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SUMMARY

1) Wprk in this laboratory has éstablished_thaf there
exist at least three distinet forms of human placental
alkaline phosphatase, including two claséically described
soluble forms (A- and B-PLAP), énd ; membrane form
specifie to the syncytiotrophoblastic microvillous
membrane, designated M-PLAP.

2) I have extended this work by purifying the three
isocenzymes of PLAP from placental tissue by developing a
pdrification system that exploits theiyr differential
hydrophobicity.

3) Non-reducing SDS-PAGE wés uged to resolvé the dimers
of PLAP, which were then visualised either by Coomassie
Blue or by direct enzyme staining. By this means, I was
able to confirm the findings of Abu-Hasan and Suteliffe
(1985), namely that’M—PLAP runs as a double bandéd zone
of activity with a mobility corresponding to a ﬁolecular
gsize of aroundvlco,OOO daltons, while A-PLAP runs with a
mobiiity coéresponding to a molecular size of around
115,000 dalton?. Dimers of B-PLAP were resolved for thé
first time as a single band with a mobility corresponding
to a moiecular size of around 110,000 daltons.

4)  Analysis of the subunits on SDS-PAGE has showﬁ that
a single Coomassie Blue-staining component present in A-

PLAP 1is also common to B-PLAP and M-PLAP, suggesting that



all three are composed, at least in part, of_monomers of
similar melecular Qeights. However, a band of lower
molecular weight was consistently observed in M-PLAP aﬁd
_B—PLAP‘ aven when_special care was taken to worki at 4°¢
and to minimise artifectual proteclytic cleavage. This
has not been previously reported in PLAP purified from
the placenta. Independent évidence for the presence of
another PLAP polypeptide has come from the work of
Nieckeon, Livingestone and Suteliffe (1986), who cshowed
that +two PLAP polypeptides (56KD- and 58kD) could be
spédificélly immunoprecipitated from the in vitro
translation of term placental villous mRNAf

5) Unpublished observatlons by Abu-Hasan and Suteliffe
showed that M-PLAP could not be detected in maternal
serum elther by electrophoresis or zel filtration. This
was intrizuing because it was already established (Abu-
Hasan and FSutcliffe, 1985) that about 95% of the PLAP
molecuie, including its active site, protrudes from the
surface 6f the microvillus, and is bathed in maternal
blood in the intervillus spaces. They suspected that

serum contained a factor capable of degrading M-PLAP to

the A- and B-éLAP isoenzymes. The present work has
‘confirmed and explained these findings, as follows.

6) Serum can convert M-PLA? to isocenzymes
indistinguishable from A- and“B—PLAP on starch gel

electrophoresis. These processed PLAP products also have

ii



dimer mobilities identical to A- and B-PLAP on non-
reducing SDS gel elecfrophoresis. It was proposed that =a
factor in normal human serum mediated the conQersion of
M~-PLAP to the A- and B-PLAP isoenzymes.

7) This conQersion of M-PLAP to the A and B isoenzymes
can proceed in the presence of protease inhibitors and is
not accompanied by any change in the subunit size of the
polypeptide within the resolving limits of reducing SDS
PAGE. It was therefore concluded fhat the conversion was
not proteolytic in nature.

8) I now transferred my efforts to the analysis of the
conversion factor in ,serum.v We formed 'a working
hypothesis that removal of lipid moieties may be involved
in the conversiqn.of the hydrophobic M~-PLAP to the less
hydrophobiec A- and B-PLAP. Since size fractionation of
serum indicated that the factor had a size of about 60
kilodéitons, the serum enzymes 1i§oprotein 1i§ase and
lecithin-cholesterol acyltransferase were tested for
convérsion activity, but were found to be ineffective on
M-PLAP substrate.

9) ‘Attempts to analyse the kinetics of the conversion
activity were hampered by the lack of ‘a quantitative
measure of the extent of conversion. Such an assay wés

developed in a model system, in which known ratios of A-,

B~ and M-PLAP could be assayed accurately and
reproducibly. However, for reasons not determined, the, oo
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assay system could not be used to examine the conversion
status of converted M-PLAP.

10) A purification system was developed for the

purification of the conversion factor from serum, using
conventional and FPLC column chromatography. When the
reéultant material was radiolabelled with 12571 and

examined on SDS-PAGE, major components were identified
with molecular weights of 27,000 and 17,000 daltons.

11) The purified, radiolabelled conversion activity was
also analysed by 2-dimensional antibody antigen crossed
electropﬁoresis (AACE). Precipitin arcs containing
labelled protein .werg identified by their .relative
mobilities. These included an arc corresponding to the
mobility of alpha-lipoprotein, which is comprised of .  two
major polypeptide gspecies of 27 and 17kD (apoclipoproteins

A-I and A-II respectively).

12) . Rabbit antiserum raised against human
apolipoproteins A-I and A-II was conjugated onto
Sepharose and used ©in the antibody affinity

chromatography of normal human serum. Depletion of the
alpha-lipoprotein polypeptides coinqided with depletion
of éonversion activity, while the bound and eluted
fraction waé found to contain conversion activity.

13) These results vlead us to propose fhat serum
apolipoproteins A-I and A-II are assoclated with the in

vitro processing of M-PLAP to A- and B-PLAP.

iv
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GENERAL INTRODUCTION

This chapter presents a review of the current state
of kﬁowledge of mammalian alkaline phosphatases, with
special emphasis on the human placental form of - the
enzyme. Alkaline phosphatases comprise one of the most
studied groups of all enzymes (see McComb et al, 1979),
with ,different molecular forms having characteristic
patterns of expression iﬁ different species, between
mémbers of‘a single species, between tissues of a single
organicem, and withiﬁ a particular tissue. These
differences have been identified by a variety of .
physical, structural and functional properties (Fernley,
1971; Fishman, 1974). These include molecular and subunit
properties, electrophoretic, immunochemical, thermal'
stability properties and differential  response to
substrates and effectors oé catalytic activity. Mueh of
the mechanisms by which such diversity arises is known.
and will be reviewed below.

The theme of the current fesearches is human
placental 'alkaline phosphatase, which is located on> the
placentél syneytiotrophoblast mémbrane. In . order to
understand the location and possible functional
gignificance of this enzyme, it is necessary to quickly
survey the development, structure aﬁd function of the

human placenta.



‘1.1 The Human Placenta

The placenta is an essential, multifunctional,
component of the mammalian reproduétive system, whose
role 1s to maintain the fetal- environment +throughout
gestation. One major function is to transport nutrients,
water, and gases to the developing,fetus and to excrete
fetal. waste kproducts into the matérhal circﬁlation.
Further, by means qf the secretion of hormones, the
placenta 1is able to modify the maternal metabolism at
various stages of pregnancy. Tﬁis organ may alsco be
involved in the maintenance of the pregnaney aé an
allograft, and 1in the inhiﬁition of the intrinsice
clotting system, which normally is activated when blood

comes into contact with non-endothelial surfaces.

1.1.1 Human Placental Development

VFollowing implantation of the developing blastocyst
in the uterine wall, the 'trophoblast infiltrates the
endometrial endothelium until, by the 11-12th day, the
'blastocyst s completely embedded. At this stage, the
troéhoblast cells differentiate into cytotrophoblast,
wﬁich becomes less common as the placénta matures,
surrounded. by primitive syncytiotrophoblast. Up to the
25th day of pregnancy, there is a period of intense

growth and differentiation as the "fingers'" of choriocnic



villi become esgtablished. As preghancy proceeds, the
villi proliferate and become tninner. Secondary wvilli
deyelop from‘these primary villi whieh confain various

cell types and specialised areas. Finally. tertiary villi

are produced which contain the fetal capillaries.

1.1.2 Placental Microvilli

mature villi are composed of an outer layer of
syneytiotrophoblast, a layer of cytotrophoblast and an
inner layer of connective tissue which eontains collagen
fibres, fibreblasts, Hofbauer cells and placental
capillariesf The syneytiotrophoblast is uniform in
thickness and has a free surface covered by microvilli

whose cytoplasm is continuous with that of the

syneytiotrophoblast. - These syneytiotrophoblastice
microvilli are suffused on their outer, or maternal,
side with extra-epithelial blood. Thus, the

syncytiotrophoblast forms tne fetal-maternal interface
across which all 'exchange takes place. As the fetus
grows, and i1ts requirements for exchange increase, so the
syneytium becomes thinner, the microvilli increase in
number, and the placental’capillaries move closer to the
surface. It has been estimated that, at'term, the total
surface erea available across which exchange could take

place exceeds 10m? (Aherne and Dunnilil, 1966).



1.1.3 Morphology of the Cytotfo— and Syneytiotrophoblacst

There are‘,considerable morphological differences
between the synceytiotrophoblastie and cytotrophoblastice
layers. The cytotrophoblast cells show considerable
variation in shape, dependent upcen location and gestation
period. They haQe little | &etectable intracellular
structure, having a scapcity of endéplasmic reticulum and
onganélles (Boyd and Hémilton, 1970). In contrast, the
syneytium has a high - concentration of mitochondria,
lysosomes, vesicles, vacuoles, mierotubules,
microfilaments and endoplasmic reticulum (Wynn, 1975).
This structural evidence has led to the hypothesis that
the syncytiotrophoblaest is the major endocrinclogically

active tissue of the placenta.

1.1.4 Placental Proteins

Studies of placental brush border protein components
has been stimulated primarily by the discovery of Smith,
Brush and Luckett (1974) that placental preparations
enriched in microvillous membranes could be obtained by
differential centrifugation of a saline extract of whole
placental tissﬁe. Using SDS-PAGE electrophoresis, workers
have in general found between 16 and 20 polypeptide
species (Carlson et al, 1976; Smith et al, 1979; Kelley
et al, 1979). Albumin, transferrin and alkaline

phosphatase are major components in all preparations.



Albumin 1is present as a contaminant and is derived from
contaminating fetal and maeternal bloéd.' Transferrin is
present in relatively high concentration.due to bihding
to the larze number of transferrin Vreceptors on the
membrane (Loh et al, 1980). kPlacental alkaline
phospbatase is the major external structural protein
component of the microvilli (Jones and Fox, 1976;
Doellgast and Benirschge, 1979).

Several - groupe  have tried to identify fqrther
plééeﬁtal brush border protein components either by
analysis of proteins present in microvillous membrane
preparations, or by cQtochemistry. These species can be
classified as binding sites, enzymes and other proteiné
(for_ review, gee Truman and Ford, 1984). Those membrane
proteins defined as binding sites include specificities
for immunoglobulin G (Van der Meulen et al, 1980; Johnson
and. Brown, 1981), transferrin (Loh et al, 1980), low
density lipecproteins (Alsat. et a1, 1982), insulin
(Whitsettband Lessard, 1978) and epidermal growth factor
(Hock et al, 1979; Ogbimi et al, 1979). Those enzymes
found i1in microvillous meﬁbraneAprepérations ineclude 5'-.
nucleotidase (Truman et gl; 1981) and vérious ATPases.
Other proteins thought to be specifically synthesised
during pregnancy, though not kexélusively by the

trophoblast tissues, ineclude the preghancy associated

proteins SP1, PP5, and PAPP-A (Sutcliffe et 21, 1980;



Klopper, 1980). A recent review of placental specific
proteins has been written by major contributors to the

field, edited by Rosen (1986).

1.1.5 Placental Immunology

A major area of invesgtigzation is the mechanisms by
which the placenta is maintained as an allograft. On an &
priori basis, the fetal/placentall'unit is a rgood
candidate for eliciting a maternal immune response, since
trophoblast cells are in direct physicai contact with
both the maternal blooé suppiy and. the maternal
endometrium. Indeed, several studies have shown that the
synecytiotrophoblastic microvilli are | sufficiently
immunogenic when injected into mice to elicit an immune
response (Beer et g;. 1972a,b). Maternal ‘lymphocyte
recognition' of paterﬁal determinante on the vtrbbhoblast
sgrface is an area of contention at present. Whereas
ﬁavies et g; (1982&, 1982b) provided evidence of suéh a
prhenomenon, their results remain to be confirmed by other
workers. Nickson and Suteliffe (1986), using a passive
haemaglutination assay, falled to detect anti-trophoblast
antibodies i1n maternal sérum. Similarly, recent work by
Hole et al (1987), using an ELISA assay with solubilised
plécental plasma’ membrane. proteins, detected no
significant difference in tifre between preghancy sera

and normal male sera. Neverthelegs, it is known that the



syneytiotrophoblastic membranes do not express
histocompatibility antigens, on the basis of a negative
reaction on immunohistochemistry (Goodfellow et al, 1976;
McIntyre and Faulk, 1979). -

The mechanisms by which the placental allograft~ is
maintained is not known, although three possible
hypothezes have beeﬁ formulated, none of whieh are
rmutua%lQ exclusive. It is possible that the fibrinoid
layer at " the utero—placentél interface may act as a
physical> barrier Vto maternal lymphocytes or . other
cellular elements (Sutecliffe et -al, 1982). Maternal
antibodies raised against paternal anfigens on the fetal-
maternal intérface may bind and act "block" the
sensitised matérnal lymphocytes and cellular ccmponehts
from reaching their targets. Other blocking factors have
been described by Roecklin et al (1976). A third
hypgthesis was proposed by Wynn (1975) in  which
trophoblastié exfo;iation. acts foydivert the maternal
immune sysﬁem from fhe coﬁceptus.

"It has been proposed that a degree of immune
recognhition is necessary for the maintenance of
pregnancy. Couples in which the woman:has had habitual
recurrent spontanecus aﬁortions‘are thought to express a
greater degree of sharing of HLA determinants than would
be expected with reference to couples with no such

history (Beer et al, 1981). Faulk (1981) proposed that



recognition of the paternally derived TLX specificities
on the placental surface is necessgary for maintenance,
although these specificities have never been identified’
biocﬁemically. Evidence gsupporting the hypothesgis of
immune recognition wasAgleaned by Mowbray et al (1985)
who fouhd that immunisation of recurrent aborters with
their partner's lymphocytes, and hence, hypothetically,
‘"the | generation of antibodies = against paternal
.determinants, appeafed to result in  an increase in
successful pregnancy.

In short, theréfore, the syncytiotrophoblaétic
microvillii are important in the transport of nutrients,
gacges and waste material between the maternal and  fetal
blood supplies. The brush border, or its components, may
have a role to play in making the fetal/placental unit an
immunclogically privileged site. The membranes are also
instrumentai in steroid/hormone signaling between the
mother and.the deQeloping embryo, as well as synthesising
a nuhber of enzymes and other proteins of unknown
funetion. One example of such an enzyme, and a major
protein of the term syncytiotrophoblastic miecrovilli, is

placental alkaline phosphatase.

1.2 Mammalian Alkaline Phosphatases

Alkaline phosphatases (orthophosphoric-monoester

phosphohydrolacse (alkaline optimum), EC 3.1.3.1) are a



group of nonespecific prhogsphomonoesterases located
primarily in the plasma membrane of the cells in which

they occur. in Qitro studies of the'enzyme has revealed
thét the& also exhibit phosphotransferése (Herraez et al,
1980) and protein phosphatase acfivities (Swarup et al,
1981; Lau et al, 1977). The lack of substrate specifiéity
and the broad ‘spectrum of activities exhibited by
alkaline phosphatases have rendered the elucidation of
tﬁe physiological function of the enzyme difficult.
Alkaline phosphatases are among the most widely
studied groupse of enzymee, and have been found in
bacteria, plants, and animals (see McComb et al, 1979).
In man, they exist as highly glycosylated homcdimers, and
as ‘such are found in essentially all tissues, although
they have been best studied in those tissues containing
the greatest activities, namély liver, bone, kidney,

intestine and placenta. Table 1 presents a number of the

properties of particular alkaline phosphatase species.

1.2.1 Physiological Function of Alkaline Phosphatases

The functional significance of. mammalian alkaline
phosphatases have yet to be establicshed. Mény lines of
evidence have indicated that there 1is a correlation
between alkaline phosphatase and fat absorption and/or
phdsphatidate hydrolysis (Fishman, 1974; Ehle et al,

1985; Sumikawa et al, 1987). Alkaeline phosphatases are

9



Tissue Unspecific Tissue Specifice

Furfher Loeidi

Early IAP PLAP-like

+ o+ o+

-+

fast

++
-+

subunit 65

10.6

ERERES

+ 4+

ERES

-+

intermediate

Alkaline Phosphatase; adapted from

Isoenzyme
Type L/B/K AP "IAP PLAP
MW (XkD) 136-170  1L0-170 116-125
Allelice
diversity - - +++
Cloned )
/Sequenced + + +
pH optima 10.1 10.1 10.7
Heat Stability:
56°C 1Bmin +/ ++ et
65°C sSmin - - +
Amino acid
sensitivity (5mM)
l-phenylalanine - + 4+ + o+
l1-homoarginine 4 -/ + -/
l-leucine + ++ +
Electrophoretic :
mobility fast slow intermediate
Sialic acid + - +
Lectin Binding + - + o+
Immunoreactivity
to antisera to:
Liver AP + - -
Bone AP +++ - -
Kidney AP +++ - -
Intestinal AP - - +
Placental AP - + + 4+
TABLE 1.1. Multiple Forms of Human

Stigbrand (1984).



algo thought to be intimately related to mineralisation
of bone and ossifying growth-plate cartilage . (Burch et
ali, 1985). Aiternatively, other workers have proposed
that alkaline phosphatase contributes to the regulation
of cell growth by selective tyrosyl dephosphorylation
(Risk and Johnson, 1985), and could hence be important in
controlling the interaction of cell surfaée receptors
with ‘epidermal‘growth factor and insulin (Avruch et al,
1982: Hunter, 1982). Again, 1nitial researches in this
laboratory, and by Hutton et al (1980), have suggested
tﬁat placental alkaline phosphatacse is important in the

inhibition of blood clotting, via the degradation of ADP.

1.2.2 Genetic Diversity in Alkaline Phosphatases

Analysis  of the immunologicai, catalytice and
electrophoretic properties of the alkaline phosphatases
exfracted from mammalian tissues indicates that there are
several classes of mammeaelian alkaline phosphatases, and
that they are encoded by at least three structural genes
(Seargeant and Stinson, 1979: McKenna et al, 1979;
Goldstein et al, 1980a). For a review of multilocus

enzyme systems as 31llustrated by mammalian alkaline

phosphatase see Harris (1982).
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1.2.2.1 Tissue unspecific Alkaline Phosphatase (L/B/K AP)

Oﬁe form of  alkaline phosphatase is found
predominantly in osteoblasts, 'fibroblasts, leukoecytes,
and ih cells from a variety of different tissues,
including liver, kidney, breast and brain. This is known
as the tissue-unspecific, or liver/bone/kidney form of
alkaline phosphatase (L/B/K AP). The isocenzymes extracted
from . these cells and tissues are known to be
immunochemically identical (Boyer, 1963), and are
similarly sensitive +to dinhibition .by l-homoarginine

(Fishman and Sie, 1970).

1.2.2.2 Intestinal-type Alkaline Phosphatase (IAP)

Intestinal alkaline phosphatase (IAP) is one example
of a tissue—séecific AP, and as such is largely confined
to the brush bordér membranes of‘the small intestine. It
can -be distinguished from other APs by specific antisera,
though. éome cross-reaction with antisera raised against
placental alkaline phosphatase can be seen. It shares
several properties with placental alkaline phosphatase in
that it is partially heat stable, resistaﬁt to catalytic
inhibifion with l—homoargininé, énd sencsitive to
inhibitidn with 1l-phenylalanine (Ghosh and Fishman,
1966). IAP 1is a glycoprotein, but it does not contain
sialic acid residues, neither does it bind to

concanavalin nor lentil lectin (Lehmann, 1980).
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Studies using monoclonal antibodies, tryptic peptide
and cyanogen bromide peptide mapping indiéates that there
exists a form of intestinal aikaline rhosphatase
expregéed in the fetus up to to 30 weeks gestation, which
is similar, but not identical to the adult isocenzyme
(Vockley et al, 1984a; Vockley et al,. 1984b). It is
proposed that this is expressed from a further alkaline
phosphatase gene locus, although =some. developmentally-

related difference in gene-rearrangement or messenger-

processing cannot be excluded.

1.2.2.3 Placental-type Alkaline Phosphatase (PLAP)

Placehtal alkaline phosphatacse (PLAP)-is'the other
major tissue-specific alkaline phosphatase, and is mainly
confined "to the placenta of higher primates including
orangutan, chimpanzee and man (Doellgast, 1984). Although
catalytically similar to the adult intestinal isoenzyme,
it «c¢can be distinguished with some moncelonal antibodies»
and by i1ts marked heat-stability (Nealer et al, 1965;
Beratis and Hirschorn, 1972). PLAP is also slightly more
sensitive to inhibition with l—ieu—gly—gly and l-phe-gly-
gly (Doellgast and Meis, 1979).

Alkaline phosphatase activity has been detected. in
the placenta as early as the Ffirst 6-10 weeks of
pregnancy. This form of alkaline phosphatase was found tob

consist of two heat sensitive and l-homoarginine

12



inhibitable sgspecies, one of which vshared antigenice
determinante with L/B/K AP. the other being antigenically
unique (Fishman et al, 1976; Sakiyama et al, 1979).
Between the eleventh and thirteenth weeks of preghancy,
thevexpression of AP is in a state of flux, during which
the early-type, or developmental phase—specific alkaline
phosphatases -are replaced by the <c¢lassically described
PLAP. From there, placental alkaline phosphatase serum
concentrations rise exponentially to a peak level at
delivery of afound 250ng/ml, and clearing from the blood
withiﬁ six days of delivery (Holmgren et al, 1978).
Heat-stable, l-homoarginine resistant and 1-
phenylalanine ©resistant alkaliﬁevphosphatases have been
detected in trace amounts in the normal human testis
fChang'gz al, 1980), in lung, cervix, and thymus (Nozawa
et al, 1980; Goldstein et al, 1980b; Goldstein et al,
1982a), and in intestine and liver (Garattini, et al,
1988). HoweQer, thecse PLAPflike enzymes are also
sensitive to inhibition with l-leucine aﬁd EDTA, and some
quéstion remains as to whether they represent a further
AP  1locus, or whether they are differently processed
transcripts ér polypeptideé. This picture is confused by
the existence of a rafe allelie variant of PLAP, namely
the D- or 18-variant, which is indistinguishaﬁle from the

PLAP-like alkaline phosphatase described above (Doellgast

and Fishman, 1976).

13



1.2.3 Predicted Amino Acid Sequences of Mammalian APs

~The ¢DNA sequence for one form of,intestinal AP and
one form of L/B/K AP has been cloned and sequenced (Weiss
et al, 1986; Henthorn et al, 1987). In addition, Henthorn
et al (1986) have cloned and sequenced the products of
th common alleleé encoded by the locus for human
placeptal alkaline phosphatase, namely type 1 dnd type 3.
The amino acid sequence predicted from the c¢cDNA sequence
of all four 1s presented in Table 2.

The analysis of Henthorn et al (1986) identified‘ten
single nucleotide substitutions between the two alleles
of piacental alkaline phosphatase,rseven of which resﬁlt
in a difference in the amino acid sequence presented in
Table 2. This amount of variation between the tworalleles
is unusual, but may be related to the high degree of
poiymorphism at this loecus.

Millan (1986) was able to isolate and 'sequence an
almost full length clone for type 1 PLAP. However, this
differed froﬁ the type 1 sequence published by Henthorn
et al (1987) at two nucleotide positions within the
‘proteln coding region. One of these differences results
in the substitution of a prolineifﬁr an arginine at amino
acid position 209. If these differenceg exist, then. this
may Prepresent microheterogeneity  within the  type 1

phenotype, a hypothesis supported by monoclonal antibody
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-17 M--LLLLLL LGLRLQLSLG PLAP
-19 MQGPWVLILIL LGLRLQLSLG IAP
-17 MISPFLV LAIGTCLTNS L/B/K
+ + 4+
+1 L v . PLAP3
+1 IIPVEEENPD FWNREAAEAL GAAKKLQPAQ TA-AKNLIIFL GDGMGVSTVT PLAPL
+1 VIPAEEENPA FWNRQAAEAL DAAKKLQPIQ KV-AKNLILFL GDGLGVPTVT IAP
+1 LVPEKEKDPK YWRDQAQETL KYALELQKLN TNVAKNVIMFL GDGMGVSTVT L,/B.”K
+++ 4+ + 4+ 4+ + 4 ek + + 4+ +
+51 AARILKGQKK DKLGPEIPLA MDRFPYVALS KTYNVDKHVP DSGATALAYL PLAP
+51 ATRILKGQKN GKLGPETPLA MDRFPYLALS KTYNVDRQVP DSAATATAYL IAP
+52 AARILKGQLH HNPGEETRLE MDKFPFVALS KTYNTNAQVP Q§AGTATAYL L/B,/K
S+ + o+ A b b+ 4+ Sk +
+101 CGVKGNFQTI GLSAAARFNQ CNTTRGNEVI SVMNRAKKAG KSVGVVTTTR PLAP
+101 CGVKANFQTTI GLSAAARFNQ CNTTRGNEVI SVMNRAKQAG KSVGVVTTTR IAP
+102 CGVKANEGTV GVSAATERSR CNTTQGNEVT SILERWAKDAG KSVGIVTTTR L/B/K
+ -+ + 4 + -+ + + +
+151 VQHASPAGTY AHTVNRNWYS DADVPASARQ EGCQDIATQL ISNM-DIDVIL PLAP
+151 VQHASPAGTY AHTVNRNWYS DADMPASARQ EGCQDIATQL ISNM-DIDVIL IAP
+152 VNHATPSAAY AHSADRDWYS DNEMPPEALS QGCKDIAYQL MHNIRDIDVIM L/B/K
+  + + K 4+ 4 -+ -+ +
+201 H PLAP3
+201 GGGRKYMFRM GTPDPEYPDD YSQGGTRLDG KNLVQEWL---GE RQGARYVWNR PLAPL
+201 GGGRKYMFPM GTPDPEYPAD ASQNGIRLDG KNLVQEWL---AK HQGAWYVWNR IAP
+203 GGGRKYMYPK NKTDVGYESD EKARGTRLDG LDLVDTWK%FKPR YKHSHFIWNR L/B.“K
4+ et e b+ + 4+ ++ +4+  + b+
+251 R A PLAP3
+251 TELMQASLDP S-VTHLMGLFE PGDMKYEIHR DSTLDPSLME- MTEAALRLLS PLAPL
+251 TELMQASLDQ S-VTHLMGLFE PGDTKYEIHR DPTLDPSLME MTEAALRLLS IAP
+256 TELM--TLDP HNVDYLLGLFE PGDMQYFLNR NNVTDPSLSE AMVVVAIQILR L/B/K
+ + o+ + + -+ -+ R A+ 4 )
+301 RHPRGFFLFV EGGRIDHGHH ESRAYRALTE TIMFDDAIER AGQLTSEEDT PLAP
+301 RENPRGFYLFV EGGRIDHGHH EGVAYQALTE AVMFDDAIER AGQLTSEEDT IAP
+305 KNPKGFFLLV EGGRIDHGHH EGKAKQALHE AVEMDRAIGQ AGSLTSSEDT 1L/ B/K
+ s A + 4+ + 4 + +
+351 : C G PLAP3
+351 LSLVTADHSH VFSFGGYPLR GSSFIGLAAP K~-ARDRKAYTV LLYGNGPGYP PLAP1L
+351 LTLVTADHSH VFSFGGYTLR GSSIFGLAPS K-AQDSKAYTS TLYGNGPGYP IAP
+355 LTVVTADHSH VFTFGGYTPR GNSIFPLAPM LSDTDKKPFTA ILYGNGPGYK L,/B/K
4k +  ++ + ++ # + B
+001 LKDGARPDVT ESESGSPEYR QQSAVPLDEE THAGEDVAVF ARGPQAHLVH PLAP
+1101 FNSGVRPDVN ESESGSPDYQ QQAAVPLSSE THGGEDVAVF ARGPQAHLVH IAP
+106 VVGGERENVS MVDYAHNNYQ AQSAVPLRHE THGGEDVAVF SKGPMAHLLH L/B/K
e e 4+ ++ + +++ + + 4+ + 4+ + +
+451 GVQEQTFIAH VMAFAACLEP YTACDLAPPA CTTDAAHPGR SVVPALLPLL PLAP
+lII51 GVQEQSFVAH VMAFAACLEP YTACDLAPPA CTTDAAHP-- ~-~VAASLPLL IAP
+056 GVHEQNYVPH VMAYAACIGA NLGHCAPASS AGSLAAGPLL VALALYPLSV L/B/K
+ -+ + s + + +4+ o+ + 4+ ++ + 4+ ++
+501 AGTLLLLETA TAP PLAP
+1097 AGTLLLLGAS AAP IAP
+506 LF - L/B/K
+ 4+ + -+ +
Table 1.2. Comparisons of the predicted amino acid sequences for
intestinal alkaline phosphatase (IAP), term placental type 1 AP
(PLAPL) and known substitutions in the type 3 allele (PLAP3), and
liver,/bone/kidney AP . (L/B/K). Gaps that have been introduced to
maximise pairing of homologous amino acids are indicated (-, with
non-conservative substitution of amino acids shown (+). Residues that
interact with the phosphate substrate (#*) are also indilcated. Amino
acid « +1 corresponds to the first residue in each of +the mature
proteineg. The sequences are shown single-letter code, which

correspondse to the amino acids as follows:

Aspartic E, Glutamic acid; F,

acid;

Histidine; I,
Asparagine; P,

Threonine;

et al (1987a).

V, Valine; W,
Adapted from Weless

Isoleucine;
Proline;

Q,

K, Lysine;
Glutamine;
Tryptophsan; Y,
et al (1986),

A, Alanine; C,
Phenylalanine;

Leucine; M,
R, Arginine
Tyrosine.
Henthorn et al (1986) and Berger

Cysteilne; D,

G, Glycine; H,
Methionine; N,
s, Serine; T,



stﬁdies (Slaughter et al, 1983).

Kam et a2l (1985) also published a sequence for human
placental alkaline phosphatase. However, hno attembt was
made to identify the PLAP morph cloned. On. comparison
with the sequences of Henthorn et al (1986), the sequence
of Kam et al (1985) differs from the type 1 polypepfide
‘by 7 amino acids, and from the type 3 polypeptide at 12
amino acid positions. Ih addition, it was unique at two
silent site nucleotide positions, and at one 3'—
untranslated position. This morph was argued by Henthorn

t al (1986) as representing one of the many rare alleles

of PLAP.

1.2.4 Allelic Diversity in Alkaline Phosphatases
Piacental alkaline phosphatase is‘the only‘isoenzyme
¢f alkaline phosphatasé. with a well documented
polymorphiém"in the true sense of the term. It hés long
been known rthat piaéental alkeline phosphatase is
peculiar 1in that it is extremely polymorphicv (Boyer, .
1961). Three common alleles give rise to six common
phenotypes, with types 1, 2 and 3  representing
homozygotes and types 2-1, 3-1 and 3-2 representing
heterozygotes (Robson and Harris, 1965; Beckman et al,
“1966). In addition, at least 18 rare alleles occur,

producing rare variant electrophoretic phenotypes, most

of which comprise a rare allele in combination with one
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of the common alleles (Robson and Harris, 1967; Harris et
al, 1974). Although individually uncommon, such rare
variants ocecur in 3-5% of placentés (Donald and Robgon,
1974). In comparison, the average heterozygosity for rare
alleles at 42 different locl has been estimated as
oceurring "'in about 0.11% of cases (Harris et QL, 1974).
The reasone for this high degree of_allelic diversity at
the PLAP loecus is not known, and may involve an unusual
degree of Iintragehic crossing-over, gene conversion,
single base mutatioﬁs, or other phenomena. There are ‘nd
differences between these enzyme variants with respect to
pH optima, Km values or inhibition with l-phenylalanine.
Hoﬁever, variations in thermostability‘ are detected
(Holmgren and Stigbrand, 1976). Variants c¢an also be
discriminated by allozyme-absorbed anticera (Wei and
Doellgast, _1980). The structural basis for such
polymorphism has not been fully elucidated, except in the

‘cases of the two commen alleles described above.

1.2.5 Evolution of Mammalian Alkéline Phosphatases

The predicted amino acid sequence comparison of the
alkalineA phosphatases shown in Table 2 indicates that
there exist several areas of conserved amino acid
sequence, partiéularly in fhoée regions comprising the
active site of the enzyme, as identified by binding to

substrate phosprhate. PLAP shows a greater overall amino

acid homology to IAP (86.5%) than to L/B/K AP (52%) with
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IAP and PLAP sequences sﬁowing an approximately equal
divergence from the tissue-unspecific AP. This is
consistent witﬁ the biochemical and immunological
characterisation of the AP proteins (Lehmann, 1975
Doellgast, 1984). Comparisons of protein and DNA suggest
that PLAP is the result cf a recent dupiication of the
gene for IAP, followed by divergence of both sequences.
PLAP and IAP genes both contain a relatively long
3'-untranslated region, which éan be used to estimate‘the
time in evolution when the gene duplication giving rise
to placental and intestinal APs occurréd. Assuming that
this region ie not under gcelection, the percentage of
divergence (26.1%) can be cémpared to the divergence
between presumably unselected DNA sequencés in other
pairs of species. 'Using this method, Henthorn et al
(1987) estimated that gehe duplication fook place before
thé divergencé of New World monkeys and the lineage that
-Vgavé rise to both the 01d World monkeys  and the
hominoids, perhaps as early as the time of the divergence
of prqsimians (lemurs, tree shrews, lorises and tarsiers)
from anthropoids (monkeys and apes). This estimate is
consistent with the finding of PLA? iﬁ-the placentas‘ of
the great apes but not in the placgntas of many other

primate species (Goldstein et al, 1982b).
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1.2.6 Post-Translational Modification of Mammalian APs

Differences observed between alkaline phosphatase
species cannot wholly be attributed to expression of
alleles from different genetic loéi. and muech evidence-
has been géthered which shows that differential post-
transcriptional ‘modification of >the mRNA transcript

and/or of the nascent polypeptide chain takes place.

1.2.6.1 Glycosylation of Alkaline Phosphatases

As mentioned above, the isoenzymes of tissue
unspecific _élkaline phosphatase are iﬁmunochemically
identical, and are similarly inhibited by l-homoarginine.
Howevef, different electrophopetic patterns are observed
for these i1soenzymes following electrophoresis in agar
gels (Smith et al, 1973), and are inactivated at widely
’different rates by urea and temperature (Moss and’Whitby,’
1975). Since tfeatment of these isoenzymes with
neuraminidase 'abolishes theseA differences, - fhey are
considered to _be largely the result of differences in
carbohydrate moieties (Stinson and Seargeant, 1981; Moss,

1984).

1.2.6.2 Membrane Binding of Alkaline Phosphatases

Recent results bearing on the mechanisms Dby ‘which
alkaline phosphatases may be bound to the cell membrane,
as well as bearing on the results herein reported, will

be presented in the general discussion. In short, most
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evidence currently available suggests that at least some
of the mammalian alkaline phosphatase protein family
should»be regarded as members of a new class of membrane
proteinsg. These proteins are bound to the plasma~membrane
through a carboxy-terminal amino acid linkage to
phosphatidylinositol. The first yéuch protein to be
discovered ,and fully characterised was the Qariant

surface glycopfotein (VSG) of the parasite Tprypanosoma

'brucei. 'This glyeoprotein is synthesised with a
hydrophobic carboxy-terminal domain that is very rapidly
(within 1 -minute) cleaved and replaced .by a
glycbphospholjgid, which then anchors the VSG to the
membrane. An endogenous enzyme with phosphatidylinositol-
specific phospholipase C activity ié then able to
specifically c¢leave +the surface coét. Whether this
mechanism is also employéd in alkaline phogphatases is
presently not known,‘particulariy in the case 6f the
plaéental isoenzyme, but thg hypothesis should be borne
in mind that post-translational modification may  be
important in generating membrane-bound and soluble forms

of alkaline phosphatase.

1.2.7 Further Variants of Mammalian APs

As well as the well characterised alkaline
phosphatases from defined genetic loeci and their allelic
variants, there are a number of forms of alkaline

phosphatase whose origins are less well understood.
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1.2.7.1 Tumour Alkaline Phosphatases

In 1968, Fishman et al (a,b) detected an alkaline
prhosphatase isocenzyme in the serum and tumour tissﬁe of a
patient with brcnchoéenic cafcinoma. On examination, this
"AP %ad properties identical to those of PLAP. This was
called the Regan isoenzyme after the_patient, and was
shown = to he indistinguishablekfrom PLAP with regard to
heat étability, inhibition‘with l-phenylalanine, optimﬁm
pH, électrophoretic migration, action of neuraminidase
and - specific reaction with rabbit antisera to PLAP.
Cleeve and Tua (1983) have since préposed that the Regan
and PLAP lsoenzymes are products qf the same structural
genes.

Another tumour-associated variant of heat-stable

alkaline phosphatase, detected initially by Nakayama et

al (1970), is referred to as the Nagao isocenzyme. This

has all ' the properties of the Regan isocenzyme, but is
additionally sensitive to 1l-leucine and EDTA. The

existence of a PLAP-like isocenzyme in tumours was
confirmed by Ingl;s et al (1973) who, on examination of
~39 cancer patient sera containing alkaline phosphatase
aétivity gimilar to PLAP, found that aéproximately half
of the APs were inhibilitable by l-leucihe.

Increaéed levels or inappropriate expression of PLAP
or PLAP-1ike isocenzymes have been associated with a
" number of different benign and malignant - tumours of

.
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trophoblastic and non-trophoblastie tissues and organs.
These include malignancies of the pancereas, lung, breast,
ecolon, lymph nodes, kidney, stomach, and bladder (see
Higashino et al, 1972; Fishman and Stolbach, 1979:
‘Stigbrand and Engvall, 1982), although higher levels are
consistently found in semihomas (Nathanson and Fishman,
1971; Wahren et al, 1979; Jeppssbn et al, 1984), and in
ovarian 'and uterine cancers (Benham et al, 1978; Nouwen
et al, 1985).

It remains to be established whether or not theré ie
a »relationship between the rarevlg—, or D-, variant of
PLAP, the Nagao igoenzyme, and the l-leucine sensitive
iéoenzyme expreséed in trace amounts in normal tissues.
However, it gseems likely that, at least in some vcases,
the . transformation of a celi line ffom normal to
malignant dis associated with the over—gxpression of the
PLAP-l1ike enzyme from the same locus (Millan gzmgi, 19823
Millan and Stigbrand{ 1983). It is élso unknown what
significance c¢an be placed on the finding of a rare
allele so commonly expressed in tumours. Does this imply
that there is a predisposition for cancer among
individuals of this phenotype; does the variant normally
~arise thfough aberrant ﬁost—transcriptional modification,
a pathway which is forced in the case of malignant
tissues; or does tumour expression: represent re-

expression from a different gene or pseudogene, whose

transcript 1is fortuitously similar to that of a PLAP
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allele®?

PLAP‘or PLLAP-1like alkaline phosphatases are not the
only APs found associated with transformed tissues. A
tﬁmour enzyme identified in a‘patient'with a hepatoma was
found to be temperaturefsensitive, l-phenylalanine andll—
leucine sensitive, but insencsitive to inhibition with 1-
homoarginine. Since it aléo reacted with anti-intestinal
AP . antibodies, this Kasahara variant was seeh as a IAP—
l1ike ‘isocenzyme (Warnock and Reisman, 1969; Higashino' et
al, 1975). This variant has also been described in renal

cell carcinomas (Hada et 21, 1978).

1.2.8 Alkaline Phosphatase Components

Stérch gel electrophoresis of tissue extracts has
demonstrated that all APs contain at least two groups of
components. The most anodal form represents the dimeric
form of the enzyme and 1s usually the most abundant. The
othér form moves more slowly and is thought to contain
higher molecular weight species. In PLAP; these forms are
designated‘ A~PLAP and B-PLAP respectively (Ghosh and
Fishman, 1968; Beratis et 21, 1970). Both forms show the
same polymorphisms, and possess-similar heat stability,
suggesting that both are comprised.af least in part, of
the same enzymatic polypeptide. However, further . studies
showed that the forms had different isocelectric points,
mobilities on acrylamide gels and elution points on ion-

exchange chromatography, and that B-PLAP had a higher
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native molecular weight of around 200,000 daltons.
Doellgast et al (1977) found that B-PLAP had a lower
specific activity than A-PLAP, suggesting that B-PLAP was
associated with material that did not contribute to the
enzymatie activity. These recsults led workérs to the
hypothesis that B-PLAP was associated withv hydrophobic
and -basic proteinaceous materiai. although the exact
basié for the difference between A- and B-PLA? remains
unclear. B—PLAﬁ was thought by Doellgast et al (1977) to

represent the membrane-~-bound form of the enzyme.

1.2.9 Microvillous Hﬁman Placenfal Alkaline Phospbatase

Work by the Suteliffe group demonstrated that, as
extracted from syneytiotrophoblastic miecrovilli, there
existed a third, highly abundant form of AP, named M-PLAP
(Abu-Hasan, Davies and Sutcliffe, 1984; Abu-Hasan and
Sutecliffe 1984, 1985). M-PLAP was’fqund to share the same
genetic polymorphism, sensitivity to specific inhibitors,
and similar kinetiec behaviour to A-PLAP, suggesting that
the same enzymatic polypeptide was involved. Furthermore,
examination of the properties of M-PLAP by antigenic
cross-reactivity, heat-stébility, CNBr and protease
cleavage maps, amino terminal amino acid sequencing, and
subunit molecular weilght strongly argued against the
involvement of two distinet genes for the expression of
the A and M forms of PLAP.

Despite the structural similarities between A- and
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M-PLAP, the M form had rather different properties. M-
PLAP required the presence of detergent in order to enter
and resolve in starch dr polyacrylamide gels. This was
explained by the two findings of the relative
hydrophobicity of M-PLAP, in as much aé it reﬁained pound
to an alkyl Sepharose column under conditions in which A-
and B-PLAP were eluted, and 6f the high molecular weight
of 725,000 daltons fqr M-PLAP on size exclusion
chromafography. Such behaviour argued 1in favour of M-PLAP
being a ﬁembrane form of the enzyme. Further analysis
(Abu-Hasan and sﬁtcliffe, 1985) found that M—PLAP could
be c¢cleaved from intact ﬁicrovilli with the protease
subtilisin, resulting in the liberation of an active
pélypeptide composed of subunits reduced in molecular
weight by around 2,000 daltons. This corresponded to the
protease susceptible site found by other workers ﬁsing
" bromelain (Jémmérson et al, 1984; Kottel and Hanford; 
19803. Amino aci§'sequencing by Abu-Hasan and Sutceliffe
{(198%8), revealed that cleavage was taking place towards
Athe carboxy-terminus, thus indicating thét M-PLAP was
bound to the membrane at its carboxy-terminus. The
deduction of Abu-Hasan and Sutecliffe (1985) that there
existed a membrane attachment cite at the carboxy-
terminus of PLAP was supported by the fecenf analysis of
PLAP c¢DNA by Kam et al (1985). However, it remained to be
determihed whether the predicted hydrophobic amino acid

sequence is present in the mature polypeptide.
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M-PLAP remained distinect from other forms of PLAP
under all extraction and storage érocedures, used,
ineluding solubilisation with butanol, chloroform-
methanol, nonidet, Triton ¥X-100, and sodium decxycholate,
indicating not only that M-PLAP wase hot an artifact of
one particular extraction procedure, but also fhat A- and
M-PLAP probably diffgred by the presence or absence of a

hydrbphobic moiety bound tightly to the molecule,

1.3 Strategy of My Investigations

The aims of my researches havé essentially focuséed
on‘ three distinet questions, all of which bear on the
structural relationships between the A, B and M forms of
human placental alkaline phosphatase.

Several unpublished observationé from the Sutecliffe
group had established that a human serum factor had the
property of "converting" M-PLAP to forms with the
eleétrophoretic mobility of A- and B-PLAP. It was
therefore imporfant to establish hbw.similar the products
were to the A- and B-PLAP as extracted from >whole
placental tissue. This would be attémpted by purification
of the isoenzymes by ion-exchange chromatography, and
analysis of the monomer and dimer Sizés of A-, B-~, M- and
converted M-PLAP onvstarch andbacrylamide gels.

A second approach was to characterise the serum
factor. The 1initial study of the conversion factor

focussed .on the question as to whether or not the
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conversion was an enzymatic activity. An attempt at
generating a quantitative assay for conversion would be
made in order to accufately determine the effects of
titration o©of conversion with time, concentratiqn and
temperature. A number of putative enzymes would élso be
tested for conversion activity.

The final part of the work was an attempt to purify
and identify the serum factor. Purification would be done
klargely» by conventional column chromatography and Fast

Protein Liquid Chromatography (FPLC). Identification of

tﬁe . factor would involve .immunolégical techniques
including Western blotting, antibody-antigen crossed
electrdphorésis (AACE) and antibody affinity
chromatography.
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CHAPTER 2

The Purification of the Isoenzymes of

PLAP from the Placenta and an Anslysis of

_—

the Products of Conversion of M-PLAP

2.1 Introduction

This chapter presents the methods used to pﬁrify and
characterise the three isoenzymes of human placentsal
alkaline phosphatase, and an initial study of the
conversion éctivity of serum. Aims and approaches were as

follows:

1) To purify the A-, B- and M-PLAP isocenzymes from
the placenta, to confirm the properties of M and A and to

investigate the characteristics of B-PLAP.

2) To convert M-PLAP and to compare the products of

conversion with A- and B-PLAP purified from the placenta.
3) To use the purified M-PLAP as a substrate for

preliminary investigations into the possible identity of

the conversion factor.
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2.2 PURIFICATION PROTOCOL AND RESULTS

2.2.1 Purification of PLAP icgoenzymes

The fractionation of the isoenzymes of PLAP on DEAE-
Sepharose is shown‘in Figufe 2.1. The ion-exchange was
carried out in equilibration buffer and hence in the
presence of 0.5 per cent,(v/v)‘Triton X—ldo. As the
concentration ovaaCl increased, M-PLAP eluted before A-
PLAP.' B-PLAPFP eiuted as a Arather broad peak at an
intermediate mean concentration of NaCl. The fractions
(numbers 18 to 29) containing M-PLAP and B-PLAP were
pooled and subjected to a further roﬁnd of ion-exchange
under similar conditions. This resulted in a substantial
separation of M-PLAP and B-PLAP. Fractions numbered 36 to
us (Figure 2.1) werebcoﬁbined to give a pool’-bf A-PLAP
and B-PLAP. Aftef dialyesis against Tris-succinate buffer,
the pool was divi@ed ih two. Half was re-chromatographed
by dlon-exchange in the preseﬁce of Triton X-100 as
before. As shown in Table 2.1, B-PLAP eluted at afound
0.08 M NaCl as exéected, and A-PLAP eluted between 0.06 M
and 0.11 M NaCl. The other hélf—pdol was applied to a
DEAE-Sepharose <CL-6B columﬁ equilibrated with Tris-
succinate buffer and eluted with an increasing salt
gradient 1n the absence of Triton ¥-100. Under these
conditions, B-PLAP was found to elute over a range of

NaCl strength similar to that of A-PLAP, between 0.08 M
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Fraction Number

rurf 2.1. lon-exchang chromatography of
microvillous membrane alkaline phosphatase in the
presence of 0.5% Triton X-100. DEAE —Sepharose CL—6B

chromatography of alkaline phosphatase extracted with

butanol from placental microvilli. Enzyme activity (in
nmoles/min/ml), protein concentration and the
concentrations of NaCl are plotted against fraction
number. Aliquots of the fractions positive for enzyme
activity were taken for analysis by starch gel
electrophoresis. Horizontal bars show where the three

isoenzymes eluted as well as which fractions were pooled

for further purification.



and 0.11 M.

Table 2.1: Ionh-exchange characteristics of A-, B- and M-
PLAP: the range of NaCl concentrations required to elute

PLAP isoenzymes from DEAE-Sepharose at U4°C in the

presence and absence of Triton X-100. In brackets is
ghown the concentration of NaCl in the fraction
containing the maximum activity of the respective
isoenzyme.
Triton ”
Isoenzyme X-100 (%) Naci™ (mM)
A-PLAP 0.5 70-110 (100)
0.0 70-110 (100
B-PLAP 0.5 60-80 (70)
0.0 80-110 (90)
M-PLAP 0.5 30-50 (40)
0.0 170-190 (180)
¥ In a buffer of 25mM sucecinic acid, &mM Tris (p

. Fraetions from the second rounds Vof‘ ion-exchange
were selected to provide stocks of A-PLAP, B—PLAP, and M-
?LAP with essentially no cross-contamination by the other
PLAP isoenzymes. Typical recoveries from_ each ion-
exchange were around 60 per cent fpr both protein and
enzyme activity. Matefial isolated 1n the final pool of
A-PLAP constituted 2.5 per cent.activity and 0.05 per
cent protein of. the initial butanol extracts of
microvilli. M- and B-PLAP preparatiohs,contained 0.6 pér

cent of the starting activity and 0.01 per cent of the
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starting protein. The major loss i raecovery of enzyme
activity was into fractions containing more than one
isocenzyme. Purity’withArespect to isoehzymie activity was
determined by starch gel electrophoresgsis. Figure 2.2
shows the purified pools of A-, B- and M-PLAP together
with the butanol-extracted microvillous membrane startiné

material as observed on detergent starch gels.

2.2.2 Subunits of PLAP igoenzymes

‘Figdre 2.3Ashows the purified pools of A-,B- and M-
PLAP compared under reducing conditions. The single band
‘of about 65,000 mol. wt present in A-PLAP (tracks 1 and
2) is also common to B-PLAP (tracks 3 and‘ﬂ) and - M-PLAP
(tracké 5 and 6) preparations, suggesting that all three
are composed, at least in part, of monomers of similar
molecular weigﬁts. The lower band of ﬁol. wt of
approximatelé 63,000 was consistently found in B- and M-
PLAP preparations from different placentae (tracks 3, U,
5™ and 6). Thié 63kD band éorresponds in mobility to the
" band generéted from PLAP by subtilisin cleavage (compare
Fiéure 2.4, tracks 1 and 2, aﬁd tracks 4 and B5), as
reported by Abu-Hasan and Suteliffe (1985). To minimise
artifactual cleavage of PLAP during the preparation,
syneytiotrophoblast membranes were isolated in the
presence of 2 mM PMSF and 1.0 mg/ml TAME, and special

care was taken to keep the material on ice and as cold as
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St A B M O
Figure 2.2. Starch gel analysis of ion-exchange
fractions. The 1isoensymic purity of A-,B- and M-PLAP was

examined on detergent starch gels following purification
by ion-exchange from butanol-extracted placental

microvilli (st) . The gel was stained for enzyme

activity.
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>
Figure 2.3. SDS-PAQE analysis of ion-exchange
fractions. The subunit composition of A-, B- and M-PLAP

was visualised by protein staining following SDS-PAGE gel

electrophoresis. Tracks 1 and 2 contain A-PLAP (1.0 ug
and 0.5 ug respectively); tracks 3 and U contain B-PLAP
(1.0 ug and 0.5 ug respectively); tracks 5 and 6 contain
M-PLAP (1.5 ug and 3*00 ug respectively) . Molecular

weight calibration 1is provided from the standard proteins
transferrin (37kD) and albumin (66kD) run in the same

ge 1.



Figure 2.U. Subtilisin treatment of M- and B-PLAP.
Subtilisin-treated B-PLAP (track 2) and M-PLAP (track 5)
were run under reducing conditions- in SDS-PAGE, and

the gel subsequently stained for protein. Tracks 1 and 3

contain control B-PLAP, and tracks U and 6 contain
control M-PLAP. The end track contains marker proteins
with the molecular weights indicated (transferrin (86kD)
and albumin (66kD)) . Spots mark the positions of

polypeptide bands in the neighbouring tracks.



posgsible. quever, B-PLAP  and M-PLAP still showed a
double-banded pattern on reducing gels and the same
pattern of enzymatically active bands as shown in bFigure
2.5. On no occasion did the A-PLAP preparation show the
double bands. The band at 67,000 mel. wt in M-PLAP
(tracks 5 and 6) was idehtified_as serum albumin, .with
whieh it was found to co-migrate.

Figure 2.5 éhows A-, B- and M—PLAP run on SDS—PAGE>
under non-reducing c¢onditions, stéined for alkaline
phosphatace actiyity; and subsequently counterstained for
Aprotein with Cooﬁassie blue. A major ‘band of A-PLAP
activity (tracks 1 and 2) was found to migrate with a
mobility corresponding to a mol. wt of éround 115,000,
together with minor 2zones of activity of faster
mobilifies which were detected when the sample is heavily
loaded (track 2). B-PLAP showed a corresponding band of
mobility together with oﬂe of slightly faster mobility,
corresponding to a mol. wt of around 110,000 (tracks' 3
and U4). M-PLAP had a double-banded zone of mobility
considerably = faster than either A- or B-PLAP
corresponding to a mol. wt of around 100,000 (tracks 5
and 6), together with a protein band of faster mobility
whieh co-migrates with the serum albumin marker in the

adjacent track.
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Figure 2.5+ Non-reduced acrylamide gel analysis of

ion-exchange fractions fallowing PAGE under non-reducing

conditions. Enzyme activity of A-,B- and M-PLAP was
visualized by enzyme staining, and those bands which
stained are indicated by spots. The gel was subsequently
counterstained for protein. Tracks 1 and 2 contain A-PLAP
(1.0 ug and 2.0 ug respectively); tracks 3 and 1 contain
B-PLAP (1.5 ug and 0.3 ug respectively); tracks 5 and 6
contain M-PLAP (0.5 ug and 1.0 ug respectively). Track 7
contains 1.0 ug of serum albumin. Corresponding molecular

weights were calculated from standard proteins run 1in the

same gel under reducing conditions.



2.2.3 Conversion of M-PLAP fo A- and B-PLAP

Figure‘ 2.6 shows 'thebeffect on the starch gel
mobilities of the isocenzymes following incubafion of PLAP
with normal human serum. Tracks 1, 3 and 5, where PLAP
was incubated in the absence of serum, were compared with
tracks 2, U4 and 6, where PLAP was treated with serum. A-
and B-PLAP showed no change on incubation with serum, but
M-PLAP showed generation of activities corrésponding to
the mobilities of A- and B—PLAP;

The effect on.conversion activity of incregsing the
concentration of serum, inereasing the duration of
incubation (p to 3 hours) and increasing temperature‘ of
incubation (U°C to 37°C) wasz studied in détergent gtareh
gels by comparing aliquots of M-PLAP incubated under a
variety of conditions. The results are shown 1in Figure
2.7. Conversion is greater during inecubation vwith
undiluted serum than is observeq dufing incubation with a
tenfold dilution of serum (compare tracks 4, 5 and &6 with
tracks 10, 11 and 12);ASecondly, during ineubation at 4°C
with 1/10 diluted serum, conversion is more extensive
after 3 hours than after 1 hour or 10 minutes (tracks 1,
2 and 3). Thirdly, more conversicn activify is detected
at 37°C than at 4°C (comparing tracks 7, 8 and 9 With-
tracks 10, 11 and 12).

The products of conversion of M-~-PLAP to A-PLAP.  and

B-PLAP were analysed on SDS-PAGE. Figure 2.8 (panel 1)
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Figure 2.5. Starch gel electrophoresis of PLAP
incubated with or without serum. Aliquots of A-,B- and M-
PLAP were incubated either in the presence (even-numbered
tracks) or absence (odd-numbered tracks) of normal human
ser um for d hoo s at 37°C in th pPresence of prot
inh ibi tors . then run on starch = 1s. Tracks 1 and 2
contain A-PLAp, tracks 3 and @ contain M-PLAP and tracks 5
and ¢} contain B-PLAP. The gel was stained for en zyme

activity.
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Figure 2.7- Conversion of M-PLAP titrated against

time, concentration and temperature as visualized by
enzyme staining on detergent starch gels. Time (Ti).
Incubations were performed for ten minutes, or for 50

minutes, or for 180 minutes as indicated below the tracks
a°c or at 37°C as indicated below the tracks. Serum
concentration (Dn) . Incubations were performed with

either serum diluted 1/10 (D) or with undiluted serum (U)

as indicated below the tracks.



shows an S8SDS zel in the absence of reduction in which
control tracks of A-, M- and B-PLAP (tracks 1, 3 and 5,
respectively), incubated without serum, are compared with
similar material (tracks 2, 4 and 6) incubated in the
presence of serum and protease inhibitors. A-PLAP shows a
sinéle major band of activity, B-PLAP has a band of
similar mobility and a band of faster mobility. Neither
A-PLAP nor B-PLAP are affected by serum. M-PLAP shows two
major zones of activity of considerably faster> mobilify
than that of A- or B—PLAP..However, when treatedv with
serum, M-PLAP zenerated tﬁo neﬁ zones of aétivity which
co-migrated with the zones for A-PLAP and B-PLAP.

Figure 2.8 (panel 2) shows the  same incubations,
together with molecular weizht markers and tracks
containing semi-purified -conQertase alone‘ run under
reducing conditions. There is no observable reduction of
the' monomeric molecular weight of_A—, B- or M-PLAP. The

patterns remain as observed in Figure 2.3.

2.2.4 Further investigation of the serum factor

Partial characterization and'purifiéation of the
céﬁversion factor Was achieved by means of
chromatographic and physiological criteria. On ibn—
exchange on DEAE-Sepharose CL-6B, the factor eluted as a
unimodal peak of activity at a salt strength of .09 M

NacCl. A similar elution point has been reported for



Panel 1 Panel 2

Figure 2.8. Serum-converted products on SDS-PAGE.

Panel 1. Control A-,M- and B-PLAP (tracks 1, 3 and 5) and

A-, M- and B-PLAP following incubation with normal serum
in the presenee of protease inhibitors (tracks 2, U and
6) were visualized by protein staining on polyacrylamide
gels in the absenee of reduction. Panel 2. The same
materi al was also run under reducing conditions, and
stained for protein . Tracks 3 and L contain A-PLAP,

tracks 5 and 6 contain M-PLAP and tracks 7 and 8 contain
B-PLAP. Tracks 2 and 9 contain semi-purified convertase
alone. Tracks 1 and 10 contain serum albumin (66000) and

transferrin (87000).



lecithink cholesterol acyltransferase (LCAT) by Chong et
al (1983), but purified LCAT fractions did not contain
active copverting factor. The factor appears to be &
glycoprotein since it bindes to a ConA—Sephérosé affinity
column. Treatment of a Qolunteer (RGS) with 5,000 wunits
of intravenous heparin did not result in an increase in
activity of serum conversion when tested against M—PLAP,
as m;ght have been expected had lipoprotein lipase been
the conversion agent (Hahn, 1943; Korn, 1959). In .three
independent - preparations the conversion activity  was
found in the post~lipoprotein fraction of serum; it was
therefore not foundzto be associated with the lipoprotein
fractions of serum.

The heat stability of the converting agent(sg) was
investigated by preincubating serum at a range of
temperatures prior to incubation with M-PLAP for &h at
3709. The proportion of M-PLAP converted to A- and B-PLAP
was then estimafed on detergent starch gels; the results
are presented in Figure 2.9. Conversion sactivity is
present in serum preincubated for 1 hour at U5°C (track
7), but is mucﬁ reduced in serum preincubated for 30 min

at 53°C (track 4).
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Figure 2.9- Heat inactivation of the serum factor.
Serum was preincubated under the following conditions and
the conversion activity was visualised by enzyme staining
on detergent starch gels. Serum 1in tracks 2 to 5 was
incubated for 1 hour, while serum in tracks 6 to 9 was
incubated for 30 minutes. Incubation was performed at
37°C (tracks 2 and 6), at 45°C (tracks 3 and 7), at 53°C
(tracks 1 and 3), and at 60°C (tracks 5 and 9). Tracks 1

and 10 contain control M-PLAP.



2.3 DISCUSSION

2.3.1 Structural analysis

Ion-exchange chromatography has been used “to
fractionate three isoenzymes of humah placental alkaline
phosphatase (PLAP). The method took advantage of the
differential»effect of non-ionic detergent on the elution
of the B and M isocenzymes from diethylaminoethyi—(DEAE)—
Sepharose CL-6B. Abu-Hasan and Sutcliffe (1984) proposed
that this chromatographic-effect was due to the binding
of DEAE—Seéharose CL-6B to a hydrophobic component in M-
PLAP which is reduced in the presence of Triton X-100.
The present data show that B-PLAP alsoc has hydrophobie
properties, a suggestion previocusly advanced by Doellgast
et gl (1977). However, the shift in the elution point
caused by the detergent is less for B-PLAP than for M-
PLAP (Table 1), suggesting that.’ the order of
hydrophobicity is M-PLAP > B-PLAP > A-PLAP. This order is
supported by the higher affinity of M-PLAP for alkyl
agarose (Abu-Hasgan and Sutcliffe, 1984) and the finding
that M-PLAP can only be resolved in staréh gels 1in the
presence of detergent. Detergent causes B-PLAP to have a
slightly increased mobility in detergent gels but has no
effect on the mobility of A-PLAP.

Although there was some contaminating albumin in the

preparation of M-PLAP (Figure 2.3, tracks 5 and 6), the
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results showed that a manr polypeptide of mol. wt 65,000
is common'to all three isocenzymes, as has previously been
reported (Doellgast et al, 1977: Abu-Hasan, Davies and
Sutceliffe, 1984; Abu-Hasan and Sutcliffe, 1985). The
molecular weight estimation of 65,000 .isg in close
correspondence with that described by Badger and Suésman
(1976) and by Holmgren and Stigbrand”(1976);>the value of
69,0040 previously reported by the Glasgow group has now
been revised downwards, althodgh some gel preparations
still yield a PLAP polypeptide of mobility equal 'to7
69,000 mol. wt. The basis of this variation is s=till
unknown, but relates to variation between preparations of’
polyacrylamide gel.

Subtilisin cleavage of PLAP genefates a band of very
similar mobility té the 63,000 mol; wt band reported for
M- and B-PLAP (Figure 2.04). The characteristics of
sﬁbtilisin-cleaved M-PLAP are a PLAP molecule with a
native mol. wt of around 130,000 ’and a mobilify on
detergent starch gels of slightly faster than A-PLAP.
However, we believe that this 63,000 mol. wt band is not
due to proteolytic activity since‘the 63,000 mol. wt band
reported for M- and B-PLAP in this paper 1is present
withoﬁt there being these concomitant éhanges in the size
or mobility of M-PLAP. Further, . the conditions of
purification at low temperature in the presence of

phenylmethylsulphonyl fluoride (PMSF) and Na-p-tosyl-1-
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arzinine ester (TAME) were degigned to counter possible
protease activity. Also, in our hands, proteases are
equally efficacious on kM— and A-PLAP (Abu-Hasan and
Sutecliffe, 1985), whereas the 63,060 mol. wt band is not
found 1in A-PLAP. Since subtilisin activify does not
visibly modify the 63,000 ﬁol. wt band (Figure 2.4}, the
subtilisin site must either be absent, masked by
conformation or carbohydrate, ar very close to fhe
carbéxy terminus 6f the 63,000 mol. wt polypeptide.
Independent evidence for the presence of another
PLAP polypeptidé has  recently come from the work of
Nickson, Livingstone and Sutcliffe (1986), who foﬁnd that
two PLAP polypeptides of mol. Wt 56,000 and 58,000 could
be specifically dimmunoprecipitated from the in vitro
translation of term placental villus messenger
ribonucleic acid (mRNA). sSimilar ©results have been
repérted by Ovitt et al (19865 who also found that only
one polypeptide was translated in JEG-3, JAR and BeWo
choriocarcinoma cell lines, confirming the report of Ito
and Chou (1983). Thé differences in mol. wt between the
polypeptides translated 1in vitro and in vivo argue that
this heterogeneity is not due to glycosylation or any
other post-translational process. Inétead it indicates a
heterogeneity of PLAP mRNA which specifies two related
PLAP polypeptides in the syneytiotrophoblast, but ﬁot in

choriocarcinoma cells.
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2.3.2 Isocenzyme Dimer Comparisons

Non-reducing ‘sodium dodecyl sulphate (sSps)
polyacrylamide gels were used to resolve the dimers of
PLAP (Figure 2.5). This is particularly convenient as the
dimers can be detected by enzymatic staining. M-PLAP
(tracks 5 and 6) runs as a double-banded zone of activity
“of a, mobility corresponding to a mol. wt of around
100, 000. These properﬁies had previously been observed
for M-PLAP (AbufHasan and Sutecliffe, 1984). The two
stained species of mol. wt 100,000 would appear to bbe
components of _M-PLAP, sincé the samples an#lysed were
essentially free of B~ and A-PLAP (Figure 2.2). The
dimers of B-PLAP are now shown for the first time as a
»single cand of mol. wt around 110,000 (tracks 3 and uy,

whereas A-PLAP runs with a-mpbility corresponding to a

mol. wt of around -115,000.

2.3.3 Iscenzyme Conversion

Despite repeated attempts, M4PLAP has never been
detected in maternal serum (N.S;k Abu-Hasan, 1985,
unpublished). This faet <can ﬂow be explained by = the
finding of a factor in serum which,éan convert M—PLAP; It
also establishes M-PLAP as the mémbrane form of the
enz&me, with the previously described Arand B forms being

created by cohversion from M-PLAP. The products of
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conversion are indistinguishable from A-PLAP and B-PLAP
on starch gel electrophoresis (Figure 2.6, tracks 1, I3
and 5). Further, the processed prdducts have dimer
mobilities identical to A- and B-PLAP (Figure 2.8, panel
i, tracks 1, 4 and 5). This modification does not appear
to involve a proteolytic step since there is no change in
subunit molecdlar weight (Figure 2.8, panel 2, tracks 5
and &), and can proceed in the presence of protease
inhibitors. Within +the 1limits of sensitivity of the-
stérch gél system, the conversion activity appears to
titrate with time, temperature and congentration (Figure
2.7), and so may be an enzymatic activity. The factor is
suﬁject to heat inactivation between_ 45°C and ‘53°C
(Figure 2.9).

We pursued the hypothesis that the removal of -lipid
moieties might be involved in the coﬁversion‘of M~-PLAP tq
the less hydrophobic A and B fofmé. We used the RKnowledge
that heparin displaces lipoprotein 1lipase (LPL) f£rom
vascular épithelial surfaces (Hahn, 1943; Korn, 1959),
to increase the serum concentration of LPL in a volunteer
(RGS). Since the subsequent serum wés not found to
contain increased conversion activity, the factor is

unlikely to be LPL. Nor is it likely to Dbe lecithin

cholesterol acyltransferase, since purified LCAT
preparations did not contain conversion activity. These
conclusions must be treated with caution, since these
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materials were tested under conditions which were optimal

for conversion of M-PLAP by serum.

2.3.4 Molecular Heterogeneities

The original reports that M-PLAP 1s the major
cqmponent of microvillous PLAP proposed that post-
translational modification or mRNA heterogeneity could
-account for the heterogeneity of PLAP isoenzymes (Abu-
Hasan and Sutcliffe, 1985). On the basis of the presént
work, and that of Nickson, Livingstone and Sutcliffe
(1986) and Ovitt et 21 (1986) both hypotheses seem fo be
required. A-PLAP and B-PLAP have been shown in’ this
chapter to be derived from M-PLAP. This does not occur
spontaneously in solutions of M—PLAP. but regquires a
pr§tein factor found in serum. This conversion is not
accompanied by polypeptide modifications which are
detectable on reducingvSDS—PAGE, though it-is detected on
starch and non-reducing SDS gels. This conve?sion is
directioﬁal: in our hands the A and B isocenzymes do not
convert to M-PLAP. The existence of A-and B-PLAP as the
two conversion products of M—PLAP suggested that M-PLAP
might not be a simple multimer of homodimers (Abu-Hasan,
Davies and Sutcliffe, 198L4L; Abu-Hasan and Sutcliffe,
1985), but thet some assymmetry or heterogeneity exists
in M-PLAP to generate both A- and B-PLAP. The evidence

for the doublet 63,000 and 65,000 mol. wt bands in M- and
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B-PLAP have Dbeen discussed above. Whether or‘ not they
represenf post—transcriptional {mRNA) heterogeneity, .the
presence of the doublets in’M— and B~-PLAP but not A-PLAP
indicates that M-PLAP is structurally heterogeneods and
that when converted to the A- and B-PLAP isoenzymes, the
63,000 moi. wt band i1is present only in B-PLAP.
Heterogeneity of M-PLAP in non-denaturing gels has
previously been reported (Abu-Hasan and Sutecliffe, 1984).
It is proposed that the polypreptide component represented
by the 63,000 mol. wt band is important in the formation
of M- and B-PLAP and may confer h&drophobicity upon them.
How a polypeptide could confer this property is a matter
for speculation, but it may forece the protein to adopt' a
different tertiary structure in which more hydrophobic

residue are exposed.

The work presented in this chapter was 1nitisally

reported in modified form by Livingstone et al (1987).
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Chapter 3

An Approach to a Quantitative Assay for Conversion

3.1Introduction

The previous chapter inéluded some experiments on
the heat-stability of the conversion factor and the
effects _of time, concentration and temperature on the
extent of M-PLAP converted. The precision of these
studies would have been much improved  had there been
available a quantitative assay for the conversion of M-
PLAP. The results presented in this chapfer describe ohe
approach to the development of such an assay.

It was a well established observation in Glasgow
that M-PLAP did  not migrate.ihto starch gels during
e1e¢trophoresis‘ in the absence of detergent, but vrather
remained on the filter paper insert at the origin. Under
the same conditions A- and B-PLAP are not retarded. My
hypothesis was that these properties could be used to
separate M—PLAP from the A and B iéoenzymes produced
during the conversion reaction. If fhis‘ﬁere so, then the
alkaline phosphatase activity retained on a filter paper
ingert following electrophoresisv would be directl&
related to the proportion of M-PLAP present. Performing

this assay before and after incubatlion with serum or
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serum proteine, by subtraction it would be ‘possible to
determine the level of conversion that had taken place

X

during incubation.

3.1.1 Basic Procedure

M—-PLAP <=tock was incubated wifh an equal volume of
serum proteins and 10ul aliquots were spotted onto filter
paper inserts and electrophoresced at 20V/ecm for one hour
at 4°C in a sténdard detergent—-free starch gel.. After
this time, the filter was removed and plaéed in 200ul of
an appropriate detergent soluticon and incubated at _37°C
for one hour with frequent vortexing. Aligquots of 20ul
were removed and  assayed in the standard alkaline
phosphatase asséy for one hour at room temperature. This
was compared with a control of the same sample spotted,

washed and assayed in the absence of electrophoresis.



3.2.1 Detergent Effects

The i1nitial experiments were aimed at finding
suitable detergent solutions in which alkaline
phoséﬁatase activity could be assayed. To thig end.'
aliquots df M-PLAP were incubated at 37°C for up to one
hour in tris-succinate buffer (pH 7.4) alone, or in.
buffer c¢ontaining one of the following detergents0.5%
(v/v) Triton X-100, 0.5% (w/Vv) sédium4deoxycholate, 0.5%
(v./v) NonidetvNP&O, 0.25% (w/v) sodium dodecyl sulbhate.i
or 0.5% (v/v) Tween 20. Theb mean of triplicate
experiments was célculated and is shown in Téble 3.1
presented as a percentage of the control AP activity in

buffer alone.
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Table 3.1: The effect of detergent on M-PLAP
activity in solution following incubation for 30 minutes
or for 60 minutes. ' '

Incubation :

Conditions 30 minutes 60 minutes
Buffer alone 100% 100%
Triton X~100 (0.5%) 129% : 149%

Na Deoxycholate (0.5%) 211% - 271%
Nonidet NPHO (0.5%) 172% 220%

SDS (0.25%) - 28% 23%
Tween 20 (0.5%) ‘ 168% 2253

Ihe above resultse show that incubation with>four of
the five detergents results in an increase in alkaline
rhosphatase  activity. No alkaiine phosgsphatase activity
was detected in these detergentvbuffer solufions before
addition of M—PLAP. Neither did the preéence of detergent
have an effect on the »extinction coefficient of p-
nitrophenol at 400 nm. The reason for thig "detergent
effect" was not determined‘but may be related to ‘the
relative hydrophobicity of the M-PLAP molecule. Detergent
may allow a more efficienf interaction with the aqueous
rhase and hence with substrate molecules. Having observed
this effect we were able to allow for it in subsequent

experiments.
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2.2.2 Recovery of Activity from Filter Paper Inserts

To quantify the alkaline phosphatase activity
retained on = a filter paper insert following
electrophoresis, it was important that . tﬁe retainéd
activity be efficiently recovered from the insert into
-the detergent wash. To examine the efficiency of a range
of defergent washes, at the concentrations used in Figure
3.1, aliquots of M-PLAP were applied to filter paper
inserts which were then dipped in the appropriate
éolﬁtion. This was»compared with the addition of M-PLAP
directly to the appropriate detergent wash (as a
control). Tﬁe detergeﬁt wash waé performéd for one hour
at 37°C with<ffequent vortexing. Triplilicate results are

presented in Table 3.2.
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Table 3.2: The efficiency of detergent soclutions in
washing M-PLAP from filter paper inserts. :

Incubation Measured Mean Detergent Recovered
Conditions Activities . Activity Effect: Activity
Buffer B
Control - 0.264 0.348 0.296 Q.303 100%
: + 0.054 0.050 0.036 0.047 15%
NPLO - 0.418 o0.476 o.424 0.439 145%
+ 0.324 0.339 0.318 0.327 74%
Deoxy - 0.567 0.575 0.617 0.586 194%
v + 0.486 0.548 0.495 0.510 87%
Tx100 - o.434 0.458 0.411 0.435 143%
+ 0.345 0.296 0,382 0.331 76%.
SDS ) - 0.055 0.068 0.030 Q.051 17%
+ o.0L3 0.024 0.032 g.033 65%
Tween - 0.412 0.433 0.439 - 0.428  141%
+ 0.289 0.310 0.269 0.290 68%

- Alkaline phosphatase solution added directly to
detergent wash ie. no filter paper inserts used. The data
under the heading "Detergent Effect" was calculated by:

= Mean_activity in_test_solution 100
Percentage = gzZin-36tIvity 1n buffer control® ~1
+ Filter paper inserts impregnated with alkaline

phosphatase solution then washed in detergent. The data
under the heading "Recovered Activity" was calculated by:

= Mean activity w
Percentage = Mean activit

<l

The results of this expefiment show that 87% of the
applied activity  is washed from the filter in sodium
deoxycholate buffer after one hour, compared with 15% for
fhe buffer control. It was decided to use this detergenfl

routinely in the convertase assay.
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3.2.3 Concentration of Na Deoxycholate

- Up  to this stagze in the investigation, detergents
had.been used at afbitrarily assigned concentrations. It
was therefore decided to examine more closely the ocptimal
concentration of Na Deoxycholate to use ih the assay.
Table 3.3 shows the results of washing the-filfer papers
in one of five differentFCOncentrations. Controls were
tﬁe aliquot of M-PLAP added directly into fhe detergzent
solutions, and the filters washed in buffer alone.

Triplicate experiments were incubated at 37°C for one

hour with frequent vortexing.
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Table3. 3: The efficiency of a range of
concentrations of Na Deoxycholate in washing M-PLAP from
filter paper inserts.

Incubation Measgured Mean Detergent Recovered
Conditions- Activities Activity Effect Activity
Buffer
Control - 0.199 0.221 0.192 0.204 100%
+ 0.036 0.024 0.013 0.02L4 12%
0.05% - 0.291 0.308 0.305 0.301 148%
+ 0.059 0.068 0.046 0.058 19%
0.16% - 0.345% 0.36L 0.367 0.359  176% '
+ .0.0903 0.095 0.071 0.086 25%
0.50% - 0.394 O.404 0.U422 0.407 200%
. + 0.301 0.325 0.388 0.338 83%
1.10% - 0.347 0.399 0.400 0.382 187%
+ . 0.377 0.332 0.338 0.349 Q1%
2.50% - 0.323 0.344 0.316 0.328 161%
+ 0.319 0.332 0.308 .0.320 98%
- Alkaline phosphatase solution added directly to

detergent wash ie. nho fillter paper inserts. For detergent
effect:

= Mean_activity in_test solution 100
Percentage = mgznh activity in bBuffer control® "1
+ Fllter paper inserts iIimpregnated with alkaline
phosphatase solution then washed 1in detergent. For
recovered activity:
= Mean_szctivity washed_into_solution 100
Percentage = Mean activity addad dipectiy ~ X °1

The resu;ts of this experiment demonstrate that the
earlier fortuitoué'cﬁoice of 0.5% sodium deoxycholate was
a good one, since . lower concentrations are not as
efficient ;n leaching thé 'activity into the wash
solution. At higher concentrations, the detergent effect
is not as marked, possibly indicating denaturation of the

alkaline phosphatase.
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3.2.4 Conversion Assay Sensitivity to A-, B- and M-PLAP

The next important =tep in the‘testing of this assay
system was to investigate whether  there were  any
differences in the reéoverable activities following
electrophoresis for A-, B- and M-PLAP. In short, whether
the asséy can discriminate between M-PLAP and A~ or B-
PLAP. For this and subsequent experiments the AP was
taken from the purified iscenzyme stocks shown in the
previous chapter (Figure 2.2). Each stoeck contained a
separate PLAP isoenzyme, but they pontained differing
amounts of contaminating protein (Figure 2.3).‘Thus, in
order to 1oéd filter paper inserts with an equivalent
alkaline bhésphatase activity, it would be necessary to
}oad differing emounts of protein. It was necessary to
investigate the effects of different protein loadings
simultaneously to loadings of A—,‘B— and M-PLAP. In
sho?tf this experiment involved loading an equivalent
activity of A-, B- énd M-PLAP in either buffer alone, or
buffer and dialysed bovine serum albumin (hmg/ml)
(diélysed to exclude possiblé salt effects). No alkaline
phosphatase activity was detected in this BSA solution.
Results are presented in Teble 3.4, with triplicate
filter paper inserts subjected to electrophoresis . at

ZOV/cm' for one hour at ULOC, then incubated at 37°C in

0.5% Na Deoxycholate for one hour with frequent
vortexing. These are compared to washed filter papers
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that have not been subjected to electrophoresis.

Table 3.4: The sensitivity of the conversion assay
to A-, B- and M-PLAP in the presence and absence of
Umg/m1 BSA. :

Incubation Measured Mean . Recovered
Conditions . Activities Activity Activity
A-PLAP - 0.150 0.153 0.168 0.158
+ 0.033 0.039 0.030 0.035 22%
B-PLAP - 0.274 0.286 0.289 0.284
] + 0.101 0.087 0.106 0.099 35%
M-PLAP - 0.434 0.355 0.368  0.386
: + 0.253 0.204 0.239 0.233 60%
A+BSA - o.407 Q.L405 0.366 0.393
+ 0.0112 0.002 0.003 0.006 2%
B+BSA - 0.708 0.706 0.683 0.700
+ 0.032 0.043 0.024 0.034 5%
M+BSA - 0.507 0.570 0.533 0.537
+ 0.240 "0.227 0.248 0.239 6%
- No electrophoresis performed.
+ Electrophoresis performed.
= Mean_Activity After Electrophoresis_, 100
Percentage = [yagh Activifg Before EIectrgpﬁoresis * =7

The results show that considerably more AP activity
reﬁains on  the filter paper following electrophoresis
- when applied in the form of M-PLAP than either A- or B-
PLAP. I interpret this <to be because the A and B
isoenzymes are electrophoresed into the gel. Thus the
assay is substantially specific for M-PLAP compared to A-
or B-PLAP. The recovery for B-PLAP is higher than for A-
PLAP. This may be because B-PLAP has a slower mobility
than A-PLAP. Thus, more B-PLAP may have left the filter

paper had the electrophoresis been prrolonged. However,

51



sinée 95% of the applied B-PLAP left the paper in one
hour, this poseibility was not further investigated.

Wash solutions contained more AP activity following
incdbation in the presence of BSAbcompared to incubations
in the absence of added protein ( A-PLAP activity
inereases from 0.158 to 0.393; B-PLAP rises from 0.284 to
0.700; M-PLAP . 1s increased from 0.386 to 0.537).. The
reason for this effect iz not known, but may be due to
alkaline  phosphatacse binding non-specifically ahd
irreversibly to the filter papers, an effect ‘saturated
out by fhe added BSA. The results are further complicated
by the observation that the meah A- and B—PLAP activity
following eleétrdphoresis wase greater in fhe absence than'
in thé presence of BSA (A-PLAP activity dropped from
0.035 to 0.006, while B-PLAP activity fell from 0.099 to
0.034). This may indicate ‘tﬁe existence of further
protein-binding sites on the filters which retain protein
during electrophoresis but release it during the
defergentuﬁasﬁ.“Tﬁdé;'in the absence of BSA, AP binds to‘
these sites and subsequently give an increase in . the’
overall recovered activity. It is of interest that this
effect 1s not observed for M-PLAP.

In short, these effeéts indicated that this éssay
would be potentially limited to comparing samples at the
‘same protein congentration. We termed this limitation as

being due to the "protein effect".

52



3.2.5 Reconstruction Experiment

A final test of the assay wasg performed using
mixtures . of M-, A- and B-PLAP to simuiate thé énd
products of‘ a range of levels of conversion. & No
conversion (0%¥) was simulated b& applying activity in the
form of M-PLAP alcne. Total conversion (100%) was
simulated by applying no‘M—PLAP, but rathér 50% A-PLAP

" and 50% B-PLAP. Intermediate extente of conversion (35%

and‘ 70%) were also reconstructed with appropriate
mixtures of the three isocenzymes. Since we had
established a "protein effect", and since we hoped to be

able to use the assay to determine conversion activity in
serum protein fractions, the assays wére performed in
either 5mg/ml, 20mz/ml or 30mg/ml BSA.

Appropriate mixtures of A-, B- and M-PLAP and BSA
were 1gaded onto filter paper inserts and subjected to
electrophoresis. The papers were then placed in 0.5%
sodiumvdequcholate and washed at 37°C for one hour with
frequent. vortexing. Resultes were then céméared to the
control, for which actiQity was detected wheh an aliqﬁot
of each mixturg waeg added directly to the detergent wasﬁ
(Table 3.5). Activity was added direetly in this control
to eliminate possible artifacts due to the differential
binding to the Filter paper identified as the 'protein

effect" above.
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Table 3.5: Reconstruction of degrees of conversion
of M-PLAP to A- and B-PLAP,

Conversion Measured Mean Recovered
Simulated Activities Activities Activity (%)

In 5mg/ml BSA:

0% - 0.524 0.532 0.564 0.540
+ 0.242 0.224 0.293 0.253 L7%

35% - 0.674 0.697 0.640 0.671
+ 0.145 0.138 0.133 0.139 21%

70% - 0.785 0.767 o0.74L 0.766
+ 0.099 0.083 0.081 0.088 11%

100% - 0.862 0.811 0.846 0.840
~+ 0.048 0.026 0.043 0.039 %

In 20mg/ml BSA:

0% - 0.532 0.498 0.529 0.520
+ 0.133 0.096 0.148 0.126 2u%

35% - 0.611 0.555 0.6U42 0.603
+ 0.114 0.066 0.129 0.103 17%

70% - 0.715 0.732 0.6U8 0.699
+ 0.080 0.053 0.053 0.071 10%

100% - 0.862 0.826 0.816 0.834
+ 0.036 0.027 0.030 0.031 n%

In 30mg/ml BSA:

0% -~ 0.510 0.491 0.515 0.506
+ 0.078 0.133 0.155 0.122 24%

35% - 0.579 0.599 0.648 0.609
. + 0.103 0.105 0.134 0.11l 19%

70% - o0.764 0.841 0.802 0.803
+ 0.084 0.063 0.080 0.076 9%

. 100% - 0.870 0.854 0.875 0.867
: + 0.04L2 0.032 0.037 0.037 b

- Alkaline phosphatacse added directly to detergent
solution. : ’

+ Filter papers subjected to electrophoresis, then
‘placed in detergent solution.

~These results indicate that at each protein

conecentration, the percentage activity recovered in the

detergent wash was proportional to the amount of M-PLAP
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applied +to the filter, and hence proportional to the

eXxtent of conversion simulated.

3.2.6 Use of the Assay to Monitor Conversion of M-PLAP

At this stage it was decided to use the assay system
to monitor actual conversion of M-PLAP under‘the normal
-.conditions reported in Chapter 2. However, the PLAP
material used routinely in the fiiter paper assay was tToo .
dilute for me to be able to independently monitor the
conversion in the PLAP material by electrophéresis into
detergent gels and subsequent staining ( as described in
Chapter 2). For this reason, it was necessary to perform
the conversion reacﬁion with undiluted M-PLAP, after
which a 20ul aligquot was removed and éssayed by
electrophoresis and staining. The incubated material was
then diluted intovthevappropriate range for the fillter
paper assay.

A second modification was aimed at eliminating the
- "protein effecf".‘Incubations were performed 1in either
undiluted serum or in serum diluted 1,10 or in no serum.
Overall protein concentrations were standardised by
making up any shortfall with heat-inactivated serum
(incubéted at 53°C for 60 minutes. These conditionsg had
previously been shown to remove conversion activity Ffrom
gerum (see Figure 2.9)).

In this experiment, M-PLAP was incubated with an
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equal volume of buffer or serum proteins for zéﬁo, four
or sixteen hours. An aliquot was rémoved and ascsayed for
conversion by electrpphoreéis«iand gtaining, and the
remaining solution diluted 1/25. Alilquots: of this
material was spotted onto filter papers and subjected to
alectrophoresis in a detergent—freé starch gel at 4°9C for
one hour. Alkaline rhosphatase activity was then washed
from the filters in 0.5% sodium deoxycholate buffer at
37°C in one hour. Activity in the wash solution was then
assayed, : and vcdmpared with activity detecfed wheﬁ an
aliquot of each AP csolution was added directly to the

wash solution (Table 3.6).
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TableR.b: Final experimental system. Assay of AP

activity following incubation of M-PLAP with serum
proteins. ’
Incubation Conversign Measured Mean Recovered
Conditions Status™ Activities Activities Activity (%)
zero time:
zero S - - 0.527 0.500 0o.4b42 0.490
+ 0.172 0.234 0.210 0.206 uL2%%
1/10 S - - 0.551 0.570 0.521° 0.548
: +, , 0.146 0.250 0.234 o0.211 . 39%
1/1 S - - 0.484 0.5121 o0.541 0.513
+ 0.186 0.211 0.151 0.183 36%
Four hours:
zero .S - - 0.498 0.499 0.459  0.486
‘ + ©0.123 0.157 0.167 0.150 31%
1/10 S - - 0.5U46 0.569 0.497 0.538
+ 0.150 0.232 0.203 0.196 36%
1/1 S - + 0.480 0.501 0.497 0.493
+ 0.164 0.219 0.199 0.195 Lo
16 hours:
zero S - - 0.504 0.515 0.477 0.493
. + 0.109 0.107 0.156 0.125 25%
1/10 S - + 0.547 0.584 0.563 0.565
: + 0.199 0.206 0.196 0.201 36%
i1/1 S - + 0.516 0.537 0.463 0.506 :
+ 0.148 0.199 0.180 0.176 35%

- Alkaline rhosphatase added directly to detergent
solution.

~ + Filter papers. subjected to electrophoresis, then
placed 1in detergent solution. -

# Conversion Status as assessed by electrophoresis in
detergent starch gels and staining. )
These results were expected to show &a decreasing
recovery of AP activity with inereasing serum
concentration and increasing time. In particular,
material demonstrated to contain conversion activity, and
hence alkaline phosphatase activity in the form of A- and

B-PLAP, as well as M-PLAP, were expected to have -a
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corresponding decrease in the recovery of AP activity
from the filtef papers.In reality, no trends were
observedf

Despite being s=ensitive to M-PLAP and’ linear in
reconstitution experiments, the asgsay, in its» present

form, could not be used in a real situation.
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3.3 Discussion

These experiments set out to design and develop a

quantitative assay for the conversion of M-PLAP to A- and

B-PLAP. Such an assay could be used to examine possible
enzymatic acetivities of the conversion phenomenon.
Furthermobe, the assay c¢ould be used to monitor the

Vpurifioation of thé conversion factor from serum, and to
pfovide data on yields of the factor and relative
purificotion.

Thé ascay ié based on the observation that M-PLAP
was retained at the origin in starch gel electrophorecis
in the absence of detergent. In contrast, A- and ‘B;PLAP
migrates into the gel. Subsequent leaching of AP activity
from the filter paper'inéert in detergent would allow the
determination. of AP activity retained on the filter
fol;owing electrophoresis. .

During the pilot experiments, it Qas demonstrated
that the assay was considerably more sensitive to M-PLAP
than to A— or B-PLAP (Table 3.4). Furthermore, the
activity reco?ered from a filter paper insert‘was shown
to be proportional to the reiative proportion of M—PLAP‘
in a mixture of PLAP isoenzymes (Table 3.5). _However,
when tested on conversion products, no proportionality or .
linearity was detected between the amount of conversion

that had taken place (as acssessed by electrophoresis and
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staining) and the recovered AP activity. Indeed, no
significant difference was detected between the
experimental and control incubations.

We are unable to resolve the confliet between the
model and final experimental systems. The model sgystem
worked, whilst the experimental system failed. It is not
possible to be sure why the assay did not perform as
hoped, however it wes evident from the pilot ekperiments
(Table 3.L4) that protein concentration affected elution
from filter papers. It may be possible that the mixture
of proteins presented in scerum (Table 3.6) affects
elufion in a different manner to the BSA present in the
model system (Table 3.5). It would have been informative
to have ©repeated the reconstruction experiments using
heat—-inactivated serum as carrier, though this in itself
would not have affected the data in Table 3.6.

Due to the failure ef the experimental system, it
was ciear that mucﬁ additionai work would have Dbeen
necesgssary to develop a gquantitative assay. Time did not
permit these experiments to be done, and work proceeded

to the purification of the conversion factor " using the
qualitative assay of electrophoresis aﬁd staining.

As thils research came to a close, Malik and Low
(1986) published . a method for the discrimination of
hydrophobic and hydrophilic a2lkaline phosphatases. This

procedure 1is a modification of Bordier (1981) and
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involves the phase zeparation of hydrophobic. AP into
Triton ¥-114 out of an aqueous mixture of hydrophobic and

hydrophilic species.

61



CHAPTER 4

PURIFICATION AND IDENTIFICATION _Q_If_‘THE CONVERSION FACTOR




Chapter U4

Purification and Identification of the Conversion Factor

4.1 Introduction

The wofk présented in Chapter 2 amply supports the
hypothesgis that M-PLAP is converted to A- and B-PLAP by a
facto? present in normal human serum. I now proceeded to
devise a purification scheme for the isolation and
identification of ‘this factor. There being no .
quantitative aséay for conversion. the purification ‘of
the conversion factor was detected by by’ gel

electrophoresis as described in Chapter 2.
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4.2 PURIFICATION PROTOCOL AND RESULTS

h,2.1 Purifidatioﬂ,gg_Conversion Factor

| Ton—-exchange chrématography of 50ml1 of fresh whole
human serum was performed on DEAE-Sepharose CL-6B using‘a
salt concentration gradient of 0.0-0.15M NacCl, and 155
fractions of 1iml were collected. Conversion activity was
detected in é single peak of elution between 0.09M and
0.14M NaCl (fractions 118—12&), ’with the peak
corresponding to 0.09M NaCl (fraction 118). Selected
fractions were recsolved on a 10% acrylamide SDS—PAGE scel
(Figure L4.1). Two specles were detected that did not bind
to the column at 0.0M NaCl, and thesge had the approximate
molecular weights of immunoglobulin heavy and 1light
chains (track 5).

Fractions 118-122 containing the peak of conversion
activity were éooled. dialysed‘ against tris-succinate
buffer (pH 7.0), concentrated by freeze-drying and
applied fo a gel filtration column of Sephadex G200.
Fractiones from this chromatography system were collected
and run on SDS~PAGE together with the ‘pooled fractions
from the ion-exchange fractionation. The pattérn of
polypeptides eluting from G200 can be seen’in Figure 4.2
and conversion activity eluted as a single peaklvin
fractions 19-21. The major polypeptides corresponding to

cserum albumin peasked in fractions 16-22, indicating that
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Figure 1.1. SDS-PAGE (10% acrylamide) analysis of

normal human serum fractionated on DEAE-Sepharose CL-6S.

The gel was stained for protein. Tracks contain
unfractionated serum (St), or unbound protein Uy, or
selected fractions (as numbered). Fractions positive for

conversion activity (+) which were selected for further
fractionation are indicated by the heavy bar below the
tracks. Molecular weight calibration 1is provided from
standard proteins (albumin, ovalbumin, and carbonic

anhydr-9.se) run in the same gel.
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Figure a.2. SDS-PAGE (10% acrylamide) analysis of
selected pool ed ion-exc hange fract ion© furt her
fractionated by gel filtration on Sephadex G200 . The el
was stained for protein. Tracks COntain pooled ion-
exchange fractions (st), or selected gel filtration
fractions (as numbered) . Fractions positive for
conversion activity (+) which were selected for further
fractionation are 1indicated by the heavy bar below the
tracks. Molecular weight calibration 1is shown to the 1left

of the gel, and was generated using the standard proteins

albumin, ovalbumin, carbonic anhydrase and trypsinogen.



the converéion éctivity has =2 sglightly lower molecular
weigzht in the region‘of 60,000 daltons,

Fractions 19-21 were pooled, filtered at 0.2um and
applied to an lon-exchange éolumn of Moho Q for FPLC
fFast Protein Liquid Chromatography). The column was then
developed with an increasing salt gradient of between 0.0M
and O0.4M NaCl; B5ml ffactions were collected. Conversion
activity was detected as a single peak‘in fractions 20-
2L, - corresponding to a galt concentration of 0.19-0.26M
NaCl. The polypeptide patterns in these fractions can be
seen in Figuré 4.3 as resolved by SDS-PAGE (10%'
acrylamide). The major polypeptide species present in the
fractions positive for conversion activity has the
approximate molecular weilght of 27kD; minor species can
also be éeeh corresponding to albumin and transferrin.

| Fractions 20-24 from the FPLC ion-exchange were
pooled, 'filtered at 0.2um, Dbrought to a final
concentration‘ of 1.0M (NHp)oSOy and épplied to an FPLC
Phenyl-Superose column for hydroﬁhobic interaction
chrométography. The salt c¢concentration was rapidly
reduced to 0.2M, then a shallow salt gradient was
produced from O0.2-0.0M galt. Conversion activity was
detected as a single peak in fractionsv 20-23,
corrésponding to 0.0M (NHy)»50,. Elution of protein was
analysed by on-line detectidn at 280nm, and part of the

trace is shown in Figure U4.U4. Selected fractions were
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Figure a.3. SDS-PAGE (10% acrylamide) analysis of

selected pooled gel filtration fractions further

fractionated by FPLC ion-exchange on MonoQ. The gel was

stained for protein. Tracks contain pooled gel filtration

fractions (St), or selected ion-exchange fractions (as

numbered) . Fractions positive for conversion activity (+)
which were selected for further fractionation are
indicated by the heavy bar above the tracks. Molecular
weilght calibration 1s shown to the left of the gel, and
was generated by running standard proteins (albumin,

ovalbumin, carbonic anhydr ase and trypsinogen) in the

same gel.
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Figure U.ZX. Elution profile of selected pooled FPLC
ion-exchange fractions further fractionated by FPLC
hydrophobic interaction chromatography on Phenyl-
Superose. Optical density at 2S0nm and concentration of
(NFOgSO”® are plotted against fraction number. The
horizontal bar represents elution of conversion activity,

and those fractions pooled for further fractionation.



resolved on a 12.5% acrylamide gel unde: reducing and
nhon-reducing conditions (Figure U.5). A ?7KD band
comprised about Q0% of the Coomassie-Blue ’stainable
components under reducing and non-reducing conditions. In
addition  to .this major component, there was a species
present 1in the non-reduced panel having &a mobility
corresppnding to a moiecular weight of 18kD. Faint bands
were obsgserved higher up the gel under both conditions,

and these had the expected mobilities  of albumin and

transferrin.
Table 4.1 showse the regults of the overall
purification scheme. The table presents amounts of

protein applied to the column, total prdtein recovery
_presented both as an absolute amount and as a percentage
of tﬁat applied, and protein present ih fractions
.containing conversion activity presented as absolute
amount and as a pefcentage of total recovered protein. No
figﬁres can be given for total protein ﬁecovery from thé
FPLC columns}las protein determinaetions were only made

for those fractions containing conversion activity.
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Figure 11.5. Resolution of the polypeptide
components of FPLC hydrophobic interaction chromatography
fractions containing conversion activity (PSCA) on 12.5%

acrylamide gel electrophoresis under reducing and non-

reducing conditions, stained for protein. Tracks contain
molecular weight markers (Mw), pooled FPLC ion-exchange
fractions (St), selected fractions (as indicated), or
bovine albumin (B) . Tracks were run under reducing

conditions (R) or non-reducing conditions (N). Molecular

weight calibration is shown to the 1left of the gel, and
was generated by running the following standard proteins:
transferrin, albumin, ovalbumin, carbonic anhydrase,

trypsin inhibitor and alpha-lactalbumin.



TABLE 4.1
Purification and Recovery of Protein

Total Protein Protein Recovered

Scheme Applied Recovered in CA Peak

' mg . mg bl mg 2
DEAE—Sepharose" 1370 1300 Q5 ) 91 7
G200 - 63 38 60 7.5 7
FPLC DMono Q 5.7 ND -— 2.3 40
FPLC Phenyl-Superose 2.3 AND - 0.5 22

CA - Fractions where conversion activity was detected.
ND = Not Determined.

4.2.2 Analysis of Purified Conversion Factor

The results of fractionation of conversion activity
by ion—excﬁange on DEAE-Sepharose, G200 gel-filtration,
FPLC ion-exchange and FPLC hydrophobic interaction
chromatography wasv a’ preparafion containing a major
polypeptide of about 27kD, plus a 18KD component detected
latterly in 12;5% acrylamide gels under non-reducing
conditions. InA addition, there are small amounts of
protein species in the 55-80kD range. This material ,wés
termed PSCA (for Phenyl-Superose derived Conversion
Activity). | |

It was hoped that the components of PSCA could be
analysed and identified using the commercially availlable
antisera raised agailnest many of the components of human
~serum. However, 1t first had to be demonstrated that 'thé
PSCA polypeptides were immunogenic. This was tested by
uéing a multivalent antisera against whole human serum in

Western blottinz. In thils experiment, the first antibody
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wasg rabbit anti-human serum diluted 1./100. The =econd
antibody was 1,/1000 péroxidase conjugated goat anti-
rabbit immumnoglobulin heavy chain. Peroxidase activity
was detected by chloro-napthyl staining.

Figure U4.86 shows a Western blotting filter gestained
for protein to demonstrate transfer of protein from the
SDS-PAGE gel onto thé nitrocellulose. The 27kD . band is
too faint to be seen on the photograprh but was present on
the blot. Panels 2 and 3 were stained after application
of the second antibody to detect peroxidase activity.
Panel 2 i=s staine& without application of the first
antibody, and demonstrates that only the rabbit
immunoglobulin heavy chain present in the rabbit serum
track 1s stained. The third panel was stained following
incubation with the first and second antibodies, and
demonstrates that antibodies are present that bind  a
number of human proteins in gerum (track 2), and thatq
there is 1little binding to rabbit proteins (track U4).
Track 3. containing PSCA, was heavily labelled in the
region of albumin, demonstrating that the minor component
of this mobility is a major antigen. Further staining is
observed at a location corresponding to mobility of the
27kD polypeptide, ‘determined by ecomparison to the
location of the 27kD band on the original SDS-PAGE.

Further controls in this experiment, namely chloro-

hapthyl incubation in the absence of second antibody both
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Figure U.6. Western Blot analysis of PSCA. Each of
the three panels contains the following four tracks:
molecular weight markers (Track 1), human serum (track
2), PSCA (Track 3). and rabbit serum (Track 4). Panel 1

shows a nitrocellulose panel stained for total protein.

Panel 2 is a control for non-specific binding of second
antibody. Panel 3 shows specific binding of antibody to
protein components. Molecular weight markers were
transferrin (37kD) , albumin (66kD), ovalbumin (&5kD),

glyceraldehyde-3-phosphate dehydrogenase (36kD), carbonic
anhydrase (29kD) and alpha-lactalbumin (1&kD).



before and after first antibody incubations, were
negative and are not shown.

In order té conserve PSCA, it ~was declded to
increase the ability t§ detect very small amounts of PSCA
protein by labelling the material with radiocactive iodine
according to the Chloramine T protocol, and unlabelled
human serum albumin was used as carrier protein. This
material was fractionated from the unbound. counts by
excluéion chromatography on Sephadex G15.. The excluded
material was resolved on a 15% non-reducing SDS—PAGE and
counts were detected by autoradiography (Figure 4.7). A
number of c¢lear bands of radiocactivity were detected.
Label running on the gel fronf wasg named Band 1, while
material with mobilities ’corresponding to molecular
welghts of 18kD and 27kD were called Band 2 and 3
"respectively. In addition a smear was observed running
from the fop of the resolving gel down to a position
corresponding to a molecular weight of approximately
55kD. Alongeside the non—redﬁced panel was run a single
track containing the same material resolved under
reducing conditions. The 27kD species is =till present,
while the 18KkD.species 1is resolved on 15% acrylamide as a
species of lower molecular weilght. Label is still
observed at the gzel front, while the high molecular
weight <cmear i1is resolved as a band with a mélecular

weight corresponding to albumin.
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Figure H.7®m Autoradiograph of iodinated purified

material (PSCA) run on a 15% acrylamide SDS-PAGE under
non-reducing conditions. Areas of gel containing counts

have been arbitrarily assigned the numbers shown on the
left of the figure to ease description in the text. Shown
to the right of the main panel 1is a track of identical

material run under reducing conditions.



Gel frazments containing non—réduced Bands 1-3 were
excised, as‘ were four cscections of the high molecular
weizht smear‘correspénding to 55-65kD (Band 4), 65-78KD
(Band 5), 75-85kD (Band 6), and 85kD and above (Band 7).
Gel fragments were then electroeluted in dialygis tubing
in an electric field ofVZOOV. Elution proceeded for U
hours and each hour fhe bags were opened and soluble
counts measured. The results of this‘procedure are shown
in T;ble 4.2, in which the size of each band under
reducing and non-reducing conditions are shown alongside
the initial and final activity for each gel fragment,
measured counts in solutiqn every hour, and the resulting
percentage recovered in solution after four hours. The
table shows that as the polypeptide sizé increased,. so
the percentage recovery of activity deeclined, »suggeéting
that larger proteins may have been trapped in the gel and
would haveibenefited from a lénger eléctroelution time.
Aléo note that Band 1 soluble céunts reached a peak very
quickly,» but fell off towards the end of the
élegtroeiution by as much as 30%, suggesting that counts

were escaping through the dialysis bag.



TABLE 4.2

Electroelution of Gel Fragments

BAND FMOLECULAR FRAGMENT_ACTIVITY

SOLUBLE CQUNTS

% RECOVEF

No. SIZE_KD INITIAL__FINAL. 1 2 3 L AFTER_Uh
1 NR 480 78 32 448 541 401 84%
2 18 930 204 23 127 260 558 73%
3 27 890 196 11 240 352 666 77%
4 55-65 410 79 10 143 211 243 75%
5 65-75 630 390 8 99 166 246 39%
6 75-85 360 118 3 26 48 55 32%
7 >85 350 92 3 9 15 20 18%

NR = not resclved from dye front in 15% acrylamide.

% = 7all measurements of radicactive decay are presented

as counts per minute per 100ul of electro—-elution

buffer.

Solutions containing more than 200 counts per second

per 100ul (electroelution of‘Bands 1-5) were acetone
precipitated to concentrate the counts in a smaller
volume. The results are presented in Table 4.3. Band 1
did not precipitate under the c¢conditions employed,

suggesting that it contained unbound counts.
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TABLE 4.3 .
Acetone Precipitation of Scluble Counts

Band i 2 3 u 5
Pellet 149 2506 2468 2857 1203 .
Supern?® 1328 327 159 67 250
1t Wash 1548 854 1270 855
Tube ND ‘ 587 972 ; 178 279
2nd Wash ND o 1669 1052 ND ND
Tube ND La18 875 ND ND
Recovery 0% 83% 65% oLy 77%
Activity per ul 33cps ~ 26cps bleps 2lcps
Con® factor 11x hx 193 . 18x

ND = not done

Concentrated aliquofs of Bandsg 2-5 were run on a 15%
SDS-PAGE under non—reducing conditions to assess the
quality and purity ofkthe products (Figure 4.8). Band 2
is seen at approximately 18kD molécular weight, Band 3 is
between 27-29kD molecular weight, Band U contéins - two
species  between U8 and 60kD, while band 5 shares the
higher molecular weight band at 60kD. There is no cross
contamination between the purified bands. Starting
material 1s also shown and contains more intense counts
ih locations corresponding to the purified components.

The antigenic behaviour of PSCA and isclated Bands
3-5 were anglysed by antibody-antigen crossed
electrophoresis (AACE), using whole human serum as both
marker and carrier protein. Aliquots (0.08uCl) were
placed in the cample well of AACE plates together with

3ul of human serum. After electrophoresisvin the first
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Figure H.8. Autoradiograph of SDS-PAGE (17.5%
acrylamide) on which was resolved iodinated PSCA (st),
and concentrated iodinated bands 2, 3. & and 5 (as
indicated beneath the tracks). Tracks were run under non-
reducing conditions. Molecular weight calibration is

shown to the left of the gel and comprised the following
standard proteins: albumin, ovalbumin, glyceraldehyde-3~
phosphate dehydrogenase, carbonic anhydra.se, trypsinogen,

trypsin inhibitor, and alpha-lactalbumin.



dimension, the second dimension gel was prepared
containing 5% rabbit anti-whole human sgerum. Figures U.9
to ﬂ.lZAshow the immunoprecipitation arecs of each AACE
plate stained for prbtein, while the autoradiocgraph of
the plate is shown inset and indicates the location of
the labelled protein. Figure 4.9 contains labelled PSCA,
and 1251 counts were detected in precipitation  arcs
corresponding to albumin, transferrln and alpha-mobllity
lipoprotein. Figure U4.10 contains labelled Band 3 (the
27kD species), and label was detected with the expected
mobility of alpha—lipoprotein, and more faintly in the
albumin arec. The AACE plate containing labelled Band 4
(Figure U4.21) contained label in the albumin and alpha-
mobility lipoprotein ares, while the Band 5 plate (Figure
a;12> wag labelled in the albumin and transferrin arcs.
In each of the AACE plates’ containing isolated,
homogeneous bands (as shown in Figure 4.8) there were a
number of precipitation arcs containing small amounts of
blabel. This suggested that there were some protein-
protein associations which were not overcome by
electrophoresis under the conditions used. This implies
that only major arcs should be regarded as significant in

drawing conclusions from these results.
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Figure U.9. AACE plate in which serum plus labelled
PSCA was run against 5% anti-whole human serum in the
second dimension. Inset 1is shown the autoradiograph of
the plate indicating those arcs containing precipitated
counts. Major labelled arcs are identified as albumin

(A), alpha-lipoprotein (L), and transferrin (T).



Figure U.10. AACE plate in which serum plus labelled
isolated Band 3 was run against 5% anti-whole human serum
in the second dimension, Inset is shown the
autoradiograph of the plate indicating those arcs
containing precipitated counts . The maoor labelled arc is

identified as alpha-lipoprote in (L) .
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Figure U.12. AACE plate in which serum plus labelled
isolated Band 5 was run against 5% anti-whole human serum
in the second dimension. Inset is shown the
autoradiograph of the plate indicating those arcs
containing precipitated counts. Major labelled arcs are
identified as albumin (4), alpha-lipoprotein (L) and

transferrin (T).



4.2.3 Identilty of the 18kD Polypeptide Species

Evidence for the identity of the 27kD species as
being a polypeptide component of alphanipoprotein has
been documented above. It has been shown to have the
expected molecular weight of apolipoprotein A-I under
reducing and non—reduciné Qonditions, énd has been shown
to precipitate in the alpha-lipoprotein arc in AACE.
Howevgr, the identity of the 18KD species ig lezs clear
gince it was only resolved in 12.5% acrylamide gels under
non-reduc;ng conditions, and since it was not isolated in
sufficient amounts to be useé in the AACE experiments.
Thuse, it was necessary to»demonstrate that this low
molecular weight component of PSCA had the mobility of
apolipoprotein A-II under reducing and non-reducing
conditions. PSCA was »run 1in a 10% acrylamide gel
contéining_éM urea alongside purified apolipoprotein A;II
(a giftv of the Glasgow Royai Infirmary): .The results
- (Figure .u.13) indicate that the mobility of the low
"ﬁolecular weight component of PSCA is indistinguishable
“ffom that of apolipoprotein A-II, and lend weight to the
hypothesis that apolipoprotein A-II is indeed present in

PSCA.
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Figure U.13. SDS-PAGE (10% acrylamide, 8M urea)
analysis of the low molecular weight component of PSCA.
The gel was stained for protein. Tracks contain molecular
weight markers (Mw), reference apo-lipoprotein A-II (A2),
or purified conversion activity (PSCA). Tracks are run
under reducing conditions (R) or non-reducing conditions
(N) as 1indicated. Molecular weight calibration 1is shown

to the left of the gel, and was generated from the

following standard proteins and peptides: carbonic
anhydrase (29kD) , trypsin inhibitor (20kD), myoglobin
(17kD), plus peptides derived from specific cleavage of
myoglobin with cyanogen bromide (1&kD, 3kD, 6kD, and

2kD ) .



4L.2.4 Affinity Chromeatography of Alpha-Lipoprotein

To summarise, PSCA contained proteins which, when
labelled with 1251 ana run on AACE tégether with whole
human serum, precipltate at the expected mobilities of
albumin and alpha-lipoprotein and, to a smaller extent,

transferrin. That the material fractionated on SDS-PAGE

under reducing and non-reducing conditions, at the

expected mobilities of transferrin and albu&in supports

the hypotﬁesis that these speciesg are indeed presgsent.

Furthermore, since alpha—lipopfotein ié classically well
kKnown to be mainly comprised of the protéins apo-—
lipoprotein A-I and A-II, having the molecular weights of
28,500 and 17,500 respectively, it 1s possible that major.
componente of PSCA are indeed those proteins. To test the
.hypothesis _that a component of alpha-lipoprotein is

responsible fbr conversion activity, rabb?t antiserum
spepific to the apo-lipoprpteins,pf alpha-lipoprotein was
conjugatgd onté‘é Sepharose UB column and used to remove:
.apoliéobrofeins A-I and A-II from whole human gerum by
affinity chromatography. Whole human serum (1.5m1
containing 63mg protein) was applied to the column in
tris-succinate buffer containing 0.1M NacCl. Unbound
protein was then collected in 1.0ml fractions. Bound
brotéin was then eluted using 3I.0M KSCN, and 1.0ml

fractionse were collected. Fractions were dialysed against

tris-succinate buffer and the protein concentration
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estimated by optical density at 280nm.

Figure U4.14 shows a 12.5% SDS-PAGE on which has been
resolved selected fractions from an affinity
chromatography experiment. The 27kD band was absent from
fractions 1-28 and was present in fractions 29-33. The
material bound to the column and eluted with 3M KSCN
contained a strong band at 27kD plus a minor species
which. ran close to the gel front. There was also some
minor species in the molecular weight fange 50,000~66, 000
daltone.

Equivalent amounts of protein from selected
fractions were applied into the sample wells of a 1-
dimensional rocket immunoelectrophoresis plate and
electrophoresed into an agarose bed containing a 1%
concentration of the above antiserum. The relative
concentration of apolipoproteins in each fraction was
then estimateq by observing the height of the
precipitation rocket. This is shown in Figure U4.15, and
confirms the SDS-PAGE analysis of the fractions, nameiy
thgt flow-through of apolipoproteins (and saturation of
the column) began in fraction 29. Bound protein eluted .
from the column was enriched in the apolipoproteins
- relative to the initial serum.

Fractions from the affinity chromatography were
grouped into pools A, B and C. Pools A and B contained

serum protein (adjusted to the original protein
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;ure b.111. SDS-PAGE of selected fractions from ;ne
affinity chromatography of normal human serum on anti-

alpha lipoprotein-conjugated Sepharose k3. The gel was

stained for protein. Tracks (labelled U) contain selected
fractions of unbound protein (as numbered) . Tracks
(labelled 3) contain selected fractions of bound and
eluted protein (as numbered) . Molecular weight
calibration is shown to the left of the gel, and was
generated using the following standard proteins:
transferrin, albumin, ovalbumin, glyceraldehyde-3-

phosphate dehydrogenase, carbonic anhydrase, and trypsin

inhibitor.
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Figure 11.15. Rocket Immunoelectrophoresis plate

(stained for protein) of selected affinity chromatography

fractions in agarose containing 1% anti-alpha
lipoprotein. Tracks contain either whole serum (st),
selected unbound fractions (as numbered, labelled "um")

or selected eluted fractions (as numbered, labelled "B").

All tracks contained 0.85mg protein.



concentration of the applied serum) which ~had passed
through the affinity c¢olumn unbound. Pool A was compocsed
of early fractions (pre-fraction 29) which were  depleted
in apolipoproteins, while Pool B was composed of later
fractions (post-fraction 29) which " econtained
apoliproteins. Pool C contained dialysed fractions of
serum proteins  eluted from the column in 3M KSCN,
adjusted to the original volume used in ‘the
-fractionation. Thege Pools were used to test whether
apolipoproteins were effective in the éonversion of M-
PLAP (Figure L4.16). In <this experiment, M-PLAP was
incubated with control tris-succinate buffer, contfdl
sera, and with affinity pools A, B and C. Negative
controls of tris-succinate buffer with and without
incubation (tracks 1 and 2) indicate§ that PLAP substrate
was predominately M-PLAP with some small contamination by
A-PLAP. The positive confrols of reference serum with and
without dilution and reconcentration (tracks 3 and 4)
céntain more A- and B-PLAP and less M-PLAP, and. indicate
the meximal extent of conversion undér the conditions
used. Tracks -5 and‘6 contain M~PLAP incubated with Pool A
and demonstrate that in the absence of apolipoproteins,
no conversion is observed. Pool B, which waé not depleted
for apoiipoproteins showed conversion éctivity (track 7).,
as dia Pool c, which contained the desorbed

apolipoproteins.
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Figure K.16 . Electrophonesis (in a detergent starch
gel subsequently stained for enzyme activity) of M-PLAP
following incubation with selected pools of fractions
from affinity chromatography, Material was treated as
follows: Track 1, M-PLAP in buffer without incubation,
Track 2, M-PLAP in buffer incubated at 37°C overnight,
Track 3., M-PLAP incubated with undiluted serum. Track L,

M-PLAP incubated with serum diluted then reconcentrated.

Track 5 M-PLAP incubated with reconcentrated fractions
depleted in alpha-lipoprotein (Pool A). Track 6, as track
5. Track 7, M-PLAP incubated with reconcentrated
fractions not depleted in alpha-lipoprotein (Pool B) .

Track 3, M-PLA.P incubated with reconcentrated dialysed

fractions desorbed from the col umn .



In a separate experimént, serum was épp;ied to the
column in 0.5M NaCl, and the rest of the ¥periment
repeated as described above. Although rocket
immuncocelectrophoresis and PAéE cel analyéis results wefe
indistinguishable from the above, no conversibn activity
could 5e detected in any of the three pools. To test the
hypothesis that the conversion activity was irreversibly
inhibited by prolonged incubation in high salt buffers,
serum was dialysed overnight into tris-succinate buffer
containing either 0.1M or 0.5M NaCl, followed by further
overnight dialysis into tris-succinate buffer alone.
Conversion activity was not subsequently detected in the
serum dialysed into 0.5M NaCl, but was presenf in the
pogitive control. This result led to the proposal that
high salt concenfrations can irreversibly inhibit
conversion  activity, and suggests that the conventional
\lipoprotein preparétion method of salt density
centpifugation méy vndt_'be eﬁtirely appropriate for

studies of this kind.
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4,3 DISCUSSION

,3.1 Purification Strategy

The objeef of the present study was to purify and
investigate the serum factor reéponsible for the in vitro
conversion of M—fLAP to A-— and B-PLAP. The purification
scheme was devised'to separate the conversion factor from
other serum components mosgt efficiently. Following the
ion-exchange chromatography (Figure U4.1), fractions were
selected to maximise the separation of conversion
activity from the major protein species serum albumin,
which had already been demonstrated not té be responsible
for conversion activity (see Figures 2.2 and 2.3, where
the presence of contaminating albumin did not convert M-
PLAP to A- and B-PLAP).

Gel filtratioﬁ wae chosen for a second round of
frgctionation to demonstrate a previous‘_undocumented
observatidn” that conversion activity had a molecular
»radius corresponding to a molecular weight of arognd
60,000>da1tons. and eluted from Sephadex G200 immediately
after serum albumin. These observations were confirmed
(Figure 04.2), and further fractionation of conversion
activity was achieved.

fast Protein Liquid Chromatogréphy (FPLC) was used
in the third round of fractionation (Figure 4.3). Protein'

species were found to elute from Mono Q at a higher sait
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cpncentration than they had eluted from DEAE-Sepharose.
This was an unexbected effect, but was clearly not
limited to 'coﬁversioh activity. This resuit indicatesr
that, in geﬁeral, elution>on Mono @ cannot be predicted
from the elution profile on DEAE-Sepharose.

A final step of hydrophobic interaction
chromatography oh FPLC was chosen on the basis that,
since conversion activity has an affinity for the
felatively hydrophobic M—PLAP; it was ‘possible that
converéion‘ activity would be retained on the Phenyl-
‘Superose column under conditions 1in which protein
contaminants would not. ConQersion activity was detected
within the the final protein peak observed eluting from

the column (Figure 4.5).

IL.3.2 Components of the Purified Species

The final purified conversion activity (PSCA) was
found to Dbe coméosed largely of &a single polypeptide
species of around 27KD molecular weight, together with a
smailer species resolved in 15% SDS-PAGE ha&ing a
holecular welght of arouﬁd 8,000 dalfons under reducing
conditions (and 18,000 i1in native éels). plus minor
species in the molecular weight region of 55-80,000
daltons. \

Several lines of evidence point to the 27kD

polypeptide being apolipoprotein A-I. Firstly, the
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polypeptide has a molecular weight and mobility eclose to
that already reported for apolipobrotein A-TI under
reducing and non-reducing conditions {Békér t al, 1974
Brewer et al, 19078). Secondly, ther 27kD species co-
rrecipitates in the precipitin arce of alpha-mobility
lipoprotein in AACE (Figure h.10). Thirdly, column
affinity @ chromatography with anti-alpha-lipoprotein
specifically binds conversion activity and a 27kD
polypeptidé.

Lecss strenuous.evidence has been provided for the
nature of the 8,000 / 18,000 dalton species. In part,
this was due to the unfortunate choice of 10% SDS{PAGE
during the purification of conversion activity,
preventing this low molecular weilght species from being
résolvéd. Immunological characterisation of this species
was prévented by the low yield of the 1251 1abelled band.
Nevertheless, it has 5éen shown that the low moiecular
weight species is indistinguishable from apolipoprotein
A-IT on SDS-PAGE under reducing and .non—reducing
conditions (Figure &.13);

The high molecular weight, low abundance material
resolved at 55-80,000 daltons has been shown to  be
located in the albumin and transferrin precipitin arcs in
AACE (Figure 04.11 and 4.12), and are not considered to be

responsible for conversion activity (see argument above).
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4.3.23 Size Considerations of Conversion Activity

The maﬁor polypeptide sgpecies co-purifying with
conversion activity are apolipoproteins A-I and A-II.
These species are nofmally associated 1in a complex
lipoprotein array of high density lipoproteins (HDL),
which gel filters in the region of 200,000 molecular
weight. 'Gel‘ filtration of serum indicates that no
conversion activity is detected in thaf molecular weight
range, and purified HDL has no conversion -activity
(Chapter 2). Thus, the 'apo A-I and A-II species
implicated in conversion cannot be associated with HDL.
This activity of a small population of apo A-I a2nd A-II
molecules may répresent the known heterogeneity amongst
lipoprotein polypeptides (Nestruck et al, 1980), or be
simply due . to steric hindrance in those polypeptides

already associated with lipid.

4.3.4 Lipoprotein Function in Conversion

The results presented in this chapter have shown
that conversion activity can be irreversibly abolished by
prolonged incubation in 0.5M NaCl. This sﬁggests that the
routine preparation of apolipoproteins by salt density
centrifugation may be inappropriate in functional studies
of apo A-I aﬁd apo A-II. This may help to explain why no

functions have been reported for apolipoproteins which

suggest a role in M-PLAP conversion. Apo A-I is a Kknown
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activator of lecithin-cholesterol acyl transferase
(LCAT), though no conversion of M-PLAP waé evident on
incubation with a purified sample of LCAT (Chapter 2).
The products of M-PLAP conversion are.not uniform,
but consist of two products, A- and B~-PLAP. This suggests
thaf there must be molecular heterogeneity within M-PLAP
and/or the conversion factor functions in two mutually
exclusive ways. Recent evidence bearinz on both the
structure of M-PLAP and on the naturé of the conversion

activity will be discussed in the following general

discussion.
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CHAPTER 5

GENERAL DISCUSSION

5.1 Three Classes of Membrane Binding Proteins

Since M-PLAP is associéted with 1ipid in the
microvillous membrane (Abu-Hasan et al, 1984), it is of
interest to review the general mechanisms by which
protéin—lipid association is thought to take place. All
lipid-associated polypeptides known to date can be
classified as having ~dn hydrophobic anchorage, or
covalently bound to fatty acid via thicester and//or amide
bonds, or covalently associated with a complex glyéolipid»
via phosphodilester linkage.

The first class of membrane proteins is
characterised by the presence, in the mature polypeptide,
of sequences of hydrophobic amino acids which anchor the
protein in . the membrane (Capaldi. 1982). These amino
acids are in some casés located at‘one or other _terminus
of the protein, while in other cases  the polypeptide
chain i1s believed to - traverse the membrane with
substantial domains on both sides of the bilayer.

Another common form of anchorage is widespread in
viruses, bacteria, and eukaryotes, in which fatty acids
are covalently bound to cysteine side ~chains via
thiocester bonds or to the amino-terminal residue by amide

linkage (Magee and Courtneidge, 1985). The former linkage

83



involves +the most abundant acyl chains i.e. palmitate,
stearate, and oleate, while amide linkage is exclusively
to myristate. Most of thesgse proteins are membrane bound
as might be expected for proteins' modified with a
hydrophobic acyl chain; Héwever, a nhumber of myristylated
proteins fractionate bin the cytosol ‘fraction. Recent
reporte . of Rous sarcoma virus transforming protein ppb0
suggegt that amino-terminal myristylation is required,
but not sgufficient, for the plasma-membrane localisation
of the protein (Cross et al, 1984; Buss et al, 1984).
Thus some myristyl proteins may be able to move between
the cytosol and cell membranes, perhaps after a
conformaticnal change involving exposure of the acyl
chain. Alternatively, myristylation may have a role in
the interactions of‘one protein with another or with a
substrate.

By contrast, a number of eukaryotic proteins are
currently believed to be covalently bound to fatty acids
as components of complex glycosgsyl-inositol phospholipids,
and the diacylglycerol moiety of phosphatidylinositol has
been cshown to be the sole meanslof membfane attachment
(Low et ‘éi,1986: Cross, 1987). In general, inositol
proteins have been identified by‘their specific and non-
disruptive release ‘from the cell membrane by
prhosphatidylincositol-specific phospholipase C. However,

details of the chemistry and synthesis of the hydrophobic
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linkage have been gleaned from studies of a few well

characterised inositol proteins.

5.1.1 Trypanosome Variant Surface Glycoproteins

The parasitic protozoan Trypahosoma brucei is

protected from the host immune system by the  sequential
expression of genesg encoding immunologically distinet
variant surface glycoprotein (VSG), whiech form a dense,
protective surface coat (Cross, 1984; Turner, 1984). In
viable trypanosomes, the VSGs‘are firmly anchored to the
plasma membrane; upon lysis, by elther mechanical shear
or osmotiec shoek, the VSG coat i1s rapldly released in a
water-goluble form (sVSG). Amino acid sequencing of this
form has revealed that sVSG = lacks a C-terminal
hydrophobic peptide extension of 17 or 23 amino »acids
(depending on the variant), predicted from cDNA
ééquences. The mode of membrane attachment of mature VSG
remained unclear until wdrk by Cardoso de Almeida and
Turner (1983) revealed that lysis of trypanosomes in
boiling detergenﬁ solutions resulted in the recovery of
an amphiphilic membrane form of the VSG (mfvVsSG). The
conversion of mfVSGE to sVSG was sh@wn to be due’ to . an
endogenous phospholipase C and to correlate with the
presence or absence of myristic acid (Ferguson et al,
1984; Ferguson and Cross, 1984). Further analysis

revealed that the C-terminal glycolipid also contained
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ethanolamine (Holder, 1983z2), phosphate (Baltz et al,
1982 Cardoso de Almeida and Turner, 198L4), sugars
(Holder and Cross, 1981; Holder, 1983b), and glycerol
(Dbuvillier et al, 1983).

Purification and analysis of the myristylated
pronase fragment of mfVSG has revealed that the myristic
acid is covalently attached to the glycan in the form of

s,n-l;z-dimyristyl glyecerol, via a phosphodiliester linkage

(Ferguson et al, 1985a,b).

5.1.2 Other PI-Linked Membrane Proteins

Consistent witn the evidence for VSG precursor
polypeptide teails, the DNA sequence of the rodent Thy-1
antigen predicts a thirty-one amino acid tail that is
absent from the mature protein (Seki et al, 1985), and
cén be released from the membrane by a highly purified
phosphatidylihositolFspecificv phospholipase C (Low and
Kincade, 1985).

The chicken neural cell adhesion molecules (N-CAMs)
represent an intriguing situation: two forms of N-CAM are
typical transmembrane proteins with different cytoplasmic
domains, but a third is PI-linked (He et al, 1986). All
three polypeptides are derived frbm transcripts of a
single gene by alternative RNA splicing (Hemperly et al,
1986). It remains to be established whether addition of

PI is associated with cleavage of its predicted
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hydrophobic terminal amino acid sequence.

5.1.3 Structural Featureg of PI-Protein Anchoring Domains

Although the structural features of other
hydrophobic membrane anchoring domains in other proteins
have not been characterised in as much detall as VSG,
certain | features éeem to be shared. In
acetyicholinesterase (Dutta~Choudhury and Rosenberry,
1984) and Thy-1 (Tse et al, 1985)>‘these domains are
located at the carboxy-terminus. Rat brain Thy-1, thymus
Thy-1 and erythrocyte acetylcholinesterase (AChE) have
been shown to contain relatively few amino acids, none of
which are hydrophobice. Thy-1 membrane anchoring domaiﬁ
contains ethanolamine, glucosamine, myo-inositol and
fatty acidse. The membrane anchoring domain of erythrocyte
AChE =also contains gzlucosamine, ethanolamine ané fatty
acide, but 1nterpfetafion is complicated by the
observation that only é small proportion of the AChE in
human eryfhrocytes is released by PI-PLC (Low and Finean,
1977; Shukla and Hanahan, 1982). In view of these unusual
shared sgtructural featuresg, 1t seems likely tﬁat these

other proteins are also linked to PI by a - structure

similar to that identified for VSG. A pictorial
representation of the predicted carboxy-terminal
membrane-binding domain of phosphatidylincsitolated

(glypiated) proteins is shown in Figure 5.1.
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PROTEIN

PROTEASES
C-TERMINAL
AMINO ACID
L AMINE
ETHANOLAMINE GLYCAN GLUcOS
INOSITOL
NITROUS ACID
PI-PLC
MEMBRANE

1,2-DIACYLGLYCEROL

Figure 5¢1« Proposed general structure of the C-
terminal membrane anchoring domain of a PI-PLC sensitive
protein. The structure 1s based on the evidence available
for VSG of trypanosomes. It is likely that other
phosphatidylinositolated proteins are bound by a similar
structure, although the actual composition and
arrangement of the sugars in the glycan is 1likely to be

variable. Figure from Low et al (19-36).



Conceivably, any eukaryotic membrane protein that
terminates in a short hydrophobic cegment is a bcandidate
for glypiation. While there is yet no ’identifiable
consensus sequence for glypiation, such a éignal may
become evidenf as more PI-linked proteins are adqed to

the repertoire of predicted protein sequenceé.

5.1.4 Functional Significance of Covalently Attached PI

The evidence thaﬁ the diacylglycerocl molety of PI is
"solely responsible for membrane anchoring in AChE, vsSG
and Thy-1 is very strong and is basced on three principle
lines of evidence. Firstly, there is an absence of any
substantial hydrophobilie amino acid sequence in the
membrane anchoring vdomain isolated from mature VsSG
(Cross, ~198U), Thy-1 (Tse et al, 1985), or ‘human
erythrocyte AChE (Roberts and Rosenberry, 1985).
Secondly, there is non—disruptive réiease of these
proteins from the plasma membranes to which tﬁey are
attached, and/or conversion from an amphiphilic form to a
hon—aggregating hydrophilie form (Ferguson et al, 1985b).
Thirdly, membrane bound VSG can be converted to a water
soluble form by an endogenous phospholipase (Ferguson et
al, 1985a). |

The fact that an apparently adequate, hydrophobic.
membrane—ancﬁoring peptide is removed from the carboxyl

terminus of VSG immediately after synthesis suggesta that
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covalently attached lipid may, in general, serve some
other purpose in additionito membrane attachment.blt may
relate .to the intracellular transport and targetting of
the polypeptide frém the endoplasmice reticulum to the
outer surface of the plasma membrane. The fact that  all
proteins currently believed to bé covélently attached to
phosphatidylinositol are also predominantly located on
the outer surface of the plasma membrane seems to support
this suggestion. Alternatively, it may provide a means of

selectively‘ mobilising, in viveo, proteins so anchored.

Glypietion, in combination with sgpecific PI-PLCs, permits
rapid and specific release of mémbrane—bound enzymes or
receptors, thus generating soluble activities or down-
regulating receptors. Again, it may be significant that
diacylglycerol, an activator of protein kinase C, 1is a
product of the protein-releasing reaction. Signaling
specificity éould be introduced if individual members of
the protein kinase CV family displayed differing
sensiti&ities to diacylglycerols having different acyl
groups. The possibility that diacylzlycerols can be
converted iﬁ the inner plasma membrane leaflet to
phosphatidic acid introduces another putative reguiatory

mechanism (Moolensar et al, 1986).
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5.2 Membrane Anchorage i Alkaline Phosphataces

Slein and Logan (1¢62; 1963) reported that a factor

present in Bacillus caraus culture filtrates, when

injected 1in rabbits, produced a large increase in serum
alkaline phosphatase activity, and also releassed alkaline
phosphatase from kidney and bone slices. The faqtor later
turned out to . be a phosphatidylinositol—spécific
phospholipase c, suggesting that tissue—-unspecific
alkaline phosphatase was bodnd to fhe membrane via
intersctions with a phosphatidylinositol molecule (Slein
and Logan, 1965; Low and Finéan. 1977). Sinece this
tissue-unspecific alkaline phosgphatase was released in a
soluble non-aggregating form which was not associated
with membrane vesgicles nor with other 1lipid-protein
complexes, and by analogy with other
phosphatidylinositolated proteins, it was believed that
PI was specifically involved in the attachment of these
proteins to the membrane, and that l,z—diacylgl&cerol was'
serving as a membrane anchor which was larzely or
entirely responsible for membrane attachment. Further
analysis suggested that the association between tissue-
unspecific élkaline phosphatase and phosphatidylinositol
was a covalent one (Low and Zilversmit, 1980).

The mechanism of membrane binding of mammalian

intestinal alkaline phosphatase is less clear. Seetharam

et al (1987), found that rat intestinal brush  border



alkaline phosphatase was not released from the brush
border membranes by phosphatidylincositol-specific
phospholipase C. Further studiesvled to the proposgal that
rat intestinal alkaline phosphatase was bound to the
membrane by tight hydrophobic interactions rather that e
covalent association. However, conflieting wérk by Low et
al (1987) showed that treatment of bovine intestinal
alkaline phosphatase wifh nitrous acid resulted  in
release of the enzyme in a soluble form and free myo-
inositol, suggesting that thé protein contained a

phosphatidyl moiety attached through a glyccsidic linkage

to a sugar residue bearing a free amino zroup.

5.2.1 Models of Membrane Binding of Placental AP

Since the work described 1in this thesis was
concluded there have been a number of published reports
from the Udenfriend group which together strongly
indicate‘ the mechanism of membrane binding in placental
alkaline phosphﬁtase.

Berger et al (1987b), working on simian (COS) cells:
~transfected with a eukaryotic expression vector (pBC12)
Vbearing a ¢DNA encoding human placental alkaline
phosphatase, found that the cells transiently expressed
membrane-bound alkaline phosphatase. The enzyme could be

specifically released from the <cell surface in a

hydrophilic form by treatment with phosphatidylinositol-
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gcpecifie phospholipacse C, a property strongly indicative
of the presence of an inositol-glyecan membrane anchor.
Furthermore, - the transiently éxpressed alkaline
phosphatase was héat—stable and resistant to inhibition
with l—homoarginine but sensitive to inhibition with 1-
phenylalanine, and thus héd properties characteristic of
the PLAP isocenzyme. A criticism of this work, however, is
that . the monkey c¢ell line does not normally exXpress
placental alkaline phosphatase, and therefore the post-—-
translational glypiation of the enzyme may hot reflect
the sgituation in the human trophoblast.

In parallel with this work, Howard et al (1987)
characterised the alkaline phosphatase expressed in WISH,
a transformed c¢cell line from human amnion. When cell
suspensions were | ~ incubated with purified
phosphatidylinositol;specific phosphéiipase C, alkaline

phosphatase activity was released in a hydrophilicec form.

Also, when the cell were cultured in the presence of
[1uC]ethanolamine, fiac]myristic acid, | or myo-—
[3H]inositol, each was incofporated into fhe carbokyl
terminus of the alkaline phosphatase. The alkaline

phosphatase exprescsed in the WISH cell line was reported
as heat-stable, resistaht to ecatalytic inhibition by 1-
homoarginine and susceptible to dinhibition by 1-
phenylalanine. This led the &orkers to the belief that

they were studying placental alkaline rhosphatacse.
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However, precige didentity had not been established
between this placental-like alkaline phosphatase
expressed by transformed cellse, and tissue-extracted
placental alkéline phosphatase (see the introductory
chapter of this thesis for a general review of this
subject).

| A;though the above reports are limited in the extent
to whieh the fesults can be seen as models of the
mechanism bf membrane binding of normal trophoblast
expression of placental alkaline phosphatase. they
complement each other and together suggést that placental
alkaline phosphatase may be covalently associated with
glycolipid. However, to further examine this posgsibility
it 1s important to étudy placental alkaline phosphatase

as extracted from the placenta.-

5.2.2 Membrane Attachment in Tissue-Extracted PLAP

Evidence for the mechanism of’membrane attachment of
tissue-extracted placental alkaline phosphatase came from
the Udenfriend group as this thesis was being prepéred
for submission. Micanovie et al (1988) purified and
characterised the C-terminal chymotryptic polypeptide
from a commercial preparation of PLAP. Their
investigation revealed that the carboxy-terminal amino

acid residue of mature PLAP 1s an aspartic acid residue,

to: which i1g attached a phosphatidylinositol-glycan
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moiety. The aspartié acid residue waeg demonstrated to be
Asp-U484, suggesting, by analogy to VSG proteinvv
processing, that a 29-residue polypreptide predicted from
the ¢cDNA sequence is ecleaved out during glypiation.
Consistent with other examples of inositolated proteins,
this cleaved polypeptide is highly hydrophobic and may be
involved i1in anchoring the naspent polypeptide to the
endoplasmic reticulum prior to inositolis;tion.

The results of Micanovic et é; (1988) were derived
from study of only those PLAP holecules demonstrated to
be hydroprhobic by their behaviour in Triton X-11U4 phase-
separation. The remaining 90¥% of the PLAP molecules wére
found to be hydrophiliec in. behaviour, indicating to the
workers that the diacylglycerol portion of the
phosphétidylinositol—glycan had been lost during
preparation of the enzyme.‘An alternative_interpretation.
theat is not raised in their repqrt, is theat the
hydrophilie PLAP-isvnot a degradation product, and thus
that the commercial preparafion " corresponds to the
condition of PLAP in vivo. This interpretation reflects
the findings of the Suteliffe group, in +that our

‘preparations of PLAP contain A-PLAP, B-PLAP and M-PLAP.

However, no attempt was made by Micanovic et a1 (1988),
nor by any of the Udenfriend group, to
electrophorétically characterise the PLAP molecules. The

question therefore remains open as to whether M-PLAP is
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inositolated and whether removal of this '"converts" M-
PLAP to A-PLAP.

Conversion of PLAP from a hydrophobic to a
‘hydrophilic form has also been investigated by Malik and
Low (1986), who have been particularly interested in

the possible conversion in vivo. They have approached

this study by attempting to characterise the necessary
conditions for hydrolysis, firstly on butanol extraction

and secondly 1n normal human plasma.

5.2.3 Butanol Extraction of Placental AP

Malik and Low (1986) have suggested that
solubilisation of human placental alkaline phosphatase by
butanol involved  the activation and action of an
endogenous factcr. On extraction of placental membranes
at pH 5.0, the alkaline phosphatase released into the
agueous phase was found to be indistinguishable from that
released on incubation with a phosphatidylinositol-

specific phospholipase C from Staphylococcus aureus i.e.

both forms.were relatively hydrophiliec and had molecular
radii of around 170,000. By contfast, butanol @ extraction
at pH 8.3, or at low pH in the absénce of celecium dions,
released an agagregated form of approximately 600,0QO
molecular size which - was relatively hydrophobic.
Proteinase inhibitors had no effect. "Further

investigation of .the effect indicated that the
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phosgphoinositide-zspecific phospholipasgses C from cytosol

and lysosomes were unlikely to be responsible - for
convercion. Malik and Low (1986) also . detected a
phosphatidylinositol-hydrolysing activity in the

particulate fraction. However, under conditions in which
the PI-hydrolysing activity was completely abolished,
PLAP—conversibn activity was unaffected. Characterisation
of this factor in the absence of butanol, lipids and
enzymes was not attempted.

The -above report provides a close parallel to the
work described in this thesis, and hence deserves closer
examination and comparison with this work. At no stage of
the present work, or of the work of Abu-Hasan (thesis),
waé the pH of butanol extraction controlied or measured,
except that it was perfofmed in a low-buffered solution

of pH 7.0 (namely 25mM succilniec acid, 4mM Tris). The

relative quantities of M-, A- and B-PLAP recovered were
variable, however, and seemed to be dependent on the
efficiency of washing of the micecrovillous membrane

pellet. This uncontrolled observation is‘consistent with
both the leeching out of the Malik and Low factor prior
to extraction, and with the reﬁoval of the conversion
factor examined in this thesis.

It is important to note that thié butanol-stimulated
conversion_ prhenomenon ‘need not have occurred in our

hande, seince Malik and Low prepared theilr placental
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membranes from whole homogenised placenta zas contrasted
with our enriched microvillous membranes, a difference
which ig likely to alter the co-purifying contaminants.
It must also be stressed, that any such conversion
-during butanocl extraction was effectively invisible to
the Suteliffe group, since wé disregarded, to a large
e%tent, the relative proportions of A- and M-PLAP with a
view to fractionating the isoenzymes by c¢chromatography.
The conversion phenomenon reported by the Sutcliffe
group 1s of the butanol extracted products, wﬁich were
etable i1n the eabsence of serum, and was not calcium
dependent., It may be the case, therefore, that thefe are

two independent mechanisms of conversion.

.5.2.4 Conversion of PLAP Isoenzymes in Plasma

Ag this thesis was being prepared for submission, a
reéort was published by Low and Prasad (1988) describing
an activity ébundant in mammalian plasma which Vremoved
the éhosphatidylinositol membrane anchor from hydrophobic
human placental alkaline phosphatase. The activity could
bé inhibited by EGTA and 1,10-phenanthroline, and was
stimulated at low pH. The workers suggested that ’the
agent‘ responsible for the activity was the same as that
described by Malik and Low (1986), and proposed that the
preéence of the activity in the Malik and Low particulate

fraction was due to contamination by the plasma enzyme.
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The cspecificility of the agent was examined and the resultse
indicated that conversion was due to a phospholipase D

activity.

5.3 Conversion and Apolipoproteins

Part of the present work was the discovery .of a
factor present in normal human serum that mediated
conversion of hydrophobic, membrane—bound M-PLAP to the
coluble forms A- and B-PLAP following butanol extraction.
This conversion is not affected by the addition of
antiproteasesg, and does not inveolve logg of subunit size
detectable on SDS-PAGE. This, together with the evidence
of Abu-Hasan, Davies and Sutcliffe (1984) that M-PLAP
remained hydrophobie on incubation with a range of
organiec scolvents and ionic and non-ionic detergents,
implies that M-PLAP i1s +tightly associated with a
hydrophobic moiety. The aone work of Micanovic et al
(1988) indicates that'commerciélly available hydrophobic»
PLAP 1s covalently associated with a phosphatidylinositol
élycan moiety. It is-likely, though not proven, that the
hydrophobie PLAP characterised by Micanovie et a1l 1is
at least very similar to the hydrophobic PLAP studied in
this thesis, namely M-PLAP,. Work by Low and Prasad (1988)
has shown that normal plasma contains a phospholipase D

activity which cleaves the phosphatidylincsgitol tail from

hydrophobie PLAP in vitro, although purification and
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identification of the factor has not yet been reported.
The pregent work hase purified and charactericsed the M-
PLAP converting activity from normal human serum, and it

hasg been demonstrated as associated with lipoprotein A.

5.2.1 Functions gg Lipoproteins and their Components

The stﬁdy‘of lipoproteins and apolipoproteins  has
essentially focused on a number of inter-related areas.
Plasma ’lipoproteins have attracted the attention of
investigators - interested‘mainly in ;ipid transport (for
reviews vsee Morricett et a1, 1975; Scanu et al, 1982),
both in the normal condition, and in relation to diseases
e.z. atherosclerosis (Goldstein and Brown, 1977),
coronary thromboses, alcoholism, Tahgier Disease.
Other workers have, however, focused on the fact that
plasma lipoproteins participate in the activation or
inhibition of lipid-metabolising enzymes. For example,‘
apolipéprotéin A-I is a specific activator of lecithin
cholesterol acyltransferase (Yokoyama et gl, 1978;
Furukawa and Nishida, 1979), énd apolipoprotein C-II
enhances the triglyceridase and phospholipase Ay activity:
qf‘rat heart lipoproteiln lipase (Groot et al, 1978). The
mechanism of action of these apolipoproteins is not éully
understood, but -~appears to involve enhancement of the
transfer of the enzyme between vesicles (Nishida et al,

1986). It has also been shown that plasma lipoproteins



rlay important roles in lymphocyte proliferation and

immunologic homeostasis (Morse et al, 1977:; Chisari,
- 1977). Thus, it is beéoming inereasingly evident that
circulating lipoproteins are dyhnamic’ structures  and

recognise a series of structural changes wﬁich are
controlled by enzymatic and physicochemicai phenomena.
Most recently,' lipoérotein vvesicles have been
demonstrated to  be cruciél in a number of cellular.
‘activities, including’release'of ceil surface proteins
“from tissue explaﬁts. LDL binding to plasma membrane
receptors éppears to gupéress cholesterol synthesis
through modulation of the activity - of 3—hydroxy—3—v
methylglutaryl coenzyme A reductase (Goldstein and Brown,
1977). Further, the apolipoproteins of high density
lipoprotein (HDL), namely apoA-TI, apdA—II and apoC-I,
havé béen shown to stimulate the release of human
placental lactogen '(hPL) by placental explants
'(Handwerger et al, 1987). Other fecent work by Darbon et
al (1986) demonstrated that  HDL apolipoproteins
stimulated phosphorylation of a 27kD proteinvin quiescent
bovine endothélia; cells, strongly supéorting'a role for

apolipoproteins in stimulating protein kinase C.
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5.3.2 Lipoproteins or Apolipoproteins in PLAP Conversion

Despite intensive and extensive research intoe the
roles played by  lipoproteins and their protein
cdmponents, there appear to have been no reports of any
directly  induced changes in other protgins caused by
apoiipoproteins. More specifilcally, given the hypothesis
that M-PLAP is covalently bound to phosphatidylinositol,
there"have been no reports of a  phospholipase activity
directlyvassociated with apolipoproteins or 1ipoprofeins.
A recent (17/11/87) computer literature search on Data-
Star (copyright Biological Abstractses, Inec.,
Philadelphia/Penn, USA) searching for English-language
reports on lipoproteins or apolipobroteins in association
with phdspholipases and in associlation with plasma, serum
or bloodA published between 1085 and 1987 revealed no
felevant -reports. This leaves the author to consider”"a
‘humber of possible hypothesés. 'As raised in - the
discussion of the relevant cﬁapter, it is likely that the
conversion activity i1s associated with apolipoproteiﬁs A-
I and A-II. However. this assQCiétion may be direct, in
the form of a previously undiscovered activity of the
apolipoproteins, or indirect by means of other protein
factors. These possibilities are discussed in more detail
below.

The action of a factor associated with lipoprotein A

on M-PLAP could be due to an as vet undetected activity
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of the apolipoproteins comprising ©95% of the purified
conversion factor. This activity has remained "ﬁidden"
due to' the routine method of idsolation of serum
lipoproteins 1.e. salt density’centrifugation. The work
herein reports that 0.5M NaCl completely and irreversibly
removed the conversion activity. Thils hypothesis might at
first appear to be unlikely given the predicted seéondary
struc?ure of apolipoprotein A-TI. Accbrding to ‘thé
analysés of Segrest et al (1974), Segrest and Feldman
(1977) and of Fiteh (1977) apolipoprotein A-I has a
secondary structure of limited complexity, ‘having at
least 11 alpha-helical regions, two beta-csheets, and-’lB
cyeles of 11 repeating units. However, this reasoning
does not take into account the' high degree of
microheterogeneity of apolipoprotein molecules, both at
the level of primary structure and at the level of
fuanipn. A subset of époA—I molecules,  namely
apoiipoprotein A-Ty, have already been shown to have
atypic;i properties With respect to thé activation of
LCAT, and may contain a different amino acid sequence
(Nestruck ggyé;; 1980). It is therefore possible that a
small percentage of apoA-I contains M-PLAP conversion
activity.

A second hypothesis to explain thé debendence of
convercsion activity upon the presénce of a lipoprotein-

ascsoclated factor is that the apvrolipoproteins activate an
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endogenous phospholipase. This phospholipase may be

present as a minor s=pecies of the purified conversion

activity (PSCA), or as a contaminant of the butanol-
extracted microvilli used és the source of M-PLAP. Given

the rahge of chromatography systems employed in the
fractionation of serum té give PSCA, any phospholipase
activity co-purifying with apoA-I is also associated with
apoA~I '~ either 1in the phospholipid vesicles or in
apolipoprotein aggregafes'or the apolipoprotein in free
solution. This hypothesis is thus indistinguishable from
the previous hypothesis of the direct action of the
apolipoproteins, and has again never been observed by
other workers. That the phospholipase activity originates
in the M-PLAP substrate is also unlikely since purified
M-PLAP, which contained two PLAP bands plus albumin, was

a good substrate for conversion with normal human serum.

5.4 Summing Up

This project was aimed at the elucidation of the
differences between the A-, B- and M-PLAP forms, and . at
‘"the nature of the serum conversion activity. The recent

reports of Low and Prasad (1988) and of Micanovic et al

(1988) indicate that mammalian placental = alkaline
phosphatace contains a covalently attached -

phosphatidylinositol-glycan at its ceaerboxy-terminus, and

that this can be cleaved from the molecule in vitro by a
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phosphatidylinositol-specific vhospholipase D activity
abundant in normal mammalian plasma. It is 1likely that
the hydrophobie PLAP molecules found by these workers is
partly or wholly analogous to the hydropheobic PLAP
ydescribed in this thesis and by Abu-Hasan - (thesis). It.
followe therefore that there isgs a likelihood that at
least M-PLAP contains an inositol anchor, and that A-PLAP
does not contain the ancheor. The nature of B-PLAP ics less
clear. In order té determine the suﬁstrate/product
relationships between the phospholipase D activity and
the isoenzymes of PLAP, the experiments of Micanovic need
to be repeated demonstrating the relative proportions of
A-, B- and M-PLAP.

This thesis has described +the purification and
characterisation of a factor present in normal human
gserum that mediates the conversion of M—PLAPYto Af and B-
PLAP. The activity has been‘shown to be associated with
apolipoproteins A-I and A-II. Whether +this conversion
phnomenon is similar to that described by Low and Prasad
(1988) remains to be demonstrated, but the possibility
hés been raised that apoiipoproteins may have other
functions and ‘activities other than those already
characterised and associated with 1l1lipid metabolism.
Purification of apolipoproteins by more gehtle metheds
than salt density centrifugation may reveal the nature of

these activities.
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CHAPTER 6

GENERAL METHQDS




CHAPTER &

GENERAL METHODS

6.1 Preparation of Placental Alkaline Phosphatase

6.1.1 Purification of Placental Microvilli

Placental microvilli were prepared according to the
method of Smith et al (1974), as described by Abu-Hasan
et al (1984), as follows:

1) Fresh placentae (less than 4 hours old) were given
an initial wash in 0.85% saline and i.22% CacCl.

2) Amnion and chorionic plate disected off, and
remaining material choppred into pieces of approximately
1em3,

3) Material washed in 150-180ml ice-cold saline for 30
mine at 4°cC witﬁ rapid and continuous agitation.

) 4) _ The wash was then pouféd éff ana spun at 12,000g for
’10 ﬁins at 4°C in a Beckman JA-1l (13em radius). The
supernatant was taken and subjected to
ultracentrifugation at 145,000g in a Beckman Ti50 rotor
(7em radius) for 30 mins at 4°C.

5) If the resulting pellet was still red, then the
pellet was resuspended usinz =a tight fitting glass
homogeniser in Trisg-succinate buffer (25 mM =succinic

acid, 4L mM Tris, pH 7.0) and ultracentrifugation step
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repeated, Once the pellet was c¢creamy-white, it was
resuspended and stored at -20°C, until a  stock of

phenotyped placentee had built up.

6.1.2 Butanol Extraction of Miecrovilli

Syneytiotrophoblacst plasma membrane preparations

were extracted using the method of Boyer (1963).

1) To each suspension of microvillous membranes was
added an equal volume of ice c¢old butan-1-ol, and ‘the
mixture shaken vigourocusly for 1 hour at 4°C.

2) The mixture was subjected to centrifugation . at
12,000g for 10 mine at 4°C, to separate the agqueocus

and organic phases.

3) The aqueous phase (bottom) was drawn off and
dialysed against Tris-succinate buffer (pH 7.0) overnight

- to remove execesse butanol.

6.2 Electrophorecsis

6.2.1 Starech Gel Electrophoresis

Horizontal starch gel electrophoresis was performed
at pH 6.0 (Robson and Harris, 1965) as previocusly

described (Abu-Hasan et al, 1984),.

— —

1) 25g starch was suspended in 290 ml Tris-succinate
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buffer (pH 6.0), and heated to boiling point with rapid

agitation to KkKeep the starch in suspension until
dissolved.
2) Approximately 1.25ml Triton X-100 (0.5%) was added

to 10ml Tris-succinate buffer (pH 6.0), and the mixture

‘heated to dissolve the detergent.

3) Both mixtures were added together and  swirled to
mix.
) Before the gtarch had begun to set, the =solution

was poured into a perspex former. A thin plastiec sheet
wag added as a 11d, taking care to exclude air bubbles,
and this was topped by a heavy gléss plate to expel
execess starech solution. This was then placad at 4°9C for
one hour for the starch to set.

5) Once cold, the glass plate and the plastic sheet
were removed, and the detergent-starch block was cut
lengthwise twiéé, once liem from a long edge, and once 5cm
further up.and pérallel to the first cut. The 1lem wide
plece of gel was removed from fhe perspex former and
kept aside. The BHem wide slice was then sliid down,
revealing a cut surface within the body of the gel onto
which - 5mm % 7mm fragments of 3MM blotting papef were
applied, impregnated with 20ul of PLAP golution. These
fragments were inserted upright onto the cut surface of
the starch block, alternating with inserts wetted with

Tris-sucecinate buffer alone. Once complete, the gel wasg
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reclosed by s8liding the gel up and replacing the lcem
slice.

6) The bloek was then placed in an electrophéresis
tank containing 0.41M citric aeid, pH 6.0. Paper wicks
were applied, ensuring that the sample papers were

towards the cathode, and 8v/cm was abplied for 5 hours at

4oc.
7) After thig time, the block was removed from the
perspex. former and cut horizontally to reveal a

.representative cross-section of the gel.

8) : Thié was stained using a solution of Fast Blue RR
galts (25mg) and beta-napthyl phosphatg (25mg) in 50ml
borate buffer (60mM sodium tetraborate, 10mM Mgsoa.7320,

pH 9.7).

6§.2.2 Acrylamide Gel Electrophoresis

SDS-PAGE was performed by the method of Laemmli
(1970), modified to run slab gels. Gels were routinely
made up to 10% acrylamide, although 12.5%, 15% and 17.5%

gels have been used.

1) Glass plates were washed in. acetone and 100%
ethanol, and and 2mm spacers washed in ethanol alone.
The plates were assembled and made watertight with tape.

2) The acrylamide stock solution was 30% acrylamide,

0.8% bisacrylamide.
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3) Stock resolving gel buffer comprised 3.0M Tris-HC1

(pH 8.9).

a)' Stock stacking gel buffer comprised 0.5M Tris-HC1l
(pH 6.7).

5) Stock detergent solufion was 10% SDS.

5) 1.5% ammonium sulphate solution was made  up frésh
daily.

6)(1). For a 10% gel, 15ml acrylamide was added to 5.6ml
resolving gel buffer, D.Bml sShS, 21.7ml dHZO, and 1.5ml
persuiphate.

(414) For a 12.5% gel, 18.75ml acrylamide wag added to
5.6ml recolving gel buffer, 0.3ml SDS, 18&1 dH5O0, and
1.5ml persulphate. |

(iid) For a 15% gel, 22.5m1 acrylamide was added to
5.6ml resolving gel buffer, 0.3ml SDS, 14.2ml dH0, and
1.5ml persulphate.

7) . 25ul TEMED was added to the appropriate mixture,
and quickly poured betweén the glass plates, leaying room

to add the stacking gel.

8) Since air inhibits the " polymerisation of
a;rylamide, the solution was overlayed with 0.1% SDS or
butanol.

9) 5% stacking gel solution was made up by adding

2.5m1l acrylamide to 5.0ml stacking_gel buffer, 0.2ml SDS,
11.3ml dHZO, and 1.0ml persulphate.

10) When the resgolving gel had peolymerised, the gel
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plates were wrapped in cellophane and stored at 1°c  for
up»to 48 hours until read& for use. Stacking gel wasi not
formed on top of the resolving zel until Qithin 2 hours
of running the gel, in order to maintain the pH step at
the gel interface.
11) - The top of the gel was washed with a small  volume
of the stackingvge; solﬁtion. 15ul TEMED added to the
remaining solution and the gel plates filled to the top.
The gel comb was inserted which would form the wells,
making sure that no air bubbles were left, and the gel
left to polymerise.
12) Meanwhile, double concentration sampleb buffer was
made up containing 0.12M Tris~-HC1 (pH 6.8), 20% glycerol,
% SDS, 0.004% bromophenol blue. To the reducing sample
buffer was added 10% beta-mercaptoethanol.
13) 10-50ul of sample containing 1-10ug protein pef
prbtein species was added to an equal volume of sample
buffer in 0.5ml eppendorf tubes. Reduced samples were
boiled for 3mins in steaﬁ, while non-reduced samples were
kept on ice. Finally the samples were subjected to
microcentrifugation to colleet all the solution at the
bottom of the eppendorf tubes.
i4) In addition to the sample tracks, marker proteins
were included in the gel in order to calibrate the gel.
Typiecal proteins included ovalbumin (45,000), bovine

gserum albumin (66,000), transferrin (87,000) and beta-
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zalactosidase (116,000).

15) Electrophoresis buffer was made up to contain
0.025M Tris-HC1L (pHE 8.8), 0.192M glycine, 0.1% SDS. 16)
The gel comb and bottom tape were remerd and the el
wells washed quickly in dilute stacking buffer before
assembly into the electrophoresis tank. Samples were
loaded in appropriate wells and>gently - overlayed wifh
electrophoresis buffer. The tank was then filled with
electrophoresis buffer and ﬂOmA applied for approximately
4 hours, or until the bromophenol blue front had reached
the bottom of the gel.

17) Following electrophoresis, the gel was carefully
removed from the gel plates and submerged 1n 10% acetic
acid, 30% methanol, 0.3% Coomassie brilliant blue for
approximately 1 hour.<The~gél was then destained in 10%
acetic aecid, 30% methanol until the protein bande showed
blue against a clear backgfoqnd. The zels were either
prhotographed immediately, stored in io% acetic acid, og’
washed for 1 hour in 30% ethanol, 1% zglycerol and dried
down under vacuum.

6.2.3 2-D Antibody-Antizen Crossed Electrophoresis

Antibody ~ antigen crossed electrophoresis was

performed as described below.

1) Glass plates measuring Semx9emx2Z2mm were used



throughgut, and were pre—éoated as follows. 10ml of
molten 1% agarose dissgolved in distilled Hzo'was poured
onto and sbread eQenly over each plate. Plates were left
to céol at room . temperature. The plates were then
incubated at 37°C until dry, ieaving an agarose film on
the surface. This film ﬁelped in anchoring the agarose
gel to the glass plate.

2) !Barbitone buffer was made up with 58mM (12g pér
litre) 5,5"'-diethylbarbituric acid, sodium salt, 24mM
(L.l per litre) 5,5'-diethylbarbituric acid, pH 8.6.
At this stage, 0.2g thiomersal as pfeservative was added
per litre buffer.

3) 1% agarosge in barbitone buffer was melted and 15ml
poured onto and spread evenly over each plate, avoiding
.air bubbles, and left to cool. The femaining agérose was
kept at 50°C in a water bath, as were a number of cut tip»
10ml pipettes and test tubes.

4) A well was punched inva corner of each plate using
the cﬁt tip of a pasteur pipette, such that the 2mm
diameterk hole was 1.5cm from one edge and at least lem
from the other edge. |

S) The sample, normally H4ul containing approximately
150ug hormal serum proteins, was loaded into the Qells
with a Hamilton syringe,-as was l1ul of 0.01% bromophenol
blue as a front marker.

6) The plate was subjected to electrophoresis at 20mA
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at U4°C i1in  barbitone buffer, such that the antigen
migrated parallel to the edge of the plate.

7)) Examination of the migratidn of the bromophenol
blue revealed two spots of differing mobilities. This was
interpreted. as bromophenol blue-bound albumin lagging
unbound bromophenol blue.

8) When the albumin was judged to have migrated to
about lem from the far edge of the plate, electrophoresis
was stopred, and the plates removed to room temperature.
Q) A cut was made across each plate 2mm from, and
‘exactly rarallel to, the track of the sample. Further
cute were made from this line at 1lem from the edge
following the perimeter of three sides, thus forming a
rectangle in the middle of the plate. This rectangle of
gel wag Carefuliy excised, and the glass plate underneath
cleaned with a tissue.

10) 6ml of 1% agarose in barbitone buffer cooled to
50°C wag transferred to a warmed test tube using & warmed
cut tip pipette. To this wés added antibody to a known
finél concentration, usually 5% rabbit anti-whole human
serum, and the mixture voftexed.

11) Before the agarose began to set the 6ml was
transferred onto ﬁhe rectangular well avoiding air
bubbles, and spread evenly within the well.

12) Once cool, electrophoresis was performed at right

"ansgles. to the firet dimension at 5mA at U4°C overnight,
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such that the sample migrated into the antibody bed.

13) Feollowing electrophorecsis, the plates . were
submerged in physiological saline. The plates were gently
agitated at room temperature for at léast L8 hours with
at least 3x1 litre changes of saline, thps allowing the
unprecipitated sample and antibody remaining in the ~gel
to leach out during this tiﬁe.

14) . The éel-was then overlayed by a square of blotting
paper cut te size, and incubated at 37°C until completely
dry.

15) The >plates were then stained with coomassie blue

stain as described for acrylamide gels.

" 6.2.U0 Rocket Immunoelectrophoresis

Rocket immunoelectrophoresis was performed as 2-
dimensional AACE with the exception ﬁhat electrophoresis
was performed only in one dimension directly into ‘the

antibody bed.

6.3 Assay Systems

6.3.1 Estimation of Protein Using Folin Reagent

Protein assay was carried out according to the
method of Lowry et al (1951), with the modification of

Bonsall and Hunt (1971) for solutions containing Triton

X-100.
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1) A standard solution of 1mg/ml bovine serum albumin
was made up in the same buffex as the unknown sample, and.
was used to provide a range of protein amounts, all din
200ul. The unknown sample was diluted over a broad range,

and 200ul taken at a number of dilutions.

2) Solution A was made up as 2% Na2C03 in 0.1M NaOH.
3) .Solution B contained 1% CuSOy.5H50

4) Solution C was 2% KNa tartfate.

5) Solution ‘D was made up as 25ml éolution A, 250ul

solution B and 250ul solution C.

6) 1ml solution D was added to 200ul of each standard
and diluted sample. Each tube was immediately vortexed,
and left to stand at room temperature for 10 minutes.

7) To each reaction was added 100ul of freshly  50%
diluted folin clocalteu's phenol. Rezctions were vortexed
aﬁain, and left to stand at'vroom temperature for a
further 40 minutes. For camples containing Triton X-100,
the phenol solution is diluted in a final concentration
of 0.25% SDS.

38) Optical densities were measured at 500 nanometres,
and a graph drawn of the - protein standards.\ The-
concentration‘of the unknown sample was interpolated from

the graph.

6.3.2 Protein Estimation By Optical Density
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A rough estimation of protein concentration can be

quickly gaugzed by measuring optical densities as detailed

below.
1) A range of sample dilutions were made in dH-O.
2) Optical density measured in lcem quartz cuvettes

at 260nm, 280nm and 320nm, using dH-0 as a blank.

3) ‘_The 320nm reading was subtracted from the 260nm and
280nm readings.

] The ratio of the 280/260 readings was calculated.
if the ratio was greater than 1.4, as it was in‘ most
cases, then the corrected 280nm reading was assumed to be .
approximately equal to the protein concentrationf Below
1.4, this &assay method isg increasingly inaccurate and

another protein assay system was employed.

6.3.3 Alkaline Phosphatase Assay

‘Alkaline phosphatase activity was measured using
the method of Sutecliffe et al (1972), with p-

nitrophenolphosphate as subsgtrate.

1) Substrate solution was made up éohtaining 20mg/ml
p-nitrophenolphosphate in SmM MgClsz, 31mM NasCOs, pH
10.7.

2) 30ul substrate golution was added to a range of

alkaline phosphatase dilutions, all in 20ul.
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3) This mixﬁure wae left at room temperature for 30
minutes with freguent vortexing.

by Enzyme activity stopped by the addition of 1ml =stop
buffer (0.05M glycine, 50mM EDTA, 50mM potéssium
phosphate, pH 9.3).

5) Optical density was measuréd at 400nm, and the

alkaline phosphatasce activity calculated, civen the

extinction coefficient of 1.62x1i0l.

6.4 Column Chromatography

Details o©f the protocols used for gel filtration,
ion-exchange and FPLC chromatography are given . in the

relevant results sections.

6.4.1 Activation of Sepharose 4

Some experiments used commercially activated
Sepharose, though on éome occasions we used Sepharose
that had beén activated in the laboratory. Activation was
performed as described by Porath et al (1958) and as
follows: 4
g;g; CNBr is hazardous, as under acidic conditions can
give off HCN ﬁumes, and should therefore be handled in a
fume cabinet. All materials coming in contact with CNBr

cshould either  be washed immediately afterwards, or

protected with foil.
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1) On the basis that 1z wet weight Sepharose can bind
15mg protein, the required amount of matrix 1is weighed
out. 10g wet weight Sepharose requires 1z CNBr for

activation and a total reasction volume of 25ml.

23} Sepharose UB slurry weighed out and poured into a
clean, dry column. This is washed well with 2-3 column

volumes of distilled H3O.

3) Solid CNBr very carefully weighed out and dissolved
in 1/3 total reaction volume of dHLO.

u) A pH pfobe wae placed in the CNBr solution to
monitor pH for remainder of reaction. A peristalticv pump
was primed with 2M NaOH, with outlet over the CNBxr
beaker.

5) Slowly, the washed Sepharose was added. Sufficient
NaOH ‘was pumped into the beaker to maintain pH above
11. 3.

6) High pH maintained for at leasf 10 minutes,  or
until pH stabilised.

7) Once equilibrated, the Sepharcse was poured back
into the column and washed with ice-cold dHz0C, then cold
0.1M NaHCOg (af least a;5 column volumes).

8) Solutions eluting from the column were drained
into a beakef containing 10M NaOH to neutralise any
remaining CNBr.

Q) The Sepharocse was now ready to be incubated with the
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protein to be bound.

6.4.2 Antibody Coupling to CNBr-Activated Sepharose U

Antibody coupling to CNBr-activated Sepharése UB was

performed as recommended by Pharmacia as follows:

1) The’required amount of Sepharose was weighed bout,
allowing l1lg per 10mg bound protein.

2) The Sepharose was well washed in ImM HCL on a
sintered glass funnel under vacuum, using at least 200ml
HC1l per gram matrix.

3) Antiserum was diluted in coupling buffer (0.1M
NaHCOz, 0.5M NacC1i, pH 8.3), allowing 5ml per gram
Sepharoce. Sepharoce added and the vessel stoppered.
Mixed well for two hours at room temperature.

n) Excess ligand was washed away with. coupling buffer
and assayed for protein concentration. Difference between
total soluble protein before and after coupling indicates
amount of protein bouﬁd on matrix.

5) . Remaining active sites were blocked by incubating
with ‘ethanolamine (1M, pH 9.6) for two  hours at room
temperature; Product was then washed with three cycles of
acetatebbuffer (0.1M, 0.BM NaCl, pH U4.0) followed by Tris
buffer (0.1M, 0.5M NaCl, pH 8.0).

6) Product poured into column and stored in Tris-

succinate buffer (pH 7.U4) containing 0.1M NacCl.
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6.4.3 Antibody Affinity Chromatography

"Many variations in the condilitions used for antibody
affinity chromatography were used, including
concentratigns of NaCl in application buffer, presence or
absence of ammonium hydroxide, and either sodium
phosphate or Tris-succinate buffers. What follows are the
deta;ls of those parameters under which the control

experiments worked.

1) The column uséd contained Bﬁémg of rabbit ‘antiserum
ralsed against human alpha-lipoprotein bound to 35ml
Sepharose UB,

2) 1.5ml of normal human serum at a protein
concentration of 42 mg/ml was applied onto the column in
‘ice-cold Tris-succinate buffer containing 0.1M Nall at =a
flqwrate of 75ml/hour. Unbound pr¢tein was collected in .

1.0ml fractions which were assayed for protein by optical

density.v

3) Protein bound to the column was eluted using 3.0M
potassium thioeyanate, and 1.0ml fractions - were
collected.

u) Selected fractions of unbound protein were pooled,
desalted and reconéentrated by ultrafiltration, to a
final concentration of lU2me/ml, and assayed for

conversion activity. Selected fractions of bound protein
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were desalted and reconcentrataed to a final concentraticn
approximating to the concentration of this protein in the
starting serum. This was calculated by firstly expressing
the total bound protein as a fraction of the‘ total
recovered protein, which approximates to the proportion
of associating protein present in the applied serum, és
well as to the starting concentration of such protein.

5) . Selected fractions were also analysed on 1-
dimensional rocket electrophorésis and on SDS—PAGE.

6) The column was re—-equllibrated with Tris-succinate
buffer containing Oilm NaCl, and stored at U4°C ﬁntil

required.

6.5 Miscellaneoug Technigques

6.5.1 Western Blotting

Western blotting was carried out as described
below. Initial transfer of profein from the gel onto the
nitrocellulose sheet was performed according to the
method of Towbin et a1l (1979). Antibody probing utilised

the modern technique of using 0.1% Tween to prevent non-—

specific ascsociation of antibody to the nitrocellulose.

1) SDS-polyacrylamide gels were run as described
above, with tracks arranged to give 6 identical panels

divided by one blank track.
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2) One panel was removed for Coomassie blue staining
as above, while the remaining gzel was washed in transfer
buffer (25mM Tris base, 192mM glycine, 20% methanol).

3) Nitrocellulose was cut to the dimensions of the
remaining zel and washed in transfer buffer, as were four
'pieces of blotting paper the size of the plastic>former.
0 Taking care to exclude air bubbles, a sandwich was
made up of the former,’two sheets of blotting paper, the
gel, the nitrocellulose, more blotting paper, and finally
the plastic former.

5) The sgandwich was transferred to the transfer tank
such that the gel was more towards the cathode than was
the nitrocellulose. The tank 1s fillled up, again avoiding
the inclusion of air bubbles.

. 8) Transfer was performed at 200mA -overnight with
cooling and mixing of the transfer buffer.

7) Following transfer, the éandwich was dismantled and
the gel sfained with Coomassie blue and compared with the
untransferred panel to,check‘transfef out of the gel. The
nitrocellulose was washed in TBS-tween (10mM Tfis—HCl, pPH
7.4, 1ﬂme NaCl, 0.1% Tween 20) to remove any adhering
polyacrylamide.

8) To check transfer onto the nitrocellulose, ohe
panel was- cut froﬁ the nitrocellulose and stained with
0.1% amido black in U5¥ methanol, 10% acetic acld for 10

minutes, and destained with U45% methanol, 10% acetic
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acid.

3) The remaining four panels were thenh separated, and
treated differently as follows.

10) .The experimental pénel wes washed 1in the first
antibody diluted in HST buffer (lOmM Tris-HCl1l, 1M NacCl, -
0.5% Tween 20) for one hour with constant shaking. The
correct dilution factor for the antibody was assessed per
8e, with the expectation that it was between 1:100 and
1:1000. The polyspecific antibody used in this work was
diluted to a final concentration of 1:400. Thé correct

volume of solution to use depends upoh the size of the

ranel, and is calculated as 1ml per 10em?2 of
nitrocellulose.

11) The panel wage then removed and washed at room
temperature in TRBRS-tween. After five minutes, this

solution was poured off and replaced with fresh TBS-tween
and washed for a further five minutes. The filter was
then washed in HST, then a further twice in TBS-tween.
12) The peroxidase-conjugated second antibody was
applied diluted 1:500 - 1:1000 in HST buffer, and thé
filter washed for a further hour at room temperature with
constant shaking.

13) The filter was removed and washed three times in
TBS-tween, once in HST, followed by three times in TBS-
tween. Finally, the filter was washed in TBS.

14) Substrate solution was made up by dissoclving 18mg 4-
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chloro-l-napthol substrate in 6éml methanol. This was
added to 94ml TBS and 25ul Hp0, immediately before use.
Substrate solution was poured ontob the ,nitrocellulose.
panel and agitated for appﬁoximately 30mins, or until the
panel was étained. The panel was kept in distilled water
in the dark at 4°C.

15) The other three panels acted as controls and were
all stainéd with U-chloro-i-napthol following incubation
with either first antibody alone, or scecond antibody

alone, or with no antiquy.

6.5.2 Radiolabelling of Protein

Proteins were radiolabelled with 1251 py the
Chloramine T method of Greenwood et al (1963), using the

modifications of Hunter (1970).

1) . Phospﬁate buffer made up containing 0.05M sodium
phosphate, pH 8.0, and usged to make up the following
. reagents:

3% bovine . serum  albumin as carrier protein
dissolved 1n phosphate buffer containiﬁg 0.02%  sodium
azide.

0.5mg,/m1l Chloramine T dissolved in 25ul phosphate -
buffer.

0. 5mg/ml sodium metabisulphate.

1 mCci NalZ251 disz=zolved in pheosphate buffer.
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2) Purified protein to be labelled present in
phosphate buffer at a concentration of 0.05mg/ml in 20ul.
3) Added 1mCi of 12371, followed by 25ul of Chloramine
T solution, and mixed.

) After 60 seconds, added 50ul of metabisulphate
solution, ‘and the solution was diluted with iml of BSA-
phosphate.

5) .Free iodide was removed by paseing solution down a
column packed with Sepﬁarose G-15 equilibrated with BSA-
phosphate, collecting the unretarded fraction.

) The resulting reparation was stored at 4ec and

-
Lhad

used within U weeks.

6.5.3 Preparation of Normal Human Serum

1) - Fresh blood was taken and‘left to stand at room
Vtemperature for half an hour.

2) Blood then placed at U4°C overnight.

- 3) Spun in a2 swing bucket rotor (Beckman SW’ 7.5) at
200rpm for 5 minutes at 4°C.

4) Supernatant poured off and dialysed overnight in
Tris-succinate buffer, pH 7.4. Frozen down and storéd in

aliquots.
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