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Abstract
During the first 30 days of pregnancy, 20-25 % of embryos from ewes with multiple
ovulations are lost. This represents a major economic loss to the sheep industry as the affected
ewes remain pregnant but have a reduced litter size. Within the AgResearch Booroola flock
we have observed differences between two half sibling rams which produce either a reduced
embryo survival (RES) or normal embryo survival (NES) phenotype in their daughters. These
ewes provide a unique resource for studying the underlying physiology of this reduced
embryo survival trait.
In this Booroola line of sheep, embryo loss occurs primarily before day 30 of gestation
and the uterus rather than the embryo appears to be the major determinant of embryo survival.
Consequently this study has focused on the interactions between the uterus and the embryo
during the time of implantation. One factor that has been identified as being involved in
successful implantation is mucin1 (MUC1). MUC1 is a large transmembrane protein reported
to be expressed by the luminal and glandular epithelial cells of the uterus in various species,
where it is believed to inhibit the interaction between the trophoblast and the luminal
epithelium, and block implantation. It is hypothesised that the presence of an embryo initiates
a cascade of events resulting in the down regulation of MUC1, thereby allowing adhesion to
occur.
Embryos and reproductive tissue were collected from the daughters of the RES sire
(n=10) and from the NES sire (n=5) at day 18 of pregnancy.
This study utilised Western blotting, immunohistochemistry and in situ hybridisation
to evaluate MUC1 mRNA and protein expression. The antibody used was a polyclonal mouse
anti-rabbit MUC-CT1 antibody which corresponds to the highly conserved region within the
cytoplasmic tail domain of the protein. For in situ hybridisation, sense and anti-sense probes
were generated from ovine cDNA encoding a 278 bp fragment corresponding to the
cytoplasmic tail region.
Western blotting analysis revealed that MUC1 exists as a single 70 kDa band under
reducing conditions in ovine uterine tissue. This expression pattern is similar to MUC1
protein expression observed in day 19 pregnant mouse uterine tissue. The doublet (19-23
kDa) often seen in virgin mouse uterine tissue was undetectable in ovine uterine tissue.
Specificity of the ovine 70 kDa band was confirmed by blocking with the MUC-CT1 peptide.
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Semi-quantitative analysis by Western blotting did not reveal any differences in protein levels
between the RES and NES groups.
Both MUC1 mRNA and protein, as evaluated by in situ hybridisation and
immunohistochemistry, showed expression in the luminal epithelial cells, and strong
expression in the glandular epithelial cells of the compactum stroma, with a weaker signal
observed in the glandular epithelial cells of the spongiosum stroma. There were no differences
observed in the expression patterns of both MUC1 mRNA and protein between the RES and
NES groups.
Blood samples were collected daily from day of mating to day 18 of pregnancy to
measure progesterone concentrations by radioimmunoassay (RIA). As progesterone is
considered to modulate MUC1 via the progesterone receptors it was hypothesised that there
could be a detectable difference in progesterone concentrations if MUC1 expression levels
were different between the RES and NES groups. Analysis revealed no difference in
progesterone concentrations between the RES and NES groups throughout the first 18 days of
gestation.
MUC1 mRNA and protein was detected in endometrial tissue in both the RES and
NES groups in the Booroola line of sheep, however no discernable differences in expression
levels were found. Animal numbers available for the study were low and consequently results
were inconclusive as to whether MUC1 plays a significant role in the partial loss of embryos
seen in these animals.
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Introduction
1.1

Embryo loss and embryo survival
Reproductive loss in sheep is an occurrence that has been widely studied and reported

on for the past 60 plus years. Research includes studies at all stages of potential loss such as
ovulation, fertilisation, implantation, embryonic development and fetal development.
Underlying successful embryo survival is also the need for a compatible maternal
environment and an effective relationship between this environment and the embryo.
Dutt [1] has suggested that failure at fertilisation in sheep is the most significant factor
contributing to a low lambing rate. However Dixon [2] has shown that in sheep, between 3-4
% of all potential offspring are lost for each 20 day period from day 25 of gestation through to
parturition (147 days). The greatest loss of embryos occurred between day 85 and parturition;
however this study did not consider losses prior to day 25. Quinlivin [3] assessed prenatal and
perinatal mortality in the ewe and established that the greatest embryo loss occurred in the
period immediately prior to day 18 of gestation. The difference between these conclusions
may be attributable to breed differences or geographical location, and therefore, differences in
farming systems, nutrition, and climate. The studies of Dutt and Dixon were undertaken in the
United States with Dutt using the Northwestern breed, and Dixon using a mixture of Dorset
and Suffolk breeds. Quinlivin’s study was undertaken in New Zealand using Romney ewes.
While the Quinlivin study appears more relevant to the New Zealand sheep industry, any loss
regardless of what stage this happens is of particular concern to the global sheep industry.
Dixon and Quinlivin refer to both partial and total embryo loss. Total embryo loss
(failure to maintain pregnancy) represents a delay in further successful mating and subsequent
lambing. Partial loss refers to the loss of some of the potential multiple offspring and
represents a reduction in litter size when compared to ovulation rate. Both total and partial
losses constitute a major source of economic loss.
It has been suggested that improving litter size can be achieved by selecting ewes on
the basis of ovulation rate. This was achieved by Hanrahan [4] who examined the relationship
between ovulation rate and litter size by studying differing mean ovulation rate populations.
Factors such as uterine capacity and the ability of different breeds to support fertilised eggs
were also considered. Hanrahan [4] reported that there were no differences between the
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breeds in regards to the amount of embryo loss, and it was also concluded that any genetic
variation in uterine capacity had only a small influence on the variation in litter size.
Figure 1 illustrates the relationship between the number of eggs shed at ovulation and
the resulting litter size. The curvilinear relationship is a result of higher embryo mortality at a
higher ovulation rate. Correlation between litter size and ovulation rate was constructed from
the range of population mean ovulation rates. The resulting relative frequencies were scaled to
eliminate the zero litter size class. Hanrahan further devised a calculation for predicting litter
size (LS) from a given ovulation rate (OR) whereby: LS = 0.15 + (0.926 x OR) - (0.0763 x
(OR2)). Heritability of ovulation rate in sheep is considered to be moderate to high, therefore
it is concluded that litter size can confidently be predicted based on ovulation rate.
Predicting litter size based on ovulation rate has been a tool used by the AgResearch
Reproductive Biology group in its studies to identify genes affecting ovulation rate. However,
it was noted that in some subsets of animals litter sizes were consistently higher (increased) or
lower (reduced) than predicted. These deviations from “normal” showed some degree of
heritability suggesting that there were genetic mutations in the sheep population which
affected embryo survival. One of these subsets in a Booroola line of sheep showed
consistently reduced litter sizes than predicted based on ovulation rate. This suggested a
mutation lowering embryo survival was present in some of these animals.
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Figure 1. Predicted relationship between average ovulation rate and average litter size. Graph
modified from Hanrahan [4]. The curvilinear relationship is a result of higher embryo
mortality at a higher ovulation rate.
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1.2

Embryo survival assessment
Hanrahan’s equation only considers partial loss, however, total loss can also be

calculated when assessing embryo survival in a population of ewes.
Table 1 summarises the advantages and disadvantages of the total and partial loss
calculations of assessment. The total pregnancy loss is equal to the ovulation rate minus the
number of lambs born. It includes all animals whether they maintained a pregnancy or not. It
is assumed that all eggs are successfully fertilised and, therefore, embryo loss is not due to
fertilisation failure. It is advantageous for assessment between lines that have low ovulation
rates as correlation between litter size and ovulation rate is more stable at the lower end.
Partial loss is the litter size observed minus the litter size predicted based on ovulation
rate. The litter size is predicted by the Hanrahan equation. Partial loss is considered a
measurement of true embryo survival/loss as it only includes ewes that are pregnant and
excludes non-pregnant animals. This method of assessment excludes ewes that are carrying
singles as a loss within these animals would be considered a total loss not a partial loss of
embryos. The limitation of this is that a significant amount of data can be excluded thereby
reducing the final data set available for analysis, particularly in ewes with low ovulation rates.
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Table 1. Total loss vs. partial loss embryo survival assessment. Summary of assessment
methods.

Total loss

Partial loss

Litter size observed minus litter size
predicted
Calculation

Ovulation rate minus number of
lambs born

LS predicted = 0.15 +(0.926 x OR) (0.0763 x (OR2))
Hanrahan equation


Rules





Include all animals




Advantages

Can use lines that have low
ovulation rates as correlation
between litter size and
ovulation rate is more stable
at the lower end





Disadvantages

It is assumed that all the eggs
are successfully fertilised
therefore any embryo loss is
due to the loss of embryos
not fertilisation failure
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Use animals that remain
pregnant
Exclude non pregnant animals
Exclude animals that ovulate
one ova as these will either be
non pregnant or if pregnant
embryo survival will be 100%
which is not a partial loss
Evaluates only pregnant
animals, therefore those that
are capable of holding
pregnancy and therefore true
embryo survival/loss in
multiple ovulating animals
Can use lines that have high
ovulation rates as the
calculation takes into
consideration ovulation rate
and the correlation with litter
size
As it excludes animals that
ovulate one ova and animals
that fail to become pregnant, it
is possible that a significant
amount of data is excluded,
reducing the final data set and
thus power to detect true
differences

1.3

Embryo survival in the Booroola population
Ewes carrying the Booroola fecundity gene mutation show an increase in ovulation

rate and litter size compared to those which do not carry the gene. A significant difference in
ovulation rates between ewes produced from 2 sires (41/02 and 48/02) has been noted and is
illustrated in Table 2 [5]. For the Booroola population of ewes, the partial loss method of
assessing embryo survival (ES) was used. This decision was based on the high ovulation rate
of the Booroola population.
Embryo survival assessment of 55 daughters produced from the two Booroola half
sibling sires (41/02 and 48/02) identified that the 2 sires showed segregation in ES values of
their daughters (p < 0.05) (Table 2). This form of sire assessment is more accurate in
determining ES due to the large number of offspring and therefore more ovulation rate and
lambing measurements which span multiple years.
The assignment of an ES phenotype (normal or reduced) is based on the recorded mean
ES values collected over multiple breeding seasons. These recorded values showed a
difference between the daughters from sire 48/02, where a mean ES value of -0.136 was
observed, and the daughters of sire 41/02, where a mean ES value of 0.137 was observed.
From this data, for this line of sheep, it was regarded that the daughters from sire 48/02 had
reduced ES compared to the daughters of 41/02 where the ES values were regarded as normal.
A subset of ewes from each sire (41/02 and 48/02) was made available for the
purposes of this study. More detail on the embryo survival of the individually chosen ewes is
covered in the methodology section 2.3.
The ewes generated from Rams 41/02 and 48/02 provide a unique resource for studying
the underlying physiology of this ES phenotype. As differences in uterine function have been
implicated as a possible reason for ES differences in this line (O’Connell A. R, unpublished
data), this study will focus on the interactions between the uterus and the embryo at the time
of embryo adhesion.
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Table 2. Ovulation and embryo survival rates of daughters from rams 41/02 and 48/02.
Prediction of embryo survival values presented are means (± standard error of the mean
(SEM)).

Booroola ram

Booroola ram

41/02

48/02

3.2 (±0.1)

3.9 (±0.1)

Prediction of embryo
survival of daughters by
partial loss method of
assessment

0.137 (±0.117)

-0.136 (±0.100)

Embryo survival call

“normal”

“reduced”

Ovulation rate of
daughters

1.4

Uterine morphology of the sheep at day 18 of gestation
The ruminant uterus is described as being bicornuate, or having 2 separate uterine

horns typically 10-12 cm in length, which extend from a common uterine body (Figure 2) [6].
Both the sheep uterine body and uterine horns are multilayered tissue structures comprising of
3 distinct layers: the outer layer is classified as the serosa (serous membrane) which consists
of a thin layer of cells that encloses the uterus; the middle layer is classified as the
myometrium, which mainly consists of muscle (circular and longitudinal) capable of
stretching and contracting; and the internal layer is classified as the endometrium. The
endometrium is a layer of supportive connecting tissue which is defined into two zones: the
stratum compactum and the stratum spongiosum. Both zones contain the uterine glands
(Figure 3) [7].
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The adult ovine endometrium consists of both aglandular (caruncular / CAR) and
glandular (intercaruncular / ICAR) areas (Figure 4). Both these areas are covered with a layer
of luminal epithelial cells (LE) comprised of 2 cell types. Present are simple (one layered) tall
columnar epithelial cells that are orientated radially (i.e. adhered to each other on their long
axis). The other cell type present is short cells (Figure 5). In general caruncles are bounded by
a mixture of short and tall cells, whereas intercaruncular regions contain predominantely tall
cells.
Caruncles first appear and start to develop (caruncular morphogenesis) during the fetal
period through to the early post-natal period [8]. These protuberances, which vary in size,
occupy the entire uterus including the uterine horns and are comprised of stromal aglandular
tissue. During pregnancy, the caruncles are the site in the uterus which form attachments with
the fetal membranes [9]. It has been reported that fetal growth rate in sheep can be reduced by
removal of the caruncles prior to conception [10]. This suggests that the caruncles play a role
in nutrient supply. The caruncles are often pigmented (Figure 6).
Between the caruncles, are intercaruncular zones where, beneath the surface
epithelium, there are considerable amounts of glandular epithelial cells (GE) (Figure 7) [9].
Initiation of the development of the uterine glands (adenogenesis) occurs during early postnatal life and the number and size of the glands continue to develop as age advances, although
by day 56 post birth the endometrial areas are similar to those as seen in an adult uterus [11].
Glands are formed from the budding of LE into the underlying stroma. The glands increase in
number and size and extend throughout the endometrium from the lumen, through the stroma
layers, to the border of the myometrium. The function of the uterine glands is to secrete and
transport a complex mix of proteins and other molecules, collectively known as the
histotroph, into the uterine lumen to aid in conceptus development [12]. There is evidence that
ewes that lack uterine glands and therefore an absence of histotroph show compromised
conceptus survival and elongation [13].
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Figure 2. Example of a bicornuate uterus (http://www.omafra.gov.on.ca)
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Figure 3. Adult ovine uterine morphology. Haematoxylin and eosin stained cross section of a
uterine horn illustrating the multiple tissue layers. Serosa (S). Myometrium as indicated by the
white line (M). The myometrium is made up of longitudinal muscle (LM) and circular muscle
(CM). Endometrium as indicated by the yellow line (E). The endometrium is divided into the
stratum spongiosum zone (Sp) and the stratum compactum zone (C). The endometrium is
covered in luminal epithelial cells (LE). Internal space of the uterus is the Lumen (L).
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Figure 4. Adult ovine uterine morphology. Haematoxylin and eosin stained cross section of a
uterine horn. Caruncle made of compactum stromal tissue (CAR). Intercaruncular zone
between the caruncles containing glands (ICAR). Lumen of Uterus (L).
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Figure 5. Adult ovine uterine morphology. Haematoxylin and eosin stained cross section of a
uterine horn. Tall columnar cells (C). Short cells (S). Lumen of the uterus (L).
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Figure 6. Internal tissue of an adult ovine uterine horn at day 18 of gestation. Note dark
pigmentation of the caruncles. (Photo L. Quirke).
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Figure 7. Adult ovine uterine morphology. Haematoxylin and eosin stained cross section of a
uterine horn. [A] Luminal epithelial cells found on the luminal surface of the uterus (LE).
Epithelial cells found within the glands of the endometrium (GE). Gland opening into the
surface of the epithelium (G). Lumen of uterus (L). [B] Epithelial cells lining the glands (GE).
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1.5

Implantation in the sheep
In preparation for successful implantation of the embryo into a functional endometrium,

and for the continuation of successful growth of the embryo, the uterus undergoes significant
modifications in regards to growth and differentiation of uterine tissue [14], vascular
remodeling [15], and changes in the hormone environment [16].
At days 4-6 post mating, the fertilised oocyte enters the uterus at the morula (16-32 cell
mass) stage of development. The morula develops into a blastocyst, which is comprised of an
inner cell mass and a cavity (blastocoele), all surrounded by a single cell layer
(trophectoderm). The blastocyst is further encased by the zona pellucida which at this stage is
thought to prevent the cells of the embryo from contacting and attaching to the luminal
epithelia [17].
The subsequent steps of implantation in the sheep have been described previously as a
progression of 4 phases which occur in the uterine horn [17]. Phase 1 involves the shedding of
the zona pellucida from the blastocyst (day 8-9 of gestation); Phase 2 involves the elongation
of the blastocyst. At this stage the embryo has started to differentiate within the elongated
structure. The outer epithelial cell layer (trophectoderm) is still present; Phase 3 refers to the
formation of a close association of the trophectoderm to the endometrial luminal epithelium
(LE) of the uterus (days 10-14 of gestation); Phase 4 involves the firm adhesion of the
trophectoderm to the endometrial LE (day 16-22 of gestation).
Firm adhesion involves binucleate cells of the trophectoderm differentiating and then
migrating and fusing with the luminal epithelia of the uterus. As the trophectoderm develops,
finger-like villi extend into the uterine glands to absorb components of the histotroph.
Development and fusion of placental cotyledons to the endometrial caruncles then takes place
[17].
The main signaling interaction between the embryo and the uterus is known as
‘maternal recognition of pregnancy’, and once this has been established the subsequent event
for the embryo is implantation. A key protein secreted by the trophectoderm of the conceptus
between days 12 and 15 of gestation is interferon-tau (IFNτ). Godkin [18] first identified a
major ovine conceptus protein that was secreted by the embryo and associated membranes
and subsequently named it ovine trophoblast protein (oTP-1). It has been established that
IFNτ is the recognition signal of pregnancy and is responsible for preventing the development
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of the endometrial luteolytic mechanism. By preventing luteolysis (regression) of the corpus
luteum (CL), a functional CL is maintained that continues to secrete progesterone, which in
turn helps to maintain a uterine environment that supports the development of the
embryo/fetus [19, 20].
It is prudent to note here that there are many factors that contribute to the successful
establishment of pregnancy such as cytokines, adhesion molecules, and hormones. The
establishment of a successful pregnancy is a very highly coordinated series of events;
however this thesis is investigating only one of many mechanisms involved in the
implantation process.

1.6

Mucins
Tissues involved with absorption and secretion (such as the respiratory, digestion and

reproductive tracts), are lined with epithelial cells which secrete large quantities of mucous
fluid. This fluid contains many compounds which together form a highly hydrated mucous
layer to provide lubrication, prevent dehydration and act as the first layer of defence to protect
against microbial access to the cell surface below [21].
Beneath the mucous layer is the glycocalyx, which is formed from glycoproteins and
results in a dense rigid layer. The major compound secreted by mucosal epithelial cells are the
mucin glycoproteins. To date there are 19 mucin family members divided into either secretory
or membrane-bound mucins. The membrane - anchored cell surface mucin glycoproteins form
the majority of the glycocaylx [22].
In general, glycosylated proteins undergo the addition or attachment of a carbohydrate
forming a larger protein. Specifically, mucins undergo either N-linked glycosylation or more
predominantly O-linked glycosylation which is the attachment of a sugar molecule to either a
nitrogen or oxygen atom [23].
Both the outer mucous layer and the glycocalyx layer are continually removed and
renewed, likely in response to changes in the local environment. The thickness of the
glycocaylx layer also varies among tissues, along with renewal time [22].
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Figure 8. Cartoon depicting that the mucin rich glycocaylx not only provides lubrication and
prevents dehydration, but also acts as a protective barrier against microbial infections.
Reproduced from [24].
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1.7

Mucin1
One of the membrane-bound mucin proteins found in the glycocalyx is mucin1 (MUC1)

[25-27]. Since its discovery it has become one of the most widely studied of the mucins due to
its association with epithelial cell cancers [28].
The MUC1 gene encodes a large transmembrane glycoprotein which is expressed at the
apical surface of many normal secretory epithelial cells [29]. It has been shown to be
expressed in uterine epithelia (luminal and glandular) in a variety of species including human,
baboon, pig, rat and sheep [30-34].
The full length MUC1 protein consists of 3 domains (Figure 9). The largest is the
heavily glycosylated extracellular domain (ECD). Differences in the length between species
of the ECD (1000-2200 amino acids) is due to a VNTR (variable number of tandem repeats)
region found within the extracellular domain. This region consists of a short sequence of
nucleotides which are organised as a repeated pattern next to each other and orientated in the
same direction. For example, in humans the VNTR contains 40-60 tandem repeats of 20
amino acids, whereas in the mouse the VNTR contains 16 tandem repeats of 20 or 21 amino
acids [35]. The serine and threonine residues found within tandem repeats are potential sites
for the attachment of 0-linked glycoproteins. This glycosylation can increase the mass of the
protein from 125-225 kDa to 250-500 kDa depending on the level of glycosylation and the
number of tandem repeats. The subsequent glycosylation results in a negative charge to the
extracellular domain where the consequence is a rigid structure being formed [36].
Most cell surface proteins only extend into the pericellular space surrounding the cell by
a small amount (e.g. 30 nm). The MUC1 extracellular domain extends into the pericellular
space by 200-500 nm, and due to this rigidity enables MUC1 to be a major participant of the
glycocalyx layer [25].
Homology of the MUC1 VNTR sequence between species differs; human:mouse is
30% homology, whereas sheep:goat is 97% and sheep:cattle is 93% [37]. In sheep, alternative
gene forms of the repetitive region have been identified. A study by Rasero [37] showed that
the MUC1 extracellular domain contains a repetitive region of 60 base pair units which gives
rise to 4 different fragments found among 7 breeds of sheep. In cattle, the MUC1 VNTR
polymorphism has been loosely associated with some reproductive traits and milk production
traits [37].
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The extracellular domain also contains an area of 120 amino acids which are highly
conserved and is the site where cleavage occurs. The SEA domain name is an acronym
derived from various other proteins that also share the motif of the cleavage site (sea urchin
sperm protein, enterokinase and agrin) [38, 39]. MUC1 undergoes a cleavage event when the
protein is newly synthesised, resulting in two subunits (heterodimer) that rejoin in a weak
non-covalent manner and are then exported to the cell surface. The split occurs due to high
conformational stress at the point of cleavage rather than facilitated by an enzyme [40].
Glycosylation and cleavage begins in the endoplasmic reticulum within the epithelial cell.
Once the protein has reached the plasma membrane, the extracellular domain may shed into
the lumen by the action of various proteases [41]. Different forms of the MUC1 protein are
further described in section 1.8.
The second domain is the hydrophobic transmembrane domain (TMD.) Its length of
approximately 23-28 amino acids is longer than the average protein TMD of 20 amino acids.
It is hypothesised that this difference in length has implications on protein trafficking,
membrane localisation and processing [42].
The third domain is the cytoplasmic tail domain (CT). The length of this domain is 72
amino acids. The CT domain is highly conserved in several mammalian species [43] and is
reported to be the most characterised portion of the protein. Studies have demonstrated that
the CT domain is involved in cellular signaling by way of kinase recognition sites identified
on the CT domain [21].
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Figure 9. Schematic of MUC1 structure. Modified from [42]. MUC1 consists of a large
extracellular domain (ECD) containing a signal sequence, a VNTR region and a cleavage site
(SEA) domain. A transmembrane domain (TMD) is followed by a cytoplasmic domain (CT).
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1.8

Different forms of mucin1 protein
The MUC1 gene has the ability to undergo alternative splicing of the mRNA resulting in

the coding of more than one truncated form of the protein [44]. Each demonstrates a different
range of properties and therefore most likely different functions:
 MUC1/TM/REP: As described in section 1.7. The cleaved full length protein
containing both the α and β chains and the VNTR region. There is evidence that
this form of the protein can be displaced into the lumen [41].
 MUC1/SEC: a secreted form of MUC1 that contains the extracellular domain
but lacks the transmembrane and cytoplasmic domains. The extracellular domain
contains the tandem repeat region. As this form of the MUC1 protein does not
contain the transmembrane and the cytoplasmic domains, it is unable to anchor
itself to the surface of the cell and therefore is secreted from the cell [45].
 MUC1/Y: A shorter variant from the full length protein due to the lack of the
tandem repeat domain [46, 47]. The variant still contains a portion of the SEA
domain and has identical transmembrane and cytoplasmic domains to the full
length protein. Although it contains the cleavage site, it does not undergo
cleavage and therefore exists as a single protein.
 MUC1/Z (also called MUC1/X): Similar to MUC1/Y, but is slightly larger than
MUC1/Y due to an additional 18 amino acids in the extracellular domain [47].

Further studies in human have been undertaken to establish which forms are present in
certain cancers and to further understand the mechanisms of processing of the different forms
of the protein [41, 48, 49].
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1.9

Mucin1 expression and its regulation by hormones
For implantation of the embryo to occur, the endometrium needs to be in a state of

receptivity to receive the embryo. In addition, the embryo must also be prepared to be
implanted. Early studies inferred that this was achieved via the influence of the steroid
hormones progesterone and/or estrogen and their regulating actions on the uterus and embryo.
However, more recent studies have revealed that prior to implantation in the sheep, the loss of
progesterone and estrogen receptors in the uterine endothelial cells is a prerequisite for
implantation [12]. However, this does not preclude progesterone from being necessary as it
has been shown that heifers and ewes with lower progesterone concentrations in the early
luteal phase had underdeveloped conceptuses that secreted less IFNτ [50].
Common to all mammals studied (humans, mice and sheep) is the association of the
loss of these progesterone and estrogen receptors and the reduction of MUC1 protein
expression [31, 51]. There are also species differences noted in regards to the timing of
MUC1 reduction. In rodents, pigs and sheep there is a decrease in MUC1 expression just prior
to implantation. Whereas in rabbits and humans, an increase of MUC1 expression is seen
during the receptive phase (implantation) but with possible reduced levels at the sites of
conceptus apposition [17].
In the sheep, the series of events starting from the secretion of IFNτ by the embryo to
the decrease in MUC1 protein expression is described as follows and is schematically
illustrated in Figure 10.
 IFNτ is secreted by the elongating conceptus (embryo and associated
membranes) between days 10-21 of gestation with peak levels seen on days 14
to 16 of gestation [52, 53].
 IFNτ represses/silences transcription of the estrogen receptor alpha (ESR1) and
oxytocin receptor (OXTR) genes located on the uterine epithelia. Suppression
of the oxytocin receptor gene prohibits oxytocin-induced endometrial release
of prostaglandin F2 alpha (PGF2α) [54-57].
 The lack of PGF2α allows maintenance of a functional corpus luteum (CL) and
the subsequent continued production of progesterone. The prolonged exposure
to progesterone down regulates the progesterone receptors (PGR) located in
the LE and GE, therefore not allowing direct regulation (either induction or
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repression) of genes by progesterone [50]. PGR expression is present in all
uterine cell types from day 6 of gestation, but ceases to be expressed in uterine
LE after day 11 and GE after day 13. After these times expression is restricted
to uterine stromal cells throughout pregnancy [12, 58].
 Loss of PGR in the LE and GE in the endometrial epithelia is associated with
the decrease in the levels of MUC1 protein [50, 51]. As reported by Johnson
[31], the expression levels of MUC1 on the LE gradually decrease from high
expression levels at day 9 to a level where it is barely detectable at day 17 of
gestation. This loss coincides to the time just before implantation and therefore
it is assumed there is an association of the loss of MUC1 expression prior to
ovine implantation which may remove the mucin barrier and/or LE that would
otherwise hinder the contact between the trophectoderm and the uterus.
 It has been noted that there is a temporary loss of the uterine LE, at the site of
embryo implantation, to about day 25 of gestation. After this the uterine LE
begins to be restored and placentation continues [12].

As described above, prior to implantation, progesterone and estrogen receptors are
down regulated in the luminal epithelial cells. This event seems puzzling considering that
progesterone is considered the “hormone of pregnancy” due to its sequential actions which
help regulate endometrial gene expression [58]. Bazer [51] highlights the need for further
understanding of the alternative mechanisms that to date include:
 That progesterone receptors continue to be expressed in the stromal and the
myometrial cells of the uterus [51],
 The loss of progesterone receptors in the LE and GE of the endometrium is
associated with reprogramming of gene expression patterns in the endometrium [58]
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Figure 10. Schematic illustration of the series of events starting from the secretion of IFNτ
by the embryo to the decrease in MUC1 protein expression. Briefly, a present embryo secretes
INFτ (1) which represses transcription of ESR1 and OXTR on the epithelial cells of the
endometrium (2). OXTR repression prohibits the release of endometrial prostaglandin (3)
causing the CL to be maintained and to continue the production of progesterone (4, 5).
Prolonged exposure of progesterone to the progesterone receptors (PGR) down-regulates the
PGR (6). Associated with the loss of PGR is the decrease in levels of MUC1 which removes
the mucin layer allowing implantation (7).
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1.10 Hypothesis and aims
As 20 to 25% of embryos are lost during the first 30 days of pregnancy and MUC1 is
known to play a role in implantation (between days 16-22), assessing potential differences in
MUC1 levels at day 18 of pregnancy may elucidate whether there is a difference in MUC1
expression levels which could explain a possible cause of the normal and reduced ES
phenotypes. It is important to note that evaluating embryo numbers at this stage of
implantation would not be a suitable gauge of embryo loss as the process of flushing embryos
from the reproductive tract would recover all embryos present regardless of whether they
were going to adhere or not. This study did not assess the functional health of the embryos nor
the ability of the uterus to receive all the embryos. The number of animals used in the study
limited the ability to provide an indication of the timing of when the loss may have occurred.
The hypothesis of this study is that the underlying mechanism of reduced ES in the
Booroola flock is failure of adhesion of the embryo to the uterine wall. It is also hypothesised
that MUC1 expression levels will be higher in the reduced ES ewes than in the normal ES
ewes.
The hypothesis will be tested by examining expression levels of MUC1 using a number
of techniques:
1. Western blotting to firstly determine the presence or absence of MUC1 protein in
sheep endometrial tissue.
2. A semi-quantitative method will be developed and applied to the Western blots to
determine whether differences in MUC1 protein expression levels are apparent
between the normal and reduced ES groups.
3. Light microscopic immunohistochemistry to determine the MUC1 protein localisation
within uterine tissue.
4. In situ hybridisation to determine which uterine cells express MUC1 mRNA.
Plasma progesterone concentrations in normal and reduced groups will also be measured
to assess differences given the known role of progesterone in regulating MUC1.
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Methodology
For a detailed methodology for each experimental technique, refer to the corresponding
appendices.
2.1

Validation
The CT1 antibody was chosen because it has been successfully employed in mouse for

Western blotting and in both mouse and sheep for immunofluorescence on frozen sections
[31, 59], however the antibody has not been validated for Western blotting in sheep or
immunohistochemistry utilising an ABC (Avidin-Biotin Complex) detection system. As such,
a number of validation steps were required and these are explained throughout this section
and results are presented in the results chapter.

2.2

Animal ethics
All experimentation involving animals was conducted following approval by the

Animal Ethics Committee of the AgResearch Invermay Agricultural Centre. Animals under
the care of AgResearch are handled with prime consideration of their welfare and health, and
in accordance with accepted animal performance and best farm practice as defined in the New
Zealand Codes of Welfare under the Animal Welfare Act 1999. Internal drug administration
orders (IDAOs) were prepared, and veterinary approval obtained, before any drugs were
administered to the animals.

2.3

Animals
Embryo survival assessment of daughters produced from two Booroola half-sibling

rams (same sire, different dam) identified that these two sires showed a segregation in ES
values of their daughters. The 2 sires are identified as 41/02 and 48/02. A subset of 20 ewes
from these 2 sires were available for this study. Further ES assessment was made on this
subset of ewes to ensure the embryo survival trait was still present in the chosen 20 ewes.
Daughters from 41/02 demonstrated an average ES value of 0.13 (defined as normal) and
daughters from 48/02 demonstrated an average ES value of -0.34 (defined as reduced). These
values upheld the predicted ES values demonstrated in the original set of ewes (Table 2).
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However, when the animals were ranked based on their ES values, it was noted that
there was some overlap between the normal and reduced groups (Figure 11). This overlap is
indicative of the smaller number of records that were available to assess ES for individual
ewes. As illustrated in figure 11, animal 3032 was sired by 48/02 (RES sire), but has a higher
value of 2.143 (defined as normal ES). The details of ovulation rate and lambing records for
this animal are outlined in Table 3.
As indicated when assessing partial ES, the non-pregnant ewes are not included in the
calculation. This leaves only a normal ES record for this ewe when it is possible that this
animal could display the reduced ES phenotype. This highlights the importance of having
multiple records for assessment and that there is more confidence around the phenotype of the
sires and less for the ewes.
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Figure 11. Distribution of daughters from sire 41/02 and 48/02 vs. embryo survival ranking.
41 indicates daughters from the normal ES sire 41/02, and 48 indicates daughters from the
reduced ES sire 48/02. Note 3032 outlier ewe that has a normal ES ranking but is from a
reduced ES sire. Red and blue data points indicate the 10 animals assigned for the gene and
protein expression studies.
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Table 3. Ovulation rate and lambing records for the identified outlier ewe 3032.

2.4

Number of corpora
lutea (CL)

Number of lambs

Year 1 (2005)

4

0 (non-pregnant)

Year 2 (2006)

missing data

missing data

Year 3 (2007)

5

5

Year 4 (2008)

8

0 (non-pregnant)

Oestrous synchronisation
A total of 20 ewes were synchronised with CIDR devices (Eazi-breed CIDR sheep &

goat insert, Pfizer Animal Health, Auckland, New Zealand) for 13 days (CIDR replaced at
day 10). Approximately 48 hours after CIDR removal and the introduction of 2 vasectomised
rams fitted with crayon harnesses, the ewes showed signs of oestrous as indicated by a mate
mark. Two intact rams were introduced 7 days before the following cycle was predicted to
begin (cycle length calculated at 17 days), and the ewes were checked daily for mate marks.
The morning of the first detected mating was recorded as day 1 as mating may have occurred
sometime in the previous 24 hour period. Previous embryo survival studies within the
Reproductive Biology group, AgResearch, Invermay, have employed this “second cycle”
mating program to minimise any influence that added hormones may have on embryo survival
while still allowing for a semi-synchronised collecting period among ewes.
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2.5

Blood sampling
Daily blood samples were taken from all ewes from the day of the introduction of the

intact ram to the day of tissue collection at day 18 of pregnancy. Heparinised 10 ml
vacutainers with 20 gauge needles were used to obtain approximately 10 ml of blood from the
jugular vein. After centrifugation at 1,500 x g for 15 minutes, the plasma was recovered and
stored at -20°C.

2.6

Collection of reproductive tissue
Day 18 of pregnancy was the chosen time of study as levels of MUC1 decrease just

prior to implantation (between days 16-22), [50, 51]. It is hypothesised that any differences in
MUC1 levels between the reduced and normal ES phenotypes would likely be apparent at this
stage.
At day 18 of gestation the animals were euthanased for collection of reproductive tissue
(Table 4). The animals were sacrificed by captive bolt followed immediately by severance of
the carotid artery and exsanguination. The reproductive tract was located and removed
immediately after slaughter via the abdominal cavity. Upon retrieval of the reproductive tract,
the ovaries were removed and the number of corpora lutea (CL) on each ovary was recorded.
To flush the embryos, the uterus was bisected between the horns and each horn was
straightened by trimming away surrounding membranes. The ovarian end of the uterus was
cut just above the uterine tubal junction and a blunt needle, connected to a syringe containing
10 ml of flushing solution (EMCARE™ Complete Ultra Flushing Solution, ICPbio
Reproduction, Auckland, New Zealand), was introduced into the tubal junction. The cervical
end of each horn was placed over a large petri dish to collect the embryos. The flushing
solution was introduced into the uterus in a fast flow to dislodge the embryos. The flush
process was repeated for each horn to maximise embryo collection. Evaluation of the
presence or absence of the embryos was made under a Nikon C-DSD230 dissecting
microscope and the number of embryos collected from each flush was recorded.
A 1 cm cross section piece of tissue was dissected from the mid region of each horn and
was fixed in 4 % paraformaldehyde. Each horn was then dissected open to reveal the inside of
the uterus. Samples of tissue from the protruding caruncules (CAR) and the tissue between the
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caruncles (intercaruncular tissue, ICAR) were dissected, minced, placed into a cryotube and
snap frozen in liquid nitrogen. Samples in liquid nitrogen were then transferred for storage at
-70˚C.

Table 4. Summary of reproductive tissues collected.
Tissue

Procedure

Embryos

The right and left horn
flushed separately
with 10 ml of flushing
media and the number
of embryos recovered
from each side
recorded.

Uterine horn
cross section

Endometrial
tissue

A 1 cm cross section
sample of the mid
region of each uterine
horn dissected.

Fix in 4 %
paraformaldehyde

n/a

Cross section fixed

Endometrial tissue
dissected from each
horn. Caruncular
(CAR) and
intercaruncular
(ICAR) tissue.

n/a

Freeze

n/a

n/a

Use

Number counted only

In situ hybridisation
for gene expression.
Immunohistochemistry
for protein expression.

Tissue
stored at
- 70˚C

Tissue source for gene
expression and protein
semi-quantitation

Tissue (caruncular and intercaruncular) for gene and protein expression studies was
selected from five uterine horns from five animals from each sire group. To allow the uterine
environment to be as close as possible between the two groups, the number of corpora lutea
(CL) and the number of embryos found in each horn was balanced between the two groups
(Table 5).
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Table 5. Animals and tissue assignment for gene and protein expression studies.
Animal ID

Sire

Total
number of
corpora
lutea (CL)

Number of
embryos

Left

Right

Left

Right

Horn
used

ES value

3092

41/02

1

2

1

2

right

0.204

3086

41/02

0

3

1

1

right

-0.34

3112

41/02

2

1

1

1

left

-0.38

3111

41/02

0

3

1

2

right

0.621

3087

41/02

2

1

1

0

left

0.406

3024

48/02

3

2

2

1

left

-0.68

3007

48/02

2

0

1

1

left

-1.05

3023

48/02

2

2

2

1

left

-0.12

3003

48/02

2

3

1

1

right

-0.94

3036

48/02

2

2

1

0

left

-1.45
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2.7

Fixation, histology and sectioning

Appendix 5.1 Fixation protocol
Appendix 5.2 Histology protocol
Appendix 5.3 Fixation and processing solutions
Tissue to be fixed was placed into histological cassettes which were placed into 4 %
paraformaldehyde for 24 hours at 4°C, followed by a further 24 hours in 70 % ethanol at room
temperature. The tissue was then processed through to paraffin wax for histology using a
routine protocol. The processed tissue was sectioned at a thickness of 5 µm using a Leica
rotary microtome. Every tenth section was stained with haematoxylin and eosin (H&E) to
assess the presence or absence of caruncular, intercaruncular / glandular tissue in the section.
Sections were stored at 4°C before use in immunohistochemistry and in situ hybridisation
studies.

2.8

Antibodies and peptides
The rabbit anti-Muc1 polyclonal antibody (CT1) was chosen as the antibody for use in

this study as it has been successfully used in immunofluorescence staining of the
endometrium of cycling and pregnant ewes [31]. CT1 was kindly supplied by Dr Daniel
Carson, Department of Biochemistry and Cell Biology, Rice University, Houston, Texas,
USA. The antibody corresponds to the highly conserved region within the cytoplasmic tail
domain of the protein [43].
A rabbit anti-alpha tubulin antibody was sourced from Abcam (Cambridge, UK,
catalogue number ab4074) and detects a band of approximately 50 kDa in Western blots. An
anti-rabbit IgG (whole molecule)-peroxidase conjugated antibody was sourced from Sigma
(St. Louis, MO, USA, catalogue number A6154).
A MUC1 17 aa peptide was manufactured by GenScript (Piscataway, NJ, USA). The
amino acid sequence (SSLSYTNPAVAATSANL) corresponds to the CT1 protein sequence
used to generate the CT1 anti-rabbit polyclonal antibody. The lyophilised powder was
prepared to a stock concentration of 1 mg/ml with sterile deionised water.
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2.9

Progesterone assay

Appendix 5.4 Progesterone assay protocol
A

Coat-A-Count®

progesterone

assay

kit

(Siemens,

Los

Angeles,

CA,

USA) was used to measure the circulating concentrations of progesterone (P4) in the collected
plasma samples according to the manufacturer’s instructions. Briefly, the assay measures the
amount of labelled P4 displacement. A known quantity of P4 labelled with

125

I competes with

the progesterone in the plasma sample for antibody sites which are immobilised to the wall of
the supplied tube. The P4 in the sample displaces the labelled 125I P4 at a level proportional to
the P4 concentration in the sample (i.e. the more P4 in the sample the more labelled P4 is
displaced) therefore the intensity of the remaining radioactivity is inversely proportional to
the concentration of the progesterone in the sample. The evaluation of the P4 concentration is
made using a standard curve.
In-house stocks of high, medium and low progesterone concentration pools of sheep
plasma were used for the internal controls to assess intra-assay and inter-assay coefficients of
variation. Samples of known concentration for the standard curve were supplied with the kit.
The intra-assay coefficients of variation for the internal controls for each assay were as
follows: plate 1 high 1.1%, medium 8.3% and low 6.4%; plate 2 high 2.9%, medium 5.9%,
and low 9.1%; plate 3 high 4.5%, medium 5.7% and low 4.9%. The inter-assay coefficients of
variation for the internal controls were as follows: high 3.5 %, medium 2.2 % and low 2.0 %.
Assay sensitivity was 0.02 ng/ml.

2.10 Mucin1 protein analysis
To investigate potential differences in MUC1 protein expression between the 2 groups
of ES ewes, Western blotting was employed to visualise MUC1 in endometrial tissue. For
each tissue sample the level of protein is expressed as a ratio between the band intensities of
MUC1 and a loading control (in this case alpha tubulin). Protein was extracted from
endometrial tissue obtained from the chosen horn from the animals selected (Table 4). Equal
amounts of endometrial protein from each animal were loaded onto an SDS-PAGE gel,
fractionated by electrophoresis and transferred onto a nitrocellulose membrane followed by
incubation with both the CT1 antibody and the alpha tubulin loading control in the same lane.
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Both bands were measured by densitometry and the result expressed as the ratio of MUC1
relative to the alpha tubulin.

2.10.1 Protein extraction
Appendix 5.5 Protein extraction protocol
Appendix 5.6 Protein extraction solutions
The extraction method utilised a non-denaturing detergent based lysis buffer enabling
the cells within the tissue to be lysed and the protein released and solubilised. It is
recommended that this buffer is used for proteins that are cytoplasmic or membrane bound
[60]. Lysis buffer containing sodium dodecyl sulfate (SDS) is considered to be a harsh lysing
agent and further disrupts the chemical bonds of the protein. Although this method of
extraction may give a higher protein yield, it is suggested that the resulting protein may not be
suitable where the chosen antibody will not recognise the protein unless it is in its native or
non-denatured form.
All steps of the protein extraction were performed where possible on ice and as
quickly as possible to prevent the breakdown of proteins by proteases. To minimise this risk, a
mini protease inhibitor cocktail tablet (Roche, Basel, Switzerland) was added to the lysis
buffer before use. Protein was isolated from the frozen endometrial tissue using 100 µl of the
lysis buffer per 100 mg of tissue. A Dounce tissue grinder was used to homogenise the tissue
followed by centrifugation of the homogenate. The supernatant containing the protein was
aspirated, placed in a fresh tube and stored at -70˚C.

2.10.2 Determination of the protein concentration
Appendix 5.7 Protein assay protocol
A BCA protein assay kit (Pierce, Rockford, IL, USA) was used to determine the total
protein level in each extracted protein sample.

Unknown amounts of protein in the

endometrial samples were compared with protein solutions of known concentrations to
quantitate the levels of protein. Additionally 2.5 μg of each protein sample was run on an SDS
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page gel and stained with coomassie blue stain. This enabled the evaluation of the samples in
regards to:
 Condition of protein samples, such as degradation
 Evaluation of concentrations of protein between samples (over loading or
under loading)
 Assessment of gel % for suitable fractionation of the protein
 Assessment of transfer method
Once these conditions were optimised and protein quality assured, Western blotting could
proceed.

2.10.3 Western blotting
Appendix 5.8 Western blotting protocol
Appendix 5.9 Western blotting solutions
The CT1 antibody corresponds to the highly conserved region within the cytoplasmic tail
domain of the protein in various species [43], and in uteri tissue of mice at day 1 of
pregnancy, the CT1 antibody recognises a band between 19-23 kDa and may also detect a
larger molecule at ~70 kDa (Dharmaraj N., personal communication). To validate the
detection of the CT1 antigen expression in sheep endometrial tissue for this study, a series of
validation blots were performed to assess:
1. Whether the Western blotting technique used in this study can replicate what has
previously been published with the same CT1 antibody in mouse tissue
2. Whether this antigen can be detected in sheep uterine tissue
3. Whether specificity can be determined by the CT1 antibody by successfully
neutralising the CT1 antibody with the MUC1 peptide

Five µg of protein from day 18 pregnant sheep endometrial tissue, virgin mouse uteri
tissue and day 19 pregnant mouse uteri tissue were loaded onto two premade 4-12% SDSpage gels. Following transfer onto a nitrocellulose membrane, the blots were blocked in 5 %
blocking buffer for 1 hour. One blot was incubated overnight with the CT1 antibody at
1:1000, the other blot was incubated overnight with the CT1 antibody neutralised with the
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MUC1 peptide (CT1 AB at 1:1000 + 100 µl of 1 mg/ml MUC1 peptide). The following day
the blots were washed and incubated for 2 hours with the anti-rabbit IgG 2˚ antibody.
Washing was repeated and the protein detected using Immun-Star™ WesternC™
chemiluminescence kit (Bio-Rad Laboratories, Hercules, CA, USA). Results were visualised
using a digital gel documentation system.

2.10.4 Semi-quantitative Western blotting
Appendix 5.10 Image analysis
Semi-quantitative Western blotting was the method employed to determine MUC1
protein levels in tissue obtained from the reduced and normal ES groups. Semi-quantitation
refers to comparing the relative levels of MUC1 in a sample as compared to measuring the
absolute levels in a sample.

To enable the MUC1 levels from multiple animals to be

compared, a loading control (in this case alpha-tubulin) was also detected in each sample.
This allowed any inter-sample loading variability to be normalised. Conditions for detecting
alpha-tubulin and MUC1 in a single lane required optimisation and these conditions are
outlined in the results section. The intensities of the MUC1 and alpha-tubulin detected bands
were measured and a ratio between the two intensity values calculated.
For an accurate estimation of the MUC1 protein that is present in a sample, the
concentration of sample loaded on to the gel must not be below the level of accurate
sensitivity and therefore measurement. It is generally assumed that there is a linear
relationship between the amount of protein run on a gel and the amount of protein in the
sample that is able to be detected accurately. The relationship fails when the concentration of
protein loaded on to the gel is below the level of accurate sensitivity and measurement. When
the ratio of MUC1 to alpha tubulin remains similar this indicates a sufficient concentration of
MUC1 within the total protein. When this ratio drops, or diverges, then this indicates the
concentration of MUC1 (within the total protein concentration) is too low to perform an
accurate assessment. To evaluate the minimum amount of protein needed to run on a gel
which still shows a linear relationship between MUC1 and alpha tubulin, 10 μg, 5 μg and 2.5
μg of endometrial protein was incubated with both the MUC1 and alpha tubulin antibodies.
The mean band intensities for MUC1 and alpha tubulin at each concentration were measured
using the protocol outlined in the image analysis appendix (5.10). The ratio of the intensities
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of the bands of MUC1 to alpha tubulin of each lane was calculated and plotted to assess
linearity.

2.10.5 MUC1 protein expression in endometrial tissue
Ten µg of endometrial protein (caruncular tissue and intercaruncular) extracted from
tissue from normal and reduced ES ewes was fractionated on a 15 % SDS–PAGE gel and
transferred on to a nitrocellulose membrane. For the detection of MUC1 and alpha tubulin in a
single lane, the protocol outlined in Table 16 (results section) was developed. The band mean
intensities were measured as described in the image analysis appendix (5.10). The ratio of
MUC1 to alpha tubulin in each lane was calculated followed by statistical analysis.

2.11 Immunohistochemistry
Appendix 5.11 Immunohistochemistry protocol
Appendix 5.12 Immunohistochemistry solutions
It has previously been reported that the MUC1 protein is highly expressed in both the
luminal epithelium (LE) and glandular epithelium (GE) cells of the pregnant sheep uterus
[31]. Haematoxylin and eosin (H&E) sections from ES ewes were assessed for the visible
presence of caruncular/intercaruncular regions where LE cells can be found on the surface of
the caruncles, and GE cells in the ducts within the uterus. Adjacent sections to the selected
H&E sections were chosen for immunohistochemistry.
The selected antibody has previously been used in immunofluorescence studies on frozen
uterine sections from sheep. However the antibody has not been used on fixed tissue using a
DAB visualisation methodology. As such to assist in the detection of the MUC1 protein in
fixed

uterine

tissue

sections,

an

ultra-sensitive

ABC

peroxidase

rabbit

IgG

immunohistochemistry kit and a metal enhanced DAB substrate kit (both kits from Pierce,
Rockford, IL, USA) were used. Additionally trials were performed to obtain optimal antibody
concentrations and incubation times. To determine the specificity of the antibody, normal
rabbit serum (NRS) was substituted for the primary antibody at a dilution of 1 µl in 21 ml (1:
21,000). Additionally, the MUC1 17aa peptide that corresponds to the CT1 anti-rabbit
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polyclonal antibody protein sequence was pre-incubated with the CT1 primary antibody at a
final concentration of 0.2 ng/μl.

2.12 Cloning of MUC1
Prior to the generation of riboprobes for in situ hybridisation, MUC1 linearised plasmid
DNA was prepared from endometrial tissue by following the protocols detailed.

2.12.1 Extraction of total RNA
Appendix 5.13 Extraction of total RNA protocol
By using TRIzol® reagent (Invitrogen Life Technologies, Carlsbad, CA, USA), total
cellular RNA was extracted from frozen endometrial tissue obtained from a control animal.
As per the manufacturer’s instructions, the tissue was taken from the -70˚C freezer, weighed
and transferred to an RNAse-free tube. Cold TRIzol® reagent was added to the tissue at a
volume of 1 ml per 100 mg of tissue and blended using a high speed power homogeniser until
the tissue was finely homogenised.
To separate the homogenate into the three distinct layers or phases (a lower red phenolchloroform phase which contains protein, a white interface which contains DNA and a
colourless upper aqueous phase which contains the RNA) chloroform was added and the
sample centrifuged. The upper aqueous phase containing RNA was transferred to a new
RNAse-free tube and the RNA precipitated by adding 100% isopropanol. After further
centrifugation an RNA pellet was visible at the bottom of the tube. The supernatant was
removed and the pellet washed with 75 % ethanol, centrifuged, and left to air dry for 10
minutes after removal of the supernatant. The RNA pellet was resuspended in RNase-free
water (DEPC treated) and the RNA concentration measured on a spectrophotometer before
storage at -70˚C.
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2.12.2 Reverse transcription
Appendix 5.14 Reverse transcription protocol
Reverse transcription is the process used to convert total RNA into its complimentary
DNA (cDNA) for use in reverse transcriptase - polymerase chain reaction (RT-PCR). This is
performed by using a DNA polymerase enzyme which reverse transcribes the RNA strand. A
SuperScript™ III first-strand synthesis system for RT-PCR (Invitrogen Life Technologies,
Carlsbad, CA, USA) kit was used to produce a cDNA template for subsequent amplification
and cloning of MUC1. Total RNA (1000 ng) was incubated in RNase-free tubes along with
DNAse I to remove any contaminating genomic DNA from the RNA sample. This was
followed by the addition of EDTA to inhibit the DNAse I followed by incubation at 65˚C to
inactivate the enzyme.
The RNA was incubated with random hexamer primers at 65˚C to denature the RNA
secondary structure and then chilled to allow the primer to anneal to the RNA. Random
hexamer primers are short chains of random sequence nucleotides that anneal to
complementary sites on the RNA strand. The primers are then used by the reverse
transcriptase enzyme as a starting point for transcription. The original RNA template was
removed after the addition of RNase H.

2.12.3 Oligonucleotide primers
Searching for previously published MUC1 mRNA sequence in PubMed (National
Center for Biotechnology Information) produced sequences from numerous different species
but not from sheep (Table 6). Multiple alignment of the amino acid sequence translated from
the nucleotide sequences showed that, at the cytoplasmic region, the bovine sequence was
more dissimilar compared to the other species (Figure 12).
As both sheep and cattle originate from the family Bovidae there is a higher probability
of them being similar genetically compared to the other aligned species. Consequently, it was
considered that primers designed from the bovine sequence would be more likely to generate
a PCR product from ovine tissue.
Oligonucleotide primers were designed using NCBI primer-blast (Table 7). The region
chosen for the primers was the same as that recognised by the antibody (CT1) i.e. the
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cytoplasmic region. Beta-actin was also used as a positive control in the RT-PCR. Primers
were chosen taking into consideration the following basic parameters:
 PCR product to be between 100 and 400 base pairs. Short riboprobes are
required for in situ hybridisation as longer probes tend to result in poor tissue
penetration.
 The optimal length of PCR primers is between 18-22 base pairs. This length is
long enough for adequate specificity, and short enough for primers to bind
easily to the template at the annealing temperature.
 The primer melting temperature (Tm) by definition is the temperature at which
one half of the DNA duplex will dissociate to become single stranded and
indicates the duplex stability. Primers with melting temperatures in the range
of 52-58oC generally produce the best results.
 The GC content (the number of guanine and cytosine in the primer as a
percentage of the total bases) of primer should be 40-60%.
Upon receipt, the oligonucleotide primers were reconstituted in TE Buffer to a
concentration of 100 µM (stock). Prior to PCR use, the primers were diluted further (1:100, 2
µl of stock primer + 198 µl of sterile water) to a final concentration of 10 pmol/μl.

41

Table 6. MUC1 DNA sequences obtained from PubMed
Species

PubMed accession number

Details

Cow

NM_174115

Bos taurus mucin 1, cell surface associated
(MUC1), mRNA

Mouse

NM_013605

Mus musculus mucin 1, transmembrane (Muc1),
mRNA

Rat

NM_012602

Rattus norvegicus mucin 1, cell surface associated
(Muc1), mRNA

Chimpanzee

XM_003308453

Pan troglodytes mucin-1-like (LOC740337),
mRNA

Gibbon

XM_003259413

Nomascus leucogenys mucin-1-like
(LOC100587691), mRNA

Rabbit

U85787

Oryctolagus cunicµlus glycoprotein Muc1 mRNA,
partial cds

Orangutan

XM_002810069

Pongo abelii mucin-1-like, transcript variant 1

Rhesus
monkey

XM_001115634

Macaca mulatta mucin-1-like, transcript variant 13
(LOC717546), mRNA

Human

X52229

Human mRNA for transmembrane epithelial
tumour mucin antigen
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Figure 12. Multiple amino acid alignment of MUC1 in the cytoplasmic region between
different species. The yellow highlighted region corresponds to the obtained Muc1 anti-rabbit
polyclonal antibody protein sequence SSLSYTNPAVAATSANL, and the region that the
PCR primers were designed around.

Table 7. Primer sequences for MUC1 and Beta-actin
Forward primer 5’- 3’

Reverse primer 3’- 5’

Predicted size
(base pairs)

MUC1

AGT ACC AAA CGG AGC CCC TA

GGG CTT CAC CAA GGC TAA GA

278

Beta-actin

ATG AAG ATC CTC ACG GAA CG

GAA GGT GGT CTC GTG AAT GC

270
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2.12.4 Polymerase chain reaction
Appendix 5.15 Electrophoresis agarose gels
Appendix 5.16 Sample preparation for gel electrophoresis of amplified MUC1 PCR products
Appendix 5.19 PCR solutions
Polymerase chain reaction (PCR) was used to amplify MUC1 cDNA from ovine
endometrial tissue. The technique of PCR uses a combination of denaturing, annealing and
elongation repeatedly to increase a minimal amount of DNA exponentially, enabling the
ability of subsequent applications which require a larger amount of DNA product. Briefly,
template cDNA is denatured (or melted) at a high temperature resulting in the double stranded
DNA becoming two single strands.
Primers, designed specifically to amplify a gene of choice, anneal to the strands and the
enzyme DNA polymerase synthesises new strands creating double stranded DNA from the
single stranded template. Repeated cycles of denaturing, annealing and elongation allow the
target sequence to be amplified at an exponential rate.
Gel electrophoresis is used to visualise the amplified PCR products. As DNA is
negatively charged (due to the many phosphate groups in the backbone of DNA) in an electric
field the DNA molecules move towards a positive electrode. Short strands move through the
spaces in the agarose gel more quickly than long strands, allowing separation of different
DNA fragments according to size.
Several PCR’s were performed under standard conditions (Tables 8 and 9), using the
cDNA obtained from endometrial tissue. A number of forward and reverse primer
combinations of MUC1 were used along with a control beta–actin forward and reverse
primer. The PCR samples, along with the DNA molecular weight marker VIII (Roche
Diagnostics Corporation, Indianapolis, IN, USA) were fractionated on the agarose gel at 66
volts for approximately 45 minutes. The resulting bands were compared to the molecular
weight marker so as to compare the size of the PCR product to the predicted size of MUC1
(278 bp). Illumination of the gel with UV light revealed a band approximately at the correct
size of 278 bp for MUC1.
A DNA band, corresponding to 278 bp, was excised from the gel under UV
illumination, and the DNA purified using a QIAquick® PCR purification kit (QIAGEN,
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Valencia, CA, USA) as per the manufacturer’s instructions. The resulting purified PCR
product was used in the following cloning steps as outlined in 2.12.5.

Table 8. PCR components
Tube number

1

2

3

1 µl 10 pmol/µl
forward primer

MUC1 forward

MUC1 forward

Beta-actin forward

1 µl 10 pmol/µl
reverse primer

MUC1 reverse

MUC1 reverse

Beta-actin reverse

2 µl cDNA

Endometrial tissue

Sterile water

Endometrial tissue

2 mM dNTPs

2 µl

2 µl

2 µl

10 x PCR – MgCl2
buffer

2 µl

2 µl

2 µl

50 mM MgCl2

0.6 µl

0.6 µl

0.6 µl

Sterile DEPC water

13.3 µl

13.3 µl

13.3 µl

Platinum®Taq DNA
Polymerase

0.10 µl

0.10 µl

0.10 µl
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Table 9. PCR cycling conditions
Temperature
95˚C
95˚C
65˚C
72˚C
95˚C
62˚C
72˚C
95˚C
59˚C
72˚C
95˚C
56˚C
72˚C
95˚C
53˚C
72˚C
95˚C
53˚C
72˚C
72˚C
8˚C

Time
2 minutes
20 seconds
30 seconds
1 minute
20 seconds
30 seconds
1 minute
20 seconds
30 seconds
1 minute
20 seconds
30 seconds
1 minute
20 seconds
30 seconds
1 minute
20 seconds
30 seconds
1 minute
5 minutes
Hold

Number of cycles
1
4

4

4

4

4

20
1

2.12.5 Cloning: Ligation, transformation and selection
Appendix 5.15 Electrophoresis agarose gels
Appendix 5.17 Sample preparation for gel electrophoresis of miniprep PCR
Appendix 5.19 PCR solutions
Appendix 5.20 Ligation protocol
Appendix 5.21 Transformation protocol
Appendix 5.22 Colony selection protocol
Appendix 5.23 Ligation, transformation, selection solutions
Appendix 5.24 Plasmid DNA purification protocol (miniprep)
The overall process of cloning allows for the large production of multiple exact copies
of DNA for further downstream studies. Briefly, the joining of a PCR amplified fragment to a
linear vector is referred to as ligation. The plasmid (ligated/joined complex of the DNA
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fragment and vector) is introduced into living bacterial cells (transformation). Selection refers
to the choosing of the bacterial cells which contain the plasmid. As the plasmid contains a
gene conferring resistance to an antibiotic, this is achieved by exposing the cells to a growth
medium which contains the relevant antibiotic.
The purified PCR product generated from the procedure as outlined in 2.12.4, was
ligated into pGEM®-T easy vector (Promega Corporation, Madison, WI, USA) as per the
manufacturer’s instructions, and then transformed into DH5α Escherichia coli competent
cells. The transformed cells were plated onto a luria broth (LB) agar plate containing
ampicillin and x-gal to allow for selection via blue / white screening. Briefly, the pGEM®-T
easy vector contains the lacZα sequence which encodes the first 59 residues of βgalactosidase. The host E.coli strain carries the lacZ deletion mutant. Neither is functional by
themselves, but when the two peptides are expressed together, they form a functional βgalactosidase enzyme. β-galactosidase can be detected by x-gal resulting in the formation of a
bright blue pigment in the colony. If the formation of β-galactosidase is interrupted from the
introduction of an insert, then there is no formation of the blue pigment, but rather the result is
that of a white colony. The use of positive and negative controls permits the determination of
the ligation proceeding efficiently. Additionally, the blue colonies may contain the insert, and
the white colonies may not. This can be due to reasons such as the absence of STOP codons
or the vector ligating with itself. It is therefore recommended that multiple colonies are
selected for further assessment.
Ten single colonies from the agar plate were selected and re grown in LB to produce a
large amount of plasmid. The plasmid DNA was purified from the bacterial culture using a
miniprep purification kit (Qiagen, Hilden, Germany). The DNA was measured using a
spectrophotometer to assess purity and concentration of the plasmid.
To confirm the presence of ovine MUC1 in the plasmid, two procedures were carried out:
 A PCR of the miniprep was performed
 A sample of the miniprep was sequenced
PCR of miniprep: A PCR was performed by utilising the binding sites within the vector for
the pUC/M13 sequencing forward and reverse primers (Table 10 and 11). Estimated size of
the product was 528 bp. Gel electrophoresis was used to visualise the amplified PCR
products. A 2 % agarose gel was prepared as per the method in the appendix section. The
PCR samples along with the DNA molecular weight marker VIII (Roche Diagnostics
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Corporation, Indianapolis, IN, USA) were fractionated at 66 volts for approximately 45
minutes.

Table 10. PCR components for miniprep PCR
Component

Volume

Miniprep

2 µl

10 pmol/μl pUC/M13

1 µl

10 pmol/μl
pUC/M13
forward

1 µl

2 mM
dNTP
reverse

1 µl

Platinum®Taq DNA

0.5 µl

Sterile
water
Polymerase

39.5 µl

Table 11. PCR cycling conditions

Temperature

Time

Number of cycles

95˚C

3 minutes

1

94˚C

40 seconds

60˚C

40 seconds

72˚C

2 minutes

72˚C

10 minutes

1

8˚C

Hold

Forever
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Sequencing: 3 clones with bands of approximately 528 bp (278 bp corresponding to
MUC1 and the remaining bp corresponding to the pUC/M13 sequencing forward and reverse
primer sites) were selected for sequencing. The clones were sequenced (Waikato Sequencing
Facility, New Zealand) and the sequences compared to the bovine mucin1 sequence
(accession number NM_174115) using the basic local alignment search tool (BLAST) of the
National Center for Biotechnology Information (NCBI: http://www.ncbi.nlm.nih.gov).
Sequencing also determined orientation of the MUC1 gene in the plasmid which is required to
determine which enzymes to use in generation of sense and antisense probes for in situ
hybridisation.
Based on the sequencing results, a single clone was chosen. One ml of the original culture
for this clone was split 10 ways and regrown in LB. The plasmid DNA was purified from
these bacterial cultures using a miniprep purification kit (Qiagen, Hilden, Germany). The
product was used for the subsequent linearisation to produce riboprobes for in situ
hybridisation.

2.12.6 Linearisation of plasmid DNA
Appendix 5.15 Electrophoresis agarose gels
Appendix 5.18 Sample preparation for gel electrophoresis of linearisation products
Appendix 5.25 Gel extraction protocol
Using an enzyme to digest plasmid DNA (circular) will result in linearised DNA
(straight). This is needed for the generation of the riboprobes used in in situ hybridisation.
Two linearised samples are required from each plasmid to make one sense and one antisense
probe. Figure 13 outlines the principle behind the generation of sense and antisense probes for
MUC1 in situ hybridisation.
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Figure 13. Illustration (L. Quirke) of the template requirement for the generation of sense and
antisense probes suitable for MUC1 in situ hybridisation. Cutting with Sal-1 will produce the
sense probe, whereas cutting with Nco-1 will produce the antisense probe.
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Digesting with either restriction enzyme (Nco-1 or Sal-1) will allow the opposite RNA
polymerase to transcribe the RNA from the DNA of the MUC1 gene. As both SP6 and T7
only transcribe one DNA strand, the RNA sequences that are produced are complimentary to
each other. The sequence of the antisense RNA produced is complementary to the cellular
RNA and therefore will bind to RNA in the cell. The RNA generated from the sense DNA has
the same sequence as the cellular RNA and therefore will not bind to the RNA in the cell.
Two linearisation digests were used to generate the sense and antisense probes (Table
12). Digestion occurred at 37°C for 2 hours followed by 10 minutes at 65°C. Gel
electrophoresis was used to visualise the linearised products. A 2 % agarose gel was prepared
as per the method in the appendix section. The digested DNA bands were excised from the gel
under UV illumination, and the DNA extracted using a QIAquick® gel extraction kit
(QIAGEN, Valencia, CA, USA) as per the manufacturer’s instructions. Agarose gel
electrophoresis was used to check the purity of the single linearised band on a 2 % agarose gel
prepared as per the method in the appendix section. Undigested product was also run for
comparison.

Table 12. Restriction enzyme digests for linearisation.
Linearisation 1

Linearisation 2

10 µl MUC1 miniprep

10 µl MUC1 miniprep

4 µl Nco-1 restriction enzyme

4 µl Sal-1 restriction enzyme

2 µl RE buffer

2 µl RE buffer

4 µl sterile water

4 µl sterile water
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2.13 In situ hybridisation
Appendix 5.26 In situ hybridisation protocol
Appendix 5.27 In situ hybridisation solutions
In situ hybridisation is a technique used to localise a specific RNA sequence in a tissue
section. RNA probes (sense and antisense riboprobes) were prepared by in vitro transcription
of MUC1 linearised plasmid DNA with RNA polymerase. The sense probe is a negative
control. The sequence generated is the same sequence as the targeted RNA in the tissue and
therefore this probe will not bind to the tissue. The antisense probe has a complementary
sequence to the targeted RNA and therefore will bind to the tissue. Figure 13 illustrates the
generation of sense and antisense probes. As in immmunohistochemistry, H&E stained
sections

from

the

ES

caruncular/intercaruncular

ewes
regions.

were

assessed

Neighbouring

for

the

sections

visible
to

those

presence
used

of
for

immunohistochemistry were chosen for the sense and antisense slides.
Before hybridisation of the probe, the sections were subjected to a series of steps to
allow for successful infiltration of the probe and subsequent unhindered hybridisation to the
target sequence. The riboprobes were labelled with 33P and hybridised to the tissue sections at
70,000 counts per µl. The excess probe was washed away by manipulating solution
parameters such as temperature and salt concentrations so that only close sequence matches
would remain bound.
To visualise the sites of the labelled transcripts, the slides were dipped into
photographic emulsion and developed as photographic film. Dark field microscopy was
employed to visualise the transcripts which appeared as silver grains on the antisense slides.
Sections from five animals were chosen for the sense slides to monitor non-specific binding
of the riboprobe.
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2.14 Statistical analysis
Normal distribution and homogeneity of variances of data were assessed by using the
univariate procedure of SAS (Statistical Analysis System, SAS Institute Incorporated, Cary,
NC, USA) which tests for normality and equality of variances. Homogeneity of variances
refers to the measure of the spread of data between groups. It is important that the groups
being tested have equal variances as parametric tests (e.g. ANOVA and t-test) are based on
this assumption.
The results for the number of embryos recovered showed that the data was normally
distributed and therefore a t-test could be performed. The results for the number of corpora
lutea (CL) counted showed that the data was not normally distributed and therefore further
analysis was required. For this data the rank procedure of SAS was used to rank the number
of CL among animals between groups, and the CL number assigned a value depending on its
rank. The test transformed the values so that further analysis by a parametric test could be
performed (in this case a t-test).
Progesterone and semi-quantitative Western blotting data were analysed using the
mixed procedure for repeated measures of SAS. The chosen model for analysis was the
autoregressive heterogeneous covariance structure which was selected based on Akaike’s
information criterion (AIC) and Bayesian’s information criterion (BIC). These criteria are
measures of goodness of fit of statistical models. Analysing data from multiple measures has
issues with correlation and variance, for example measurements taken close in time are more
highly correlated as compared to those taken further apart which are less correlated. An
autoregressive model is a covariance structure that specifies that two measurements taken
farther apart in time are to be less correlated.
The effects of day, group and day*group interactions were included in the model for
the analysis of progesterone concentrations. The effects of group, tissue and group*tissue
interactions were included in the model for the analysis of the levels of MUC1 in the
endometrial tissue.
For all statistical analyses, a P value <0.05 was considered significant.
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Results
3.1

Assessment of CL and embryo number
Animals from the RES sire (n=14) and animals from NES sire (n=6) were mated as

outlined in the methodology section. Out of these twenty animals, five did not get pregnant
and were subsequently excluded from the analysis. This decreased the number of animals
from 14 to 10 in the RES group and from 6 to 5 in the NES group.
The mean (±SEM) number of corpora lutea (CL) counted from the reduced and normal
groups was 3.9 ±0.35 and 3.4 ±0.49 respectively, with a p value of 0.22. The mean (±SEM)
number of embryos recovered from the reduced and normal groups was 2.6 ±0.37 and 2.4
±0.60 respectively with a p value of 0.77. The p values indicate that the number of embryos
recovered and the number of CLs counted per group was considered not significant (Table
13).

Table 13. Number of CL counted and number of embryos recovered from the reduced and
normal embryos survival ewes at day 18 of pregnancy. Data is presented as mean (±SEM).
Reduced embryo
survival
N=10

Normal embryo
survival
N=5

P value

Average CL
recovered per group

3.9 (±0.35)

3.4 (±0.49)

0.22

Average number of
embryos recovered
per group

2.6 (±0.37)

2.4 (±0.60)

0.77
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3.2

Progesterone analysis
There was a significant effect of day on the progesterone concentrations (p=<0.001).

There was neither an effect of group (p=0.4974) nor day*group (p=0.9306) interactions.
Figure 14 illustrates mean plasma progesterone concentrations (ng/ml) in sheep of the normal
and reduced ES groups over the first 18 days of pregnancy.

Figure 14. Plasma progesterone concentrations (ng/ml) in sheep of normal and reduced ES
groups during the first 18 days after mating. Error bars represent standard error of the mean.
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3.3

Mucin1 protein analysis
3.3.1

Determination of the protein concentration

A standard curve was prepared by plotting the absorbance at 562 nm versus the
obtained protein concentration (µg/ml) (Table 14). The concentration of each unknown
sample was determined based on the standard curve and an equation was generated by adding
a trend line (Figure 15). As the unknown samples were diluted 1:50 before use, the final
concentration (x50) was adjusted to obtain the correct protein concentration at µg/ml (Table
15).

Table 14. Absorbance results.
Absorbance

µg/ml protein

0

0

0.069

100

0.135

200

0.25

400

0.422

600

0.532

800

0.645

1000

0.721

1200

0.818

1400

0.894

1600

0.989

1800

1

2000
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2500

Standard Curve

2000

y = 189.16x - 304.55

ug/ml protein

1500
Standard Curve

1000

Linear (Standard Curve)

500

0
0

-500

0.069 0.135 0.25 0.422 0.532 0.645 0.721 0.818 0.894 0.989

1

Absorbance

Figure 15. Determination of the protein concentration. The concentration of each unknown
sample was determined based on the standard curve and the equation generated by adding a
trend line.
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Table 15. Protein concentration results (µg/ml)

Animal
ID

Sire

Horn
used

Caruncular
tissue OD

Caruncular total
concentration
µg/ml

Intercaruncular
tissue OD

Intercaruncular
total
concentration
µg/ml

3092

41/02

right

0.351

3015

0.468

4121

3086

41/02

right

0.476

4197

0.311

2636

3112

41/02

left

0.233

1899

0.335

3168

3111

41/02

right

0.294

2476

0.415

3620

3087

41/02

left

0.438

3838

0.397

3450

3024

48/02

left

0.305

2580

0.36

3100

3007

48/02

left

0.552

4916

0.308

2608

3023

48/02

left

0.346

2967

0.454

3989

3003

48/02

right

0.631

5663

0.428

3743

3036

48/02

left

0.323

2750

0.44

3856
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3.3.2

MUC1 Western blotting validation

The sourced CT1 antibody detected a protein of molecular weight of approximately 70
kDa in both the virgin and pregnant mouse uteri tissue and in the day 18 pregnant sheep
endometrial tissue. An additional protein band of approximately 25 kDa was also detected in
the sample from virgin mouse tissue. This result is similar to what has previously been
observed. The absence of detection when the CT1 antibody is neutralised with the MUC1
peptide confirms that the CT1 antigen is specific to MUC1 (Figure 16).

Figure 16. Validation Western blots. [A] Validation blot of CT1 antibody detected in sheep
and mouse tissue. [B] Validation blot of CT1 antibody blocked with MUC1 peptide. 5µg of
tissue protein was loaded into each of the lanes. Marker is MagicMark™XP western protein
standard (Life Technologies, Carlsbad, CA, USA) which estimates the molecular weight of a
protein measured in kDa.
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3.3.3

Validation of detecting MUC1 and alpha-tubulin in a single lane

The protocol outlined in Table 16 was developed for the detection of alpha-tubulin and
MUC1 in a single lane. Endometrial tissue was loaded at 10 µg, 5 µg and 2.5 µg and MUC1
and alpha tubulin detected (Figure 17). The intensities of the MUC1 and alpha-tubulin
detected bands were measured and a ratio between the two intensity values calculated and
plotted to assess linearity. As linearity dropped off between the two samples at < 5 µg of
protein per lane, 10 µg of protein was chosen to run on the gel to assess MUC1 protein
expression in each sample (Figure 18).

Table 16. Optimised Western blotting conditions for the detection of MUC1 and alpha
tubulin in the same lane.
Solution

Procedure

Concentration

2 x 10 minutes

-

5 % blocking buffer

1 hour

-

1st primary antibody

Overnight

MUC-CT1 1:1000

3 x 10 minutes

-

5 % blocking buffer

1 hour

-

2nd primary antibody

1 hour

Alpha tubulin 1:3000

3 x 10 minutes

-

1 hour 15 minutes

Secondary anti-rabbit IgG
1:3000

Membrane Wash Buffer (MAB)

3 x 10 minutes

-

-

Detect

-

Membrane wash buffer (MAB)
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Figure 17. Detection of MUC1 and alpha-tubulin in 10 µg, 5 µg and 2.5 µg of endometrial
tissue to assess linear relationships. (M) Invitrogen MagicMark™ XP western protein
standard.
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Figure 18. Ratio of mean intensities of MUC1 to alpha tubulin at different protein
concentrations.
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3.3.4

MUC1 protein expression in endometrial tissue

The mean (±SEM) ratio values of protein intensity of MUC1 to alpha tubulin are
presented in Table 17. No effects of group (p=0.71), tissue (p=0.12) and group*tissue
(p=0.68) were found. The mean (±SEM) concentration of MUC1 was numerically higher in
caruncular tissue (0.13 ± 0.02) than in the intercaruncular tissue (0.10 ± 0.0) regardless of
which group the tissue originated from (p=0.12).

Table 17. Ratio value of protein intensity of MUC1 to alpha tubulin. Data is presented as
mean (±SEM).

Reduced embryo
survival
N=5

Normal embryo
survival
N=5

Caruncular
tissue

0.13 (±0.01)

0.15 (±0.04)

Intercaruncular
tissue

0.11 (±0.01)

0.09 (±0.01)
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3.4

Immunohistochemistry
The concentration of the CT1 primary antibody was tested at 1:500 and 1:200, and

incubation time was tested at 1 hour and at 30 minutes. The results concluded that for the
expression of MUC1 the optimal conditions for the primary CT1 antibody was a dilution of
1:500 and for incubation to be 1 hour.
Pre-incubation of the antibody with MUC1 peptide resulted in no observable staining
(Figure 19). Substitution of NRS for the primary antibody similarly resulted in no observable
staining (Figure 20). These results indicate that any staining observed is specific to the MUC1
antigen.
MUC1 protein expression was evaluated by light microscopy showed positive staining
in both the reduced and normal embryo survival groups, however there were no observable
differences in the expression pattern of MUC1 protein between the normal and reduced ES
groups. Staining was localised to the apical surface of luminal epithelial cells and glandular
epithelial cells.
The luminal epithelia consisted of both tall columnar and short cells. Caruncular
regions contain a mixture of both the tall and short cells, and the intercaruncular regions
contained predominantly tall cells. The staining for MUC1 in the luminal epithelium (LE) was
less obvious for immunohistochemistry than in situ hybridisation. Irrespective of location
(caruncular or intercaruncular) or cell type (tall or short), LE cells exhibited a range of
expression from positive strong expression to no expression (Figure 21).
MUC1 protein expression was positive in the glandular epithelial (GE) cells of the
glands in the compactum stroma zone of the endometrium, with a weaker signal observed in
the glandular epithelial cells of the glands in the spongiosum stroma zone of the endometrium
(Figures 22 and 23).
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Figure 19. MUC1 negative control. Negative staining following incubation with the MUC1
17aa peptide together with the CT1 primary antibody. Glandular epithelia (GE), luminal
epithelia (LE) and lumen of uterus (L).

Figure 20. MUC1 NRS control. Negative staining following incubation with NRS substituted
for MUC1 primary antibody. Glandular epithelia (GE), luminal epithelia (LE) and lumen of
uterus (L).
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Figure 21. Localisation of MUC1 in uterine horn tissue. Uterine cells expressing MUC1
stain brown. All staining is localised to the apical surface of the epithelial cells. [A] Positive
staining in the tall luminal epithelial (LE) cells of the intercaruncular region. [B] Positive
staining in the short luminal epithelial (LE) cells of the intercaruncular region. Lumen of
uterus (L).
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Figure 22. Localisation of MUC1 in uterine horn tissue. Uterine cells expressing MUC1 stain
brown. [A] Positive staining in the epithelial cells of the glands (GE) and in the luminal
epithelial cells (LE). Lumen of uterus (L). [B] Higher magnification of a gland showing
positive staining localised to the apical surface of the glandular epithelial cells.
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Figure 23. Localisation of MUC1 in the spongiosum stroma region of the endometrium.
Uterine cells expressing MUC1 stain brown.

[A] Low magnification image of the

endometrium (E) and myometrium (M). White box indicates area of spongiosum stroma (Sp)
that is magnified in image B. Lumen of uterus (L). [B] Positive staining of glandular epithelial
cells (GE) of glands in the spongiosum stroma near the border of the myometrium (M). A low
level of non-specific binding is evident in the stromal tissue.
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3.5

Cloning of mucin1
3.5.1

RNA extraction

Total cellular RNA was extracted from frozen endometrial tissue obtained from a
control animal. The concentration measured by spectrophotometry was 4705 ng/µl. The
absorbance ratio of 1.54 for 260/280 nm indicates the RNA quality is sufficient for the
subsequent procedures. A ratio of 1.52 for 260/230 nm indicates some contamination,
possibly from residual phenol from the extraction process.

3.5.2

PCR of mucin1

Polymerase chain reaction (PCR) was used to amplify MUC1 cDNA from ovine
endometrial tissue. Illumination of a gel with UV light revealed a band approximately at the
predicted size of 278 base pairs for MUC1 (Figure 24).

Figure 24. Gel electrophoresis of PCR products. MUC1 in endometrial tissue (Lane 1), no
cDNA control (sterile water) (Lane 2), beta-actin control (Lane 3). Marker (M) molecular
weight marker VIII (Roche Diagnostics Corporation, Indianapolis, IN, USA). Approximate
size of products are 278 base pairs for MUC1 and 270 base pairs for beta-actin.
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3.5.3

PCR of miniprep

Following transformation of the PCR product into E.Coli, 10 colonies were selected
and a miniprep performed. A PCR was performed on the minprep products followed by
fractionation on an agarose gel. Illumination of the gel with UV light revealed a band
approximately at the predicted size of 528 base pairs for MUC1 in 9 out of the 10 clones
(Figure 25). The absence of a positive PCR product for miniprep number 2 is an example of a
white colony which had been selected but does not contain an insert of interest. Minipreps 1,
3 and 6 were sequenced. All 3 ovine sequences returned a 96% homology to the bovine
MUC1 sequence and minprep 6 was selected for subsequent procedures.

Figure 25. Electrophoresis gel of the miniprep PCR (n=10). Size of positive clone
approximately 528 base pairs. DNA molecular weight marker VIII, (Roche Diagnostics
Corporation, Indianapolis, IN, USA).
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3.5.4

Linearisation digest

Following linearisation, the purity of the product was checked on an agarose gel.
Illumination of the gel with UV light revealed a single band for both linearised products
(Figure 26).

Figure 26. Electrophoresis gel of purified linearised products for in situ hybridisation, run
alongside unlinearised product (miniprep). The supercoiled form of DNA migrates through a
gel as that visualised in the miniprep lane. Once linearised, the DNA is visualised as a single
band as seen in the linearised Nco-1 and Sal-1 lanes. DNA molecular weight marker VIII
(Roche Diagnostics Corporation, Indianapolis, IN, USA).
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3.6

Gene expression
Sections were observed using darkfield microscopy.
The luminal epithelia consists of both tall columnar and short cells with the caruncular

regions consisting of a mixture of both the tall and short cells, and the intercaruncluar regions
containing predominantly tall cells. The tall cells exhibited a range of MUC1 mRNA
expression ranging from positive strong expression to no expression. This variation in
expression was noted regardless of whether the cells were located on a caruncle or in an
intercaruncular region. The short cells exhibited very little to no expression of MUC1 mRNA
regardless of whether the cells were located on a caruncle or in an intercaruncular region. This
expression pattern of the tall and short cells located on the luminal epithelium is therefore
described as “patchy” (Figures 27 and 28).
MUC1 mRNA expression was positive in the GE cells of the stratum compactum zone
of the endometrium. Little or no expression was seen in the GE cells of the stratum
spongiosum zone of the endometrium (Figure 29).
There was no MUC1 mRNA expression in the stromal aglandular tissue that make up
the caruncles.
Overall there were no differences observed in the expression pattern of MUC1 mRNA
between the reduced and normal ES groups in any of the cell types. Adjacent sections used for
the negative controls showed negative MUC1 mRNA expression in all sections (Figure 30).
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Figure 27. Corresponding brightfield [A] and darkfield [B] images of uterine horn tissue
following hybridisation to MUC1 antisense RNA. Positive strong expression can be seen in
the luminal epithelial cells (LE). Positive strong expression can be seen in the epithelial cells
that make up the glands of the stratum compactum zone (GE). Lumen of the uterus (L).
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Figure 28. Corresponding brightfield [A] and darkfield [B] images of uterine horn tissue
following hybridisation to MUC1 antisense RNA. Positive strong expression can be seen in
the tall columnar cells (C). Little to no expression can be seen in the short cells (S). Lumen of
the uterus (L).
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Figure 29. Corresponding brightfield [A] and darkfield [B] images of uterine horn tissue
following hybridisation to MUC1 antisense RNA. Positive strong expression in the glandular
epithelia cells of the stratum compactum (C). Little to no expression in the stratum
spongiosum of endometrium (Sp). Lumen of uterus (L). The drawn line delineates the
endometrium zones.
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Figure 30. Corresponding brightfield [A] and darkfield [B] images of uterine horn tissue
following hybridisation to MUC1 sense (negative control) RNA. Negative expression in the
luminal epithelial cells (LE) and glandular epithelial cells (GE). Lumen of uterus (L).
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Table 18. Summary of MUC1 gene and protein expression results in both the reduced and
normal embryo survival ewes in the Booroola line.

MUC1 gene expression

MUC1 protein expression

as evaluated by in situ

as evaluated by

hybridisation

immunohistochemistry

Contains tall and short

Contains tall and short

cells. Range of strong

cells. Range of strong

Surface luminal

positive to negative

positive to negative

epithelium (LE)

expression in both cell

expression in both cell

types. Described as

types. Described as

“patchy” expression.

“patchy” expression.

Negative expression

Negative expression

Contains tall and short

Contains tall and short

cells. Range of strong

cells. Range of strong

Surface luminal

positive to negative

positive to negative

epithelium (LE)

expression in both cell

expression in both cell

types. Described as

types. Described as

“patchy” expression.

“patchy” expression.

Caruncular
region

Internal caruncle
(compactum stroma)

Intercaruncular

Glandular epithelium

region

(GE) in the

Strong positive

compactum stroma

expression

Strong positive expression

zone
Glandular epithelium
(GE) in the
spongiosum stroma

Little to no expression

zone
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Positive expression

Discussion
In this study, MUC1 was examined in a line of ewes which exhibit a reduced, and a
normal embryo survival (ES) phenotype. The relevance in studying this was to evaluate if
MUC1 was involved in the partial loss of embryos seen in this line of ewes. The main
findings of this study were;


Semi-quantitative analysis of Western blots showed no discernible differences in
MUC1 levels between the normal and reduced ES groups



Gene and protein expression studies as evaluated by in situ hybridisation and
immunohistochemistry showed no discernible differences in MUC1 expression
patterns between the normal and reduced ES groups



Peripheral progesterone concentrations were not significantly different between the
normal and reduced ES groups



The number of embryos recovered by flushing did not differ between the normal and
reduced ES groups



Average ovulation rates as assessed by the number of corpora lutea (CL) present did
not differ between the normal and reduced ES groups
This study of MUC1 came after assessing data produced from a microarray study

conducted in another line of sheep which also displayed differences in embryo survival
(O’Connell A.R, unpublished data). The microarray showed a difference in levels of MUC1
transcripts between the studied groups. Previously published research highlights that MUC1
plays an important role in implantation in many species [31, 51]. Thus, MUC1 was a potential
candidate in explaining embryo survival in the Booroola line of ewes.
4.1

Embryo loss
The embryo loss observed in this line of ewes is revealed as partial loss whereby one

embryo can successfully attach, grow and survive, whereas another embryo in the same
environment either does not attach at all or successfully attaches but then does not continue to
survive and grow. Unfortunately a low number of animals were available for this study and a
further reduction was made due to the exclusion of those animals that failed to become
pregnant. It therefore becomes hard to ascertain if there are any differences in embryo
number, and also risky to interpret the reason why there are no differences.
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Although this study showed that the number of embryos recovered did not differ
between the two groups, the embryos were not collected for assessment to ascertain the ability
of the embryos to attach. However, under the dissecting microscope the gross morphology of
the embryos appeared similar and healthy. This suggests that fertilisation and early
development of the embryos was not altered in this line of ewes. If differences are likely to
occur either around or following implantation, to elucidate the mechanism of ES in these
ewes, embryos could be flushed at later time points during pregnancy (between days 18 and
30). Embryo health should also be assessed (using morphology and biochemical markers such
as INFΤτ) and uterine function further assessed using morphology and for example
investigating histotroph secretions.

4.2

Progesterone
For both ES groups there was a significant effect of day of gestation on peripheral

progesterone concentrations. The values for both groups increased during early gestation to
reach peak values from around day 12.
Comparison between the groups at each time point however showed no significant
difference. Daily progesterone concentrations have also been measured in another subset of
Booroola normal and reduced ES ewes from the time of mating out to day 10 of pregnancy.
The results of that trial reiterate the findings of this study, i.e. there were no differences in
progesterone concentration between the normal and reduced ES groups (O’Connell A.R,
unpublished data).
Progesterone concentrations during the estrous cycle and early gestation have been
compared in the Woodlands line of sheep [61]. This sheep line shows either enhanced (high)
or reduced (low) ES. It was found that the progesterone concentrations between the enhanced
and reduced groups were different between days 2 to 9 of the estrous cycle with the enhanced
ewes showing an earlier rise in progesterone. The study hypothesised that this difference
could explain the enhanced ES phenotype seen in the Woodlands line of sheep. Blood
sampling during the estrous cycle in this current study was not undertaken and therefore it is
unknown if the progesterone concentration pattern is the same between the Woodlands and
Booroola ES sheep lines.

78

4.3

Pattern of MUC1 protein and gene expression
The protein expression pattern of MUC1 as observed from immunohistochemical

sections was similar to that previously reported in sheep using immunofluorescence [31].
Johnson et al. [31] measured MUC1 expression at days 1-15 of the estrous cycle and at days
11-17 of pregnancy. Initially expression was high in the luminal epithelia cells (LE) in the
early stages of the estrous cycle (days 1-7), and from then continuously decreased to a very
low amount seen by day 17 of gestation which was described as “barely detectable”.
Expression in the glandular epithelia cells (GE) remained high continuously throughout the
estrous cycle and during early pregnancy until day 17 of gestation. The findings in this
present study largely match with the immunohistological findings by Johnson et al. In this
study at day 18 of gestation, strong positive expression can be seen in the GE however strong
expression can also be seen in the LE - albeit in a “patchy” expression pattern. The
differences between the two studies include the technique used to assess protein expression
(immunofluorescence vs immunohistochemistry) and the day of pregnancy at the time of
collection (17 vs 18). The rabbit anti-Muc1 polyclonal antibody (CT1) was used in both
studies.
In regards to day 17 (Johnson) vs day 18 (this study), the gestational age of the
embryos in this study could actually be between 17 and 18 days of gestation. The study by
Johnson et al. assigned day 0 to when mating occurred. This was assessed by introducing the
intact rams to the ewes every 12 hours and observing mating directly. The ewes in this current
study were continuously exposed to the rams and checked every 24 hours for mate marks. The
morning of the first detected mating was recorded as day 1. As mating may have occurred
sometime in the previous 24 hour period, the embryos could potentially be day 1, or if mating
occurred immediately prior to detection then they could be day 0. The ages between the two
studies are likely to be similar.
The difference in expression patterns seen between this study and the Johnson study
could be explained by differences in technique. Johnson used immunofluorescence in frozen
sections while this study used formalin fixed tissue. Additionally an enhancement step
designed to increase the sensitivity of the immunohistological technique was used in this
study. An ultra-sensitive ABC peroxidase rabbit IgG immunohistochemistry kit in
combination with a metal enhanced DAB substrate kit were used which may have increased
the sensitivity of the method used in this study to a level beyond that seen using
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immunofluorescence and frozen sections as in the Johnson study. As per the manufacturer’s
description, the formulation of cobalt and nickel chloride in a diaminobenzidine peroxidase
substrate yields a more intense colour.
The result of patchy expression seen at day 18 of gestation was also seen in in situ
hybridisation sections, reinforcing the validity of this result. Interestingly, a study in rat [34]
using a similar technique to Johnson, also observed patchy expression in the LE around the
time of implantation. This would suggest factors other than technique may account for the
different result observed in the Johnson study.
In addition to an ES phenotype, the ewes used in this study also have the Booroola
fecundity gene which increases ovulation rate and the number of embryos. It is conceivable
that the high ovulation rate sheep used in this study (ovulation rate >3) maybe more similar to
a poly-ovulatory species such as rat than they are to a “normal” sheep , such as the Western
range ewes used in the Johnson study, which have an ovulation rate of less than 2 [62].
DeSouza [34] reports that although the mRNA expression of MUC1 decreased at the time of
implantation in the luminal uterine epithelial cells of the rat, there were a few concentrated
sites of expression which were hypothesised as the interimplantation sites. Furthermore, in
sheep it has been reported [12] that there is a loss of uterine LE allowing the intimate contact
between the endometrium and the embryo. This occurs until about day 25 of gestation
whereby after this the LE is restored. The loss of MUC1 expression may be the first step in
the loss of the LE from potential implantation sites. The complete loss of MUC1 expression
seen in the Johnson paper may a reflection of the 1 or 2 embryos being at a more advanced
stage of development and in synchrony with this the uterus is more advanced as shown by the
lack of MUC1 expression on the LE.
In situ hybridisation also showed strong expression in the GE of the glands in the
stratum compactum zone of the endometrium, with a lesser amount of expression seen in the
GE cells of the stratum spongiosum zone of the endometrium. Expression differences may
reflect the size of glands in the outer stratum spongiousum zone, as the glands in this zone
appear to be smaller than those in the stratum compactum zone. The GE at this stage appear to
be unaffected by the signals from the embryo which lead to reduced MUC1 expression in the
LE (patchy expression). This finding was also apparent, but not as clear, in the
immunohistochemistry sections.
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The antibody used for the immunohistochemistry in this study was based on the CT
region of the protein which corresponds to a highly conserved region amongst many species
(MUC1-CT1) [43]. As described in section 1.8, there are different MUC1 protein forms
detected due to the ability of the MUC1 gene to undergo alternative splicing. The other forms
(MUC1/Y and MUC1/Z) have not been investigated in sheep, however it is conceivable that
these forms could be detected in this study due to the fact they contain the cytoplasmic tail
region. The 2 forms that are secreted from the cell and shed into the lumen (MUC1/SEC and
the MUC1/TM/REP which do not contain the CT region of the protein) have been found in
uterine flushings of women who suffer recurrent spontaneous miscarriages as compared to
those who do not [63]. Without an antibody that recognises the extracellular domain, it is
impossible to tell if there could be a difference in the levels of these soluble forms between
the normal and reduced ES ewes. One possibility is that there would be lower levels in the
uterine flushings of the reduced ES ewes.

4.4

Semi-quantitation Western blotting
This study employed the method of semi-quantitative Western blotting to assess if

there were any differences in uterine MUC1 protein expression levels between the normal and
reduced ES groups. No discernable differences of MUC1 expression were noted between the
groups and between the tissue type collected (either caruncular or intercaruncular regions).
Using the Western blotting method to assess quantitation has been cautioned by
Gassmann [64]. Gassmann et al outlined the need to consider image acquisition, choice of
software, and the method of measurement. Method of measurement also included the method
for background correction, the size of the sample tool, and what actually is measured e.g. peak
height, the average band intensity or the band volume. It was stated that “Western blot
methodologies should only be used to identify the presence or absence of a protein or many
fold differences that are obvious to the naked eye and highly reproducible”. In this study the
Quantity One 1-D analysis software was used. This programme uses a global subtraction
option for background correction. The size of the sample tool is selected by the user which
allows for a uniform selection. The figures resulting from the programme are based on the
mean intensity of the band. To account for variations between lanes and gels, the results are
expressed as a ratio of the unknown quantity (MUC1) to a known quantity of alpha-tubulin in
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the same lane. Therefore the methods applied address, to some extent, the concerns of
Gassmann. The semi-quantitation of the Western blots produced results which were consistent
with the findings from immunohistochemistry and in situ hybridisation.
Ren [65] utilised real-time PCR to analyse differential expression of MUC1 mRNA in
porcine tissue at days 13, 18 and 24 of gestation. Tissue was collected at and between
attachment sites where they found expression to be higher between the attachment sites
(interimplantation sites). The real-time PCR method therefore can successfully be employed
to assess MUC1 mRNA expression in endometrial tissue, and this method could be used to
assess if there were any differences in uterine MUC1 expression levels between the normal
and reduced ES groups. This method appears to be a more sensitive option.

4.5

Conclusion
The MUC1 mRNA and protein results from this current study are in line with other

studies, and support the idea that MUC1 is present in the uterus in a range of species around
the time of implantation.
A major goal of this study was to examine MUC1 as a candidate for the reduced ES
phenotype, as previous studies have indicated that differences in uterine environments are
potential causes of this phenotype (O’Connell A.R, unpublished data).
While accepting the limitations around sensitivity of the 3 techniques used
(immunohistochemistry, in situ hybridisation and semi-quantitation), the methods gave
uniform results, but however failed to find a significant difference between the reduced and
normal ES groups. Therefore it seems likely that differences in MUC1 expression does not
lead to the ES differences seen in this line of sheep. As it is accepted that while other factors
are more likely to be responsible, subtle differences in MUC1 may play a role, for example
the variants of MUC1 which are not detected by the CT1 antibody.
A large number of other genes and proteins are down or up regulated by progesterone
around the time of implantation. Several papers have highlighted the mRNA expression in the
ovine endometrium. These include a review of the genes regulated by IFNτ in luminal
epithelial cells [66], genes involved in the conceptus-endometrial interaction [50, 56] and a
study identifying mRNAs expressed in the endometrial epithelium [6].

These reports

highlight the complexity and the number of potential factors involved around not only
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successful implantation but subsequent successful embryonic growth and development. One
alternative approach could be to undertake a transcriptomics and/or microarray screening of
embryonic and uterine tissues around the time of implantation in this line of sheep.
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During the first 30 days of pregnancy following mating, 20-25% of embryos from ewes with
multiple ovulations are lost. This represents a major economic loss to the sheep industry as
the affected ewes remain pregnant but have a reduced litter size. Within the AgResearch
Booroola flock we have observed differences between two half-sibling rams which produce
either a low or normal embryo survival (ES) phenotype in their daughters. These ewes
provide a unique resource for studying the underlying physiology of this low ES trait. In this
line, embryo loss occurs primarily before day 30 of gestation and the uterus rather than the
embryo appears to be the major determinant of ES; consequently this study has focussed on
the interactions between the uterus and the embryo during the time of implantation. One
factor that has been identified as being involved in successful implantation is mucin1
(MUC1). MUC1 is a large transmembrane protein reported to be expressed by the luminal and
glandular epithelial cells of the uterus in various species where it is believed to inhibit the
interaction between the trophoblast and the luminal epithelium and block implantation.
Presence of an embryo initiates a cascade of events resulting in the down regulation of MUC1
enabling adhesion to occur. Embryos and reproductive tissue were collected from the
daughters of the normal (n=5) and from the low ES sire (n=10) at day 18 of pregnancy. The
number of embryos collected corresponded to 66% (low) and 70% (normal) of the number of
corpora lutea present. Thus it appears that the differences in ES observed in this line of sheep
occur between day 18 and day 30 of pregnancy, although more animals need to be studied to
confirm this finding. This study utilised western blotting, immunohistochemistry and in situ
hybridisation to evaluate MUC1 mRNA and protein expression. The antibody was a mouse
anti-rabbit polyclonal antibody (CT1) which corresponds to the highly conserved region
within the cytoplasmic tail domain of the protein. This was kindly supplied by Dr Daniel
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Carson, Department of Biochemistry and Cell Biology, Rice University, Houston, Texas,
USA. For in situ hybridisation, sense and antisense probes were generated from ovine cDNA
encoding a 278 bp piece corresponding to the cytoplasmic tail region. Western blotting
analysis revealed that MUC1 exists as a single 70 kDa band under reducing conditions in
ovine uterine tissue. This expression pattern is similar to MUC1 protein expression observed
in day 19 pregnant mouse uterine tissue. The doublet (19-23 kDa) often seen in virgin mouse
uterine tissue was not present in ovine uterine tissue. Specificity of the ovine 70 kDa band
was confirmed by blocking with the CT-MUC1 peptide. Semi-quantitative analysis by
Western blotting did not reveal any differences in protein levels between the low and normal
groups. Both MUC1 mRNA and protein, as evaluated by in situ hybridisation and
immunohistochemistry, showed strong expression in the glandular epithelial cells of the
compactum stroma with a weaker signal observed in the glandular epithelial cells of the
spongiosum stroma. MUC1 mRNA was specifically expressed in the columnar, but not the
squamous, cells of the luminal epithelium. There were no differences observed in the
expression patterns of both MUC1 mRNA and protein between the low and normal embryo
survival groups. Thus mucin1 does not appear to be a factor involved in low embryo survival
in this line of animals.
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Appendices
Note: milliQ water is filtered and deionized water
5.1

Fixation protocol
1. On the day of use, 8 % paraformaldehyde and 0.2 M phosphate buffered saline
(double strength) was mixed 1:1 to obtain a 4 % paraformaldehyde solution. The
pH was adjusted to 7.4.
2. The 4 % paraformaldehyde solution was used to fix the tissue overnight at 4ºC.
3. The following day, the fixative was replaced with 70 % ethanol and left
overnight.
4. The tissue was processed to paraffin as per the below schedule.

5.2

Histology protocol
The tissue was processed from 70 % ethanol into wax using a tissue processor.
Routine processing schedule:
1. 70 % ethanol for 2 hours.
2. 80 % ethanol for 1 hour 30 minutes.
3. 95 % ethanol for 1 hour.
4. Repeat 95 % ethanol for 1 hour.
5. 100 % ethanol for 1 hour 30 minutes.
6. 100 % ethanol for 1 hour 15 minutes.
7. Repeat 100 % ethanol for 1 hour 15 minutes.
8. 50 % absolute ethanol / 50 % xylene mix for 1 hour 30 minutes.
9. Xylene for 1 hour.
10. Repeat xylene for 1 hour.
11. Wax for 1 hour 30 minutes.
12. Wax (with vacuum) for 2 hours.
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5.3

Fixation and processing solutions
70 %, 80 % and 95 % ethanol
MilliQ water was used to dilute ethanol to the required concentration.

8 % Paraformaldehyde
16 g of paraformaldehyde was added to approximately 180 ml of milliQ water. The
solution was heated to 60ºC while stirring constantly. If the temperature exceeded 70ºC,
the solution was disposed of and the procedure started again. While at 60ºC, 5 M NaOH
was added drop wise (5-10 drops for 200 ml) until the solution cleared. The solution was
made up to 200 ml with milliQ water.

0.2 M Phosphate buffered saline (double strength PBS)
NaCl

8.0 g

KCl

0.2 g

Na2HP04

1.15 g

KH2P04

0.2 g

The solution was made up to 500 ml with milliQ water. The pH was adjusted to between
7.2-7.4.

5.4

Progesterone assay protocol
Coat-A-Count® progesterone assay kit (Siemens, Los Angeles, CA, USA)
1. Plasma samples and internal controls were thawed to room temperature and mixed
well.
2. The kit components (progesterone Ab-coated tubes, calibrators A-G and

125

I

progesterone) were removed from storage at 4ºC and warmed to room temperature.
3. Two plain uncoated polypropylene tubes for total counts were labelled TC, and 2 plain
uncoated polypropylene tubes for nonspecific binding were labelled NSB.

93

4. Fourteen progesterone Ab-coated tubes from the kit were labelled A through G in
duplicate.
5. Progesterone Ab-coated tubes from the kit were labelled in duplicate so that a set of 3
internal controls (high, medium and low) were distributed at the beginning and the end
of the assay. Progesterone Ab-coated tubes for the samples were also labelled in
duplicate
6. 100 µl of calibrator A was pipetted into the NSB and A tubes, and 100 µl of each of
the calibrators B through G were pipetted into the corresponding labelled tubes.
7. 100 µl of the controls and thawed samples were pipetted into the corresponding
labelled tubes.
8. 1 ml of

125

I progesterone supplied with the kit was added to each of the tubes and

mixed.
9. The tubes were incubated at room temperature for 3 hours.
10. The 2 tubes labelled TC were put aside while the remaining tubes were decanted
thoroughly leaving the isolated antibody-bound fraction immobilised on the tubes.
11. All tubes including the TC tubes were counted for 1 minute in a gamma counter.

5.5

Protein extraction protocol
1. NP40 lysis buffer was prepared and stored at 4˚C.
2. Before using NP40 lysis buffer, 1 x mini protease inhibitor cocktail tablet (Roche,
Basel, Switzerland) was added to 10 ml of the NP40 lysis buffer.
3. Half of the tissue was weighed (the other half kept for RNA extraction). For each 100
mg of tissue, 100 µl of NP40 lysis buffer was added.
4.

The tissue was chopped with a razor blade into pieces of less than 1cm3. A Dounce
tissue grinder was used to further mince the tissue.

5. The liquid/tissue was transferred to a 1.8 ml microcentrifuge tube and centrifuged at
15,000 x g for 20 minutes at 4˚C.
6. The supernatant was transferred into a new 1.8 ml microcentrifuge tube and frozen at 70˚C.
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5.6

Protein extraction solutions
DEPC water
2 ml of DEPC (diethyl pyrocarbonate) was added to 1 litre of milliQ water. The solution
was stirred overnight with the lid loose followed by autoclaving.

1 M Tris pH 8.0
Tris

60.55 g

The tris was added to 400 ml of autoclaved DEPC water and the pH adjusted to 8.0 with
concentrated HCl. Autoclaved DEPC water was added to a final volume of 500 ml
followed by autoclaving.

5 M NaCl
NaCl

146.1 g

Unautoclaved DEPC water was added to a volume of 500 ml followed by autoclaving.

NP40 lysis buffer
Stock solution:

Final concentration for 500 ml:

150 mM NaCl

15 ml of 5 M NaCl

1% NP40

5 ml

50 mM tris, pH 8.0

25 ml of 1 M tris pH 8.0

Sterile water

455 ml

The solution was autoclaved and stored at 4˚C.
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5.7

Protein assay protocol
BCA protein assay kit (Pierce, Rockford, IL, USA)
1. The working reagent was prepared by combining 50 parts reagent A with 1 part
reagent B (5 ml reagent A: 100 µl reagent B). 5 ml was sufficient for 20 wells.
2. A set of protein standards was prepared 0-2000 µg/ml protein:
 A 2 mg/ml BSA solution was prepared in lysis buffer (same NP40 buffer as used
in the protein extraction) and diluted in the same lysis buffer as per the table
below.
Volume of stock (2 mg/ml BSA solution

Volume of

Final protein standard

made up in lysis buffer)

lysis buffer

µg/ml protein

0

1000 µl

0

50 µl

950 µl

100

100 µl

900 µl

200

200 µl

800 µl

400

300 µl

700 µl

600

400 µl

600 µl

800

500 µl

500 µl

1000

600 µl

400 µl

1200

700 µl

300 µl

1400

800 µl

200 µl

1600

900 µl

100 µl

1800

1000 µl

0

2000

3. The unknown samples were diluted as follows:
1 µl of protein + 50 µl lysis buffer = x50 dilution
4. 10 µl of each final protein standard (in order 0-2000), was pipetted in duplicate into
the wells of a 96 well microtiter plate.
5. 10 µl of each unknown protein sample was pipetted in duplicate into the wells of the
microtiter plate following the standards.
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6. 200 µl of the working reagent was added to each well.
7. The samples were mixed for 30 seconds on a microtiter plate shaker.
8. Parafilm was used to cover the plate, followed by incubation at 37˚C for 1 hour.
9. The absorbance was read at 562 nm with a microtiter plate reader.

5.8

Western blotting protocol
 This project has used both premade and freshly made acrylamide gels for Western
blotting. The recipe for the preparation of freshly made acrylamide gels has been
included, however summarised below is the final components used for Western
blotting in this project which has predominantly used the premade acrylamide gels.
Details

Gels

Notes

NuPAGE® Novex® 4-12% Bis-Tris

Invitrogen #NP0321BOX

protein gels, 1.0 mm, 10 well

Running
Buffer

NuPAGE® MES SDS running buffer
(20X)

Diluted before use: 50 ml MES SDS
running buffer + 950 ml distilled water
Invitrogen #NP0002

Sample

Contains β-Mercaptoethanol to help in

2 x Laemmli buffer

unfolding / reducing the protein

Buffer
Marker

MagicMark™ XP western protein
standard

Both markers were used. This negates
the need for staining with ponceau S. No

SeeBlue® pre-stained protein standard

heating is required prior to use.
Used at a ratio of 1:4 (See Blue: Magic)
Invitrogen #LC5602
Invitrogen #LC5625
SeeBlue® standard is to monitor the
electrophoresis run, the MagicMark™
standard is used to monitor protein after
detection.
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 The apparatus used was the BioRad mini slab gel set up. The protocol is for the
making of 2 gels. One for the staining of protein in coomassie blue, and the other is
used for the transfer of the proteins to a filter for Western blotting.

Preparation of freshly made acrylamide gels:
1. Two small and 2 big plates plus 4 spacers were assembled to make 2 gels (1 for
coomassie blue staining and the other for Western blot transfer). The plates and
spacers were washed with 70 % ethanol. The larger plate was placed on a flat surface
and the spacers place on top of the large plate. The smaller plate was placed on top.
The plates were placed in the gel assemblies, checked with eye to make sure all
aligned, and then the assembly placed into the gel holder.
2. The separating section of the gel was prepared and poured to 1 cm below what will be
the bottom of the wells in the stacking section of the gel. A needle and syringe was
used to add the gel between the plates. The gel percentage was 13.5 and the volume
prepared per gel was 10 ml.

Gel %
Volumes per 1 gel
10

12

13.5

15

Milli Q water

4.05 ml

3.35 ml

2.85 ml

2.35 ml

1.5 M Tris-HCl pH8.8

2.5 ml

2.5 ml

2.5 ml

2.5 ml

10 % (w/v) SDS

0.1 ml

0.1 ml

0.1 ml

0.1 ml

Bis-acrylamide mix (30 %)

3.33 ml

4.0 ml

4.5 ml

5.0 ml

10 % (w/v) ammonium persulphate

50 μl

50 µl

50 µl

50 µl

TEMED

5 μl

5 µl

5 µl

5 µl

3. A small volume of water-saturated sec-butanol was layered on top of the solution and
then left to polymerise (30 minutes to 1 hour).
98

Stacking Gel

Volume per 1 gel

Milli Q water

3.05 ml

0.5 M Tris-HCl pH 6.8

1.25 ml
50 μl

10 % (w/v) SDS
Bis- acrylamide (30 %)

0.65 ml

10 % (w/v) ammonium
persulphate

25 μl

TEMED

5 μl

4. The sec-butanol was removed from the top of the separating section, rinsed
thoroughly with water and the remaining water dried off with blotting paper. The well
forming comb was inserted on a slight angle (to prevent air bubbles under the teeth)
and then the stacking gel was added as before with the syringe. The comb was then
straightened and the gel left to polymerise for approximately 30 minutes. Left over
stacking gel was left in a beaker to assess for polymerisation after 30 minutes. Once
set, the combs were removed from the gels, and the gels assembled into the running
holder and placed into the tank.
5. Diluted 5 x running buffer was added to the inside of the tank (60 ml of 5 x running
buffer stock plus 240 ml distilled water). The samples were prepared and loaded as
per the table below.

Preparation of premade gels:
1.

The gel was removed from the plastic cover and the comb removed.

2.

The gel was placed in the tank and diluted running buffer was added. The samples
were prepared and loaded as per the table below. The volumes were calculated for
2 gels.
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Sample

Marker

Sample

2 µl

-

MilliQ water

8 µl

-

10 µl 2 x Laemmli

-

-

24 µl

-

6 µl

The samples were heated for

The samples were not heated.

10 minutes at 70°C,

10 µl of each sample was

centrifuged briefly, and 10 µl

loaded.

Loading buffer
SeeBlue® pre-stained
protein standard
MarkerMagicMark™
XP western protein
standard

of each sample loaded.

1. The samples were loaded using long fine pipette tips and a 20 µl pipette to maintain
control.
2. The gels were run at a constant 150 V-180 V until the blue dye had run out the bottom.
This took approximately 1 hour for freshly prepared gels or 35 minutes at 200 V for
premade gels. The gel/plates were removed from the set-up. With the aid of one of the
spacers, each larger glass plate was separated from the gel leaving it attached to the
smaller plate. Using a scalpel blade the stacking gel was cut away and discarded. The
top right hand corner was cut to aid in orientation. At this point, one of the gels was
stained for protein in coomassie blue, and the other was used for the transfer of the
proteins to a filter for Western blotting.
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Staining of the protein gel using coomassie blue
1. The gel was carefully removed from the glass plate and placed directly into the
coomassie blue staining solution. The gel was stained for 30 minutes at room
temperature.
2. The gel was destained for 1-3 hours in destain solution.
3. The gel was soaked in store solution for 2 hours.
4. The gel was placed between 2 sheets of cellulose acetate soaked in 10% glycerol. The
bubbles were smoothed out and the gel was placed on a drying rack to dry.

Western blot transfer
1. One piece of Amersham Hybond C membrane and 2 pieces of 3MM blotting paper
was cut to the size of the larger glass plate.
2. The membrane, blotting paper and 4 trans-blot scotch brite pads were soaked in
transfer buffer.
3. One piece of filter paper was placed onto the exposed surface of the gel and using a
5ml pipette the air bubbles were rolled away from underneath the membrane.
4. Two of the scotch brite pads were placed onto the black side of the trans-blot
sandwich holder. The glass plate/gel was inverted so that the filter paper side of the
gel was against the scotch brite pad. The corner of a scalpel blade was used to gently
remove the glass plate and any air bubbles under the gel were smoothed out using the
scalpel blade.
5. To the exposed gel, the membrane and the second sheet of blotting paper was placed
on top and again the air bubbles were rolled out between each layer. The membrane
corner was cut to correspond with the cut corner of the gel to aid in orientation.
6. The remaining scotch brite pads were placed on top of the membrane and the transblot sandwich holder closed. The “sandwich” was slotted into the electrode module
with the black side of the sandwich holder facing the black side of the electrode
module.
7. The electrode module, a medium sized stirring bar and a pre-frozen cooling pack was
placed into the tank and filled with transfer buffer.

101

8. The power pack was connected and the protein was transferred at 100 volts for 1 hour
at 4C on a stirrer.
9.

When finished, the sandwich was dismantled and the membrane (blot) was removed.

General Western blotting protocol
1. The blot was washed for 2 x 10 minutes in membrane wash buffer (MAB).
2. The blot was incubated in 5 % blocking buffer for 1 hour.
3. The blot was incubated with the primary antibody in 5 % blocking buffer for 2 hours.
4. The blot was washed for 3 x 10 minutes in MAB.
5. The blot was incubated with the 2nd antibody in 5 % blocking buffer for 2 hours.
6. The blot was washed for 3 x 10 minutes with MAB.

Western development
Immun-Star™ WesternC™ chemiluminescence kit (Bio-Rad Laboratories, Hercules,
CA, USA)


The volumes stated are for the development of 1 blot



The solutions were made up just before use

1. 500 µl of the peroxidise solution was combined with 500 µl of the luminol / enhancer
solution.
2. The blot was placed onto an acetate sheet.
3. The peroxidase/luminol solution was added directly to the blot and the blot was
covered with a light tight covering for 5 minutes.
4. A gel documentation system was used to visualise the protein bands.
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5.9

Western blotting solutions
1.5 M Tris-HCl pH 8.8
36.34 g of Tris base was dissolved in 160 ml of milliQ water. The pH was adjusted to 8.8
with concentrated HCl. MilliQ water was added to a final volume of 200 ml. The solution
was autoclaved and stored at 4C.

10 % SDS
2 g of SDS was dissolved in 20 ml milliQ water.

Bis –acrylamide (30 %)
29.2 g acrylamide and 0.8 g N’N’-bis-methylene-acrylamide (bis) was dissolved in a final
volume of 100 ml milliQ water. The solution was stored at 4C.

10 % (w/v) Ammonium persulphate
1 g of ammonium persulphate was dissolved in 10 ml of milliQ water. The solution was
stored at 4C for up to one month.

0.5 M Tris-HCl pH 6.8
6.06 g of Tris base was dissolved in 80 ml of milliQ water and pH adjusted to 6.8 with
concentrated HCl. The volume was adjusted to 100 ml with milliQ water. The solution
was autoclaved and stored at room temperature.

5 x Running buffer
Glycine

360 g

Tris

75 g

SDS

25 g
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The reagents were dissolved in a volume of milliQ water to just under 5 litres then pH
adjusted to 8.3 with concentrated HCl. The volume was adjusted to 5 litres with milliQ
water. The solution was stored at room temperature and diluted 1/5 before use with
milliQ water.

2 x Laemmli buffer
0.5 M Tris-HCl pH 6.8

2.5 ml

Glycerol

2.0 ml

10 % SDS

4.0 ml

0.1 % (w/v) bromophenol blue 0.5 ml
The reagents were combined and the volume adjusted to 10 ml with distilled water. 500
µl of -mercaptoethanol was added. The solution was stored in aliquots at -20°C.

0.1 % (w/v) Bromophenol blue
Bromphenol blue

10 mg

Ethanol

2 ml

MilliQ water

8 ml

The reagents were combined and the solution stored at room temperature.

Coomassie blue
Coomassie blue R-250

0.1 % (w/v)

Methanol

40 % (v/v)

Acetic acid

10 % (v/v)

MilliQ water

50 % (v/v)

The reagents were combined and then filtered through filter paper. The solution was
stored at room temperature.
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Destain for 1 litre
Methanol

400 ml

Acetic acid

100 ml

MilliQ water

500 ml

The reagents were combined and the solution stored at room temperature.

Store solution for 1 litre
Methanol

300 ml

Glycerol

30 ml

MilliQ water

670 ml

The reagents were combined and the solution stored at room temperature.

10 x Tris-glycine stock
Tris base

30.3 g

Glycine

144 g

The reagents were dissolved in a final volume of 1 litre with milliQ water and stored at
room temperature.

Western transfer buffer / Tris–glycine transfer buffer for 3 litres
10 x Tris-glycine stock

300 ml

Methanol

600 ml

MilliQ Water

2100 ml

The reagents were combined and the solution was stored at 4C. The buffer was prechilled before use.
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1 M Tris pH 8.5
30.29 g of Tris
pH to 8.5
The final volume was adjusted to 250 ml with sterile milliQ water. The solution was
autoclaved and stored at room temperature.

Membrane wash buffer (MAB)
20 ml of 1 M Tris-HCl pH 7.5
8.76 g NaCl
1 ml of NP40
The reagents were dissolved in a final volume of 1 litre with milliQ water and stored at
room temperature.

5 % Blocking buffer
5 g low fat milk powder
The reagent was dissolved in a final volume of 100 ml with membrane wash buffer
(MAB). The solution was made fresh each time it was needed.

Gel drying buffer for 1 litre
Glycerol

100 ml

MilliQ water

900 ml

The reagents were combined and the solution stored at room temperature.
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5.10 Image analysis
Quantity One 1-D Analysis Software (Biorad Laboratories, Hercules, CA, USA)

Quantity One 1-D Analysis Software (Bio-Rad Laboratories Headquarters, Hercules,
CA, USA) was used to measure the mean intensity of each band. Briefly, the programme
converts signals from the band on a western blot into digital data (or pixels). Each pixel has
an X and Y coordinate (pixels horizontal and vertical positions on the image), and a value Z
which is the signal intensity (or strength) (Figure 31). For a band to be quantifiable, the
intensity of the band pixels must be higher than the intensity of the pixels that make up the
background of the image. The total intensity of band is the sum of the intensities of all the
pixels that make up the band. The mean intensity of the band is the total intensity divided by
the number of pixels in the band. The mean intensity is the measurement used to calculate the
ratio between the MUC1 and alpha tubulin in each lane.

Figure 31. Representation of the pixels in two digitally imaged bands in a gel [67].
Image analysis protocol (Computer actions in italics)
1. The Quantity One programme was opened and the gel picture imported for analysis
(File /Open).
2. A rectangle was drawn around the band wanted to be measured (Volume / Volume
Rect Tool). The band was framed by a box and labelled U1.
3. The U1 box was selected to highlight it, resulting in the frame turning green.
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4. The “Volume Report Options” screen was opened (Reports/Volume Analysis Report).
The following boxes were checked: Name, Volume, Area, and Mean Value in the
Data to Display section. The global subtraction method box was also checked. “Done”
was selected to bring up the report.
5. The “Mean Value CNT” was the measurement value used for further analysis.
6. The report was closed and the box moved to another band where the process was
repeated from step 4. This was to ensure that the volume being measured was the same
between all the samples.

108

5.11 Immunohistochemistry protocol
Combination of ultrasensitive ABC peroxidase staining kit (Rabbit IgG) and metal enhanced
DAB substrate kit (Both kits Pierce, Rockford, IL, USA)
 The slides were placed in metal wash racks which enabled the slides to sit vertically.
These metal racks were then placed into the corresponding black boxes which held
250 ml
 A humidity chamber was prepared by using a large air tight box with PBS wettened
paper towels laid on the bottom. A metal slide rack was placed on the towels which
enabled the slides to lay horizontally
 It was important for the slides not to dry out
Deparaffinisation
All solutions were made with 1 x PBS (phosphate buffered saline)
1. The slides were washed in xylene 2 x 5 minutes.
2. The slides were washed in 100 % ethanol, 2 x 5 minutes.
3. The slides were washed in 95 % ethanol, 1 x 5 minutes (237.5 ml ethanol +12.5 ml
PBS).
4. The slides were washed in 70 % ethanol, 1 x 5 minutes (175 ml ethanol +75 ml PBS).
Suppression of endogenous peroxidase
5. The slides were washed in 0.3 % H202 / methanol for 30 minutes (2.5 ml H202 + 247.5
ml methanol).
6. The slides were washed for 20 minutes with PBS. While the slides were washing in
PBS, the blocking buffer was prepared and the barrier was drawn around the tissue:
 3 drops of blocking serum from the kit was added to 10 ml of PBS.
 While the slides were in PBS, one slide was taken out at a time and a hydrophobic
barrier was drawn around each tissue with a wax pen and then placed back in the
PBS.
Blocking
7. The slides were taken out of the metal wash racks and placed onto the racks in the
humidity chamber. The slides were blocked for 20 minutes with the blocking buffer.
This was completed by dropping the blocking buffer onto the section. The
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hydrophobic barrier drawn with the wax pen in the last step formed a barrier so that
the solution was contained.
8. While the sections were being blocked, the primary antibody was prepared:
 1µl CT1 antibody in 500 µl blocking buffer. For the blocking peptide 100 μl of
1 mg/ml peptide was added to a 1:500 dilution of the CT1 antibody. For the
NRS control the dilution was 1 μl in 21 ml of blocking buffer (1:21,000).

Primary antibody
9. To remove the blocking buffer, the slides were tipped onto their sides and drained onto
a paper towel. The primary antibody was applied and incubated for 30 minutes.
10. The slides were washed for 10 minutes with PBS (placed back into the metal racks and
black boxes for the washes). While the slides were washing in PBS, the biotinylated
secondary antibody was prepared:
 135 µl of blocking serum and 45 µl of the biotinylated secondary antibody was
added to 10 ml of PBS.
Secondary antibody
11. The diluted pre-prepared biotinylated secondary antibody (goat anti-rabbit IgG) was
applied to the sections and incubated for 30 minutes. While the slides were incubating,
the ABC reagent was prepared:
 180 µl of reagent A was added to 10 ml of PBS followed by 180 µl of reagent B.
The solution was mixed immediately and allowed to incubate for 30 minutes for
the complex to form.
12. The slides were washed for 10 minutes with PBS.

Avidin – biotin complex
13. The ABC reagent mix was added to the tissue section and incubated for 30 minutes.
14. The slides were washed for 10 minutes with PBS.
15. During the wash incubation the DAB substrate was prepared:
 The DAB/metal concentrate (10x) was removed from freezer storage and mixed
well by inverting the bottle. 250 µl was immediately removed and added to 2.25
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ml of stable peroxidise buffer. This solution was now stable at 4°C for several
hours.
DAB
16. The DAB was added for 5 minutes.
17. The slides were washed for 5 minutes in PBS.

Counterstain, mount and cover slip
The following steps were performed:
 Gills haematoxylin 5 seconds
 Running tap water 1 minute
 PBS 1 minute
 70 % ethanol 5 minutes
 95 % ethanol 5 minutes
 100 % ethanol 5 minutes
 100 % ethanol 5 minutes
 Xylene 5 minutes
 Xylene 10 minutes
 Coverslipped using DEPEX (mounting medium)

5.12 Immunohistochemistry solutions
1 x PBS (phosphate buffered saline)
The following was dissolved in 800 ml distilled H2O:
8 g of NaCl
0.2 g of KCl
1.44 g of Na2HPO4
0.24 g of KH2PO4
The pH was adjusted to 7.4.
The volume was adjusted to 1 litre with additional distilled water. The solution was
autoclaved.
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5.13 Extraction of total RNA protocol
TRIzol® reagent (Invitrogen Life Technologies, Carlsbad, CA, USA)
1. The tissue sample was taken out of -70ºC freezer and weighed. The tissue was
transferred to an RNAse-free 15 ml conical tube.
2. TRIzol® reagent was added to the tissue at a volume of 1 ml/100 mg of tissue.
3. The tissue was homogenised in short bursts until the tissue was finely chopped.
4. 1 ml of the homogenised sample was transferred into separate 1.8 ml RNAse-free
tubes and incubated for 5 minutes at room temperature.
5. 200 µl of chloroform (0.2 ml/1 ml TRIzol® reagent) was added to each sample. Each
tube was shaken vigorously by hand for 15 seconds, and incubated for 2-3 minutes at
room temperature.
6. The samples were centrifuged at 15,000 x g for 15 minutes at 4ºC.

After

centrifugation, a lower red phenol-chloroform phase (protein), a white interface
(DNA), and a colourless upper aqueous phase containing the RNA was seen in each
sample.
7. The upper aqueous phase was carefully transferred to new 1.8 ml RNAse-free tube
with a pipette.
8. 500 µl of 100 % isopropanol was added to each sample and incubated at room
temperature for 10 minutes.
9. The samples were centrifuged at 15,000 x g for 10 minutes at 4°C. The RNA formed a
pellet at the bottom.
10. The supernatant was removed using a pipette carefully without disturbing the pellet.
11. The RNA pellet was washed with 1 ml 70 % ethanol (made with DEPC water),
vortexed and centrifuged at 15,000 x g for 5 minutes at 4°C.
12. The ethanol was pipetted off and the pellet left to air dry for 5 minutes.
13. The RNA pellets were dissolved in 50 µl autoclaved DEPC water by pipetting up and
down gently to mix.
14. The concentration of the RNA was measured on a spectrophotometer.
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5.14 Reverse transcription protocol
First Strand cDNA Synthesis using Superscript III for RT-PCR (Life Technologies,
Carlsbad, California, USA)
1. The following reaction was prepared. The concentration of total RNA was based on
the spectrophotometer results.
Tissue
1000 ng/µl total RNA

0.21 µl

10 x DNase I buffer

1 µl

DNase I

1 µl

DEPC water

7.79 µl

2. The reaction was incubated at room temperature for 15 minutes.
3. 1 µl of 25 mM EDTA was added to the reaction.
4. The reaction was incubated at 65˚C for 10 minutes followed by incubation on ice for 1
minute.
5. The reaction was spun briefly and the following added:


1 µl of 125 ng/µl random primers



1 µl 10mM dNTPs



1 µl sterile distilled water

6. The reaction was incubated at 65˚C for 5 minutes followed by incubation on ice for 1
minute.
7. The contents of the tube were centrifuged briefly and the following added:


4 µl 5 x first strand buffer



1 µl 0.1M DTT



1 µl RNase out recombinant RNase inhibitor



1 µl 200 units/µl Superscript III

8. The reaction was mixed by pipetting.
9. The reaction was incubated at 25˚C for 5 minutes followed by incubation at 50˚C for
30-60 minutes.
10. The reaction was inactivated by incubation at 70˚C for 15 minutes, and stored at
-20°C.
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5.15 Electrophoresis agarose gels
For the preparation of a 2% agarose gel:
Two grams of agarose was added to 100 ml of 1 x TAE. The solution was boiled until
the agarose had melted. Ethidium bromide (10 µl of 10 mg/ml) was added to the
solution. The molten agarose was poured into a gel mold and left to solidify. The gel
was run in 1 x TAE buffer.

Ethidium bromide is a fluorescent dye that inserts itself between the basepairs in the
double helix of DNA. The fluorescence of ethidium bromide can then be visualised
under ultravoilet light. The loading buffer contains a dye, for visualising DNA while
the gel is running, and glycerol to increase density to facilitate loading of the sample
into the well of the gel.

5.16 Sample preparation for gel electrophoresis of amplified MUC1 PCR products

PCR product

Marker

5 µl PCR product

2 µl marker VIII (Roche
Diagnostics Corporation,
Indianapolis, IN, USA)

5 µl loading buffer

2 µl loading buffer

(1 and -2 each)

6 µl 1 x TAE

5.17 Sample preparation for gel electrophoresis of miniprep PCR

PCR product

Marker

6 µl PCR product

2 µl DNA molecular weight marker
VIII, (Roche Diagnostics
Corporation, Indianapolis, IN, USA)

4 µl loading buffer

2 µl loading buffer

-

6 µl 1 x TAE

(1 and 2 each)
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5.18 Sample preparation for gel electrophoresis of linearisation products
Gel extracted linearised products

Undigested miniprep
product

Marker

5 µl MUC1 miniprep
Product

2 µl DNA molecular
weight marker VIII,
(Roche Diagnostics
Corporation,
Indianapolis, IN,
USA)

(1 and 2 each)
2 µl loading buffer

2 µl loading buffer

2 µl loading buffer

6 µl 1 x TAE

3 µl 1 x TAE

6 µl 1 x TAE

2 µl linearised products (Nco-1 and Sal-1)

5.19 PCR solutions
Loading buffer / 6 X RNA loading dye
Bromophenol blue

0.1 g

The bromophenol blue was dissolved in 4 ml of sterile milliQ water. 1 ml of the
dissolved bromophenol blue solution was added to 4 ml of sterile milliQ water. 20 µl of
0.5 M EDTA pH 8.0 and 5 ml of glycerol was added. The solution was shaken well. 1
ml aliquots were prepared before storage at -20°C.

50 X TAE
Tris base

242 g

Glacial acetic acid

57.1 ml

Na2EDTA.2H20

37.2 g

The reagents were dissolved in a final volume of 1 litre milliQ water and the solution
autoclaved. The solution was diluted to a 1 x working solution with milliQ water for
electrophoresis.
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TE buffer (for reconstitution of PCR primers)
1 M Tris-HCl pH 7.4

500 µl

0.5 M EDTA pH 8.0

100 µl

Sterile milliQ water was added to a final volume of 50 ml. The solution was autoclaved
and stored at room temperature.

5.20 Ligation protocol
pGEM®-T easy vector system I (Promega Corporation Madison, WI , USA)
1. The following reactions were prepared and incubated overnight at 4˚C.
Sample

Positive

Background

control

control

2 x rapid ligation buffer

5 µl

5 µl

5 µl

pGEM-T easy vector

1 µl

1 µl

1 µl

PCR product / gel extract

3 µl

-

-

-

2 µl

-

1 µl

1 µl

1 µl

-

1 µl

3 µl

10 µl

10 µl

10 µl

Control insert DNA
T4 DNA ligase
Sterile water
Total
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5.21 Transformation protocol
For this protocol pre-prepared DH5α competent cells and pre-prepared LB/ampicillin
plates were available

1. One 15 ml conical tube was assigned for each ligation reaction. The conical tubes
were prechilled on ice before use.
2. The DH5α cells were gently mixed and 50 µl of cells added to each conical tube.
3. 5 µl of the DNA ligation mix was added to each assigned conical tube. The pipette
was moved gently through the cells while dispersing, and the tube tapped gently to
mix.
4. The cell/DNA mix was incubated on ice for 30 minutes.
5. The reaction was heat-shocked for 2 minutes at 37oC followed by incubation on
ice for 2 minutes.
6. 950 µl of LB broth was added to each conical tube and agitated for 1 hour at 225
rpm at 37oC.
Note: The LB plates were prepared now; 50 µl of 2% x-gal was added to each
LB/ampicillin plate and immediately spread evenly around the plate using a glass
spreader. The spreader was flamed between each use. The plates were left to
absorb the x-gal for at least 20 minutes.
7. After incubation, the conical tubes containing the cell/DNA mix were centrifuged
for 5 min at 1,500 x g. After centrifugation, the supernatant was discarded.
8. Each pellet was resuspended in 100 µl LB broth by repeated pipetting.
9. All cells from each conical tube were pipetted onto 1 pre-prepared LB plate and
spread evenly using a glass spreader. This was repeated for all samples. The plates
were left to absorb for 2 hours.
10. The plates were inverted and placed bottom up at 37oC overnight, followed by
further storage at 4ºC the next day.
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5.22 Colony selection protocol
Sterile technique was used
1. To ten glass universal vials, 10 ml of LB and 10 µl of ampicillin stock (50 mg/ml)
was added to each.
2. Using a sterile plastic loop, one individual white colony from the transformation
plates was selected and transferred into each of the 10 LB/ampicillin vials.
3. The 10 cultures were placed at 37°C with shaking (225 rpm) to grow for
approximately 16 hours. The following day, 1 ml from each culture was
transferred to another vial and placed at 4°C for storage. A miniprep was
performed on the remaining 9 ml of cultures. A PCR and sequencing was
performed to determine a successful clone containing the MUC1 gene.
4. After selection of the successful clone, the corresponding 1 ml culture previously
stored at 4°C was added to 10 ml LB containing 10 µl of 50 mg/ml ampicillin.
The culture was grown at 37°C for approximately 16 hours, shaking at 225 rpm.
After incubation the 10 ml culture was split 10 ways; i.e. 1 ml of the 10ml culture
was added to 10 ml LB containing 10 µl of 50 mg/ml ampicillin etc. The 10
cultures were grown at 37°C for approximately 16 hours, shaking at 225 rpm. A
miniprep was performed on the cultures.

5.23 Ligation, transformation and selection solutions
Luria broth (LB) for 1 litre
Yeast extract

5g

Bacto-tryptone

10 g

NaCl

10 g

MilliQ water was added to a final volume of 1 litre. The solution was autoclaved.

Ampicillin 50 mg/ml stock
Ampicillin

0.5 g

Sterile milliQ water was added to a final volume of 10 ml. 1 ml aliquots of the
solution were stored at -20°C.
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LB / Ampicillin plates
To 200 ml of premade LB, 3 g of bacto agar was added. The solution was autoclaved
and 400 µl of 50 mg/ml ampicillin was added to the 200 ml of cooled molten agar.
The plates were poured using sterile technique. When set, the plates were labelled and
placed at 4ºC in an air tight container.

2 % X-Gal
2 g of x-gal was dissolved in 100 ml DMSO (dimethyl sulfoxide or dimethyl
formamide). The solution was wrapped in foil to make light tight and stored at -20°C.

5.24 Plasmid DNA purification protocol
QIAprep® spin miniprep kit (QIAGEN, Valencia, CA, USA)
This protocol is designed for the purification of DNA from E. coli cultures.
1. The 10 ml overnight cultures were centrifuged at 1,500 x g for 10 minutes and the
supernatant discarded.
2. The pelleted bacterial cells were resuspended in 250 µl buffer P1 and transferred to a
microcentrifuge tube.
3. 250 µl of buffer P2 was added and mixed by inverting the tube 6 times.
4. 350 µl of buffer N3 was added and mixed by inverting the tube 6 times.
5. The cells were centrifuged at 6,500 x g for 10 minutes.
6. The supernatants were added to QIAprep columns (columns were placed in new
microcentrifuge tubes) and centrifuged at 6,500 x g for 1 minute. The flow-through
was discarded.
7. The column was washed by adding 0.75 ml of buffer PE and centrifuged at 6,500 x g
for 1 minute. The flow-through was discarded. Centrifugation was repeated to remove
residual wash buffer.
8. The column was placed into a new microcentrifuge tube. The DNA was eluted from
the column by adding 55 µl of elution buffer into the centre of the column and let
stand for 1 minute. The column was centrifuged for 1 minute at 6,500 x g.
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5.25 Gel extraction protocol
QIAquick® gel extraction kit (QIAGEN, Valencia, CA, USA)
A gel slice is produced from running an agarose gel and cutting out the targeted DNA
band with a razor blade. This gel extraction protocol is designed to extract and purify
the DNA from the gel slice.
1. The gel slice was weighed and 3 volumes of QG buffer was added to the gel slice. The
gel slice in the QG buffer was incubated for 10 minutes at 50°C with frequent mixing.
One volume of isopropanol was added, mixed and the solution added to a gel
extraction column. The column was centrifuged for 1 minute at 6,500 x g.
2. 500 µl of QG buffer was added to the column and centrifuged for 1 minute at 6,500 x
g.
3. 750 µl of PE buffer was added to the column and centrifuged for 1 minute at 6,500 x
g.
4. The supernatant was discarded and the column recentrifuged for 1 minute at 6,500 x g.
5. The column was placed into a clean microcentrifuge tube and 30 µl of sterile DEPC
water was added and incubated for 1 minute.
6. The column was centrifuged for 1 minute at 15,000 x g to elute the DNA.
7. The DNA was stored at -20°C.
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5.26 In situ hybridisation protocol
Pre insitu hybridisation
 To proceed with in situ hybridisation it was important to have pre-prepared the
linearised DNA where the restriction digestion was performed to completion. A small
amount of undigested plasmid DNA could give rise to very long transcripts, which
may incorporate a substantial fraction of the radiolabeled rNTP.

Day 1 probe preparation
Riboprobe Combination System-SP6/T7 RNA Polymerase (Promega, Madison, Wisconsin,
USA, catalogue number P1460)
 Before proceeding with the probe, the enzymes used for linearisation were checked for
the possible production of 3’ overhangs in the linearised DNA. Extraneous transcripts
have been reported to appear in addition to the expected transcript when templates
contain

3´

overhangs.

The

extraneous

transcripts

can

contain

sequences

complementary to the expected transcript as well as sequences corresponding to vector
DNA. Therefore, it is recommended that plasmids should not be linearised with any
enzyme that leaves a 3´ overhang. Commonly used restriction enzymes that leave a 3’
overhang are : Aat II, Apa I, Ban II, Bgl I, Bsp1286 I, BstX I, Cfo I, Hae II, HgiA I,
Hha I, Kpn I, Pst I, Pvu I, Sac I, Sac II, Sfi I, Sph I If there is no alternative restriction
site, the 3´ overhang should be converted to a blunt end using the 3´5´ exonuclease
activity of DNA Polymerase I Large (Klenow) Fragment.
 The enzymes used for the production of the linearised DNA were Nco-1 and Sal-1.
Neither of these enzymes produced a 3’ overhang and therefore further conversion
was not needed.
1. A water-bath was pre-heated to 37 C.
2. A microcentrifuge was pre-cooled to 4C.
3. Tubes sealed with screw caps fitted with o-rings were used to minimise accidental
leakage of radioactivity.
4. rUTP (10 mM stock) was diluted 1 µl in 100 µl in nuclease-free H20.
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5. A double reaction of the antisense and sense probes were made to ensure sufficient
counts of the final probe.
6. The antisense and sense probes were prepared as per the protocol below. The mixture
was kept at room temperature while each successive component was added as the
DNA could have precipitated in the presence of spermidine if kept at 4°C.
Reagent

Single
reaction

Double
reaction

5X transcription buffer

4 µl

8 µl

0.1 M DTT 100 mM

2 µl

4 µl

RNasin

1 µl

2 µl

template linearised DNA

3.3 µl

6.6 µl

If template DNA has a 3’ overhang add Klenow fragment and incubate for 15
mins at 22°C

1 µl

2 µl

rATP 10 mM

1 µl

2 µl

rCTP 10 mM

1 µl

2 µl

rGTP 10 mM

1 µl

2 µl

rUTP (1:100 dilution)

0.8 µl

1.6 µl

UTP, [α-33P]- 3000 Ci/mmol, 10 mCi/ml, 250 µCi

5 µl

10 µl

Appropriate RNA polymerase (either SP6, T7 or T3)

1 µl

2 µl

1 µl

2 µl

10 mg/ml tRNA

4 µl

8 µl

7.5 M ammonium acetate pH 7.0

12 µl

24 µl

Ice cold 100 % ethanol

80 µl

160 µl

Incubate 37C for 1 hour
RQ1 DNase
Incubate 37C for 15 minutes

Place on dry ice for 1-2 hours
Centrifuge probes for 20 minutes at 15,000 x g at 4C
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1. The ethanol was aspirated and the pellet resuspended in 30 µl DEPC water.
2. 15 µl of 7.5 M ammonium acetate was added and mixed.
3. 90 µl of 100 % ethanol was added and the probes placed on dry ice for 1-2 hours.
4. The probes were centrifuged at 15,000 x g for 20 minutes at 4C.
5. The ethanol was aspirated and the pellet left to dry briefly.
6. 30 µl of autoclaved DEPC water was added and pipetted to resuspend.
7. 1 µl of probe was added to 400 µl of a liquid scintillation fluid (‘optiphase’) and
counted in a Trilux counter to establish cpm (counts per minute).

Day 1 slide washing


A water bath was preheated to 37°C and the following wash solutions were prepared.
The volume indicated was the amount needed to wash one 100 ml glass container of
slides.

Solution

Volume
required

Recipe

95 % ethanol/DEPC

200 ml

190 ml ethanol + 10 ml autoclaved DEPC water

70 % ethanol/DEPC

200 ml

140 ml ethanol + 60 ml autoclaved DEPC water

0.2 M HCl

100 ml

1.72 ml cHCl, made up to 100 ml with autoclaved
DEPC water

Proteinase K digestion buffer (TE
buffer)

100 ml

Combined:
20 ml of 1 M Tris-HCl (pH 7.2) stock
10 ml of 500 mM EDTA (pH 8.0) stock
70 ml of autoclaved DEPC water
Prewarmed the solution to 37˚C

2 x SSC/DEPC

200 ml

20 ml 20 x SSC + 180 ml autoclaved DEPC water

Triethanolamine

200 ml

10 ml of 2M triethanolamine + 190 ml autoclaved
DEPC water
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Deparafinisation: To eliminate the paraffin.
1. Wearing gloves and using tweezers, the slides were transferred to a sterile (baked)
glass bottomed dish where they were placed back to back. The dish was placed on a
platform in a fume hood with gentle shaking. All washes were performed at room
temperature unless indicated otherwise.
2. The slides were washed with xylene 3 times for 10 minutes each wash.
3. The glass dishes were rinsed with 100 % ethanol.
4. The slides were washed with 100 % ethanol twice for 5 minutes each wash.
5. The slides were washed with 95 % ethanol for 5 minutes.
6. The slides were washed with 70 % ethanol for 5 minutes.
7. The slides were washed with DEPC autoclaved water for 5 minutes.

Pre-treatment: For the removal of the basic proteins (i.e. positively charged), that may have
bound to the probe. The proteinase K opened up the tissue allowing the probe to stick.
1. The slides were washed in 0.2 M HCl for 20 minutes at room temperature. The surface
of the solution was wiped with a clean piece of Whatman filter paper to remove any
lead residue from the pencil.
2. The slides were washed in 2 x SSC for 30 minutes at room temperature. The surface of
the solution was wiped with a clean piece of Whatman filter paper to remove any lead
residue from the pencil.
3. The proteinase K (10 mg/ml) was thawed on ice just before use to prevent self
digestion. Just before use 20 µl proteinase K was added to the preheated TE buffer.
The slides were incubated at 37oC for 5 minutes in the proteinase K digestion / TE
buffer solution.

Acetylation of slides: This step reduced the non-specific binding of probe, i.e. the acetyl
groups from the acetic anhydride will react with any protein amino groups thus eliminating
their positive charge. This step also served to eliminate any residual proteinase K activity.
1. 250 µl of acetic anhydride was pipetted between slides (but not on the sections),
followed immediately by the addition of 100 ml of the triethanolamine solution.
Incubation was at room temperature for 5 minutes. The step was repeated.
2. The slides were washed in 2 x SSC/DEPC for 5 minutes at room temperature.
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Dehydration:
1. The slides were washed in 70 % ethanol for 5 minutes.
2. The slides were washed in 95 % ethanol for 5 minutes.
3. The slides were washed in 100 % ethanol for 5 minutes x 2.

Hybridising:
1. The slides were air dried flat for 2 hours at room temperature.
2. The slides were labelled sense or antisense as appropriate with pencil (Nco-1/SP6/
Sense or Sal-1/T7/Antisense).
3. The amount of diluted probe to cover the sections was calculated. The counts per µl
were 70,000.

Calculations of amount of probe needed:
CPM
SP6
T7

Antisense

290,000

Sense

1,900,000

SP6 = 70,000 x 125 µl (hybe mix needed) / 290,000 = 30 µl riboprobe
SP6 = 30 µl riboprobe was added to 1210 µl hybe mix
T7= 70,000 x 800 µl (hybe mix needed)/ 1,900,000 = 29 µl riboprobe
T7 = 29 µl riboprobe was added to 770 µl hybe mix
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Hybe mix:
2 ml of the following was prepared in 1.8 ml microcentrifuge tubes;
Stock concentration

Final concentration

Volume per ml

NaCl

5M

0.3 M

60 µl

Tris-HCl pH 6.8

1M

10 mM

10 µl

NaP pH 6.8

0.5 M

10 mM

20 µl

EDTA pH 8.0

0.5 M

5 mM

10 µl

Denhardts

50 X

1X

20 µl

DTT

1.0 M

50 mM

50 µl

tRNA

10 mg/ml

1 mg/ml

100 µl

n/a

n/a

30 µl

Autoclaved DEPC water

1. The dextran sulphate was heated to 65oC to melt it prior to use. 200 µl of 50 % dextran
sulphate was slowly added and the mix vortexed thoroughly.
2. 500 µl of deionised formamide was added and the mix vortexed.
3. The hybe mix was incubated on ice for 10 minutes.
4. The hybe mix was centrifuged at 15,000 x g for 10 minutes.
5. The calculated amount of hybe mix was transferred to screwcap tubes and the
calculated amount of labelled probe was added to the hybe mix.
6. The probe was boiled for 5 minutes, vortexed and left to cool for 2-3 minutes.
7. The calculated volume of hybe/probe mix was added to the slides.
8. The slides were covered with glass coverslips and hybridised overnight at 55oC with
equilibration solution in an airtight box.
Day 2:
 3 water baths were preheated to 37°C, 65°C and 50°C
 The following wash solutions were prepared
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Solution

Volume required
(ml)

Recipe

Water bath
temperature

Added 50 ml 20 x SSC to 150 ml
autoclaved DEPC water

5 x SSC in DEPC water

200

2 x SSC/50 %
formamide in DEPC
water

100

2 x SSC in DEPC water

400

Added 40 ml 20 x SSC to 360 ml
autoclaved DEPC water

37°C

100

Combined 10 ml of wash solution with 90
ml autoclaved milliQ water

37°C

Wash solution

50°C

Combined:
10 ml 20 x SSC, 50 ml formamide, 40 ml
autoclaved DEPC water

65°C

Combined:

2 x SSC/50 %
formamide in milliQ
water

100

2 x SSC milliQ water

100

10 ml of 20 x SSC added to 90 ml
autoclaved milliQ water

37°C

0.2 x SSC milliQ water

2L

20 ml 20 x SSC up to 2 L with autoclaved
milliQ water

37˚C

10 ml 20 x SSC, 50 ml formamide, 40 ml
autoclaved milliQ water

65°C

1. The slides were taken out of the airtight boxes, the coverslips removed and the
slides placed back to back in glass dishes. Care was taken not to let the slides dry
out so the 1st wash solution was placed into the glass dishes before removal of the
coverslips. Also care was taken as slides were radioactive.
2. The slides were washed twice with 5 x SSC/DEPC at 50oC for 15 minutes each
wash.
3. The slides were washed in 2 x SSC/50 % formamide/DEPC for 30 minutes at 65oC.
4. The slides were washed in 2 x SSC/DEPC (4 times) 5 minutes each at 37oC.
RNase treatment:
5. 100 µl of RNaseA (preboiled) was added to the pre-warmed wash solution.
6. The slides were incubated at 37oC for 30 minutes in wash solution.
7. The slides were washed in 2 x SSC/50 % formamide in milliQ water at 65oC for 30
minutes.
8. The slides were washed in 2 x SSC/milliQ water for 15 minutes at 37°C.
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9. The slides were transferred to a metal slide basket.
10. The slides were washed in 0.2 x SSC/milliQ water for 15 minutes at 37oC.

Dehydration (re-usable solutions):
1. The slides were dehydrated through the following solutions:
Solution

Time

30 % ethanol in 0.3 ammonium acetate

2 minutes

60 % ethanol in 0.3 ammonium acetate

2 minutes

80 % ethanol in 0.3 ammonium acetate

2 minutes

95 % ethanol in 0.3 ammonium acetate

2 minutes

100 % ethanol

5 minutes

100 % ethanol

5 minutes

2. The slides were dried for 1-2 hours at room temperature.

Dipping of the slides:
It was important that the emulsion was not exposed to any light i.e. the emulsion was always
handled in a darkroom.
 Emulsion: Kodak autoradiography emulsion, type NTB, light microscope
autoradiography #P8895666 (ProSciTech). The emulsion was supplied in a
large volume, which was melted. 25 ml aliquot volumes were prepared. The
unused aliquots were wrapped in tinfoil and stored at 4ºC
1. A water bath in the dark room was prewarmed to 42C.
2. Black boxes were prepared (for step 11) by adding desiccant wrapped in tissue
paper.
3. A dipping jar was prepared by placing it in a 250 ml beaker of water and taping
around the opening to prevent the jar from moving about. This was placed in the
dark-room water bath which had been prewarmed to 42ºC.
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4. A small 100 ml beaker of water was also preheated in the 42C water bath. Note:
all further steps from this point were conducted in the dark room with the lights
off.
5. The emulsion was brought to room temperature in a black bag in the dark room.
6. After approximately 40 minutes the emulsion aliquot was transferred to the 100 ml
beaker of water in the water bath to melt the emulsion.
7. After approximately 40 minutes the emulsion was poured via a glass funnel into
the dipping jar.
8. The slides were unwrapped from the storage boxes and placed in a tray for easy
access and orientation in the dark.
9. The slides were dipped for 5 seconds in the emulsion then drawn out slowly,
scraping the slide back on the dipping jar lip to remove the excess emulsion.
10. The back of the slide was wiped with a lint free tissue and placed in a drying box
(slides dried upright). The slides were left to dry for 3+ hours in the dark.
11. After sufficient drying time, the slides were packaged into the pre-prepared (step
2) black boxes, wrapped in aluminium foil (3 layers), and placed at 4C for 3-4
weeks. The slides were placed in a fridge where there was no radioactivity stored
as this could have changed the sensitivity of the photographic emulsion.

3-4 weeks later : Development of the emulsion:
 Fix: Kodak fixer and replenisher #4037214 or Kodak fixer #1971753
 Developer: Kodak professional D-19. A 1:1 solution with DEPC water was
prepared from the stock solution before use
 Stop solution: water
1. The slide boxes were removed from 4oC to a darkroom at least 1 hour before
development of the slides.
2. The developer (diluted), fix and stop solutions were placed in black staining boxes
and left to equilibrate to room temperature.
3. In the dark, the slides were transferred from the black boxes they had been stored in
to metal slide baskets.
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4. The slides were placed in the developing solution for 4 minutes in the dark.
5. The slides were placed in the stop solution for 1 minute in the dark.
6. The slides were placed in the fix solution for 10 minutes in the dark.
7. The slides were placed in running tap water for at least 1 hour in the light.
Staining the slides:
 Black staining boxes were used. The slides were already in the metal slide
baskets from the previous step
 Gills haemotoxylin was filtered through filter paper before use and recycled
after use
The following steps were followed:
1. 3-5 seconds haemotoxylin.
2. Running tap water until free of colour.
3. Scotts tap water for 1 minute.
4. Running tap water for 2 minutes.
5. 70 % ethanol for 2 minutes.
6. 95 % ethanol for 2 minutes.
7. 95 % ethanol for 2 minutes.
8. 100 % ethanol for 5 minutes.
9. 100 % ethanol for 5 minutes.
10. Xylene for 10 minutes.
11. Xylene for 10 minutes.
12. Mounted with DePeX (mounting medium).
13. Coverslipped.
14. Allowed to dry overnight before viewing.
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5.27 In situ hybridisation solutions
DEPC water
2 ml of DEPC (diethyl pyrocarbonate) was added to 1 litre of milliQ water. The solution was
stirred overnight with the lid loose and then autoclaved.

7.5 M Ammonium acetate pH 7.0
Ammonium acetate

57.81 g

Unautoclaved DEPC water was added to a final volume of 100 ml. The solution was pH
adjusted to 7.0 and autoclaved.

1 M Tris
Tris

60.55 g

Autoclaved DEPC water

400 ml

The solution was pH adjusted to 6.8, 7.2 or 7.5
Autoclaved DEPC water was added to a final volume of 500 ml and autoclaved.

500 mM EDTA pH 8.0
EDTA

73.06 g

Unautoclaved DEPC water was added to a volume of 400 ml and pH adjusted to 8.0. The
volume was adjusted to 500 ml with unautoclaved DEPC water and the solution autoclaved.

20 x SSC
NaCl

175.3 g

Na Citrate.2H20

88.2 g

Unautoclaved DEPC water was added to a final volume of 1 litre. The solution was pH
adjusted to 7.0 and autoclaved.
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Proteinase K 10 mg/ml
On ice, 1 ml of 50 mM Tris-HCl pH 8.0 (made in DEPC) was added to 10 mg of proteinase
K. The solution was filter sterilised through a 0.22 µm filter and stored in 55 µl aliquots at 20C.

2 M Triethanolamine pH 8.0
Triethanolamine

53 ml

Unautoclaved DEPC water was added to a final volume of 200 ml and the pH adjusted to 8.0
with concentrated HCl. The bottle was wrapped in tin foil, autoclaved and stored at room
temperature.

5 M NaCl
NaCl

146.1 g

Unautoclaved DEPC water was added to a final volume of 500 ml and the solution
autoclaved.

0.5 M NaPO4 pH 6.8
0.5 M Na2HPO4

7.09 g

Unautoclaved DEPC water was added to a final volume of 100 ml. The solution was heated to
68C to drive off the DEPC and then filter sterilised.
0.5 M NaH2PO4

7.8 g

Unautoclaved DEPC water was added to a final volume of 100 ml and then autoclaved.
The 0.5 M Na2HPO4 solution was pH adjusted to 6.8 with the 0.5 M NaH2PO4 solution.
The final solution was not autoclaved as precipitation occurs.
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Denhardts 50 x
PVP

0.2 g

BSA

0.2 g

Ficoll 400

0.2 g

Autoclaved DEPC water was added to a final volume of 20 ml. The solution was filter
sterilised through a 0.22 µm filter, and stored in 1 ml aliquots at -20C.

1.0 M DTT
DTT

1.54 g

Autoclaved DEPC water was added to a final volume of 10 ml. The solution was filter
sterilised through a 0.22 µm filter and stored in 1 ml aliquots at -20C.

tRNA 10 mg/ml
Yeast tRNA Invitrogen #15401-029 50 mg vial
To a 50 mg vial of tRNA, 5 ml of autoclaved DEPC water was added. The solution was left to
stand for 1 hour at room temperature. The solution was filter sterilised through a 0.22 µm
filter and stored in both 110 µl and 20 µl aliquots at -20C.

Dextran sulphate 50 %
Use only Pharmacia brand
Dextran sulphate

10 g

Autoclaved DEPC water was added to a final volume of 20 ml. The solution was heated to
65ºC to help with easing viscosity. The solution was filtered through a 0.22 µm filter and
stored in aliquots at -20C.
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Wash solution 10 x 1 litre stock
NaCl

233.9 g

1 M Tris pH 7.5

100 ml

EDTA (0.5 M)

18.61 g

MilliQ water was added to a final volume of 1 litre followed by autoclaving.

RNaseA 20 mg/ml
To a vial of unopened RNaseA (100 mg), 5 ml of sterile milliQ water was added. The solution
was mixed and filter sterilised through a 0.22 µm filter. Aliquots of 110 µl were capped and
boiled for 2 minutes in a boiling water bath. The solution was allowed to cool to room
temperature and then frozen at -20C.

Scotts tap water
Potassium bicarbonate (potassium hydrogen carbonate)

2.0 g

Magnesium sulphate (7H20)

20.0 g

Formalin as a preservative

1.0 ml

Distilled water

up to 1000 ml

0.3 M Ammonium acetate / ethanol solutions
For 500 ml per solution;
30 % = 20 ml of 7.5 M ammonium acetate, 150 ml ethanol, 330 ml autoclaved DEPC water.
60 % = 20 ml of 7.5 M ammonium acetate, 300 ml ethanol, 180 ml autoclaved DEPC water.
80 % = 20 ml of 7.5 M ammonium acetate, 400 ml ethanol, 80 ml autoclaved DEPC water.
95 % = 20 ml of 7.5 M ammonium acetate, 475 ml ethanol, 5 ml autoclaved DEPC water.
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Gills haemotoxylin
Haemotoxylin

6.0 g

Distilled H20

690 ml

Ethanediol

250 ml

Sodium iodate

0.6 g

Aluminium sulphate

52.8 g

60 ml of glacial acetic acid was added to the above chemicals. The solution was left for 1
month before using.

Equilibration buffer
For:

200 ml

1L

NaCl 5 M

12 ml

60 ml

1 M Tris pH 6.8

2 ml

10 ml

0.5 M NaP pH 6.8

4 ml

20 ml

0.5 M EDTA pH 8.0

2 ml

10 ml

100 ml

500 ml

80 ml

400 ml

Formamide
Sterile milliQ water
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