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ABSTRACT

The genomic clone hC3.11, isolated in 1989 in our laboratory encompasses the majority of the
PSG-11 gene and contains 8.5 kb of upstream intergenic sequence. Nuclectide sequence from
the initial 1.5 kb of the hC3.11 clone revealed the presence of a number of unigue PSG-like C-
domains upstream of the PSG-11 gene. In this investigation, the sequencing of this region was
completed resulting in 3.8 kb of contiguous sequence representing the area of interest. When
compared to known PSG sequences the combined hC3.11 sequence was found to be similar to
other PSG genes, but also contained several unique and previously unreported C-domain-like

regions.

Chromosome walking techniques were used to investigate the area upstream of the PSG-11
gene. Two cosmid clones, #1 and #4, were isolated from a human genomic DNA library as
potential candidates representing the a full length gene upstream of PSG-11. These were
characterised by restriction enzyme mapping, cos-mapping and hybridisation analysis. Analysis
of the data of these cosmid clones indicate that one of the clones represents an allelic variant of
the hC3.11 region, whereas the other clone appears to contain a genomic fragment from another
PSG locus.

Hybridisation analysis of the region stretching 9 kb upstream of the C-domain region of the
hC3.11 clone failed to identify other PSG-related sequence. The absence of a PSG gene
associated with the C-terminal domains, suggested that the hC3.11 C-domain region may be a
remnant of evolutionary activity. It is proposed that the hC3.11 C-domain cluster represents a
free-standing C-domain “cassette’, which may be ubiquitous amongst PSG gene family

members.
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INTRODUCTION

A1: The Placenta

One of the greatest immunological challenges occurring naturally in humans is presented by
deveiopment of the feto-placental unit during pregnancy. The successiul allogeneic grafting of the
fetal to maternal tissue takes place, despite the existence of a complex maternal immune system,
which would be expected to defeat fetal implantation. A major factor in the survival of the placental
allograft is the specific lack of rejection by the mother toward the developing foetus {124}. Although
the basis of this immunological tolerance is not completely understood, it is likely that the

relationship between the mother and the developing fostus involves basic humoral responses.

Experiments have shown that serum immuneglebulin concentrations increase during pregnancy,
whereas cell-mediated responses decrease, suggesting that humoral response plays a predominant
role in this tolerance. However, the multiplicity of molecules involved, some appearing at different
times and in varying amounts, complicate the identification of the specific immunogiobulin
subclasses involved {85}.

The human placenta is an organ comprised of tissues of two different genotypes, providing an
“interface’ for exchange of gases and nutrients between the mother and the developing foetus,
while still preserving the individuality of both systems {85,124},

Not oniy does the placenta temporarily serve as a fetal lung, kidney, liver and intestine, but it also
acls as an active exocrine and endocrine gland. An array of complex endocrine functions are
initiated and compieted by the placenta, completely taking over functions of the maternal ovary and
pituitary gland. A wide variety of hormones, enzymes, growth factors and other molecules essential
for the survival and development of the human foetus are produced by the placenta
{85,119,120,121}.

A.2: Pregnancy Specific Glycoprotein

Many pregnancy-specific proteins have been reported from gel electrophoretic and immunological
studies of placental extracts and maternal sera. These are summarised in Table 1.



The first in this group to be identified was the Pregnancy-specific §4-glycoprotein (PSG), originally

known as pregnancy associated plasma protein G (PAPP-C).

In 1970, Tatarinov and Masyukevich isolated PAPP-C as a new protein from the serum of pregnant
women {1}. This was soon discovered to be immunologically identical to the placental protein SP-1
{Schwangershafts protein-1) isolated by Bohn in 1971 {2}.

Initial studies focused on the development of sensitive assays for the protein. It was found that
during human pregnancy, the protein SP-1 was present at the highest levels of any placenta-
specific protein in maternal serum {350 pug/mi) {3}.

Human PSG are primarily synthesized in the placental syncytiotrophoblast cells during pregnancy,
and are subsequently secreted inte the maternal serum {1,2,4,5}). The secretory naiure of the PSG
has been demonstrated in vitro both in primary culture of trophoblasts {8}, and by transfecting

cloned PSG cDNA into cultured mammalian cells {7,8,9,10}.

The PSG protein is first detectable in human serum 7 days post conception {11). The levels
increasing exponentially during pregnancy with a doubling time of 2-3 days and a half-life of 30h, io
reach term concentrations of 200-400 pug/m! maternal serum {1,12}.

As with the majority of placental products, expression of the PSG protein is not limited exclusively
to the placenta {99). Low levels of PSG protein have been detected in non-placental tissue as well
as various cell lines {2,5}. Studies have demonstrated PSG gene expression in non-placental
tissues {17}, human fibroblasts {35,36,37,38} and malignant tumor cells {39,40}. Isolation of PSG
clones from cDNA libraries created from testis {24}, fetal liver {8,26), salivary gland {27}, intestine
{27 41} tissues, HelLa {16} and myelocid cell lines {22,30} provided further evidence showing the

expression ¢f PSG in non-piacental tissue.

Biochemical studies demonstrated that the human PSG gene products are actually a
heterogeneous group of proteins consisting of at least 3 distinct placental protein species with
molecular weights of 72, 64, and 54 kDa {11,14,15,16}. These immunologically similar proteins
were found o have carbohydrate contents ranging from 28%-32% {14},

To study their function(s) and o develop specific reagents for the individual PSG, it was considered
important to identify all the PSG genes.



Bespite the previous biochemical analysis of several PSG species, the complexity of the family was
not fully appreciated until the PSG genes were cloned {17,18}. Several PSG cDNA clones were
independently isolated and characterised by Watanabe and Chou {14}, Streydic et al. {15} , Rooney
et al. {11}, Chan et al. {16} in 1988. Additional PSG cDNA's {7,9,10,19-34} and genes
{20,22,25,29,34} were subsequently reported. Examination of these genes revealed the conserved
nature of the PSG family, capable of producing an array of highly related, yet unique gene products.



T T T i
| ABBREVIA- | ANALOGUE IN | mon.wt. |
PROTEIN | TION | NON-PREGNANT ADULT | (kDa) |
] 1 i i ;
| | 1 | i
| Human chorionic } | Tuteinising | 45-50 |
Gonadotrophin ] nce |  hormone I |
f i l |
Human placental | | Prolactin, | 21-23 i
Lactogen | ncs | growth hormone | |
| i | |
| Human chorionic I | Thyroid stimulat- | 45 ]
| Thyrotrophin | hCT | ing hormone | |
i | | | |
| Human chorionic i | Adenocortico- | s |
| corticotrophin |  ncer | trophic steroid | !
| | | | 1-
| Human chorionic | ! Gonadotrophin | 1 |
| gonadotrophin | hC-LRH | «releasing | |
| releasing hormone I | hormene I i
| | | | l
| scwangerschafts- ! | | I
| spezifisches B1 [ sp-1 | Unknown | s0-1i10 |
| glycoprotein | | I |
| | | | I
| Pregnancy specific | | | |
| B1 glycoprotein I pPsPcG i ] i
l [ | | {
| Trophoblast specific | i I |
| Bl globulin ]  TBG f I !
| | | | f
| pregnancy associated | } [ |
| plasma protein C | papp-C | I {
| | | | |
| Pregnancy associated |} | | |
| plasma protein A | papp~A | Unknown | 750 i
| | | | i
| Pregnancy associated | | | |
| plasma protein B | PAPP-B | Unknown | 1000 |
| | f | |
| Heat Stable Alkaline | | alkaline | |
| Phosphotase | Hsap | Phosphotase | |
| | f | |
| Ccysteine amino- I [ | |
| peptidase ] CAP | Aminopeptidases | I
5 | l | |
| (oxytocinase) - | | I |
| | | | |
| Diamine oxidase | DO |} Histaminase | 190 |
| (Histaminase) | i | |
| | l | |
| PLacental protein 5 | PP S |  Unknown | 42 |
i ! i L J

Table 1: A list of some of the many protein products produced by

the human placenta.

adapted from Klopper et al.

{128} .



A3: CLINICAL APPLICATIONS

Soon after the fundamental studies of Bohn {46,47} several clinical groups explored the possibility
that the PSG could be of prime importance in the evaluation of pregnancies. This interest centred
on both early and late pregnancy, and also on the production of PSG by tumours.

Bohn et al. demonstrated that PSG were essential for the maintainence of human pregnancy by
showing that antibodies to PSG induced abortion in primates {48}. Ancther study using non-
pregnant monkeys actively immunised with PSG, resulted in a loss of fertility with subsequent
pregnancies often ending in abortion {49}. Moreover, a correlation between low matemal serum
PSG levels during pregnancy and threatened abortion, was observed emphasising the importance

of PSG in the maintainence of healthy primate pregnhancy {49}.

The development of sensitive assays for PSG in maternal serum {50,51,52}, allowed several
preghancy related complications to be predicted, when used in conjunction with other tests and

indicators.

For example, low levels of PSG in maternal serum during pregnancy can be indicative of ectopic
pregnancy {57,58}, and when used in conjunction with ultrasound and/or a human placental
lactogen test, threatened abortion can be predicted with approximately 97% accuracy {59,60,61).

Such cenditions as foetal intrauterine growth retardation and intrauterine foetal death are
associated with low levels of PSG and are diagnosed in conjunction with uitrasound scans.{62}.
The routine method of diagnosing Meckel's syndrome is by measuring the high congentrations of
PSG in the amniotic fluid associated with this condition {63}.

One of the placental gene products often used in diagnosis of pregnancy related conditions, in
conjunction with PSG, is the well characterised hormone, human chorionic gonadotrophin (hCG).
This hormone, hCQ, first detected in the serum and urine of pregnant women by Aschheim and
Zondek in 1927 {53}, was demonstrated to be produced by the syncytiotrophoblast {54}, and was
subsequently established as the most reliable marker of a viable trophobiast.

The pregnancy test of choice invoives the measurement of humar chorionic gonadotropin (hGG).
PSG levels are used as an adjunct to the hCG test, and are also used to detect Gonadotrophin

induced pregnancies {55}.



Babies afflicted with Down syndrome can be predicted with 72%-78% confidence when the
concentration of PSG is measured in conjunction with human chorionic gonadetrophin (hCG), and
o-fetopretein and assessed along with maternal age {56}.

Human tumour cells have been found to produce immunoreactive PSG {64}, therefore, PSG have
been used as a marker in the diagnosis of cerntain cancers and tumours. Since high tevels of PSG
have been associated with choriocarcinoma, hydatidiform mole and gestational trophoblastic
disease, the concentration of PSG has been used both as an indicator, and as a prognosis index in
the treatment of these conditions {5}). Searle &t al. {1978} {66}, suggested that serum PSG
concentrations alone are not of great value in the detection and monitoring of carcinoma in the
breast, large bowel and ovary, since the increase in the concentration of PSG associated with these
conditions, does not correlate with the exdent of the disease. Therefore, as with pregnancy related
conditions, the clinical measurement of PSG is usually performed in conjunction with other tests in

the diagnosis of these tumours.

Measurement of human choricnic gonadetrophin (hCG) in plasma or urine is widely used in the
diagnosis and management of trophoblastic tumours. Since the concentration of hCG is related to
the total cell mass of the tumour cells, the rate of cell growth and regression of the tumour cell

populatien can be predicted {65}.

The ratio of the two placental proteins hCG and PSG forms a prognosis index for hydatidiform mcle
and gestational trophoblastic disease. A value less than 5 indicates a 73% chance of persistent
disease, whereas a value greater than or equat 1o five, indicates a 74% chance of remission {67}.
In the treatment of breast cancer patients, the absence of PSG suggests an improved prognosis,
while presence of PSG in breast cancer patients estimaies a 40%-85% chance of mortality in less
than 4 years {68,69,70}.

In the management of trophoblastic tumours, the measurement of hCG concentration is the most
useful measurement in these patients. Only in isolated cases in which PSG persists after hCG has
become undetectable, does the measurement of PSG become valuable {100}.

The determination of PSG concentration in the serum of patients with non-trophoblastic fumours
such as carcinoma of the breast, intestine or ovary, does not give practical information on the
extent and progression of the disease. However, detection of PSG in carcinoma tissue itself may

have prognostic significance. Since PSG is said to have immunosuppressive properties {71,72}, i



seems likely that the production of this protein by malignant tumours might be a means by which

the tumour escapes immunological recognition and continues to grow.

Therefore, there are possible practical implications in investigating the involvement of the PSG in
circumventing the human immune system, to allow the design of more effective treatments for

tumourous conditions.

Investigation into the nature of phosphorylation in PSG proteins could provide insight inte the role of
PSG in pregnancy and diseases. Phosphorylation of tyrosine residues in proteins, have been
shown to play a major role in the control of cell growth and differentiation {101}, Therefore, simitar
events in the PSG could conceivably trigger a cascade of events involved in implantation and

trophioblastic invasion.
A4 THE STRUCTURE AND EVOLUTION OF CEA AND PSG
A4 1: Structure of OEA

The human PSG are encoded by multiple, linked genes located on chromosome 19, q13.1-13.3
overlapping the region containing the closely related CEA gene subgroup {74,75,77}. Flucrescence
in situ hybridisation to metaphase chremosomes Iccalised the PSG subgroup telomeric to the CEA
subgroup. Finer mapping suggests that most of the genes are contained within 800 kb of sequence
flanked by Sacli restriction sites {77}. In total, the CEA/PSG gene family region is estimated fo
span 1.11o0 1.2 Mb {78}.

Based on sequence comparisons, the PSG have been classilied as a subgroup of the CEA family,

for which carcinocembryonic antigen is the prototype.

Carcinoembryonic antigen {CEA) was found to be present in colonic tumors and foetal gut tissue by
Gold and Freedman in 1965 {104}. It was initially thought to be absent in normal adult intestine,
however, [ater studies revealed the presence of CEA in several normal tissues including human
colon {105-108}. Despite the lack of tumor specificity, CEA is one of the most widely used human
tumor markers for assessing the recurrence of colorectal, breast and lung cancers. The serum
concentration of CEA represents an important parameter in the post-operative surveillance of

cancer patients {109,110}



The CEA protein is a highly glycosylated molecule with a molecular weight of 180,000 daltons.
Glycosylation inhibition studies show the protein to consist of a single polypeptide chain with an
apparent molecular weight of approximately 80,000 daltons {111}. Amino acid sequence deduced
from the nuclectide sequence of the CEA cDNA, shows that CEA is synthesised as a precursor of
702 amino acids. The leader peptide {34 amino acids) is foliowed by the mature CEA peptide {668

amino acids).

Due to the presence of three internal repeats, the peptide can be divided into a number of structural
domains. A schematic diagram of the CEA domain arrangement is shown in Figure 1. The three
repeat domains of 178 amino acids each reveal an exceptionally high degree of sequence similarity,
having between 67% and 73% of their amine acids identical. Allowing for conserved
changes/substitutions the degree of similarity is even higher. Each domain contains four cysteine
residues at precisely the same positions. These CEA repeat domains are relatively long, and each
¢an be further sub-divided into two subdomains (A,B) of approximately equal size. The amino acid
sequence from these subdomains display similarity to each other, as well as to the N-terminal
domain {123}. The degree of conservation at the nucleotide level is also very high (80%-83%
identity). Other proteins with internal repeats have been reported in the literature, but the internal
degree of similarity of the repeating domains of CEA is the highest reported so far {112}.

Analyses at the genomic level for members of the CEA family indicated a precise correlation
between the exons and the A and B sub-domains {116,117,122}. A domain model was
subsequently proposed for CEA, which assumes that the conserved neighbouring cysteine residues
present in the repeat domains form disulphide bonds, creating a looped secondary structure
characteristic of the immunoeglobulin family {113,116,123}. This is shown in Figure 2,
demonstrating the strong similarity in secondary structure amongst members of the immunoglobulin

superfamily {84}.

The C-terminal domain of CEA consists of 27 aminc-acids and is strongly hydrophobic. This
provides a potential insertion region for the CEA protein into the plasma membrane and is of an
appropriate length to span the lipid bilayer. Therefore, this provides a pessible means to anchor
CEA 10 the cell surface membrane {124},



REPEAT-1 REPEAT-2 REPEAT-3

CEA

L N A B A B A B
"342a  108aa 178aa ' 26aa

92aa  86aa

FIGURE 1: CEA THE PROTOTYPE DOMAIN MODEL.

The CEA protein domain arrangement based on deduced amino acid
sequence. Domain sizes are indicated below the domain blocks.
Invariant cysteine residues are marked (*).

Adapted from Thompson et al. {25).

P5G1

CEA [

ss Disulphide bond
8CC  GPIlinkage

,ﬁfq\ Transmembrane region
/\) Cytoplasmic domain

FIGURE 2: MEMBERS OF THE IMMUNOGLOBULIN SUPERFAMILY

A schematic representation of some members of the immunioglobulin family.
Filled circles represent variable region (V)-like domains, other circles closed
with (ss) represent constant domains. Adapted from Khan et al. {81).
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A4.2: Structure of PSG

As with CEA, the PSG cDNA predict proteins with a high degree of sequence homology,
characteristic domain structure, conserved disulphide bonds within domains, and B-sheet structure,

which classify them as members of the immunoglobulin supergene family {84}.

Each of the PSG genes contain at least six exons. The first exon contains most of the putative
protein leader sequence {L}, the second exon encodes the remaining portion of the leader
sequence, and the N-terminal domain {L-N). The subsequent exens code for the Al, Bi, All, BII,
and C protein domains respectively. An example of typical PSG domain arrangement is shown in

Figure 3.

The last exon encoding the Bll domain, also includes the region encoding one of the putative

C-terminal demains. There are usually several potential C-terminal domains present in this region,
which are selected by alternate splicing for inclusion into each mature transcript. Each PSG gene
contains a unique combination of these alternative C-terminal domains. It is unclear whether ail of
the putative C-domains are expressed or not in each PSG gene. Notwithstanding this, there have

been a number of splice variants reported for many of the PSG genes.

With the exception of PSG-6 which contains 108 amino acids, the IgV-iike N-terminal domain
consists of 109 amino acids {8,29). The 1gC-like Al and All repeat domains each consist of 83
aminc acids, whereas the 1gC-like Bll domain comprises 86 amino acids.

In each of the IgC-like “A' and "B’ domains, there are two conserved cysteine residues which are
assumed to stabilise the 1gG-like fold by forming a disulphide bridge. The distances between the
cysteine residues are 47 amino acids in the A-domains, and 39 amino acids in the B-domain.
These disulphide linkages are predicted to form the looped {B-sheet) secondary structure
characteristic of the immunoglobulin superfamily. It has been postulated that a similar fold exists in
the N-domain by interactions between hydrophobic amino acids replacing the cysteines at the
conserved sites, stabilised by a salt bridge {20,73}.

The N, A, and B domains are highly conserved and display extensive sequence homology with
approximately 90% identity within the PSG/CEA subiamilies, dropping fo approximately 60-70%
identity across subfamilies {20}.
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In contrast io the highly conserved internal repeat domains, the C-termini are of vanable length,
typically 2-26 amino acids, and exhibit remarkable diversity for such a short region of sequence
(showing only approximately 46% amino acid identity). Unlike the membrane bound CEA subfamily
members, the majority of the PSG have short C-domains and are predicted to be secreted {15,21}.
The only reported exception is a splice variant of the PSG-11 gene, PSG-11w, which has an 81
amino acid hydrophobic C-terminus which could potentially anchor the protein to the celi

membrane {31}.

Comparisons of PSG cDNA to the known PSG genomic sequences, have shown that in ceriain
c¢DNA species, some central domain sequences are not expressed. While most PSG ¢cDNA
transcripts predict a protein L-N-Al-All-Bl[-C {type [}, (eq: PSG-1,-3,-4,-6,-7,-11) other
arrangements exist due 1o the presence of internaf stop codons, alternate splicing, and mutations in
splice acceptor sites {22,34}.

For example, in the PSG-5 gene alternate splicing excludes both a pseudo-exon Bl {which containg
an internal stop codon), as well as an apparently good exon, Al, resuiting in the PSG-5-Im
transcript with a cDNA arrangement of L-N-All-BII-C {22}. In the PSG-8 gene {subgroup-1), the
exon Bl is excluded due to a mutation in the splice acceptor sequence {34}. In fact, the Bl domain
is never included in mature PSG transcripts. Scme genes, such as PSG-5 contain stop codons,
while in oiher cases the splice acceplor sites are absent or non-functional. The mechanisms

governing splice selection are not clear.

The PSG are demonstrated to have a tissue-specific pattern of expression {9,25}. Coordinated
expression of the PSG in placental {25,103}, foetal liver {8,7,26}, and submandibular salivary gland
tissue {27}, suggest the presence of common regulatory elements for their transcription. This

notion is supported by the tightly linked organisation of these genes {25,29}.

The preferential expression of PSG-1, PSG-2 and PSG-3 in placenta {103}, and likewise PSG-6 in
hydatidiform mole {28}, suggest that additional gene-specific control elements may be present in

particular tissue types to up- or down-regulate the individual levels of PSG gene expression.
Based on the pattern of gene splicing the human PSG proteins identified to date can be classified
into: Type ! PSG which consist of the erganisation L, N, Al, All, Bll, C; or a Type 1l protein further

divided into two subgroups, Type HA: L, N, Al, Bli, C; or Type [IB: L, N, All, Bll, C.

These are represented by the domain arrangements showt in Figure 4.
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The PSG cDNA can also be grouped according to the similarity of their C-terminal domains,

predicted from the deduced amino acid sequence as shown in Table 2.

The subgroup-1 PSG include the genes PSG-1, -7, and -8. A schematic representation of the
subgroup-1 C-domain arangement is shown in Figure 5. Transcripts from these genes are
currently divided into four categories, Cy, Cp, C., and Cq, which arise from splicing of alternative

exons encoding the C-domain amine acids and 3'-uniranslated region {C/3' exon).

Subgroup-2 PSG include the genes PSG-2, -3, and -5. A schematic representation of the
subgroup-2 C-domain arrangement is shown also in Figure 5. These appear to have a single C-
domain amino acid sequence Cy/n, but their C-terminal amino acid and 3-untranslated regions lie

on at least two separate exons,

The subgroup-3 PSG, which include the PSG-6 and PSG-12 genes, have not been well
characterised, but three different C-termini Cy,, Cy, and Cg have been reported, although no single
gene is reported to express all three. A schematic representation of the subgroup-3 C-domain

arrangement is included in Figure 5.
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Arrangement 5 C/3 UTR

Transcript Domain
Arrangement

Figure 3: Domain Arrangement in Pregnancy Specific Glycoprotein
Physical map of a typical PSG gene. The upper line shows Exon-
Intron organisation, while the lower line shows the most common
spiice form (Type ). Domain names are shown in the boxes.
Not to scale. Adapted from Khan et al. {81}.

TYPE ]

TYPE IIA

TYPE IIB

FIGURE 4: PSG Protein Domain Arrangements Predicted from Transcripis.

The structures of protein organisation produced by alternative splicing
within the central domains. The PSG transcripts contain a leader (L)
sequence, a varying number of IgC-like A/B domains, and a C-demain
of varying length. Not to scale. Adapted from Lei et al. {127}.



Table 2: The amino acid seguences of the C-terminal domains of the PSG

SUBGROUP -1
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Subgroup 1: PSG-1,-4,-7,-8

Subgroup 2: PS5G-2,-3,-5

Figure 5: The Three PSG Subgroups.
The three PSG gene subgroups classitied by C-domain organisation are shown above (not to scale).
PSG domains are labelled respectively, dashed lines indicate areas of low hormology, dashed boxes
represent exons present but not yet demonstrated to be expressed. PSG C-domains are selected
individually by afternative splicing for inclusion into cDNA transcripts.

c1
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A.4.3: Size of mi

The size of the CEA/PSG family was estimated in 1892 by Khan and co-workers {81}, using PCR
primers specific to the 1g-V like N-domain in PSG to amplify PSG clones from a human genomic
library. From this study, it was found that the PSG subfamily contains at least 11 different genes:
P5G-1.-2,-3,-4,-5,-6,-7,-8,-11,-12,-13.

Complete PSG genomic ciones have been reported for PSG-4 and PSG-5 (77,22}, and clones
containing parts of PSG-1,-6,-7,-8,-11 have also been published {34,77,78,79,80}.

However, it is possible that the PSG genes may occur in more than one copy in the genome, and

that these copies may give rise to different, alternatively spliced transcripts.

The CEA subfamily currently consists of nine genes, including CEA, Non-specific Cross-reacting
Antigen (NCA), Billiary Glycoprotein (BGP), and six genes referred to as CEA-Gene family
Members (CGM-1,-2,-6,-7,-8, and -8} {125}, The members of this family are shown in Table 3.
Since numerous CEA and PSG genes were isolated independently by various research groups,
individual genes had each been assigned many different names. To standardise the nomenclature
used for the PSG/CEA family, a workshop was held in Freiberg, Germany in 1988 to coordinate an
internationally accepted standard classification {44}). Table 4 provides a summary of the standard

nomengclature in use to date.

A4.4: Evolution

Molecular cloning studies have revealed that human PSG consist of a large family of closely related
glycoproteins that share extensive sequence identity with the carcinoembryonic antigen {(CEA), the

prototype of another extensive family of proteins.

Immuncbiochemical studies have reveaied a number of molecules closely related to CEA, such as
non-specific cross reacting antigen (NCA) and billiary glycoprotein (BGP), substantiating the

existence of a gene family {25}.

The existence of such a cluster of highly related genes, together with their strong sequence
similarities suggests that the genes have evolved relatively recently by unequal crossing over,

which has led to gene multiplication.



17

On the basis of sequence data, evolutionary trees have been constructed from which it has been
proposed that all CEA/PSG family genes are derived from a common primordial gene unit.
According to this hiypothesis, duplication of this gene unit resulted in the formation of the PSG and
CEA subfamilies. Recent amplification and recombination events have led o the subsequent
divergence of these subfamilies. The variation resulting from these rearrangements, has led to the
rapid expansion of both the CEA and P3G subfamilies {83,28}. This hypothesis is represented
diagramatically in Figure 6.

This hypothesis was supported by parsimony analysis, using 24 PSG and CEA sequences, and 12
members of the immunoglobulin gene supertamily o root the family tree, showing that the CEA
genes formed a monophyletic sister group to the PSG genes {81). These results also verified a
finding by Rudert et al. {83}, who suggested that the CEA subfamily and the PSG subfamily had

diverged to form two major branches in the family tree.



Antigen MW CHO Source
BE-Protein ? colon tumour
Biliary glycoprotein [ {BGP-1) 90K 40 bile
Biliary glycoprotein 1T (BGP-11) ? infected bile
Biliary glycoprotein I {(BGP-111} ? infected bile
Breast carcinoma glycoprotein {(BCGFP) ? breast tumour
Carcinoembryenic antigen 200 (CEA-200) 200K colen umour
Carcinoembryonic antigen 180 (CEA-130) 130K &0 colon tumour
Carcinoembryonic anligen 160 (CEA-160) 160K colon tumour
CEA-associated protein {CEX) ? colon/plasma
Colonic carcinoembryonic anligen 2 (CCEA-Z) ? colon/plasma
Colonic carcinoma antigen T {CCA-HI) 60K serum
Fetal sulphoglycoprotcin antigen {FSA) ? stomach
Gastric CEA-like antigen {Celia) 2 slomach juices
Meconium antigen {MA) 183K meconivm
Meconium antigen-100 (MA-100) 103K 50 meconium
Melanomafearcinoma cross-reacting oncofetal Ag 93-150K melanomalcarcinoma
MNon-specific cross-reacting antigen 2 (NCaA-2) 160K 50 meconiem
Noa-specific cross-reacting antigen 60 {(NCA-160) 160K granuiocyies
Mon-specific cross-reacting antigen 110 (NCA-110) 10K spleen
Mon-spocific cross-reacting antigen 97 (NCA-97) Q7R c¢olon tumour
Non-specilic cross-reacting antuigen 93 {NCA-95} 95K granulocyvies
Non-specilic cross-reacting antigen 90 (NCA-90) 90K granulocyvies
Non-specific cross-reacting antigen 73 (NCA-73) 13K colon tumour
tNon-specific cross-reacting antigen 50 (NCA-50) 50K 39 granulecsies
Normal colon washings antigen {NCW) ? colon
tNormal faecal antigen 1 {(NFA-1) H=-30K 13 facces
Normal faccal antigen 2 {NFA-2) 110K facces
Marmal faccal cross-reacuing antigen {NFCa} §0-90K Mcces
Nuormal glveoprotcin (NGP) 60K lung
Tumour-cstracied antigen {TEX) $3K 60 colon wmour
65K antigen 163K meconium
160K antigen 160K colon temour
F25 K antigen 128k 50 calon lumour
SOK antigen SON colon turmour
50K antigen 30K 25 colon tumour
40K colen tumour

40K antigen

18

TABLE 3: THE CEA GENE SUBFAMILY

Members of the CEA gene subfamily.
Adapied from Thompson et al, {25].



[ T 1
| 0ld gene or clone name I New gene or mRNA name |
| i |
T |
| CEA SUBFAMILY |
| —
| CEA CER ;
I
} NCA NCaA |
I |
] hsCGM6, GN-1, M6 CGM$ !
| I
| BGPI, TM-1 CEA BGPa |
| TM-2 CEA BGPb |
| TM-3 CEA BGPC [
] TM-4 CEA BGPd |
I |
| hsCGM1L CGM1 ]
I I
| hsCGM2 CGM2 |
I |
I |
| PSG SUBFAMILY |
i I
| i
| PSRG PSG1 |
I PSG93, PSPGD, hPSPLL, PSGla |
| FL-NCA-2, hPS3, PSG-la, PSBGS81 |
| PSG16 PSGlb |
| PSpG-C PSGlc I
| FL-NCA-1, PSGld, S$G9 PSG1d |
| PSBG-Ci, PSGYS PSGle |
! PsfGD’ PSGl-IIa )
| P8G1-1 P3Gl-1 ]
] PSBG-E, SG8, hSp184 PSG2n i
| pSPl-i, hC17, P$35, hTS-16, PSG3m i
| PSPG-A, S$G5, hpPS173 |
| PSG4, hsCGM4, hHSP2, FL17 PSG4 |
| hPS133, PSGY (PSko) PSGda !
! P5GS PSGS |
[ FL-NCA-3, hPS176 PSG5-~In |
| PSEG HL (clone 22) PSG5-Im i
] hsCGM3, FL26, PSGGB PSG6 |
i PSG6 PSG6r |
[ hPS12, PSG10, hPS§8Y PSG6s ]
| PSG7, PSGGA PSG7 |
! CGM35, PSG8 PSG8 !
| hTS1 PSG8a {
{ PS34, PSPG-G, PSPG-B, PSG7 PSGlls [
| hP$2, hPS91 PSG1ll-Iw |
| PSG14 PSG14 |
| PSG15 PSG1L5 |
! PSGY PSGl6a ]
]

Table 4: The Standardised Nomenclature for the CEA/PSG Gene Family.

—
N



Primordial gene unit

I 4 P

Pre-N-terminal Pre-repeat domain

* K {Duplication) ‘

L N-terminal Al-domain Bl-domain C-domain
CEA gene

family members

Figure 6: Evolution of the CEA/PSG Gene Family.

Hypothetical model for the evolution of the CEA gene family (not to scale).
Light grey boxes represent highly conserved areas within domains.
Invariant cysteine residues are shown as {*).

Adapted from Thompson and Zimmerman {25}.
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A5: Possible Biological Role(s) of the PSG

Both the CEA and PSG gene products are useful as clinical markers in the diagnosis of pregnancy-
related disorders and malignancies, however, the exact biological role of individual members are

still unknown.

Many roles have been proposed for the PSG including: growth factor activity {31}, prevention of
immune rejection of the foetus {24,980}, assistance with trophoblastic cell invasion of the uterus {15},

and involvement in cellular interactions with the extracellular matrix {11,81}.

Despite the extensive protein similarity between the CEA and PSG sub-families, the two groups
have evolved completely separate functions. The proteins of the CEA-subgroup appear to be
membrane bound, while most of the PSG proteins appear to be secreted {42,43}. Various
members of the CEA subfamily members such as CEA {84,95}, non-specific cross reacting
antigens {95}, and mouse CEA-related members {97}, have been demonstrated to exhibit calcium

independent cell adhesion properties, in vivo.

In contrast o this, the PSG do not seem to mediate direct cell-cell interactions {8}. Since PSG
subfamily gene products are predominantly secreted proteins, they could only mediate cell
adhesion through cellular receptors, similar o the fibronectin-integrin family {92}.

The tripeptide molif arginine-glycine-aspartic acid (RGD) is pan of the receptor binding region
present in proteins recognised 1o be important in the cellular recognition process, including the
integrin ligands fibronectin and tenascin {82,93}. The majority of the PSG contain the RGD motif in
their N-domain. The location of this tripeptide motif is conserved amongst these PSG subfamily

members, between amino acid residues 127-129.

It is possible that covalent interactions between the PSG N-terminus and lymphocyte cells, perhaps
involving interactions with other integral membrane proteins, could facilitate celi-cell signalling
{87.88]. Since the cell-cell signalling process is thought {0 be responsible for controlling both cell
adhesion, and migration on substrates {92,886}, this could implicate the PSG in the invasion and
implantation processes of pregnancy.

The existence of other PSG which lack the RGD fripeptide motif, suggests involvement in biological

processes other than cell-celi/cell-matrix interactions in trophoblastic invasion. Structural



22

differences amongst the PSG family members, for example between soluble and membrane-bound

member(s), may indicate different functions for different members.

Resulis from experiments using mixed PSG purified in bulk from serum, suggest that the PSG may
have an immunosupressive role antagonising normal T-cell interactions. It has been demonstrated
that the PSG inhibit in a conceniration dependent manner, E-rossette formation, suggesting an
interference with the T-cell CD-2:erythrocyte LFA-3 interaction {129}. Moreover, the PSG affect the
proliferative activity of phytohaemogiobin-stimulated lymphocytes {49}, and are also found to inhibit
stimulated lymphocytes in a mixed lymphocyte assay {31}.

The high concentration of PSG in the maternal serum during pregnancy, and their localisation in
sites requiring immunosupressicn (eg: uterus, testes, placenta) are consistent with their suspected

role as immunosupressive agents {31}.

The specific reagents responsible for the supressive interactions could not be identified, since a
number of different PSG proteins were present in mixtures used in the experiments. Moreover,
since different receptors on the T-cell surface were involved in each of the above assays, it is
unknown whether the PSG disrupt the interactions directly by binding several receptors, or
indirectly, by binding another separate receptor.

The variable PSG C-terminal domain is thought to play a role in locafising the PSG:lymphocyie
complex {with different C-termini interacting with different lymphocytes), but this is as yet

unconfirmed.

The various hypotheses concerning the biological rele of the PSG may be investigated, as different
forms of PSG are characterised. Cloning of ¢cDNA from different PSG species should allow testing
of the properiies of each individual protein, following expression of the specific cDNA with

appropriate systems.

Cur research group is contributing to the understanding of the PSG on two fronts. in one
programme, the biological role of PSG-11 is being examined. Initial binding studies show that
monocyte cells from two different cell lines bind to a PSG-11 RGD motif in a congentration
dependent manner. Introducing an RAD peptide as a competitor into the binding experiment did
net reduce RGD binding, whereas a competitor peptide containing the RGD motif sucessfully
competed for binding. This demonstrated the specificity of the receptor for the RGD motif, implying
that monocyie cells have a receptor for PSG-11. This is consistent with the biclogical roles
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currently proposed for this group of proteins, and isolation of the receptor protein is presently being

pursued for further siudy.

The genomic organisation, regulation, and evolution of the PSG-11 gene is also being investigated
in another programme of research. The PSG-11 ¢cDNA and gene was isolated by our group in
1990, and regions of this gene were examined by various members of our group. The C-terminal
regions of PSG-11 are presently being investigated to complete the characterisation of this gene.

A.6: OBJECTIVES OF THIS PROJECT

This project is centred around the second aspect, the investigation of the gene organisation around
the PSG-11 locus.

The PSG-3 cDNA was isolated at Massey University in 1989 by P.A. McLenachan and B.C.
Mansfield {21}. A partial cDNA containing the All-BII-C-3"-untranslated regions from this gene
(PSG-3), was used to probe a human genomic cosmid library under high stringency conditions {S8}.

Several clones which cross-hybridised to the PSG-3 ¢cDNA probe were identified and isolated. One
of these clones containing a 30 kb insert, named cosmid hC3.11, which was parily characterised in
1990 by K.Beggs {80}.

Hybridisation analysis using PSG domain-specific probes showed that the cosmid hC3.11
contained a large portion of PSG-11 genomic sequence.

Subseguently, an 11 kb BamH) fragment containing all but the C-domain and 3'-uniranslated
regions of PSG-11 was subcloned, and designated p3B.11. Further work is currently being
undertaken to isclate the C-terminal regions of PSG-11, and to complete the characterisation of this

gene. {45])

Interestingly, an 8.6 kb Bamt] fragment lying upstream contiguous to the p3B.11 fragment,
hybridised to the PSG-3 3-untranslated region probe. This fragment, G3B8.5, was also subcloned
into pGEM2 vector, and examined in greater detail by P.A. McLenachan using restriction mapping
and sequencing techniques. A region containing potential C-domains was identified, and part of
this, a 1.5 kb fragment representing pBEE.5 in Figure 7 was sequenced. Several putative PSG C-
terminal splice acceptor sifes were identified. Reported human genomic PSG sequences usualiy



contained 2-4 C-termini per gene, whereas at leas! seven potential C-terminal splice sites were
identified in the hC3.11 C4erminal ¢luster,

The presence of multiple C-termini upstream of the PSG-11 gene inferred that the C-terminal
regions identified, may be a part of a unique PSG gene lying upstream of PSG-11,

It was proposed that this investigation should:

1) Undertake the complete sequencing and analysis of the C-terminal region contained in
hC3.11.

2) Try to identify the upstream gene. This involved:

(i} ldentification of unique sequence suitable for use as a ‘gene-specitic’ probe.

{iiy Use the sequence identified in (i) to screen a human genomic library to isolate
overlapping or full-length clones containing the ‘gene’ upstream of PSG-11.

(it} Characterise clones isolated in {ii} by hybridisation analysis using PSG
‘domain-specific’ probes.

24
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B: MATERIALS AND SOLUTIONS

B.1: MEDIA AND SOLUTIONS

Luria Broth

Luria Agar
Luria Agarose
Luria Top Agar

Luria Top
Agarose

HQ STET
butfer

SM bufter
TE butfer
pH 7.6

TE buffer
pH 8.0

TES butter

TNES buffer

TAE buffer

TBB buiter

PEG solution

Sequencing
Butfer

20 x 88C

10 x Denhardts
Solution

0.5% {w.v) yeast extract, 1% (w:v) tryptone,
0.5% (w:v) NaCl adjusted to pH 7.5 with NaCH.

1.5% (wwv) agar in Luria broth.

1.5% (w:v} agarose in Luria broth.

0.7% (w:v} agar in Luria Broth,

0.7% {w:v} agarose in Luria Broth.

8% (w.v) sucrose, 5% {v.v} Triton X-100,

50 mM EDTA pH 8.0, 10 mM Tris-HCI pH 8.0

0.1 M NaCl, 0.05 M Tris-HCI pH 7.5,
0.01% (w:v) gelatin, 8 mM MgS04.H20

10 mM Tris-HCI pH 7.6, 1 mM EDTA

10 mM Tris-HCI pH 8.0, 1 mM EDTA

10 mM Tris-HCI pH 8.0, T mM EDTA, 0.1 M NaCl

10 mM Tris-HCI pH 8.0, 10 mM NaCl, 2 mM EDTA,
0.1% SDS

40 mM Tris-acetate, 2 mM Na2EDTA

88 mM Tris-HGCI pH 8.0, 89 mM Boric acid,
5mM EDTA

20% (w:v) polyethylene glycol 6060, 2 M NaCl

135 mM Tris, 45 mM Boric acid, 2.5 mM EDTA

3 M NaCl, 0.2 M sodium citrate

0.2% (w:v) Ficoli 400,

0.2% {w:v) pelyvinylpyrrolidone,
0.2% {(w:v) bovine serum albumin,
in 6 x 8SC



Oligonuclestide 6 x 88C, 0.5% (w:v) SDS, 2 mM EDTA,
Pre-hybridisation 10 x Denhardts solution,
Solution 0.05% (w:v} Sodium Pyrophophate
Oligonuclectide 6 x 88C, 0.5% (w:v) SDS,
Hybridisation 20 x Denhardts solution
Buffer
Nick-translation 6 x S8C, 10 x Denhardt's solution
Pre-hybridisation
Solution
Nick-translation 1 M NaCl, 50 mM Sodium Pyrophosphate pH 6.5,
Hybridisation 2 mM EDTA, 0.5% SDS, 10 x Denhardt’s solution
Solution
B.2: BACTER RE

2 1 Gen
E.coliDH-1  : F-, end A1, hsdR17 (- mK*), sup E44, thi-1,

recAt, gyrA9s, relA1, lambda™
F. coli XL-1 Blue : end A1, hsdR17 (K- mK+), supE44, thi, recAd,

QVrAge, refA1, lambda~, (F', proAB, lacl9,
lacZm15, Tnio{tetRy).

E. coli C800 : Fo, supF44, thi-1, thr-1, leuB8, lacY1, fonA21,
lambda“,

B.2.2: Sfor B i I r

Gell stocks were stored in bath 50% glycerol at -20°C, and 30% glycerol at -70°C. To revive cells

for use, an innoculum was streaked for single colonies on a Luria agar plate using aseptic

26

technigue, inverted and incubated overnight at 37°C. Media for plating £. cofi XL-1 blue contained

10 ug/ml tetracycline. After sealing with parafilm, plates were stored at 4°C.
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B.2.3: P ion of E.coli C tent Cell

DH-1

A single colony from an E. colfi DH-1 culture plate was inoculated inte a volume (5 ml) of Luria broth
and grown overnight on a shaker platform at 220 rpm, at 37°C. The overnight culture was diluted
50 fold, grown to an A°550 of 0.45-0.5 then harvested by centrifugation for 10 minutes, speed 10 in
an MSE {(Minor} bench top centrifuge at 4°C. The cell peliet was resuspended in a volume of cold
50 mM CaCl,, stood on ice for 30 minutes, centrifuged again, then resuspended in cold 50 mM
CaCly to 1/25 of the original volume. The competent cells were stored at 4°C, and were used

within 2 days after preparation.

XL-1
Preparation of E. coli XL-1 competent celis differs from the protocol above only in the following
points: the overnight XL-1 culture was diluted 100 fold and harvesied when the A°660 reached 0.6-

0.7,
B.2.4: ration of C- in 1;

An overnight culture was prepared by innoculating a single £. coli G-600 colony into one volume (10
ml) of Luria broth, and shaking 220 rpm overnight at 37°C. Cells were pelleted by centrifugation for
10 minutes, speed 10 in an MSE (Minor) benchtop centrifuge at 4°C, then resuspended in a half

volume of cold 10 mM MgS0,.
B.2.5: infection of E.coli li

Phage lysates were prepared by eluting a plague into 500 pl SM bufter overnight at 4°C. The
eluate was cleared of debris by centrifugation in an Eppendorf Microcentrifuge for 3 minutes, and
the supernatant was then stored under chloroform at 4°C. The lysate was then titred, typically, 1-
10 pl of lysate was combined with 300 u! of C-800 plating cells, incubated for 30 minutes at 37°C,
then plated onto an L-agarose plate using L-top agarose containing 10 mM MgS0,4. The plates
were then incubated 1o confluence (10° pfu), while others were inverted at 37°C overnight.
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METHODS

B.3: DNA PREPARATION

This procedure, a modification of the Holmes and Quigley method, 1881, was performed essentially
as described by Sambrook and Maniatis {13}

Transformants were typically inoculated into 5 ml of Luria broth and incubated overnight at 37°C on
a shaker platform at 225 rpm. The cells were then pelleted by centrifugation for 45 seconds in an
Eppendorf Microcentrifuge, at 10,706 g (12,500 rpmy}, and the supernatant was discarded.
However, when cells infected with M13 phage were used, the cell-free supernatant was retained for

the preparation of single stranded DNA.

The cell pellet was resuspended in 350 u! HQ STET buffer, made 0.7 mg/ml with respect to
lysozyme, vortexed gently for 3 seconds, then boiled for 40 seconds. Following centrifugation for
10 minutes in an Eppendort Microcentrifuge, the gelatinous pellet was discarded and the
supernatant was combined with one volume of isopropanol, stood at room temperature for 10
minutes, then centrifuged in an Eppendort Microcentrifuge for 20 minutes. The pelleted DNA was
overlayed with cold 70% ethanol, centrifuged for 15 minutes, dried under vacuum in a Savant
Speedvac, and resuspended in 50 yl sterile water.

B.3.2: Medium le Lam DNA Preparati

Before preparing DNA, the titre of the phage lysates of interest were determined by infecting E. coli
C-600 cells with serial dilutions of the lysates, and determining the number of plaque forming units
per ul of lysate.

Following titration, the phage were plated at 105 PFU per 88 mm LB-agarose plate, grown to
confluence at 37°C, overlaid with 10 ml SM buffer at 4°C overnight to elute the phage. Lysates
were collected from the plates, centrifuged at 4500 gmax (5000 rpm) for 10 minutes, made 1 ug/ml
with respect to DNAsel and RNAseA and incubated for 30 minutes at 37°C. One volume of PEG
solution (20% PEG 8000, 2 M NaCl in SM buffer) was added and the mixture, stood on ice for 1
hour, before being centrifuged at 8800 gmax (7000 mm in a Hereaus Christ bench centrifuge ) for
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30 minutes, at 4°C. The pelleted phage were resuspended in 500 1l SM buffer, vortexed, made
0.1% with respect to SDS, and 5 mM with respect to NapEDTA, then incubated for 15 minutes at
65°C, After vortexing briefly, the DNA was extracted with phenol:chloroform (1:1), precipitaied with
an equal volume of isopropanol at -70°C for 20 minutes, thawed, then centrifuged for 5 minutes in
an Eppendorf Microcentrifuge. The supernatant was discarded and the DNA pellet was overlaid
with cold 70% ethanol, centrifuged again, vacuum dried, then resuspended in 50 pl of TE buffer
containing 0.01 pg/mi RNAse A.

le Plasmid Preparati

The transformed cells containing the construct of interest were typically inoculated info 5 ml L-broth
and grown overnight at 37°C on a shaking platform at 225 rpm. This culture was used to make a 1
in 100 innoculation of 300ml of Luria broth, supplemented with either Ampicillin (100

ug/mi) or Tetracycline (6 ug/ml) depending on the selection reguired, and grown on g shaking
platform at 225 rpm, at 37°C. After 5 hours growth, chloramphenicol was added to 3 final
concentration of 150 pg/ml and the incubation continued overnight to amplify the plasmid copy

number.

The culture was harvested by centrifugation at 10,000 g (8000 rpm in a GSA rotor) for 5 minutes at
4°C. The resulting cell peliet was washed by resuspension in 0.5 volume of ice cold TE buffer {pH

8.0}, pelieted as above, and finally drained completely.

The DNA was extracted from the cell pellet by the alkaline lysis method essentially as described by
Birnboim and Doly (1879} {89}, made 50 ug/ml with respect to ethidium bromide and purified by
isopycnic centrifugation through g 5.9 M CsCl cushion at 285,000 g (55000 rpm in a TV865 rotor),
for 5 hours at 15°C. The plasmid band, intercalated with ethidium bromide, was visualised using
long wavelength UV-light and coliected using a syringe. Ethidium bromide was removed by
repeated extraction with water saturated isobutanol, and the plasmid finally dialysed against several
changes of TE buffer {(pH 7.6}, before being stored in 1 ml aliquots at 4°C. The concentration and
yield of plasmid was calculated by spectroscopy, assuming that an absorbance of 1.0 at 280 nm
represented 50 pg/ml of DNA. The purity was judged by the 260 nm /280 nm ratio. Typically, yields
ranged from 200-500 pg/ml.
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This method was performed essentially as described by Gustafson et af,, 1987 {82},

A volume of human blood (typically 50 ml} was collected into vacuum sealed tubes ¢containing acid
citrate dextrose anticoagulant. The cells were pelleted by centrifugation for 15 minutes at 1300 g
{2830 rpm, Heraeus Christ Labofuge GL). The buffy coat was removed, resuspended in 0.6
velumes of TE, then brought to 500 ug/mi Prenase, 50 pg/ml RNAse, and 0.5% SDS. The mixture
was inverted several times then incubated for 2 hours at 37°C. Following the digestion an equal
volume of phenol was added and the solution mixed gently by hand for @ minutes. The aquecus
phase was recovered by centrifugation for 10 minutes at 3400 g at 23°C. The phenol extraction
was repeated, followed by a chloroform-iscpropanel extraction. DNA was precipitated from the
aqueous phase by addition of 1/50 volume of 5 M NaCl and two volumes of cold 95% ethanol. The
solution was mixed, incubated at -70°C for 15 minutes, then centrifuged at 3400 g (4600 rom
Heraeus Christ Labofuge GL} for 10 minutes, at 4°C. The DNA pellet was rinsed with cold 70%
ethanol, dried, then resuspended in TE bufier pH 7.6 to 1/10 of the original blood volume. Yields
were estimated {c average 29 ng DNA per mi of blocd.
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B.4.1: Restriction E Digests. of DNA

A typical digest would contain 2 ug of DNA, 10 units of the required restriction enzyme(s), in a total
volume which was at least ten times the combined volume of the enzyme and DNA, in the reaction
buffer supplied by the manufacturer. The digestions were performed at the recommended

temperature for sufficient time to give a 20 fold overdigestion.
B.4.2: Ethanoi Precipitation

To concentrate DNA, the sample was made 0.3 M with respect 1o NaOAc pH 5.5, and combined
with 3 volumes of cold 95% ethanol. After standing at -70°C for 20 minutes, or at -20°C overnight,
the DNA was pelleted by centrifugation at 10,700 gmax {12500 rpmj} in an Eppendort
Microcentrifuge for 30 minutes at 4°C. The supernatant was discarded and the pellet was
overlayed with cold 70% ethanol, centrifuged again for 15 minutes at 10,700 gmax (12,500 rpm},
dried under vacuum in a Savant Speedvac, and resuspended in a small volume of TE buffer or

sterile water.
: Agar rophoresi

DNA samples were size fractionated by electrophoresis through agarose gels in TAE buffer. When
fragments were to be ge! purified, low melting point agarose gels (Seaplague, FMC Bioproducts)
were used. Small analytical gels were typically electrophoresed in TAE buffer at 100 V, for 1 hour.
Larger preparative gels were electrophoresed overnight at 20 V. Gels were stained in ethidium
bromide for 10 minutes, destained in Milli-Q water for 15 minutes, illuminated with shortwave UV
light and photographed with Polaroid type 665 film. Fragment sizes were estimated by comparing
mobilities against a 1 kb BNA ladder (BRL).

B.4.4: no|l- rofor ractiocn of DNA

To deproteinise DNA, one volume of DNA was combined with one volume of Tris-equilibrated
phenol and vortexed vigorously for 30 seconds. After standing for 5 minutes, the aqueous phase
was separated from the organic phase by centrifugation at room temperature in an Eppendorf
Microcentrifuge for 5 minutes. The aqueous phase was extracted with one volume of Tris-

equilibrated phenol:chloroform (1:1)}, centrifuged for 5 minutes, then extracted with one volume of
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choloroform. DNA was recovered from the resulting aqueous phase by precipitation with ethanol in

the presence of sodium acetate as described above.

B.5: DNA CLONING PROCEDURES

B.5.1: Ligation of DNA { l

Ligation reactions containing 15 pmal of insert and 15 pmol of vector were performed in a reaction
containing 60 mM Tris pH 8.0, 50 mM NaCi, 5 mM DTT, 1 mM ATP, and 1 unit of T4 DNA ligase in
a total volume of 10-20 ul. Reactions were incubated at room temperature for 2 hours, followed by
12 hours at 4°C. To analyse the ligation reaction, an aliquot of the ligation reaction was

electrophoresed through an agarose gel and assessed for ligation products.

B.5.2: Gel Purificati

DNA fragments of interest were purified from cloned DNA by restriction enzyme digestion and
subsequent gel purification.

Typically, 5 ug of DNA was digested using appropriate restriction enzyme(s). Following ethanol
precipitation, the DNA was resuspended in sterile waier, then size fractionated by electrophoresis
through a 1.0% low melting point agarose gel (Seaplaque, FMC Bioproducts) in TAE buffer.
Following staining with ethidium bromide, the gel was destained in Milli-Q water, and the band(s) of
interest, visualised under long wavelength ultraviclet light, were excised using a sterile scalpel
blade. The DNA was extracted from the gel slice by a centrifugation procedure. The bottom of a
sterile 0.5 ml Eppendorf tube was pierced with a hot needie, packed 1/3 full with siliconised glass
wool, overlaid with 200 ul of sterile water, then placed within a 1.5 ml Eppendorf tube. The
assembly was then centrifuged in an Eppendort microcentrifuge for 3 minutes, to elute the sterile
water and rinse the filter unit. Using a fresh 1.5 mi coliection tube, the gel slice was placed on the
glass wool, and the complete asssembly was centrifuged at 2438 gmax (6500 rpm) in a variable-
speed benchtop centrifuge (MSE Minor) for 10 minutes. The eluate containing DNA was either
used directly or concentrated by ethanol precipitation.

i nd Transfor! ion

Competent E. coli XL.-1 and DH-1 celis were prepared by the CaCly method {102},
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The plating and selection methods for sucessiul transformants was dependent on the type of vector
used:

For transfecting constructs into E. coli XL-1 cells, an aliguot (1-10 pl} of ligation reaction was
combined with 300 ut of competent cells, stood on ice for 30 minutes, heat shocked at 42°C for 80
seconds, then mixed with 3.5 ml of molten top Luria agar and plated onte appropriate agar plates.
After allowing the surface to set, the plates were inverted and incubated overnight at 37°C. To
allow for colour selection via a-complementation, XL-1 celis were plated in the presence of 0.03%
X-Gal and 5 mM IPTG.

E_ coli DH-1 cells to be transformed with pGEM-2 constructs were treated similarly, except they
were made up to 1 ml with Luria broth after the heat shock, shaken {225 rpm) for 30 minutes at 37°
G. Upto 1110 volume (100 pl) was plated onto Luria agar in the presence of ampicillin {100 pg/ml).

Electrocompetent cells were prepared by innoculating an overnight culture of E. cofi DH-1 cells
1:100 into 1 litre of LB-broth and growing them on a shaking platform, at 37°C, to an optical density

at 600nm of 0.64.

To harvest the cells, the culture was stood on ice for 15-30 minutes, then centrifuged at 2877 gmax
(4000 rpm in a Heraeus Christ Labofuge GL) for 15 minutes at 4°C. The supernatant was
discarded, the cell pellets resuspended in 1 litre of sterile cold water, centrifuged at 2877 gmax
(4000 rpm, Heraeus Christ) for 15 minutes at 4°C, resuspended in 0.5 litres of cold sterile water
then centrifuged again at 2877 gmax (4000 rpm, Heraeus Christ) for 15 minutes at 4°C. The pellet
was resuspended in 20 ml of cold 10% glycerol, centrifuged at 2877 gmax (4000 rpm, Hereaus
Christ) for 15 minutes at 4°C, then resuspended in a final volume of 2 mi of cold 10% glycerol. The
concentration of cells in the suspension was between 1 x 102 and 3 x 1010 cells/ml. These
electrocompetent cells were stored in 40 it aliquots at -70°C, and remained viable for about 6
months under these conditions.

To electroporate the cells, a vial of cells was thawed slowly to room temperature. A small volume
(typicaliy 1-10 pi) of the ligation reaction was then combined with the electrocompetent cells and the
mixiure stood on ice for 1 minute. The cell mixture was transferred into an ice cold electroporation

cuvette, and positioned on a pre-chilled safety chamber slide in a Biorad Gene Pulser.
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Electroporations were performed at 25 uF, 2.5 KeV, and 200  preducing an eleciric field of 12.5
KeV/cm, with a time constant of 4-5 milliseconds. Immediately after the shock, the cells were
fransferred into a 13 x 100 mm glass (Kimax) tube containing 1 ml of Luria broth and incubated for
30 minutes on a shaking platform at 225 rpm at 37°C to allow for recovery. Transformants were
then selected by plating on L-agar containing either ampicillin {160 pg/ml), or tetracycline {15
ug/mi}, depending on the selection required.

B.6; NUCLEOTIDE SEQUENCING

Recombinant M13 plagues were inocutated into Luria broth and grown on a shaker platform at 225
rpm at 37°C overnight. The celis were then pelleted for 4 minutes at 16,700 gmax (12500 rpm} in
an Eppendorf Microcentrifuge, and used for the preparation of double stranded DNA . The cell-free

supernatant was used for the preparation of single-stranded DNA.

To precipitate the M13 bacteriophage, a velume (1mil} of the supernatant was made 500 mM in
NaCl and 4% in PEG 6000, stood at room temperature for 30 minutes, then centrifuged in an
Eppendorf Microcentrifuge for 5 minutes at 10,700 gmax (12,500 rpm). The supernatant was
discarded, and remaining traces of the PEG solution were removed carefuily using tissue paper.
The pelleted phage were resuspended in TE buffer, then phenol/chloroform extracted. Following
ethanol precipitation, the resulling single-siranded DNA templates were dried under vacuum and
resuspended in 30 pl TE buifer for sequencing.

The 6% polyacrylamide sequencing gel cortaining 8 M urea was warmed by electrophoresis at
1400 V for 20 minutes in TBB buffer electrolyte before loading templates. For each template,
typically 3 ul of the sequencing reactions was loaded into each of the 4 wells (G, A, T, C) defined by
sharkstooth combs, in the order G,A,T,C. The 0.4 mm thick gel was electrophoresed at a constant
power of 65 W, for four hours, before a duplicate set of lanes were loaded and electrophoresed for
an additional 2 hours. Following electrophoresis, the gel electrophoresis assembly was dismantled
and the gel was transferred onto 3MM filter paper and dried under vacuum at 80°C for 55 minutes.
The gel was autoradiographed with Fuji RX X-ray film overnight and typically gave 300 bases of
clear sequence per template.
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B.7: E YBRIDISATION ANALYS]

B.7.1: Vacyym Blotting

The DNA of interest was digested with appropriate restriction enzymes, electrophoresed through a
0.7% {w:v) preparative agarose gel in TAE buffer for 16 hours at a constant voltage of 20 V, stained
in ethidium bromide, destained in milli-Q water, and examined under short wavelength UV light.
Photographs were taken with a metric ruler adjacent to the lane containing the 1kb DNA marker

ladder (BRL) for accurate calibration of fragment sizes.

The vacuum blot was assembled on a Biorad Vacuum Blotter manifold and a vacuum of 50 mbar
was applied using an electrically operated vacuum pump (Pharmacia). Both nylon and
nitrocellulose type membranes were used on different occasions, in different experiments.

The gel was overlaid with 0.2 M HCI for 10 méinutes to depurinate the DNA. This solution was
replaced with denaturating solution {1 M NaCH, 0.5 M NaCl) for 10 minutes, and this solution was
finally replaced with 3 M HCI, 1 M Tris for 10 minutes to neutralise the pH. Following removal of the
neutralising solution, the gel was covered with 20 x SSC buffer and the transfer proceeded for 40
minutes under vacuum. Marks recording position of lanes on the gel, were made on the
membrane, which was then baked at 80°C, under vacuum (-80 kpa) for 3 hours, then stored

between sheets of filter paper at room temperature.
i

Probes were labelled by nick translation essentially as described by Rigby ef af{114}. The nick
translation reaction contained 0.2 3ig DNA, 0.01 mM dATP, 0.01 mM dTTP, 0.01 mM dGTP, 10U
DNA Polymerase I, 50 pCi o-{32P]dCTP (10 mCi/ml, 3.3x1073 pmol/mi), 1 x DNA Polymerase |
buffer {50 mM NaCl; 10 mM Tris-HCI, pH 7.5; 10 mM DTT; 10 mM MgClo), and 100 pg DNAsel, in
a total volume of 25 pl, was incubated at 15°C for 15 minutes.

The reaction was diluted to 200 pl with TES to quench the reaction. Following the reaction,
unincorporated nucleotides were removed by centrifugation through a 1 ml column containing
Sephadex G-50 {Sigma). To make the column, a stertile 1 ml syringe (Monoject 501S-TB) was
plugged with sterile glass wool, then filled with Sephadex G-50 resin (Sigma) pre-swollen in TES
buffer. The bottom of the syringe was placed through the top of a pierced eppendorf tube, and the
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entire assembly placed into a 50 ml Falcon tube. Centrifugation at 1550 gmax (speed 3, MSE
Minor centrifuge) for 3 minutes packed the column, which was then rinsed by centrifugation with
200 ul of TES buffer. The eppendorf collection tube was then replaced and the nick-translation
reaction applied to the spin column. The diluted probe (200 ), was eluted through the column by
centrifugation at 1550 gmax (speed 3, MSE Minor centrifuge) for 3 minutes. Specific activity of the
probe was determined by thin layer chromatography using pelyethylene imine (PEI) paper and a

2 N HCl solvent. Radioactive nucleotide incorporated into the DNA remained stationary at the peint
of origin on the paper, whereas the unincorporated nucleotide was mebile, and migrated with the
solvent front. The PE! paper was cut in half, and the radioactivily of each half quantified by
scintillation counting (Beckman LS7000). The following equations were used to calculate the

efficiency of isctope incorporation into the probe and the specific activity:

Equation 1
cpm incorporated into DNA 100
% Incorporation = X
cpm incorporated + cprm unincorporated 1

Eguation 2

Specific activity Total incorporated cpm x Amount of DNA in

(cpmipg DNA) (cpm/Reaction) reaction (ug)

Typically, values of 60-70% incorporation and specific activities of 2 x 107 cpm/ug were obtained.
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B.7.3: Hybridisation

Filters to be probed were prehybridised at 65°C in sealed pyrex hybridisation tubes containing

100 ml prehybridising solution (6 x SSC, 10 x Denhardt’'s solution) for 2-3 hours, after which the
prehybridisation solution was discarded and replaced with 10ml of hybridisation solution {1 M NaCl,
50 mM Sodium Pyrophosphate, 2 mM EDTA, 0.5% SDS, 10 x Denhardt's solution). Immediately
prior to use, the probe was diluled 4-fold in TNES buffer and Herring sperm DNA (1 mg/ml), and
denatured by boiling for 10 minutes. The probe was then applied to the filters and the hybridisation
was performed in glass cylinders for 20 hours at 65°C, rotating at 6 rpm in a hybridisation oven
(Bachofer 400HY).

Wash solutions were typically heated to 868°C prior to use. The hybridisation solution was
discarded, and the filters washed with 2 x SSC, 0.1% SbBS twice for 15 minutes, followed by iwo 15
minute washes in 1 x SSC, at 65°C. Filters were then removed, air-dried on filter paper and

autoradiographed against Fuji RX X-ray film at -70°C.
Hlin Hybridisation

QOligonucleotides were 5'-end labelled. A typical end-labelling reaction contained approximately

7 pmol of oligonucleotide, 3 U of T4 polynucleotide kinase, 30 uCi of y-[32PJATP (10 mCi/ml,

3.3 pmol/ml), 1 x kinase buffer (50 mM Tris-HCI pH 7.6, 10 mM MgCls, 10 mM DTT), in a total
volume of 20 ul. This was mixed genily, incubated at 37°C for 1 hour, combined with 10 volumes of
TNES buffer, heated to 65°C for 3 minutes then used immediately. The activity of the probe was
estimated by chromatography using a pelyethyleneimine paper developed in 1.2 M KHoPO4.

The filters to be probed were prehybridised in 50 ml of buffer consisting of 6 x 8SC, 0.5% SDS,
0.05% Sodium Pyrophosphate, 10 x Denhardt's solution for 2 hours at 85°C. This was discarded
and replaced with 10 ml hybridisation buffer {6 x SSC, 0.05% {w:v} sodium pyrophosphate, 20 x
Denhardt's solution), containing 9.9x10°2 pmol of the end-labelled probe. The filters were
hybridised 1o the oligonucleotide probe for 1 hour at 37°C, then transferred to a plastic box for
washing. Three ten minute washes were carried out at room temperature in 6 x SSC and 0.05%
sodium pyrophosphate, with a final wash, for two minutes, at an appropriate temperature to set the
stringency. This final temperature was determined experimentally for each oligonucleotide, guided
initially by the theoretical T, for the hybrid which was determined by Equation 3:
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Equation 3
Tm=4HG+C) + 2(A+T)in6x SSC
Typically a stringency in the range of T, -5°C 1o Ty, -15°C was found appropriate.

The wet filters were autoradiographed with Fuji Rx X-ray film overnight at -20°C.

B.8: SCREENING OF A cDNA LIBRARY

A human genomic DNA library had been constructed by B.C Mansfield. DNA extracted from his
peripheral bicod lymphocytes, had been partially digested with Sau3Al, cloned into the A-vector
EMBL3 and transfected intc £. cofi CES 200 cells and ther: amplified. The [ibrary was screened
with & PSG central-domain probe, and clones which cross-hybridised were picked and patched to
create a library enriched for PSG-like clones.

This enriched human genomic library (kindly supplied by P.McLenachan) was screened in this
investigation with both the PSG-domain probe and a gene-specific probe (pBE.5)}, to identify cosmid
clones of interest,

The phage titre of this enriched library on E. cofi C-600 plating cells was calculated and the library
ihen plated to give 100-200 plagues/ 88 mm plate on L-agarose plates.

Assymetric orientation marks were made on the outside of the plates with a permanent marker pen,
and duplicated on the nitrocellulose filters during lifting for orientation. Lifis were typically made for
60 seconds.

Filters were air-dried on 3MM tilter paper briefly, placed DNA-side up onto a sheet of 3MM filter
paper saturated with denaturating sclution (3 M NaCl, 1 M NaGH) for 5 minutes, then transferred
onto 3MM filter paper saturated with neutralising solution (3 M NaCl, 1 M Tris-HCI} for the same
period of time. Following a brief rinse in 2 x SSC the filters were dried under vacuum {-80 kpa) at
80°C for 3 hours, then stored for Scuthern hybridisation.
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To partially digest DNA for use in cos-mapping, conditions were optimised for each parlicular DNA
preparation and restriction enzyme. To do this, the ratio of enzyme to DNA and the duration of
digestion were varied to obtain sucessful partial digests, as judged by gel electrophoresis profiles in
comparison to complete digests. Typically, digests contained 3 g of DNA prepared by the medium
scale method, approximately 3 jul of a medium scale phage preparation and 5 U of the appropriate
restriction enzyme, in the reaction buffer supplied by the manufacturer, and were incubated for 1
hour at 37°C. Partial digests were subsequently divided into half for hybridisation to the ON-R and

CN-L that are specific 1o the right and left arms of the cosmid respectively.

The oligonucleotides ON-L and ON-R {(Amersham) were end-labelled with y-[32P]JATP in a reaction
that contained 4.5 pmoles of oligonucleotide, 30 uCi of [32PJATP (10 mCi/ml, 3.3 pmol/ml), 3 U
polynucleotide kinase, and kinase buffer {50 mM Tris-HCIpH 7.6, 10 mM MgClo, 10 mM DTT} in a
total volume of 15 ul. The components were mixed thoroughly, incubated first at 37°C for 1 hour,
then at 42°C for 3 minutes. incorporation of the isotope was checked by thin layer chromatography
using polyethylene imine (PEI) paper and a 1.2 M KH,PO4 solvent. The [abelled oligonucleotides
were diluted 125-fold in 0.5 M TE buffer pH 8.0, 0.2 M NaCH, 170 mM Bromophenol Blue, 3¢ mM
Tris-HCI pH 7.8, 36 mM sucrose, 30 mM EDTA. The diluted probe was typically used immediately
for hybridisation. If stored at -20°C, the probes retained sufficient activity for use in Cos-mapping

for up to 2 weeks.
B.9.2: Qligonuclegtide Hybridisation

For hybridisations, each half of the partial digest was combined with 12 imoles (5 pl) of the
appropriate diluted probe and mixed gently. The mixture was then denatured by incubation at 70°C

for 3 minutes, allowed to anneal at 42°C for 30 minutes, and finally loaded directly onto a

(0.4% (w:v) preparative agarose gel.

High molecular weight markers (BRL catalogue #5618SA) were used to calibrate the size of
iragments resuiting from these experiments. These markers were also hybridised te beth the ON-R
and ON-L labelled oligonucleotides in separate reactions, which were then pooled before
electrophoresis.



The gel was electrophoresed for 24-30 hours at 40 V, dried onto DE81 cellulose acetate paper at
55°C, for 30 minutes using a Biorad gel dryer {(model 583}, then autoradiographed with Fuji RX
X-ray film, overnight, at -70°C.

40
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This report details the investigation of the sequence located near the 5° end of the cosmid hC3.11.
A schematic diagram representing the clone hC3.11, and subclones of this cosmid is shown in
Figure 7. This cosmid was initially isolated by Sharon Sims in 1983, and characterised by Kyle
Beggs {80} and Patricia McLenachan {45}. Their analysis of hybridisation data combined with DNA
sequencing, revealed that the cosmid hC3.11 encoded the L, N, A, and B domain exons for PSG-

11, as shown in Figure 7.

Furthermore, an 8.5 kb BamH| fragment upstream of PSG-11 hybridised to a probe representing
the 3-untranslated region of PSG-3. Consequently, the 8.5 kb BamH| fragment was subcloned into
the vector pGEM2 and named pG3B8.5. The initigl 1.5 kb of pG3B8.5 was examined in greater
detail by P.A. MclLenachan {45}, and was found to contain sequence resembiing parts of several
PSG C-terminal domain exons. This suggested that just upstream lay ancther PSG gene, in 3 tail
to head configuration to PSG-11.

.2: Th I 2

To determine whether there was a complete C-terminal coding region, the downstream 2.2 kb
EcoRI fragment adjacent to the previously sequenced 1.5 kb region, was subcloned and sequenced

in both directions.

To de this, the plasmid pG3BB8.5 was digested with EcoRl and the 2.2 kb fragment, isolated by gel
slectrophoresis, was ligated into the pGEM2 vector and transformed into E. coli DH-1 cells. Ten
fransformanis were selected and analysed for inserts by restriction digests. One transformant,
named pE2.2 was selected for further analysis.

Fine mapping of the insert with restriction enzymes did not identify any sites which would aliow
easy subcloning and sequencing of the insert. Therefore, a Bal 31 exonuclease strategy was
employed. This strategy created a series of nested deletions over the entire length of the insert,
allowing the region to be sequenced in both directions.
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Figure 7: Subclones of Cosmid hC3.11

Fragments subcloned from the cosmid hC3.11 are shown above
corresponding to their designated titles. Alignment to schematic
representations of PSG domains below approximate their positions.
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C.2.1: Titration of the Bal 31 Enzyme

Te determine the rate of Bal 31 exonuclease activity, a series of titrations were performed with
varying concentrations of enzyme. A number of different procedures were tried before the most
consistent and convenient protocol was selected. Titrations using 0.5 U, 1 U, and 2 U of Bal 31
enzyme were performed using 8 pg of linearised insert DNA. Results from these expetiments are
shown in Figure 8. The rate of digestion using 0.5 U of Bal 31 was too slow (25 bp/min/end),

whereas the rate using 2 U of enzyme was tca rapid {175 bp/min/end). The cptimum rate of
digestion was achieved using 1 U of Bal 31 per 8 ug of DNA; this method is detailed below:

The circular plasmid construct pE2.2 (2.2 kb insert in pGEM2), was digested with the restriction
enzyme Hindill to yield a 5.1 kb linear molecule, suitable for Bal 31 digestion. The optimal
exonuclease conditions were with 1 unit of Bal 31 exonuclease, 8 g of linearised plasmid DNA, in
a buffer containing 0.6 M NaCl, 20 mM Tris-HCI (pH 8.0), 12.5 mM MgCly, 12.5 mM CaCl,, and 1
mM EDTA, in a total reaction volume of 40 . The reaction was incubated at 30°C for time
intervals of 0, 2, 5, 10, 15, 20, 30, and 40 minutes. At the end of each time interval, 5 ul aliquots
were transferred into loading dye containing 40 mM EDTA to terminate Bal 31 activity. Samples
from the individual time points were separately electrophoresed through a 1% agarose gel, stained
with ethidium bromide, destained in milli-Q water, examined under short wavelength UV light and -

photographed.

The rate of digestion was calculated using Equation 4;

Equation 4
Change in length of DNA (bp)

Rate of exonuclease activity = x 0.5 (bp/min/end)

Duration of digestion {min)

[The factor of 0.5 is included to account for simultanecus digestion at each end of the molecule]

The resuits of this titration are shown in Figure 8. Using the conditions specified above, the activity

of the Bal 31 enzyme was 81.5 bp/min/end.



Figure 8: Titration of the Bal 31 Enzyme.

Reaction termination times are labeiled in minutes.
Units of enzyme used are noted above the figures.
The BRL 1 kb DNA size ladder is labelled (L.).
(See section C.2.1 for text).
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Figure 8: The Bal31 enzyme titration. Reaction termination times are labelled in minutes.
Units of enzyme used are noted above the figures. The BRL 1 kb DNA size
ladder is labelled (L).
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.2.2: The Bal 31 Strateqy

After the rate of Bal 31 activity was determined, the analytical reaction was scaled up 3-fold for a
preparative scale reaction. The only difference was that the time point fractions were pooled, and

terminated in Tris-equilibrated phenol.

To obtain sequence from both ends of the clone, the clone pE2.2 was linearised with Sphi for one
direction and with Hindlll for the other direction. The linear DNA were then digested with Bal 31 to
create a set of nested deletions which were spaced approximately 283 bp apart. These fragments
were digested with EcoRI to release the insert fragments from vector fragments, resulting in each

insert having one blunt end, and one EccR! end.

To prevent the pGEM2 vector fragment from ligating into the sequencing vector, an Sphl, or BamHl
digest {depending on the direction sequenced) was then performed to cut the vector sequences,
leaving only the insert with blunt EcoRl ends.

To fractionate the Bal 31 deletion fragments, digests were pooled, then size fractionated by
electrophoresis through a 1% low melting point agarose gel. Following staining with ethidium
bromide and examination under long wavelength UV light, the gel was sliced to create sections
containing inserts differing from each other, on average by 283 bp, and DNA from the individual

sections gel purified.

The sequencing vector M13mp18 was digested with EcoRl and Smal, the Baj 31 detetion
derivatives ligated into the sequencing vector, and then transformed into £. cofi XL-1 cells.
Transformants were selected by the biue/white selection of a-complementation, and the double
stranded and single stranded DNA prepared from these clones, were sequenced using the
Sequenase version 2.0 (USB) modification of the dideoxy-termination method.

A schematic representation of the overlapping clones which were sequenced, spanning the 2.2 kb
EcoRl fragment is shown in Figure 8.

The resulting sequence of hC3.11 is shown in Figure 10. The initial 1523 bp represents sequence
previously obtained by P.MclLenachan {45}, while the area from (1524 bp to 3796 bp) is from this

investigation.



Figure 9: The Bal 31 Deletion Ciones.

Schematic diagram showing the overlapping clones used
in determining the sequence of the p2.2E clone in two
directions. Fragment lengths are measured in kb.

(See section C.2.2 for text).
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Figure 10: The Combined hC3.11 Sequence

The sequence of the C-terminal domains of hC3.11 aligned
with other PSG sequences. The areas of identity to

known PSG sequences to hC3.11 are represented by ™. 7,
differences are designated by their respective

nuclectide codes. Putative splice sites, which match

the consensus sequence proposed by Shapiro & Senapathy
{118} are underlined in boid type and are designated "A“
to "H’, while predicted open reading frames for C-

termini are shown alongside the sequence in single

letter amino acid code. Polyadenylation signals

(AATAAA) are displayed in bold type. Spaces introduced
for optimum seguence alignment are represented by ™~ 7,
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E FOR BINED EQUENCE

The combined hC3.11 sequence shown in Figure 10 is aligned against C-domain and 3"
untranslated region sequences from representative subgroup-1 {PSG-1), and subgroup-2 (PSG-3)
PSG genes. As can be seen from the comparisons, there is extensive homology between the
respective sequences. Since the PSG are known to select alternately spliced exons from their
C/3'-untranslated regions, the hC3.11 sequence was exanined for features such as splice acceptor
sequences, polyadenylation addition sites, and C-terminal open reading frames.

When compared to other sequences on the GenBank and EMBL. databases using a FASTA
search, the combined hC3.11 sequence showed similarity to many PSG sequences, although the
best maiches were with those PSG genes belonging to subgroup-1 {ie: PSG-1,-4,-7,-8).

In an attempt to classify the PSG sequence within hC3.11, the coding potentiat of the 1.5 kb
BamHVI/EcoRl sequence was examined for open reading frames, potential splice donhor and
acceptor sites, poly(A) addition consensus signals and similarities to other PSG ¢cDNA and gene

sequences.

The hC3.11 C-region sequence was analysed against & number of criteria, and consequently
regions of sequence were categorised first inte PSG C-domain subgroups {ie: subgroup-1, -2, or -
3), and then into groups of alternate transcripts from each of these subgroups (ie: C4, Cp, C¢, Cd

etc.).

Splice acceptor sequences for the C-termini were predicted based on the PSG splice consensus

shown in Figure 11.

Figure 11
TT TTTTITT
---(PYRIMIDINE RICH)- TT NCAGG
CC CCCCCCO

The generic splice acceptor consensus proposed by Shapiro and Senapathy {118}.
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Overall, nine putative splice sites were predicted from the hC3.11 sequence. These sites were
positioned at: A:450-469 bp, A":524-546 bp, B:538-614 bp, B":687-696 bp, €:885-902 bp, D:1480-
1498 bp, E:1570-1584 bp, F:2559-2576 bp, and G:3371-3407 bp.

As would be expected for coding regions, each of these putative splice sites were followed by open
reading frames ceding for potential PSG C-termini. Assuming a +2 reading frame, as found in
other PSG genes, four of the nine predicted PSG C-termini {following splice sites A, C, D, and E)
were homologous to functional domains previously detected in other PSG transcripts.

The remaining putative exons do not resemble parts of cDNA transcripts reported to date.

Within the 3.8 kb h(G3.11 sequence there were five polyadenylation addition consensus signals
{AATAAA), located at 915-820 bp, 1433-1437 bp, 2162-2167 bp, 2756-2761 bp, and 3517-3522 bp.
Two of these sites, beginning at 915 bp and 1433 bp, comrespond to those expected for domains in
subgroup-1 genes. The remaining polyadenylation addition sites, although not directly associated
with subgroup-1 domains, may indicate exons upstream of these sites have potential to be

expressed.

€.3.1: The 500 bp Intron Region

The initial 450 bp of the combined hC3.11 sequence did not contain any significant open reading
frames, splice acceptor nor donor sites, suggesting that this region may be part of an intron.
Comparison of this region to sequences on the GenBank and EMBL databases using a FASTA
search did not yield any good matches to reported sequences.

C.3.2: Previously Unreported Splice Sites

The region of sequence immediately following the initial 450 bp intron region of hC3.11, showed a
degree of similarity to C-terminal and 3'-untranslated sequence of the subgroup-2 gene PSG-3.
The sequences are aligned beginning at position 455 bp, continuing for 590 bp, to the point at
which the PSG-3 cDNA sequence ends at position 1043 bp.

The first potential splice acceptor site, A, occurs at position 450-469 bp. The putative C-terminal
following this predicted splice site is only 3 amino acids long, typical of the subgroup-1 Gy, domains,
but shares little sequence similarity to those previously characterised.
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Up to the splice site at A", there is only 39% nucleotide similarity to other reported PSG sequences.
However, there is a sudden appearance of nucleotide identity to the 3'-untranslated region of the
subgroup-2 PSG-3 transcript, from position 540 bp onwards. This sequence identity starts,
suprisingly, within the 3*-untranslated region of PSG-3, just 40 bp past the end of the PSG-3

C-domain coding region.

This remarkably sharp transition in sequence similarity would suggest the presence of an intron-
exon boundary. The C-terminal regions of subgroup-2 PSG, such as PSG-3, are comprised of at
least two exons containing a C-domain and a 3'-untranslated region {11}. Considering this, hC3.11
could be expected to have a splice acceptor site for the 3'-untranslated region exon (3' exon) of a
PSG subgroup-2 transcript at this point. Indeed, a potential splice point which resembles the splice
consensus sequence of Shapiro and Senapathy {118} is present at the point of sequence

convergence.

This second splice acceptor site, A', is predicted at position 524-546 bp. Not suprisingly, the
sequence following the splice site in hC3.11 has the potential to encode part of an open reading
frame. If the splice occurs at the +2 position of the open reading frame, as with other PSG
C-domain exons, a 47 residue C-domain is predicted. Of the three possible reading frames, this
codes for the largest protein. This putative protein sequence comprising mostly neutral and
hydrophobic residues, could represent the 3' exon of a subgroup-2 gene, a C/3' exon of a
potentiaily membrane spanning PSG, or perhaps both depending on the splicing patiern used.
Sequence similarity with PSG-3 extends to position 1043 bp. A potential polyadenylation addition
sequence exists at 915-920 bp, although PSG-3 uses one further downstream at 1020-1025 bp.

Typically, the PSG C-termini are only 3-14 amino acids in length {8}, theretfore a 47 amino acid long
C-domain is unusual. Unlike the hydrophobic M-domain of CEA (27 amino acids in length}, PSG C-
termini are not usually membrane spanning, although it is possible that some may be linked to cell
membranes via phosphotidylinositol linkages {8}. One possible exception is the PSG-11w C-
domain, consisting of 81 amino acids it is of a length which could potentially span a cell membrane
{31}). Therelore, considering the existence of both large and small PSG C-termini, it is possible the
putative 47 amino acid hC3.11 C-domain, it expressed, could represent an intermediate class of
PSG C-domain.

The third potential splice acceptor site, B, is located at position 598-614 bp. The core acceptor
sequence at this putative splice site agrees well with the consensus sequence proposed by Shapiro
and Senapathy {118}.
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This would suggest that splice site B could be potentially active. The seven residue putative C-
domain following B, does not share sequence homology to any other PSG C-domain previously
reported. The sequence predicted is predominantly comprised of hydrophilic amine acids and is of
a length typical for PSG C-termini. This could represent another category of afternative PSG C-

terminal exons.

Interestingly, an analogous splice site corresponding to B exists in the 3'-untranslated region of the
PSG-3 cDNA, predicting that the PSG-3 transcript may have more than one splice pattern. [n this
case, the alternate PSG-3 C-domain (PSG 3" is predicted to consist of only two amino acids.

The fourth splice site predicted from the hG3.11 sequence, B', differs significantly to the core
consensus sequence, but shares a degree of similarity to the active subgroup-1 G5 and C; sites
suggesting it may be functional. A putative C-terminus of 5 amino acids is encoded in the region
immediately following splice acceptor B'. Although the amine acid sequence does not resemble
any previously reported C-termini from the subgroup-1 PSG genes, it is of an appropriate length for

such an exon, since the subgroup-1 G4 domains are also 5 residues long.

Hoemeology to PSG subgroup-1 (P$SG-1) sequence commenges abruptly at position 689 bp, which
corresponds to a position in the middle of the predicted B splice consensus site,

The eighth splice acceptor site, F, located at position 2559-2576 bp, conforms well to the splice
consensus sequence described by Shapiro and Senapathy {118}. The sequence available for the
PSG-8 and PSG-1 genes did not extend into this region, both finishing at approximately 2200 bp.
Hence i was not possible to compare this region to ¢DNA sequence from other genes. The open
reading frame immediately following splice acceptor site F, encodes a putative C-domain
comprising 13 residues. A polyadenylation signal is located 180 bp downstream at position 2756-
2761 bp, which could potentially be included in a cDNA transcript conigining this C-domain.

The nineth, and finat splice acceptor site, G, is located at position 3371-3407 bp. This particular
splice site is preceded by a 29 bp sequence comprising alisrnating purines and pyrimidines {CT),
which overtap to form part of the splice consensus signal. Following splice site G, a putative 13
amino acid C-domain, hC3.11g, was predicted from the nucleotide sequence. Approximately 70 bp
downstream of the putative C-domain sequence, a polyadenylation site is present which could be
utilised in the expression of this protein.
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Both the nucleotide sequence, and the deduced amino acid seduences of the putative C-termini
hC3.11f and hC3.11g, were compared with sequences on the EMBL and GenBank databases
using a FASTA search. Neither of the sequences from the two putative exons matched well with
other genes or proteins reported on these databases. Therefore, these putative proteins could
represent another subgroup of PSG C-termini, but expression of these domains remains to be

established experimentally.

The putative C-domain sequence from hG3.11g and hC3.11h are both 13 residues in length, similar
to other PSG C-termini known to be expressed. Both of the open reading frames are predicted to
splice at the +2 codon position, as with other PSG C-termini in this region. The amino acids
predicted for these C-termini are predominantly neutral or hydrophilic, consistent with the majority
of PSG C-termini and their suspected biological role{s).
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C.4: ANALYSIS OF THE hC¢3.11 SEQUENCE
.4.1: Defini : - iig’ n

The first 500 bp of the sequence presented in Figure 10 appears unique. It shows no homology to
PSG gene sequences or to other sequences reported onthe GenBank nuclectide database.

1-Ji . y

Figure 5 shows a schematic diagram of the typical C-domain organisation found in subgroup-1 PSG

genes, similar to the hC3.11 sequence.

Identity to subgroup-1 G4 domain 3'-untranslated sequence, was detected following the initial 500
bp intron region in the combined hC3.11 sequence. This sequence simitarity commences abruptly
at position 689 bp, which corresponds 1o a position {148 bp) past the boundary of the Bll domain in
the PSG-1d gene.

Homoelogy to Cyq /3™-untranslated sequence continues through to position 941 bp in the hC3.11
sequence. A polyadenylation signal located at 815-820 bp in hC3.11, corresponds to an analogous
signal in PSG-1d. Therefore this looks like a functional subgroup-1 Cy exon, however the absence

of a Bll excon agbutting o the sequence would suggest otherwise.

Coincidentally, a putative splice consensus sequence is also predicted at this location, however,
there is a 3 bp deletion present in the PSG-3 sequence (Figure 10, nucleotides 687-683) which
renders this putative splice acceptor site inoperable.

Consistent with exon organisation found in the PSG subgroup-1 genes, the region of sequence
downstream from the Cg 3™-untranslated region, encodes putative C-termini which resemble the

subgroup-1 Cg, Gy, and Cp, domains.

The fifth putative splice acceptor site, G, at position 885-901 bp matched the consensus sequence
extremely well, and was almost identical to the functional PSG-8, G-domain splice consensus

sequence.

Foliowing this splice site, the amino acid sequence predicted for the putative C-domain, hC3.11c,

clearly classifies it as a subgroup-1 domain. The putative hC3.11¢ C-domain and the C domain of
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PSG-1 are both 14 residues tong. They share 86% identity at the amino acid level, differing only in
the two final residues {assuming the splice donor does not change the first residue). By comparing
the nucleotide sequences from hC3.11 to PSG-1;, the two amino acid differences are found to

result from three point muitations.

Sequence comparisons against another subgroup-1 gene, PSG-8, revealed that the PSG-8 gene
encodes a 12 residue C domain. This is two residues shorter than the PSG-1, and hC3.11¢ C-
termini, the result of a 5 bp insertion, shifting the reading frame in the PSG-8 gene. (Figure 10,
nuclectides §03-944)

Interestingly, a deletion of 19 bp in the corresponding position of the PSG-3 3'-untranslated region
disrupts the near identity between the hC3.11 and PSG-3 sequences, precisely removing this
potential splice site from PSG-3, preventing alternate splicing of the transcript (Figure 10,
nucleotides 886-906}.

The hC8.11 sequence contains a polydenylation signal at position 915-920 bp, correspending to
analogous sites found in the PSG-1 gene. This particular polyadenylation signal is located in a

favourable position for potential inclusion into an hC3.11, cDNA transcript.

The sixth putative splice acceptor site, D, is located approximately 560 bp further downstream at
position 1480-1498 bp. This splice sequence shows a high degree of similarity to the consensus
sequence of Shapiro and Senapathy {118} which suggests it may be functional, although this
remains to be established experimentally. The open reading frame following this splice site
encodes a putative PSG C-domain comprising 5 amine acids. This putative domain is identical o
the G4 domain of PSG-8, and strongly resembles the C, domain of PSG-1, differing only in the

penultimate amine acid (See Table 2).

The EcoRl site at position 1514 bp demarcates the beginning of the sequence from the 2.2 kb
EcoRI fragment, from the previously obtained sequence.

The seventh putative splice acceptor sequence, E, is located 60 bp further downstream between
nucleotides 1570-1584 bp. This splice site matches the splice consensus sequence well, and is
almost identical fo functional PSG Cy, domain splice acceptor sequence. The open reading frame
immediately following E encodes a three residue putative C-domain amino acid sequence, identical
to subgroup-1 (PSG-8, and PSG-1, ) Cp domains.
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A polyadenylation signal located 570 bp downstream from the end of this open reading frame, at
position 2162-2167 bp. In both PSG-8 and PSG-1 genes, analogous polyadenylation signals are
present at corresponding positions. Therefore, this signal could potentially be included in an

hC3.11e transcript, in the event of expression.

In summary, this region of hC3.11 sequence bears strong resemblance to subgroup-1 type
sequence. The high degree ot similarity of these putative C-termini to types known o be expressed
suggests they could be functional, It will be necessary in future studies to demonstrate the

detection of these transcripts before further conclusions can be made.
ION OF THE ENCE

Recent studies have suggested a subgroup-1 gene, PSG-4, is located some distance upstream of
PSG-11 {115}, To date, only one C-domain has been confirmed for the PSG-4 gene {77},
However, the hC3.11 sequence does net show identity to the PSG-4 C-terminus sequence.

A significant feature of the hC3.11 sequence, is that it contains what appears to be a subgroup-1
PSG C-domain "cassette’, containing the G, C4, and Cp, exons. Based on the organisation of C-
domains present in other subgroup-1 PSG genes, a BlI-C4 demain exon would be expected
immediately upstream of the C-terminal “¢c-a-b' casseite (See Figure 12).

Interestingly, this is not the case. Although a short region of subgroup-1 C4 3-untranslated
sequence is present preceding the “¢c-a-b’ cassette, neither a Cd-domain nor a Bil domain was

detected by hybridisation within the 9 kb lying upstream of the C-domain cluster.

Considering that the distance separating the PSG genes within each gene cluster has been
estimated be 6-9 kb, an initial interpretation of the data would suggest that it is unlikely that the C-
domain cluster in hC3.11 is linked to a functional PSG gene unit.

Although the hC3.11 C-terminal cluster is the first to be encountered upstream of the PSG-11 gene,
it does not appear to represent PSG-4. This is consistent with mapping data, which places PSG-4
well upstream of PSG-11 {115).

Comparisons were made to other PSG genes including the subgroup-2 gene, PSG-5. When 'm'-
type C-domain sequence from PSG-5 was compared to the combined hC3.11 sequence no
significant homology was detected between hC3.11 and the PSG-5 sequence. This is consistent
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with the sequence data which shows that the hC3.11 C-domain cluster resembles subgroup-1 PSG

sequence much more strongly than subgroup-2 or subgroup-3 sequence.

C.5.1: Is the Upstream Gene a Subgroup-3 Gene?

All members of the PSG gene family reported to date, conform 1o the patterns of organisation for

their L, N, A and B domains previously shown in Figure 4.

[n addition to this, the PSG can be further categorised into three subgroups according to their
genomic C-domain organisations. These three organisational structures are shown in Figures 12-

14, [nitially, these subgroups appear quite distinct.

Concurrent studies in cur laboratory of the C-terminal regions of the PSG-11 gene have found that
there is an interesting pattern of sequence similarity between the C-domain region of subgroup-1
and subgroup-3 genes. This is particularly interesting since the C-terminal region of the PSG are

noted for their remarkable diversity.

When further sequence comparisons were made between members from all three subgroups, a

common C-terminal sequence element was detected in all three subgroups.
C.5.1.1: Subgroup-1

The PSG-1, -4, -7, and -8 genes comprise the first category of PSG genes, subgroup-1. A
schematic diagram representing the typical subgroup-1 gene arrangement is shown in Figure 12,

In the subgroup-1 genomic arrangement, the Bll domain sequences abut the Cq domain sequence.
The Cg Cg, Cp domains are located on separate exons further downstream. A splice site at the
Bil/C4 junction can be spliced in an alternative manner, to include one of the other downstream C-
domains into the transcript, in place of the Cd domain.

Our group has recently proposed, based on studies of the PSG-11 gene that the Ce, Ca: Cp
domains from subgroup-1 form a cassette, which is present in the other two subgroup genes
although apparently not expressed. The hC3.11 sequence that | report may be a free standing

version of this cassette.
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.1.2; -2

The subgroup-2 genes include PSG-2, -3, and -5. A schematic diagram representing the PSG-5
gene arrangement is shown in Figure 13. As with subgroup-1, a Cg4 domain is present immediately

following the Bl domain.

In PSG-5, there is presently approximately 540 bp of sequence available following the end of the
Bll domain. Approximately 148 bp into this sequence, there is a marked decrease in the degree of
homology to subgroup-1 sequence, followed by an area of sequence unique to subgroup-2 genes.

A further 4.3 kb downstream, there is a C, domain, followed by a 3'-untranslated region. In this
untranslated region, homology 1o the 3-untranslated sequence from a subgroup-1 Cq domain is
again apparent. The homology to subgroup-1 sequence, continues further downsiream to an area
encoding a C,, domain. This C-domain may be a remnant of a subgroup-1-like "¢-a-b' cassette.
Since the sequence presently available for this area does not extend beyond the C-like domain,

we can only speculate as to the presence of C; and Cy, domains downstream,

The subgroup-3 genes include PSG-11, -6, and -12. A schematic diagram representing the typical
subgroup-3 gene arrangement is shown in Figure 14. As with the first two subgroups, the Bl
domain is immediately foliowed by a Cd domain. in PSG-12 a stop codon is present at position
11337-11339 bp terminating the open reading frame, producing a typical G4 domain comprising 12

amino acids.

The PSG-11w cDNA is significantly different to the majority of the PSG with respect to it's C-
terminus. A nucleotide substitution oceurs at position 849 by, altering the stop codon normally
present at this point to a tyrosine. This allows the open reading frame to be extended to 243 bp in
length, resulting in the production of an uncharacteristically long hydrophobic C-domain of 81
residues {31}.

As was the case with subgroup-2 genes, subgroup-3 sequence is also similar to subgroup-1
sequence, This sequence similarity continues past the internal domains into the C-domain region
until approximately 148 bp downstream of the Bll domain, where similarity decreases markedly.
Sequence unique to the subgroup-3 genes continues a further 4 kb downstream. Toward the end

of this unique sequence, there are two C-domains present, C, and Cg, unique to these genes.
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Following the C; and Cg domain sequence, there is an increase in the degree of similarity to
subgroup-1 “c-a-b’ casselte sequence. The point at which the homology increases, corresponds to
the point at which the hC3.11 sequence abruptly resumes similarity 1o “c-a-b' cassetie sequence.
However, neither C nor G5 domain sequences were detected in the hC3.11 sequence, implying

hC3.11 is unlikely to “cany' a subgroup-3 gene.

Considering the absence of an upstream Bll domain, the precision of the sequence break points,
and the arrangement of the C-domains, it is probable that the hC3.11 sequence represents a free
standing version of the "G, Cy4, C cassette'. The existence of such a cassette could perhaps be
explained by genomic rearrangement occurring in the evolutionary history of the PSG family.

It is possible that this C-terminal region represents a fragment of the "gene unit’ from which the
subgroup-1, and perhaps, other PSG subgroup C-termini arose. Since the evolutionary history of
the PSG indicates that the genes evoived by duplication and ampiification of a common primordial

gene unit, this explanation would be consistent with previous evolutionary events.

Alternatively, an event such as double-crossover, resuliing in the franslocation of this cluster from a
functional PSG gene, provides another possible explanation for the existence of this region. In
addition, if there were muitiple copies of the PSG genes, a corresponding reduction in the

structural/functional constraints on the region would presumably allow for increased variability.

Considering the capricious nature of evolutionary events, it is possible that a combination of these

factors and events generaied this C-domain cluster,

However, these hypotheses must be regarded as speculative until they can be substantiated by
evolutionary analysis. Therefore, further sequencing and analysis of genomic PSG C-domain

regions are required to clarify the history concerning the evolution of these areas in PSG.



Figure 12: The Subgroup-1 Arrangement.

Schematic diagram of the typical subgroup-1 C-domain
arrangement. C-domains are labelled in the
corresponding boxes, and are selected individually

for inclusion into cDNA transcripts. Not to scale.

{See section C.5.1.1 for texi).

Figure 13: The Subgroup-2 Arrangement.

Schematic diagram of the arrangement of the C-demain’
region in the subgroup-2 gene PSG-5. C-domains are
selected individually for inclusion into cDNA

transcripts. Dashed boxes indicate the C-domain is
present, but expression has not been detected.

Dashed lines indicate sequence unique to subgroup-2
genes. Not o scale. (See section C.5.1.2 for text).

Figqure 14: The Subgroup-3 Arrangement.

Schematic diagram of the typical subgroup-3 C-demain
arrangement. C-domains are selected individually

for inclusion into ¢DNA transcripts. Dashed lines
indicate sequence unique to subgroup-3genes.

Not to scale. (See section C.5.1.3 for text).
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FIGURE 12: THE SUBGROUP-1 ARRANGEMENT

The hC3.11
sequence.
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FIGURE 13: THE SUBGROUP-2 ARRANGEMENT
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FIGURE 14: THE SUBGROUP-3 ARRANGEMENT
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D: RESULTS AND DI ION FOR THE COSMID CLONE

D.1: Defining the Cl

D.1.1: The Clone hC3.11

The PSG-like C-damains in hC3.11 identified in section C.4.2, suggested there may be associated
PSG domains further upstream of this region.

The PSG genes are usually organised in sequential domain arrangements as shown in Figure 3.
Since PSG C-domain clusters are located at the 3' end in typical genomic arrangements, it was
suspected a novel PSG gene was present upstream of the hC3.11 C-domain cluster.

To investigate the existence of such a gene, the region upstream of PSG-11 was examined, using

chromosome walking techniques, 1o isolate overlapping genomic clones.

D.2: THE PROBES

D.2.1: The "Gene- ific' P

A 506 bp BamHifEceRl fragment (Figure 7, pBE.5) lying immediately upstream of the putative G-
domains, had previously been sequenced and shown to lack homology to any reported sequence.
Therefore, it was assumed this sequence contained a PSG intron, and as such it was selected for

use as a gene-spegcific probe.

A “shotgun’ cloning strategy was chosen to subclone the 500 bp BamHI/EcoRl fragment from
pG3B8.5 because the 500 bp fragment represented such a2 small portion of the 8.5 kb clone.

The pG3B8.5 subclone {see Figure 7) contains three internal EcoRlI restriction sites bordered by the
two BamH restriction sites. To clone the 500 base pair fragment, the pG3B8.5 construct was
digested to completion using restriction enzymes Bamt] and EcoRl. This digest resulted in two
EcoRl fragments (1 kb, 2.2 kb), tiwo BamHI/EcoRI fragments (500 bp, 5.5 kb), and the pGEM2
vector with one BamH! and one EcoR] end.
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Following recovery of the digested DNA by ethanol precipitation, the fragments were ligated back
fogether. The rationale was that the pGEM2 vector fragment would ligate to the two BarmHI/EcoRl
fragments, and thus recover the 500 bp fragment of interest in the pGEM2 vector. Competent

E. coli DH-1 cells were transtormed with the ligation mix using the CaClo method, and twelve

transformants were selected.

To determine which of these clones contained the 500 bp insert, DNA was prepared from the
{ransformants by the rapid beil method and digested with Hindlll and Sphi.

Of the twelve clones selected, four contained the 500 bp BarmHl/EcoRI fragment. The other clones
were recyclised vector, some of which contained the remaining fragments of pG3B8.5. One of the
clones containing the 500 bp BamHI/EcoRI fragment, desighated pBE.5, was selected for further

use and a large scale plasmid preparation made. This was the "gene-specific' probe, pBE.S.
PSG-D

To ensure that clones hybridising 1o the gene specific probe were alse PSG-like, a PSG-11s ¢cDNA
probe {(pBB5) was chosen for use in differential hybridisation. The PSG-11s ¢DNA, is a full length
copy of the PSG-11s clone containing the 1, N, Al, All, Bll and Cs domains. This probe will
hybridise via the [, N, A and B domains, to all members of the PSG family, given the high degree of

sequence congervation in these regions.

When the PSG-enriched genomic library (Section B.8} was screened with both the PSG-cDNA
probe and the gene-specific probe, 88% of the plaques cross-hybridised toc the PSG-11 probe as
expecited. Of these, eleven clones also hybridised to the gene-specific probe and were selected for
further study. To purify these eleven clones, each plaque was eluted inio SM buifer, titred, and
subsequently plated at low densily on L-agarose plates. Plaque [ifts were made with nitrocellulose
filters, which were hybridised to the gene-specific probe to identify clones of interest.

From this second round of hybridisation, four phage clones were selected for further study, and
DNA was prepared from them using the medium scale DNA preparation method. These clones
were designated phage #1, #2, #3, and #4.
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Restriction digests of the four cosmid clones revealed that clones #1 and #4 were distinctly
different, whereas clones #2 and #3 appeared by their restriction patterns to be mixtures of clones
of #1 and #4. Subsequently, only phage clones #1 and #4 were pursued further, with no further
attempts to purify clones #2 and #3.

To confirm the results of plaque hybridisation, digests of clones #1 and #4 were transferred onto
nitrocellulose filters by vacuum transfer, then probed with both the PSG ¢cBNA probe and the gene-

specific probe.

While clone #4 hybridised to both of the probes, clone #1 failed to hybridise to either of the probes.
Therefore, in the case of clone #1, it was thought that the incorrect plague had been picked. In
order to isolate another cosmid clone for analysis, the first round lysate of phage #1 was plated
again at low density for plaque purification, and the hybridisation experiments were repeated. From

this piate four clones were selected and these were designated clones #1a, #1b, #1c, and #1d.

Restriction digests of these four new clones revealed they were identical as would be expected, but
that they were different to clone #4. Clone #1d was designated clone #1, and was used in

subsequent experiments
D.3.1; ist Vi r Clon

While this work was in progress, Dr A. Olsen from Los Alamos National Laboratories, CA, USA,
provided our group with two Lorist cosmid clones, designated F11193 and F20478, which were
believed to contain the PSG-11 locus. These cosmids were subsequently shown by P.
MclLenachan {45} o contain a complete PSG-11 gene, and a substantial region of upstream

sequence.

Restriction maps for ¢lones #1, #4, hG3.11, and the Lorist vector clones F11193 and F20478 are

shown in Figure 15,
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FIGURE 15: Comparison of the Cosmid Clones used in this Study.

Cosmid hC3.11 is aligned with Lorist Vector Clones F11193 and F20478.
Restriction enzyme sites are labelled BamH! (B) and EcoRl (E).
An allelic EcoRl site is marked ().
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D.4: RESULTS FROM SOUTHERN HYBRIDISATION AND RESTRICTICN MAPPING

D.4.1: Hybridisation Analysis of Clones #1 and #4

To map both of the cosmid clones #1 and #4, restriction digests were performed using the enzymes
EcoRl, BamrHl, and Hindlll. These complete digests were divided in half and loaded onto two
preparative agarose gels, giving duplicate sets of lanes for each clone. Following electrophoresis,
the DNA was transferred onto nylon or nitrocellulose membranes by Southern blotting o give a set
of identical filtters for each clone. One filter was then hybridised with the PSG ¢DNA probe, and the
other with the gene-specific probe. From this experiment, hybridising fragments were identified and

correlated with the restriction maps. The results are shown in Figures 16 and 17.

D.4.1.1: Hybridisation to Cosmid Vector Arms

Both the clones #1 and #4, were isolated from a library consiructed using the vector EMBL3.

Digestion of the EMBL3 vector with the restriction enzyme Sall, results in cleavage at the Sal sites

flanking the multiple cloning site,

The expected sizes for the left and right vector arms of EMBLS are 19.5 kb and 8.8 kb respectively.

To ensure that the EMBL3 vector arms did not hyhiidise to either of the probes used in the
hybridisation experiments, 5afl digests were performed on each of the cloneas, releasing both vector
arms from the insert fragment. Hybridisation experiments were subsequently performed on these

digests using both the “gene-specific' and PSG-probes. The results are shown in Figure 16b & 16¢,
lane 3; and Figure 17b & 17¢, lane 3.

in clone #1, two fragments from the Sall digest hybridised to the PSG-domain probe (Figure 16b:
12.2 kb, and 8 kb). A single 6.5 kb fragment hybrised to the "gene-specific' probe (Figure 16c¢).

In clone #4, three Saf fragments -hybridised to the PSG-domain probe (Figure 17b: 6.6 kiy, 5.8 kb,
and 4.3 kb), while a single 5.3 kb fragment hybridised to the "gene-specific’ probe (Figure 17¢).
Separate BarmHi/EcoRI digests of pBE.5 and pG3B8.5 were included in the Southern hybridisation

experiments as positive controls for both the "gene-specific’ probe and the PSG-domain probe.



Figure 16: Patterns of Hybridisation Exhibited by Clone #1.

a) Photograph of digests of Clone #1 analysed by gel electrophoresis.

-
W
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D

Positive control {(pG3B8.5 digested with BamHI/EcoRl).
Positive control {pBE.5 digested with BamHI/EcoRI).
Clone #1 digested with Sai.

Clone #1 digested with Hindiil.

Clone #1 digested with EcoRlI.

Clone #1 digested with BamHI/EcoRI).

Clone #1 digested with BamHL

BRL 1 kb DNA ladder.

T2 R0N 2

b} Digests of Clone #1 hybridised to the PSG-domain
probe. Lanes are identical to those listed in 16a.

c) Digests of Clone #1 hybridised to the "gene-specific
probe. Lanes are identical to those listed in 16a.
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1234567 1234567
T ?;?Zkkbb - >12kb
' 11.9 kb
o8 kb 8.6 kb
' - 6.5 kb
3.28 kb
2.9 kb
2.9 kb
- 21kb
4 158kb
500 bp
(b) Clone #1 hybridised to (c) Clone #1 hybridised to
the PSG-domain probe. the ‘gene-specific’ probe.

12834567 L

Lane:

1: Positive control (pG3B8.5 digested with BamHI/EcoR)
2. Positive control {pBE.b digested with BarmHI/EcoRi)

3: Clone #1 digested with Sall.

4: Clone #1 digested with Hindill.

5: Clone #1 digested with EcoRl.

6: Clone #1 digested with BamHI/EcoRI.

7: Clone #1 digested with BamHI.

L: 1kb DNA ladder (BRL).

Figure 16 : Hybridisation Patterns
Exhibited by Clone #1.

(a) Photograph
of digests of



Figure 17: Patterns of Hybridisation Exhibiied by Clone #4.

a) Photograph of digests of Clone #4 analysed by gel electrophoresis.

Lane

Positive control (pG3B8.5 digested with BamHI/EcoRl).
Posilive control (pBE.5 digested with BamHI/EcoRl).
Clone #4 digested with Sall.

Clone #4 digested with Hindlil.

Clone #4 digested with EcoRl.

Clone #4 digested with BamHI/EcoRI.

Duplicate of digest #6, performed independently.
Clone #4 digested with BarmHI.

BRL 1 kb DNA ladder.

Mo Na 2

(&)
S

Restriction enzyme digests of Clone #4 hybridised to the PSG-
domain probe. Lanes are identical to those listed in 16a.

o) Restriction enzyme digests of Clone #4 hybridised to the "gene-
specific' probe. Lanes are identical to those listed in 16a.
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(b) Clone #4 hybridised to (©) Clone #4 hybridised to
the PSG-domain probe. the ‘gene-specific’ probe.

123458678 L Lane:

- Positive control (pG3B8.5 digested with BamHI/EcoR!)
Positive control (pBE.S digested with BamHMI/EcoRi)
Clone #4 digested with Sall.

Clone #4 digested with Hindlll.

Clone #4 digested with EcoRl.

Clone #4 digested with BamHIl/EcoRl.

Duplicate of digest 6, performed independently.

Clone #4 digested with BamH]1.

1 kb DNA ladder (BRL).

TN

Figure 17: Patterns of Hybridisation
Exhibited by Clone #4.

(2) Photograph

of digests of
MAana HA
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D.4.1.2;: HYBRIDISATION OF AN N-DOMAIN PROBE TO CLONES #1 AND #4

To determine if a near complete gene unit was present on either of the clones, an N-demain
specific oligonucteolide probe was also used. The Lorist vector based clones F11193 and F20478,

and the clone phC3.11 containing the FSG-11 N-domain were included as positive controls.

While the "PSG-domain' ¢cGNA probe only defined hybridising areas to be similarto N, A, B, or C
type PSG-domains, an N-terminal specific probe was used to further define the nature of the

domains .in clones #1 and #4,

Restriction digests of cosmid clones #1, #4, F11193, F20478, and hC.311 were transferred to
nitrocellulose filters and hybridised to an N-domain specific probe, which had been end labelled with
v[32P]ATP (see section B.7.4).

In a preliminary experiment, hybridisation of the probe and the washing of the filters was performed
at 50°C. This resulted in many extra bands present on the autoradicgraph. The temperature was
subsequently raised in incrementis {o 55°C, at which temperature consistent, specific hybridisation
was observed. At higher temperatures, all of the hybridised probe was washed from the filters.

Results from this experiment are shown in Figure 18,

In hC3.11, three fragments hybridised to the N-domain probe. These were: a 1.85 kb BamHI/EcoRi
fragment, a 6.4 kb EcoRl fragment, and a 10.9 kb BamH| fragment.

Digests of the clone F20478 show that a 1.82 kb BamHI/EcoRI fragment, a 5.3 kb EcoRl fragment,
and a 10.9 kb BamHI fragment hybridised to the N-domain probe. The clone F11193 displayed an
identical hybridisation pattern as F20478, but with an additional 8.8 kb BamH! fragment also
hybridising to the N-terminal probe.



Figure 18: N-terminal Oligonucleotide Hybridisation.

Results of the N-terminal cligonucleotide hybridisation. A photograph
of the restriction enzyme digests, analysed by gel electrophoresis, is
positioned to the extreme right of the figure. The sequence of the
N-terminal oligonucleotide is:

S GTA CCA GAT GTA GCC AGC AAG?

The filter was hybridised at 50°C, with the final wash temperature at 55°C.
The lanes are as marked in the key beside the autoradiograph.
(See section D.4.1.2 for text).



Figure 18: N-terminal Oligonucleotide Hybridisation.
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Lane

Clone #1 digested with Hindlll.

Clone #1 digested with EcoRl.

Clone #1 digested with BamH|.

Clone #4 digested with Hindlll.

Clone #4 digested with EcoR|.

Clone #4 digested with BamH|.

Clone 20478 digested with BamHI/EcoRl.
Clone 20478 digested with EcoRl.

. Clone 20478 digested with BamHI.

10: Clone 11193 digested with BamHIl/EcoRI.
11: Clone 11193 digested with EcoRl.

12: Clone 111983 digested with BamHI.

13: Clone hC3.11 digested with BamHl.

14: Clone hC3.11 digested with EcoRi.

(999?\.19?9.‘:":.‘9!\??.*

15: Clone hC3.11 digested with BamHI/EcoR.

L’ High Mr DNA ladder (BRL).
L: 1kb DNA ladder (BRL).
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D.4.1.3: Hybridisation 1o G ic DN

Hurman genemic DNA was prepared from fresh peripheral blood lymphocytes. A BanHI/EcoRl|
double digest was performed using 20 pg of the genomic DNA, which was subsequently
electrophoresed through an agarose gel then Southern blotted onto a nylon filter. The filter was
hybridised to a nick-translated pBE.5 probe, to detect genomic BamHI/EcoR! fragments which

cross-hybridise to this "gene-specific’ probe.

Results from this experiment are shown in Figure 19. BamHI/EcoRI genomic DNA fragments of the
following sizes hybridised to the "gene-specific’ probe: 8.9 kb, 7.8 kb, 6.4 kb, 5.3 kb, 4.35kb, 3.2
kb, 2.95 kb, 2.25 kb, 2 kb, 1.62 kb, and 800 bp.

The number of hybridising fragments suggested that the probe was not as unique as was first
anticipated. In addition, the expected 500 bp Bambl/EcoRI fragment was not apparent. In
refrospect, this hybridisation shouid have been done earlier, aithough initially the sequence
appeared unique when compared to sequence databases (see section C.4.1). Difficulties with
cross-hybridisation have been reported by other groups, attempting to use chromosome-walking
techniques to isolate PSG members, due 1o the high degree of sequence conservation within this

gene family.
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7.8 kb 2?
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Figure 19: Hybridisation of Genomic DNA to the ‘Gene-specific’ probe.
Human genomic DNA digested with BamHI/EcoRl, probed with
the ‘Gene-specific’ probe (pBE.5). The positive control lane
(+ve cirl) is clone pBE.5 digested with BamHI/EcoR|.
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4.2: -M i lon nd #4

While the experiments above identified hybridising fragments, to utilise the data it was necessary to
prepare restriction enzyme maps for the clone(s} of interest. Consequently, a cosmid mapping
system was used to construct enzyme maps for clone #1 and #4. Results from a typical Cos-

mapping experiment are shown in Figure 20 which are summarised in Figure 21.

The cosmid mapping system refied on the accurate measurement of DNA fragment sizes following
gel electrophoresis. Since it is difficult to size large DNA fragments accurately by gel
electrophoresis, the accumulation of these inaccuracies can lead to discrepencies in the
construction of restriction enzyme maps. Such inaccuracies were incurred in the calculation of

restriction maps for clones #1 and #4.

However, despite the differences estimating total insert size, the combined restriction maps for
each of the clones were found to be internally consistent by both multiple enzyme digests and

hybridisation analysis.

To allow meaningful comparison of the three maps for each clone, the length of each cosmid map
was standardised by empiricai means. Of the three restriction maps for each clone, the Hindlli map
and the EcoRl map were assumed to be the most accurate for clone #1, and #4 respectively. The
raticnale for this is that these particular enzymes generate the smallest, and therefore most

accurately sized fragments in each of the clones.

The insert fragment sizes in each of the cosmid maps were converted to standardised lengths by

the following equation:

Equation 5
Standardised Fragment size (kb) Total length
fragment = - X  of ‘'modef
size (kb) Total length of cosmid (kb) map (kb)

Where the model ‘maps’ were Hinalll in the case of clone #1, and EcoR! in clone #4.

The combined hybridisation and Cos-mapping data on the standardised maps are shown in Figures
22 and 23.



Figure 20Q: A Typical Cos-mapping Gel

The molecular weight markers are labelled in kb, and
lanes are as follows:
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Clone #4 digested with Hindlil, hybridised with ON-R.
Clone #1 digested with Hindlll, hybridised with ON-R.
Clone #4 digested with BamHl, hybridised with ON-R.
Clone #1 digested with BamHI, hybridised with ON-R.
Clone #4 digested with EcoRlI, hybridised with ON-R.
Clone #1 digested with EcoRI, hybridised with ON-R.
Clone #4 digested with Hindlll, hybridised with ON-L.
Clone #1 digested with Hindlll, hybridised with ON-L.
Clone #4 digested with BamH|, hybridised with ON-L.
Clone #1 digested with BamHi, hybridised with ON-L.
Clone #4 digested with EcoRl, hybridised with ON-L.,
Clone #1 digested with EcoRl, hybridised with ON-L.
BRL High Molecular Weight DNA Markers {56185A)
hybridised to both ON-R and ON-L.

{See section D.4.2 for text).
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FIGURE 20: A TYPICAL COS-MAPPING GEL.
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Figure 21: Summary of Mapping Data For Clone #1 and Clone #4.

Schematic diagrams summarising the Cos-mapping data from Figure 20.

Restriction sites are labelled BamHI (B), EcoRlI (E), and Hindill {H).
(See section D.4.2 for text).
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- Figure 21a: Restriction maps of Clone #1
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Figure 21b: Restriction maps of Clone #4
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Figure 22: Standardised Maps for Clone #1.

Schematic diagrams summarising the combined mapping
and hybridisation data for Clone #1. Restriclion enzyme
sites are labeiled BamHI(B), EcoRl (E), and Hindlli {H).
The fragment lengths have been standardised using
Equation #5. (See section D.4.2 for text).



Figure 22: Standardised Maps for Clone #1
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Figure 23: Standardised Maps for Clone #4.

Schematic diagrams summarising the combined mapping
and hybridisation data for Clone #4. Restriction enzyme
sites are labelled BamHI(B}, EcoRI (E), and Hindlit (H).
The fragment lengths have been standardised using
Equation #5. (See section D.4.2 for text).
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Figure 23: Standardised Maps for Clone #4
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LONE AND

D.5.1; Cosmid Clone #1

The combined restriction mapping and hybridisation data for cione #1 are summarised in Figure 22.

The hybridisation patterns displayed by the EcoRl and BarmH| maps of clone #1, suggest that
homology to the PSG-domain probe covers the length of the clone. However, the large 8.8 kb
EcoRl and 21.5 kb BamHl fragments, are overlapped by the smaller fragments of the Hinolll map
which resolve the region hybridising to the PSG-domain probe to within the first 9 kb of the insert in
clone #1.

Qf the three maps, the EcoR| map provided the finest resolution of the region hybridising to the
“gene-specific’ probe. A 10.8 kb EcoRlI fragment containing the 3' cosmid arm and 2 kb of insert
hybridised to the "gene-specific’ probe, whereas the adjacent 8.8 kb EcoR! fragment did not,
localising the hybridising regicn to the final 2 kb of the cosmid inserf. The hybridisation of an 11.2
kb BarrHI/EcoRI fragment containing the 8.8 kb 3' cosmid arm and 2 kb of insert, provided further

evidence to suppon this assignment.

mid Clon

The assignment of hybridising fragments in clone #4 proved more difficult than for clone #1,
because of difficuities in obtaining complete digests of this clone. However, by careful analysis of
the partial fragments, when they occurred, three internally consistent restriction maps were
obtained. The combined hybridisation and mapping data for clone #4 is summarised in Figure 23.

There were four EcoRl sites present in clone #4, evenly distributed through the cosmid insert, that
gave good resolution for hybridisation.

Two adjacent EcoRl fragments 1.15 kb and 13.8 kb (comprised of 5 kb insert and the 8.8 kb 3'
cosmid vector arm}, located at the 3° end of the cosmid cione hybridised to the PSG-domain probe.
This indicated that PSG-domain-like sequence was present within 6 kb of the 3' end of the ingert in
clone #4. This conclusion is consistent with the hybridisation patterns observed in both the BamH!
and Hindlli maps.
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Figure 17¢ {lane 5) shows clone #4 digested with EcoRI. Only fragments larger than 12 kb cross-
hybridised to the "gene-specific’ probe. Gonsidering the problems encountered in obtaining
consistent digestion of clone #4 with EcoRl, the experiment was repeated to confirm the results.
Three separate experiments consistently demonstrated there were no fragments smaller than 12 kb

cross-hybridising to the “gene-specific’ probe.

It was deduced that one of the larger fragments contained the 19.9 kb §' cosmid vector arm and 2.2
kb of insert. The other large hybridising fragments probably represent either uncut DNA or
undenatured DNA, probably as multimers or concatemers.

Lanes 6 and 7 in Figure 17¢ show duplicate BarmHI/EcoRI double digests of clone #4. Seven
fragments from these digests cross-hybridised to the "gene-specific' probe. On examination, a
number of the fragment sizes were found to be inconsistent with the existing restriction maps for
the cosmid clone. However, when these anomalous bands were assessed as products of partial
digestion, the data was heipful in locating the sequence cross-hybridising to the “gene-specific’

probe in cione #4.

The BarmHIEcoRi fragments of clone #4 hybridising 1o the "gene-specific’ probe were the following

sizes: 750 bp, 1.78 kb, 4.15kb
5.5kb, 8.4 kb, and >12 kb. The fragments larger than 12 kb were assumed tc be parially digested,

containing the large vector arms.

Three arrangements of these BarmHi/EcoR! fragments hybridising to the "gene-specific’ probe are

presented in Figure 24.



Figure 24: Three Scenarios for Clone #4.

Schematic diagrams representing three arrangements
of partially digested DNA fragments from Clone #4.
The partial fragments are presented as thick bold lines
beneath the cosmid cione. Proposed locations of the
region(s) cross hybridising to the "gene-specific' probe
are presented as grey lines. Restriction enzyme sites
are labelled BamHI(B), and EcoRlI (E).

(See section D.5.2 for text).



Figure 24: THREE SCENARIOS FOR CLONE #4
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The first scenario presumes there are two discrete regions within the clone which hybridise to the
‘gene-specific’ probe. It is predicted that one hybridising area is associated with the 800 bp
BamHI/EcoRI fragment, and the other with the 4.15 kb EcoRI/BamiH[ fragment. If this arrangement
is correct, then the 13.8 kb EcoRI fragment ¢entaining the 3’ cosmid arm and the last 5 kb of the
insert (ie: the “second' hybridising region} should hybridise to the "gene-specific’ probe. However,
this did not occur, despite the 13.8 kb EcoRI band being clearly present in the photograph the gel
{Figure 17a}, therefore the data is inconsistent with this first model.

In the second possible arrangement, also shown in Figure 24, the 4.15 kb and 5.5 kb bands would
be located further 5 in the cosmid near the hybridising 800 bp BanmHI/EcoRI fragment. However,
assuming this were the correct organisation, an EcoRl fragment of 1 kb, 2.2 kb, or 1.15 kb should
hybridise to the "gene-specific’ probe, since the 4.15 kb partial fragment which would contain at
least one of these fragments. The photograph of the gel {(Figure 17a) clearly demonsirates that
small fragments of the expected size were present, yet EcoRl fragments less than 12 kb did not
cross-hybridise 1o the "gene-specific' probe. Therefore this arrangement is also inconsistant with
the data.

The third model presents the most likely scenario, being the most consistent with the combined
data. In this model it is assumed that the 1.78 kb, 4.15 kb, 5.5 kb, 9.4 kb fragments (and perhaps
those fragments >12 kb) result from partial digestion, and that the cross-hybridising sequence is
associated with the 800 bp BarmHI/EcoRI fragment. In this arrangement, all of the hybridising
bands overlap the 800 bp Barml/EcoR| fragment.

Assuming this is the correct arrangement, the experimental data can be interpreted in the following

way:

1) The 1.78 kb, 4.15 kb, and 5.3 kb fragments are the result of partial digestion, with
cleavage occurring at the first BarmH!i site, then subsequently at each of the downstream

EcoRl sites in turn.

2) The 9.4 kb fragment could be a BanHI internal fragment resulting from partial digestion of
the clone also overlapping the 800 bp BamHI/EcoRI cross-hybridising region.

3) If the first BamHi site was not cleaved during the BamHI/EcoRI double digest, the
estimated 23 kb EcoRl fragment would contain the 5' cosmid arm and the 3 kb of insert to
the first EcoRl siie.
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4) The slightly larger 23.3 kb fragment could be a Bamii| fragment containing the 5 cosmid
arm and 2.2 kb of insen; depending on whether the cross-hybridising region extended
upstream of the first BanHl site.

5) The largest fragments may represent uncut DNA, or "conformational artifacts'

{eg: concatemers or multimers}.

These explanations are consistent with the fragment sizes and hybridisation patterns resulting from
the BamHI/EcoRlI digest.

The combined data from the restriction maps for clone #4 suggest the hybridising region includes
the 800 bp BamHI/EcoRI fragment, and perhaps extends into the area 5' of this fragment. In
conclusion, the data consistently demonstrates that the sequence cross-hybridising 1o the "gene-

specific' probe is located within the initial 3 kb of insert within clone #4.



82

D.6: DI ION FOR CLONES #1 AND #4

D.6.1; The Cos-Mapping

The lambda terminase system used to map the cosmid clones required the DNA to be partially
digested, whereas Southern hybridisation experiments required the sample DNA to be digested to
completion. Since difficulties were encountered in obtaining consistently prediclable digestion with
some of the restriction enzymes, this often complicated analysis of the results and hindered the
progress of this investigation.

Analysis of the Cos-mapping results was often complicated by the partial bands being very faint,
{see Figure 25); whereas the Southern hybridisation data was sometimes difficult to interpret due to

the presence of additional hybridising fragments,

[t addiion to being the most frequent cutting of the three enzymes used to map clone #4, EcoR!
was also the most difficult restriction enzyme to attain satistactory digestion with. Attempts fo
digest clone #4 to compietion often resuited in multiple partial bands. These unexpected bands
may have resulted from star activity due to regions of sequence closely resembling the EcoRl

recognition sequence, or perhaps overdigestion of the cosmid DNA.

Although a consistent standard protocol was used, attempts to partially digest the cosmid DNA for
Cos-mapping often resulted in near complete digests. When this occurred, the “partial’ fragments
were poorly represented in the fragment population, making them very faint or even undetectable.
Hence, this initially led to the construction of erronecus maps, since some restriction sites were not
detected by the mapping system.

Despite the difficulties encountered in the analysis of the data, the three final restriction maps for
each of the two clones, were found to be internally consistent. Moreover, analysis of the partially

digested products revealed additional useful information.

A good example of this is the censtruction of the BamHI/EcoRI map for clone #4. Ambiguity in
positioning the “gene-specific’ cross-hybridising region in clone #4 with respect to the Bamil and
EcoR! restriction fragments was resolved by simple addition and subtraction of completely digested
fragment sizes to match the sizes of corresponding partial fragments. In this manner, the partial
fragments revealed which completely digested fragments lay adjacent to each other, thereby
determining the order and location of the hybridising fragments.
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Due 1o lengthy difficulties encountered with the Cos-mapping approach, practicality dictated the use
of only three enzymes to map each clone. Consequently, further mapping of the two cosmid clones
using different restriction enzyme combinations, would enhance the resolution of the restriction

maps, and thus increase the accuracy in locating area(s) of interest within each clone.

Restriction maps for clones hC3.11, and the Lorist vector clones F11193 and F20478 are shown in
Figure 15. Maps for clones #1 and #4 are shown in Figures 22 and 23.

The clones #1 and #4, hC3.11, and the Lorist vector clones (F11193 and F20478} were isolated
from three separate libraries, created from DNA extracted from three different individuals.
Considering the heterogeneity of the sources of the human genomic DNA, allglic differences are not
unexpected. Nonetheless, a cautious approach is required when attributing anomalous differences
to allelic variation, since the possibility of multiple loci existing for particular genes cannot yet be

eliminated.

The combined data from restriction mapping, hybridisation experiments and fragments of sequence
obtained from the Lorist vector clones, all support the “authenticity’ of hC3.11, being representative

of the genomic arrangement at this particular locus.
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Figure 25: PRODUCTS FROM COS-MAPPING DIGESTS.

In this hypothetical arrangement, only fragments attached to the vector arms would be
detected by the ON-R and ON-L probes. If partial fragments are not well represented,
internal restriction sites may not be detected.
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D.6.2: Clones #1 and #4

Restriction mapping established the distinct identities of clones #1 and #4, subsequently confirmed
by hybridisation experiments using both the "gene-specific’ and PSG-prabes.

The size and order of the restriction fragments in clone #4 resemble those in hC3.11 to a significant
degree. For example, a 2.2 kb EcoRI fragment flanked by two 1 kb EcoRl fragments, is also found
in hG3.11 as shown in Figure 7.

However, subtle but significant size differences were apparent between hC3.11 and clone #4. For
example, the 800 bp BamHI/EcoR! hybridising fragment found in clone #4 is significantly larger than
the 500 bp BarmHI/EcoRI hybridising fragment found in hC3.11. In addition to this, one of the 1 kb
fragments flanking the 2.2 kb BamHi fragment was estimated to be 1.15 kb. The latter difference
may simply be due to the small inaccuracy in estimating fragment size, but the former difference is

clear and marked.

Interestingly, an additional EcoRl restriction site was present in clone #4 corresponding to a site
found in both the Lorist clones F11193 and F20478. This particular site is not present in the hC3.11
clone, which may indicate an allelic difference at this particular locus.

The restriction patterns in clone #1 did not resemble those found in F11183, F20478, or hC3.11.
Moreover, the patterns of hybridisation 10 both the PSG-probe and the “gene-specific’ probe
differed from those displayed by either hC3.11 or the Lorist clones. This strongly suggests that
clone #1 overlaps neither hC3.11, F20478, nor F111893, Since it appears that the cosmid clone #1
does not overlap hC3.11, the insert of clone #1 probably represents a fragment from another PSG-

like gene.

The PSG-11s ¢cDNA prebe, BB5, was initially used to screen the genomic library 1o enrich for PSG-
like members. Because this PSG-domain probe contains highly conserved L, N, A and B domains,
cross-hybridising CEA related family members were not excluded from the enriched library.

Indeed, exiensive cross-hybridisation of the "gene-specific’ probe is displayed in the genomic
hybridisation experiment (see Figure 19).

Other research groups investigating the PSG have also reperted difficutties in chromosome walking
due to the extensive cross-hybridisation amongst the PSG family members, and even across the
related gene families {ie: CEA, NCA, BGP eic).



86

A study by Rudert et al. {83} has observed that intron and 3'-untranslated sequences in CEA, are
more highly conserved than the structural domains. It is suggested that the selective conservation
of certain intron regions may reflect unknown functional constraints on these regions.

Other studies have demonstrated the conservation of functional elements in both intron {126} and
3'-untransiated regions {127,128}. The clustering of the CEA family genes on chromosome 19, and
the occurrence of simple sequences that could serve as potential recombination sites between non-
homologous genes {129,130} in the introns of several CEA related genes {20} support this

assumption.

Such putative recombination sites could also facilitate exon shuffling {131}, whereby genes varying
in the number of repeated domains may have arisen, accounting for the domain arrangements in
NCA, PSG and CEA. The selective conservation of certain intron regions may reflect unknown
functional constraints, contributing to the degree of sequence similarity observed in these regions.
Conservation of functional elements in intron {126) as well as 3'-untranslated regions {127,128}

have been reported.

Since the "gene-specific' probe was comprised of intron sequence, this provides a possible
explanation for the extensive cross-hybridisation observed in these experiments.

The crux of the probiem invelves designing probes which have a sufficient degree of specificity to
distinguish the gene of interest from other closely related genes. This first requires that all PSG C-
termini be characterised and sequenced, beiore specific oligonuclectides can be designed and

manufactured to target specific genes.

Therefore, the possibility that clone #1 contains a non-PSG DNA fragment, cannot be eliminated
until further characterisation of the clone is undertaken. Hybridisation experimenis involving
specific oligonuclectide probes and/or sequencing regions of the clone to identify the gene would

resolve this matter.

To demonstrate that the results obtained from the hybridisation experiments were not due to the

cosmid vector arms hybridising to the probes, both clone #1 and #4 were digested to completion
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with Sall. These digests were electrophoresed, Southern biotted onto nitroceilulose filters, then
hybridised to both the PSG-domain probe and the *gene-specific' probe.

The fragment sizes expected for the left and right cosmid arms are 19.9 kb and 8.8 kb respectively.
Fragments corresponding to these sizes were clearly visible in the gel photo, indicating that
digestion was satisfactory. The presence of multiple hybridising fragments indicated there were
internal Safl sites in both clones #1 and #4, although these sites were not mapped.

As expected, fragments hybridising to both the PSG-domain probe and the “gene-specitic’ probe,
were not of sizes comresponding to either cosmid arm. This demonstrated that the cosmid vector
arms did not cross-hybridise to either of the probes (See lane 3, Figures 16 and 17).

Since the "gene-specific’ probe used to isolate clones #1 and #4 was derived from a region of 3'
untranslated sequence, clones isolated using this probe would be expected to contain PSG-like C-
domain, 3' untranslated region sequence, and perhaps also portions of the internatl A/B domains.
Indeed, the hybridisation experiments performed on both clones #1 and #4 as shown in Figures 16
and 17 provide experimental evidence to substantiate this.

To investigate the possible presence of an N-domain within the clones #1 and #4, digests of both
cosmids were probed with an oligonuclectide specific for the PSG N-domain (see Figure 18).
Neither clone #1 nor clone #4 displayed hybridisation to the N-domain probe when washed at the
correct stringency. This result may not be entirely unexpected considering that the insert in each
clone is only approximately 10 kb in length. To date, entire lengths of reported PSG genes have
been 11-17 kb. Beth clenes {#1 and #4} were originally isolated using a probe derived from 3'-
untranslated sequence, therefore it is reasonable to expect that both 5 and 3' regions of the gene
may not have be included in their entirety, due to the limited length of the cosmids.

The difference in size of the hybridising EcoR| fragment between the Lorist vector clones and
hC3.11, is probably due to an aliglic difference. An additional EcoRlI site which is present in the
both Lorist vector clones, is hot present inthe hC3.11 ¢lone, resulting in the 1.1 kb difference in
size of the hybridising EcoRlI fragment. Incidentally, an analogous EcoRl site is also present in
clone #4, which may suggest that the hC3.11 arrangement is the exception.
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Since the human DNA used to construct the EMBL and Lorist libraries, from which the Lorist based
clones and hC3.11 were isolated, was obtained from two separate individuals, alielic differences

amongst the isolated clones could be expected.

In conclusion, the hybridisation experiment using the N-terminal oligonucleotide probe
demonstrated that neither clone #1 nor clone #4 contained PSG N-domain sequence.

The genomic hybridisation results in Figure 19, show a large number of genomic fragments cross-
hybridise to the “gene-specific’ probe, suggesting this probe is not as unique as initially expected.
The 500 bp clone pBE.5 selected as the "gene-specific' probe would be expected to hybridise in a
genomic hybridisation. However, the genomic autoradiograph failed to show a fragment of a

corresponding size.

Given the intensity of the hybridisation pattern, it is unlikely that the bands represent partial digests.
Even it partial fragments were praesent, the band of interest at 800 bp is unlikely to be an artifact of
partial digestion, since this is the smallest hybridising fragment.

The genomic DNA vused to construct the libraries from which hC3.11 and the Lorist clones were
isolated were not available, therefore it was not possible to perform genomic hybridisation
experiments to provide confirmation of allelic variance. Despite this, there is indirect evidence 1o
suggest the existence of allelic difference amongst these clones. The restriction patterns of clone
#4 display a significant degree of resemblance to the hC3.11 clone. An allelic difterence in the form
of an additional EcoRl site, is evident between the Lorist vecior clones (F20478, F11193) and
h(3.11, as shown in the N-terminal domain hybridisation experiment (see Figure 18).

Moreover, if the 800 bp BamHI/EcoRI hybridising fragment represented a genomic locus other than
that of the 500 bp BamHI/EcoR! region of hC3.11, a discrete hybridisation signal would be expected
for each locus. The results of this genomic hybridisation experiment indicate a single predominant
hybridising fragment present at 800 bp, suggesting that the size differences of the hybridising
fragments are due to allelic differences between the sources of the clones, rather than the detection

of separate loci.

Assessing the combined data from the hybridisation experiments performed on clone #1, it is likely
that this clone contains a fragment representing a genomic locus other than that in hC3.11. Neither
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the hybridisation nor the restriction patterns bear any resemblance to either hC3.11 or the Lorist

vector clones.

Clone #1 contains an insert fragment which was produced by a partial Sau3Al genomic digest. The
recognition sequence for SauBAl is the 4 bp ~_GATC_' sequence, whereas Bami! is more specific
recognising the & bp sequence ' _GGATCC_". Therefore, while the Sau3Al ends of the insert are
compatible to BamHtl cohesive ends, they do not necessarily generate Bamt| cleavage sites. This
presents a number of possibilities, depending on the exact nature of the ligation in clone #1. Ifa
BarmHI site was regenerated at the 3' end of the insert, then the final 1.98 kb EcoRl fragment in
clone #1 may reprasent a band of the same size on the genomic autoradiograph. If the region of
cross-hybridising sequence extended back to the 8.69 kb EcoRl fragment, this may correspond to
another of the larger hybridising fragments. If a BamHI site was not generated following ligation
into the vector, then it is still possibie that one of the other bands larger than 2 kb represent the
hybridising region in clone #1, since would be BarH| sites downstream in the genomic

arrangement.

As expected, the results of hybridisation experiments performed on digests of clones #1 are
consistent with this genomic hybridisation experiment, since the DNA originated frem a common
source. However, considaring the extensive cross-hybridisation of the “gene-specific’ probe,
hybridising fragments which are of similar sizes predicted sizes for clones #1, may not necessarily

correspond to the loci in question

The conclusions which may be drawn from this experiment, are firstly that the 500 bp
Bamtl /EcoR| fragment in hC3.11 is not as unique as first thought, and secondly that the 800 bp
BamH! /EcoRI fragment probably represents an allelic variant to the 500 bp fragment in hC3.11.

A more unique piece of sequence needs to be identified as a gene-specific probe, if further clones
representing this genomic region are o be isolated. Any candidates should be tested by genomic

hybridisation before being used to screen phage libraries,
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E: CONCLUSIONS

A nucleotide sequence of 3796 bp has been sequenced in both directions and shown to closely
resemble subgroup-1 PSG gene sequence, containing what appears to be a free-standing "C-Ca-
Cp' -domain cassette. This cassette is thought to be ubiquitous amongst the members of the PSG
gene family. In addition o the C-termini comprising the "C.-C4-Cy' cassetie, a number of
previously unreported C-termini are also predicted. Whether the putative exons reported in this
hC3.11 C-domain cluster are expressed or not, remains to be established experimentally. A paper
reporting sequence from this investigation, to be submitied for publication, is included in the

appendix {130}.

Overlapping clones for chromosome walking were sought, subsequently clones #1 and #4 were
identified and mapped. Restriction profiles and hybridisation patiernis indicate that cosmid clone #1
does not overlap the genomic region represented by hC3.11. Since it is possible that the DNA
fragment contained in this clone may represent either a CEA or PSG subfamily gene, the exact

identity of this clone remains inconclusive.

In contrast to this, the mapping and hybridisation data indicate that clone #4 closely resembles the
patterns displayed by the hC3.11 cosmid, However, since the possibility of multiple loci for the
PSG genes has not been eliminated, clone #4 may not necessarily represent the same genomic

locus as the hC3.11 clone.

Characterisation of the recently acquired Lorist vector clones F11193 and F20478 {45}, revealed
they overlap the hC3.11 genomic locus, as well as a considerable upstream region. In light of this,
further characterisation of the clones #1 and #4 would not be a prierity, since Southern hybridisation
information from the Lorist vector clones has clarified the PSG domain organigation in this area.

E.1: FUTURE STUDIES

Other groups have also reported similar difficulties when attempting to isolate complete PSG
transcriptional units from phage libraries {125}. A high degree of specificity is required to eliminate
the extensive cross-hybridisation encountered amongst the CEA/PSG family members during

chromosome walking experiments,

Nucleotide sequencing of genomic PSG fragments identified in genomic mapping experiments

would enable unique sequence io be used in the design and synthesis of oligohucleotide probes.
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These oligonucleotide probes would potentially distinguish individual PSG species from other
members of the PSG/CEA family under high stringency conditions.

Further studies to definitively map the genomic location of the individual PSG genes would also
resolve whether there were multiple loci for the PSG genes or not. Mapping technigues employing
yeast chromosome vectors have been used to sucessfully map large sections of the human
genome, and data amassed from the worldwide genomic sequencing project could reveal further
information about the PSG/CEA family.

Anocther avenue of study which could be pursued, is the investigation of evolutionary mechanisms
operating in the CEA/PSG gene family. Examination of existing PSG sequences indicate the 'c-a-
b' cassette is present in all PSG genes characterised to date. Evolutionary trees may now be
constructed using this information, perhaps revealing further insights into the evolutionary history of

this gene family.

The isolation and expression of individual PSG species is a crucial step in assigning biclogical
role(s) to specific proteins. Recently in our laboratory, a putative receptor protein for the PSG-11
protein. While exhibiting several binding characteristics in common with integrin family members,
the molecular weight of the putative PSG-11 receptor is significantly smaller than would be
expected for an integrin {126). The specific receptors for the different PSG proteins may now be
identified, and the biological role(s) of the individual PSG proteins can be investigated in greater

detail.

Future investigations into the biological role of the PSG and the factors controlling their expression,
may also provide a vaiuable model from which aspects of alternate splicing and the mechanisms

governing splice selection could be studied.
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Summary

A sequence related to the C-terminal coding regions of a subgroup 1
pregnancy-specific B1-glycoprotein (PSG) has been characterised upstrearn of the
PSG11 gene. The sequence can encode the C, Cy, and Cy, domains but there
appear to be no other gene exons within at least 10kb. Based on the organisation of

other PSG genes, the organisation of these sequences is novel.
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The human pregnancy-specific B1-glycoproteins (PSG) form a family of
glycoproteins expressed in the placenta throughout pregnancy {reviewed 11].
Cloning studies have shown that there are at least 11 genes encoding the PSG,
clustered on chromosome 19 region g13.1-13.2 [2,3,4]. Each gene is composed of
at least six exons. The first exons encode the leader sequence (L) and the N-
terminal domain (N) of the proteins. Subsequent exons encode the central protein
domains Al, BI, AlIl, BIl. Over these exons there is greater than 90% nucleotide
identity between the genes. The C-terminal domains of the proteins are created
through alternative splicing of C-terminal exons. There are three subgroups of the
PSG, defined by the organisation of the C-terminal exons. Subgroup 1 PSG genes
express four altemative C-terminal domains, Cq, C¢, Cy, Cp,, which are encoded by
separate exons [5,6]. The subgroup 2 genes express a Cpyy domain. The
organisation of these genes is unique. Unlike the subgroup 1 and 3 genes where the
C-terminal coding sequence and 3'-untranslated region are within one exon, the
Ciyp coding sequence and first 44 bases of 3' -untranslated region are encoded
within a separate exon from the rest of the 3'-untranslated region [4,7]. The
subgroup 3 genes can express up to three C-terminal domains, Cy, C;, Cs, encoded
by separate exons [1,8,9,10,11]. Recently we rcportcci the complete sequence of
the subgroup 3 gene PSG11 and demonstrated, through sequence comparison, that
both the subgroup 2 and 3 genes have the subgroup 1 C,,, C,, and Cj, coding
sequences present [12], although they do not seem to be expressed. It was
demonstrated that in evolution, the subgroup 1 Cq4 sequence had been disrupted by
the sequences encoding either Cpyy or Cp and Cg of the subgroup 2 and 3 genes.
The Cg, C,, and Cy, sequences present in subgroups 2 and 3 gene were referred to
as a "cab" cassette, since the point at which the subgroup 2 and 3 genes resumed
identity to the subgroup 1 Cg, C,, and Cy, sequences was identical, as if the
sequences were an evolutionary unit. We have now sequenced a PSG-related

region upstream of the PSG11 gene and show that it contains a "cab" cassette,
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apparently unlinked to a PSG transcription unit and propose that it is an

evolutionary relic of the evolution of the PSG gene subgroups.

Three cosmid clones, h(C3.11, F11193 and F20478, which encompassed the
PSG11 gene have previously been characterised. Approximately 9 kb upstream of
the PSG11 gene we identified, by hybridisation, a PSG-like sequence (Figure 1).
The sequence of this region is given in Figure 2. The first 500 bases of sequence
have little relationship to sequences reported on the GenBank nucleotide database.
From about 500 bp onwards there is increasing similarity to the cDNA sequence of
the subgroup 2 gene PSG3. Between nucleotides 522 and 537 is a potential splice
acceptor site. This occurs immediately prior to the sequence corresponding to the
3'-untranslated region exon of the subgroup 2 genes, suggesting that this could be
the C-terminal coding sequence for a subgroup 2 gene. Another potential splice
site, also present in the PSG3 transcript, between nucleotides 588 and 602, is also
present. The similarity to the PSG3 transcript continues for 490 bp to the end of
the PSG3 transcript, with 83% nucleotide identity. From nucleotide 682 onwards, a

"cab™ cassette is present, consistent with the organisation of the PSG genes.

No genomic sequence has been reported previously for this region of a
subgroup 2 gene. However, the sequence has several features which suggest that it
1s not part of a subgroup 2 gene. Firstly, the subgroup 2 genes lack the C; exon
splice acceptor site present in the subgroup 1 genes (Figure 2, nucleotides 872 to
885), which prevents expression of the Cq_jjke domain sequences in the subgroup 2
genes. In the sequence reported, however, this splice site is intact and a C,, coding
sequence almost identical to that of PSGlc is predicted. Secondly, the associated
poly(A) addition consensus sequence (AATAAA) present in the subgroup 2
transeript (Figure 2, nucleotides 1004 t01009) is absent. Thirdly, over the 350bp of
sequence common 1o the subgroup 1 and 2 genes (nucleotides 677 to 1027}, there

is 94.3% identity to the subgroup 1 PSG1 gene and 84% identity to the subgroup 2
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gene PSG3. If spaces required for optimal alignment are conéidcred, the identities
drop to 93.7% subgroup 1 identity and 72% subgroup 2 identity. This implies that
the "cab" cassette is more closely related to the functional sequences of a subgroup

1 gene than the non-expressed subgroup 2 sequences.

Beyond the "cab" cassette region {nucleotides 2244 to 3769), the sequence
shows little sequence similarity to previously reported sequences on the GenBank
nucleotide database. There are two potential splice acceptor sequences at
nucleotides 2532 to 2549 and 3363 to 3380, each followed by poly(A) addition
consensus sequences at nucleotides 2729 1o 2734 and 3490 to 3495, but the
domains encoded are uniike any reported for the PSG and their significance is

unclear.

To investigate if the sequence reported is part of a PSG gene, the cosmids
were hybridised with cDNA probes representing the central A and B domains of the
PSG genes. No hybridisng regions were identified within the 10kb lying upstream
of the "cab" cassette. Since the length of a PSG transcription unit is 14-17kb in
length [1,12] and the L, N, A and B exons are spread over 10-12kb, it would seem
unlikely that a "cab" cassette separated from a BII domain by more than 10kb is
part of a functional PSG gene. This sequence is unlikely to be a cloning artifact,
since it is present in three independent clones isolated from two libraries created
from independent tissue sources, using different cloning vectors and hosts. This
may suggest that this cassette is a relic of an evolutionary event that created the C-

terminal diversity of the PSG gene family [12].

This work was supported in part by a Health Research Council of New
Zealand project grant to BCM. KIJR was supported by a University Grants

Committee post-doctoral fellowship.
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Figure 1

Maps of the cosmid clones hC3.11, F11193 and F20478 showing the relation of the
sequence reported to the PSG11 gene. The L, L/N, Al pseudo-BI, All, BII-Cy,,
Cy, and Cg exons are boxed and lie, in order, 5-3'. The region containing the "cab"
cassette is underlined. Restriction sites marked are Eco RI (E) and Bam HI (B).

An Eco Rl polymorphism is marked (¥}.

Figure 2

Nucleotide sequence of the PSG C-terminal sequences lying upstream of the PSG11
gene aligned with analogous regions of a PSG subgroup 1 gene (PSGl) and a
subgroup 2 (PSG3) cDNA. Potential splice acceptor sites are marked in bold and
underlined. Potential poly(A) addition consensus sequences a.re. marked in bold.
Potential translations are given in one letter code benreath the sequence.
Translations of the PSG1 gene and PSG3 ¢cDNA sequences are given above the
sequences. Sequence identity is represented by ".". Spaces introduced into the
sequences to optimise alignments are represented by "-". The sequence has the

GenBank accession number L.17043.
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