAsin was added together with 52
units of RNAse-free DNAse and the incubation continued
for a further 10 minutes at 37°C. The probe was
extracted
with
phenol:chloroform
and
ethanol
precipitated after the addition of 10 /xg carrier tRNA
and 3 M sodium acetate pH 5.2 at -70°C. Immediately
before use, the purified probe was recovered by
centrifugation, washed in 70% ethanol (made 10 mM with
respect to DTT) , dried andresuspended in 50 /Ltl H20
containing 50mM DTT. The specific activity of the
radiolabelled
probe
was
determined
by
TCA
(trichloroacetic acid) precipitation as described by
Sambrook et al., (1989). The volume of the probe was
increased by the addition of hybridisation buffer [lx
"salts” (see below), 50% (v/v) de-ionised formamide,
10% (w/v) dextran sulphate, 50 mM DTT, 500 /xl/ml yeast
total RNA (phenol:chloroform extracted), 50 /xl/ml poly
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A] to a specific activity of 0.5-lxl05 counts/min//zl
(20x "salts": 20x Denhardts, 400 mM Tris.Cl pH 8.0,
100 mM EDTA, 200 mM phosphate sterilised through a
0.45 /m filter and stored at -20°C) .
Synthesis of 32P labelled products could be achieved
in exactly the same way using 50 /xCi [a-32P]CTP but
without the addition of DTT to any stage of the
procedure.
2.2.2.5. In situ hybridisation.

i) Glass Slide Preparation.
After thorough cleaning with detergent, glass
slides were rinsed in deionised water and then soaked
in 10% HC1 for 20 minutes. Slides were rinsed in tap
water and finally in ddH20 and then baked at 180°C
overnight. Slides were allow to cool and were then
dipped in a fresh solution of 2%
(v/v)
3aminopropyltriethoxysilane (TESPA) in acetone for 10
seconds. This was followed by 2 ten second rinses in
acetone and a final rinse in ddH20. After draining off
the excess H20, slides were baked at 42°C until dry (a
minimum of 1 hour) and used within 4 days of TESPA
treatment.
ii) Fixation and Sectioning of Tissues.
Tissues were dissected from the animal (killed by
the administration of an appropriate volume of sodium
pentobarbitone, Euthatol, (May & Baker)) and in the
case of the testis, the tunica punctured to allow
rapid penetration of fixative. Tissues were fixed
overnight in Bouin's (BDH) and excess fixative removed
by rinsing in 70% ethanol prior to embedding in wax.
Sections (5 /im) were cut, floated onto TESPA treated
slides and baked at 60°C for between 6-16 hours. This
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sealed the sections to the slide after which they were
kept dessicated in sealed boxes at 4°C.
iii) Pretreatment, Hybridisation and Washing
Procedures.

This was carried out essentially as described by
Rowe et al., (1990) using 35S labelled antisense RNA
probes. As a negative control,
sections were
hybridised with a 35S labelled sense RNA probe.
Hybridisation was performed at 55°C.
After post-hybridisation washes at 65°C and
treatment with DNAse free RNAse A (pre-boiled), slides
were autoradiographed and stained either with 0.05%
(w/v) malachite green or haematoxylin and eosin.
Sections were mounted in DPX mountant.
iv) Haematoxylin and Eosin Staining.
Sections were rehydrated through xylene and absolute
alcohol twice each for 2 minutes. This was followed by
2 minutes each in 60% alcohol and distilled water.
Sections
stained
in Mayer's haematoxylin
for
approximately 40 minutes were washed in running tap
water until the sections were blue (approximately 5
minutes). Differentiation was performed in acidic
alcohol (1% HC1 in 10% alcohol) for 6-8 seconds,
sections being left until blue in running tap water
for a further 10 minutes. Sections were counterstained
in eosin for 4 minutes and washed in tap water for 30
seconds. Differentiation of the eosin was performed in
95% alcohol and then sections were dehydrated in
absolute alcohol (with agitation) and xylene for 2
minutes.
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Figure 2.1.
Graphical determination of eluted fraction numbers
containing least unbound MBS and most conjugated
KLH/MBS. Protein is detected by reading UV absorbance
at 280nm revealing the elution of conjugated KLH/MBS
largely in fractions 4, 5, and 6 followed by
unconjugated MBS in fractions 9-11.
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2.2.3. PROTEINS.
2.2.3.1. Conjugation of Peptides to Keyhole Limpet
Haemacyanin.

Conjugation
of
peptides
to
keyhole
limpet
haemocyanin (KLH) was performed as described by
Sambrook et al,, (1989).
Stock KLH (80 mg/ml) was diluted 1:8 in 1 ml 10
mg/ml PBS pH 6.0 and 50 pi 30 mg/ml m-maleimidobenzoic
acid N-hydroxysuccinimide ester (MBS) in DMSO added
under the KLH whilst stirring. The mixture was stirred
vigorously for 30 minutes and the volume increased by
the addition of 1.5 ml PBS pH 7.4.
A NAP25 column (Sephadex G25) was pre-equilibriated
with at least 25 ml PBS pH 7.5 and the column drained.
KLH/MBS solution was applied and allowed to enter the
column. Eluted protein fractions (1 ml) were collected
and the column was rinsed with more PBS pH 7.4.
Fractions containing KLH/MBS were determined by UV
absorbance at 280 nm and pooled accordingly. Those
containing the greatest proportion of KLH/MBS and
least unbound MBS were determined by plotting a graph
of fraction number against absorbance, fractions 4, 5
and 6 were pooled (figure 2.1).
PBS pH 7.4 (500 pi) was added to 5 mg of dessicated
peptide. Aliquots (5 pi) of 5 N NaOH were added up to
a total of 25 pi and then DMSO (100 pi) aliquots to a
total of 500 pi were added until the peptide had
completely dissolved. The dissolved peptide was then
combined with KLH/MBS and conjugation allowed to
proceed for 60 minutes at room temperature with
constant stirring. Conjugated peptides were stored at
-20°C until required.
2.2.3.2. Antiserum Production.

Blood (20 ml) was collected from all rabbits and
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serum produced
(pre-immune sample). Conjugated
peptides (500 jtxl) were emulsified 1:1 with Freund's
Complete Adjuvant and injected intramuscularly.
Primary immunisation was followed by 2 boost
immunisations at 3 week intervals using 300 /xl
conjugated peptide emulsified 1:1 with Freund's
Incomplete Adjuvant. Test bleeds from all rabbits were
taken 7.5 weeks after the primary immunisation and
serum tested for the production of antibodies. The
final boost immunisation using 300 /xl conjugated
peptide emulsified in the same way as before was
performed in week 9 and the terminal bleed 10.5 weeks
after the primary immunisation. Serum was prepared,
aliquoted and stored at -20°C.
2.2.3.3. Confirmation of Specific Antibody Production.

This was carried out according to the method of
Sithigorngul et al., (1991) with some modifications.
Peptides were dissolved to concentrations of 10
Mg/ml in a solution of 1 mg/ml BSA in PBS (pH 7.4).
Aliquots were applied to a Hybond C filter strip in a
peptide concentration gradient of 10 /xg, 1 /ixg, 100 ng,
10 ng and 1 ng in a volume of 1 /xl. Additional
controls were also applied consisting 1 /xg BSA (1
mg/ml in PBS) , 10 /xg KLH or 10 /xg KLH in 1 mg/ml BSA.
Filters were allowed to dry at room temperature and
then baked for 1 hour at 80°C in foil. Protein was
fixed to filters by incubation at 37°C overnight in an
atmosphere of 0.2% gluteraldehyde in PBS followed by
2% gluteraldehyde in PBS for 1 hour at 37°C. Filters
were washed thoroughly in distilled water three times
for 10 minutes to remove unbound peptide and sites
blocked in 5% skimmed milk in TBST [10 mM Tris.Cl pH
7.5, 0.9% NaCl (w/v), 0.05% NP-40 (v/v) ] for 1-2
hours. Filters were then incubated in a 1:100 dilution
of primary antibodies in TBST overnight at 4°C,
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followed by washing for 1 hr. in 4 changes of TBST.
After incubation in secondary antibody (peroxidase
conjugated anti-rabbit immunoglobulins) diluted 1:800
in TBST for 2 hrs at room temperature, the filters
were washed twice in TBST and twice in TBS [10 mM
Tris.Cl pH 7.5, 0.9% NaCl (w/v)] for 15 minutes each.
Staining was performed as for western blots.
2.2.3.4. Protein Extraction for Western Blots.

i) Tissue Protein Extracts.
To tissue samples, approximately 10 volumes of 50 mM
Tris/0.5% SDS was added and the tissue broken up by
passing in a pasteur. Following this, samples were
vortexed for 2 minutes and subjected to 2 cycles of
freeze-thawing at -70°C for 10 minutes prior to the
addition of 8-mercaptoethenol to a final concentration
of 0.1% (v/v). Incubation at 37°C for 30 minutes was
followed by sonication for 30 seconds on medium power.
Cellular debris was removed by centrifugation in a
microfuge for 10 minutes and the protein containing
supernatant removed and stored at -20°C.
ii)

Sperm Protein Extracts.

Sperm protein extracts were prepared
from
ejaculated human sperm or epididymal sperm of the
mature rat. Rat sperm were released by roughly cutting
up the epididymis prior to incubation in 10 ml MEM
medium at 37°C for 1 hour. Remaining tissue was
removed by centrifugation at 2.4K rpm for 10 mins at
room temperature in a Beckman TJ-6 bench top
centrifuge. Sperm were recovered in the supernatant
and resuspended by vortexing in 300-500 /xl 50 mM
Tris/0.5%
SDS
(containing
ImM
phenylmethyl
sulphonylfluoride, PMSF).
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Samples were processed as described for section
2.2.3.4.i. Protein concentrations was determined using
the Pierce BCA protein assay method.
2.2.3.6. Protein Concentration Determination.

This was carried out according to manufacturers
instructions. Mammalian tissue culture cell samples
were resuspended in PBS and subjected to three cycles
of freeze/thawing prior to their use in the assay.
*
2.2.3.7. SDS-Polyacylamide gel electrophoresis

(SDS-

PAGE).

Proteins were separated on vertical denaturing SDSpolyacrylamide slab gels employing the discontinuous
buffer system based on the method of Laemmli, (1970).
The gels were made exactly as described by Sambrook et
al., (1989) using resolving and stacking phases of 10%
and 5% respectively. The gels were run using a
Gibco/BRL vertical gel apparatus in a buffer of 0.025
M Tris.Cl, 0.192 M glycine pH 8.3. Typically 50-100 /xg
of total cellular protein was heated to 100°C for 3-5
mins in gel loading buffer [50 mM Tris.Cl pH 6.8
containing 100 mM DTT, 2% (w/v) SDS, 0.1% (w/v)
bromophenol blue and 10% (w/v) glycerol] prior to
loading onto the gel. After electrophoresis at 13 V/cm
until the bromophenol dye had migrated 16cm, the
stacking gel was removed and proteins transferred to
nitrocellulose by electro-blotting.
2.2.3.8. Electro-(Western) Blotting.

Proteins were transferred from polyacrylamide gels
onto nitrocellulose (Hybond C) filters in a Biorad
Transblot 'sandwich' apparatus by the method described
by Towbin et al., (1979). After blotting at 210 mA
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applied for 16-18 hrs., filters were then probed with
the appropriate antibody essentially as described by
Huynh et al., (1985) with some modifications.
i) The filter was incubated for 1-2 hours at room
temperature in blocking buffer, TBST containing 5%
dried milk powder. After removal of excess milk powder
by a 10 min rinse at room temperature in TBST, filters
were incubated 1-4 hrs in primary antibody (diluted
1:100 in TBST) at room temperature.
ii) Rinsing 40 mins. in 4 changes of TBST was followed
by the addition of anti-rabbit peroxide conjugate
(DAKO) (diluted 1:800 in TBST) and incubation with
shaking for 2 hours at room temperature.
iii) The filters were then washed 20 mins. with 2
changes of TBS after which they were developed in 200
ml TBS containing 120 mg 4-chloro-l-napthol (substrate
for horse radish peroxidase) dissolved in 40 ml icecold methanol. To this was added 240 jul H202 as the
catalysing agent and the filters left in the
developing solution until positive signals were
observed. The reaction was halted by rinsing in tap
water and after drying on tissue paper filters were
wrapped in silver foil to prevent the fading of the
signals by exposure to the light.
2.2.3.9. Immunocytochemical staining of Testis
Sections.
Wax sections were dewaxed in xylene twice for 3
minutes each and then were hydrated through absolute
alcohol twice, and 70% ethanol twice for 2 minutes
each. Slides were rinsed for 5 minutes in PBS pH 7.3
and incubated for 30-60 minutes in primary antibody
(diluted appropriately, usually 1:100 in PBS pH 7.3).
Unbound antibody was removed by washing 15 mins. with
3 changes of PBS and sections incubated 30 mins in
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swine anti-rabbit immunoglobulin (diluted 1:100 in
PBS). Slides were washed again as before and
immunoreactive material visualized by the addition of
diaminobenzoate (DAB) solution for 5 miuntes (0.5
mg/ml DAB in PBS and 1 /xl/ml 30% H202). After rinsing
in tap water sections counterstained (or not, as
desired) in Mayer's Haemalum for 3 minutes. Subsequent
to rinsing in tap water, slides were dipped 5 seconds
in saturated lithium carbonate solution until blue.
Colour was then washed out for approximately 10
minutes in tap water. Finally sections were dehydrated
through 70% ethenol (twice) and absolute alcohol
(twice) and xylene for 2 minutes each prior to
mounting in DPX mountant.
2.2.4. CELL CULTURE TECHNIQUES.
2.2.4.1. Freezing, Thawing and Maintenance of Cell
Lines.

Cells (3xl06 cells/ml) were prepared for freezing by
resuspending in their growth medium supplemented with
an additional 10% (v/v) bovine serum and 10% (v/v)
dimethylsulphoxide (DMSO). The cells were then frozen
slowly overnight at -70°C prior to long term storage
in liquid nitrogen. The thawing of cells was effected
as rapidly as possible by incubating the freezing vial
at 37°C and then immediately adding the contents to
normal growth medium. Cell lines were passaged by
standard techniques using 0.35% (w/v) trypsin in
versene. The media requirements for the growth of the
cell lines have been described in section 2.1.3..
2.2.4.2. Transfection of Mammalian Cell Lines.

Cells were transfected using the calcium phosphate
technique of Gorman (1985) with slight modifications.
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Briefly, cells were plated out at a density of 104/cm2.
On the following day, half of the culture medium was
removed from the plates and the cells incubated for
another 3 hours to stabilize the pH of the medium. The
calcium phosphate-DNA precipitate was prepared as
follows; 5-10 /xg DNA was added to 31 jul 2 M CaCl2 in
a final volume 250 /x1. This solution was then added
dropwise to an equal volume of 2x HBS [1.64% (w/v)
NaCl, 1.19% (w/v) HEPES, 0.04% (w/v) Na2P04 freshly
adjusted to pH 7.12 with 1 M NaOH], immediately added
to the cells and DNA allowed to precipitate onto the
cells for 6 hours. At the end of the incubation, the
medium was removed and the cells washed once with
serum-free media, fed with complete media and
maintained at 37°C.
After 48-72 hours the cells were washed with PBS,
harvested and resuspended in 100 ;xl 0.25 M Tris.Cl pH
7.8. The cells were disrupted by three rounds of
freeze thawing in liquid nitrogen and a 37°C water
bath. Cell debris was removed by centrifugation and
the protein content of the supernatant determined as
described in section 2.2.3.6.
2.2.4.3. Chloramphenical Acetyl Transferase (CAT)
assays.

CAT assays were performed according to the method
of Gorman (1985) without modification. The reaction
mixture contained 70 /nl 0.25 M Tris.Cl pH 7.8, 35 /Ltl
H20, 1 /xl [14C]Chloramphenicol (40-50 Ci/mmol) (NEN) ,
and 20 /xl of 4 /xM acetyl Co-A. This mixture was
incubated for 30-60 minutes at 37°C and extracted with
1 ml ethyl acetate and dried. The samples were
resuspended in 20 /xl ethyl acetate and applied to
silica gel thin layer chromatography (TLC) plates. The
TLC plate was subject to ascending chromatography in
a 95:5 mixture of chloroform:methanol until the
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solvent had reached the top of the TLC plate. After
air drying, the plate was exposed to X-ray film at
room temperature.
2.2.5. DNA MOBILITY SHIFT ASSAYS.
2.2.5.1. Preparation of Nuclear Extracts.

Nuclear extracts were prepared either from cells or
tissues by the method of Dignam et al., (1983) with
slight modification. All procedures were carried out
at 4°C and a cocktail of protease inhibitors added to
all buffers: PMSF to a final concentration of 0.5 mM,
0.1 mg/ml each of antipain, leupeptin, aprotinin and
pepstatin A, also ^-glycerophosphate and leuamisole to
a final concentration of 10 mM. Cells were harvested,
washed with PBS, resuspended in five volumes of buffer
A (10 mM HEPES pH 7.9, 1.5 mM MgCl2, 10 mM KC1 and 0.5
mM DTT) and allowed to stand for 10 minutes.
For extracts prepared from tissues, approximately 1
g tissue was homogenized in a sterile, glass dounce
homogenizer in 5 volume of buffer A. The homogenate
was then filtered through 4 layers of nylon prior to
proceeding exactly as for protein extracts from cells.
The cells were collected by centrifugation at 2.5K
rpm, 4°C in a Beckman JA20 rotor, resuspended in two
pellet volumes of buffer A and lysed by homogenisation
in a sterile glass dounce homogenizer. The homogenate
was centrifuged for 10 minutes at 2K rpm in a Beckman
JA20 rotor to pellet the nuclei. The supernatant was
removed carefully and the nuclear pellet was
resuspended to a concentration of 103 cells/ml in
buffer B (20 mM HEPES pH 7.9, 25% (v/v) glycerol, 0.42
M NaCl, 1.5 mM MgCl2, 0.2mM EDTA, 0.5mM PMSF and 0.5mM
DTT) and homogenised again. The resulting suspension
was stirred gently for 30 minutes and then centrifuged
for 30 minutes at 12K rpm in a Beckman JA20 rotor. The
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cleared supernatant was exhaustively dialysed against
50 volumes of buffer C (20 mM HEPES pH 7.9, 20% (v/v)
glycerol, 0.1 M KC1, 0,2 mM EDTA, 0.5 mM PMSF and 0.5
mM DTT) for 5 hours at 4°C. The dialysate was
centrifuged at 12K rpm and the supernatant was frozen
as aliquots in liquid nitrogen and stored at -70°C.
The protein concentration was determined as described
in section 2.2.3.6.
2.2.5.2. Gel Mobility Shift Assays.

This procedure was largely based on that described
by Fried and Crothers (1981) with slight modification.
The final concentrations of the components of the
binding reactions were 4% (w/v) Ficoll, 4% (v/v)
glycerol, 7 mM MgCl2, 20 mM Hepes pH 7.9, 0.2 mM DTT,
0.04 mM EDTA, 100 mM KC1, 4 /xg of poly (dl.dC)
(Pharmacia) , and 3-5 ng of crude extract. The probe
was prepared by T4 polynucleotide kinase labelling of
oligonucleotides and added to the reaction mixture to
give a total volume of 20 /xl. This was incubated at
4°C for 40 mins. and the product run on a 4%
polyacrylamide gel which had been pre-electrophoresed
in 0.25x TBE at 150 mA for 2-3 hrs. at 4°C. After
loading reaction mixtures, electrophoresis was carried
out for a further 2-3 hours. Gels were dried and
exposed to X-ray film at -70°C.
2.2.6. POLYMERASE CHAIN REACTION (PCR).

Transcripts were amplified in the Hybaid thermal
reactor by the PCR protocol devised by Ernest, (1988)
with slight modifications. The reaction conditions
were altered depending on the target sequence.
i) PCR of high titre X phage.

The following components were assembled in a final
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volume of 100 /xl; lx PCR buffer [100 mM Tris.Cl pH 8.3
containing 500 mM KCl, 15 mM MgCl2 and 0.01% (w/v)
gelatin], 200 /xM each dNTP, 0.1 /x mol each of upstream
and downstream oligonucleotide primers and 1-2 units
of Taq polymerase enzyme. High titre phage stock (2
/xl) was used as template.
ii) PCR using RNA as Template.
In order to generate cDNA from RNA, a reverse
transcriptase reaction was performed using a reaction
buffer containing: lx PCR buffer, 1 mM each dNTP, 1
unit//xl of RNAsin, 100 pmol random hexamers, 1 /xg RNA
(denatured at 65°C for 5 minutes prior to addition)
and 200 units of MMTV reverse transcriptase. After
incubation for 1 hour at 37°C, 80 /xl of lx PCR buffer
containing 10 to 50 pmol each of upstream and
downstream primers and 1 to 2 units of Taq polymerase
enzyme were added for the PCR amplification.
iii) PCR Conditions.
To prevent evaporation of liquid during thermal
cycling, 100 /xl of mineral oil was layered on top of
the PCR solution. The number of PCR cycles required
depended on the abundance of the target sequence.
Usually, 30 cycles were used with the thermal profile:
94°C for 1 minute (denaturing), 46°C for 1.5 minutes
(annealing primers) , 72°C for 2 minutes (extension)
and a final extension at 72°C for 5 minutes. The
mineral oil was removed by a chloroform/isoamyl
alcohol extraction and the PCR products examined by
electrophoresis on a 1% agarose gel.
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CHAPTER 3
CLONING AND SEQUENCING OF THE pHT2 CDNA
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3.1. INTRODUCTION.

In an attempt to elucidate genes with potential
roles in the post-meiotic development of spermatids,
a human testis cDNA library (Clontech) was screened
with rabbit polyclonal antibodies raised to hamster
acrosomes. The characterisation of one of the clones
isolated, designated pHTl, forms the core of this
thesis. The data presented in this chapter discusses
the use of the pHTl clone to obtain additional cDNA
clones and subsequent analysis of the nucleotide and
protein sequences.
3.1.1. Isolation of the pHTl Clone.

Hamster acrosomes were isolated from epididymal
spermatozoa on a percoll gradient and the membranes
solubilized by the addition of 0.1% NP40 and 8M urea
prior to denaturation at 100°C. This facilitated
exposure of core polypeptides representing acrosomal
proteins to which antibodies were raised in rabbits.
Hamster acrosomal preparations were then treated
with endoglycosidase F and H to remove N- and Olinked carbohydrate moieties. The proteins were
subsequently separated on an SDS-polyacrylamide gel
and transferred to nitrocellulose filters. Addition of
anti-acrosomal sera resulted in antibody binding to a
variety of discrete proteins ranging in size from 30
kDa to 90 kDa. The antibodies bound to both
glycosylated and deglycosylated proteins suggesting
that, at least, a proportion recognized primary
sequence epitopes rather than carbohydrate secondary
modifications. These antibodies were subsequently used
to screen a Igt 11 human testis cDNA library.
A total of 1.6xl06 pfu's were plated on E. Coli Y1090
and induced to express fusion protein. Nitrocellulose
filter lifts were hybridised with the anti-acrosomal
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antibodies and numerous positive clones purified. Of
these, one clone was selected and a high titre phage
lysate prepared. An aliquot of this (approximately
2xl07 pfu's) was amplified using PCR with primers
homologous to Eco RI sequences of the insert cloning
site.
The cDNA insert,
designated pHTl,
was
subsequently cloned into bluescript sk+ vector.
The starting point for this investigation was to re
screen the library to isolate a longer clone as it was
hoped that the determination of the cDNA sequence
would provide an indication of the identity of this
clone.
3.2.

RESULTS.

3.2.1. Library Screening and Sequence Strategy.

To establish the identity of the pHTl clone,
preliminary sequence data of the 550bp clone (shown in
figure 3.3.) was compared to nucleotide sequences in
the Genbank/EMBL databases.
As no significant
homologies were revealed and Northern blots (section
4.2.1.) had already demonstrated the size of the mRNA
was approximately 3kb, the testis cDNA library was re
screened to obtain longer cDNA clones from which
additional sequence data could be obtained.
The Agt 11 library was plated out (as described in
section 2.2.1.1.) with a total of 1.6xl06 recombinant
phage screened at a density of 8xl04 pfu's/cm2. Hybond
N (nylon) filter lifts were subsequently hybridised
with a 32P labelled pHTl cDNA probe. Of the numerous
positive plaques, 5 were selected and purified to
homogeneity through 3 consecutive rounds of re
screening and sib selection to produce a homogeneous
population of clones.
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Figure 3.1.
Diagrammatic representation of the inter-relation
between the 3 cDNA clones isolated from the Agt 11
library. Approximate lengths of Eco RI restriction
fragments are indicated. The longest of these clones,
designated pHT2, was further characterised.
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Insert cDNA was amplified by PCR using primers
specific to the sequences flanking the Agt 11 cloning
site. Internal Eco RI sites incorporated into the
primers then enabled their removal and the insertion
of the cDNA clones into bluescript sk+ vector.
Size analysis of the Eco RI digested cDNA products
on a 1% agarose gel revealed that all clones contained
two internal Eco RI sites, thus resulting in the
formation of 3 fragments. Cross-hybridisation of each
of the Eco RI fragments from the longest clone to
analogous fragments in each of the other clones
revealed that the shorter clones were truncated forms
of the longest cDNA insert (figure 3.1.). Hence this
clone was designated pHT2 and was used for further
characterization.
The 2kb pHT2 clone comprised Eco RI fragments
approximately 1200bp, 600bp and 250bp in size (figure
3.1.). Each of these fragments was subcloned into M13
mpl8 or M13 mpl9 and single strand sequenced using the
dideoxy chain termination method with either M13
specific primers or primers synthesised according to
previously defined sequences from the pHT2 clone.
Further restriction enzyme analysis was required to
extend the sequence of the pHT2 clone to encompass the
Eco RI restriction sites. Therefore the strategy
undertaken to sequence this clone involved the use of
overlapping restriction enzyme fragments sequenced in
both directions. A diagrammatic representation of this
sequence strategy is shown in figure 3.2.

109

Figure 3.2.
Diagrammatic representation of a partial restriction
enzyme map of the pHT2 cDNA showing the strategy taken
to sequence the clone. Arrow heads indicate the
direction of sequencing.
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3.2.2. Sequence Analysis.

The sequence of the pHT2 clone revealed a putative
polyadenylation signal
(sequence AATTAAA)
found
between nucleotides 2063-2069 (numbered from the most
5' nucleotide of the pHT2 cDNA clone) and 13bp
downstream of this signal at nucleotide 2054 a 15bp
poly-A tail (figure 3.3.).
A comparison of this sequence to those of the
Genbank/EMBL
nucleotide
database
revealed
no
significant
nucleotide
homology
to
previously
published sequences. Analysis of the sequences of the
40 genes with the highest degree of homology to the
pHT2 clone showed this cDNA contained a motif which
was consistently homologous to analogous regions in
other genes. This region spanned nucleotides 1532 to
1564 (33bp) in the pHT2 sequence and conferred 72%
homology to sequences such as the human growth hormone
gene and human B-actin pseudogene. Homology between
the pHT2 clone and these genes occurs at a repeated
motif
with
the
core
sequence
1GAAA' . This
minisatellite repeat has been shown to occur
frequently in the human genome but has no known
function (Moos & Gallwitz, 1983).
Other regions of the pHT2 sequence that exhibited
some homology to potentially interesting sequences
included a 61.4% match of pHT2 sequences from
nucleotide 1870-1990 to a human krueppel-related zinc
finger protein mRNA (Kato et al., 1990). Closer
analysis of this homology revealed that the pHT2 clone
was not homologous to the conserved sequences of the
zinc finger protein, it was therefore not thought to
be a functionally relevant match.
It was shown by Northern blot analysis that the full
length mRNA transcript was 3kb in length (section
4.2.1.) and as the pHT2 clone was only 2kb in length
and known to include the most 3' sequences, it was
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Figure 3.3.
Complete nucleotide sequence of pHT2 cDNA with
internal sequencing primers indicated by arrows above
the sequence; arrow heads show the orientation of
priming. Other motifs are indicated as follows; the
sequence of the pHTl clone between nucleotides 336 and
886 is underlined and the translational stop codon,
TAA, at nucleotide 1671 is boxed.
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Figure 3.4.
Nucleotide sequence of pHT2 showing the computer
predicted ORF. The translational stop codon and the
polyadenylation site, designated by TAA and ATTAAA
respectively and the sequence of the synthetic
peptide, pHTpep3 (at amino acid 427-435) to which
antibodies were raised (see chapter 6) are indicated
in boxes.
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concluded that lkb of 5* sequence was lacking from the
pHT2 cDNA. As there was no translational start codon,
a definite open reading frame (ORF) could not be
established from the cDNA sequence. However, computer
translation of the nucleotide sequence in the 3
possible reading frames revealed a potential ORF of
556 amino acids with a putative stop codon, TAA, at
nucleotide 1672 (figure 3.4.).
In conclusion the pHT2 cDNA clone had no
functionally significant homologies to other genes or
DNA motifs that have been sequenced to date and was
therefore considered to be encoded by a novel gene.
Although no functionally relevant
nucleotide
homologies have been found with any sequences in the
databases, it remained possible that this clone had
previously been identified through protein sequencing.
Thus the polypeptide encoded by the cDNA sequence was
compared to those of the NBRF protein databank. This
also revealed no significant homology to any
previously sequenced proteins.
3.2.3. Potential Structural Motifs in the Peptide
Sequence.

Through computer analysis of the putative pHT2
peptide sequence it was possible to determine
potential protein secondary structure. In this way,
the presence of a-helices, B-sheets, turns and coils
were predicted and are shown as a two dimensional plot
in figure 3.5. Superimposed onto this secondary
structure is a calculation of the antigenicity of the
protein sequence (Chou and Fasman, 1978). When
defining short peptide sequences to which antibodies
were to be raised, consideration of these regions of
antigenicity was taken into account. The position of
the peptides synthesised is indicated in figure 3.5.
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Figure 3.5.
Computer predicted 2-dimensional plot representing the
secondary structure of the pHT2 peptide sequence. The
a-helices are shown as a sine wave, 6-sheets with
sharp saw-tooth waves, turns with 180° turns and coils
with a dull saw tooth wave. The antigenic index is
superimposed over the wave with a circular symbol
wherever this attribute exceeds a set threshold value.
The size of the symbol is proportional to the value of
the attribute (Chou and Fasman, 1978). The position of
the synthetic peptide, pHTpep3, to which antibodies
were raised (amino acids 427-435) is indicated by an
arrow (see chapter 6) .
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Figure 3.6.
Computer predicted one-dimensional plot of pHT2
hydrophobicity. The amino acid residues are numbered
across the top of the plot and the curve is plotted as
the average of a residue specific hydrophobicity
index. When the line is in the upper half of the
frame, it indicates a hydrophobic region and when it
is in the lower half it indicates a hydrophilic region
(Kyte & Doolittle, 1982).

120

0 0
XX
O

-c

*H

,c

CU

Oh

PC

w

o

o

o»
r

o

121

Computer predicted hydrophobicity plots revealed
that the predicted pHT2 protein sequence was largely
hydrophilic (Kyte & Doolittle, 1982) (figure 3.6.)• It
might therefore be speculated that the pHT2 protein
was not an integral membrane protein. However, it
remains possible that the predicted secondary
structure will be subject to some alteration on
sequencing of the 51 terminus.
3.3. DISCUSSION.

Data presented in this chapter demonstrates the
isolation of a 2kb human testis derived cDNA after
initial screening of a Xqt 11 library with antibodies
raised to hamster acrosomes. Analysis of the
nucleotide sequence of this clone suggests it encodes
a novelgene not previously characterised.
The
possibility cannot be excluded that the presently
unsequenced region from the 51 end of this cDNA clone
may be homologous to DNA motifs from other genes. If
this were the case then it might suggest the clone was
a member
of a family of genescontaining some
conserved DNA motifs. This will beresolved when the
5' terminus of the cDNA is cloned.
3.3.1. Features of the pHT2 nucleotide sequence.

Evidence has suggested that sequence motifs from the
3' UTR are not only responsible for the processing of
the primary transcript but also for defining the stage
at which the gene product is translated. Conserved
elements include CGTGTTGG and AATGAA motifs both of
which are thought to function as polyadenylation
signals in the testis H2b genes (Challoner et al.,
1989). In addition to motifs that function in mRNA
processing, elements (Y, H and Z) thought to be
involved
in the
translational
regulation of
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transcripts have been defined by Kwon & Hecht (1991).
Analysis of the pHT2 sequence has not revealed the
presence of any of these motifs. However, as no motifs
have directly been shown to control translational
regulation, the possibility remains that this cDNA
clone may contain as yet undefined sequences involved
in this process.
The only recognisable sequence motif in this cDNA
was the polyadenylation signal, ATTAAA. Although the
consensus polyadenylation signal, AATAAA, is a highly
conserved motif, the substitution of a thymidine
residue to form the sequence ATTAAA is also commonly
found.
This
substituted polyadenylation
signal
(AATTAAA) is situated 13bp upstream of a 15bp poly-A
tail. Further, the presence of a long poly-A tail is
thought to cause transcript stabilisation and increase
the half-life of mRNA, however, for these mechanisms
to be active the poly-A tail is usually in the order
of 150 bases (Kleene, 1989; Hake et al., 1990). As the
pHT2 cDNA clone has only a 15bp poly (A) tail it might
suggest that this transcript is not subject to
translational regulation and may have a short halflife. However, it is important to note that whereas
the presence of an extended poly-A tail may suggest a
translational arrest, the lack of a long tail does not
necessarily rule out this possibility.
The data presented in this chapter suggests the pHT2
cDNA represents a novel gene about which few
conclusions can be reached owing to the lack of any
identifiable
DNA
or
protein
motifs.
Further
characterisation of this clone concentrates primarily
on the pattern of expression of the gene encoded by
this clone.
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CHAPTER 4
CONSERVATION AND EXPRESSION OF THE pHT2 GENE
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4.1 INTRODUCTION.

In the previous chapter it was demonstrated by
sequence analysis that the pHT2 clone is encoded by a
novel gene expressed in the human testis. In
conjunction with this it was decided to analyze the
distribution of expression of this gene in a range of
other tissues. However, as obtaining human tissues
proved difficult, cross-hybridisation of this clone to
similar sequences in the rat and mouse was examined by
Northern blot analysis. These species have the
advantage that as model systems in which to study
spermatogenesis, they have been better characterised
than human testis. The majority of data concerning the
cell biology and gene expression of the testis has
been established in the rat whereas the genetic
analysis of spermatogenesis has primarily been
characterised in the mouse. Therefore it was important
to demonstrate that analogous pHT2 sequences were
present in both rat and mouse tissues.
To address various aspects of pHT2 gene analysis,
the 550bp pHTl fragment of the pHT2 clone was
radiolabelled and used to probe Southern blots of DNA
isolated from human and a variety of other species. In
this way, the functional importance of the gene could
be assessed in terms of the copy number of the gene
and the location on sex chromosomes or autosomes.
4.2. RESULTS.
4.2.1. Tissue Specific Expression of the pHT2 Gene.

Aliquots (20 /xg) of total RNA prepared from human
and rat testis were separated on a 1% denaturing
agarose gel. The RNA was transferred to a nylon
membrane (Hybond N) and hybridised with a 32P labelled
pHTl cDNA probe overnight. This was followed by
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Figure 4.1.
1% Northern gel, blotted and probed with radiolabelled
pHTl to show the presence of a 3 kb pHT2 transcript in
rat testis (lane 1) and a 3.3 kb pHT2 transcript
present in human testis (lane 2).
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washing in 2x SSC/0.1% (w/v) SDS at 55°C, three times
for a total of 1.5 hours.
The pHTl probe hybridised to RNA derived from human
testis and also to a smaller transcript present in rat
testis samples (figure 4.1.). No indications of RNA
size could be established from this blot, however
subsequent Northern blot analysis (figure 4.2)
suggested that as the rat transcript was approximately
3 kb in size, the human mRNA was approximately 3.3 kb.
Following this, distribution of the pHT2 transcript
in a range of rat tissues was analyzed. Total RNA was
prepared from a panel of 10 adult rat tissues (figure
4.2.). Aliquots (15 /zg) of this RNA were subjected to
denaturing gel electrophoresis on a 1% agarose gels,
transferred to a nylon (Hybond N) membrane and
hybridised overnight with a 32P labelled pHTl probe.
The blot was washed for 20 minutes at 55°C in lx
SSC/0.1% (w/v) SDS and then for a further 10 minutes
at the same temperature and stringency.
Hybridisation of pHTl occurred at low levels to rat
testis and epididymis RNA and at still lower levels to
rat ovary RNA (figure 4.2a.). Determination of the
pHT2 transcript size was performed by comparison of
the size of the labelled mRNA species to the size of
known mRNAs. Thus, size comparisons were drawn between
the pHT2 transcript and mouse a-actin (2 kb) and also
18S and 28S ribosomal RNA. The sizes of these RNA
species were determined by ethidium bromide staining
of total RNA run in an additional lane on the
denaturing gel and subsequently viewed under UV
illumination. This revealed that transcription of the
pHT2 gene produced an approximately 3 kb transcript.
No hybridisation of the pHTl probe was evident to RNA
isolated from liver, kidney, spleen, lung, heart,
brain and mammary gland even after prolonged, 2 week,
exposure of the blot to film.
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Figure 4.2.
Northern blot to show the tissue specific distribution
of the pHT2 transcript. Aliquots (15 /xg) of rat total
RNA isolated from testis, liver, kidney, epididymis,
heart, lung, brain, spleen, ovary and mammary gland in
lanes 1-10 respectively, were separated on a
denaturing gel and probed with radiolabelled pHTl (a)
and mouse a-actin (b). The sizes of 18S and 28S rRNA
are indicated.
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When this blot was re-hybridised with a mouse aactin probe, a 2kb transcript was seen in all lanes
(figure 4.2b.). This demonstrated that all tracks on
the gel contained RNA at approximately equal levels.
Thus, the lack of hybridisation of the pHTl probe to
RNA isolated from the majority of tissues examined was
the result of a true absence of pHT2 gene expression.
To analyze expression of the pHT2 gene in mouse
testis and ovary, aliquots (15 jug) of adult CBA mouse
total RNA isolated from these tissues were run on a 1%
denaturing agarose gel. Blotting to a nylon membrane
(Hybond N) was succeeded by hybridisation with a 32P
labelled pHTl cRNA probe. Washing at 65°C was carried
out twice for 20 minutes each in 2x SSC/0.1% (w/v) SDS
and then for 10 minutes in O.lx SSC/0.1% (w/v) SDS.
Exposure of the blot to film revealed that the pHTl
probe hybridised to a transcript present in RNA
isolated from both mouse testis and ovary (figure
4.3a.). Comparing the size of the mouse transcript
(lanes 1 & 2) with that expressed in the rat testis
(lane 3) revealed no difference in size of the pHT2
mRNA, that is, in both species the transcript was 3 kb
in size.
The pHTl probe also hybridised to approximately 4
smaller species of RNA in mouse testis and ovary.
These were thought to be degradation products of the
full length transcript and were not considered
further.
The filter was subsequently re-hybridised with a
mouse a-actin probe in order to confirm that
approximately equivalent amounts of RNA were present
in each lane (figure 4.3b.). Equal levels of
hybridisation to RNA isolated from both mouse testis
and ovary suggested that the amount of RNA loaded onto
the gel was similar. Therefore it could be concluded
that the pHT2 gene was expressed at a higher level in
the mouse testis than in the ovary in a manner
analogous to that seen in rat tissues.
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Figure 4.3.
Expression of pHT2 in rat testis (lane 1) , mouse
testis (lane 2) and ovary (lane 3) . Aliquots (15^tg) of
total RNA were separated on a 1%. denaturing gel and
probed with either radiolabelled pHTl (a) or mouse aactin (b).
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4.2.2. Analysis of the pHT2 Gene.

Genomic DNA was isolated from human male and females
and aliquots (5 /Lig) digested with 3 common 6-cutter
restriction enzymes, Eco RI, Pst I and Hind 111, in
order to provide a partial restriction map. The DNA
was run on a 1% agarose gel and transferred to a
Hybond N nylon membrane. Hybridisation of the blot
with a 32P labelled pHTl probe was succeeded by washing
for 30 minutes at 65°C, in 2x SSC/0.1% (w/v) SDS and
then twice for 20 minutes in O.lx SSC/0.1% (w/v) SDS
at 65°C. In this way, the autosomal or sex chromosome
location and the copy number of the gene were
determined.
A number of genomic DNA fragments of discrete sizes
were found to hybridise to the pHTl probe with
different intensities (figure 4.4.). This demonstrated
that the pHT2 gene was not multiple copy as probes for
these genes were thought to hybridise to a larger
number of fragments. The sizes of these labelled DNA
fragments ranged from approximately 9 kb to 2 kb of
which a number in each lane were intensely labelled
and a number were weakly labelled. The occurrence of
DNA fragments of differing intensity would imply a
difference in homology between the DNA fragment and
the probe. The more intense bands suggests the
presence of DNA fragments that had a nucleotide
sequence highly homologous to that of the pHTl probe,
the less intense bands were thought to be of lower
homology.
Consequently,
the weakly hybridising
fragments may represent DNA fragments from a related
copy to the pHT2 gene.
There was no significant difference between the
intensity of the labelled fragments in the DNA
isolated from either male or female. This suggests
that the pHT2 gene and the potential related copy were
not sex-linked but autosomal in location.
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Figure 4.4
Southern blot of human female (F) and male (M) genomic
DNA (5 /zg) , digested with Hind III (H) , Pst I (P) and
Eco RI (E) and hybridised with radiolabelled pHTl.
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4.2.3. Phylogenetic Conservation of pHT2 Gene.

A Southern blot (Clontech) comprising Eco RI
digested genomic DNA isolated from the following
species; human, rhesus monkey, rat, mouse, canine,
bovine, rabbit, chicken and yeast was hybridised with
a 32P labelled pHTl probe. After low stringency washing
in 2x SSC/0.1% (w/v) SDS at 65°C, twice for 20 minutes
and exposure of the filter to film, hybridisation was
revealed to DNA isolated from human, rhesus monkey,
rat, mouse, canine, bovine, rabbit and chicken (figure
4.5a.).
The number and size of DNA fragments that hybridise
in each lane varied with the species, ranging from 1
in rabbit and mouse, to 4 in the canine. Strongest
hybridisation of the pHTl probe was evident to DNA
isolated from rat and mouse with less seen in other
species. No hybridisation of the pHTl probe was
evident to yeast DNA fragments, even after a prolonged
exposure of the blot to film for 2 weeks. Washing the
filter at a higher stringency in O.lx SSC/0.1% (w/v)
SDS at 65°C, once for 10 minutes resulted in the loss
of pHTl hybridisation to the fragments of rabbit DNA
and also reduced the hybridisation of the pHTl probe
to the human DNA fragments (figure 4.5b.). This might
suggest a limited homology of the pHTl nucleotide
sequence to rabbit and human DNA despite this being a
human testis derived clone. The reason for this weak
hybridisation to the human DNA was not understood, it
might have been that the amount of DNA in this track
was lower than for DNA isolated from other species.
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Figure 4.5.
Southern blot of Eco RI digested genomic DNA isolated
from human, rhesus monkey, rat, mouse, canine, bovine,
rabbit, chicken and yeast (lanes 1-9 respectively) and
probed with radiolabelled pHTl. Blots were washed
initially at low stringency (a) and then further
washed at higher stringency (b) (section 4.2.3).
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4.3. DISCUSSION.
4.3.1. Tissue Specific Expression of the pHT2 Gene.

From these results it can be concluded that the pHT2
gene was expressed in both human and rat testis
producing different sized transcripts in each. The
presence of mRNA that hybridised to the pHTl probe was
also detectable in rat epididymis and at low levels in
the rat ovary. Further confirmation of the identity of
the transcript in these tissues remains to be
established.
The limits of detection of RNA by Northern blotting
requires that the appropriate mRNA species is at no
less than 0.001% of total cellular mRNA (Sambrook et
al., 1989); within these limits no expression of the
pHT2 gene was detectable in any of the somatic tissues
examined (except epididymis). The possibility cannot
be excluded, however, that very low levels of
transcription occur in somatic tissues. This could be
assessed with more sensitive techniques for the
analysis of gene expression, such as RNAse protection
assays (which can readily detect 0.1 pg mRNA) or
quantitative amplification of cDNA (synthesised from
somatic tissue RNA) by PCR. The latter method would
have the advantage that sequencing of such amplified
gene products is directly possible.
Similarity in some of the processes involved in
male and female germ cell development, for example,
genetic recombination and reduction division, suggests
that gene expression common to both testis and ovary
may occur. However, major differences in the temporal
control of germ cell development in the male and
female rat results in analogous stages of development
occurring at different ages. In the female, oocyte
arrest in the diplotene stage of the first meiotic
division prior to or around the time of birth would
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imply that the majority of the female's life is
characterized by very low levels of germ cell gene
expression (Beaumont & Mandl 1962). In the male,
continuous spermatogenesis throughout adult life (in
seasonal mammals) results in persistent levels of germ
cell gene expression. For these reasons, it may be
unlikely that pHT2 expression is common to the germ
cells of both male and female.
Sertoli cells and granulosa cells both function to
enclose developing germ cells and create a unique
environment in which these cells can differentiate and
mature. With respect to these functions, parallels
have been drawn between the expression of genes in the
testis and ovary (Wright et al., 1983) with the
secretion of factors such as plasminogen activator
occurring from both granulosa cells and Sertoli cells.
In both tissues this enzyme is thought to play a role
in the release of germ cells from their supporting
cells (Strickland & Beers 1976; Lacroix et al., 1981).
Likewise, there is some evidence for common gene
expression
occurring
between
the
testis
and
epididymis.
The
epididymal
epithelium has
an
absorptive and secretory capacity such that not only
is fluid and organic material from the seminiferous
epithelium resorbed but some testis expressed genes
for example SGP-2 are independently expressed in the
epididymis (Sylvester et al.,1984). The possibility
therefore exists that in addition to the testis, the
epididymal epithelium expresses the pHT2 gene.
Alternatively the presence of pHT2 mRNA in the
epididymis might originate from spermatid residual
cytoplasm released from the seminiferous epithelium
after spermiation. However it would seem unlikely that
this could account for the level of mRNA detected on
the Northern blot as the majority of residual bodies
are phagocytosed by the Sertoli cells (Lacy, 1967).
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Hence, evidence for common expression of genes
between the testis and epididymis, and the testis and
ovary, might set a precedent for the expression of the
pHT2 gene in these tissues. To date, no common gene
expression has been documented to occur between all
these tissues but some similarities of function makes
it conceivable that this could occur.
4.3.2. Characterization of the pHT2 Gene.

The results presented in this chapter suggest that
the pHT2 transcript is encoded by a single copy gene
with the possible occurrence of an additional closely
related copy on one of the autosomes. The precise
chromosomal location of this gene has not yet been
elucidated, but may be determined by in situ
hybridisation of the pHTl probe to a chromosomal
spread.
A high degree of gene conservation has also been
determined for the pHT2 gene, homology existing to
sequences present in rhesus monkey, rat, mouse,
canine, bovine, chicken and rabbit. This extent of
conservation might indicate a fundamental function for
the gene product and so it is tempting to speculate
that the pHT2 protein may be functioning in one of the
basic processes of spermatogenesis common to many
species, such as meiosis.
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CHAPTER 5
EXPRESSION OF THE pHT2 GENE IN THE TESTIS
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5.1. INTRODUCTION

Having established that the pHT2 gene was expressed
in a restricted range of tissues (testis, epididymis
and ovary) , it was decided to concentrate on
determining the pattern of pHT2 expression in the
testis. Of primary importance was to establish the
stage in the cycle and the cell types in which
transcription first occurred. This was therefore the
starting point of this investigation.
Several methods were employed to this end; Northern
blot analysis of RNA isolated from different aged pre
pubertal rats, in situ hybridisation of adult rat
testis sections and also in situ hybridisation of
testis sections taken from rats in which the germinal
epithelium had been progressively depleted of germ
cells.
Northern blot analysis of RNA isolated from pre
pubertal rat testis is an established technique by
which initiation of gene expression can be correlated
with the emergence of a particular population of
cells. The method is based on the defined temporal
appearance of each germ cell population during rat
development.
It has the advantage over other
techniques
for
establishing
cell
specific
transcriptional activity (such as irradiation, drug
induced
cellular
depletions
of
the
germinal
epithelium, or analysis of mouse testicular mutants)
as the germinal epithelium is not damaged and normal
cellular
interactions are maintained.
However,
expression of genes in more than one population of
cells is difficult to analyze by Northern blotting of
pre-pubertal testis derived RNA. Therefore in situ
hybridisation analysis of testis sections is often
used in conjunction with Northern blots. Although the
standard procedure has made use of 5 jum wax sections,
more recently the use of ultrathin (1 /m) plastic
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sections and non-radiolabelled probes has improved the
resolution of different cellular populations that have
been in situ hybridised. However, these improvements
are traded with a loss in sensitivity of the probe.
To simplify the analysis of gene expression in
different cell populations attempts are often made to
progressively deplete the germinal epithelium of
cells. There are many different methods by which this
can be achieved for example X-irradiation and the use
of drugs such as busulphan (Jackson et al., 1962) and
methoxyacetic acid (Allenby et al., 1991). However,
interpretation of results achieved in this way should
always consider that undefined pleiotrophic effects
may occur in the testis of animals so treated.
To analyse pHT2 gene expression in the rat testis a
combination of these techniques was used.
5.2. RESULTS.
5.2.1. Determination of the Stage Specificity of
pHT2 Gene Expression.
5.2.1.1. In situ Hybridisation of Adult Rat Testis
Sections to Determine the Stages of the
Cycle at which pHT2 mRNA Occurs.

To characterise the expression pattern of the pHT2
gene within the adult rat testis, 5 jum Bouin's fixed
paraffin serial sections were in situ hybridised with
35S labelled probes. The probe used encoded 550 bp cRNA
synthesised from the pHTl fragment of the full length
pHT2 clone. Hybridisation was performed in a humid
container overnight at 55°C.
Control slides were treated in the same way using
either 35S labelled mRNA probes synthesised from the
same template as the cRNA probes or 35S labelled cRNA
probes hybridised to the section at 4°C. Post
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hybridisation washes were succeeded by digestion of
unhybridised single stranded RNA with 0.25 /xg/ml RNAse
A (pre-boiled) and 1-2 weeks exposure to K5 emulsion
at 4°C. After developing, sections were stained with
0.05% malachite green or haematoxylin and eosin (H &
E) .
In this way it was shown that the number of tubules
per testis cross-section that hybridised to the pHTl
probe was low (figure 5.1.). Out of 1350 tubules
counted, 51 were positive giving an average of 4%
positive tubules. In each tubule, silver grains were
located specifically over the basal lamina in an
intermittent pattern.
Hybridisation of adjacent sections with pHTl mRNA
probes (negative) resulted in no specific pattern of
hybridisation (figure 5.2a.). In addition when
hybridisation of adjacent sections was performed with
pHTl cRNA probes at 4°C, no specific pattern of
hybridisation was seen (figure 5.2b.). Consequently,
the hybridisation patterns seen with the pHTl cRNA
probes was considered to be specific.
From figures 5.1. and 5.2. it can be seen that
although localisation of silver grains was specific,
the resolution of cell types in malachite green
stained in situ hybridised sections, was poor. This
was thought to be for two reasons; firstly, residual
emulsion on the stained sections obscured individual
cell types and secondly whilst the malachite green
stain made the presence of silver grains easily
distinguishable, resolution of the different cell
populations was poor. Therefore, to distinguish
individual cell types in the epithelium, alternate
serial sections were stained with H & E for comparison
to those that had been in situ hybridised. In this
way, the cellular composition of positively hybridised
tubules were analyzed through comparisons with the
adjacent section of the same H & E stained tubules.
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Figure 5.1.
In situ hybridisation of 5 /urn adult rat testis
sections with a cRNA pHTl probe to show the low
frequency of tubules positive for pHT2 mRNA. The
positive tubules are indicated by arrows (mag. x 200) .
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Figure 5.2.
Adult rat testis sections (5 /xm) in situ hybridised
with a) pHTl mRNA probe at 55°C (mag. x 250) or b)
pHTl cRNA probe at 4°C (mag. x 880). No pHT2 mRNA is
detectable in any tubules.
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Figure 5.3. shows one such tubule comprising
leptotene and pachytene spermatocytes in association
with round spermatids. The lack of elongating
spermatids at the luminal edge of the seminiferous
epithelium is consistent with this tubule being in
stage IX of the cycle.
As it had been previously established that the pHT2
gene was expressed in a restricted fashion, with only
a low proportion of tubules in one testis crosssection positive, it was of interest to determine the
stage in which pHT2 gene expression was initiated and
the stage in which the mRNA was no longer detectable.
This was established by analysis of serial sections of
rat testis following in situ hybridisation.
5.2.1.2. initiation of pHT2 Gene Expression.

Construction of two dimensional maps of each segment
in a longitudinal section of a seminiferous tubule
have shown the boundaries that form the limits of each
stage to be irregular (Perey et al., 1961). Along the
tubule, transition from one stage to another does not
occur at sharply defined limits, and in particular
tubule cross-section, it is possible occasionally to
distinguish two stages. This aided the analysis of
pHT2 gene expression during the progression of the
cycle.
Thus, figure 5.4b shows a tubule in which elongated
spermatids occurred at the luminal edge on only one
half of the epithelium. Progression of the cycle
results in the loss of spermatids on the other half of
the epithelium after spermiation has occurred. Hence
this tubule contained the cellular associations of
both stage VIII and IX.
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Figure 5.3.
Adjacent 5 /zm adult rat testis section in situ
hybridised with a cRNA pHTl probe (mag x 980) (a) or
stained with haematoxylin and eosin (mag. x 980) (b)
pHT2 mRNA is detectable in an intermittent fashion
around the basal edge of the tubule. The presence of
leptotene and pachytene spermatocytes and round
spermatids are consistent with the tubule being in
stage IX (b).
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Figure 5.4.
Initial appearance of pHT2 mRNA as the tubules
progress into stage IX. Adjacent 5 /zm adult rat testis
sections were in situ hybridised with a cRNA pHTl
probe (mag x 1000) (a) or stained with haematoxylin
and eosin (mag x 1000) (b) . The presence of pHT2 mRNA
was detectable at the basal edge of the tubule after
spermiation had occurred late in stage VIII. No mRNA
was detectable whilst elongated spermatids remained
attached to the epithelium.
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Figure 5.4a shows the same tubule in the adjacent
section with pHTl hybridisation localised to the
portion of the tubule in which spermiation has
occurred. From this observation, it can be concluded
that the initiation of pHT2 gene expression occurred
after elongated spermatids had been released from the
epithelium, as tubules progressed from stage VIII into
IX.
5.2.1.3. Cessation of pHT2 Gene Expression.

To determine at which stage pHT2 gene expression
ceased, the progression of tubules from stage VIII,
into and through stage IX was followed by the in situ
hybridisation of pHTl cRNA probes to serial testis
sections.
The tubules shown in figure 5.5. show pHT2 gene
expression occurring during stage IX. This expression
could be followed from initiation of transcription
after spermiation (figure 5.4.) through 80 adjacent
5/xm sections (400 /m) , before levels of pHTl
hybridisation became undetectable. Analysis of the H
& E stained section adjacent to the last in situ
hybridised tubule exhibiting the presence of pHT2 mRNA
revealed the cellular associations of stages IX and X.
Low levels of mRNA were detectable only over the stage
IX portion of the tubule suggesting that transcription
of the pHT2 gene did not continue into stage X. No
pHT2 mRNA was detectable in tubules once the
transition to stage X had been completed. It should be
noted that the level of signal over these sections was
lower than for previous experiments, because in
attempts to characterise the cellular location of pHT2
mRNA synthesis (section 5.2.2.) the concentration of
post-hybridisation RNAse A treatment was increased
from 0.25jug/ml to 40/zg/ml.
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Figure 5.5.
Serial 5 fim adult rat testis sections in situ
hybridised with a cRNA pHTl probe (a,c,e) or stained
with haematoxylin and eosin (b,d) . pHT2 mRNA was
detectable as the tubules progressed through stage IX
(sections a & b which were 220 /Ltm & 225 /Ltm
respectively from the point at which pHT2 mRNA was
initially detected. Mag. x 590) to the start of stage
X (sections c & d which were 395 jum & 400 /Ltm
respectively from the point at which pHT2 mRNA was
initially detected. Mag x 570) . No pHT2 mRNA was
detectable later in stage X (section e, which was
450jLim from the point at which pHT2 mRNA was initially
detected. Mag x 570).
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In this way, the level of background anhybridised RNA
and the level of positive signal was reduced making
the identity of each cellular population more
distinct.
5.2.2.

Characterization of the Cellular Origin of
pHT2 Synthesis.

Methods for assessing cell specific expression of
genes include the separation of pure populations of
cells on the basis of cell density. Given the highly
restricted pattern of expression, only a small
proportion of total testicular cells were shown to
express the pHT2 gene. Therefore cell separation
techniques were not considered a feasible option in
the analysis of this gene and alternative methods were
sought.
5.2.2.l. Northern Blot Analysis of Testis RNA
Isolated from Pre-pubertal Rats.

To determine in which population of cells pHT2 gene
expression was initiated it was first attempted to
correlate the appearance of a germ cell population in
the developing rat testis with the initial detection
of this mRNA species on a Northern blot. Aliquots (15
iug) of total testicular RNA, isolated from SpragueDawley rats of various litters aged 5, 8, 10, 15, 17,
20, 21, 22, 23, 24, 25, 26, 27, 29, 30, 32, 36 and 65
days post-partum were separated on a denaturing gel,
blotted to a Hybond N membrane and probed with a 32P
labelled pHTl probe. The blot was subsequently washed
initially in 2x SSC/0.1% SDS twice at 55°C for 15
minutes, followed by O.lx SSC/0.1% SDS once at 55°C
for 15 minutes. This was followed by 2 further high
stringency washes in O.lx SSC/0.1% SDS at 65°C twice
for 10 minutes each.
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Hybridisation of the pHTl probe occurred to RNA
isolated from 15, 25 and 36 day old animals only
(figure 5.6a.). No hybridisation occurred to RNA
isolated from animals prior to 15 days of age or from
the animals intermediate in age to those which
expressed the pHT2 gene.
Although repeated Northern blots revealed the
presence of pHT2 mRNA in the adult rat testis (figure
4.2.), no hybridisation of the pHTl probe could be
detected in RNA isolated from 65 day old animals on
this blot. The high stringency washing procedure and
exposure of the autoradiograph for 12 hours (in
contrast to the 1 week exposure required to detect
pHT2 mRNA in adult rat testis samples) was thought to
cause this apparent loss in signal.
Figure 5.6a. reveals that the highest level of
hybridisation of the pHTl probe occurred to RNA
isolated from 15 day old rats, lower levels occurred
to RNA from 25 day old rats and still lower levels to
RNA isolated from 36 day old rats.
Subsequent re-hybridisation of this filter with a 32P
labelled mouse a-actin probe revealed approximately
equal levels of RNA present in each track. Therefore
the differences in the level of hybridisation of the
pHTl probe were not due to differences in the quantity
of total RNA on the filter (figure 5.6b.). Attempts to
repeat this pattern of pHT2 gene expression with RNA
isolated from rats at every 0.5 days from 13 days of
age to 18.5 days have not been successful. In the
initial experiments, animals sacrificed at 25 and 36
days of age had been purchased from Bantin and Kingman
Ltd. and were sufficiently different in size to cast
doubt on their exact age.
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Figure 5.6.
Expression of pHT2 in the testis of rats at the
post-natal ages indicated above the blot. Total RNA
(15 ng) was separated on a denaturing gel, blotted and
probed with the pHTl fragment of the pHT2 clone. The
blot was washed initially at low stringency, 2x
SSC/0.1% SDS, 55°C, 3x 10 mins, O.lx SSC/0.1% SDS,
55°C, lx 20 mins (a) and then at higher stringency,
O.lx SSC/0.1% SDS, 60°C, 3x 10 mins (b). Subsequently
the blot was re-probed with mouse a-actin (c).
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5.2.2.2. In situ Hybridisation of Adult Rat Testis
Sections.

Analysis of adult rat testis sections hybridised
withthe pHTl probe was performed at high power under
the
light microscope.
This revealed that the
concentration of silver grains was not consistent with
one population of cells. Occasionally signal occurred
over small dense bodies the identity of which could
not be established (figure 5.7.). As the presence of
pHT2
mRNA was also
evident around leptotene
spermatocytes and sometimes over no definable cell
type, further experimentation was required. To resolve
which of the candidate cell types expressed the pHT2
gene.
5.2.2.3. Comparison of the Pattern of pHT2 mRNA
Occurrence with a Known Sertoli Cell
Specific Probe.

In order to compare the pattern of occurrence of
pHT2 mRNA with that of a known Sertoli cell specific
probe, the hybridisation pattern of the pHTl probe was
compared to that of SGP-2, a Sertoli cell secretory
product (Collard & Griswold, 1987) in adult rat testis
sections.
In situ hybridisation using a 35S labelled SGP-2
probe resulted in a more regular pattern of silver
grains around the basal edge of the tubule (figure
5.8.) than that observed for the pHTl probe (compare
to figure 5.3.).In addition, streaking of the probe
through the cytoplasm of the cell from the basal to
the luminal edge was evident. This was consistent with
the secretory nature of the SGP-2 protein produced
from this mRNA.
The lack of similarity between the hybridisation
patterns of the SGP-2 and pHTl probes might suggest
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Figure 5.7.
Occurrence of pHT2 mRNA in the epithelium of 5 /m
adult rat testis sections. After in situ hybridisation
with a pHTl probe, sections were examined using oil
immersion under the light microscope. Arrow heads
indicate pachytene spermatocytes
(P) , leptotene
spermatocytes (L) and unidentified dense bodies (U)
over which silver grains were concentrated (mag. x
1970)
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that these genes are not expressed in the same
cellular populations. However the possibility cannot
be excluded that either the pHT2 gene was being
expressed only in a specific sub-population of Sertoli
cells or transiently in all Sertoli cells.
5.2.2.4. Germ Cell De-population from the
Seminiferous Epithelium.

As comparison of patterns of pHTl hybridisation to
those specific to Sertoli cells remained inconclusive,
further confirmation of the cellular location of pHT2
mRNA was sought. Mature rats were treated with 10
mg/kg
body
weight
'Busulphan'
(butylene-1,4dimethylanesulphonate, C6H1406S2) given as a single
intraperitoneal injection in peanut oil.
This
alkylating agent affects spermatogenesis in rats such
that an undefined block is imposed possibly at one of
the mitotic divisions of spermatogonia. This causes a
progressive depletion of the germinal epithelium
(Jackson et al., 1962) as the germ cells that have
already progressed beyond the block complete their
development but are not replaced. Once established,
spermatogenesis always proceeds at the same rate
(Clermont & Harvey, 1965) and therefore the loss of
each germ cell population occurs in a defined temporal
sequence. A decrease in type A spermatogonia has been
shown to occur within 4 days of treatment, type B
spermatogonia within 6 days and likewise with
successive stages of development until at 32 days
after administration of the drug there are no
spermatocytes remaining in the epithelium (Jackson et
al., 1962).
Injection of Busulphan to adult rats was followed by
their sacrifice at 4, 6, 15, 19 and 32 days. The
testis of these rats were removed, fixed in Bouin's,
sectioned and in situ hybridised using a 35S pHTl cRNA
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Figure 5.8.
Expression pattern of SGP-2 mRNA in adult rat testis
sections detected by in situ hybridisation with a
radiolabelled Xba/Pvu II fragment of SGP-2 cDNA (mag
x 480).
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probe or H & E stained as before.
Analysis of the H & E stained sections revealed that
the Busulphan treatment had been effective in
destroying the germinal epithelium with a progressive
decrease in the germ cell populations with time after
the administration of the drug (figure 5.9.).
Therefore, 4 days after injection type A spermatogonia
were lost from the epithelium, by 19 days the number
of primary resting and pachytene spermatocytes had
fallen, and by 32 days after injection only a few
elongated spermatids remained in the epithelium.
Control rats injected in the same way with an
equivalent volume of peanut oil only, showed no loss
of any germ cells when sacrificed at 19 days.
Hybridisation of the pHTl probe occurred to testis
sections from rats sacrificed 4, 6, 15 and 19 days
after treatment. The probe hybridised at a similar
frequency and in an analogous manner to the control
rats, i.e. in an intermittent fashion at the basal
edge of the tubule. No hybridisation of the pHTl probe
occurred to testis sections from rats sacrificed 32
days after administration of Busulphan (figure 5.9.).
The testis taken from rats at day 19 when in situ
hybridisation of pHTl was still evident were composed
of few types of germ cell with all stages prior to
late pachytene spermatocytes destroyed. Silver grains
however were still concentrated around the basal edge
of the tubule. This would suggest that pHT2 is not a
gene expressed in the early germ cells populations.
5.2.3. Quantitative Analysis of In Situ
Hybridisation Results.
The expression pattern of the pHT2
previously did not conform that of
testicular genes.
It was therefore
necessary to further analyze this data in
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quantitative manner. The concentrations of silver
grains occurring over normal adult rat testis sections
in situ hybridised with a pHTl cRNA probe were marked
onto acetate sheets. These were then overlaid to the
corresponding position in the adjacent H & E stained
tubules. The locations of the silver grains were
scored as occurring over the nucleus of either
leptotene spermatocytes or Sertoli cells or as
'unidentified1. A positive identification was scored
when any part of the concentration of silver grains
was over the nucleus of either cell type. If the
silver grains were not over an
immediately
identifiable cell type or occurred in a position
adjoining
pachytene
spermatocytes
then
an
'unidentified' was scored. No score was made if the
silver grains appeared to adjoin both leptotene
spermatocyte and Sertoli cell nuclei. These results
are summarised graphically in figure 5.10.. This shows
that in a total of 268 concentrations of silver grains
scored, 28% appeared to be over leptotene spermatocyte
nuclei, 15% appeared over Sertoli cell nuclei and 57%
occurred over unidentifiable structures.
The number of leptotene spermatocytes in one tubule
that appeared to express the pHT2 gene was compared
also to the total number of leptotene spermatocytes in
that section. This revealed that in the 15 sections
scored, the ratio of positive leptotene spermatocytes
to the total number of cells in 1 tubule was not
consistent. On average only 10% of these cells
appeared to contain pHT2 mRNA.
5.3. DISCUSSION.
5.3.1. pHT2 Expression in a Stage IX Specific
Manner.

In this chapter it has been shown that the pHT2 gene
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Figure 5.10.
Graph to show the % distribution of silver grain
concentrations
over
populations
of
leptotene
spermatocytes, Sertoli cells and unidentified cell
types in the epithelium of adult rats.
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has a highly restricted pattern of expression within
the testis with mRNA detectable over the basal
epithelium of a low proportion of tubules. This
contrasts with control sections hybridised with mRNA
probes or cRNA probes hybridised at 4°C which reveal
no specific localisation of pHT2 mRNA. As the
frequency with which each stage is represented in
cross-section is proportional to the duration of the
stage it would be expected that if the expression of
this gene were stage specific, the pHT2 gene would be
expressed in one of the short stages of the cycle
(Perey et al., 1961). This was confirmed by the
hybridisation of the pHTl probe to tubules after the
release of spermatids at the end of stage VIII and
throughout stage IX (stages as defined by Leblond &
Clermont, 1952 or alternatively in stages V U I b and IX
as defined by Perey et al., 1961). Low levels of
hybridisation of the pHTl probe were observed to
tubules that had progressed into stage X but it could
not be determined from this data whether this was
caused by the persistence of mRNA or continued
transcriptional activity of the pHT2 gene. The levels
of hybridisation might suggest the former.
It can therefore be concluded that the duration of
existence of pHT2 mRNA in one cycle is approximately
equal to the duration of stage IX, 7.1 hours (Perey et
al., 1961).
From the data presented in this chapter it cannot be
excluded entirely that transcription of the pHT2 gene
occurs before stage IX but results in no accumulation
of mRNA. This might be determined by a nuclear run-on
assay of pre-stage IX segments of tubule.
As little else is known of the identity or function
of the pHT2 gene and encoded protein product, the
significance of stage IX specific expression cannot be
determined. It is tempting however to speculate that
the encoded protein performs a role in stage IX
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specific events including residual body lysis and the
first mitotic division of type A spermatogonia which
initiates a new cycle of the seminiferous epithelium.
To date, other examples of genes with tightly
regulated patterns of expression include that encoding
the FSH receptor (FSHR). Synthesis of FSHR mRNA occurs
in Sertoli cells from late stage VIII (after
spermiation) through to stage XI only (Kliesch et al,,
1992) . In this case it is thought that stage specific
gene expression is brought about by a paracrine action
of the germ cells. Also expression of inhibin SA mRNA
has been shown to occur in Sertoli cell at stage IX
reaching maximal levels during stages X-XI (Kaipia et
al,, 1992). Further studies are required to define
whether cycle specific regulation of the pHT2 gene is
brought about by paracrine mechanism in a similar
fashion to the FSHR gene. To date, tightly regulated
patterns of stage specific germ cell gene expression
have not been reported although it would seem feasible
that this may occur.
5.3.2. Sertoli Cell Specific Synthesis of pHT2 mRNA.
Preliminary analysis of RNA isolated from different
aged pre-pubertal rats revealed the presence of pHT2
mRNA at 15 days post-partum. The initial appearance of
pachytene spermatocytes at approximately 15 days post
partum (Huckins, 1965) suggests that this gene was
expressed in either early spermatogenic cells or
Sertoli cells. In concordance with this, a decrease in
the abundance of the pHT2 message with increasing age
is a pattern typical of genes expressed in the Sertoli
cells or early germ cells as mRNA derived from these
cells is diluted by the proliferation of late germ
cell populations.
The apparent loss of pHT2 mRNA between the peaks of
expression at 15, 25 and 36 days post-partum might
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suggest the occurrence of a transcript with a short
half-life, expressed in a tightly regulated fashion.
The difficulties experienced in reproducing these
observations may have arisen due to this restricted
expression pattern. To date, other genes analysed by
this method have not exhibited such expression
patterns therefore further conclusions on the cellular
site of expression of the pHT2 gene cannot be reached
until these results can be repeated.
To qualify the results obtained from the pre-puberal
Northern blot, in situ hybridisation experiments were
used to distinguish the cellular population expressing
the pHT2 gene. pHT2 mRNA was localized to a cell type
occurring at the basal edge of stage IX tubules. Since
this cell population was not immediately identifiable
a comparison of the occurrence of the pHT2 transcript
with that of the known Sertoli cell secretory product,
SGP-2 was carried out. This revealed that in contrast
to the presence of SGP-2 mRNA at the basal edge of all
Sertoli cells, the pHT2 transcript, although also
localized to the basal edge of the tubule, did not
occur in the regular fashion indicative of a typical
Sertoli cell product. Thus the possibility occurs that
the pHT2 gene is not expressed in all Sertoli cells
but in a specific sub-population. Alternatively it is
possible that the pHT2 gene is expressed transiently
in all Sertoli cells. Although these patterns of
expression have not been shown to occur for other
Sertoli cell transcribed genes to date, the individual
nature of Sertoli cells makes such a pattern of pHT2
expression a feasible possibility (Dym & Fawcett,
1971).
A gradual de-population of the germ cells from the
seminiferous epithelium revealed persistence of pHT2
mRNA despite loss of all germ cell populations prior
to elongating spermatids. This would suggest that
either pHT2 mRNA was synthesised in the late
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spermatogenic cells or in the Sertoli cells. The
former observation is unlikely given the basal
location of the transcript in normal seminiferous
tubules suggesting Sertoli cell expression of this
gene.
In conjunction with this, analysis of positive
tubules at high power under oil immersion often
revealed the presence of pHT2 mRNA in small, dense
bodies which were heterogeneous in composition.
Occasionally however, these structures were not
visible which was thought to be due to the sections
being more than 5 jum thick resulting in their being
out of the plane of the section. The identity of these
bodies remains to be established but they could
feasibly be phagocytosed residual bodies. If this were
the case, it is then difficult to reconcile the lack
of pHT2 mRNA in the residual bodies present at the
luminal edge of the epithelium in stage VIII. As
transcription ceases in stage VIII of round spermatid
development, if the pHT2 gene product were germ cell
derived, a possible explanation is the masking of the
message in stages preceding stage IX. Alternatively,
it is possible that the pHT2 gene is transcribed in
the Sertoli cell at stage IX with the mRNA becoming
associated with the residual body as lysis occurs.
These possibilities remain to be resolved.
As these results were still inconclusive it was
considered necessary to quantitatively examine the
possibility that pHT2 transcription was occurring in
leptotene spermatocytes. This was achieved by counting
the occurrence of silver grains over each cell
population in the seminiferous epithelium. This
revealed that more grains were concentrated around
leptotene spermatocyte nuclei than Sertoli cell
nuclei,
however,
no population of cells was
consistently positive. Given that the volume of
leptotene spermatocytes is 600 /zm3 and Sertoli cells
178

at stage IX is 2400 nm3 then the likelihood is that
the grains that occurred over 'unidentifiable' cell
types were concentrated over the extensive Sertoli
cell cytoplasm. The occasional occurrence of pHT2 mRNA
around the leptotene spermatocyte nucleus could then
be explained by the presence of Sertoli cell cytoplasm
around these cells.
To confirm these results, counts were made of the
number of leptotene spermatocytes in one tubule crosssection that were positive. On average it was shown
that 10% of leptotene spermatocytes in one crosssection appeared to express the pHT2 gene. Although
the possibility exists that this gene could be
expressed
by
a
specific
sub-population
of
spermatocytes, it would seem unlikely given the clonal
nature of their development. It was therefore
concluded that the pHT2 gene was expressed in Sertoli
cells.
In conclusion, the expression of the pHT2 gene
apparently in Sertoli cells was initiated after the
release of spermatids as the tubules progressed into
stage IX. The ability to detect mRNA then ceased as
the tubules progressed through stage X.
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CHAPTER 6
LOCALISATION OF THE pHT2 PROTEIN WITHIN
THE TESTIS
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6.1. INTRODUCTION.

The original pHTl Agt 11 cDNA clone was derived from
the screening of a library with antisera raised to
hamster acrosomal preparations. Consequently, it might
be expected that the pHT2 protein would be detectable
at some point in the formation of the acrosome during
spermatid development.
It
has
been
established
previously
that
transcriptional activity of the pHT2 gene was
restricted to Sertoli cells at stage IX of the cycle
of the seminiferous epithelium. One might speculate
that a change in localisation of the pHT2 gene
products from Sertoli cells to spermatids could occur.
To support these proposals, it has been attempted in
this chapter, to elucidate the site of occurrence of
the pHT2 protein within the testis. Further to
demonstrating fusion protein production by the pHTl
Agt 11 clone, antisera were raised to peptide
sequences inferred from the nucleotide sequence of the
pHT2 cDNA clone. These were subsequently used to
assess sperm and testis protein extracts for the
presence of the pHT2 protein. Since pHT2 gene
expression was restricted, it was expected that levels
of the corresponding protein would also be low in
total testis extracts. In addition to Western
blotting, protein localisation was therefore carried
out by immunocytochemical analysis of testis sections.
This method had the added advantage that the pHT2
protein could be localized to specific regions of the
seminiferous epithelium.
6.2. RESULTS
6.2.1. Production of pHTl Fusion Protein.
To demonstrate the production of a fusion protein
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Figure 6.1.
Western blot to show induction of pHTl fusion protein
with IPTG (lane 2) and without IPTG (lane 3). Control
lanes contain 6-gal fusion protein induced with IPTG
and with no induction (lanes 4 & 5 respectively) and
also native 6-gal (lane 1) . Fusion proteins were
separated on an SDS-polyacrylamide, blotted and probed
with anti-6-gal antibodies.
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116 KDa

from the pHTl A.gt 11 cDNA clone, phage containing the
appropriate insert were grown to log phase and induced
to express the pHTl fusion protein by the addition of
IPTG (section 2.2.1.1.). Proteins were then separated
on an SDS-polyacrylamide gel and electroblotted to a
nitrocellulose filter overnight. Hybridisation of the
filter with an anti-6-gal antibody revealed that the
native 6-gal protein (116 KDa) was smaller in size
than the pHTl-6-gal fusion protein (130 KDa) (compare
lanes 1 & 3 in figure 6.1.). This suggested that the
pHTl nucleotide sequence had been cloned "in-frame"
and therefore, production of a pHTl-6-gal fusion
protein occurred.
The detection of smaller forms of the pHTl protein
on the blot was thought to be caused by the occurrence
of some protein degradation despite the use of
protease inhibitors during the procedure.
6.2.2. Production and Semi-quantitative Analysis of
Anti-peptide Antibodies.

Short peptide motifs (9 amino acids and an
additional
terminal
cysteine
molecule)
were
synthesised from the C terminal end of the computer
predicted amino acid sequence (corresponding to
nucleotides 1287-1313). Peptide sequences were derived
either from the ORF (pHTpep3) or from one of the other
reading frames (pHTpepl) and were coupled to KLH via
the terminal cysteine residue. Antibodies were
subsequently raised to the conjugated peptides in
rabbits and sera produced.
An estimation of the titre of each antibody was
achieved by spotting unconjugated peptides onto a
Hybond C (nitrocellulose) filter in a concentration
gradient of 10 /zg, 1 /zg, 100 ng, 10 ng and 1 ng of
peptide dissolved in BSA. Replica filters were fixed
in gluteraldehyde and hybridised with either pre184

immune (figure 6.2., panel C) or immune sera from the
final bleed (taken 10.5 weeks after the initial
immunisation). The subsequent colour reaction revealed
that the level of pHTpepl and pHTpep3 antibody binding
to the peptides was significantly above the level of
hybridisation with both pre-immune sera (compare
columns 1-5 in panels A & B with panel C in figure
6.2.) . In addition, both antibodies showed a decreased
level of binding with decreasing concentrations of
peptide. This result suggested that an adequate titre
of anti-peptide antibodies had been raised in both
rabbits.
The
level
of hybridisation
of
anti-pHTpepl
antibodies to unconjugated peptide was lower than that
occurring with anti-pHTpep3 antibodies. It was thought
that this might be the result of the pHTpepl peptide
(derived from the "out-of-frame" nucleotide sequence)
being less antigenic than pHTpep3 and consequently
eliciting a lower immune response. Alternatively, as
the pHTpepl peptide had a reduced solubility in BSA
compared to pHTpep3, it was conceivable that lower
amounts of pHTpepl peptide were fixed to the
nitrocellulose filter as only nominal amounts of each
peptide were added. This would subsequently result in
a lower level of antibody binding and an apparently a
lower antibody titre.
Strong binding of antibodies from both immune but
not pre-immune sera to the KLH molecule alone would
suggest that injection of both peptides had produced
an immune response which resulted in the production of
a higher titre of antibodies to the KLH molecule than
to the peptides (figure 6.2., column KLH). This may be
due not only to the greater size of the KLH molecule
in comparison to the peptides but due also to the
nature of both the KLH and peptide epitopes such that
the former was a more immunogenic molecule.
Antibody binding to KLH in the presence of BSA
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Figure 6.2.
Semi-quantitative analysis of the level of antibody in
immune sera. Aliquots of unconjugated peptides,
dissolved in a solution of BSA, were spotted to
nitrocellulose filters in a decreasing concentration
gradient: 10 fig (1), 1 ;zg (2), 100 ng (3), 10 ng (4)
and 1 ng (5) and were probed with the relevant
antibody; pHTpep3 sera (panel A), pHTpepl sera (panel
B) or a mixture of pre-immune sera from both rabbits
(panel C) . Also added to the filters were an unrelated
negative control peptide (-ve), BSA, KLH dissolved in
BSA solution (KLB) and KLH.
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occurred at similar levels to the amount of antibody
bound to KLH alone (figure 6.2., column KLB). This
suggested that the BSA solution in which both
peptidesand KLH were dissolved did not inhibit
antibody binding to the filter. Also, no anti-peptide
antibody to BSA alone was observed suggesting that the
binding of the immune sera to the peptides was the
result of specific epitope recognition.
A peptide containing epitopes unrelated to those
against which the antibodies were raised was also
spotted onto these filters. This acted as a negative
control with no observed antibody binding from either
of the immune or the pre-immune sera (figure 6.2.,
column -ve). This further suggested that the anti
peptide antibodies produced were specific either to
the peptide sequences or to the KLH molecule.
From these results it was estimated that the amount
of antibodies produced was sufficient for use in
immunocytochemical and Western blot analysis of
testis.
6.2.3. Western Blotting Using the pHT2 Antibodies.

Western blots were used to determine the presence of
the pHT2 protein in both rat and human testis and
human sperm derived protein extracts. Aliquots (lOOjug)
of protein extracts were separated on an SDSpolyacrylamide
gel and electroblotted
onto
a
nitrocellulose filter overnight. Identical panels of
this blot were subsequently hybridised with each of
the immune sera or a mixture of both pHTpepl and 3
pre-immune sera. Washing of the filters was succeeded
by a colour reaction and it was revealed that the
pHTpep3 antibody bound strongly to a protein epitope
present in the human sperm extract (figure 6.3., panel
p3, lane 3) . This was a doublet of proteins which were
approximately 50-60 kDa in size. No significant
188

Figure 6.3.
Western blot to show the occurence of the pHT2 protein
in rat testis (lane 1), human sperm (lane 2) and human
testis (lane 3) protein extracts. Filters were probed
with either pHTpepl antibodies (panel pi) , pHTpep3
antibodies (panel p3) or a mixture of pre-immune sera
from both rabbits (panel PI).
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pHTpep3 antibody binding occurred to any protein
epitopes in the rat and human testis extracts (figure
6.3., panel p3, lanes 1 & 2).
The antibodies raised to the "out-of-frame" pHTpepl
sequence reacted weakly with 2 discretely sized
proteins in the rat testis extracts approximately 7080 kDa and 50-60 kDa in size (figure 6.3., panel pi,
lane 2). In addition, a 50-60 kDa protein present in
human testis also weakly bound this antibody (figure
6.3., panel pi, lane 1). There was no recognition of
proteins in the human sperm extract by the pHTpepl
antibodies (figure 6.3., panel pi, lane 3). Since the
pHTl cDNA clone was isolated by screening of a human
library with anti-acrosomal antibodies, it would seem
likely given the lack of epitope recognition in human
sperm extracts that the pHTpepl antibody binding
observed was a cross-reaction occurring to a protein
unrelated to the pHT2 peptide. This may have been
caused by the formation of a novel epitope by the
pHTpepl peptide sequence which was sufficiently
antigenic for antibodies to be raised to it in the
rabbit. The identity of the proteins to which these
antibodies bound remains to be established.
No significant level of antibody binding occured to
proteins present in either testis or sperm extracts
when probed with pre-immune sera (figure 6.3., panel
C) . This suggests that binding occurring with
antibodies from the immune sera was specific to
antigens present in the protein extracts.
In addition to the specific interaction of antibody
and antigen in these extracts, weak hybridisation of
both anti-peptide antibodies occured to many other
protein epitopes. This level of binding was not
significantly above background and were therefore not
considered to be the result of specific antibodyantigen interactions (compare panels A & B with C in
figure 6.2.).
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6.2.4. Immunocytochemical Staining of Rat Testis
Sections.

Although the pHT2 protein was localised to human
sperm, the presence of pHTpep3 reactive epitopes
remained undetectable by Western blotting in total
testis extracts. Therefore immunocytochemical staining
of testis sections was performed to locate the
presence of the pHT2 protein within the seminiferous
epithelium.
Adult rat testis were dissected out and the tunica
nicked prior to immersing in Bouin's fixative
overnight. Tissues were then placed in 70% ethanol
prior to embedding in wax and cutting 5 /m sections.
Immunocytochemical staining was performed using
pHTpepl and pHTpep3 antisera and pre-immune sera at a
dilution of 1:100 or 1:500. Amplification of the
primary binding reaction was achieved through the
addition of a secondary antibody, swine anti-rabbit
immunoglobulin prior to the addition of rabbit
peroxidase anti-peroxidase immunoglobulin.
Figure 6.4a reveals the binding pattern of pHTpep3
antisera to the basal region of the seminiferous
epithelium,
around
leptotene
and
pachytene
spermatocytes and trailing1 up towards the lumen of
stage IX tubules. No comparable pattern of binding was
observed with the addition of pHTpepl antibodies
(figure 6.4b) or with the pre-immune sera, and
therefore it was assumed that the pattern of binding
observed was specific to the pHTpep3 antibody. The
intensity of staining revealed by these results
confirmed the possibility raised by Western blotting
that the level of pHT2 protein in the testis was low.
There was also a possibility that the dark
haematoxylin counterstain was obscuring the low level
of peroxidase staining resulting from pHTpep3 antibody
binding. Therefore, subsequent immunocytochemical
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Figure 6.4.
Immunocytochemical staining of 5 /xm rat testis
sections with pHTpep3 (a) and pHTpepl (b) and
counterstained with haematoxylin. The arrow heads
indicate the pattern of pHTpep3 antibody staining.
(Mag. x 600)
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Figure 6.5.
Immnuocytochemical staining of 5 /m rat testis
sections with pHTpep3 (a) and pHTpepl (b). No
counterstaining of sections was performed. The arrow
heads indicate the pattern of pHTpep3 binding. (Mag.
x 600)
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analysis was performed with no counterstaining of
sections.
Examination of testis cross-sections revealed
peroxidase staining in tubules at all stages of the
cycle. This suggested that the pHT2 protein did not
occur in a stage specific pattern similar that
observed with pHT2 mRNA (see chapter 5).
There was no comparable pattern of staining using
pHTpepl antisera
(figure 6.5b)
confirming the
specificity of the pHTpep3 antibody reaction.
From the pattern of antibody staining exhibited in
the sections shown in figures 6.4a and 6.5a, it can be
concluded that the pHT2 protein was probably localised
to Sertoli cells.
6.3. DISCUSSION
In this chapter it has been shown that anti-peptide
antibodies raised against short peptide sequences
derived either from the assumed ORF (pHTpep3) or one
of the other reading frames (pHTpepl) recognize
epitopes present in human and rat testis and also
human sperm protein extracts.
The strongest degree of antibody binding occured to
50-60 KDa proteins when pHTpep3 antisera was added to
human sperm protein extracts. It is suggested that
this might represent a specific interaction between
the anti-peptide antibody and an epitope formed by the
pHT2 protein. This supports the potential presence of
the pHT2 protein in sperm, implied by the isolation of
the pHTl cDNA clone through screening of a library
with
antibodies
raised
to
sperm
acrosomal
preparations.
Undetectable levels of pHT2 protein in both rat and
human testis extract were thought to be a reflection
of the highly restricted transcriptional activity of
this gene (figure 5.1.). This might result in levels
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of pHT2 protein product representing only a small
proportion of total testicular proteins. It was
assumed that these would be undetectable on Western
blots. This could be resolved by Western blotting with
a more sensitive detection procedure for example the
Luciferase system (Amersham).
In conjunction with this, antibodies raised to a
peptide sequence that was not thought to be in the
correct reading frame (pHTpepl) have also been shown
to recognize epitopes in human and rat testis
extracts. No recognition of human sperm derived
proteins by this antibody implied that the epitope
recognised by this antibody was not derived from the
pHT2 protein.
Immunocytochemical staining of testis sections with
both pHTpepl and pHTpep3 antisera showed that the pHT2
protein was localised probably to Sertoli cells. In
stage IX peroxidase staining was localised at the base
of the tubule, but, it has yet to be confirmed whether
there was a movement of the pHT2 protein from the
basal to the luminal epithelium as the cycle
progressed. It remains difficult to explain the lack
of pHT2 protein stage specificity given the restricted
distribution pattern of pHT2 mRNA. One possible
explanation of this phenomenon is the requirement for
a very low level of the pHT2 protein, achieved through
the stage specific expression of the gene.
It is difficult to draw many definitive conclusions
from
these
preliminary
results,
further
experimentation is required to more accurately define
the site at which the pHT2 protein occurs at different
stages of the cycle. It is intended to achieve this
through
further
immunocytochemical
analysis
of
different staged tubules. These experiments might
benefit from the use of antibodies raised to the pHTl
fusion protein which it is hoped may show more
specificity for the pHT2 protein and result in less
198

background binding than the anti-peptide antibodies
used in the studies here.
In conclusion, production of a 130 KDa fusion
protein from the pHTl Agt 11 cDNA clone has been
shown. From the preliminary data it can be concluded
that the pHT2 protein was detectable in human sperm
extracts and in Sertoli cells, but in not such a
restricted manner as the expression of the pHT2 mRNA.
From these results it is not possible to show a
definite change in location of the pHT2 gene product
from the Sertoli cells to the developing spermatid
however it remains a feasible proposition.
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CHAPTER 7
TISSUE SPECIFIC EXPRESSION OF MOUSE Ula
and Ulb GENES
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7.1 INTRODUCTION

Large volumes of data exist which describe a variety
of genes that are expressed in somatic cells and
differentially expressed in the testis (described in
section 1.3.5.). In many cases the sequence motifs
which give rise to this differential expression have
not been determined (section 1.3.10.1). For this
reason it was decided to undertake analysis of the
promoter region of the U1 snRNA gene in an attempt to
define sequence elements important in bringing about
testis specific gene expression.
The octamer motif (consensus sequence ATGCAAAT) is
found in a wide variety of cellular promoters for
example histone H2B and immunoglobulin heavy and light
chain genes. In those which contain it, the octamer
motif plays a vital role in the expression of the
gene. For example, when it is removed, most of the
transcriptional activity of the immunoglobulin genes
is destroyed (Mason et al., 1985).
In the U snRNA genes, the octamer sequence provides
a binding site for the ubiquitous transcription
factor, Oct-1 (Fletcher et al., 1987) which is
essential for the transcription of these genes.
Deletion or mutations which prevent binding of Oct-1
abolish transcriptional activity of the gene (Kemp &
Latchman, 1988; Mattaj et al., 1985). Hence, in this
instance, binding of Oct-1 to the octamer sequence
results in expression of the gene in all cell types;
that is constitutive snRNA expression results.
The octamer has also been implicated in tissue
specific promoter function (Mason et al., 1985) with
sequence differences in the octamer possibly in part
responsible for this differential regulation (Kemp &
Latchman, 1988). Thus, activation of the U3 snRNA gene
by the HSV virion protein Vmw65 occurs through binding
of this protein to the octamer sequence (ATGCTAAT).
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However, no activation of the U1 snRNA gene occurs
with Vmw65 and this is thought to be due to the
sequence divergence of the octamer motif (ATGTAGAT)
abolishing binding of the 0ct-l/Vmw65 complex.
7.1.1.

Expression of Ula and Ulb Genes in the
Mouse.

U1 snRNA exists as two distinct forms, Ula which is
constitutively expressed and Ulb which, in the adult,
is expressed in the testis and other tissues with a
high proportion of stem cells. Analysis of promoters
of the U snRNA genes reveals that the octamers of Ula,
Ulb and other snRNA genes such as U2 or U4 (Howard et
al., 1986) differ in their sequence as shown below:
OCTAMER CONSENSUS
Ula
Ulb
U4
Hence,
consensus
from this
by 2 base
7.1.2.

A
A
A
A

T
T
T
T

G
G
G
G

C
T
C
C

A
A
A
A

A
G
G
A

A
A
A
A

T
T
T
T

the U4 octamer sequence conforms to the
sequence whereas the Ulb sequence differs
in 1 base pair and the Ula sequence differs
pairs.

Potential Mechanisms of Tissue Specific
Expression.

In view of the importance of the octamer motif, it
is possible that these sequence differences in some
way contribute to the differential regulation of the
U1 genes in different tissues.
Howard has proposed a mechanism that might bring
about this tissue specific expression (Howard et al,,
1986) . Thus it has been postulated that if Oct-1 had
a higher affinity for the Ula octamer compared with
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the Ulb octamer then the limitation of this factor
which might occur in fully differentiated tissues
could result in the preferential expression of Ula.
In contrast, if there were an excess of Oct-1 in
embryonic and adult tissues such as the testis which
retain a stem cell population, both Ula and Ulb would
be expressed simultaneously.
In this chapter, protein extracts from cells and
tissues which either do or do not express the Ulb gene
were combined with labelled octamer oligonucleotides
of different sequences in DNA mobility shift assays.
Thus relative abilities of the octamers in Ula and Ulb
genes to bind Oct-1 was analyzed. In doing so it was
hoped to show a difference in the relative binding
affinities of the 2 octamers for the Oct-1 protein.
In addition, transfection experiments using octamer
sequences cloned into a heterologous promoter linked
to a chloramphenicol acetyltransferase (CAT) gene were
used to assess the ability of the Ula and Ulb octamer
sequences to drive gene expression in cultured cell
lines.
7.2. RESULTS
7.2.1. Binding Affinity of the Octamer Sequences for
Oct-1.
7.2.1.1. Oct-l Binding Affinity of Consensus Octamer
Sequences in C1300 and C127 Cell Lines.

To investigate the relative binding affinities of
the Ula, Ulb and U4 octamer sequences for the Oct-1
protein, DNA mobility shift assays were performed.
Nuclear
extracts
prepared
from
mouse
C1300
neuroblastoma cells which express both Ula and Ulb and
mouse C127 mammary fibroblast cells that express only
Ula were used.
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These
extracts
were
combined
with
a
U4
oligonucleotide probe which had been labelled at the
5* end with 32P-yATP using T4 polynucleotide kinase.
This contained a consensus octamer sequence (ATGCAAAT)
and was known to bind Oct-1 with a high affinity.
A single protein-oligonucleotide complex was formed
with nuclear extracts from both cell lines (figure
7.1., lanes 0) . This not only confirmed that Oct-1 was
present in both cell types but also that the
oligonucleotide was capable of binding it. To
determine the ability of Ula and Ulb octamer
oligonucleotides to bind Oct-1 protein compared to the
relative ability of the U4 octamer, competition assays
were performed. Here, unlabelled Ula, Ulb and U4
oligonucleotides were added to the binding reaction to
assess their ability to compete with the radiolabelled
U4 oligonucleotide for binding to Oct-1.
Figure 7.1. (lanes 1, 2 and 3) shows that Ulb can
compete more effectively for Oct-1 than Ula, Ulb being
almost as effective as a competitor as the consensus
U4 sequence. Unlabelled Ulb and U4. competed out
labelled U4 at only 10 fold excess whereas Ula could
compete out all labelled U4 probe at 100 fold excess
only.
This result was similar when using extracts from
both cell lines suggesting that any differential
octamer function which may result in cell or tissue
specific gene expression was independent of binding
affinity of the octamers for Oct-1 .
7.2.1.2. Oct-1 Binding Affinity of Consensus Octamer
Sequences in Testis and Liver Extracts.

In order to discount the possibility that the
differential binding affinities of Ula and Ulb
oligonucleotides for Oct-1 reflected aberrant gene
expression in cell lines that had been cultured for
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Figure 7.1.
DNA mobility shift assay using nuclear extracts
prepared from C13 00 cells or C127 cells and labelled
octamer oligonucleotide.
Assays were carried out in the absence of competitor
(lanes 0 ) or in the presence of a 1 -fold (lanes 1 ),
10-fold (lanes 2) or 100-fold (lanes 3) with excess of
Ula (A) , Ulb (B) or U4 (4) octamer competitors. The
shift produced by the constitutively expressed Oct-1
protein is indicated.
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long periods of time, nuclear extracts were prepared
from adult Balb/C mouse liver in which only Ula snRNA
was found and testis which express both Ula and Ulb
genes.
In agreement with the nuclear extracts prepared from
cells, DNA mobility shift assays using the consensus
octamer probe (U4) with tissue extracts revealed the
formation of a single DNA-protein complex (figure
7.2., lanes 0). This resulted from the binding of Oct1 protein to the radiolabelled octamer containing
probe.
In competition assays, unlabelled oligonucleotides
containing Ula, Ulb and U4 octamer sequences competed
for the labelled U4 oligonucleotide at similar levels
to those seen with the cell lines. That is, Ulb and U4
competed effectively at only 10 fold excess whereas
Ula at 100 fold excess was required to compete out the
labelled probe.
It could be concluded therefore that failure of Ulb
expression in Ulb non-expressing cell lines and
tissues such as the testis was not due to the lack or
weak binding of Oct-1 to the Ulb octamer sequence.
7.2.1.3. Oct-l Binding Affinity of Non-consensus
Octamer Sequences in C1300 and C127 Cell
Lines.

From previous results, the possibility could not be
excluded that the preferential expression of Ula was
dependent on binding of an alternative form of Oct-1
with high affinity for Ula. In turn this may bind more
weakly to the consensus (U4) octamer sequence.
To investigate this possibility, DNA mobility shift
assays were carried out using Ula and Ulb octamer
containing oligonucleotide as labelled probes with
excess, unlabelled Ula and Ulb as competitors with
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Figure 7.2.
DNA mobility shift assay using nuclear extracts
prepared from mouse liver and testis and labelled
octamer oligonucleotide.
Assays were carried out in the absence of competitor
(lanes 0 ) or in the presence of a 1 -fold (lanes 1 ),
10-fold (lanes 2) or 100-fold (lanes 3) excess of Ula
(A), Ulb (B) or U4 (4) octamer competitors. The shift
produced by the constitutively expressed Oct-1 protein
is indicated.
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both cell nuclear protein extracts and also protein
extracts derived from testis and liver.
The results are presented in figure 7.3. and 7.4 as
graphs produced from the densitometric scanning of
autoradiographs. These show the amount of binding of
the labelled probe in the presence of competitor
expressed as a percentage of the binding in the
absence of competitor.
The results shown in figure 7.3. show that for
nuclear extracts prepared from C1300 cells which
express Ula and Ulb, Ulb was a better competitor for
Oct-1 than Ula regardless of whether Ula (figure
7.3a.) or Ulb (figure 7.3b.) was used as a probe. Once
again, Ulb competed at 10 fold excess if labelled Ula
or Ulb was used as a probe. Ula was required to be at
100
fold excess to effectively compete for the
labelled probe. Where extracts originated from C127
cells which do not express Ulb, unlabelled Ulb was
again a more effective competitor than Ula. Ula
competed for the labelled probe at a 100 fold excess
of unlabelled competitor (figure 7.3c.) whereas Ulb
(figure 7.3d.) competed for the labelled probe at 10
fold excess.
7.2.1.4. Oct-1 Binding Affinity of Non-consensus
Octamer Sequences in Testis and Liver
Extracts.

To discount the possibility that anomalous gene
expression was occuring in these cell lines resulting
from their passaging over prolonged periods of time,
the same DNA mobility shift assays were performed
using nuclear extracts derived from mouse testis
(which expresses both Ula and Ulb genes) and liver
(which expresses the Ula gene only). Thus 32P labelled
Ula and Ulb octamer oligonucleotide probes were used
in competition assays with unlabelled Ula and Ulb
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Figure 7.3.
Graphical representation of DNA mobility shift assays
showing competition with Ula and Ulb octamers.
Densitometric analysis of the intensity of the Oct-1
band formed using C1300 (a & b) or C127 (c & d) cell
extracts on a labelled Ula octamer (a, c) or Ulb (b,
d) in the absence or presence of the indicated excess
of unlabelled Ula (o) or Ulb (o) competitor. Values
are expressed as percentages of the binding in the
absence of competitor.
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oligonucleotides. The results of these assays are
presented as graphs produced from the densitometric
scanning of autoradiographs in the same way as before
(figure 7.4a-d.). The results show that using nuclear
extracts derived from the liver, unlabelled Ulb
octamer
oligonucleotide was
a more
effective
competitor for the Oct-1 protein than the unlabelled
Ula octamer motif regardless of whether labelled Ula
or Ulb octamer sequences were used as probes. Thus,
the unlabelled Ula oligonucleotide (figure 7.4c.) did
not compete effectively until at 100 fold excess
whereas unlabelled Ulb oligonucleotide competed at a
10 fold excess (figure 7.4d.). Using extracts derived
from the testis, the unlabelled Ulb octamer motif
competed more effectively for the Oct-1 protein than
the
unlabelled
Ula
octamer
when
the
Ulb
oligonucleotide was used as a probe (figure 7.4d.).
Effective competition occurred at 10 fold excess of
unlabelled Ulb and at 100 fold excess of unlabelled
Ula oligonucleotide.
Use of a 32P labelled Ula oligonucleotide as a probe
with testis nuclear extracts resulted in similar
levels of competition for the Oct-1 protein when
either unlabelled Ula or Ulb oligonucleotides were
added (figure 7.4c.). Thus, competition by unlabelled
Ula and Ulb for the Oct-1 protein did not occur until
either oligonucleotide was at 100 fold excess of the
probe. These results would suggest that the Ulb
octamer sequence was no less an effective competitor
for Oct-1 protein than the Ula octamer and in most
cases was more effective. Therefore the Ulb octamer
has an equal if not a higher affinity for the Oct-1
protein than the Ula octamer in both testis and liver
extracts.
As neither the low affinity binding nor failure to
bind Oct-1 could account for the failure of mouse Ulb
gene to be expressed in the majority of somatic cells,
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Figure 7.4.
Graphical representation of DNA mobility shift assays
showing competition with Ula and Ulb octamers.
Densitometric analysis of the intensity of the Oct-1
band formed using testis (a, b) or liver (c, d)
extracts on a labelled Ula octamer (a, c) or Ulb (b,
d) in the absence or presence of the indicated excess
of unlabelled Ula (o) or Ulb (o) competitor. Values
are expressed as percentages of the binding in the
absence of competitor.
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the ability of the Ulb octamer to drive gene
expression in a non-Ulb-expressing cell line (C127
cells) was assessed. Thus it was determined whether
the Oct-1 protein bound to the Ulb gene in a non
functional form.
7.2.2. Octamer Driven Gene Expression.
The ability of the Ula and Ulb octamers to drive
gene expression in a Ulb non-expressing cell line was
assayed using two tandem copies of either Ula or Ulb
oligonucleotides cloned upstream of the herpes simplex
virus thymidine kinase promoter in the vector pBL2 CAT
(Lucknow & Schutz, 1987) as shown in figure 7.5. This
vector contained the chloramphenicol acetyltransferase
(CAT) gene (Gorman, 1985) under the control of the
thymidine kinase promoter. The product of this gene
can be readily assayed and hence the effects of the
octamer oligonucleotides on promoter function could be
determined.
When the C127 cell line which does not normally
express Ulb, was transfected with both Ula and Ulb
constructs CAT activity could only be detected from
the Ulb containing construct. The Ula construct
directed low/undetectable levels of gene expression
(figure 7.6.). Thus this experiment demonstrated that
the increased binding of Oct-1 to the Ulb octamer
sequence can drive gene expression in a Ulb non
expressing cell line. This indicated that the failure
of the Ulb gene to be transcribed in the majority of
mouse somatic tissues was not due to the failure of
the octamer to direct gene expression.
7.3. DISCUSSION
From these experiments it can be concluded that the
Ulb octamer sequence can bind Oct-1 with an affinity
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Figure 7.5.
Diagrammatic representation of the pBL2 CAT plasmid
showing a chimeric CAT fusion gene. The coding region
of the CAT gene is coupled to the small t intron and
polyadenylation signals from SV40. Unique restriction
enzyme sites permitted cloning of regulatory elements
upstream of Herpes simplex virus thymidine kinase
promoter. Transformed bacteria are selected through
the acquisition of ampicillin resistance (Lucknow &
Schutz, 1987).
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Figure 7.6.
Assay of CAT activity obtained by transfection of C127
cells with pBL2 CAT vector containing a 2-mer of
either Ula (a) or Ulb (b) octamer oligonucleotides.
Promoter driven expression of the CAT gene results in
the production of CAT enzyme which converts the
unacetylated
(0 )
form
of
chloramphenicol
to
monoacetylated (1 ) form.

219

<)►

220

at least equivalent to the Ula motif in both Ulb
expressing and non-expressing cell lines and tissues.
This binding of Oct-1 has been shown to be
functionally important in directing gene expression
from a heterologous promoter. A discussion of gene
regulatory mechanisms which may be involved in U1
snRNA synthesis in the testis follows.
7.3.1.

Gene Regulation at the Level of
Transcription.

Failure of Oct-1 protein to bind to the Ulb octamer
sequence did not cause tissue specificexpression of
this gene. The intact Ulb promoter sequence is
however, thought to contain binding sites for other
transcription
factors
for
example
SPH
(SphI
postoctamer homology) (Roebuck et al., 1990) and Spl
(Roebuck et al., 1987). Thus, it is possible that
tissue specific expression of 1 or more of these
factors
might
modulate
transcription
through
interaction with the ubiquitous Oct-1 protein (Roebuck
et al., 1990).
Alternatively, the Ulb octamer may contain an
inhibitory binding site that is functional in
differentiated cells but not in undifferentiated cells
such as those present in the testis. However since no
inhibitory effect is seen in these assays, it is
unlikely that this site overlaps with the octamer. In
addition, it may be that undifferentiated tissues
contain a factor which positively regulates Ulb gene
expression. If this were the case, no requirement for
this factor by the Ula promoter to initiate
transcription would result in constitutive gene
expression.
To assess these possibilities it will be necessary
to dissect the promoter of the Ula and Ulb genes more
thoroughly to include other potential protein binding
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sites. The functional relevance of these sites could
then be determined by DNA mobility shift assays and
transfection experiments as has been described in this
chapter.
7.3.2. Post-transcriptional Gene Regulation.

It might be that the Ulb promoter is not tissue
specific in its activity. Thus in Ulb non-expressing
mouse L-cells, Ulb gene expression can be driven by a
400bp fragment of the promoter (Moussa et al., 1985)
which presumably contains all necessary elements to
initiate gene expression. Hence it is possible that
the tissue specific expression of this gene results
from post-transcriptional regulation. Therefore the
Ula and Ulb transcripts may have differing stabilities
such that Ulb is only stable in undifferentiated cell
types. Tissue specific expression of an unknown
protein would presumably thenbe necessary to
stabilize the Ulb transcript
in these tissues.
Stabilizing of other transcripts is thought to occur
through the interaction of PABP to the poly-A tail
(Bernstein et al., 1989). The U snRNA family are not
polyadenylated, however, as mRNA degradation is
thought to occur from the 3 1 end, it may be assumed
that this is the site at which any stabilizing protein
would bind. In support of this, it has been shown that
the sequence of Ula and Ulb 3 1 flanking regions are
not 100% homologous. Both genes contain a conserved
region (consensus GTTYN(0-3) AAARYAGA) positioned at 710 nucleotides downstream of the 3 * termini of the U1
coding region which specifies
accurate 3 1 end
formation but the remaining sequence is divergent
(Howard et al., 1986).
An alternative mechanism for the tissue specific
expression of Ulb could involve differences in the
chromatin structure of the Ula and Ulb genes in the
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different tissues. If Ulb were in a closed chromatin
structure in fully differentiated tissues, the gene
might be inaccessible to Oct-1 and would therefore not
be expressed.
If the protein-DNA interactions
modulating chromatin structure were altered in
undifferentiated tissues making
the
Ulb
gene
accessible to transcription factors, gene expression
could then occur. This form of gene regulation has
been shown to occur for a number of genes (reviewed by
Gross & Garrad, 1988; Weintraub, 1985). Whether or not
this mechanism plays a role in Ulb testis specific
gene expression could be resolved by performing DNAse
hypersensitivity assays with extracts prepared from
testis and liver. The differences in Ula and Ulb
octamer sequences may be important in some aspect of
this differential gene regulation but they are not the
sole cause of it. To determine the mechanism of tissue
specific regulation for the Ulb snRNA gene, further
experimentation will be necessary. In this respect,
the development of germ cell lines from the testis
will be important.
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CHAPTER 8
DISCUSSION AND FUTURE WORK

224

8.1. DISCUSSION

Evidence is accumulating that a highly complex
system
of
gene
expression
occurs
during
spermatogenesis. This involves the temporal control of
testicular gene expression throughout the development
of germ cells from spermatogonia to spermatids as they
progress spatially through and along the tubule. In an
attempt to clone genes that play a role in the postmeiotic development of spermatids, a human testis
expressed cDNA clone was isolated, cloned and
sequenced. This analysis revealed the presence of a
novel gene which was designated pHT2. Characterisation
of the tissue specific expression pattern of this gene
(in the rat) revealed a limited distribution of pHT2
mRNA, restricted to the testis, epididymis and ovary.
Further analysis of the testis specific expression
pattern indicated that transcription of the pHT2 gene
occured in a tightly regulated fashion initiated after
spermiation and persisting through stage IX of the
cycle of the seminiferous epithelium. Although pHT2
mRNA remained detectable as tubules progress into
stage X it was not determined whether this was the
result of continued transcriptional activity of the
gene or the persistence of the message.
Expression of the pHT2 gene appeared to be exclusive
to the Sertoli cells,
in situ hybridisation
experiments indicated that within these cells, the
pHT2 mRNA was associated with small dense bodies. The
identity of these remains to be confirmed but it is
postulated that they may be phagocytosed residual
bodies (RB) which migrate near to the basal lamina of
the epithelium in stage IX.
Recent evidence has accumulated to suggest the
potential role of phagocytosed residual bodies in the
regulation of the spermatogenic cycle. This control is
effected through the regulation of Sertoli cell
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functions which may be achieved in two ways; through
factors encoded by RB mRNA or proteins products
contained within these structures and synthesis of
factors (stimulated by RB phagocytosis) which are
proposed to regulate Sertoli cell function (Jegou et
al., 1992).
These proposals may imply a further aspect of
temporal regulation in Sertoli cell function that has
been little considered to date. This is supported by
studies which indicate the occurrence of RB specific
membrane antigens which are proposed to function as
cell-cell adhesion molecules (Jegou et al., 1992). The
synthesis of these proteins occurring either at early
stages of germ cell development, or just prior to
spermatid release, could then play an important role
in the processes of spermiation and RB phagocytosis.
Initial observations would suggest that the
cytokine, interleukin-1 (IL-1), is an important factor
in the regulation of gene expression through RBSertoli cell interaction. IL-1 has a role in a variety
of cellular functions including cell differentiation
and in isolated seminiferous tubules stimulation of
mitotic and meiotic DNA synthesis (Parvinen et al.,
1991). As production of IL-1 from cultured Sertoli
cells can be stimulated by the addition of RB, it
might be suggested that RB phagocytosis and lysis are
potent stimulators of Sertoli cell function (Gerard et
al., 1991; 1992).
Given the potential importance of RB in regulating
gene expression in the testis, it is tempting to
speculate that the association of pHT2 mRNA with the
RB is of significance in the progression of the cycle
of the seminiferous epithelium. If this were the case
and the mRNA were RB derived then the pHT2 transcript
must be masked prior to stage IX. Alternatively the
pHT2 mRNA may derive from the Sertoli cell, localising
to the region surrounding the RB. Although it can be
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postulated that the pHT2 gene product may be in some
way involved in the regulation of Sertoli cell
function, further experimentation is required to
assess these possibilities.
The proposed fundamental role of the pHT2 gene
product in spermatogenesis is further supported by a
high degree of phylogenetic conservation of the gene.
Whilst it is tempting to speculate that this role is
concerned with late stage VUI/stage IX specific
events, no evidence has been presented to support this
hypothesis.
The use of anti-pHT2 peptide antibodies has
demonstrated the occurrence of the pHT2 protein in
human sperm extracts. Considered with the previous
data this might imply passage of the pHT2 protein from
the Sertoli cells to developing spermatids. Although
there is well documented evidence for the movement of
proteins between Sertoli cells and developing germ
cells, this has not yet been demonstrated to occur
with the pHT2 protein. It is also difficult to
reconcile this transfer of gene products with the
proposed occurrence of pHT2 mRNA in association with
RB. However, if the expression of the pHT2 gene is not
directly associated with RB but is stimulated by the
phagocytosis of RB then it is possible that this gene
product is an important factor in the RB-Sertoli cellgerm cell communication axis. Although the identity
and function of the pHT2 gene product remains to be
elucidated the data presented in this thesis may
suggest an important role in spermatogenesis.
In addition to characterisation of the pHT2 cDNA
clone, work presented in this thesis suggests that the
differential expression of the mouse U1 snRNA genes is
not solely caused by differences in the sequences of
the octamer elements present in their promoters.
Differential regulation could be brought about by a
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number of potential mechanisms which have been
discussed in section 7.3.. Evidence is beginning to
accumulate revealing specific sequence elements that
regulate gene expression in the testis. It seems
likely that this will involve the interplay of a
variety of testis specific promoter elements and
transcription factors.
8.2 FUTURE WORK.
8.2.1. Immediate Objectives.

Because of time limitations a number of objectives
for this work were left unfulfilled. Therefore, the
immediate aims for the continuation of this work must
include
the
isolation of
pHT2
51 sequences
(approximately lkb) not yet cloned. It is expected
that this could be achieved by several methods.
Briefly, these include amplification of the original
testis library by PCR using primers homologous to the
5' terminus of the pHT2 clone and to the Agt 11
cloning site sequences. However, as the library had
been constructed by oligo d(T) priming and the limit
of insert size was approximately 3kb,
it is
anticipated that it will not be possible to isolate
the most 5' pHT2 sequence in this way. Thus
alternative methods have been sought which include the
Rapid Amplification of cDNA Ends
(RACE)
and
construction of a "library" of pHT2 sequences reverse
transcribed from rat testis RNA and "shotgun" cloned
into an appropriate vector.
Further characterisation of the expression pattern
of the pHT2 gene will involve expanding the data on
the phylogenetic conservation of this gene by Northern
blotting of RNA isolated from the testis of different
species. It might also be possible to use nuclear runon assays to determine the stage at which cessation of
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pHT2 gene transcription occurs. Although technically
difficult, involving the isolation of different staged
segments of tubule,
this technique would more
accurately define the limit of pHT2 gene expression.
In contrast to the rat, the stages of the cycle of
the seminiferous epithelium in human are thought to be
arranged in a helical array around the tubule. As the
pHT2 clone is a human testis derived gene, in situ
hybridisation analysis of human testis sections is
likely to prove an interesting comparison to the stage
specific expression shown in the rat.
It is also intended to confirm and expand
the
preliminary data on the expression of the pHT2 gene
during post-natal development of rat and provide more
evidence of Sertoli cell specific expression of this
gene. This could be achieved by Northern blot analysis
and in situ hybridisation of testis taken
from
hypogonadal mutant mice in which initiation and
maintenance of spermatogenesis can be controlled by
administration of exogenous hormones.
Further confirmation of the population of cells
which express this gene in the adult rat will be
sought. This may require an assessment of the
transcriptional activity of the pHT2 gene in Sertoli
cell cultures. This could then be extended by analysis
of purified populations of residual bodies to
determine the potential occurrence of pHT2 mRNA.
In order to confirm the localisationof the pHT2
protein in the testis, rather than usinganti-peptide
antibodies, anti-fusion protein antibodies could be
produced and used for further immunocytochemical
staining of testis sections. This might be achieved by
cloning of the full length cDNA sequence into an
appropriate expression vector from which large
quantities of fusion protein can be purified to raise
antibodies to. It is hoped that this would improve the
specificity of the antibody-antigen reaction.
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Further analysis of the pHT2 protein itself could
involve the investigation of parameters such as
protein
secondary
modifications,
glycosylation,
phosphorylation and sulphation. It is hoped that this
could be achieved through analysis of amino acid
consensus sequences for these modifications. Further
confirmation might then be determined by removal of
the modifying groups and analysis of protein by 2dimensional electrophoresis.
Another aim would be to begin the characterisation
of the pHT2 transcripts present in epididymis and
ovary perhaps initially by sequencing and in situ
hybridisation experiments. Subsequently the intention
would be to analyze the sequences for potential
alternative splice patterns. This could be achieved
through the amplification of reverse transcribed mRNA
by PCR using primers homologous to different regions
of the pHT2 clone in each tissue. These studies could
then be extended to include the analysis of protein
expression in these tissues.
8.2.2. Long Term Objectives.

In the long term, it would be of interest to define
the elements involved in the transcriptional control
of the pHT2 gene. This would entail cloning of
homologous pHT2 genomic sequences. It would also be
advantageous to isolate the rat homologue to the human
genomic clone and perform further characterisation of
this sequence.
The promoter elements of these genes could be
dissected and sub-cloned into an appropriate vector
upstream of an easily identifiable gene for example 13galactosidase or human growth hormone so that
transgenic mice may be constructed. In this way one
would determine the sequences that bring about stage
specific expression of this gene and ultimately define
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the corresponding transcription factors involved. In
a similar fashion, it would also be feasible to assay
the function of pHT2 31 sequences in determining the
localisation of the gene product.
To conclude, it is envisaged that studies of the
expression of specific genes such as pHT2, will lead
to a general appreciation of gene expression and
regulation during spermatogenesis and finally to a
more complete understanding of sperm development.
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Differential expression of the mouse U la and U lb SnRNA genes
is not dependent on sequence differences in the octamer motif
J
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The mouse U lb SnRNA gene is expressed in only a limited range o f cell types, whereas the U la SnRNA gene is expressed
in all cells. These two genes differ in the sequence o f the octamer motif, which plays a critical role in SnRNA gene
regulation. We show that the U lb octamer binds the octamer-binding protein Oct-1 with higher affinity than does the U la
octamer in both Ulb-expressing and -non-expressing cell lines and tissues. Moreover, the U lb octamer can direct a higher
level o f gene expression than the U la octamer when linked to a heterologous promoter and introduced into a non-U lbexpressing cell line. Hence the tissue-specific expression o f the U lb gene is not determined by the failure o f its octamer
motif to bind Oct-1 or the weak affinity o f this binding.

INTRODUCTION
The octamer motif containing a conserved octamer core and
an additional adjacent conserved A residue (consensus ATGCAAATNA) is found in the promoters o f a wide variety o f cellular
genes, including those encoding histone H2B, the small nuclear
RNAs and the immunoglobulin heavy and light chains (for
review see [1]). In the genes which contain it, this motif plays a
critical role in determining their specific expression patterns
[2-4]. For example, in the case of the genes encoding the U series
SnRNAs, which are expressed in all cell types, the octamer motif
within these genes is capable of binding the octamer-binding
protein Oct-1, which is also expressed in all cell types [5,6]. This
binding is essential for the transcription of the SnRNA genes,
with deletion o f the octamer motif or its mutation abolishing the
expression o f the genes [7-9]. The interaction o f the constitutively
expressed Oct-1 protein with the octamer motif therefore results
in the constitutive expression of the SnRNA genes.
In contrast with the constitutive expression of most SnRNAs,
however, the mouse contains two distinct forms o f the U1
SnRNA, one o f which, U la , is present in all cell types, whereas
the other, U lb , is found in only a limited range o f cells and
tissues [10]. Thus, whereas U lb is found at similar levels to U la
in embryonic tissues, it is absent in most adult cell types, being
detectable only in tissues such as testis, spleen and thymus which
retain a stem cell population capable of further differentiation
[10].
In view o f the essential role played by U1 and the other
SnRNAs in the splicing of m RNA precursors (for review see
[11]), it is possible that a tissue-specific form o f U1 might play a
role in the regulation of alternative splicing events which differ in
different tissues (for review see [12]), and it is therefore of
importance to understand the processes regulating the differential
expression o f the U la and U lb genes.
Interestingly, analysis of the promoter regions o f the U la and
U lb genes has shown that their octamer motifs differ from one
another by a single base pair (Fig. 1). In turn, both of these
octamers differ from the consensus octamer sequence found in
other SnRNA genes such as those encoding U 2 and U4, the U la
octamer differing by two bases from the consensus and the U lb
octamer differing by only a single base ([13], see Fig. 1).

Abbreviation used: CAT, chloramphenicol acetyltransferase.
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In view o f the importance o f the octamer motif in SnRNA
gene regulation, it is possible that these differences in the octamer
motif are responsible for the different expression patterns of the
U la and U lb genes. For example, the U lb octamer might fail to
bind the constitutively expressed Oct-1 protein and hence might
be dependent upon an octamer-binding protein expressed only in
embryonic or stem cells. Alternatively, the U lb octamer might
bind Oct-1 but with much lower affinity than does the U la
octamer or the consensus sequence. Hence U lb would only be
expressed in cells containing sufficient levels o f Oct-1 to bind to
all o f its target promoters. In contrast, in other cell types where
Oct-1 was limiting, U lb would be unable to compete with U la
and the other SnRNA genes for Oct-1 binding and hence would
not be expressed (see [13] for a discussion o f this idea).
To test these possibilities, we have studied the ability of the
U la and U lb octamer elements to bind Oct-1 as well as their
ability to drive gene expression when linked to a heterologous
promoter.

MATERIALS AND METHODS
Cells and tissues
C127 mouse fibroblasts [14] and C1300 mouse neuroblastoma
cells [15] were grown respectively in Dulbecco’s modified Eagle’s
medium or Royal Postgraduate Medical Institute 1640 medium,
both of which were supplemented with 10% foetal calf serum.
Mouse testis and liver were obtained from adult Balb/C mice.

Octamer consensus
U1a
U1b
U4

A
A
A
A

T G C
T G T
T
G C
T
G C

A
A
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A
G
G
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A
A
A
A

T N A
T G A
T
A A
T
C A

Fig. 1. Relationship of the octamer consensus sequence [1] and the octamer
sequences in the U la and U lb SnRNA genes and in the U4 SnRNA
gene [13]

The eight-base octamer core sequence is overlined. In addition, the
base two nucleotides downstream of the core is also conserved in
most genes containing the octamer [1], and the two nucleotides
adjacent to the octamer core in the various SnRNA genes are
therefore shown for comparison.

are m ouse m am m ary fibroblasts that lack detectable U l b ex

Oligonucleotides
C om plem entary pairs o f oligon u cleotid es containing the U l a
or U l b octam er sequences were synthesized on an A pplied
Biosystem s m odel 381A oligon u cleotid e synthesizer. All o lig o 
nucleotides were synthesized so that, when annealed, the d ou b le
stranded m olecule w ould have a 5' G A T C single-stranded
exten sion at either end to facilitate cloning. A fter annealing, the
oligon u cleotid es were labelled by p h osp horylation with [y32P]A TP and T4 p olyn ucleotid e kinase.

pression, and from C l 300 cells, a m ouse neuroblastom a which
expresses high levels o f U l b [10], These extracts were then used
in D N A m obility shift assays [21] with a labelled oligon ucleotide
(sequence A T G C A A A T G A G A T ) con tain in g an octam er m o tif
which binds Oct-1 w ith high affinity. A s expected, a single
D N A -p r o te in com plex form ed w ith both cell extracts when this
oligon u cleotid e w as used as a probe, confirm ing that both cell
types contained Oct-1 (F ig. 2).
In order to determ ine the ability o f the U l a and U l b octam ers
to com pete for this protein, we carried out the binding reaction

DNA mobility shift assays
N u clear extracts were prepared from approx. 5 x 107 cells as
described by D ignam et al. [16]. F or the binding assay, 10 fm ol
o f [32P ]A T P -labelled oligon u cleotid e probe w as m ixed with 1 /d
o f nuclear extract in the presence o f 20 m M -Hepes, 5 m M -M gCl2,
50 mM-KCl, 0.5 m M -dithiothreitol, 4% F icoll and 2 fig o f poly(d ld C ) per 20 fi\ reaction volum e. C om p etitor D N A w as added
at appropriate m olar excess at this stage, as required. The
binding reaction was incubated on ice for 40 min prior to
electrophoresis on a 4 % polyacrylam ide gel in 0.25 x T B E
(1 x T B E = 100 m M -T ris/H C l/100 mM-boric a c id /2 m M -EDTA,
pH 8.3) for 2 -3 h at 150 V and 4 °C. D N A -p r o te in com plexes
were visualized by autoradiography o f the dried gel and qu anti
fied by scanning the autoradiographs on a B io-R ad m odel 620

using the sam e labelled octam er oligon u cleotid e as before, but
including various m olar excesses o f unlabelled U l a or U lb
com petitor oligon u cleotid e in the binding reaction. In these
experim ents (F ig. 2), the U l b octam er com peted alm ost as well
for binding as did an octam er oligon u cleotid e containing the
consensus sequence found in the U 4 S n R N A gene prom oter,
with effective com p etition being observed at a 10-fold m olar
excess o f com petitor. In contrast, the U l a

octam er o lig o 

nu cleotide com peted significantly less well, w ith little com petition
even at a 100-fold excess o f com petitor. H ence the U l b octam er
can com pete as effectively for Oct-1 as the consensus octam er, in
agreem ent with its differing from the consensus by only a single
base, w hereas the additional base difference in the U l a octam er
significantly dim inishes its affinity for O ct-1.

video densitom eter.

In order to test whether these differences in the affinity o f the

Transfection

U l a and U l b octam ers were confined to cell lines w hich had

A nnealed octam er oligon u cleotid es were clon ed as 2-m er into
the B a m H l site o f pBL2 C A T vector [17], and recom binants were

been cultured for long periods, we also prepared extracts from

identified by screening o f the resultant colon ies with labelled

m ouse testis, w hich expresses both U l a and high levels o f U lb

oligon u cleotid e [18]. R ecom binant plasm ids were transfected as

[10]. In these experim ents a sim ilar pattern was observed, with

previously described [8] using 5 fig o f D N A / 2 x 10® cells on a

the U l b octam er consistently exhibiting a higher binding affinity

90 mm plate. F ollow in g transfection, cells were harvested and

than the U l a octam er in both tissue types (results not show n).

adult m ouse liver, w hich expresses only U l a , and from adult

the protein content w as determ ined by the m ethod o f Bradford

H ence the U l b octam er is able to bind Oct-1 with higher

[19]. The chloram phenicol acetyltransferase (C A T ) activity o f

affinity than the U l a octam er in U lb -e x p r e ssin g and -non-

sam ples equalized for protein content w as then determ ined by

expressing cell lines and tissues. T his suggested that the failure o f

the m ethod o f G orm an [20].

U l b expression in m ost cell lines and tissues is not due to a
failure to bind Oct-1 or a w eak affinity for this factor. It
rem ained possible from these experim ents, how ever, that the

RESULTS AND DISCUSSION

constitutive expression o f the U l a R N A w as dependent upon its
T o investigate the affinity o f the U l a and U l b octam er m otifs
for O ct-1, we prepared nuclear extracts from C l 27, cells which

binding with high affinity a form o f Oct-1 which was poorly
bound by the consensus octam er m o tif and which w ould therefore
n ot be detected w hen this m o tif w as used as the probe in our
previous com p etition experim ents. Sim ilarly, the U l b octam er

C1300________________C127
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0 1 2 3 1 2 3 1 2 3 0 1
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B

2 3 1 2 3

4
1 23

m ight com pete poorly or not at all for this form o f O ct-1,
explaining its tissue-specific expression pattern.
T o test this possibility, we carried out further D N A m obility
shift experim ents using either labelled U l a or U l b octam ers as
the probe and excess unlabelled U l a or U l b as the com petitor.
In all o f these experim ents, whether carried out using extracts
prepared from cultured cells (F ig. 3) or from tissues (results not
sh ow n ), the U l b octam er consistently exhibited a higher affinity
for octam er-binding protein than did the U l a octam er. This
effect w as observed regardless o f w hether the U l a or U l b
octam er w as used as the labelled probe and regardless o f whether
the cell line or tissue expressed U lb .
It is clear, therefore, that the tissue-specific expression o f the
U l b S n R N A is n ot dependent on the failure o f its octam er m o tif
to bind Oct-1 or on the low affinity o f this binding. D N A

Fig. 2. DNA mobility shift assay using nuclear extracts prepared from
C1300 cells or C127 cells and a labelled octamer oligonucleotide
The assays were carried out in the absence o f com petitor (track 0) or
in the presence o f a 1-fold (tracks 1), 10-fold (tracks 2) or 100-fold
(tracks 3) excess o f U la (A), U lb (B) or U 4 (4) octamer competitors.
The arrow indicates the position o f the shift produced by the
constitutively expressed Oct-1 protein.

m obility shift experim ents can only assay the strength o f binding,
how ever, and not its functional consequences. W e therefore
w ished to assess whether the U l b octam er w as able to activate
gene expression in a n o n -U 1b-expressing cell line. A ccordingly,
2-m er o f the U l a and U l b oligon u cleotid es containing two
tandem copies o f the octam er m o tif were clon ed upstream o f the
herpes sim plex virus thym idine kinase prom oter in the vector

1991

T his indicates, therefore, that the failure o f U l b expression in

100

100

m ost cell types is not dependent upon the inability o f its octamer
m o tif to bind octam er-binding protein and activate gene ex
pression in these cells. The m echanism s producing the tissuespecific expression o f the U l b gene do not appear, therefore, to

50-

involve the octam er m o tif alone. It rem ains possible, however,
that the octam er m o tif is unable to direct the expression o f the
o
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U l b gene in non-expressing cells because binding o f Oct-1 is
prevented by an inhibitory protein present in these cells. If this is
the case, how ever, this inhibitory protein m ust bind to a site
adjacent to or only m inim ally overlapping the octam er, since we
did not observe any such tissue-specific proteins binding to the

100

octam er itself in our D N A m obility shift experim ents.
M oreover, it is possible that the entire U l b prom oter is not
tissue-specific in its activity. Thus M oussa et al. [22] observed
significant activity o f a U l b gene with 400 bp o f upstream
sequence follow in g transfection o f m ouse L cells, which do not

50-

50-

norm ally express high levels o f U lb . H ence the U l b prom oter
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100
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Molar excess of competitor (fold)

Fig. 3. DNA mobility shift assays showing competition with U la and U lb
octamers
Densitometric analysis is shown o f the intensity o f the Oct-1 band
which forms using C l 300 (a, b ) or C l 27 (c, d) cell extracts on a
labelled U la octamer (a, c) or U lb octamer (b, d) in the absence or
presence o f the indicated excess o f unlabelled U la ( # ) or U lb (O )
competitor. Values are expressed as percentages o f the binding in the
absence o f competitor.

a

b

may actually be active in all cell types. If this is the case, the
tissue-specific accum ulation o f the U l b R N A m ust be controlled
either post-transcriptionally by differences in R N A stability in
different cell types, or at the transcriptional level by differences in
chrom atin structure which control the accessibility o f the U lb
prom oter to constitutive factors such as O ct-1. Further exper
im ents will be necessary to resolve these possibilities.
The lack o f involvem ent o f the octam er m o tif in tissue-specific
expression pattern does raise the question, how ever, o f why the
U1 S n R N A genes have octam er m otifs which differ from the
consensus. Thus the tw o octam er m otifs found in the m ouse U la
and U 1b genes are also found in tw o rat U 1 genes, although in
this case, unlike U l a and U lb , both genes encode the same U1
R N A [23]. Sim ilarly, the U1 gene in hum ans has an octamer
m o tif identical with that in the m ouse U l a gene and which
therefore differs by 2bp from the consensus octam er found in
m ost other octam er-containing genes [24]. W e have previously
show n that the nature o f the octam er m o tif in the hum an U1
gene is responsible for its failure to be induced by the herpes
sim plex virus virion protein V m w 65, since it does not bind the
com plex o f O c t-1 and Vm w 65 that is necessary for such activation
to occur [8]. It is possible, therefore, that the sequence differences
between the U1 octam er and the consensus m ay play a role in
som e aspect o f U1 gene regulation in both rodents and humans.
The data presented here suggest, how ever, that they are unlikely
to play any role in the differential expression o f the m ouse U la

Fig. 4. Assay of CAT activity obtained by transfecting C l27 cells with
pBL2 CAT vector containing a 2-mer of either the U la (a) or the
U lb (b) octamer oligonucleotide
The positions o f the unacetylated (0) and m onoacetylated (1) forms
o f chloramphenicol are indicated. Activity o f the promoter driving
the CAT gene results in the production o f active CAT enzyme able
to convert the unacetylated form o f chloramphenicol into the
m onoacetylated form.

pBL2 C A T [17]. In this vector, the tk prom oter drives expression
o f the readily assayable C A T gene [20], providing a sim ple m eans
o f testing the effect o f any sequence on the activity o f a
heterologous prom oter.
W hen these constructs were introduced into C l 27 cells, which
do not express U lb , acetylation o f chloram phenicol was de
tectable only in extracts o f the cells transfected with the U lb
construct. H ence in this experim ent the U l b octam er directed a
m uch higher level o f gene activity than did the U 1a octam er (Fig.
4). H ence the increased binding o f Oct-1 by the U lb octam er
com pared with the U l a octam er has functional consequences,
allow ing it to direct a higher level o f activity from a heterologous
prom oter even in a n on -U lb-expressing cell line.
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and U l b genes.
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