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Abstract

PAPP-A is a large glycoprotein with o - electrophoretic mobility that is

produced by the placenta during pregnancy. In this thesis a biochemical
and molecular characterisation of PAPP-A was performed.

The polyclonal antiserum (DAKO) directed against PAPP-A has been
shown to also interact with proteins other than PAPP-A. These non-specific
interactions were abolished by performing Western blotting
immunodetection at a high salt concentration (0.6M NaCl). At this salt
concentration a single band of 195 kDa was immunodetected and this
corresponded to the monomeric PAPP-A molecule. It was also discovered
that a subset of paratopes in this antiserum reacted, under the described
high salt concentration conditions, with the glycan component of PAPP-A.

A placental cDNA library was screened using this antibody for the
PAPP-A c¢cDNA but this did not yield a clone for PAPP-A. A possible
explanation is that the interaction with this antibody requires carbohydrate
components to be present on the PAPP-A molecule. It is known that proteins
expressed in bacterial systems are not post-translationally modified.
Therefore another approach to the isolation of the PAPP-A ¢cDNA clone was
adopted, but this required some primary amino acid sequence of this protein
that was unavailable at the time. To generate this information, PAPP-A was
purified using its previously unpublished affinity for L-arginine in
combination with the already described procedures of ammonium sulphate
precipitation, ion exchange and gel filtration. Final purification of PAPP-A
was achieved by SDS-PAGE electrophoresis. The isolated monomeric PAPP-
A gave a unique single N-terminal amino acid sequence: N-EARGATEEPS.

The N terminal sequence combined with the sequence obtained from
limited proteolytic digestion of PAPP-A were used to design oligonucleotide
primers specific for PAPP-A. These primers were used in a PCR reaction
that produced 500 and >1200 bp fragments using the cDNA library as DNA
template; thus demonstrating that PAPP-A is synthesised in the placenta.

PAPP-A was shown to have O and N-linked carbohydrate chains.
Enzymatic deglycosylation demonstrated that the N-linked chains were 8%
(w/w) of the molecule. The O-linked groups were extensively modified with
the presence of oligomers of N-acetyl-glucosamine. It was also shown that it
was these groups the PAPP-A antibodies bind to at high salt concentration.

A physical interaction of PAPP-A with endoproteinase Arg-C (EGF-BP)
was observed. It was seen that they form a 1:1 (PAPP-A: endoproteinase)
sub-unit complex that was stable in SDS. A further investigation revealed
that PAPP-A interacted with the endoproteinase Arg-C and this resulted in
a 30% inhibition of the esterolytic activity of this enzyme.
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Chapter One

Pregnancy and Pregnancy Proteins

1.1 Introduction

The changes that are imposed on the maternal human system by
pregnancy have led to an interest in the molecules that are synthesised
during pregnancy. The placenta is a highly invasive organ that is
analogous to a locally invasive tumour. It is hoped that an understanding of
the control mechanisms and molecules produced at the trophoblastic
interface will lead to a better understanding of how the conceptus in the

majority of cases survives to term.

1.2 The Establishment of the Human Foeto-Maternal
Interface

After fertilisation of the human female oocyte by the male spermatozoan
a series of mitotic cleavage divisions occur and two distinctive groups of
blastomeres emerge, surrounded by the zona pellucida. One of these groups
form the inner cell mass which include the embryogenic cells, while the
other consists of a mass of flattened polyhedral cells that compose the
blastocystic trophoblast. At this stage the repeated divisions produce a
characteristic mulberry-shaped mass of cells (a morula). By the fifth day
following ovulation and fertilisation the zona pellucida is shed. The uterine
wall now consists of two main layers, the myometrium (a thick layer of
muscles) and the endometrium (an inner mucous membrane, Figure 1.1a).
Implantation of the morula now occurs with the trophoblastic cells adhering
to the endometrium. On adhering they exert histiolytic activity on the
endometrial epithelium with invasion and destruction of a part of the

maternal vascular epithelia. The endometrium then undergoes a series of
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changes that results in the decidualisation of the secretory endometrium.
These cells acquire a characteristic polygonal shape and this decidual layer

thickens and becomes more heavily vascularised (Figure 1.1b).

Corpus luteum

~{ Graafian follicle &”

Myometnunf( s <

Endometrium (progestatlonal stage)

Zona pellucida ‘

Q

Fimbria

(a) Decidua Decidua basalis
parietalis

Decidua
capsularis

(b)

Figure 1.1
Schematic illustration of events leading to implantation (a) and the
development of the Chorion and Decidua (b).

(Adapted from Langman, 1975)

During this invasive process the trophoblastic cells divide with great
rapidity and the progeny fuse with each other to form a thin polarized
membrane (the syncytio-trophoblast). This places the chorionic
(trophoblastic and foetal vascular tissue) attachment to the uterus in direct
contact with the maternal blood stream and so this is a haemochorial type of

placentation (Bjorkman,1985).
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During the described invasive process large lacunar spaces are formed
and after enlargement become blood filled intervillous spaces that initially
contain a labyrinthine chorionic structure that develops into a secondary
villous structure (Wﬂliams and Warick, 1980). The chorion is vascularized
by the allantoic blood vessels and so is termed chorioallantoic. The
chorionic attachment enlarges in a discoidal pattern to cover approximately
25% of the endometrium at about the third month of pregnancy. At this
stage this attachment is known as the placenta; which is deciduate as
maternal tissue and placental membranes are shed as part of the afterbirth

at term (Figures 1.2a and 1.2b).

Uterine cervical czanal

Internal os uteri

Amnion

Amniochorion {

(eytotrophoblast) +(see Fig.1a8)

Decidua capsularis

Virtual uterine lumen

Decidua parietalis ;’)L 0
Myometrium

Placental disc

Amnictic cavity

Figure 1.2a
Schematic illustration of the foetal placental intrauterine complex
(Adapted from Panigel et al, 1985)




‘Umailical c:ra// /

Cherial glaca

Cytotracnoclast c=11 leanc‘:,\
ICHcr‘.cnic

Intarvillcus scacs
Interlocular sectum) 7 i‘

Syncytictrzenellass
o = nczlasc{tasal :’.a:e)

P/ Q
y ;. [ ———— T ——— } Cycssrocnesl
Incarscitial cyta:*:ancalas:/
Lina of glac=nctal saoara:.cn/ , Se=--- ofmae=- -

Oecicualcasal glate!

| Qeec cecicua

—_— -
(resc-gar<um) 7 e .
/ * ', ) Mycmetrium
Utarcclacsntal vein Utarszlacsnsal ar=ary Ancncring cncrionic villus

Figure 1.2b
Schematic enlargement of inset seen in Figure 1.2a

If you consider Mossman's (1987) definition of the placenta as an
“ apposition of foetal and parental tissues for the purpose of physiological

»”

exchange. then it is well suited to this task from a structural point of
view as its surface area is equivalent to the calculated absorptive area of
the entire adult gastro-intestinal tract.

The placenta also acts as an anchoring device for the foetus, providing it
with buoyancy and allowing for freedom of movement aﬁd growth in an
aquatic environment. Allowing for these described features the placental
unit must provide for effective synthesis, storage, transport and breakdown
of compounds that are vital for foetal growth. These physiological processes
have been reviewed by Bjorkman (1985) and it is not proposed to further
cover them here.

The foetus also contains material acquired from the paternal genotype,

which to the mothers immune system must make the placenta look

somewhat allogeneic, so it comes as a surprise that the semi-allogeneic




gestation survives and proceeds to term. This apparent contradiction is

further deepened with the demonstration by Voisin et al, (1985) that:

e The immunological capacity of the mother to defend against microbial
infections is not significantly impaired.

e The maternal immune system recognises the foreign paternal antigens.

e The haemochorial placentation bathes the paternal antigens present on
the trophoblast in blood and hence one of the major channels for
transport of cells involved in immune surveillance and response.
Therefore it is a surprise that the immune system does not react as

expected to the presence of this semi-allogeneic allograft. It is also likely

that any communication between the foetal and maternal systems will be
endocrine in nature (Bell, 1988). So a more detailed understanding of the
trophoblast and related tissues is needed, as they are likely to play a key
role in this physiological and immunological exchange that occurs between

the foetal and maternal systems.

1.3 Molecules Produced In Response to the Foetal
Maternal Intra-Uterine Complex

The placenta, foetus and endometrial tissues produce a wide variety of
biologically active proteins, which have historically been split into two
groups (Bohn and Winkler, 1988).

e Group-A: Molecules that were identified on the basis of their activity.
¢ Group-B: Molecules that were identified using an immunochemical
approach.

‘The first group-A molecule was discovered by Aschheim and Zondek in
1927 who found a hormone with gonadotrophic activity and named it human
gonado-tropin (later renamed human chorionic gonadotropin, hCG). Some of
the molecules identified in this group are identical or analogues to

functional proteins that have been found in other tissues, whilst others are
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biologically active substances that are necessary for the maintenance of
pregnancy.

Studies of the group B proteins were initiated by MacLaren et al, (1959)
and their cited work on the protein composition of blood in human
pregnancy demonstrated the presence of additional antigenic determinants,
when compared to sera from non-pregnant or male donors. This
demonstration led to the suggestion that a new group of pregnancy-specific
proteins exist during pregnancy. Using the immunochemical approach
Tatarinov and Masyukevich (cited from 1970) and Bohn (cited from 1971)
isolated pregnancy-specific proteins in the early ‘70s. Lin et__al, (1974a,
1974b) produced antisera to human pregnancy plasma that had been
adsorbed with plasma from males. Using this antisera they showed the
presence of four distinct immunoprecipitin lines. They were named
alphabetically from the immunoprecipitin pattern seen as pregnancy-
associated plasma protein's A, B, C and D. Since then numerous placental
proteins have been isolated, with Bohn et al, (1988) isolating more than 50
different antigens over the past 20 years. The initial work utilised whole
term placental tissue that was composed of foetal and maternal tissue. This
led to the identification of a number of maternal proteins initially defined as
P’lacental P’roteins (PP), e.g. PP2 has subsequently shown to be ferritin
(Bohn and Winkler, 1988 cited from Bohn’s initial work, 1973). Subsequent
work by other investigators has used a more closely defined tissue source
and has led to the characterisation of :-

e Foetal antigens (Fay et al, 1989, Price et al, 1995).
e Soluble tissue proteins (PP's). and
e Membrane associated placental proteins (MP’s).

The immunochemical approach has led to many proteins being identified,



some of the components have been seen in more than one tissue
compartment and have been shown to be immunochemically identical, e.g.
MP2-C shown to be identical to PP21 (Bohn and Winkler, 1988).

An overall class of proteins defined as pregnancy-associated has emerged,
several of these proteins have been found outside of pregnancy e.g. in the
seminal plasma and follicular fluid. To keep these proteins as a class it was
suggested that a more appropriate term be Reproductive Proteins (Chard,
1985). One of the proteins whose levels are modulated by pregnancy is
termed pregnancy-associated plasma protein-A (PAPP-A) and is considered

further.

1.4 Pregnancy-Associated Plasma Protein-A (PAPP-A)
1.4.1 The Isolation and Purification of PAPP-A

Lin et al (1974a) were the first group to purify PAPP-A and raise a
polyclonal antiserum against it. Folkersen et al (1979) subsequently isolated
a protein they called pregnancy specific protein-4, which was shown using
immunological methods to be identical to PAPP-A. Subsequently Sutcliffe et
al (1979), Bischof (1979a), McIntyre et al (1981), Davey et al (1982) and
Oxvig et al, (1994) isolated PAPP-A by a variety of chromatographic
techniques (Table 1.1). The described purification procedures were applied
to purify PAPP-A from maternal blood samples, although PAPP-A has also
been purified from placental homogenates (Lin and Halbert, 1976 and
Davey et al, 1983). In all purification schemes it was found to be difficult to

obtain a homogeneous preparation, without resorting to negative (or
positive) immuno-affinity chromatogfaphy or utilising PAPP-A's interaction
with heparin (Sinosich et al, 1981). Techniques that utilise positive affinity
chromatography, i.e. selective binding of PAPP-A to an antibody directed
against it require subsequent elution with chaotropic agents (Sutcliffe et al,

1979).



All schemes for the purification of PAPP-A except that of Oxvig et al,
(1994) were published prior to the practical work of this thesis. A guide to -
the yield and purity of PAPP-A prepared by the various schemes outlined in
Table 1.1 is shown in Table 1.2. An assessment of the purity can also be
made by looking at specificity of antisera produced by the wvarious
investigators, in which they used this material as immunogen for the

production of antisera directed against PAPP-A (Table 1.5).

1.4.2 Physico-Chemical Characteristics of PAPP-A

PAPP-A is a glycoprotein containing 19.2-19.4% (Sutcliffe et al, 1980.
Sinosich et al, 1990) carbohydrates with the major sugar residue being
glucose (48%). The carbohydrate content has been analysed using lectins
which have revealed the presence of sialic acid, a-D-glucose, o-D-mannose,
N-Acetyl-glucosamine and N-Acetyl-galactosamine (Sinosich, 1988a). A

summary of the various findings is given in Table 1.3

1.4.2.1 Molecular Organisation

Prior to the work by Oxvig et al, (1993) it was proposed that PAPP-A is a
homo-tetramer with a Mr of 710 - 820 kDa, (Lin et al, 1974b. Bischof,
1979a. Sinosich et al, 1987) which consists of two dimers held together by
van der Waal's forces, each dimer being composed of identical subunits of Mr
200 - 236 kDa covalently linked by disulphide bridges (Bischof, 1979b.
Sinosich et al, 1990). This proposed structure was also shown not to contain
any thiol-esters. The carbohydrate moiety has also been suggested to play a
role in the maintenance of PAPP-A’s structure (Sinosich, 1990). Recently
Oxvig et al, (1994) have suggested that PAPP-A is a heterotetramer
composed of two sub-units of PAPP-A with two sub-units of proMBP with a
calculated M; of 474 kDa. The exact tertiary form of PAPP-A present in the

maternal serum is unknown, it has not been established whether all of the
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PAPP-A is in a complex with proMBP or if it also exists as a homotetramer

as described by previous investigators.

Table 1.3 Glycan components of PAPP-A as found by other investigators

PAPP-A purified
and measured by:

Bischof (1979b)

Sutcliffe et al, (1980)

Sinosich et al,(1990)

Oxvig et al, (1994)

Carbohydrate residues found on purified
material:

No Galactosamine but contains
3.1% Glucosamine.

Presence of sialic acid as determined by
treatment with neuramindase, N-linked groups
present as determined by incubation with the
glycosidic enzyme, Endo-H.

% Total carbohydrate: 19.2% (w/w)

3.8% Glucuronic acid
9.4% Glucose

3.1% Fucose

2.3% Mannose

0.8% Galactose.

% Total carbohydrate: 19.4% (w/w)

PAPP-A monomer PAPP-A/proMBP
nd.............. Glucuronic acid ......... 0.92%
0.42% ............ Fucose ................. 0.41%
3.39% ............ Mannose .............. 3.05%
0.03% ............ Glucose ......eeuuenenne 0.03%
1.87% ............ Galactose ............. 3.11%

4.52% .....N-Acetylglucosamine .. 6.34%
0% ....... N-Acetylgalactosamine.. 0.23%
3.09% .N-Acetylneuraminic acid..3.27%

13.4% Total Carbohydrate (w/w) 17.4%

[Legend: The Carbohydrate composition of PAPP-A, pro-MBP and PAPP-A/pro-MBP
complex were as determined by Oxvig et al, (1994) compared with that obtained for PAPP-A
(PAPP-A/proMBP complex) by Sinosich et al, (1990). The 13.4% of glycan present on PAPP-
A monomer being equivalent to 26.5kDa carbohydrate and the PAPP-A polypeptide
chain,172 kDa as calculated from the cDNA sequence, Kristensen et al, 1994)]
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1.4.2.2 Electrophoretic Mobility
PAPP-A has ag electrophoretic mobility (Lin et al, 1974a. Bischof,

1979b) but its isoelectric point (pI) seems to depend on the body

compartment from which it was isolated (Table 1.4).

Table 1.4 The pl of PAPP-A isolated by various investigators

Source of PAPP-A measured pl
EST=3 5 01 1 ¢ HU I 4.41 4,52
EDTA plasma ....cccceevveeccsnnenene 4.352
Citrated plasma ........ceeeerenene 4.3 -4.58
Placental extract .......cccceeeunees 4.752

[Note: Investigators were, *Halbert and Lin (1979), 2Sinosich (1988a), 3Davey
and Teisner (1982) and 4Sinosich et al,(1983)]

1.4.2.3 Other Characteristics

It has also been shown that PAPP-A is a metalloprotein containing zinc
(Sinosich et al,1983) and that it interacts with heparin (Sinosich et al,1981).
Detection of PAPP-A by immunological means is not affected by repeated
freeze/thaw cycles or exposure to a pH between 4 - 10 at 4°C for 2hrs, but it
is destroyed at pH 2 and 12 (Lin et al,1974b). Part of the PAPP-A molecule
is cleaved during incubations with chondroitinase suggesting that it is a

proteoglycan (Sinosich,1990).

1.4.3 PAPP-A Localisation and Control of Its Synthesis
Work published after the completion of the practical aspects of this
thesis by Silahtaroglu et al, (1993) has shown by using a cDNA probe (pPA-

1, Kristensen et al, 1994) and fluorescence in-situ hybridisation (FISH) that

the PAPP-A gene is located on Chromosome 9 at position, p33.1.



1.4.3.1 The Trophoblast

Lin and Halbert (1976) demonstrated by immuno-fluoresence that PAPP-
-A is present in the placenta. Wahlstrom et al, (1981) confirmed this, but
found that it was almost entirely restricted to the apical border of the
syncytiotrophoblast. McIntyre et al, (1981) also showed it to be localised in
the syncytiotrophoblast but found that not all tissue sections stained
strongly for PAPP-A. However just because it is present in the
syncytiotrophoblast does not necessarily mean that this is its site of
synthesis, e.g. Isaka and Bischof (1986) demonstrated that PAPP-A binds to
placental subfractions of the trophoblast with a similar binding affinity to
that of insulin for its GnRH receptor.

Barnea et al, (1986b) examined long term cultures of primary cells from
the trophoblast to see if they were capable of producing PAPP-A. They
demonstrated that PAPP-A was produced and this process was inhibited by
incubating these cells with inhibitors of protein synthesis. Bersinger et al,
(1988) also showed that PAPP-A was produced by a perfused placenta and
that its synthesis was energy dependant.

Recently the identification of PAPP-A ¢cDNA (Kristensen et al, 1994) has
allowed the production of PAPP-A RNA probes that have confirmed that the
site of production of PAPP-A mRNA are the placental X-cells and syncytio-
trophoblast (Bonno et al, 1994b).

Bischof et al,(1986a) also demonstrated that trophoblastic production of
PAPP-A could be inhibited by RU486 (a progestogen) and that the inhibition
could be overcome by addition of progesterone, with the suggestion that
PAPP-A is a progesterone dependant protein. Sorensen et al. (1995) found
that differing rates of production by the placenta were seen between the
proteins: PAPP-A, SP1, hPL and hCG with the suggestion that a more
complicated control mechanism exists for synthesis of PAPP-A and hCG.
Work on animal models by Pepe et al,(1994) demonstrated using a Baboon
animal model that by performing a foetectomy (i.e. removal of the foetus, not
the placenta) in mid-gestation resulted in normal delivery of the placenta at
term. They also observed continued secretion of PAPP-A but found that

maternal PAPP-A serum levels did not continue to rise when compared to a
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normal control group of baboon pregnancies. This suggests that PAPP-A is
regulated by factors that regulate placental growth, contradictory findings
to that seen by Bischof et al, (1986a) were observed in that progesterone
was not seen to affect thé maternal serum levels of PAPP-A. The difference
in control mechanisms will have to await further molecular studies that can

now be undertaken as the cDNA for PAPP-A has been produced.

1.4.4 Extra-Trophoblastic sites of production for PAPP-A
1.4.4.1 The Endometrium

Duberg et al, (1982) have found that the endometrium contains 3-4 times
more PAPP-A than the trophoblast, with the levels of PAPP-A tending to
follow histological staging, they were lowest during the inactive phase and
highest in the secretory phase. PAPP-A levels in the endometrium also
correlated with the level of steroids during the phases. Duenas et al, (1988)
have localised PAPP-A in endometrial (glandular and stromal) tissues
during its proliferative and secretory phases. Bischof and Tseng (1986) have
also shown that like the primary trophoblast cells, a primary cell culture of
human endometrial cells is capable of producing PAPP-A and that it is also
progesterone dependent. This endometrial link for an extra-trophoblastic
site of production is also strengthened by the finding of Ikarashi and
Takeuchi (cited from 1987) that by analysis of PAPP-A and Tissue
polypeptide antigen levels it is possible to screen for endometrial cancer.
However in light of the findings by Tornehave et al (1987) it is likely that
the PAPP-A seen in the endometrium is an artefact of the
immunovisualisation technique that was used. This has subsequently been

confirmed at a molecular level by Bonno et al, (1994b).

1.4.4.2 Other Sites
Schindler et al, (1986) have visualised PAPP-A in the male genital tract

amongst cells in the Leydig population, the epithelium of the Rete testis, the
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head of the epididymis and the seminal vesicles. Duenas et al, (1988) have
also found PAPP-A in the stroma of the ovary, cervix and ductal epithelium
of the breast. It should however be pointed out that PAPP-A localised by the
immunoperoxidase technique is very dependant upon the specificity of the
primary antibody and the technique used for immunovisualisation
(Tornehave et al, 1986).

Tornehave et_al, (1987) have already demonstrated that the PAPP-A
antisera available are not monospecific. Kuhajda et al, (1989) for example
identified a ¢cDNA clone for a haptoglobulin related protein using the
commercially available antisera. It has also been shown that PAPP-A
specific staining of tissues from Stage I breast cancer could be abolished by
pre-incubating the primary antibody with haptoglobulin. It is therefore clear
that care is needed in interpreting those studies that have localised PAPP-
A using an immunovisualisation technique.

Recently Chemnitz et al, (1986) have also shown that the antisera
developed by Bischof and used in many localisation studies is not
monospecific for PAPP-A but contains specificities for at least 6 other
antigens. In their study they compared four different polyclonal antisera for
PAPP-A and showed that if Bischof's antisera was adsorbed with human
serum and foetal/connective tissue then they could abolish the detection of
PAPP-A on the decidualised endometrium. They found that PAPP-A was
only found in the cytoplasm of the syncytiotrophoblast, suggesting that
PAPP-A is localised in the trophoblast and that other immuno-localisations
in other tissues may be due to using a polyspecific antisera. Westergaard et
al, (1988) have also confirmed these findings, but have also noted that by
setting up a competitive system between PAPP-A added and the tissue for
the antisera it is possible to demonstrate that PAPP-A is associated with the
apical rim of the syncytiotrophoblast, confirmation at a molecular level
using anti-sense probes confirmed that PAPP-A mRNA was produced by

syncytio-trophoblast cells (Bonno et al, 1994b). PAPP-A mRNA was however
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demonstrated in the testes and follicular cells (Kristensen et al, 1994). The
use of animal models (Pepe et al, 1994) also allows an in - vivo model to be
used to look at the affect of hormones on regulating the placental

production of PAPP-A.

1.4.5 Assay Systems For The Measurement of PAPP-A

The immunoassays which have been used by various investigators are
listed in Table 1.5. Investigators term pregnancy pools are compared to an
International World Health Organisation term serum reference pool
(W.H.O. 78/610) which consists of a pool of late pregnancy serum allowed
the comparison of PAPP-A levels that have been found by different
investigators and revealed very disparate levels for PAPP-A with over a
400% difference seen in the concentrations determined ((3) and (4a), Table
1.5).

Various antisera have been raised against PAPP-A (Table 1.6) but as
observed by Chemnitz et al (1986) not all of the antisera produced had
epitopes directed solely against PAPP-A. This variability in the quality of
one of the primary reagents will ultimately have an affect on assays for‘
PAPP-A that utilise an immunochemical measurement system e.g. the
immunoassays and the subsequent levels found for PAPP-A using assays
will also be affected by the quality of the primary reagents that have been
used.

The Investigators represented in Table 1.6 reported that their antisera
were specific for PAPP-A. The differences described in specificity were
probably due to the methods chosen to evaluate the antisera produced. For
example, Bischof et al (1979c) reported his antisera to be specific for PAPP--
-A by immunodiffusion, whereas this antisera was subsequently shown to
have specifities directed against other serum proteins when tested using

. Line immunoelectrophoresis, a more sensitive method of analysis.



A variety of non-specific effects on the described assay systems for
PAPP-A (Table 1.5) have been observed, see Table 1.7. The ELISA described
suffered from non-specific matrix effects with markedly increased (by 50%)
concentrations of PAPP-A found in haemolysed plasma when compared to
matched non-haemolysed controls, suggesting that a red cell component can

affect the levels of PAPP-A found when using this ELISA system.

Table 1.5 PAPP-A immunoassays used by other investigators.

Method aSensitivit bTerm cf Ref.

Crossed Immunoelectrophoresisl  Mid-2nd trimester 156
Rocket Immunoelectrophoresis?2 2nd trimester 123
Radiorocket line electrophoresis3 30 pg/l. 65
Radioimmunoassay

a) - (Bischof et al,1981b) 33 pg/l. 258

b) - (Sinosich et al,1982b) 3 ug/l.

c) - (Anthony et al,1983) 20 pg/l.

d) - (Pinto-Furtado et al,1984) 5 pg/l. 110
Radioimmunometric4 5 pgfl. 110
Enzymeimmunoassay® 2-3rd trimester 90

[Legend: 2 The sensitivity quoted were the own investigators measure of the minimum
levels that the listed assay was capable of measuring, if no figure was quoted then it was
given as an estimate of the minimum level able to be measured during pregnancy. b Term
cf Ref: This referred to the investigators own late third trimester serum pool compared to
the W.H.O. standard.

(Lin et al, 1976b. 2Bischof et al, 1979c. 3Folkersen et al, 1981.4Mowles et al, 1986.

SPledger and Bellfield, 1983.)




Table 1.6 Antisera to PAPP-A produced by various investigators

Investigator aType Antisera Immunadsorbed bSpecificity
(designation) raised in: with:
Linetal? P Rabbits HNPPP
(Miami)
Bischof et al 2 P Rabbits HNPPPO ¢ at least 6.
(Aberdeen) others
Sutcliffe et al 3 P Sheep HMS
(Glasgow)
Folkersen et P Goats HNPPP+FCS dSpecific
al4 (Odense)

DAKOS P Rabbits HNPPP ef Other
(Commercial) - specificities
Sinosich et al6 P Rabbits MHS d Specific

(Sydney)
Mowles et al” M Mice - -
(London)

[LEGEND: 2Type: (P) Polyclonal. (M) Monoclonal. bSpecificity: Cross - reactivity, also see
text. ¢ :PZP, o2-M, B-lipoprotein, AT-III, SP1 plus 1 undefined specificity. 4:Sinosich
(1988a). ¢ : Kuhajda et al (1989) antibody shares epitopes with haptoglobulin related
protein. f : also binds SP1 (Sinosich, 1988c). HNPPP: Human Non-Pregnant Plasma
Proteins. HNPPPO: Human Non-Pregnant Plasma Proteins from women on Oestrogen
therapy. MHS: Male Human Serum. FCS: Foetal Connective Tissue.]

(Lin et al, (1974a), 2Bischof et al, (1979¢), 3Sutcliffe et _al, (1980), Folkersen et al, (1979),
SDAKOPATTS (Appendix 1), ¢ Sinosich et al, (1987) and 7 Mowles et al, (1986)).

Two RIA procedures (Table 1.5) gave markedly different results
depending on the type of anti-coagulant that was used to collect the blood
samples. The difference in PAPP-A levels that were found when different
anti-coagulants were used was most marked in this type of assay when

serum was compared against EDTA plasma (The RIA described by Sinosich
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et al, (1982b) noted a 100% increase in levels). The RIA described by Pinto-
Furtado et al, (1984) did find a statistically significant difference in the
levels found in serum compared to EDTA plasma but this RIA procedure
had a far less pronounced difference (20% increase) in the levels that were

seen. The exact nature and cause of these observed differences is unknown.

Table 1.7 The affect of anti-coagulants on the measured levels of PAPP-A

Type of Assay Type of Anticoagulant Used Effect of
Haemolysis

dACD Citrate Oxalate Heparin EDTA -
RIE! - ne - alnc. - -
RIE2 Dec. - - Inc. Inc. -
RIAS Dec. nc nc nc Inc. -
RIA4 - - - aInc. bInc. -
ELISAS - - - - - cInc.

[Legend: Levels compared against its serum value in that assay. (-): Not determined.
(nc): No significant change in levels observed. (Inc.): Increase in levels observed in relation
to that seen in serum. (Dec.): Decrease in levels observed in relation to that seen in serum.
2(Action reversed by protamine sulphate). P(Increase neutralised if chelation affect
abolished). ¢(Higher values observed in haemolysed samples from males). ¢ (Acid Citrate
Dextrose). ] (\Westergaard et al (1983a), 2Toop and Klopper (1983),3Pinto-Furtado et al
(1984), 4Sinosich et al (1985) and 5Pledger and Bellfield (1983)).

It has been demonstrated that it is the nature of the PAPP-A molecule
used for the RIA standard and tracer in these assays that was responsible
for these observed differences and not due to the antisera that was used
(Bischof and Meisser, 1988); these investigators re-evaluated their RIA in
terms of tracer, PAPP-A standard and antibody used and concluded that the
PAPP-A isolated from late pregnancy EDTA plasma had a component that
was recognised by an antiserum against human serum proteins. They also
noted that irrespective of the source of antiserum used (Table 1.6) that
coagulation also changed the level of PAPP-A detected, therefore some form
of immunological heterogeneity has been observed for PAPP-A. It has been
recently shown (Oxvig et al, 1993) that PAPP-A is linked by disulphide
bonds to pro-MBP. It is unknown however whether all the PAPP-A found in
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the maternal serum of pregnant women is complexed with pro-MBP or what
effect this complex has on the different assay systems. Sinosich et al, (1991)
have also demonstrated that PAPP-A levels when measured by crossed
immuno-electrophoresis are reduced when Human Granulocyte Elastase
(HGE) was included in an intermediate gel, thus suggesting an effect on the
measured level of PAPP-A when PAPP-A was interacting with HGE. It is
not known whether a similar effect is seen for the suggested PAPP-
A/proMBP complex.

PAPP-A is a metallo-protein (Sinosich et al, 1983) and was
demonstrated to bind Zinc. This has been confirmed at a structural level as
the PAPP-A ¢cDNA (Kristensen et al, 1994) contains a Zinc binding region.
Therefore it is possible that the effect observed by Sinosich et al, (1985) that
changes in the PAPP-A levels could be removed, if the chelating affect of the
EDTA was neutralised immediately by the addition of an excess of metal
ions. It is interesting to speculate that as this reversible change in PAPP-A
levels may be due to structural changes in the conformation of PAPP-A that
are effected by the chelation of Zinc with EDTA which is reversed when this
affect was abolished. Similar changes in the PAPP-A levels seen when
heparin was present were reversed if the heparin antagonist, protamine
sulphate was used. This indicates that the tertiary structure of PAPP-A
affects the PAPP-A levels measured in the blood using the described

Immunoassays

1.4.6 PAPP-A Levels Found In The Maternal Blood During
Pregnancy
The affects of the PAPP-A immunoassays described in this Chapter may
explain the different biochemical profiles that were obtained for PAPP-A
when different investigators have followed the levels of PAPP-A found in the
maternal blood during pregnancy (Figures 1.3 and 1.4).
Bischof and Meisser (1988) have also observed that depending upon

whether the PAPP-A used to prepare the tracer in an RIA was from EDTA
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plasma or serum, that markedly different results were obtained that were
independant of the PAPP-A antisera used. The results affected, effectively
changed whether or not PAPP-A was found in non-pregnant individuals and
may explain why some investigators find PAPP-A in the blood of males/non-
pregnant females (Bischof and Megevand, 1986. Bueler and Bersinger,

1989), whilst others could not (Anthony et al, 1983. Pinto-Furtado et al,

1984).

Maternal PAPP-A Levels (IU/L)

Weeks of Gestation

Figure 1.3
The levels of PAPP-A found in maternal blood during the first trimester of
pregnancy.

[Legend: !: Levels as found using a RIA described and adapted from Bischof et al,(1981a)
with measurement of EDTA plasma samples. 2: Levels as found using a RIA described and
adapted from Pinto Furtado et al,(1984) with measurement of serum samples. Note:
Assumed that the International Reference Standard 78/610, contained 100 IU/L.]
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The differences in the measured level of PAPP-A are dependant upon
assay type, state of the blood (e.g. serum or plasma) and are maintained
throughout pregnancy (Figure 1.4). It is however generally believed that
PAPP-A can be detected in the blood from the fourth week of gestation and
that it continues to rise until parturition. The problems outlined make the
interpretation of many of the clinical studies performed not only dependent
upon clinical differences between patients but also to artefactual differences
in the measurement of PAPP-A and may explain why such conflicting

clinical data has accumulated (Section 1.4.7).

Maternal PAPP-A Level (IU/L)

80th Centile
eln]n]
Median
1
cJa -
Sgth Cantile
1@th Cantile
194
2
/ Median
« 10th Cantile
a

Weeks of Gestation

Figure 1.4
Schematic illustration of the maternal levels of PAPP-A found in the blood

during pregnancy.

[Legend: 1: Adapted from Barnea et al, (1986a). 2: Adapted from Westergaard and Teisner,
(1983b). Note: Assumed that the International Reference Standard 78/610 contained 100 IU/L.]
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1.4.7 The Diagnostic Usefulness Of PAPP-A Measurements
Many studies have been performed to see if circulating PAPP-A levels
can be used as a biochemical parameter in obstetric diagnosis. The basic
criterion for a biochemical parameter of foetal/placental function is whether
that parameter can be used to distinguish normal from pathological
pregnancies. PAPP-A is found in relatively high concentrations in the
maternal serum, therefore it can be measured by simple immunochemical
methods. It also shows very little diurnal variation and so fulfils some of the
' secondary criteria for an obstetric biochemical parameter (Chard, 1976).
Quantification of maternal PAPP-A levels have been performed to see if it
would be of use in the prediction and management of certain abnormalities
of pregnancy:
e Threatened miscarriage.
e Ectopic pregnancy.
e Pre-eclamptic toxaemia.

e Congenital disorders.

1.4.7.1 Threatened Miscarriage/Abortion

“ Abortion, spontaneous abortion and miscarriage....... refer to the
unexpected loss of a pregnancy prior to the period of fetal viability. ” (as
quoted from Winter et al,1988). Threatened Miscarriage (TMC) being the
appearance of preliminary signs of being about to abort the foetus/embryo
but stopping before this outcome is reached. It is estimated that TMC occurs
in up to 25% of all pregnancies (Stabile et al, 1988) and this is a figure that
has remained unchanged for decades. TMC can be diagnosed by direct
vaginal examination if the cervix is dilated, however a diagnosis of TMC is
not possible by physical examination where the cervix is closed. Initially it

was hoped that bleeding could be used as an indicator of TMC, but as many
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as 20% of patients have vaginal bleeding. It has been shown that a higher
percentage of this group of patients who present with vaginal bleeding do
subsequently abort when compared to those patients who do not present
with vaginal bleeding. This diagnostic problem has partially been solved
with the advent of Ultrasound, now it is possible to reliably determine the
presence of a live foetus after six weeks gestation and therefore alter the
clinical management of women with TMC.

Stabile et al, (1988) have showed that ultrasound is of use in the

management of TMC post 7 weeks gestation, with the prognosis that if
foetal life is confirmed during the first trimester of pregnancy then 95 - 98%
of these women will progress to the normal outcome of pregnancy.

Of the possible biochemical indicators that can be used it has been found
that if PAPP-A levels are depressed when compared to normal pregnancy, it
can then be used as a predictor of miscarriage (Bischof et al, 1986a. Stabile
et al, 1988. and Bischof et al, 1989). Westergaard et al.(1985) has
subsequently qualified this in that PAPP-A can be used as a biochemical
indicator if foetal life is evident by ultrasound. If the heart action was
normal and the level of PAPP-A were normal, then the chance of a normal
outcome of pregnancy was in excess of 98%. It was also found (Westergaard
et al, 1983b) that of the biochemical parameters (hCG, SP1, hPL and PAPP-
A), only PAPP-A levels were depressed if foetal heart action was present and
a subsequent abortion occurred. Moussa et al, (1988) have also shown that
PAPP-A levels were consistently lower in those patients who spontaneously
abort when compared against another group in which abortion was elected
for by the patient. However the usefulness of PAPP-A to predict subsequent
abortions has not been found to be superior to other biochemical parameters
by all investigators. Bersinger et al, (1987) did find that PAPP-A levels were
depressed in TMC but that it did not improve upon the predictability

conferred by a hCG measurement.



1.4.7.2 Ectopic Pregnancy

Implantation of the blastocyst normally occurs in the endometrium of the
uterine body, but it may also occur in an extrauterine or ectopic site.
Implantation occurring near the internal os uteri (Figure 1.2a) gives rise to
a condition known as placenta praevia which can cause severe ante-partum
haemorrhage. This condition has been found to occur in 0.5 % of
pregnancies. Modern diagnostic methods and rapid surgical intervention
have led to a fall in maternal mortality caused by ectopic pregnancy.
However better treatment of the other causes of maternal mortality has led
to Ectopic pregnancy being an even greater contributor to maternal
mortality in the western world (Westergaard et al, 1988). The risk of ectopic
pregnancy has also been compounded by a study that has shown a link
between those patients undergoing tubal surgery and IVF-ET having a
higher incidence of ectopic pregnancies (Bischof et al, 1989). These two
factors have led to a renewed interest in methods that can be used to
diagnose ectopic pregnancy. The diagnostic procedure followed should show
that the patient is pregnant and whether the foetal-placental tissue is
located outside its normal position in the uterus.

Bischof et al, (1989) have reported that PAPP-A levels are depressed in
ectopic pregnancy with the finding that depressed levels in the maternal
blood occur from day 30 onwards. They found it to be an excellent
prognostic parameter for ectopic or intrauterine abortion with a sensitivity
of 87.5% and a predictive value of 100%. They concluded that PAPP-A can
be used to monitor post-implantation embryo viability following IVF-ET.
Sinosich et al, (1985) have also found that in conjunction with a positive
pregnancy test and clinical history, that severely depressed or undetectable
serum PAPP-A was indicative of suspected ectopic pregnancy.

A larger study of 207 women with suspected ectopic pregnancy
(Westergaard et al, 1988) also bears out the use of PAPP-A to detect ectopic

pregnancies, but they also suggested that it was not the ideal test prior to
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8 weeks. Sauer et al, (1989) also came to the conclusion that a single PAPP-
A measurement was of little value in determining normal from abnormal
pregnancies prior to 8 weeks gestation. The need for early diagnosis of
ectopic pregnancy seem therefore to exclude PAPP-A as a biochemical
parameter for it diagnosis, however Tornehave et al, (1987) have also shown
that the syncytiotrophoblast tissue staining for PAPP-A matches its
maternal serum levels. Ectopic tissues studied had PAPP-A values all
below the 10th centile, with PAPP-A levels being implicated in this
pathological condition by measurements at both local (tissue) and at the
periphery (blood). Its use therefore as a diagnostic tool for the diagnosis of

ectopic pregnancy has not yet been ruled out.

1.4.7.3 Pre-eclamptic toxaemia

Pre-eclamptic toxaemia (PET) occurs in 3 - 5% of pregnancies, the cause
has not yet been elucidated. It is characterised by.a raised blood pressure,
proteinuria and oedema. Eclampsia is a severe degree of PET and if
untreated leads to the death of the patient.

PET is one of the earliest recognised disorders being observed over 100
years ago and is present in about 7% of pregnancies, three quarters develop
hypertensive pregnancies during the last trimester of pregnancy, it is
responsible for over half of all perinatal maternal deaths seen in the USA
(Blazer et al, 1991). Surgical intervention in the form of caesarean section
has led to the mortality rate being reduced to 1% in some clinics. Smith et
al, (1979) observed that maternal levels of PAPP-A rose in those patients
that suffered from PET and that this rise often preceded any overt signs of

this condition, the significance of this still has to be determined.



1.4.7. 4 Cornelia-de-Lange Syndrome

This is a rare syndrome with an estimated occurrence of 1: >10,000 live
births. It is known as the Cornelia de Lange (CL) syndrome with the first
published account by this Paediatrician in 1933, the condition was also
described by Dr Brachmann in 1915 (Opitz, 1985). It is a serious syndrome
producing severe mental retardation in the infant and has characteristic
facial and limb dysmorphic features; with small stature, hypoplastic middle
phalanx of the index fingers and gastroesophageal reflux. It is not always a
fatal syndrome and current diagnosis relies upon recognising the
dysmorphic features. Early recognition is essential as dietary changes
combined with surgical treatment for the gastroesophageal reflux has been
seen to reduce morbidity and mortality in children with this syndrome

(Sataloff et al, 1990 and Rosenbach et al, 1992). The lack of foetal markers

makes antepartum diagnosis difficult but it has been suggested (Bruner
and Hsia, 1990) that a diagnosis is possible by comparing the triad of:
e Abnormally low maternal serum AFP.
e Symmetrical Intrauterine growth retardation.
e Ultrasound examinations for foetal abnormalities in the second
trimester.
It has aléo been suggested that hormonal derangement may play a role

in the manifestations of this syndrome (Sataloff et al, 1990). CL has a

relatively poor prognosis as relatively few patients survive into adulthood.
Some familial transmission has been seen, however the majority of CL cases
are sporadic. An autosomal dominant mode of inheritance has been
suggested, but no clear chromosomal region has been identified. The only
candidate regions that have been seen were a balanced 3;17 chromosomal
translocation and ring 3 and 9 chromosomes. No consistent chromosomal
abnormality has been observed in CL cases. PAPP-A levels have been
suggested as another biochemical indicator as they have been demonstrated
to be undetectable in the maternal serum or trophoblastic tissues of
patients with this rare syndrome (Westergaard et al, 1983c). This combined
with the observation that the locus for PAPP - A is on Chromosome 9
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(Silahtaroglu et al, 1993) and one case of CL has been associated with a

ring 9 chromosomal abnormality (Opitz, 1985) suggests that PAPP-A may
be implicated in the aetiology of this syndrome but further studies are

needed to define it’s role.

1.4.7.5 Down Syndrome

John Down in 1866 described a series of patients with what is now
defined as Down Syndrome (DS). The cause of this phenotype was found to
be trisomy of chromosome 21 in 1959. Approximately 1 in 600 - 800 live
births are born with DS (Hernandez and Fisher, 1996). A range of clinical
features seen with this syndrome are described in Table 1.8.

Table 1.8 Clinical Features of DS

1Clinical Features Frequency of Features Seen in DS Patients
Mental Retardation 992.3 %
Neonatal Hypotonia 1003 %
Dysmorphology - 902 % Flattened facial features.
- 502 % Speckled Iris.
AD Histopathology 1003 % by the age of 35 years
(80% have AD-dementia by age of 40.)
Cong. Heart Defects 40 - 6023 %
Growth Retardation 314 % below 10th centile at term.
Acute Leukaemia 13%

[Legend: AD: Alzheimer Disease. Cong.: Congenital. 1Clinical Features: These are not a
comprehensive list but represent a selected range of features; A comprehensive listing of DS
features can be found in: 2: Buyse, 1990. 3: Hernandez and Fisher, 1996. 4:Cuckle and
Wald, 1992.]

It is the most common form of aneuploidy seen in Man; the observation
that a maternal serum marker (alpha-fetoprotein, AFP) is reduced in DS
pregnancies (Cuckle et al, 1987) led to the possibility of screening for this
aneuploidy. Wald (1988) suggested the use of the biochemical maternal
serum triple test assaying for AFP, Total hCG and Unconjugated free in

Oestriol between 15 and 22 weeks of pregnancy and this is now established

many countries.



1.4.7.5a Maternal Serum Screening for DS in the 2nd Trimester

A multi-centre evaluation of maternal serum screening methods (Ward,
1994) demonstrated that the measurement of unconjugated Oestriol adds
little to the risk assessment (probably because it includes a maternally
derived component, Cuckle and Wald, 1992). A superior assessment of risk

is obtained by measuring levels of free B-Chain of hCG and AFP (Table

1.9).

Table 1.9 Detection Rates for DS in the 2nd Trimester when analysing
different maternal serum analytes.

Analyte measured: % Detection rate: % 2False positives:
3AFP + Free BhCG 63.8 5.9
SAFP + Total hCG 55.3 6.5
SAFP + ThCG + UE3 55.1 7.1

[Legend: 1: Given as proportion of affected pregnancies with positive results. 2: Given as
proportion of unaffected pregnancies with positive results. 3: Figures given were derived
from Ward, 1994.]

PAPP-A levels have been shown not to be significantly different in Down
syndrome pregnancies when compared to normal unaffected pregnancies in
the second trimester (Knight et al, 1993), It is thus not a useful maternal
serum marker in the second trimester. PAPP-A measurements in the first
trimester of pregnancy are significantly lower in trisomic foetuses than in
normal controls (Wald et al, 1992). This may therefore form the basis of an

effective first trimester screening program.

1.4.7.5b Maternal Serum Screening for DS in the 1st Trimester

It has been demonstrated that maternal serum PAPP-A levels are
reduced in chromosomally abnormal foetuses (Wald et al, 1992). Bersinger
et al, (1994) and Brambati et al, (1994) have also raised the possibility of
maternal serum screening in the first trimester with the indication that a
combination of age and PAPP-A levels offer a higher aneuploidy detection

rate when compared to fhCG and maternal age alone.
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The conclusion of multi-centre trial assessing first trimester screening for
DS against a panel of seven maternal serum markers concluded that
maternal serum screening for DS is now a practical proposition in the first
trimester of pregnancy. The most discriminatory markers appeared to be a
combination of B-hCG and PAPP-A (Wald et al, 1996, Table 1.10).
Approximately 50 % of DS pregnancies abort between the first trimester and
term. It is likely that the maternal biochemistry at the time of CVS may
reflect the process of miscarriage, Stabile et al, (1988) have shown that the
maternal levels of PAPP-A in pregnancies that go on to miscarry are
reduced. Thus screening for DS during the first trimester will also detect

pregnancies that would not have proceeded to term.

Table 1.10 Comparison of maternal serum DS screening during first

and second trimester of pregnancy

First Trimester | Second Trimester
(8 - 14 wks) (15 - 22 wks)
lAnalytes measured: % 2DR % 3FP % 2DR % 3FP

4PAPP-A,B-hCG+ mat. age 62 5 54 5
5Triple Test nd nd 59 5
6Quadruple Test nd nd 727 (657) 5
8Nuchal translucency (NT) 86 5 nd nd
NT + Serum Markers?® 91 5 nd nd

[Legend: 1: Maternal serum markers used for DS screening. 2: Detection rate as defined
in Table 1.9. 3: False positives as defined in Table 1.9. 4: Figures derived from Wald et al,
1996. 5: Triple test as defined by Wald (1988) and listed above. 6: Quadruple test as defined
by Wald et al, 1995. 7: Percentage detected if gestational age determined by ultrasound
dating (Percentage detected if gestational age based on LMP dates). 8 Data taken from
Wald et al, 1995. Note: Mat.: Maternal nd.: Not determined/or reported.]

It has been proposed by Wald et al, (1995) that by combining ultrasound
examination of nuchal translucency during the first trimester with a
biochemical screening program will increase the detection rate to >80% and
reduce the false positive rate to < 5%, but this will have to await a combined

control trial.



1.4.7.6 The use of Biochemical Tests To Assess Foetal Well-being

It has been suggested that biochemical tests indicating foetal well-being
have fallen into disfavour (Klopper, 1987). This has mainly been because
they have a large normal range, thus making it difficult to separate normal
from pathological conditions in pregnancy. The situation is further
compounded in that most of the new placental proteins have no ascribed
function. This class of proteins may have a role in antenatal monitoring,
PAPP-A can now be used as a biochemical indicator for first trimester

screening of Down syndrome (section 1.4.7.5).

1.4.8 In-Vitro Biological Roles Attributed To PAPP-A
During the period since PAPP-A’s isolation several biochemical effects

have been attributed to PAPP-A (Table 1.11).

1.4.8.1a Immunosuppression

Martin-du-Pan et al, (1983) did not demonstrate that PAPP-A inhibited
PHA induced lymphoblastogenesis as they used seminal plasma and
correlated levels of PAPP-A with the degree of immunosuppression seen.
Bischof et al, (1983) used PAPP-A that was contaminated with other serum
proteins that were immunosuppressive. Thus the contradictory findings
that PAPP-A does not inhibit PHA induced lymphoblastogenesis by
McIntyre et al, (1981) and Sinosich et al, (1984) confirm that it is unlikely

that PAPP-A is involved in immune suppression.

1.4.8.1b/c Inhibition of Complement(b) and Fibrinolytic(c) systems
PAPP-A was shown to inhibit complement fixation and thrombin induced
coagulation (Bischof, 1979a. Meisser et al, 1985) whereas others could not
show this (Gore et al, 1984, Sinosich et al, 1990). Meisser et al, (1988a,
1988b) demonstrated that the initial activity attributed to PAPP-A was an
artefact and both the reported inhibitory actions were likely to be due to the

presence of heparin that is known to inhibit both the complement and
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fibrinolytic systems. The initial material and effect noted by Bischof in 1979
used PAPP-A that was not contaminated with heparin. The initial inhibition
demonstrated was probably due to the purity of PAPP-A used as this
material has been subsequently shown to be contaminated with other serum
proteins. PAPP-A has not been shown to convincingly inhibit either of these

two systems.

1.4.8.1d Proteolytic Inhibition

Bischof (1979a) demonstrated inhibition of plasmin but as already
described the material used was contaminated with other serum proteins
and others (Gore et _al, (1984), Sinosich (1990)) did not demonstrate an
inhibition of plasmin. It is thus unlikely that PAPP-A inhibits either of
these two proteases.

It has been suggested by Sinosich et al,(1982a, 1991) that PAPP-A is a
specific inhibitor of human granulocyte elastase (HGE). Other investigators
have suggested that this inhibition is due to a heparin contaminant (Bischof
et al, 1990) that is responsible for the inhibition of HGE. Oxvig et al, (1994)
have found that the described inhibition is non-specific in nature (Table
1.12). The inhibition of HGE by PAPP-A is considered below.

Bischof et al, (1990) found that HGE was inhibited by heparin sepharose
column washings in absence of PAPP-A under hypotonic (>0.15 M NaCl)
conditions, with suggestion that the reported inhibition of HGE by PAPP-A
was due to a leeched heparin contaminating component. In contrast
Sinosich and Zakher (1991) found PAPP-A’s inhibition of HGE was labile,
inactive PAPP-A did not to inhibit HGE at isotonic or hypertonic NaCl
concentrations. In contrast heparin that was found to inhibit HGE under
isotonic conditions but not at hypertonic (>0.15M NaCl) conditions. PAPP-A
inhibition could be shown to specifically inhibit HGE under hypertonic
conditions where heparin was shown to have no inhibitory affect.

Contradictory findings were observed by Oxvig et al, (1994) who
suggested that the inhibition is likely to be due to electrostatic interactions

between the glycosaminoglycan on proMBP linked to PAPP-A in their
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purified PAPP-A and a set of Arg-residues located near the active site of

HGE.
Table 1.12 Type of HGE Inhibition observed with PAPP-A

Investigator (s) Type of 1Inhibition 2Inhibition
Inhibition (<0.15M NaCl) (>0.15M NaCl)

Sinosich et al, (1982a) Non-Competitive

(Specific) nd nd
Sinosich et al, (1990) Non-Competitive
(Specific) nd nd
Sinosich/Zakher (1991) nd
(Specific) ++ ++
Oxvig et al, (1994) Competitive,
(Non-specific)3 ++ -

[Legend: nd: not determined (or reported). ++: Inhibition positive. -: Inhibition negative.
1; Reaction performed under hypotonic NaCl conditions. 2: Reaction performed under
hypertonic NaCl conditions. 3: Cathepsin-G competitively inhibited.]

A possible explanation of the contradictory results obtained by Sinosich
et al, (1982a, 1990, 1991) and Oxvig et al, (1994) for the inhibition of HGE
by PAPP-A could be due to differences in composition of PAPP-A purified by
these two groups. It has been demonstrated that proMBP binds to heparin
and is purified by affinity chromatography to this matrix (Popken-Harris et
al, 1994). Sinosich et al, (1987) use a heparin affinity matrix and negative
immunoaffinity against non-pregnancy heparin binding proteins. Thus it is
possible that this antibody removes the PAPP-A/proMBP complexes that
have been described by Oxvig et al, (1994) to yield PAPP-A free of proMBP.
The discrepancy in type and specificity of inhibition of HGE by PAPP-A

found by these two groups is at present unresolved.

1.4.8.2 Sperm Motility

It has been seen that the levels of PAPP-A found in seminal plasma
correlate with sperm motility (Bolton et al, 1986), with increased PAPP-A
levels found in samples in which the sperm had a motility >60%. It is not

known whether this represents an effect on sperm motility, or is due to the
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presence of increased accessory gland secretions that have been noted to
have an affect on sperm motility. The significance of this observation is at

present unknown.

1.4.8.3 Carrier Protein

Sinosich et al, (1983) noted that PAPP-A interacted and chelated, Zinc.
They also demonstrated that PAPP-A has an absorption maximum at 214
nm that is characteristic of an interaction for a zinc carrier protein. An
analysis of PAPP-A ¢cDNA (Kristensen et al, 1994) reveals the presence of a
putative Zinc binding site that is characteristic of metalloproteinases. Thus

PAPP-A binds Zinc, the function of which is at present unknown.

1.4.8.4 In-Vivo Biological function of PAPP-A

That such a diverse set of ascribed functions has been attributed to
PAPP-A In-Vitro that have been confirmed and refuted by different
investigators is probably a reflection on the purity of the PAPP-A material
that was used. The biological function of PAPP-A in-vivo has probably yet
to be elucidated.

' 1.5 Aims of The Study
The aim of this study was to further characterise the PAPP-A molecule;

to this end a molecular approach was undertaken. This necessitated an
assessment of the antibodies available for PAPP-A and involved the
isolation of the PAPP-A protein in a homogeneous form that enabled
primary sequence information to be generated for PAPP-A. This information
allowed the production of PAPP-A specific oligonucleotide probes that were
used to screen a placental cDNA library. The isolation of a pure PAPP-A
monomer allowed a further characterisation of the PAPP-A monomeric sub-

unit.
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Chapter Two
Materials And Methods

2.1 Materials and General Equipment

A detailed list of materials, equipment and suppliers used in this study
can be found in Appendix 1. Unless otherwise indicated all other chemicals
were of BDH 'Analar' grade or its equivalent. The preparation of stock
reagents and buffers is described in Appendix 2. The distilled water referred
to as dH9O in the text was glass-distilled, de-ionised and filtered (0.2 pm)

nanopure grade (> 16.7 Megaohms).

Aseptic techniques were performed as described in Sambrook et al
(1989). General sterilisation of plasticware and solutions (unless otherwise
indicated) was achieved by autoclaving at 15 lbs. pressure for 15 minutes.
Filter sterilisation where required was through 0.22um syringe filters
(Sarstedt).

Blood samples were obtained in collaboration with Dr T.C. Lee, Jessop’s
hospital, Sheffield. Maternal blood was obtained from women at term with
their informed consent. All blood samples were collected as either EDTA or
Citrated Plasma unless otherwise stated (section 2.7.2, Chapter 2).

An International Reference serum 78/610 was used initially as a
standard for PAPP-A. It was assumed that this contained 110 pg/ml (Pinto-
Furtado et al,1984) of PAPP-A. This was a kind gift of the International
Agency for Research on Cancer, 150 Cours Albert-Thomas, Lyon, France.

Monoclonal antibodies to PAPP-A were produced and kindly provided by
Ms E.A. Mowles, Department of Biology and Biochemistry, University of
East London. ‘

Heparin-Sepharose (pre-1984) was kindly donated by Mr R. Stoker,
Department of Biology and Biochemistry. University of East London.

Partially purified PAPP-A used initially for radioiodination was kindly
supplied by Miss K. Price, The Royal London Hospital, Whitechapel.

Allesheria’ terrestris culture supernatant was a kind gift of Dr E.

Kvesitadze, Republic of Georgia.



2.2. Services Used During This Study:

2.2.1 Custom Oligonucleotide Synthesis
These were produced 1in - house using PAC phosphoramidites on a
Pharmacia LKB Gene Assembler Plus by Mr P. Loxley. De-protection and

end-processing was as described in Appendix 2.

2.2.2 Protein Sequencing |

¢ Dr K. Lilley, Department of Biochemistry, University of Leicester.

e Mr J. Gilroy, Department of Biological Sciences, University of Durham.

e Dr A. Moir. Department of Molecular Biology and Biotechnology,
University of Sheffield.

2.2.3 Amino Acid Analysis
e Dr A. Moir. Department of Molecular Biology and Biotechnology,
University of Sheffield.

2.3 General Methods

2.3.1 The Determination of Protein Concentration

Protein concentration can be estimated by spectrophotometric methods
either directly by absorption of UV light at 280 nm or following the addition
of chemicals that interact with proteins leading to the formation of a
coloured complex with a maximum of absorption within the visible range.
The amount of protein in an unknown sample can then be determined by
comparing its absorbance with that of the standard. Two methods were
used in this study, one based on the colour change when CBB dye binds to a
protein (Bradford, 1976). The other utilised protein interaction with BCA,
as originally described by Smith et al, (1985).
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2.3.1.1 Bradford Protein Assay

When the Dye CBB G-250 binds to basic and aromatic amino acids
(Compton and Jones, 1985) there is a shift in the absorption maxima of the
dye from the red form to the blue form that can then be used as a measure
of the amount of protein present. The microassay procedure as described in
the Bio-Rad Protein Estimation kit was used, using BSA as the standard
protein. Briefly, 800 ul of samples/standards diluted in PBS were mixed
with 200 pl of Bio-Rad dye concentrate by vortexing. The samples were left
for 10 minutes and then the absorbance was read at 595 nm.

The main problem with this assay was due to the dependence of dye
binding on the number of basic and aromatic amino acids, leading to
differences in binding due to the protein primary structure. It was also seen
to suffer from interference by buffer components that interact with the
protein or dye components. However the assay components were very stable
over time and it was used mainly to determine protein levels when loading

electrophoresis gels.

2.3.1.2 BCA protein assay

Proteins are known to reduce alkaline Cu(II) to Cu(I) (Lowry, 1951).
Bicinchoninic acid has been shown to be a specific chromogenic reagent for
Cu(I), on interaction it forms a purple complex whose resulting absorbance
is directly proportional to the protein concentration. The BCA assay and its
composition is essentially that of Smith et al (1985). A modified BCA assay
was used using a microtitre plate format. Briefly 20 pl of sample (or
standard) was placed in a microtitre plate well, 20 pul of 0.1 M NaOH and
200 pl of BCA reagent was then added to each well. The microtitre plate was
mixed at RT for 60 minutes using a Denley well-mix . It was found that a
modification of an alkali addition to this micro-assay did not result in a
change in levels measured in the protein standard (BSA) used , Figure 2.1.
It did however result in less variation in protein levels that were found and
measured during the purification of PAPP-A. The measured levels were
closer to the levels observed using other methods of protein estimation such
as the absorbance at 280 nm and integration of elution profiles. This
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modified BCA microtitre plate assay was used to monitor protein levels

found during the purification of PAPP-A.
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Figure 2.1
The BCA protein micro-assay (+/- alkali addition) with BSA used as the

protein standard.

[Legend: All points were in triplicate. (H); indicates standard plus alkali addition,
r2=0.992. (A); indicates PBS in place of alkali addition, r2 = 0.996].
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2.3.2 Electrophoretic Methods

Electrophoresis is a method whereby charged molecules migrate in
response to the application of an electric field. Proteins are amphoteric, so in
a solution whose pH is above the proteins iso-electric point then the protein
will have a net negative charge. Nucleic acids are negatively charged a
broad range of pH, so under these conditions macromolecules will migrate

towards the anode.

2.3.2.1 Horizontal Agarose Slab Gel Electrophoresis of DNA

Aaij and Borst (1972) demonstrated that the electrophoretic mobility of
DNA molecules in agarose and polyacrylamide gels is inversely proportional
to the log of their molecular weight. By varying the agarose concentration
and buffer composition it is possible to separate DNA in the size range 20bp
- 10Kbp. Submerged horizontal electrophoresis was performed as described
in Sambrook et al, (1989). In brief an X% (w/v) agarose gel (low EEO) was
prepared in Tris-Acetate buffer, on cooling ethidium bromide was added to
a final concentration of 1 pg/ml. This was then poured into a horizontal gel
former (Biometra) and a comb positioned. The gel was allowed to set for a
minimum of 30 minutes and was subsequently submerged in Tris-Acetate
buffer. The submerged gel allows quick dissipation of any heat generated
during electrophoresis, so reducing any band distortion. Samples were pre-
treated by adding 0.2:1 (v/v) of sample buffer:sample (Appendix 2) and
loaded into gel slots. Electrophoresis was performed at 120 V (constant
voltage) until the BPB front was approximately 2/3rds the length of the gel

and visualisation was by exposure of the gel to UV - light.

2.3.2.2 SDS-PAGE

A modified Laemmli (1970) SDS PAGE system was used, which has the
following essential features:

® A modification of that originally described by Ornstein (1964) who
outlined the theory and its practical application, as described by Davis
(1964) for a discontinuous system that has a non-restrictive large pore

stacking gel that is layered on top of a resolving gel. Each of these gels was
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made with a different buffer, the tank buffers was also of a different
composition from that present in the gel. This ensured that the protein
loaded migrates at an intermediate rate that was determined by the
mobility of the buffer ion in the stacking gel (leading ion) and the mobility of
the buffer ion in the upper tank (trailing ion). When electrophoresis starts
then the ions and proteins start to migrate into the stacking gel. The
proteins then concentrate into a very thin zone, the stack between the
leading and trailing ions. This continues until they reach the resolving gel
and results in a loading of a sharp band onto the resolving gel.

® The majority of proteins have been shown to bind 1.4 g of SDS per 1g.
of protein (Reynolds and Tanford,1970), this ensures that proteins in effect
become negatively charged rods that have equal charge densities over their
entire length. If electrophoresis occurs through a matrix with a constant
pore size, separation will occur as function of size as molecular sieving will
take place. This slows down the migration rate of a larger protein when
compared to its smaller counterpart, thus resulting in an inverse linear
relationship when plotting the log M; of the protein Vs its relative mobility.

A highly uniform gel structure with a consistent pore size is produced by
polymerising acrylamide under controlled chemical conditions using an
initiator which produces oxygen free radicals (e.g. ammonium persulphate)
from a base catalyst (e.g. TEMED). Oxygen acts as an inhibitor of
polymerisation so the top of the resolving gel is covered with water
saturated n-Butanol to limit this effect and reduce any meniscus effects at

the top surface of the resolving gel.

2.3.2.2a The Laemmli (1970) SDS-PAGE System
This system with the following modifications was used:

e Samples were diluted 1:1 (v/v) in sample buffer (Appendix 2) and then
boiled for 2 minutes, centrifuged briefly and loaded onto the gel. Prior to
sample loading the stacking gel slots were washed with running buffer to

remove any unpolymerised acrylamide.



A 5% (w/v) polyacrylamide (30%T: 2.7% C) separating gel was cast using
Tris-HCl at pH 8.6, with the stacking gel at pH 6.8. Both gels contained
a final concentration of SDS of 0.1% (Table 2.1).

e The initiator and catalyst of polymerisation were ammonium

persulphate and TEMED respectively.

e The tank stock running buffer (Appendix 2) was diluted tenfold with
distilled water to give a 2.5 mM Tris/190 mM glycine buffer at pH 8.6
containing 0.1% SDS .

Electrophoresis was at a constant voltage of 50 Volts overnight.

Table 2.1 Composition of Laemmli SDS-polyacrylamide gels.

Components ' Stacking Gel Resolving Gel
Volume(ml) 10 40
30 %Acrylamide/Bis(ml) 1.5 6.6
10 % SDS(ml) 0.1 0.4
1 M Tris-HCl(ml) (pH 6.8) 1.25 (pH 8.6) 15
10 % APS(ml) 0.1 0.4
dH9O(ml) 7 17.4
TEMED((ml) 0.01 0.04

Volume sufficient for one 14 x 20 cm gel

2.3.2.2b Modifications to SDS-PAGE System if sample was to be N-
terminally sequenced.

e The resolving gel was cast and left to age overnight prior to use.

o The stacking gel was cast at least 3 hours prior to use.

e The upper tank buffer included 0.2 mM sodium thioglycolate, which was

pre-run for 1/2 hour prior to the samples being loaded.

2.3.2.2¢ SDS Linear Gradient Gel Electrophoresis.

The SDS-PAGE system described above was used for monitoring the
purification procedure, however a separation system was needed which
yielded sharper bands over a wider size range than that obtained with the
described SDS-PAGE system. A linear gradient of increasing acrylamide
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concentration (%T) produces a gel that introduces the element of size
selection on the basis of a decreasing pore size, thus also size fractionating
proteins that were loaded. A gradient mixer system as described by Hames
(1991) was used to cast these gels but as they were going to be used to
separate proteolytic digests of PAPP-A. A modified buffer system as
originally described by Schagger and Von-Jagow (1989) was used that
enabled a greater size range of proteins to be separated. The inclusion of a
glycerol gradient also aided in the preparation of a reproducible gradient

system. The gel composition was as given in Tables 2.2 and 2.3.

Table 2.2 The standard linear gradient SDS-PAGE gel system

Components of resolving gel Acrylamide Concentration
5%T. 20%T.

Volume(ml) 17.5 17.5

30 % Acrylamide/Bis (ml) 2.9 11.7

10 % SDS (ul) 175 175

3 M Tris-HCI1 (pH 8.8, ml) 2.2 2.2

Glycerol (ml) (1%) 0.175 (10%) 1.75

dH20 (ml) 12 1.6

20 % APS (ul) 31 31

TEMED (ul) 6 6

Components of stacking gel

Volume(ml) 10

30 % Acrylamide/Bis (ml) 1.5

10 % SDS (ul) 100

1 M Tris-HCI (pH 6.8, ml) 1.25

dH20 (ml) 7.1

20 % APS (ul) 50

TEMED (ul) 10

Volume sufficient for one 14 x 20 cm gel




Table 2.3 The modified linear gradient SDS-PAGE gel system

Modified gradient system using Schagger and Von-Jagow Buffers

Components of resolving gel Acrylamide Concentration
5% 20%

Volume(ml) 17.5 17.5

30 % Acrylamide/Bis (ml) 2.9 11.7

Peptide gel buffer (Appendix 2, ml) 3.5 3.5

Glycerol (ml) (1%) 0.175 (10%) 1.75

dH20 (ml) 10.8 0.45

10 % SDS-(ul) 70 70

20 % APS (ul) 31 31

TEMED (ul) 6 6

Components of stacking gel

Volume(ml) 10
30 % Acrylamide/Bis (ml) 1.35
10 % SDS (ul) 25
Peptide gel buffer (Appendix 2, ml) 2.5
dH20 (ml) 5.9
20 % APS (ul) 50
TEMED (ul) 10

Volume sufficient for one 14 x 20 cm gel

The tank running buffer for the standard gradient system was as
described in section 2.3.2.2a. The modified system had different anodic and
cathodic running buffers (Appendix 2) but were briefly a 0.1 M Tris/Tricine
SDS cathodic buffer and 0.2 M Tris-HCI (pH 8.9) as the anodic buffer. As
was seen from Figure 2.2 the modified gel system used in this thesis:

o Extended the size range of proteins that can be separated.
¢ Yielded a wider linear range for the of proteins that were separated.

It was thus a suitable system to separate limited proteolytic digestions of
PAPP-A. (Chapter 6).
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Figure 2.2
Linear Gradient SDS-PAGE
(The standard gradient system Vs modified system developed in this thesis)

[Legend: %T: This was calculated as a function of expected linear gradient with known
start (5%) and finishing points (20%) of the gradient. M:: Size from use of molecular weight
marker standards. Molecular weight standards were the high, medium and peptide
markers from BDH (Appendix 1); These were taken as Myosin (205 kDa), B-Galactosidase
(116.3 kDa), Phosphorylase-b ( 97.4 kDa), Ovotransferrin (77 kDa), Albumin (66.3 kDa),
Glutamate dehydrogenase (55.5 kDa), Ovalbumin (42.7 kDa) Carbonic anhydrase (30 kDa),
Myoglobin, (Equine 17.2 kDa), Myoglobin (horse-heart, 16.95 kDa), Myoglobin peptide
fragment I (14.4 kDa), Cytochrome-c (12.3 kDa), Myoglobin peptide fragment II (8.16 kDa),
Myoglobin peptide fragment III (6.2 kDa) and Myoglobin peptide fragment IV (2.5 kDa).
Standards were run in duplicate. ( A ) samples/standards were run in standard gradient
system. ( M ) Samples/standards were run in modified system described in this thesis,
section 2.3.2.2¢.]
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2.3.2.2d Protein Detection: CBB Staining of SDS-PAGE Gels

General protein staining of SDS-PAGE gels was performed as described
by Wilson and Yuan (1989), In brief, the gel was incubated in 0.04% pre-
warmed (420C) G-250 reagent (Appendix 2) for 60 minutes at 42°C. The gel
was then destained in 5 % acetic acid for about 30 minutes and stored in

sealed plastic bags.

2.3.2.2e Protein Detection: Silver Staining of SDS-PAGE Gels
SDS-PAGE gels were silver stained using a method first described by
Merril et al, (1981). A Bio-Rad silver staining kit was used. Briefly, the gels
were fixed in Fixer 1 for 30 minutes. They were then fixed in Fixer 2 for 2 X
15 minutes. The gel was then placed in an oxidiser (yellow) for 5 minutes
and then washed in multiple changes of distilled water until all visible
traces of yellow within the gel have disappeared. The gel was then placed for
20 minutes in silver reagent, briefly washed with distilled water and then
the gel was placed in pre-warmed developer (37°C). The developer was
replenished every five minutes and development stopped by incubating the
gel in 5% acetic acid for at least 5 minutes. The gels were stored in sealed
plastic bags. This silver stain procedure was very sensitive to any impurities
present in distilled water, so all preparation of reagents and manipulations

were carried out in clean distilled water washed glass apparatus.

2.3.3 Measurement of Chitinase Activity

Chitinase activity was assessed by the measurement of the N-acetyl
amino sugars that were released from chitin. It was performed essentially
as described by Thomas (1981). Crude chitin was also purified as described
by Thomas (1981) using a method that was described in Appendix 2. An
aliquot (0.5 ml) of a stock suspension of purified chitin was incubated at
30°C with 0.1 ml of chitinase standard (or sample). The reaction was
terminated by removing an aliquot (0.1 ml) and adding it to 0.1 ml of 0.8 M
potassium tetraborate, pH 9.2, this was boiled for 3 minutes and the N-

acetyl-glucosamine (NAG) content was measured (section 2.3.4).
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2.3.4 Measurement of N-Acetyl-glucosamine (NAG)

The NAG content was determined using the method cited from Reissig et
al (1955) with modifications as described by Thomas (1981). The stopped
reaction from section 2.3.3 after cooling to RT was incubated with 1 ml of
DMAB reagent (Appendix 2) at 37°C for 20 minutes. The absorbance at 585
nm was read and compared to a set of NAG standards that were prepared
in PBS (Figure 2.3).
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Figure 2.3

Standard calibration curve for N-acetyl-glucosamine using DMAB reagent

[Legend: The calculated absorbance was plotted as standard value minus the value at 0.12
mg/aliquot of NAG. Standards and samples were run in duplicate and as outlined in
sections 2.3.3 and 2.3.4.]
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2.3.5 Assessment of General Proteolytic Activity

Proteolytic activity can be assessed by a variety of methods. The
advantages and disadvantages of each method have been described by
Sarath et al, (1989). The assay developed here had the advantage that it
was quick and required no special equipment. It utilises the protease’s
ability to digest a standard protein (BSA) and then the discrimination
between the digested material and native protein by TCA precipitation. The
products of digestion that were present in the supernatant were determined
using the protein assays described in this Chapter (sections 2.3.1.1 and
2.3.1.2).
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Figure 2.4

The general protease assay with detection using the BCA protein assay

[Legend: (M) 25 Units (Appendix 1) of standard protease/aliquot. (The standard protease
used was chymotrypsin, Appendix 2), protein measurement was as described in section
2.3.1.2).]
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Briefly; 1 ml of a 1% BSA solution in PBS (Appendix 2) was pre-
incubated at 37°C. Aliquots (50 - 100 pl) of sample (or standard protease, as
detailed in legend of Figure 2.4) were added and incubated at 370C. At
various times, a 100 pl aliquot was removed and placed in 900 pul of TCA
reagent (Appendix 2), which was heated to 90°C for 3 minutes. This was
then centrifuged and an aliquot of the supernatant removed and assayed for
the protein concentration that was present (Figure 2.4) as outlined in

section 2.3.1.2.

2.3.6 Measurement of Tosyl-arginine methyl ester (TAME)

The measurement of this ester is based upon the quantitative
colorimetric reaction that was described by Castellano and Sodetz (1969).
TAME reacts with hydroxylamine to yield  hydroxamic acid, the
concentration of this acid can be measured by the conversion of ferric
chloride to a ferric ion-hydroxamic acid complex that can be determined
using a colorimetric measurement of this complex at 525 nm.

Briefly a 50 pl aliquot containing the TAME substrate (Appendix 2) was
mixed with 40 pl of Reagent A (Appendix 2) and incubated for 30 minutes at
RT. Hydroxamic acid formation was complete after 30 minutes and was
measured by the addition of 80 pul of a TCA solution (Appendix 2) and 800 pl
of a ferric chloride solution (Appendix 2), this was mixed and the absorbance

at 525 nm was determined for each sample.

2.4 Miscellaneous Membrane Associated Techniques
2.4.1 Semi-Dry Electroblotting (Western blotting)

Proteins present in an SDS-PAGE resolving gel can be transferred onto
a membrane by electroblotting. The choice of a blotting membrane was
dictated by the purpose of the blot. Nitrocellulose (Schleicher and Schuell),
was used if the blot was to be probed with antibodies or lectins. Immobilon -
P (Millipore) or a modified PVDF (Fluorotrans, Pall) were used if the blot

was to be stained for proteins or used for N-terminal protein sequencing.
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A semi-dry method of protein transfer as outlined by Kyhse-Andersen
(1984) was used. Blotting membranes were allowed to equilibrate for at
least 10 minutes in transfer buffer prior to electroblotting. If PVDF
membranes were used they were pre-wetted in 100% methanol and then
equilibrated in transfer buffer. The gel was equilibrated in transfer buffer
on an electroblotter (Biometra) as a sandwich shown in Figure 2.5. The
blotter was cooled by the passage of cold water through the base of the
electroblotter. Electroblotting was carried out at 5 mA/cm? for 10 minutes

followed by 10 mA/cm? for 20 minutes.

CATHODE
Whatman
3MM
Filter Paper
Polyacrylamide Gel
Transfer Membrane
Whatman
3MM
Filter Paper
ANODE

Figure 2.5

Schematic illustrating semi-dry electroblotting sandwich.

2.4.2 Detection of Protein on PVDF Blots
After blotting the membrane was rinsed briefly in distilled water,
followed by 100% methanol and then stained with CBB-Stain (Appendix 2).

The protein bands were visible in about 1 minute. The blot was then
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destained with frequent changes of destain (Appendix 2), rinsed with

distilled water and left to air dry.

2.4.3 Probing Western Blots

The efficient transfer of proteins from a gel to a membrane allows the
blot to be probed by a variety of molecules. The technique of probing the blot
for specific antigens using antibodies was first described by Towbin et al
(1979). The bound antibody can then be detected by a variety of detection
systems. In this study an avidin/biotin-enzyme system was used for all
Western blots. The blocking step was overnight incubation at 4°C in 5%
(w/v) Marvel™ in TBS buffer. All subsequent steps were performed at RT
with shaking. The blot was washed 3 times in TBS-T (Appendix 2) for 12
minutes and then incubated for 3 hours in TBS-TM containing a dilution of
‘the primary antibody (dilutions of the primary antibody are indicated in the
relevant Figure legend). The blots were washed as indicated above and then
incubated with a 1:100 dilution of biotinylated secondary antibody
(Appendix 2) in TBS-TM for 1 hr at RT. After washing to remove the
secondary antibody the blot was incubated with a 1:100 dilution of
Steptavidin-HRP (Appendix 2) in TB-MT for 1 hr at RT. The blot was then
washed .for 3 x 6 minutes in TB-T and 3 x 6 minutes in TB (Appendix 2).
Detection was obtained by mixing colour reagent-A with B (Appendix 2) just
prior to use and applying to the blot. The reaction was stopped by washing

in distilled water and the blot was dried between paper towels.

2.4.4 Lectin Probing
Proteins present on the blots were probed with lectins to determine the
glycan component as described by Kijimoto-Ochiai et al, (1985), the
following lectins were used:
e Bandeiraea simplicifolia lectin - IT (BSL-II).
e Datura stramonium lectin (DSL).
o Erythina cristagalli lectin (ECL).
e Artocarpus integrifolia (Jacalin).

e Lycopersicon esculentum lectin (LEL).
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e Solanum tuberosum lectin (STL).
o Vicia villosa lectin (VVA).

These were provided in a kit from VECTOR laboratories (Appendix 1).
When lectins were used as a probe then the blot was treated as described
in section 2.4.3 except that it was blocked with TBS-G (Appendix 2) and the
primary antibody was replaced by a biotinylated lectin in TBS-GT
(Appendix 2). Briefly, a 1:100 dilution of each lectin in TB-GT (Appendix 2).
was used and the blots were incubated for 1 hour at RT, (washing was as
described in section 2.4.3). They were then treated with a 1:100 dilution of
Streptavidin-HRP in TB-GT and then as described in section 2.4.3.

2.4.5 Periodate Chemical Treatment of Nitrocellulose Blots.

The antigenicity of the glycan component of PAPP-A was studied using
the chemical cleavage method that by periodate oxidation that was
originally described by Woodward et al, (1985). It was used to further
examine the glycan components of PAPP-A antigenic determinants that
were known to bind to a sub-group of paratopes present in the polyclonal
PAPP-A antisera (Chapter 3). The blot was incubated in TBS (Appendix 2)
or sodium periodate at 2 - 10 mM in Buffer A (Appendix 2) for 1 hour at RT.
It was then incubated with 50 mM sodium borohydride in PBS for 1/2 hour
at RT and washed 5 times in PBS-T (Appendix 2). The blot was then
probed with DAKO anti-PAPP-A antibodies (as described in section 2.4.3).

2.4.6 Enzyme Digest Treatment of Proteins Electroblotted Onto
Nitrocellulose.

The blots were prepared as described in section 2.4.1. After blocking and
washing the membrane twice with TBS-T, they were incubated for 2 hours
at RT in TBS-M with/without 0.5 units of chitinase (see Plate 3.4 legend,
Chapter 3) that had been pre-incubated with an aliquot of a protease
inhibitor cocktail 1 hour prior to use (Appendix 2) and then with another
aliquot of this cocktail just before use. Following washing, the
immunodetection with polyclonal anti-PAPP-A antibody was performed as

described in section 2.4.3. The effect that the protease inhibitor cocktail had
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on the glycosidic activity and the level of contaminating proteolytic activity
of the chitinase preparation was measured using the methods described in

sections 2.3.3 and 2.3.5.

2.4.7 Enzymatic Deglycosylation and Subsequent Detection

Selective removing of the glycan components by glycosidic enzymes is one
tool that can be used to examine their structure. A review of glycosidic
enzymes that have been used for this purpose can be found in Maley et al,
(1989). In this study the N-linked glycan groups were removed with
recombinant N-Glycanase™ (PNGase F: EC 3.5.1.52, Appendix 1) which has
a wider specificity than Endo-H. It was also free of contaminating proteases
and it is known to be unaffected by presence of sulphated residues or
substituted N-linked residues that have been shown to inhibit Endo-H. O-
linked groups were selectively removed by treatment of the protein with O-
Glycanase™ (Appendix 1). The inclusion of detergents is required as it has
been demonstrated (Hasselbeck and Hosel, 1988) that they not only prevent
denaturation of the glycosidic enzymes used to digest the glyban part of a
molecule but also aid in the removing of these groups. Non-ionic
detergents such as Triton X-100 and Nonidet P-40 are efficient at protecting
these enzymes but they need to be removed prior to fractionation of the de-
glycosylated protein by SDS-PAGE, therefore a glucoside (MEGA-10) was
used as it had the same protective effect but did not have to be removed
prior to electrophoresis.

The enzymatic treatment were performed as described by Patterson and
Bell (1990) except that an enriched PAPP-A fraction and the control
proteins, HSA (Grade V, Appendix 1), Fetuin (Type IV, Appendix 1) and
Ovalbumin (Appendix 1) were used as the protein substrates. Prior to
deglycosylation an aliquot of the proteins were boiled for 2 minutes with an
equal volume of sample buffer (Appendix 2) and equilibrated to pH 7.2 with
phosphate buffer containing 0.5 % MEGA-10 (Appendix 1). This was then

boiled for 2 minutes and after cooling, deglycosylated as described below:
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e N-Glycanase treatment: 1 Unit of N-glycanase/10 pg of protein substrate
was incubated in 20 mM phosphate buffer, pH 7.2 in capped Eppendorf
tubes overnight at 37°C.

o Neuraminidase (Clostridium perfringens., appendix 1): Proteins were
equilibrated in 25 mM phosphate/citrate buffer, pH 5.8 and incubated
with 1 mUnit of enzyme/ug of protein substrate for 2 hours at 379C in
capped Eppendorf tubes.

e O-Glycanase (Endo-alpha-N-Acetyl-D-galactosaminidase, Appendix 1)
treatment: Any substitution on the core disaccharide results in inhibition
of this enzyme, therefore prior to incubation with this enzyme, proteins
were de-sialated by treatment with neuraminidase (as above). After de-
sialation they were incubated with 1 mUnit of O-Glycanase/10pg of
protein substrate for 6 hours at 37°C in capped Eppendorf tubes.

All enzyme reactions were étopped by boiling for 2 minutes and the
samples were stored frozen. The fractionation of the deglycosylated proteins

was as described in the legends on Plates 7.2 and 7.3 (Chapter 7).

2.5 Materials and Methods Section for cDNA Screening
A Clik Clontech human cDNA library (mRNA source: 34 week Placenta
with a cDNA insert size range of 0.8 - 3.6 kb: Appendix 1) was used. Buffers,

reagents and media are described in detail in Appendix 2.

2.5.1 Screening A Placental cDNA Library
2.5.1.1 Storage and Preparation of Competent Bacterial Cells for
Phage Infection
E. coli (strain: Y1090) was stored freeze dried in vials and used to
prepare slopes for inoculation into TB medium (Appendix 2). 10 ml
containing 100 pg/ml of ampicillin in -sterile universals. The cultures were

shaken overnight at 37°C.
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2.5.1.2 Preparation of Agar Plates Used for Screening

Autoclaved agar (Appendix 2) was poured into sterile Petri dishes
(Northumbria Biologicals) and allowed to set. On cooling the plates were
inverted and allowed to dry before use. The poured plates were stored at

room temperature.

2.5.1.3 Infection of E.coli (strain: Y1090) With Bacteriophage (Agt11)

Two different Petri dish sizes (90 and 140 mm diameter) were used and
their size determined the volume of infected bacterial culture and top
agarose that was used to accommodate phage plaques. A dilution of library
in lambda phage diluent (Appendix 2) was used for infection that would give
an estimated number of plaques per plate as illustrated in Table 2.4.

Table 2.4 The relationship of number of plaques to Petri dish diameter.

Petri dish diameter: 90 mm. 140 mm.
Volume of culture used: 200 pl 600 pl
Volume of top agarose used: 3.3 mls. 9.9 mls.
Estimated number of plaques!: 8,000 2VO,OOO

[Legend: 1: The cDNA library was diluted to give the estimated number of pfu’s for the
given size of Petri dish as described in section 2.5.1.]

The diluted library was incubated with bacterial culture in a water bath
at 37°C for 20 minutes to allow infection to take place. Top agarose
(Appendix 2) which had been equilibrated to 50°C was then added and
mixed by gentle inversion. It was then swirled onto plates and allowed to set

for 10 minutes.

2.5.1.4 Titration of The Library.

The library was diluted with lambda phage diluent in sterile capped
polypropylene tubes to a 10-7 dilution. Then 10, 20 and 30 pl of the diluted
library was used to infect E. coli as described in Section 2.5.1.3. Inoculated
plates were inverted and incubated for 8 hours at 42°C, followed by 3 hours
at 37°C. The number of plaques detected per plate is illustrated in Table 3.1
(Chapter 3).
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2.5.1.5 The Ratio of Recombinant/Vector Phage in The Library.

A 10 pl aliquot of 106 dilution of library was added to the top agarose as
described in section 2.5.1.3, except that the top agarose also contained 9
mM iso-propyl-p-D-galactoside IPTG) and 10 uM X-gal. The plates were
incubated at 37°C overnight (Plate 3.2, Chapter 3).

2.5.1.6 Plaque Formation.

Plates were prepared as in section 2.5.1.3. and incubated at 42°C for 3
hours, followed by 1 hour at 37°C. They were then overlaid with a
notched/numbered 0.45 pm nitro-cellulose filter membrane that had been
impregnated (Appendix 2) with IPTG. The plates were further incubated for
3 hours at 42°C. The membranes were always handled wearing latex gloves
and forceps were used to carefully remove the membrane overlay from the
plate so as to avoid disturbing the top agarose lawn and limit any tearing of
the membrane. The membrane orientation was marked on the plate and

inverted plates were stored at 49C.

2.5.1.7 Blocking of Nitrocellulose Overlays and Immunodetection.
Filters prepared as described in section 2.5.1.6 were placed back to back
in a plastic bag and 3 (9) mls of TBS-TB added for a 90 (140) mm filter. Air
bubbles were removed and the bag was sealed and left overnight at 4°C. The
filters were then washed three times for 10 minutes each in TBS-T and
placed in a plastic bag with a 1:300 dilution of DAKO anti-PAPP-A in TBS-T
for 3 hours at room temperature. Following washing (as above) the filters
were transferred into a plastic bag with a 1:100 dilution of biotinylated anti-
rabbit IgG (SIGMA Extra-3 kit, Appendix 1) in TBS-T for 1 hour at room
temperature with rocking. They were then washed (as above) and sealed in
plastic bags with a 1:100 dilution of avidin-horseradish peroxidase conjugate
(SIGMA Extra-3 kit, Appendix 1) in TBS-T and incubated for 1 hour at room
temperature with rocking. The filters were washed in TBS (3 times, 10
minutes each wash). Components (A and B, Appendix 2) of a chromogenic
substrate were prepared just before use and approximately 5 (15) ml were

applied to each 90 (140) mm filter. The colour was allowed to develop for
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approximately 20 minutes. The filters were blotted dry and examined for

coloured areas.

2.5.1.8 Isolation of Putative Recombinant Phage Plaques.

Filters containing coloured areas (a positive immunoblot) were aligned
with the Petri dish using the notch and filter outline on the dish as a guide.
The agar/agarose containing the plaque that corresponded to the coloured
area was removed using a sterile Pasteur pipette tip. This agar plug was
placed into a  sterile capped  polypropylene  tube and
vortexed with 50 pul of chloroform to lyse the bacterial cells. 1 ml of lambda
phage diluent was then added and it was incubated for 1 hour at 37°C. The
lysate was diluted 103 fold and 50 pl of this was used to infect E. coli cells for

re-screening as described in section 2.5.1.3.

2.6 Materials and Methods Section for The Quantitative
Measurement of PAPP-A

2.6.1 Rocket Immunoelectrophoresis

RIE was performed as originally described by Bischof et al, (1979) but
with the following modifications. Litex HSA agarose at a concentration of
0.75% (w/v) in Tris-barbital buffer containing a 1:40 dilution of anti- PAPP-
A antibody (DAKO) and 2% (w/v) PEG 6000 were cast onto coated glass
plates (Appendix 2) and allowed to set for 1 hour at RT. Wells were cut out
and 5 (10) pl of sample/standards were loaded (as shown on the individual
plate captions). The RIE was performed in a Pharmacia LKB electrophoresis
system at 10 Volts/cm (constant voltage) as measured by a voltage probe
across the plate. The electrophoresis system was cooled to 10°C and run
for a minimum of 14 hours. Visualisation of the rockets required each plate

to be pre-treated (Appendix 2) prior to staining with Coomassie Brilliant
Blue.
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2.6.2 Radial Immunodiffusion

 SRID was performed as originally described by Mancini et al (1964),
except for the following modifications. Litex HSA agarose at a concentration
of 0.75% agarose (Appendix 2) was prepared containing a 1:75 dilution of
anti-PAPP-A antibody (DAKO) and poured into sealable plastic SRID plates
(Appendix 1). The agarose was allowed to set and then wells were cut out
and the plates allowed to equilibrate for at least 24 hours at 40C before use.
The SRID Plates were stored at 4°C and allowed to equilibrate at room
temperature before use. Samples/standards were diluted in assay diluent
(Appendix 2) containing 5 pl of male (Citrate) plasma, (the salt
concentration present in the loaded sample/agarose was as described in the
appropriate Figure legend). The plates were sealed and left at room
temperature for a minimum of 24 hours. Visualisation and quantification of
the precipitin rings were the same as that for RIE, except a longer wash
pre-treatment prior to CBB staining was required (Appendix 2).
Quantification was achieved by comparison of unknown sample with a
standard reference serum (WHO 78/610) . A typical calibration curve is as

illustrated in Figure 2.6.

2.6.3 Sandwich ELISA for PAPP-A

2.6.3.1 Preparation of PAPP-A F(ab')g Fragments
A pepsin digest of the DAKO anti-PAPP-A was performed as described by

Amaral et al,(1966). Briefly a calculated amount of IgG (7 mgs in 0.5 ml)
was mixed with 0.5 ml of 0.2 M sodium acetate buffer at pH 4.5 containing
50 pg (175 U) of pepsin. This was left to incubate overnight at 37°C. The
digestion was stopped by raising the pH to 8.6 with 3 M Tris. This stock
digest was diluted to a final concentration of 2.5 mg/ml and stored in

aliquots at -700C.
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2.6.3.2 ELISA Coating and Blocking of Solid Phase

A 100 pl aliquot of antibody (see Figure legend in text for type and
concentration) in ELISA coating buffer was applied to the wells of a Falcon
3915 microtitre plates. This was sealed with Clingfilm and left overnight at
4°C n a humid chamber. The plates were then washed with PBS and
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Figure 2.6

Calibration curve for PAPP-A SRID

[Legend: ( M: Sample was loaded in assay diluent containing male (citrate) plasma, plate
was made in assay diluent. r2 = 0.994 ). (A: Sample was loaded in assay diluent with a final
concentration of 1M salt and containing male (citrate) plasma, plate was made in assay

diluent. r2=0.996). The assay was performed as outlined in section 2.6.3.3.].
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subsequently 300 ul of ELISA blocking buffer was dispensed into all wells.
The plates were covered with Clingfilm and left for 2 hours at RT. The
plates were then washed 3 times (as before) but with ELISA wash buffer.
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Figure 2.7

Determination of optimum conditions for coating PAPP-A F(ab’): fragments
onto Falcon 3915 plates.

[Legend: 1: 0.25 M Tris-HCl (pH 8.8). 2: 0.01 M Tris-HCI (pH 8.8). 3: 0.25 M Carbonate
Buffer (pH 9.6). 4: 0.25 M Acetate/Citrate Buffer (pH 5.6). 5: 0.01 M Acetate/Citrate Buffer
(pH 5.6). Y(Results were expressed as mean +/- standard deviation (n=9)) Note: F(ab’)2
fragments were detected by performing the ELISA as described in section 2.6.3.3 with all
wells being incubated with assay diluent containing a 1:5 dilution of a late pregnancy
plasma pool as described in section 2.6.4. Anti-PAPP-A was used at a 1:2.5 K dilution in
assay diluent and detected with a 1:1K dilution of protein-A-HRP conjugate in assay
diluent.]

The most efficient buffer for coating the PAPP-A F(ab’): fragment to
Falcon microtitre plates was found to be 0.25 M Carbonate buffer (pH 9.6).
The optimum concentration of the fragment for this type of plate was then

determined (Figure 2.8).
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Determination of optimum concentration of F(ab’)z for coating Falcon 3915
plates.

[Legend: 1( Results were expressed as Mean +/- standard deviation (n=9)) Note:
The F(ab’)z fragments were detected as described in Figure legend 2.7]

The optimum dilution of anti-PAPP-A F(ab’)z fragment to coat this type
of plate was found to be a 1:750 dilution (Figure 2.8). A 100ul aliquot at this
dilution was subsequently used to coat the wells of microtitre plates by
incubation overnight at 49C as described in section 2.6.3.2. These plates

were then wrapped in Clingfilm and stored at 4°C in PBS until required.
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2.6.3.3 The ELISA Assay Procedure

The samples/standards were diluted in ELISA diluent (Appendix 2) and
then 100 pl aliquots were placed into the microtitre plate wells and
incubated for 1 hour at RT. The plates were washed three times in ELISA
wash buffer (Appendix 2) and then incubated with 150 pl of second stage
antibody (see Figure legends 4.3 and 4.4 in Chapter 4 for the type and
concentration of antibody that was used) in ELISA diluent for 1 hour at RT.
The plates were washed (as above) and then incubated with a Protein-A
HRP-conjugate (See Figure legends 4.3 and 4.4 in Chapter 4 for the
concentration of conjugate) in ELISA diluent for 1 hour at RT. They were
then washed (as above) and then were given a final wash, three times in

PBS and blotted dry.

2.6.3.4 Colorimetric Detection and Reading of Results

200 pl of ELISA colour reagent (Appendix 2) was added to all wells and
incubated at room temperature for approximately 15 minutes at RT. The
colour development was stopped by adding 75 ul of ELISA stop reagent
(Appendix 2) and the plates were read at 450 nm.

2.6.4 The PAPP-A Radioimmunoassay

A number of radicimmunoassay procedures have been described for
PAPP-A (Bischof et al, (1981b), Sinosich et al, (1982) and Anthony et al,
(1983)), however the RIA procedure chosen in this study was one developed
originally by Pinto-Furtado et al, (1984) and it was used with some
modifications.

An iodination grade enriched PAPP-A preparation that had been derived
from maternal serum was kindly supplied by Miss K. Price, this preparation
was used in the original iodinations. This material was present at a
concentration of 400 pg/ml with each aliquot containing 4 pg and it was
stored at -70°C until use. Initial calibration was against the reference serum
(WHO 78/610), but later a plasma (Citrate and EDTA) pool from the late

3rd trimester of pregnancy was calibrated against this and stored in
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aliquots of 100 pl at -700C. Each set of standards was used only once and a
second set of working standards for use in the assay was prepared by
dilution in assay diluent buffer with a concentration range of 4 - 4000 pg/l.
The antisera used was polyclonal anti-PAPP-A (DAKO, Appendix 1).

2.6.4.1 The Chloramine-T Method For Iodination of PAPP-A

The method used to iodinate PAPP-A was as described (Pinto-Furtado et
al, 1984) except that 5 pg of PAPP-A was used for a 0.5 mCi iodination with
5 pug of chloramine-T . The labelled protein was separated from the other
products of iodination by de-salting on a disposable G-25 column (Sephadex-
G25 fine grade, Appendix 1). Before separating the products of iodination
this column was pre-blocked by running an aliquot of a 30% BSA solution
made in assay diluent (Appendix 2). The PAPP-A tracer that was produced
had a mean specific activity of 29 nCi/pg.

2.6.4.2 Affinity Purification of Tracer For Use in The PAPP-A RIA.

The process of iodination can lead to damage of the material that has
been labelled (Bolton, 1981). Pinto-Furtado et al, (1984) demonstrated that
a further affinity purification of the PAPP-A tracer prior to it’s usage in an
RIA increased the percentage of tracer that bound to the PAPP-A antibody.
A disposable heparin-affigel (Bio-Rad, Appendix 1) column was used to
affinity isolate the PAPP-A tracer, the tracer was eluted from the gel with
assay diluent containing 0.8 M NaCl (Figure 2.9). The affinity purified
tracers binding to the PAPP-A antibody was significantly improved by this
affinity purification. A maximal binding of only 50% was seen at excess
antibody concentrations, this was probably due to the sample that was
used for iodination containing proteins other than PAPP-A that were
iodinated but did not bind the PAPP-A antibody. The presence of other
proteins in the sample used for iodination was confirmed using N-terminal
seqﬁencing (Chapter 6). This method of iodination and the affinity
purification of the PAPP-A stock tracer just prior to it’s use, produced a
tracer that was used in a PAPP-A RIA (Chapter 4, section 4.3.3).
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2.6.4.3 Antibody Titration Curves

Serial two fold dilutions of anti-PAPP-A antisera (DAKO) were prepared
from 1:4 K - 1:512 K in the assay diluent buffer. 100 pl aliquots of the
appropriate dilution was added to plastic tubes (LP4, Appendix 1). 100 ul
of PAPP-A tracer (2 ng/ml) and 100 pl of assay diluent was added to all

tubes.
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Figure 2.9

PAPP-A antiserum titration curve.

[Legend: (A): 2 ng/ml crude PAPP-A tracer that had not been affinity purified. (M): 2 ng/ml
affinity purified tracer. (102 represented a 1:1000 dilution of anti-PAPP-A antiserum
(DAKO)). %Tracer bound was plotted as (Bound CPM - NSB CPM)/(Total CPM - NSB

CPM). The titration curve was produced as outlined in section 2.6.4.3]
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The assay was performed in duplicate and non-specific binding was
assessed using assay diluent in the place of the PAPP-A antiserum. All the
tubes were vortexed, covered and left to incubate overnight at room
temperature. Separation of the bound and free antigen was by a solid phase
magnetic system (Amerlex-M anti-rabbit, Appendix 1) with the bound/free

phases separated by centrifugation and aspiration.

2.6.4.4 The PAPP-A RIA

Affinity purified tracer was used at a concentration of 2 ng/ml and a
working anti-PAPP-A antibody dilution of 1:45 K. At this antibody dilution
approximately 35% of the PAPP-A tracer was bound. 100 pl of tracer and
antibody was added to 100 pl of standards (see above) or samples. Except
the non-specific binding (NSB) control in which the PAPP-A antisera was
replaced by assay diluent. All tubes were vortexed, covered and incubated
overnight at RT. Separation was achieved as described in section 2.6.4.3.
The percentage tracer bound plotted against the PAPP-A concentration. The
RIACALC (Pharmacia) system was used to plot the results using a
smoothed spline function, results were interpolated from the standard

curve (Figure 4.7, Chapter 4).

2.6.5 Densitometry

It has been noted by Merrill (1990) that a linear relationship exists
between the band intensity of stained proteins as measured by densitometry
when compared to the protein concentration of these proteins separated by
SDS-PAGE and visualised by protein staining. The stained band intensity
was obtained using a BioRad model 620 video densitometer (Appendix 1)
and 1D analyst capture software. By plotting the intensity of the band
stained as a function of the area of the band (Absorbance per mm2) against
the protein concentration, a calibration curve was obtained (Figure 4.8,
Chapter 4). High molecular weight markers (BDH, Appendix 1) or purified
myosin were used as standards against which the concentration of PAPP-A

and other proteins were compared.
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9.7 Materials and Methods Section for The Isolation Of
PAPP-A for Microsequencing

2.7.1 The FPLC System used in the isolation of PAPP-A

The FPLC system (Pharmacia) was composed of two solvent delivery
pumps (P-500), sample injector valve (MV-8) fitted with a 10 ml supa-loop,
a UV-M detector and system controller (LC-500) connected to an IBM
compatible PC running the FPLC manager software (Appendix 1). The
starting equilibration buffer was always in buffer reservoir A, referred to in
Figure legends as buffer A. A gradient was obtained by the controller mixing
pump B buffer with pump A buffer, it was assumed that the final mixture
given as a percentage of Pump B buffer was as stated by the FPLC
controller. The individual running conditions for each step are given with

the appropriate Figure legend illustrating that step.

2.7.2 The Preparation Of Source Biological Material

Blood samples were obtained by either venupuncture from pregnant
women in their 2nd/3rd trimester of pregnancy and collected as EDTA or
Citrate Plasma. Blood was also collected into EDTA when lost via the
vagina at delivery, this material underwent a degree of haemolysis and
clotting prior to collection. Many thanks are due to the nurses working on
the maternity ward at Jessop hospital for Women who collected and pooled
samples of blood lost at delivery. The pre-treatment of samples was a

modification of that originally described by Sutcliffe et al, (1980) for the

preparation of filtered serum. All plasma samples were centrifuged at 40K
x g. for 30 minutes at 49C. This removes particulate matter and allowed the
lipid content to be reduced, as it forms a white scab layer that after
centrifugation was separated from the plasma by careful decanting and

filtering through glass wool. The filtered plasma was stored at - 70°C.

2.7.3. Ammonium Sulphate Precipitation And Dialysis
As illustrated in Table 1.2 (Chapter 1), PAPP-A in term maternal blood
is present at 0.07 - 0.16% of the initial protein. When the protein of interest
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is less than 1% of the starting material, methods based on a protein’s
differential solubility are frequently used. Salt fractionation was chosen
using ammonium sulphate precipitation, with a guide to its concentration
taken from work originally described by Lin et al, (1974a) and Sutcliffe et
al, (1980). A description of the technique that was used 1is given below:
Precipitation was carried out at 4°C. The concentration of ammonium
sulphate (pH 7.1) was adjusted to 28% saturation. Then it was gently rocked
for 45 minutes and centrifuged at 35K x g for 30 minutes. The supernatant
was adjusted to 60% saturation with ammonium sulphate, gently rocked for
45 minutes and the precipitate collected by centrifugation (as above). The
precipitate was resuspended in 10 mM potassium phosphate, pH 7.2. This
was then dialysed against 5 litres of 10 mM potassium phosphate, pH 7.2
containing 50 mM NaCl at 49C. Prior to dialysis, the buffer was pre-
incubated for 1/2 hour with PMSF at a concentration of 0.1 mM and then
just prior to the dialysis of the resuspended precipitate another aliquot Qf
PMSF was added. After 3 changes of the dialysis buffer, the dialysed
sample was centrifuged at 35K xg for 60 minutes and the supernatant was
used immediately or stored at -70°C. The combined application of
centrifugation with pre-treated filtered plasma/serum was advantageous as
it removed particulate material that was likely to clog chromatographic

columns and shorten the life of chromatographic separation media.

2.7.4 Heparin Affinity Chromatography
Heparin is a naturally occurring mucopolysaccharide that is composed of
equimolar quantities of glucosamine and glucuronic acid, linked by «-1,4

glycosidic bonds. The common repeat unit is illustrated in Figure 2.10.

?SS,ON;

QSO.ONa

Figure 2.10

The common repeat unit found in heparin.
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The main characteristic of heparin is the large number of sulphated
amino groups that allow heparin to act as a high capacity cation exchanger
or by virtue of its structural form acts as affinity ligand for coagulation
factors (Walton, 1955). Since the initial observation by Sinosich et al, (1981)
that PAPP-A interacted with heparin this has subsequently been used as a
method to affinity purify PAPP-A from other blood components (Davey and
Teisner, 1982).

Heparin Affi-gel (Bio-Rad, Appendix 1), heparin-Sepharose (Pharmacia:
Pre-1984 and Post-1988) and heparin-Ultrogel A4R (Reactifs IBF, Appendix
1) were obtained and packed into a column (0.8 x 10 cm). Elution was
monitored by absorbance at 280 nm. Initial work was carried out using the
heparin-Sepharose (Pharmacia) and running conditions were as described

by Sinosich et al (1987) except that 10 mM potassium phosphate (pH 7.2)

was used as the buffer.

Initial work with the heparin Affi-gel (Figure 5.3) demonstrated that
little or no protein bound when a salt concentration higher than 0.3M NaCl
was used. This situation was not improved by using Tris-based buffers that
Sinosich (1987) demonstrated improved the binding capacity of PAPP-A to
this affinity matrix.

Information received from the supplier (Pharmacia) noted that heparin
affinity gels post - 1984 were produced by a different supplier with two key
differences noted in that the heparin was:

e From a different species.
e The linkage chemistry used to attach heparin to the support was

different to the matrix that was produced pre - 1984.

The supplier of the original affinity gel (pre - 1984: Reactivs-IBF,
Appendix 1) was located and this affinity matrix produced the expected
elution profile, with enrichment of PAPP-A in the material eluted at 0.6 M.
The high affinity (>0.6M NaCl) heparin bound PAPP-A (Figure 2.12) was
used as part of a heparin based scheme, purification scheme 2 (Figure 5.3,
Chapter 5).
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Figure 2.12

Elution profile from heparin-affinity column (Reactivs-IBF)

[Legend: *: indicated off-scale absorbance. Buffer conditions were as described in Figure
2.11. The column was loaded with an aliquot from the DEAE bound material as described
in section 2.7.6. The bound material that was eluted from this column at 0.3 and 0.6 M
NaCl was loaded onto the gel filtration column as described in section 2.7.11].

2.7.5 Sulphated Dextran Chromatography

Sulphation of polysaccharides has been shown to confer on them some
heparin-like activity (Miletich et al, 1980). Therefore this could offer
another alternative to heparin. A column, 0.8 x 10 cm was loaded with
sulphated dextran that had been equilibrated with 10 mM potassium
phosphate (pH 7.2) containing 0.1 M NaCl at a flow rate of 1 ml/min. A step
gradient elution system was used. This procedure enriched PAPP-A

considerably (Figure 2.13)
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2.7.6 DEAE Ion Exchange Chromatography

Ion exchange chromatography has been used by a number of
investigators as part of their purification schemes (Lin et al,(1974a, 1974b),
Bischof, (1979a,1979b), McIntyre et al,(1981) and Sutcliffe et al, (1980). A
column of 2.4 x 15 cm was packed with DEAE-Trisacryl (Reactivs IBF,
Appendix 1), equivalent to a bed volume of approximately 70 mls. Buffer A
was 10 mM potassium phosphate, pH 7.2. Buffer B was buffer A but also
containing 1M NaCl. A gradient was obtained by a pump mix of reservoirs,
A and B. The column was loaded and run at 2 ml/min. Initially the column
was equilibrated in 10 mM potassium phosphate buffer containing 50 mM
NaCl. Gradients salt elution was tried as shown in Figure 2.14. The DEAE
bound fraction was eluted with buffer containing 0.5 M NaCl.

As shown in Figure 2.14 and also as found by the investigators listed
above, PAPP-A was eluted from the column over a wide range of salt
concentrations, possibly as a result of heterogeneity in the carbohydrate
portion of the PAPP-A molecule. A factor that has been seen to produce a
similar heterogeneity in other proteins (Gerrard, 1990). The salt elution
profile was optimised to give maximum binding of PAPP-A binding to this
column using a simple isocratic gradient (Table 2.5). The optimal conditions
for loading the ion exchange column were achieved using 10 mM potassium

phosphate containing 0.075 M NaCl, elution was with a salt increase to
0.5 M NaCl.

Table 2.5 Optimisation to yield maximum recovery of PAPP-A from DEAE
ion exchange column using an isocratic gradient elution.

1Column loading %PAPP-A bound %Protein Bound
conditions (detection by an RIA)  (Absorbance at 280 nm)
50 mM NaCl 99.5% 28%
75 mM NaCl 99% 24%
100 mM NaCl 84% 13%

[Legend: ! Column loading conditions were represented by the sample loaded in 10 mM
Buffer A (section 2.7.6) containing x mM Salt. Elution was with Buffer A containing 500
mM Salt. 2% Protein bound was determined from the integration of the elution profile of the
absorbance at 280 nm using the FPLC manager software. The sample loaded was a dialysed
resuspended aliquot of a 28/60% ammonium sulphate precipitate prepared as described in
section 2.7.3.]
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2.7.7 Dye Affinity Chromatography

It was noted by Gore and Sutcliffe (1984) that PAPP-A did not bind to
the dye, Cibachron-Blue. Sinosich et al, (Cited from 1988b) also found that
the inclusion of the dye, Red-120 in an intermediate gel in crossed
immunoelectrophoresis resulted in the PAPP-A immunoprecipitate being
abolished. Thus suggesting that PAPP-A was interacting with this dye.
Using these observations a tandem Cibachron blue to Red-120 dye column
system was tried. A Column of 2.4 X 15 cm was packed with Cibachron-Blue
3GA (Appendix 1) and Read-120 (Appendix 1) was packed to a column
height of 4 cm. The columns were equilibrated in 10 mM potassium
phosphate (pH 7.2) containing 0.075M NaCl (Buffer A). The sample was
loaded onto the columns at a flow rate of 2 ml/min. The flow through from
the Cibachron-Blue column was loaded directly onto the Red-120 column.
The Blue-dye column was removed and the protein was eluted from the Red-
dye column with Buffer A that contained 1 M NaCL

The Cibachron-Blue column did not significantly separate PAPP-A from
its contaminants (Figure 2.15) and the red dye column significantly
increased the Contaminant X-group of molecules (Figure 5.4, Chapter 5).
This group of molecules exist as single chain entities running at
approximately 210 - 260 kDa as determined by SDS-PAGE (as described in
section 2.3.2.2) and from the volume they elute from a calibrated gel

filtration column (as described in section 2.7.11).

2.7.8 L-Arginine Agarose Affinity Chromatography

The rationale behind the use of L-Arginine as an affinity matrix for the
purification of PAPP-A was that PAPP-A is a glycosaminoglycan (GAG).
GAG’s have been shown to interact with basic proteins (Sampson et al,
1985). Therefore PAPP-A should interact with the basic amino acid,
Arginine. A column, 0.9 x 1.5 cm was packed with L-Arginine agarose
(Appendix 1) and equilibrated in 10 mM potassium phosphate (pH 7.2)
containing 0.075M NaCl. The sample was loaded and eluted from the
column by increasing the salt concentration to 1 M NaCl. (Figure 2.16).

2 -40



/ (1* 7_8!1?81
X
Al
$
(
*#( 7+ '8
4 # % <
SO /L % 1+ 1 )($& 1 )R 5 $1%#+
7 *( % <D E 1 ' ( " '(+/* 1+ /(G 6 #
, 6A 4 * % @ ' ! /I (G 6 ? & ++# 1" $ !
[1¥58*1 (* (. 6 ,6 s (" <N, BA 4* 1 &
+( (L /(G 8
06 12 " $( " +1* $#*( 2 4& +( G 2 & & ' C G ( #

S O 2 / I+ ( $ )

%, 3



%

(1* 7-8 7 8

% < U,a# ##e 2

Al
!
2
$
|
%
*#( 7+ '8
4 # %
gL 1 * '+ ( :,6 4 ( 7 5($!'*#+% D <N
LV BA 4 * 1 )I#E " ($ ! 8
T6 $ '@ ( !'?7 " $( " & +!* $#*( ? 4& +( G 2?2 & & 'C G ( &
+(G " (6 ,62(C" + ")5@ " ) S S SR - R N T
[1*5$*1 (* ( , 6 ,6 # $1 " 12 (s )" s 1 % =9l & (+/
(" 20 ( (* B#! I+ & 6 )!# " ($ !'L'$ ! %= P
% =51 $ 6 5 1& '+ ( '4 (/&5
& 2 (" 5/ 1 4*5$1'5%( 1 $( ) #' " ( ( ("
| # $(C v (]! 7A ("L ::8 6 ,6 ' 4*5$1'5%( " 7T1&(
'$ 38 & 2(" & ! & /1" ) * 5 &( & $()!&5" (
/o Sl ) gt I(( 6 .6 I+ sl (+ (' %



are a class of molecules that have defined specificities for particular
carbohydrate side chains. Bischof (1979b) used Con-A as an affinity matrix
to aid in the purification of PAPP-A. Experiments that used PAPP-A
electroblotted onto a membrane with subsequent incubation with lectin and
appropriate carbohydrate (Chapter 7) revealed that the lectin that seemed
to offer the best specificity for PAPP-A compared to its contaminants was
Lycopersicon esculentum. A 2 ml column was packed agarose bound
Lycopersicon esculentum lectin (Appendix 1). The lectin/PAPP-A interaction
on the solid phase blots was not transferable to a chromatographic method
as in the absence of detergents used on the blots the Lectin did not

demonstrate the same specificity for PAPP-A that was observed on the blots.

2.7.10 Metal Chelate Chromatography

Immobilised metal ion chromatography (MCAC) separates proteins
according to the presence of histidine, tryptophan and cysteine on the
protein surface. These amino acids bind to metal ions that are complexed to
chelating groups on the chromatographic medium. Sinosich et al,(1983) that
PAPP-A interacts with Zinc and found that elution from a Zn MCAC
column using EDTA did not resolve PAPP-A from its main plasma
contaminants (Alpha -2- macroglobulin, PZP and fibronectin). A decreasing
pH gradient did not separate these proteins, but PAPP-A was
immunologically denatured as to be no longer immunologically measurable
by crossed immunoelectrophoresis. This is in contrast to the stated, pH
stability of PAPP-A by Lin (1974b) who observed immunological stability at
a pH range of 2 - 12. I also observed that a physico-chemical change
occurred to PAPP-A after Zn-MCAC, in that the protein separated tended to
precipitate and was difficult to re-solubilise after elution from this column.
Although detectabie by RIA after elution (Figure 2.19) with >95% recovery
of the PAPP-A loaded onto the column, in the indicated peak fraction (®).
Because of the difficulties in keeping the protein in solution after elution
from this column, it was not used as a step in the isolation of PAPP-A. The

MCAC matrix (Appendix 1) was loaded to a bed volume of approximately
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5 mls, and the matrix charged by running 20 mls of 0.1 M Zinc Sulphate in
distilled water through the column at a flow rate of 0.5 ml/min. It was then
equilibrated with 100 mM acetate buffer (pH 6.3) containing 0.5 M NaCl
(Appendix 2), PAPP-A was eluted with a step gradient to 30% of 100 mM
acetate buffer (pH 4) containing 0.5 M NaCl (Appendix 2) at a flow rate of

2 ml/min.
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Figure 2.17

Elution profile from Zinc-MCAC column

[Legend: An aliquot of the DEAE bound fraction from section 2.7.6 was loaded onto this
column, buffer conditions were as described in section 2.7.10. PAPP-A was detected by the -

RIA as previously described in section 2.6.4.5]




2.7.11 Gel Filtration

Gel permeation chromatography (gel filtration) is a form of partition
chromatography that separates molecules by partitioning them between the
solvent and a defined porous stationary phase. Protein aggregates can elute
before the void volume, by being sterically hindered from diffusing between
beads. Smaller molecules can enter the stationary phase and move through
the column at a slower rate than larger molecules that will then elute first.
Separation is then on the basis of shape and mass of a particular molecule.
A pre-packed superDex-200 (Pharmacia, Appendix 1 with a bed volume of
305 mls) was equilibrated in 10 mM potassium phosphate buffer (pH 7.2)
containing 0.15 M NaCl. The column was run at 4 ml/min and 5 ml fractions

were collected (Figures 2.18 and 2.19).
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Figure 2.18

Calibration curve for the SuperDex-200 gel filtration column.

[Legend: Volume eluted/Void volume plotted against proteins of a known molecular weight
(Appendix 1) taken to be Blue dextran (2000 kDa), Fibrinogen ( 340 kDa), IgG (150 kDa),
Albumin (66 kDa) and Ovalbumin (45 kDa). r2= 0.997.]
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staining method (section 2.3.2.2d). If the protein was to be recovered from
the gel, 1.5 mls of 2% CBB-R250 in methanol was added to the top
electrophoresis reservoir. This allowed in-gel staining of proteins and the
recovery of protein from the gel by excising the visualised band (It was
frozen at -70°C). After thawing the gel slice was cut into small pieces and
incubated for 3 hrs at 37°C with 300 ul of gel elution buffer (Appendix 2).
This was then spun through siliconised glass wool and the gel fragments
were washed with 150 ul aliquots of elution buffer until the elution buffer
had no traces of CBB. The fractions were pooled, freeze dried and finally
reconstituted in sterile distilled water. Recoveries were calculated by re-
running sample on an SDS-PAGE gel and video-densitometry as described
in section 2.6.5. Recoveries for the in-gel staining were approximately 40%
compared to a recovery of only 10% when post gel staining/destaining was
used prior to the recovery of protein from the gel slices.

General concentration of samples (if required) was achieved using

Centriprep-100 (Amicon, Appendix 1) as described by the manufacturers.

2.8 Materials and Methods Section For A Molecular
Approach: Towards The PAPP-A Gene-II

2.8.1 Assessment of Protein Elution Methods from Blotting |
Membranes

Protein ((standard proteins, aoM or purified myosin) and PAPP-A) were
electroblotted onto nitrocellulose, immobilon-P as described in section 2.4.1.
This material was then eluted from these membranes using a variety of
solvents (Appendix 2) as described by these investigators:
e 5% Tween (Leykan and Strahler, 1992).
e 20 -100% Methanol (Charbonneau, 1991).
o Hexafluoroisopropanol, HFIP (Morris, 1992).

The eluted material was recovered by freeze-drying the material and
reconstituted in sample loading buffer (Appendix 2). It was subsequently
analysed by SDS-PAGE followed by densitometry as described in section
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2.6.5). More than 80% of the standard protein was recovered from the
membranes but PAPP-A could not be detected after using any of the

suggested elution methods.

2.8.2 Solid-Phase Cyanogen Bromide (CNBr) Digestion

Cyanogen bromide specifically cleaves proteins at the methionyl peptide
bond (cited from Gross et al, 1962). Methionine residues are less frequently
present in proteins than other amino acids, so cleavage at this site usually
produces a limited number of large peptides.

The procedure described in the probe-design kit was followed (Promega,
1990). The PAPP-A monomer was electroblotted onto immobilon-P
membrane or nitrocellulose (Luo et _al, 1990). The blotted material was
incubated overnight at RT with 50 - 100 pl of 70% formic acid containing 10
mg/ml CNBr. The CNBr solution was then transferred to a new sterile
screw-top Eppendorf tube (eluted peptide vial). The peptides were eluted
from the membrane by submerging it in 200 ul of peptide elution solvent
(Appendix 2) for 2 hours. This process was repeated again and the eluted
peptides combined in the eluted peptide vial and dried down using a
nitrogen stream directed at the liquid in a well ventilated fume hood. The
peptides were reconstituted in distilled water and loaded onto the RP-HPLC

column .

2.8.3 RP-HPLC Separation of Peptides

The mechanism by which proteins/peptides adsorb to a RP column as
proposed by Geng and Regnier (1984) is that the hydrophobic amino acids in
a peptide or protein are retained on a reverse-phase surface by single or
multi-point adsorption and the retention time on this surface can be
predicted from the ratio of polar/non-polar amino acids in the molecule. The
protein/peptide entering the column displaces the mobile phase organic
modifier on the surface of the reversed phase support. The protein remains
adsorbed until a critical concentration of mobile organic modifier is reached

and is then desorbed. Large molecules interact with the surface of the
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support by an adsorption type mechanism, which is highly dependent upon
their protein conformation. Thus separation of a protein/peptide mixtures
can be achieved. The use of TFA in the solvent protonates carboxyl groups
on peptides thus increasing their affinity for the RP surface.

Briefly, the CNBr peptide digest was loaded onto a 250 x 4 mm RP-18
column (5 pm Merck) linked to a Pharmacia HPLC system (Appendix 1). It
was eluted at a flow rate of 0.5 ml/min with a four-step gradient as
illustrated in Figure 6.3, Chapter 6.

Solvent A: distilled water containing 0.06% TFA.

Solvent B: 80% Acetonitrile containing 0.06% TFA.

Detection was by absorbance at 214 nm, or using a diode-array detector
(Appendix 1) and amino-acid analysis (Appendix 3) was used to determine if
peaks contained protein that was suitable for microsequencing (Figure 6.3,

Chapter 6).

2.8.4 Vapour Phase CNBr Cleavage Of PAPP-A In Gel Slices

This was performed by a modification of the method originally described
by Zingde et al, (1985). TFA under reduced pressure was used instead of
formic acid as this encouraged vapour formation and led to the production
of an acidic CNBr atmosphere. The vapour phase method ensured that
cleavage was likely to occur at methionine residues and not at the acid
labile, Asp-Pro bonds. The use of a vapour also meant that extensive
equilibration procedures were not needed prior to peptide separation thus-
reducing protein losses that occur at these stages. All procedures involving
CNBr were carried out in a well ventilated, externally vented fume hood.

In-gel stained PAPP-A bands as described in section 2.7.12 that had been
separated on 5% SDS-PAGE gels as described in section 2.3.2.2a were
incubated in a quik-fit chamber containing 3 mls of a 20 mg/ml cyanogen
bromide in 70% TFA. The gel slices were suspended above the CNBr
containing TFA, care was taken that liquid did not splash gel slices. The
vessel was flushed with nitrogen and placed under a vacuum until the TFA

boiled. It was then sealed, covered in foil and left overnight at RT. The gel
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slices were then freeze dried and washed in sample buffer (Appendix 2) until
the buffer remained a blue colour (dye sensitive to pH changes). The gel
slices were boiled in 50 ul of sample buffer for 3 minutes and loaded onto a 5
- 20% peptide separating gel as described in section 2.3.2.2c). After
electrophoresis the proteins present in the gel were electroblotted onto a
PVDF membrane as described in section 2.4.1 and sent for automatic

sequencing.

Table 2.6
Proteolytic enzymes suitable for limited proteolytic cleavage in the

Cleveland SDS-PAGE gel environment

Proteolytic Enzyme 1Cleavage Reaction conditions Other
Site Information
Endoproteinase Glu-C -Glu 2X 50 mM Ammonium Active in
(from Staphylococcus bicarbonate (pH 7.8) presence of :
aureus; V8 protease.) Or - 0.2% SDS.
50 mM Ammonium - 2M Urea,
acetate (pH 4.0) - 2M Guanidine-
HCIL
-Glu 2X 50 mM Sodium 50% activity in
or phosphate, (pH 7.8)  4M urea.
-Asp 2X Mr 28,000 d.
Endoproteinase Lys-C Lys-3X 100 mM Ammonium  Active in
(Type XXXIII-A from bicarbonate (pH 8.5) presence of:
Lysobacter enzymogenes) - 2M urea
- 0.1% SDS
Mr33,000 d.

[Legend: 1Cleavage site: Specific cleavage site as determined by enzyme and reaction
conditions. 2X: Where X is any amino acid but not glutamic acid or proline. 3 X: Where X is
any amino acid.]

2.8.5 Limited Proteolytic Cleavage in-gel Slices (Cleveland)
The Cleveland method (Cleveland et al, 1977) enables in-gel proteolytic

digestion of proteins. The method that was used was a modification of the
Cleveland technique described by Andrews (1989). In-gel stained PAPP-A
slices (Chapter 5) were cut in squares and equilibrated for 15 minutes at RT
in stacking layer buffer (Appendix 2), they were then gently pushed into the
wells of a 5 - 20% gradient SDS-PAGE system as described in section
2.3.2.2c. These gels were cast with a 5 cm stacking gel layer to allow the
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protease and protein to be stacked together and facilitate proteolytic
digestion. The gel slices were overlaid with stacking layer buffer containing
10% glycerol, a proteolytic enzyme (see Table 2.6, the concentration and
type of protease that were used can be seen in the legends in Figures 6.4
and 6.5, Chapter 6) and 0.001% Bromophenol blue as dye marker. The gel
was then run at 55 V (constant) until marker dye was 2 cm into stacking
layer. Then the power was turned off and the samples were left to digest for
60 to 90 minutes. Subsequently electrophoresis was resumed, the
fractionated digest was then electroblotted onto a PVDF membrane as

previously described (section 2.4.1).

2.8.6 N-terminal microsequencing

The material produced on PVDF blots was sent to commercial sequencing
services (services used were described in Chapter 2) which used an Applied
Biosystems 477A Protein Sequencer. The sequences produced by these
services are identified as part of the legend to Figures 6.4 and 6.5, Chapter

6. A full outline of the sequencing results can be found in Appendix 3.

2.8.7 Oligonucleotide Synthesis and Post Synthesis Processing

Oligonucleotides were produced in-house by Mr P. Loxley. The
phosphoramidite version of the phosphite triester method was carried out on
a solid phase support. De-protection and concentration of oligonucleotides
were as described in Appendix 2. The following oligonucleotides were used
as PCR primers (Table 2.7).

Table 2.7
Oligonucleotides synthesised from PAPP-A sequences obtained in this study.

5'- AAA GCI AGA GGI GCI ACI GAA -3' :N-PAPP-1.

5- G CG G -3 :N-PAPP-2.

5- GA(A/G) GCI (A/C)G(A/G) GGI GCI ACI GA(A/G) GA(A/G) C -3’ :PAPP-4
5- ICC ICC (G/A)TC IGC (A/G)TT (A/G)AA (A/G)TG -8’ :cPAPP-3

[Legend: Bracketed figure indicates 50% wobble with nucleotides indicated at that
position. N-PAPP-1/2 were two oligonucleotide pools produced from the first N-terminal
sequence obtained for PAPP-A (K. Lilley, Appendix 3). PAPP-4 was the consensus N-
terminal region for PAPP-A obtained from sequencing information (Table 6.3, Chapter 6)
and PAPP-3 was a complementary strand to a putative internal stretch obtained from a V8
digestion of PAPP-A, Figure 6.5, Chapter 6. The synthesis of these primers is further
outlined in Appendix 3.]
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