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ABSTRACT

Proteins are transferred to medium conditioned by

chick embryonic tissue. These secreted proteins are

a diverse group of molecules including growth

factors, proteases and glycoproteins. The majority

of the secreted proteins present in conditioned

medium are less than 70 kDa in molecular weight.

Stage 17 to 22 embryos were used.

TGF—J5 is present in this medium as a 25 kDa active

protein and is formed from the breakdown of an

inactive molecular weight form. To obtain an

adeguate guantity of conditioned medium to carry

out protein assays a proportion of 1 head : 6 wing

buds : 6 leg buds : 3 tail buds were used. A

spatial distribution of this growth factor was

thought to exist in the conditioned medium of

head, wing buds, leg buds and tail buds and was

present at a ratio of 5 : 1.4 : 1.6 :1,

respectively. This suggested that TGF-J3 is present
in regions of increased developmental activity.

When the amount of secreted protein was compared to

the amount of total protein in secreting tissue the

ratio of TGF-Ji in the head, wing, leg and tail buds
was 1 : 1.3 : 1.9 : 1.8, respectively. This

suggested that no significant distribution of the

growth factor existed in these regions and that

head conditioned medium contained more TGF-J3
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because there was more tissue present in the head

than the limbs and tail.

During the investigation, loss of activity was

observed for many of the proteins of conditioned

medium. This led to the discovery of a single

proteolytic activity in conditioned medium. From 2

to 8 days of development this activity was present

in the head, wing buds, leg buds and tail of the

embryo, at a constant level. Other stages were not

tested. It is active at physiological temperature

and a pH of 7.5. It does not fit into any of the

four known classes of proteases and is not one of

the known proteases associated with development. It

is therefore suggested that it is of a novel class.

Since the protease is present in the media

conditioned by chick tissue at a constant level

from days 2 to 8 of development and TGF-J3 is also

present but in increasing amounts, a role the

protease may have on TGF-J8 processing was

investigated. The protease does not activate latent

TGF-p or inactivate active TGF-/3.

During an investigation into the effect TGF-B had

on the proteolytic activity of the protease, to

determine if TGF—J3 affected the proteolytic

activity of the protease, it was discovered that

TGF-B displayed proteolytic activity. The

proteolytic properties of other growth factors were

investigated to determine if proteolytic activity

is a general property of growth factors.
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An effect was observed when the growth factors EGF

or FGF and the protease were incubated together but

since the growth factors also displayed proteolytic

activity, it was impossible to say which protein

affected which.

Finally conditioned medium evokes a primary

anchorage independent growth response in the

presence of NRK 49F cells. This activity has been

demonstrated to be due to a low molecular weight

(less than 30 kDa), charged glycoprotein.

Purification of a single molecule which produced

this activity proved not to be possible and it is

suggested that this activity reguires the action of

more than one glycoprotein. The glycoprotein

mixture which displayed this primary response also

possessed proteolytic activity.

It is suggested that many of the proteins of

conditioned medium possess more than one type of

activity as a means of increasing efficiency.
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Cellular proliferation is potently stimulated by a

family of hormonally active polypeptides, the

growth factors. With the discovery of retroviral

oncogenes (Bishop, 1983), and their cellular

equivalents, knowledge of growth factors, their

receptors and their mode of action is paving the

way for understanding the functional nature of the

molecular lesions which give rise to cancer cells

(Der et al., 1983; Basrega et al., 1981; Burgess et

al., 1983). Growth factors play important roles in

control mechanisms in vivo that involve either

autocrine or paracrine regulation of cell

proliferation and differentiation (Goustin et al.,

1986) but can also exert other effects unrelated to

cell growth. The action of the growth factor and

the range of cells which respond to it may both be

diverse (Roberts et al., 1985).

Growth factors form part of a complex cellular

signalling language in which the informational

content resides not in individual peptides, but in

the pattern of regulatory peptides to which the

growth factor is exposed. Since growth factors can

interact with each others activity they may be

important to the control of complex morphogenetic

events such as those that take place during

embryonic development.

High specificity probes such as monoclonal

antibodies or mRNA probes can be used to identify

growth factors in tissues but this method may not
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identify a protein in its active form since many

important processing events of growth factors are

known to occur post-transcriptionally, post-

translationally or outside the cell. Additionally,

the use of such probes can only identify known

growth factors. An alternative method has therefore

been employed to identify these exported, active

growth factors. Bioassays are more sensitive than

biochemical assays to identify novel growth

factors. Such methods open up the possibility of

mapping a single embryo for its distribution of

growth factors, even before they are characterised.

The growth factors detected by these means are

necessarily those that are being secreted by the

embryo, and therefore information is gained on

secreted and processed growth factors rather than

intracellular forms.

These exported proteins can be transferred to

medium conditioned by chick embryonic tissue. It is

the nature of some of these proteins which are

explored in this thesis.

Since growth factors play important roles in

embryonic development it is necessary to review

them, in particular TGF-p which has many diverse
roles in the embryo.

FGF is also discussed in this Chapter. The review

of FGF emphasises the importance of growth factors

on the activity of other growth factors.

Oncogene research is also looked at since by

studying the effects of oncogenes in cancer, their
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role in growth factor research and hence

development has become of importance.

Finally the extracellular matrix is discussed since

this is formed by secreted proteins and

demonstrates the importance of such molecules in

the architecture of the developing embryo. The

matrix also provides a framework to study growth

factors, proteolytic enzymes, glycoproteins and the

interaction between these three classes of proteins

in developing systems.

During the study a proteolytic enzyme proved to be

of interest. Proteolytic enzymes are reviewed in

Chapter 4.

1.0 THE TGF-p SUPERFAMILY

TGF-p is a multifunctional agent and represents a

large family of factors with diverse activities. In

1987 the concept that TGF-p is prototypic of a

superfamily of growth, differentiation and

morphogenic factors became clear (Massague, 1987;

Sporn et al., 1987 ) following the discoveries of

the similarities between the inhibins, activins,

Mullerian inhibiting substance, decapentaplegic

product and TGF-p2. All these factors proved to be

structurally related to TGF-p. The family now

includes embryogenic morphogens and regulators of

endocrine function, as well as specialized

regulators of cell proliferation and

differentiation. The distribution of TGF-p related
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factors is widespread in organisms from fruit flies

to humans, and their evolutionary conservation is

unusually strict. These factors appear to be

involved in many processes of tissue development

and repair.

1. 01 PROTOTYPE STRUCTURE

The structural prototype for the gene superfamily

was a protein first isolated from human platelets

as TGF-J3 (Assoian et al., 1983 ), cloned from a cDNA

library (Derynck et al., 1985), and later named

TGF-pi (Cheifetz et al. , 1987). Derynck et al.,
1985 described TGF-p as a 25 kDa protein dimer that
could be reduced to yield two 12 kDa chains of 112

amino acids, but which was only active in the dimer

form. From cDNA clones of the human gene, TGF-p has
been shown to be derived from a 390 amino acid

precursor protein and contains a hydrophobic signal

sequence for translocation across the endoplasmic

reticulum. In addition to this it is glycosylated

(Derynck et al.,1985 and Purchio et al., 1988). The

precursor cleavage site is a sequence of four basic

amino acids immediately preceding the bioactive

domain.

The precursor structure is shared by all known

members of the family except the TGF-|54 precursor

which lacks the signal sequence (Jakowlew et al.,

1988)

Due to the presence of 18 half cysteine residues

capable of forming 9 disulphide links the dimer is



TABLE 1 The TGF-J3 superfamily. The

four known families of TGF-p are

represented with the names and

compositions of their bioactive dimers.

GENE BIOACTIVE DIMERS
name composition

TGF B family

TGF- B 1
TGF- B 2
TGF-B 3
TGF- B 4
TGF- B 5

TGF .S 1
TGF2
TGF-S 3
cDNA only
TGF- B 5
TGF-B 1, 2

homodimer
homodimer
homodimer

homodimer
heterodimer

Inhibin family

alpha Inhibin A a. B A dimer
Inhibin B a, B B dimer

BA Activin A B A homodimer
B B Activin A B B A. B B dimer

DPP/VG1 family

Vgl cDNA only
vgr-1 cDNA only
DPP-C c DNA only
BMP-2 BMP homodimer
BMP-3 homo or heterodimers
BMP-4 cDNA only
BMP-5 cDNAonly
BMP-6 homo or heterodimers
BMP-7 homo or heterodimers

MIS family

MIS homodimer
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both heat and acid stable. It is found to be

unstable in the presence of the reducing agents

dithiothreitol (Cheifetz et al., 1987) and p-

mercaptoethanol (Roberts et al., 1983) which

confirm the presence of disulphide bridges.

So far, the known TGF-p related factors can be
grouped into four categories depending on their

structural or functional relationship (Table 1 ).

The region of the precursor which has shown the

most seguence similarity between family members is

in the C-terminal domain. The degree of amino acid

sequence identity in this domain ranges from 25 to

90% between different family members. The N-

terminal pro-region of a given factor may have been

conserved between animal species but it is usually

divergent between different factors (Derynck et

al.,1986 and Cate et al., 1986). This region may be

involved in the folding of the bioactive domain

1.02 TGF-J3 FAMILY

There have been five TGFs-p identified to date:

TGF-J31; TGF-p2; TGF-p3; TGF-p5, and TGF-pi.2. They
all show degrees of structural conservation

(Kondaiah et al. , 1990). TGF-J31 sequences show

greater than 97% identity between various mammalian

and avian species (Derynck et al., 1987).

Conservation has also been shown at the genomic

level. For instance the TGF-pi gene from various
mammalian species has a seven-exon structure which
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is largely conserved in other TGF-JS genes (Derynck
et al, 1987, Van Obberghen-Schilling et al., 1987

and Derynck et al., 1988). This type of

conservation suggests that TGFs-p arose by gene

duplication. The multiplicity of TGF-)B forms and

the sequence conservation within each form through

evolution suggest specific roles for each of the

TGFs-p.

This phenomenon has also been seen for the

proteases trypsin, chymotrypsin, elastase and

thrombin where they show a high degree of sequence

homology but differ in specificity,. TGFs-p may

therefore have evolved differently to carry out

similar work but acting on different substrates, or

acting on similar substrates but in different ways.

Graycar et al., 1989 demonstrated the similarities

in activity between TGF-pi, 2 and 3 and Cheifetz et

al., 1990 demonstrated that the activity varied

according to the environment. Characterisation and

analysis of their three dimensional structures

should lead to understanding the nature of these

similarities and differences

1.03 EXPRESSION

TGFs-B are expressed differently in different cells

and this expression does not appear to be uniform

among cells of the same lineage. Heine et al.

(1987) and Miller et al. (1989) carried out

experiments which showed that TGF-p expression is
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active from embryonic development through to

adulthood. An example of the above was seen in the

mouse embryo where TGF-pi mRNA was detected in

lung, intestine, kidney mesenchymes, epithelial

structures, osteocytes and centres of

haematopoiesis (Lehnert and Akhurst, 1988; Wilcox

and Derynck 1988). TGF-J32 mRNA was detectable in

gastrointestinal and tracheal submucosae, blood

vessels, skin, cartilage, and bone (Pelten et al.,

1989).

1.04 CONTROL OF ACTIVITY

TGFs-p expression and activity is controlled at

three levels:

1 Regulation of TGF-p at the transcriptional level.

2 Production of TGF-p as a latent factor.

3 Sequestration of activated TGFs-p by
extracellular matrix and circulating proteins.

1.041 Transcriptional control

At the level of transcription, the TGF-pl gene is
stimulated by phorbol esters, probably via a

protein kinase C-dependent pathway, and by TGF-jB
itself (Akhurst et al., 1988; Van Oberghen-

Schilling et al., 1988). The TGF-pi gene contains
two transcriptional sites at the 51 end, and two
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promoter sites. One of the promoters is located

upstream of the first transcriptional start site

and the other between the two start sites. Several

transcriptional inhibitory regions are also found

(Kim et al., 1989,1990).

The promoters contain transcriptional enhancer

elements that responded to induction by phorbol

esters and TGF-pi or transactivation by AP-1.
Activation via these elements is mediated by

binding of the (Jun-Fos) Ap-1 complex.

Scotto et al., 1990 demonstrated the presence of

other elements in the 31•flanking region which are

responsive to phorbol esters. Expression of jun and

fos are modulated by numerous factors including its

own products and TGF-jBl. These mechanisms,
therefore, have the capacity to finely tune TGF-jBl
expression in response to diverse stimuli.

1.042 Latent Factor Production.

The presence of latent forms of TGF-p were first
reported in embryonic, human, mouse and chicken

fibroblasts. They all released a biologically

inactive or poorly active form of TGF-£ when
assayed for ability to induce anchorage independent

growth (AIG) in NRK 49F cells (Pircher et al.,1984;

Lawrence et al.,1984; Lawrence et al., 1985 Feige

et al., 1991).

Pre-treatment which involved acidification followed

by re-neutralisation allowed TGF-£ to maintain AIG.
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Three explanations were put forward to explain

these observations:

1 A TGF-|B inhibitor could have been inactivated due
to the acidification. This was dismissed when

serial dilutions of acid-neutralised conditioned

medium into non-treated conditioned medium did not

demonstrate any decrease in TGF-^S as compared to
similar dilutions in to fresh unconditioned medium.

There was no reassociation of inhibitor to TGF-£ in
the untreated conditioned medium.

2 The acid-neutralisation could have altered the

protein conformation of TGF-£. The cellular nature
of the assay used was incapable of distinguishing

such a possibility.

3 Finally the active form of TGF-p could be

processed from a high molecular weight form

(Pircher et al., 1984; Kryceve et al., 1985).

Exposure to extreme pH (<4 or >9), chaotropic

agents (urea) or plasmin in vitro released active

TGF-|3 from the latent complex (Lyons et al., 1988).
The latent complex isolated from human platelets

and fibroblasts consists of the mature TGF-pl dimer

plus two TGF-^31 pro-region polypeptides, disulphide
linked to a glycoprotein of 125-160 kDa in

platelets or 170-190 kDa in fibroblasts (Miyazono

et al., 1988; Wakefield et al., 1988; Kanzaki et
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al., 1990). The pro-region polypeptides are

disulphide linked to each other. The amino acid

sequence was deduced for the 125-160 kDa

glycoprotein by studying the cDNA sequence, and

found to contain multiple EGF-like repeats in

tandem. The function of this protein is not yet

known. It does not prevent binding of activated

TGF-^ to cells, is not proteolytic nor is it found
to be related to the TGF-j3 binding proteoglycan.
The pro- region has many properties. In 1988 it was

found by Gentry et al. to keep mature TGF-^1 in the
latent state. It has been identified by Gray and

Masson,1990 as being required for the correct

folding of TGF-j31 during synthesis, and by Purchio
et al.,1988 as possessing mannose-6-phosphate as

well as the arg-gly-asp (RGD) sequence, which in

fibronectin, vitronectin, laminin, and other other

cell adhesion molecules recognises certain adhesion

receptors of the Integrin class (Ruoslahti and

Pierschbacher, 1987). The pro-region binds to

mannose-6-phosphate receptors but it could not be

established whether the RGD sequence could mediate

binding of pro-TGF-^ to integrins or whether

binding mediated by RGD or mannose-6-phosphate

could lead to activation of latent TGF-fel. The

precise mechanisms which activate latent TGF-^ are
still unknown.

TGF-^3 is also found as an inactive complex in serum
where it is attached to alpha-2-macroglobulin. It

is thought that the binding to this molecule
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provides a means of scavenging active free TGF-^3
that is released by platelets at sites of injury

(O'Connor-McCourt and Wakefield, 1987).

Feige et al., 1991 demonstrated the importance of

latent TGF-p. They observed that adrenocortical
cells secrete TGF-pl in a latent form, together
with large amounts of alpha- 2-macroglobulin and

they found that the physiological activation of

latent TGF-p was the limiting step in controlling
its action in the adrenal cortex.

The presence of an inactive complex is of

importance since it ensures that active TGF-p is
only generated in the appropriate environment.

It has been suggested that proteolytic action of

plasmin or cathepsin D on TGF-pl pro-region (Lyons
et al., 1989; Sato and Rifkin, 1989), the removal

of carbohydrate residues in this region (Miyazono

and Heldin, 1989), and the action of acidic

microenvironments in sites of wound healing and

bone resorption, might contribute to activate

latent TGF-J3 in vivo.

1.043 Sequestration of activated TGF-p by

extracellular matrix components and serum proteins.

After release from the latent complex the active

TGf-p can be bound by various proteins. It has been
suggested that the cell rapidly (less than 3 min)
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clears away any circulating activated TGF-p by
binding to alpha-2- macroglobulin (Coffey et al.,

1988; Wakefield, 1987).

High affinity binding of TGF-p to the core protein
of the proteoglycan, or lower affinity interactions

with abundant matrix components, might protect TGF-

p from degradation, or function as a long term
reservoir of TGF-p, or even act as a TGF-p
clearance system.

1.05 OTHER MEMBERS OF THE TGF-p SUPERFAMILY.

1.051 Inhibins and Activins.

Inhibins and Activins were originally isolated from

ovarian follicular fluid and both are able to

modulate the production of follicle stimulating

hormone (FSH) from pituitary cells. Inhibins are

identified as heterodimers which inhibit production

of pituitary FSH, gonadal sex steroids and

placental hormones. The subunit structure is found

to be a(|3A or <e(pp with the two p subunits showing
60% aminoacid sequence identity. The a( subunit

sequence is as divergent from the p subunits as it
is from other members of the TGF-p family. The
inhibins appear to repress FSH production by

decreasing FSH-a( and FSH-p mRNA levels (Attardi et
al., 1989). The pA and pp chains can pair with each
other as well as forming dimers with the subunit.

The dimers of pA-pA and pA-pp have opposite
biological activity to that of the inhibins. These
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dimers, called Activins, stimulate FSH production

(Petraglia et al.,1989).

The antagonistic activity of inhibins and activins

raises guestions concerning their mode of action.

Complex mechanisms appear to ensure tight control

of activity for these factors as in the case of

TGF-^.

1.052 Decapentaplegic, Vgl and BMPs.

The biology of the TGF-p related factors
underscores the role of certain members of the

family as morphogens in arthropod and vertebrate

developmental processes. The decapentaplegic (DPP)

gene complex encodes important functions in

embryonic as well as Drosophila pattern formation.

Mutations in various regions of the DPP gene

complex result in failed dorsal-ventral patterning

during early embryogenesis, and defective

patterning of larval imaginal disks (Spencer et

al., 1982). The mutations affect cis-regulatory

elements that control the expression of a set of

overlapping transcripts. The product encoded by the

transcripts has the predicted structure of a TGF-j3
related molecule with a C-terminal seguence that is

36% identical to the mature TGF-pl sequence

(Padgett et al.,1987).
.

Another member of the family, Vgl, was identified

in the developing embryo of Xenopus laevis. The Vgl

product displays 38% homology to TGF-pi and 50%
homology to DPP. At/olv€cl >l\ M-JisodtVlV^
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Another member of the family, extracted from bone

and named Bone Morphogenetic Protein (BMP), induces

proliferative and differentiative responses that

culminate with the transient formation of cartilage

followed by accumulation of bone with Haemapoietic

marrow (Wozney, 1989). N-terminal sequencing and

molecular cloning of these components identified

them as members of the TGF-|3 superfamily with a

similarity to DPP and Vgl.

1.053 Mullerian Inhibiting Substance

Mullerian Inhibiting Substance (MIS) was identified

and purified based on its ability to induce

regression of the primordium of female genitalia,

the Mullerian duct, in mammalian male embryos.

(Blanchard and Josso, 1974). The deduced sequence

of MIS C-terminal domain is 25% identical to that

of other TGF-ji related factors. Purified from
testes MIS is a disulphide-linked homodimer of

glycosylated chains that in contrast to other TGF-^
related factors contains the glycosylated N-

terminal extension uncleaved from the C-terminal

domain (Cate et al.,1986). Despite this recombinant

MIS expressed in cultured cells undergoes TGF-J3 -

like processing (Pepinski et al.,1988). It could be

that the bioactive MIS is generated by cleavage of

the precursor at the sites of action in vivo. It

has also been proposed that MIS may promote

testicular morphogenesis in addition to Mullerian

duct regression. As with other TGF-Ji related
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factors, progress in MIS research is revealing a

broader range of actions than was originally

anticipated.

1.06 BIOLOGICAL ACTIONS OF TGF-JJ

The majority of information on the activity of TGF-

£ is derived from studies on TGF-^1, 2, and 3. TGF-

£ has been described as a multifunctional peptide
that controls proliferation, differentiation, and

other functions, in many cell types (Roberts et

al., 1990). Its multifunctionality was first

observed in studies of its role in the control of

cell proliferation. Roberts et al., 1981 measured

TGFs-B ability to stimulate proliferation of NRK

fibroblasts in soft agar. However it was later

shown by Tucker et al.,1984, Roberts et al.,1985,

and Moses et al., 1985 that it had inhibitory

effects on proliferation in many primary or

secondary cultures, including hepatocytes (Hayashi

et al, 1985) and embryo fibroblasts (Anzano et

al.,1986). In a cell of mesenchymal origin, whether

TGF-£ stimulates or inhibites proliferation is a

function of all the growth factors in operation

(Roberts, 1985). What is known of the molecular

bases of the effects of TGF-j3 can be summarized as

involving the regulation of two sets of genes : (1)

genes encoding secreted proteins that contribute to

the rate of accumulation or to the composition of



16

the extracellular matrix, and (2) genes encoding

growth factors and perhaps differentiation factors.

TGFs-|3 are involved in the control of cell
proliferation, differentiation, cell adhesion and

cell phenotype.

TGF-B stimulates or inhibits cell proliferation

depending on the cell type and the environment. For

example TGF-J31 slows the cell cycle of AKR-2B mouse

fibroblasts (Shipley et al., 1985), but induces

expression of PDGF-B in these cells (Leof et al.,

1986). Thus when AKR-2B cells are placed in a

mitogen rich medium, there is a net growth

inhibitory effect of TGF-J31, but when AKR-2B cells
are plated in a mitogen-free medium, there is a net

growth stimulatory effect caused by TGF-J31-induced
autocrine PDGF. The importance of the cellular

environment in determining the response to TGF-|3 is
underscored by the observation that the same cell

type can be inhibited from proliferating when grown

in monolayer cultures, or stimulated to proliferate

in suspension cultures (Assoian and Sporn, 1986 ;

Madri et al., 1988).

Since this growth factor stimulates cells to grow

in soft agar it was named a transforming growth

factor. The early preparations of TGFs (called

sarcoma growth factor), however, contained TGF-^
and TGF-^ (Roberts et al., 1982). TGF-,^ was found

to be the proliferative growth factor which acted

through the EGF receptor to stimulate the
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initiation of DNA synthesis. TGF-^ and TGF-^Lact
synergistically to stimulate anchorage independent

proliferation of NRK cells (Anzano et al., 1982).

One explanation put forward to explain this ability

to stimulate AIG was that TGF-|3 induces the c-sis
gene and therefore PDGF, as it did when the cells

were grown attached to plastic (Leof et al., 1986).

This is not sufficient to explain the action of

TGF-£ on cells in suspension culture, because PDGF
acts synergistically with TGF-j3 to stimulate
anchorage independent growth (van Zoelen et al.,

1986). If TGF-^ were to act by stimulating the
production of PDGF, then the addition of PDGF to

the assay would have had no effect on colony growth

or would have had an additive, rather than

synergistic, effect at subsaturating levels of TGF-

C-
The regulation of gene expression by TGF-^, which
results in an increase in the amount of

extracellular matrix, is the most likely

explanation put forward to explain the

proliferative response TGF-|3 produces in the
presence of PDGF and other growth factors. This

activity of TGF-^ is important for cells that are
normally anchorage-dependent but which were grown

in suspension. Anchorage-dependent cells, when they

are unable to find an attachment site in suspension

culture, may require an extensive network of

extracellular matrix proteins in order to form a

compact colony. By inducing genes which encode
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protease inhibitors and repressing the expression

of genes encoding proteases, TGF-^5 may decrease the
extracellular expression of proteolytic activity

and thereby acted: as an extracellular matrix-

sparing agent. The decreased proteolytic and

increased expression of genes encoding

extracellular matrix proteins that are directed by

TGF-|j result in the accumulation of extracellular
matrix. This would allow the cells to proliferate

in colonies by providing them with the necessary

substratum. It has been suggested that the

extracellular matrix-sparing activity may be the

crucial activity by which TGF-^ acts
synergistically with proliferative growth factors

such as EGF, TGF-aC and PDGF to stimulate colony

formation in soft agar (Roberts et al., 1985).

It is thought that since most cells possess TGF-J3
receptors, and different cell types produce

different extracellular matrix proteins, a local

increase in the concentration of TGF-|$ in the
developing embryo could produce a profound change

in both the composition and the amount of the

extracellular matrix. The resulting changes would

alter proliferation, differentiation and directed

cell migration.

TGF-JB has also been shown to inhibit anchorage -

dependent proliferation of many cells in monolayer

culture. Cell types which are inhibited in their

proliferation by TGF-^ include endothelial cells
(Baird and Durkin, 1986), T lymphocytes (Kehrl et



Figure 1 The varied actions of TGF-j}
on cellular proliferation and

differentiation. By altering the levels

of several secreted proteins that affect

proliferation and differentiation in

different ways, TGF-p might act as a
stimulator or an inhibitor of cellular

growth or differentiation, depending on

the strengths of the cellular responses

to each extracellular signal.
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al., 1986), keratinocytes (Coffey et al., 1988),

intestinal epithelial cells (Lee et al., 1988),

mammary epithelial cells (Silberstein and Daniel,

1987) and some fibroblasts (Kamijo et al., 1989).

This inhibition of proliferation and morphogenesis

by TGF-|3 is also observed in vivo. In the
developing mouse mammary gland TGF-jB inhibits
proliferation (Silberstein and Daniel, 1987).

Again, the ability of TGF-p to inhibit

proliferation could be a consequence of its ability

to induce c-sis and to alter the expression of

genes encoding proteases and protease inhibitors.

Scher, (1987) demonstrated that proliferation of

many cells was stimulated by proteases and that the

ability of proteases to stimulate proliferation was

a function of their proteolytic activity. Proteases

can stimulate cell proliferation by activating

latent growth factors and cells can dampen the

mitogenic effect of proteases by secreting protease

inhibitors (Low et al., 1982). TGF-£ can therefore,
inhibit proliferation of certain cells in monolayer

culture through its ability to decrease the overall

proteolytic activity in the medium or the activity

of particular proteases (Figure 1).

Whether cells respond to TGF-}3 with increased or

decreased proliferation depends on their relative

sensitivities to the action of extracellular

proteases the PDGF produced in response to TGF-J3,
and the other growth factors in the environment.

The cell's response to TGF-fc and other growth



20

factors is, determined by the cells intracellular

biochemical state, the receptors expressed on its

surface and the regulatory molecules in its

environment. It has been proposed that TGF-p
regulates the expression of two important sets of

genes : one set of TGF-£ regulated genes encodes

growth factors and differentiation factors, and

another set encodes proteins that in one way or

another impact on the extracellular matrix.

Depending on the cell's biochemical condition and

its environment, it would respond to TGF-^ with
increased or decreased proliferation.

TGF-|3 is also involved in the growth and

development of bone and cartilage by stimulating

the proliferation and differentiation of

osteoblasts and chondrocytes (Pepper et al., 1990).

Heine et al., 1987, demonstrated that one of the

major sites of TGF-^ synthesis and localisation in
the foetus was in developing bone and cartilage.

Madri et al., 1988 demonstrated that TGF-j8 is
involved in angiogenesis. This growth factor is

also shown to have wide reaching effects on cells

of the immmune system. It inhibits proliferation of

B lymphocytes (Kehrl et al., 1986), and induced IL-

1-thymocytes (Ristow, 1986). Other biological

actions include regulation of the differentiation

of several steroidogenic cell types, such as the

ovarian granulosa cell and the adrenocortical cell.
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Directed movements of selected cells within the

embryo are essential in early development. TGF-^5 is
considered responsible for producing at least two

types of secreted stimuli to direct the movement of

cells through the embryo. The first is by the

secretion of particular composition of

extracellular matrix by cells in the specified path

and the second type is by chemotactic action.

1.07 TGF-^ RECEPTORS

Three receptors have been identified as TGF-ji
binding domains. Two are glycoproteins (receptors I

and II) with molecular weights of 53 and 70-100

KDa. The other is a membrane proteoglycan called

betaglycan. Receptors I and II bind TGF-^ with
higher affinity than betaglycan and are present at

low levels in mammalian and avian cells. Betaglycan

is broadly distributed but is not detectable in

various cell types that respond to TGF-|3 including
skeletal muscle myoblasts, haematopoietic

progenitor cells, and vascular endothelial cells

(Massague et al., 1990).

The formal identification of the receptor based on

expressing its cDNA in receptor defective cells has

not been accomplished. The distribution of the

receptors and the isolation of resistant cell

mutants have implicated receptors I and II as

components of a signal-transducing TGF-Ji receptor
complex.
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A model in which a single receptor complex with two

TGF-Jb binding subunits mediates multiple actions of

TGF-J3 prevails at present over the hypothesis that
the different responses to TGF-^3 were mediated by
multiple unrelated receptor types (Massague et al.,

1990).

Kimchi et al., 1988 suggested that the expression

and dynamics of TGF-ji receptors are, in general,
not highly regulated. This is despite the fact that

the receptor bound TGF-B was rapidly internalized

and degraded (Frolik et al.,1984 ; Massague &

kelly, 1986).

The most abundant cell-surface TGF-J3 binding
component is found to be betaglycan (Fanger et al.,

1986). Cheifetz et al., 1988 identified betaglycan

as a 280-330 kDa integral membrane proteoglycan,

consisting of a 200 kDa glycosaminoglycan chain and

a 10 kDa fraction of N - linked glycans attached to

a heterogeneous core polypeptide of 100-120 kDa.

Betaglycan shows similar affinity for TGF-^1, 2,
and 3 in many cell lines, unlike receptors I and II

(Cheifetz & Massaague, 1989). Other studies by

Segarini et al., 1987 have suggested that

betaglycan has different affinities for TGF-pl and
2.

The present favoured theory suggests that

betaglycan is involved in ligand presentation to

receptors I and II. It could function as a

reservoir or clearance system for bioactive TGF-|3.
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1.08 MECHANISMS OF ACTION

There are four mechanisms which have been proposed

for TGF-B action. These are cytoplasmic, nuclear,

growth suppression, and differentiation control

mechanisms.

1.081 Cytoplasmic Response

The primary signal transduction mechanism of TGF-|J
receptors is still not known. No-one has identified

whether enzymatic activities or second messengers

are involved in the mechanism of action.

Toxins have been reported to inhibit TGF-J31 induced
c-sis expression. Cholera toxin inhibits the

mitogenic response of AKR - 2B fibroblasts to TGF-

pl, but does not alter other TGF-p responses or
TGF-B1 binding to receptors (Howe et al., 1990).

Muldoon et al., 1988 demonstrated that cytoplasmic

responses such as activation of glycolysis, amino

acid uptake and extracellular calcium levels were

not directly coupled to TGF-^ receptors, even
although these activities have been observed in rat

fibroblasts in response to TGF-J3.

1.082 Nuclear Response

The nature of the nuclear response to TGF-J5 is very
complex. TGF-B is found to regulate different

transcriptional control elements. Transcriptional

activation by TGF-^1 is mediated by a NF - 1
binding site in the collagen a2 (1) gene promoter



24

(Rossi, et al., 1988), by multiple AP - 1 binding

sites in the TGF-^1 gene promoter (Kim et al.,
1990) and by three distinct elements in the

fibronectin gene promoter.

Some of the genes whose expression is regulated by

TGF-|3 encode transcriptional factors or growth
factors which then generate a secondary nuclear

response. The type of response of a particular gene

to TGF-^ is dictated by cell specific determinants.

1.083 Growth Suppression

Many mechanisms have been proposed to explain the

growth inhibitory action of TGF-J3. It has been
suggested that the growth suppression action is due

to the ability of TGF-|b to decrease expression of
mitogenic inhibitors e.g. EGF receptors in NRK rat

fibroblasts (Assoian, 1985). It was later found

that this effect occurred in some cells but did not

represent a general mechanism.

Other approaches have involved the identification

of cell cycle events that are directly controlled

by TGF-j3 action. TGF-6 inhibits the cell cycle by

lengthening the G1 phase (Lin et al., 1987). The

most important event discovered from these

experiments was the phosphorylation of the

retinoblastoma gene product, RB. This product

displays growth suppressor activity (Lee et al.,

1987). It was suggested that TGF-pl and RB function
in a common growth inhibitory pathway in which TGF-
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^1 attempts to keep RB in the growth suppressive
state.

1.083 Differentiation mechanisms

It has only been in recent years that the events

leading to terminal differentiation have begun to

be defined. Heino and Massague, 1990, have

demonstrated that TGF-pl inhibited myoblast
differentiation and that this is achieved by two

mechanisms acting together. One mechanism leads to

the blockage of gene expression, such as rayogenin

in L6Eg cells. The other mechanism is thought to

involve TGF-p induced changes in cell adhesion.



1.1 FIBROBLAST DERIVED GROWTH FACTOR (FGF\

Fibroblast growth factor (FGF), is important

in the development of various mesoderm

derived tissues. FGF exists in two forms,

basic and acidic FGF, and both interact with

the same cell surface receptor (Neufeld and

Gospodarowicz, 1986). This ability to share a

receptor enables aFGF and bFGF to exert

similar biological effects on a wide range of

mesodermal and neuroectodermal cells to

control both their proliferation and

differentiation. The bioactivity of both aFGF

and bFGF can be positively or negatively

regulated by TGF-p, depending on the cell
type (Globus et al., 1988). The ability of a

tissue to synthesize FGFs and TGF-p and the
amounts of these growth factors present in

the microenvironment, can determine whether

proliferation and differentiation are

selectively enhanced or repressed by FGF.

1.11 FGF GENES

There is 55% structural homology between aFGF

and bFGF and this suggests that they have

evolved from a common ancestor. The bFGF gene

is located on human chromosome 4 and the aFGF

is located on chromosome 5 (Jaye et et al.,

1986, Abraham et al., 1987). Southern blot



analysis of human genomic DNA has shown that

there is only one bFGF and one aFGF gene.

This implies that all the characterized or

uncharacterized heparin binding endothelial

cell mitogens related to bFGF or aFGF are

probably the products of the bFGF or aFGF

gene (Abraham,, 1987).
<r

1.12 FORMS OF FGF

The primary translational product of the FGF

gene contains 155 amino acids and has an

apparent molecular weight of 18,000 Da (Jaye

et al., 1986). Proteolytic cleavage results

in the removal of the first nine amino acids

from bFGF and fifteen from aFGF. Proteolytic

cleavage continues to produce NH2 truncated

forms. Both forms of FGF lack classical

consensus signal peptide seguences, a feature

also characteristic of the precursors of

interleukin-la and interleukin-1^. The
release of growth factors can occur following

cell lysis but alternative mechanisms of

secretion may involve the formation of

complexes between the growth factor and

carrier/binding proteins.

Larger molecular weight forms of FGF have

also been reported. These include a 25,000 Da

form (Moscatelli et al., 1987), and 22,000,

23,000 and 24,000 Da forms.



1.13 CONSERVED SEQUENCES

Since aFGF and bFGF are nearly identical in

their biological activities and may act

through the same receptors it is possible

that they act through similar structures.

bFGF appears to have been well conserved

through evolution. Bovine and human bFGF

differ in only two of their amino acids and

have a seguence homology of 98.7% (Abraham et

al., 1986). aFGF is less well conserved with

fifteen amino acid differences between the

human and bovine forms.

1.14 ONCOGENES

A number of oncogenes have been found that

are structurally related to FGF (Delli-Bovi

et al., 1987; De lapeyriere et al., 1991;

Dickson et al., 1984; Dickson qJL
1989). These oncogenes have been identified

in Kaposi's sarcoma (KS3 oncogene), human

stomach cancer (hst oncogene), mouse mammary

cancer (int-2 oncogene) and bladder cancer

(FGF-5 oncogene).

From the study of these oncogenes it has been

found that FGFs not only stimulate the

division of mesoderm or neuroectoderm derived

cells, but are also potent angiogenic agents



involved in the growth of new blood vessels

(Gospodarowicz et al., 1987). New blood

vessel formation is essential if solid

tumours are to develop to a significant size.

Production of FGFs or related proteins might

contribute to the development of solid

cancers because of the proteins7 effects on

cell division and angiogenesis.

The int-2 RNA has been identified in complex

patterns in embryonic and extraembryonic

tissues. This suggests multiple roles for

int-2 in development, including regulation of

the migration of early mesoderm and induction

of the otocyst (Wikinson et al., 1988).

1.15 BIOLOGICAL ROLES

Accumulation of information has identified

roles for FGFs in mesoderm induction and

muscle formation in the early embryo^Slack,
1983), nervous system development (Togari et

al., 1985), cartilage and bone formation

(Globus et al., 1988), limb regeneration

(Ratner et al., 1988), ovarian follicular

morphogenesis (Gougeon, 1982), vascular

development (Gospodarowicz et al., 1886) and

in the extracellular matrix.

bFGF can act as a differentiation factor in

early embryos and instruct tissues destined
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to form ectodermal structures to

differentiate into mesoderm instead.

The level of FGF in the body of the chick

embryo is fairly constant from days 2-6 (Seed

et al., 1988). The level increases so that by

day 13, the embryo contains sevenfold more

FGF than on days 2-6. In contrast, the level

of FGF in the limb bud is higher than in the

rest of the body until day 5, when it

undergoes a decrease between days 5 and 7

(Seed et al., 1988). FGF delays the onset of

differentiation of days 4-12 embryonic chick

wing myoblasts (Seed et al., 1988). The

limited period during which FGF-dependent

myoblasts are found in the limb bud suggests

they may play a role in early muscle

morphogenesis. It also suggests that FGF may

affect muscle development differently during

various phases of embryogenesis.

Effects of FGFs on nerve cells has also been

reported. bFGF can act as a differentiation

factor for a rat pheochromocytoma (PC-12)

cell line by inducing both neurite outgrowth

and ornithine decarboxylase activity. The

addition of bFGF to cultured rat cerebral

cortical neurons enhances their survival

(Morrison et al., 1986). From these results

it was suggested that bFGF may function as a

neurotropic agent in the CNS. FGF also has

similar effects on dopaminergic and gabaergic



neurons of the CNS. Other types of neurons

responsive to FGF include embryonic chick

ciliary ganglia neurons and chick spinal cord

neurons. Nerve cells from the peripheral or

central nervous system (Janet et al., 1988),

as well as astrocytes (Hatten et al., 1988).

In addition to its effects on nerve and glial

cells, bFGF could influence PNS and CNS

development through its angiogenic

properties.

Both bFGF and aFGF are mitogenic for bone

cells (Globus et al., 1988). The effect of

FGF is potentiated by TGF-£, which has a

minimal effect by itself. bFGF, by increasing

the osteocalcin content of the cell and

decreasing alkaline phosphatase activity and

collagen production, can influence the bone

cell phenotype (Canalis et al., 1988). The

bone cell derived bFGF is stored in an active

form in the ECM and this suggests that bFGF

may function as an autocrine or paracrine

mitogen via its deposition into the bone ECM

(Globus et al., 1989).

In addition to these properties FGFs affect

the proliferation and differentiation of

granulosa cells. bFGF can influence their

hormonal response by inhibiting FSH. bFGF,

through its angiogenic properties, is an

important regulator in the early phase of



corpus luteum development (Gospodarowicz et

al., 198$).

bFGF has been detected in macrophages (Baird

et al., 1985) and, following its release from

damaged cells, it could play a crucial role

in wound healing processes. In contrast to

the growth factors PDGF and TGF-£ , bFGF
stimulates the proliferation of all the cell

types involved in the wound healing process

(Baird et al., 1985).

The high degree of structural conservation of

bFGF between classes as different as mammals,

birds and amphibians as well as its presence

in all vertebrates studied to date, indicates

that FGF could have a fundamental role in

vivo.
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1.2 GROWTH FACTORS. ONCOGENES AND CANCER

Knowledge that the transforming oncogenes of the

acutely oncogenic retroviruses are homologous to

cellular genes and are probably derived from them,

brought several areas of research together with

prospects for advances in virology, carcinogenesis,

evolution and development.

Oncogenes were first discovered from the study of

tumour viruses. They could cause cancer in either

their natural hosts or experimental animals. In

many cases, the cancer can be attributed to one or

more genes within the DNA or RNA of the viral

genome (Gallwitz et al., 1983). The study of

retroviruses has helped in the understanding of

oncogenic function.

Retroviruses are versatile carcinogens and cause

every form of neoplasia known to plague animals.

They can do this in at least two ways:

1 Some retroviruses carry oncogenes whose protein

products can convert cells to cancerous growth by

attacking crucial cellular events (Coffin et al.,

1981) , and

2 Some retroviruses do not carry oncogenes but can

still cause cancer. When these retroviruses infect

cells, the RNA of their genome is copied into DNA

by reverse transcriptase. The viral DNA is then

integrated into the chromosomal DNA of the host.

Integration is potentially mutagenic and thus

potentially carcinogenic.
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Uncontrolled proliferation of cells occurs and this

is the hallmark of tumour cells. Almost all

oncogenes are altered versions of normal cellular

genes (Proto-oncogenes) and their products are

presumed to work, at least in part, by mimicking

the products of the cellular genes from which they

arose.

There are three sites in a growth control pathway

at which oncogenic proteins can intervene to

deliver a growth stimulus. Firstly, the protein

itself might mimic a growth factor. The interaction

of such a protein with a suitable receptor could

stimulate growth in an autocrine fashion. Secondly

the oncogenic protein might imitate an occupied

growth factor receptor and thus provide a mitogenic

signal in the absence of exogenous growth factors.

Thirdly, the oncogenic protein might act on an

intracellular growth control pathway uncoupling it

fromthe need for an exogenous stimulus. There are

oncogenic proteins acting at all three sites. The

identification of oncogenes from the first and

second categories came from comparisons of amino

acid sequences. A strong homology was found between

the product of the v-sis oncogene of simian sarcoma

virus and PDGF (Olashaw et al., 1983). The erb-£
protein can occupy the EGF receptor and therefore

mimick its function. The identification of the

third category came from the src family of

oncogenes which encode proteins with tyrosine

kinase activity. These enzymes phosphorylate
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proteins that are normally the targets for the

growth factor activated receptor protein tyrosine

kinases.

Normal cellular genes (Proto-oncogenes) are thought

of as crucial elements in growth regulation and

differentiation because of their conservation

throughout evolution and because of the well known

growth deregulation effects produced by the

transforming oncogenes. It is plausible that the

normal counterparts of transforming oncogenes

should be active during embryonic development and

identification of a specific tissue or stage where

proto-oncogenes are expressed should help to

identify their roles.

Several proto-oncogenes have been found associated

with cellular proteins and this has confirmed their

importance to growth regulation. These specific

proteins include growth factor or hormone

receptors. (Muller, 1986; Hunter,1984).

The most well known of the tyrosine kinase family

of proto-oncogenes is the EGF receptor which is the

larger homologue of the erb-p protein. The

oncogenic counterpart of the erb-jp protein causes

erythroblastosis (Downward et al., 1984).

The src proteins were the first tyrosine kinases to

be discovered and form the archetype for this group

of oncogene products. The transforming oncogene, v-

src, encodes the transforming protein of the avian

Rous sarcoma virus and the proto-oncogene, c-sis,

encodes a similar 60kDa protein. Studies with Rous
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sarcoma virus infections or v-src introduced into

cultured cells have suggested that both

differentiation and proliferation are induced by

the gene.

Various oncogenes are structurally related to FGF

(Delli-Bovi et al., 1987; De Lapeyriere et al.,

1991). These oncogenes are a diverse group and have

been identified in Kaposi's sarcoma (KS3 oncogene),

human stomach cancer (hst oncogene), mouse mammary

cancer (int-2 oncogene) and bladder cancer (FGF-5

oncogene).

The protein product of int-2, an oncogene that was
located \*\

originally^mouse mammary cancers caused by the
mouse mammary tumour virus (Dickson et al., 1984),

also belongs to the FGF family (Dickson et al.,

1990). It resembles bFGF more closely than aFGF. In

addition to int-2 there are seven known members of

the FGF family (Dickson et al., 1989).

Int-2 is a member of a group of genes which lie at

common integration sites for the mouse mammary

tumour virus in murine breast tumours. Insertion of

a viral DNA on either side of the int-2 gene

results in its transcriptional activiation. The

integration of the viral DNA appears to occur at

random. It is thought that the transcriptionally

active int-2 gene, which is normally silent in the

normal mammary gland, allows the cell to

proliferate. The result is neoplasia.

Northern blotting and RNAase protection analysis

have been used to detect int-2 in the embryo. Adult
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mouse tissues only contain small amounts of int-2

RNA in the brain and testes. In the developing

embryo this gene is found extensively from around

day 7 of development until parturition. The number

and diversity of these sites suggest multiple

roles, consistent with functions such as

mitogenesis, chemotaxis or induction of

differentiation.

Studies looking at proto-oncogenes in developing

systems will therefore be of importance not only in

the regulation of developmental events but in the

study of tumourogenesis.
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1.3 THE ROLE OF THE EXTRACELLULAR MATRIX DITRTNG

DEVELOPMENT

The extracellular matrix (ECM) is a very important

feature of development. It is a complex network

formed outside cells from glycoproteins and

proteoglycans secreted by the cells. The ECM

provides a structural framework in the form of

bone, cartilage and tendon. In addition to this it

influences many biological processes including cell

adhesion, migration, tissue morphogenesis, cell

proliferation and cell differentiation. The ECM is

composed of a basement membrane and interstitial

connective tissue.

Basement membranes are extracellular structures

which are found between such cells as endothelial

and epithelial and around muscle, adipose and

Schwann cells. They are mainly composed of types IV

and V collagens, laminin, entactin, and

proteoglycans, which interact to form a dense

network. In the adult the basement membrane forms a

barrier and thus compartmentalizes tissues and

organs. It can also be selectively penetrated e.g.

the glomerular basement membrane of the kidney is

involved in filtering plasma and selectively

retaining plasma proteins. The selectivity may

depend on pore size and electrostatic forces within

the matrix, due to the presence of charged

molecules such as proteoglycans.

The basement membrane is important during embryonic

development since it is involved in tissue

architecture and epithelial cell polarity. This



39

membrane also plays a role in separating maternal

and fetal environments in extraembryonic tissues

such as the placenta, yolk sac and amnion.

The interstitial connective tissues contain several

cell types in addition to those responsible for

producing the bulk of the ECM (fibroblasts,

osteoblasts and chondroblasts). These include

macrophages, lymphocytes, granulocytes, melanocytes

and nerve cells.

The major protein of connective tissue matrix is

collagen. In addition to the various types of

collagen, fibronectin , elastin, heparan sulphate

proteoglycans and tenascin are found.

Both basement membranes and interstitial connective

tissues are important structural features of

embryonic and adult tissues. Defects in their

synthesis and assembly can have profound effects on

normal development. Indirect evidence for specific

roles of the ECM in development comes from in vitro

culture systems in which cells are grown in

matrices of different composition. Li et al., 1987

demonstrated that primary mammary epithelial cells

cultured on a complex matrix of basement membrane

components show a more normal morphology and a much

higher level of casein gene expression than cells

grown on type I collagen or plastic. By altering

with the ECM in vivo development was affected. In

the white mutant of the Mexican axolotl pigment

cell precursors fail to migrate from the neural

crest through the subepidermal ECM. The
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subepidermal matrix was adsorbed onto nucleopore

carrier membranes, which were then grafted under

the skin. Migration of pigment cell precursors

occurred if they were reimplanted at an early stage

of development. This suggested that the

subepidermal matrix was defective in the mutant,

rather than the neural crest cells (Perris et al.,

1988). Some of the most direct evidence for the

importance of the ECM comes from studies on

mammalian development. These studies involved

mutants in which ECM components were altered as a

result of changes at the DNA level. An altered gene

which codes for an ECM component and which affects

development is the Mov-13 mouse line, in which a

murine retrovirus has been inserted into the first

intron of the al type I collagen gene (Harbers et

al., 1984). This results in reduced synthesis and

secretion of type I collagen and death of the

embryos as a result of disruption of weakened blood

vessel walls.

The qui $lity and quantity of the ECM depends not

only on the structural components such as collagen

but also on the regulated expression of matrix-

degrading proteases and their inhibitors. It is

likely that the expression of proteases is closely

regulated during embryonic development. Several

secreted proteases including plasmin, plasminogen

activators, collagenases and cathepsins participate

in the degradation of the ECM (Tryggvason et al.,

1987). Many of the matrix-degrading enzymes are
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expressed in a latent form and require activation,

possibly by proteolytic cleavage. Some of the

enzymes require specific environmental conditions

(e.g. acid pH). In addition there are specific

inhibitors for these enzymes.

The condition of the ECM is influenced by the

levels of structural proteins, matrix-degrading

proteases, and inhibitors and activators of the

proteases. These levels may be controlled by growth

and differentiation factors acting indirectly

through target cells. Therefore, growth factor

modulation of the ECM could affect matrix

remodelling and tissue morphogenesis during

embryonic development.
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1.4 AIMS

There are four aims to the project:

1 Identification and quantification of TGF-B in

medium conditioned by chick embryonic tissue

(Chapter 3).

2 Exploration and characterisation of a novel

pro teolytic activity discovered early in the

experimental work . The nature of this activity is

explored and characterised (Chapter 4).

3 Investigation into a possible role for this

proteolytic enzyme in TGF-£ processing along with
mechanisms of activation of latent TGF-ji (Chapter
5) .

The proteolytic properties of other growth factors

org investigated (Chapter 6). During an

investigation into the effect TGF-^ had on the
proteolytic activity of the protease, TGF-|3
displayed proteolytic activity.

4 Exploration of the Anchorage Independent Growth

(AIG) promoting properties of Conditioned Medium.

The chick embryo produces this AIG response in a

manner not consistent with known growth factors.

The nature of this growth factor is explored

(Chapter 7).
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1.5 IMMEDIATE BACKGROUND

In 1988 McLachlan et al. identified the presence of

a heat-stable protein that stimulates colony

formation in NRK 49F cells in the presence of EGF,

but not in its absence. This was suspected to be

TGF-J3.

TGF-J3 has been described as a 25kDa dimer which can
be reduced to yield two 12.5kDa polypeptide chains

(Derynck et al., 1985). Polyacrylamide gel

electrophoresis was employed to assess if the TGF-^
dimer existed within conditioned medium.

Conditioned medium was also shown to produce

Anchorage Independent Growth (AIG) in the absence

of any additional growth factors (Smith and

McLachlan, 1990). This effect appeared to involve

glycoprotein activity since it was suppressed by

conconavalin A beads.

A principal method involved in exploring these aims

was polyacnjLamide gel electrophoresis and
variations to this technique. The general methods

are detailed in Chapter 2 and those associated with

a particular Chapter are described in the Chapter

concerned.



CHAPTER 2 METHODS
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2 . 0 METHODS.

General methods are described in this Chapter.

MeotKods which are explicit to protease purification

and characterization are described in Chapter 4.

Those methods concerned with glycoprotein

purification are described in Chapter 7.

2.1 CONDITIONED MEDIUM PREPARATION

Fertilised chicken eggs (Muirfield Hatcheries,

Kinross, Fife) were incubated blunt end up for four

days at 37°C in a humidified incubator to provide

eggs between stages 17 and 22 according to the

criteria of Hamilton and Hamburger (1951).

All the dissecting instruments and the eggs were

cleaned with 70% alcohol. Entry into the eggs was

made via the air space. Extra-embryonic membranes

were removed to reveal the embryo, and two

longitudinal incisions were made lateral to the

midline. Anterior and transverse sections were made

so that the embryo could be removed.

Microdissection of the embryo was performed under a

Wild M8 dissecting microscope and involved removal

of the head, wing buds, leg buds and tail buds by

single transverse cuts using electrolytically

sharpened tungsten needles.

To the central wells of a bacteriological grade 96

well plate (sterilin), lOOul of serum free Alpha

Eagles Medium (Flow Laboratories) supplemented with

29.2ug/ml glutamine, 500ug/ml penicillin and

50IU/ml streptomycin were added. The dissected
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embryonic regions were then placed beneath the

surface of the medium such that each well contained

either 1 head, 6 wings, 6 leg buds, or 3 tail buds.

The plates were then incubated at 37°C, 5% C02 for

24h. Following this the contents of the microwell

plates were centrifuged at 3000 rpm for 5 min. The

pellets were discarded but the supernatants were

retained in eppendorf tubes. The conditioned medium

was stored at -20°C until required.

2.2 MICROWFT.T. ASSAY FOR ANCHORAGE INDEPENDENT
GROWTH

Various proteins isolated from conditioned medium

were assayed for transforming activity using a

microwell adaptation of the soft agar colony assay

as described in Macintyre et al. 1988. Conditioned

medium preparations, growth factors or control

media were placed in the centre 60 wells of a 96

well plate to a volume of 24ul per well. Double

strength alpha Eagles'medium containing 20% FCS

with double strength supplements of glutamine (58.4

ug/ml), penicillin (lOOug/ml) and streptomycin(100

i.u./ml), was mixed with an equal volume of 0.6%

Bacto-Agar (Difco) at 40°C. Cells (NRK clone 49f)

were centrifuged after trypsinisation and

resuspended in fresh medium;they were then added to

the agar-medium mixture such that 0.1ml added to

each well gave a density of 200 cells. Plates were

cooled at 4°C for 5min prior to incubation at 37°C

for 9 days. Five replicates were set up at each
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point and all experiments were coded and counted

blind.

2 . 3 PROTEIN ASSAY

In order to assess the feasability of

polyacrylamide gel electrophoresis of conditioned

media, it was first necessary to determine the

total protein content. Not only would this allow an

estimation of the amount of sample to be applied to

the gel, but also the most appropriate staining

method required to visualise the proteins.

The protein assay chosen was essentially that of

Bradford (1976) with modifications to volumes,

which relies on the observation that the dye

Coomassie Blue G-250, which exists as a brown

colour when free in acid solution but becomes blue

on binding to protein.

This method was chosen because it had a number of

advantages over other methods. Firstly the

procedure was both rapid and sensitive, providing

results after 2 min and up to lh without lengthy

pretreatment of protein solutions. The sensitivity

of the assay was such that 1 to 50 ug of protein

could be detected (4 times more sensitive than the

Lowry assay), although results within this range

deviated slightly from linearity. This was due to

an overlap in the spectrum of the two colour forms

of the dye resulting in the background continually

decreasing as more dye was bound to protein. Whilst

the degree of curvature was only slight, its effect
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was overcome by running the assay with a set of

standards and calculating unknowns from the

standard curve.

A further advantage of this method was the reduced

interference of non-protein components, only large

guantities of detergents causing abnormalities too

great to overcome. This was an improvement over the

interference associated with the Folin-Lowry assay

in which a large number of materials caused

significant abnormalities of results.

2.31 PROTEIN PREPARATION

Bovine Serum Albumin (lmg) was dissolved in

phosphate buffered saline to give a final

concentration of 25ug/ml. All chemicals were

purchased from Sigma Chemicals, St Louis, MO. The

solution was further diluted to provide protein

standards ranging from 0 to 20 ug/ml in a final

volume of 2400 ul.

100 ul samples of head, wing, leg and tail

conditioned medium were diluted to a final volume

of 2400 ul with PBS.

2.32 PROTEIN REAGENT PREPARATION.

The protein reagent, in which component

concentrations were 0.01% (w/v) Coomassie Brilliant

Blue G-250, 4.7% (w/v) ethanol and 8.5% (w/v)

phosphoric acid, was used as supplied by Bio-Rad

Laboratories, Munich.
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2.33 PROTEIN ASSAY.

To 2400 ul protein solution 600 ul of Bradford

reagent was added. Following mixing the 20 ug/ml

BSA standard was scanned between 400 and 700 nm on

a Pye Unicam SP 1800 Ultraviolet Spectrophotometer

to obtain the optimum absorbance wavelength. The

remaining samples were measured at this wavelength

(595 nm). Samples containing only antibiotic

supplemented Alpha Eagles Medium were also measured

to act as blanks and to determine any interference

effects. The amount of protein in the standards

were plotted against the corresponding absorbance

resulting in a standard curve which was used to

determine the amount of protein in conditioned

media.

2.4 SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS

It is necessary to describe the types of

electrophoresis employed since by altering the

ingredients different characteristics of a protein

can be examined.

SDS-PAGE is routinely used for the estimation of

protein subunit molecular weights and for

determining the subunit compositions of purified

proteins.

The most popular electrophoretic method is the SDS-

PAGE system developed by Laemmli. This is a
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discontinuous system consisting of two contiguous,

but distinct gels: a resolving or separating

(lower) gel and a stacking (upper) gel. The two

gels are cast with different porosities, pH, and

ionic strength. The buffer discontinuously acts to

concentrate large volume samples in the stacking

gel,resulting in better resolution than is possible

using the same sample volumes in gels without

stackers.

The Laemmli SDS-PAGE system is made up of four

components. From the top of the cell downward,

these are the electrode buffer, the sample, the

stacking gel, and the resolving gel(Laemmli,1970).

This system is an adaptation of an earlier method

devised by Ornstein and Davis for fractionation of

native serum proteins. The inclusion of SDS

modifies the Ornstein-Davis technique since the

properties of the detergent dominate the system.

The complete denaturation and dissociation of

proteins was not always desirable. In the

experiments determining the molecular weight of

TGF-B and in the purification of the proteolytic

enzyme it was necessary to omit the reducing agent

2-mercaptoethanol and SDS from the sample

preparation. This was found necessary so that the

protein remained in an intact state. Any other

alterations that were found necessary to the

standard SDS system will be described in the

sections where they apply.
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2.41 GEL PREPARATION

Gels containing a 4% stacking gel and from 5-25%

separating gel were prepared from the following

stock solutions.

Separating gel buffer: 0.4% (w/v) SDS, 1.5M Tris-

HC1

buffer pH 8.7

Stacking gel buffer: 0.4% (w/v) SDS, 0.5M Tris-HCl

buffer pH 6.8

Reservoir buffer: 0.5% (w/v) SDS, 0.96M Glycine,

0.125M Tris-HCl. Before use this is diluted 1:5

with water to give the working pH of 8.3.

Acrylamide stock solution: 30% (w/v) Acrylamide

(BDH), 0.8% (w/v) N,N' Methylene bis Acrylamide

(Sigma Chemicals)

Polymerisation Catalysts: N,N,N',N'-

Tetramethylethylenediamine (TEMED) was used

directly as supplied (BDH).

Ammonium persulphate (BDH) was used as a 10%

solution in water and was made up fresh for each

run.
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2.42 RECIPES FOR GELS

% Polyacrylamide ael 15 17 . 5 20

separating cjel fmll 10 10 10

water fml1 10 6.7 3 . 3

Acrylamide Stockfml 1 20 23 . 3 26.7

TEMED full 30 30 30

10% Ammonium
persulphate full 140 140 140

2.43 BSA STANDARD, TGF-B STANDARD AND MOLECULAR
WEIGHT MARKER PREPARATION

BSA standards were prepared by serial dilutions of

a 25ug/ml stock solution in sample buffer. Each of

the samples were boiled and to 50ul of each sample

2.5ul of bromophenol blue was added.

TGF-B isolated from porcine platelets (Peninsula

Labs Europe, Merseyside) was obtained as a 0.5ug

lyophilised sample. For electrophoresis work it was

dissolved in lOOul sample buffer without any

mercaptoethanol, and lOul (50ng) was loaded onto

each lane of the gel, following the addition of lul

of 1% bromophenol blue.

Molecular weight markers in the range 14,300 -

66,000 Da (Sigma Chemicals) and 12,300 - 78,000 Da

(BDH Electran) and the 24,000 Da trypsinogen (Sigma

Chemicals) were dissolved in sample buffer

containing B - mercaptoethanol and heated at 100°C
for 3 min, allowed to cool, followed by the

addition of 1% bromophenol blue.
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2.44 GEL STAINING

2.441 Coomassie Brilliant Blue R-250

A 0.1% Coomassie Brilliant Blue R-250 (Sigma

Chemicals) staining solution was made by dissolving

2.4g of the dye in glacial acetic acid (BDH

Chemicals), methanol (BDH Chemicals), and double

distilled water in the ratio 2:5:5. The

solution was filtered through Whatman No. 1 filter

paper and stored in a dark bottle. The gel was

stained in this solution for lh with gentle shaking

and then destained in 10% acetic acid solution

overnight with a change of solution after 30 min.

Protein bands appeared blue.

2.442 Amido Black Stain

The gels were placed in 5 - 10 volumes of 7% (V/V)

glacial acetic acid containing 0.1% (w/v) Amido

Black. The gels were left in the stain for lh and

destained in 15% acetic acid overnight. Protein

bands appeared blue/black.

2.443 Silver stain

Silver staining was carried out using a Sigma Kit

for polyacrylamide gels (product no. Ag-25).

Firstly, gels were fixed in a 30% ethanol / 10%

glacial acetic acid solution for 50 min. This was

followed by 3 x 10 min washes in distilled water

and 30 min in a 0.5% silver nitrate solution. This

was followed by a 30 sec water rinse before being

placed in a 300 ml developer solution for 8 min
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containing 30 ml sodium carbonate and 0.17 ml

formaldehyde. When the darkest protein bands with

minimum background staining had been produced,

development was stopped by placing the gel in 3%

glacial acetic acid for 5 min. After this time, the

gels were washed for 3 x 10 min in distilled water.

A 300 ml solution containing 2.0 ml potassium

ferricyanide, 4.0 ml sodium thiosulphate and 0.17

ml sodium carbonate was poured onto the gel for 30

sec to remove any background colour. The gels were

then washed in distilled water. If increased

sensitivity was required the gels could be subject

to the same process again.

2.5 DENSITOMETER SCANS

Stained gels were scanned using a Shimadzu Dual

Wavelength Flying-Spot Scanner CS-9000 Densitometer

connected to a Shimadzu DR-13 control/processor

unit.

In order to obtaim the optimum wavelength value for

scanning a gel, a protein band was placed in the

beam of the densitometer and the transmission

measured between 200 and 700 nm. The optimum

wavelength was seen as the peak in this spectrum

measurement, being 565 nm for Commassie Blue

stained, 620 nm for amido black stained and 475 nm

for silver stained gels.
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Due to variations in the background staining of the

gel, the densitometer was zeroed at the starting

point of each scan. The lanes of the gel were then

scanned and the protein peaks and their areas

printed. The scanning parameters were set to: beam

size 0.05 x 2.0 mm; drift line 0; PKF filter 2;

minimum width 0, and minimum area 100.

From scans of molecular weight markers and

determination of Rf values, the position of TGF-B

was determined in each sample and the amount

present quantified by comparison with peak area of

the BSA or the TGF-B standards.

2.6 PURIFICATION OF FRACTIONS FROM POLYACRYLAMIDE

GEL

A 17.5% gel was run containing conditioned medium,

under non reducing conditions. A section of the gel

was stained with silver stain to determine the

position of protein bands. The other section of gel

was incubated with Triton-X-100, to remove SDS, and

then washed five times with distilled water. The

gel was sectioned up 3 fractions; a 25 kDa

fraction; > 25 kDa fraction, and < 25 kDa fraction.

These pieces of gel were added to 4ml of DMEM (1%)

and vigorously shaken at 4°C, overnight. The gel

was then removed from the DMEM solution and the

solution was freeze-dried.



CHAPTER 3 THE IDENTIFICATION, QUANTIFICATION AND

LOCATION OF TRANSFORMING GROWTH FACTOR-BETA IN

CHICK CONDITIONED MEDIUM
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3.1 INTRODUCTION

Smith et al., 1990 demonstrated that conditioned

medium contains at least two different growth

factors with transforming activity. One of these is

heat stab le and stimulates colony formation in NRK

49F cells in the presence of EGF, but not in its

absence. This activity behaves like TGF-p, although
this was not confirmed biochemically in the

original paper.

The possible presence of TGF-B in Conditioned

Medium was therefore investigated. Since TGF-^
exists as a 25 kDa dimer which can be reduced to

yield two 12.5 kDa proteins this property can be

used to verify its presence. The technique of

polyacrylamide gel electrophoresis is used to

visualise this reduction.

Firstly, the number of proteins present in

conditioned medium is investigated. It is not known

how many proteins are secreted from chick tissue.

Polyacrylamide gel electrophoresis is again used to

determine the molecular weight range of the

secreted proteins. Standard protein assays are used

to quantify the amount of protein present in each

of the regions of the chick.

Figure 3 demonstrates the regions of the chick

embryo from where the secreted proteins are

studied. The head, wing buds, leg buds and tail

buds are used to make conditioned medium. The

method of how to make conditioned medium is

described in Chapter 2.



FIGURE 3 Diagramatic representation

chick embryo. Dashed lines represent

regions which were used to make

conditioned medium.
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The amount of TGF-^ present in conditioned medium
can be calculated from densitometer scans of

electrophoresed samples.
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3.2 RESULTS

3.21 PROTEIN IDENTIFICATION

3.211 Proteins Within The 25kDa Range

The various proteins present in the medium

conditioned by chick embryonic tissue were

visualised using polyacrylamide gel

electrophoresis. Figure 3.1 represents a sample of

head conditioned medium which has been

electrophoresed and demonstrates the range of

proteins present. Electrophoresis was carried out

in the absence of ^-mercaptoethanol on 17.5% gels.
Figure 3.2 contains electrophoresed samples of

head, leg, wing and conditioned medium. All the

samples were visualised with silver staining. A

17.5% polyacrylamide gel would separate proteins in

the molecular weight range lOkDa to about 70kDa as

seen in Figures 3.1 and 3.2. Head conditioned

medium can clearly be seen to contain more proteins

than wing and leg bud conditioned medium. Tail

conditioned medium contained such a small amount of

protein that they could not be seen.

3.212 Overall Protein Identification

By varying the amount of acrylamide crosslinker all

the proteins present in conditioned medium could be

visualised. 5, 7.5, 10, 15, 17.5, 20 and 25%

polacrylamide gels were constructed. Proteins could

not be visualised on the 5% gel which would

separate proteins from about 150kDa to 350kDa. The

proteins separated on the 7.5% gel are seen in



Figure 3.1 A 17.5% polyacrylamide gel

of head conditioned medium,

demonstrating the various proteins

present from molecular weight 14 kDa to

70 kDa. CM represents head conditioned

medium and M.W. represents the molecular

weight markers. The 25 kDa protein band

of conditioned medium is clearly seen.



CM M.W. CM M.W.(kDa)

66

40.7

25

14.2



Figure 3.2 A 17.5% polyacrylamide gel

of head (HCM) , wing (WCM), and leg

(LCM) conditioned medium. All samples

were added at a concentration of 50

ng/50 ul. Commercially purified TGF-J3
(50 ng/10 ul) is also represented and

shown not to be entirely pure. All the

conditioned media are shown to possess a

25 kDa band which was later shown to be

TGF-p.



M.W. HCM TGF-JJ WCM LCM
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Figure 3.3. The intensity of the bands are very

faint. The 10, 15 and 17.5% gels all displayed

fairly intense protein bands. These three types of

gel separated proteins from 10 to 70kDa. The 20 and

25% gels which would separate proteins of molecular

weight less than lOkDa contained very few faint

bands.

Protein present in whole embryos (Figure 3.4) were

also visualised. Whole embryos were homogenised in

100 ul of medium/buffer. However, when this was

electrophoresed smearing of bands occurred

indicating overloading.Dilutions had to be carried
out before Figure 3.4 could be obtained

3.22 TOTAL PROTEIN CONTENT OF HEAD CONDITIONED
MEDIUM.

To determine the amount of protein in various types

of conditioned media a number of standards were

assayed for protein amount by the method of

Bradford, 1976. This assay relies on the

observation that Coomassie Brilliant Blue G-250 is

a brown/red colour when free in acid solution and

becomes blue on binding to protein.

From absorbance measurements at 595nm of BSA

standards a curve was constructed (Figure 3.5).

From this curve the amount of protein present in

conditioned media could be calculated.

The total amount of protein present in the head,

wing, leg, and tail conditioned medium was

determined. From Table 3 it was seen that the head

conditioned medium contained the most protein. The



Figure 3.3 A 7.5% polyacrylamide gel

of head conditioned medium (CM).

Molecular weight markers (M.W.) range

from 26 kDa to 116 kda. Conditioned

medium is present at 20 ng/20 ul. Above

molecular weight 116 kDa very few

protein bands are seen. A higher

concentration of conditioned medium did

not reveal many more high molecular

weight proteins.



CM CM M.W.(kDa)

*

116

84

58

48

36

26



Figure 3.4 A 20% polyacrylamide gel of

a whole embryo. A single embryo was

homogenised and 100 ul of sample buffer

was added. This sample was diluted to a

concentration of 30 ng/ lOOul. There are

so many proteins present that the bands

are seen very close together.



M.W. whole em'

kDa

©



Figure 3.5 A protein assay standard

curve. By comparing the optical

densities (O.D.) of BSA standards with

the various conditioned media, the total

amount of protein present in head, wing,

leg and tail conditioned media can be

calculated.



O.D. (595nm)

Protein Concentration (ug/ml)



Table 3 The protein amount present in

head, wing, leg and tail conditioned

media. Head conditioned medium contains

more protein than the others. Leg

conditioned medium contains more protein

than wing conditioned medium probably

because it develops at a faster rate.



CONDITIONED PROTEIN RATIO
MEDIUM AMOUNT

(ug/ml)

HEAD 335.0 2.8

WING 240.0 2.0

LEG 282.5 2.4

TAIL 120.0 1.0
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ratio of protein from the head, wing, leg and tail

was 2.8 : 2 : 2.4 : 1, respectively.

The next stage involved determining how much of the

total protein present in each of the media was TGF-

p. Before this could be achieved the position that
TGF-p ran to on an SDS-polyacrylamide gel needed to
be established.

3.23 AMOUNT OF PROTEIN PRESENT IN CHICK TISSUE

To determine the amount of protein present in the

head, wing, leg and tail buds these regions were

dissected from the trunk of the body of a stage 22

embryo and sonicated in lOOul of serum free medium.

The amount of protein was then determined by the

Bradford protein assay. The amount of protein

present in head, wing, leg and tail tissue is 13190

± 113 ug/ml, 2750 ± 32 ug/ml, 2130 ± 47 ug/ml, and

1382 ± 29 ug/ml, respectively.

3.24 TGF-p IDENTIFICATION

3.241 Determination Of The Position To Which TGF-B
Runs On A Gel

Previous investigations by Derynck (1985),

demonstrated that TGF-p was a 25Kd protein which
under reducing conditions separated into two 12.5k

Da fractions. Using commercially purified TGF-p the
molecular weight was established by running on a

17.5% polyacrylamide gel molecular weight standards

in a lane next to the TGF-p (Figure 3.6 ). The
commercially purified TGF-p was shown to be 25Kd
and when it was treated with the reducing agent 2-

mercaptoethanol it split into 12.5Kd fractions



Figure 3.6 A 17.5% polyacrylamide gel

representing the presence of TGF-Ji in
conditioned medium. Commercially

purified TGF-J3 was incubated with 2-

mercaptoethanol (+ mere) and it is

observed that the 25 kDa fraction splits

and a 12.5 kDa band appears. The 25 kDa

protein band present in head conditioned

medium (CM) disappears in the presence

of mercaptoethanol (+ mere). The

presence of 12.5 kDa bands are not seen

for CM + mere but these are later

demonstrated to be present by

densitometer analysis.



TGF-B CM CM TGF-p M.W.
+ mere + mere

— 2 5 k D

I— 1 2 k D
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(Figure 3.6). Figures 3.7 and 3.8 demonstrates the

densitometer evidence of how mercaptoethanol breaks

the commercially purified TGF-J3 into 12.5 kDa
fractions. One way of detecting the presence of

TGF-^ in the conditioned medium was to subject the
conditioned medium to reducing and non-reducing

conditions and compare this with the commercially

purified TGF-p subjected to the same conditions.
From Figure 3.6 it can be seen that a 25Kd fraction

is present in the conditioned medium and when this

media was subjected to reducing conditions this

fraction disappeared and a 12.5Kd fraction

appeared. The densitometer scan of head conditioned

medium shows this clearly (Figure 3.9).

3.242 Amount OF TGF-B Present In Conditioned
Medium

The amount of TGF-p in conditioned media was
determined by running the conditioned media under

non-reducing conditions using a 17.5%

polyacrylamide gel. Also subject to the

electrophoresis were known amounts of Bovine Serum

Albumin (BSA) and commercial TGF-J3 (Figure 3.10).
Following electrophoresis the protein bands were

visualized by the silver staining method rather

than coomassie blue due to the lack of sensitivity

of coomassie blue in detecting the proteins of

conditioned media. The amount of TGF-jj in
conditioned media could be calculated by comparing

the peak areas produced from the densitometer scans



Figure 3.7 Densitometer scan of

commercially purified TGF-p. In the
absence of mercaptoethanol a 25 kDa

protein band is seen and in the presence

of mercaptoethanol this band breaks

down.



(
/



Figure 3.8 Densitometer scan of

commercially purified TGF-p. In the
absence of mercaptoethanol only a small

amount of 12.5 kDa bands are seen. In

the presence of mercaptoethanol the

intensity of these proteins increase.



 



Figure 3.9 Densitometer scan of head

conditioned medium (HCM) in the absence

and presence of mercaptoethanol. In the

presence of mercaptoethanol the 25 kDa

peak breaks down to form 12.5 kDa peaks,

indicating the presence of TGF-|3 in
conditioned medium.



25 kDa 14 kDa



Figure 3.10 A 17.5% poly.crylamide gel
\

of BSA and TGF-£. BSA present at 5 and
50 ng/50 ul were electrophoresed as was

TGF-B (50 ng/10 ul). These bands were

scanned by the densitometer to determine

their peak areas. By comparing these

scans to those of conditioned medium the

amount of TGF-p could be calculated.
Also shown is TGF-J3 in the absence and

presence of mercaptoethanol. The 25 kDa

band is shown to be broken down to 12.5

kDa bands in the presence of

mercaptoethanol (+ mere).
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with the peak areas produced for the known amounts

of BSA or commercial TGF-J3 (Figure 3.11). Figure
3.1| is a scan of the gel containing head, wing,

leg, tail conditioned medium. The position of TGF-j3
in conditioned media is demonstrated. From the

densitometer scans the amount of TGF-£ in
conditioned media was calculated (Table 3.1). The

ratio of TGF-^3 in the head, wing, leg and tail was
5.0 : 1.4 : 1.6 : 1 respectively.

3.25 RATIO OF TGF-p IN CHICK TISSUE
When the amount of TGF-£ present in conditioned
medium is compared to the total protein present in

the secreting tissue it is found that the ratio of

TGF-J} in the head, wing bud, leg bud and tail bud

is 1 : 1.3 : 1.9 : 1.8, respectively.



Figure 3.11 The presence of TGF-^3 in
conditioned media. The area of the 25

kDa peak from commercial TGF-J3 was
calculated for a known amount of protein

and from this the peak areas at 25 kDa

produced by head (HCM), wing (WCM), leg

(LCM) and tail (TCM) conditioned medium

were converted into amounts of TGF-p
present in conditioned media.



commercial

HCM

WCM

LCM

TCM



Table 3.1 The amount of TGF-p present
in conditioned media. Head conditioned

medium is shown to contain more TGF-p
than wing, leg and tail media.



CONDITIONED TGF fe RATIO
MEDIUM AMOUNT (ug/ml)

HEAD 3643 ± 125 5.0

WING 996 + 55 1.4

LEG 1167 + 42 1.7

TAIL 702 + 17 1.0
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3.3 DISCUSSION

It was clear that conditioned medium was likely to

contain a mixture of proteins, but the molecular

weight range these covered was not known.

Polyacrylamide gel electrophoresis identified

proteins from about 10 kDa to about 200 kDa. The

protein bands of molecular weight greater than 70

kDa stained very faintly, even when silver staining

was used, which indicated that not many high

molecular weight proteins were secreted from the

embryo

Prior to the commencement of this investigation the

presence of TGF-^ in early chick embryo conditioned

medium had not been positively identified, its

activity only being inferred from the expression of

TGF-^ like activity on in vitro colony formation in
soft agar (McLachlan et al., 1988).

Smith et al., 1990 demonstrated the presence of at

least two different growth factors with

transforming activity within conditioned medium.

One of these was heat-stable and stimulated colony

formation in NRK cells in the presence of EGF but

not in its absence. This activity responded to a

TGF-ji like molecule. The other component was a
heat-labile glycoprotein which had TGF-s^ like

properties. Both were present from the intermediate

primitive streak stage of development.
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By the use of SDS-PAGE and densitometer scan

analysis, a peak corresponding to TGF-p was
positively identified in conditioned medium. It was

identified as a 25 kDa dimer, made up of two 12.5

kDa polypeptide chains when electrophoresed on a

polyacrylamide gel in reducing conditions.

Initial studies by Macintyre et al., 1988 on

transverse strips of stage 14 embryos did not

reveal any distal-caudal distribution of TGF-^.
The ratio of TGF-ji in the the head, wing bud, leg
and tail buds conditioned media is 5.0 : 1.4 : 1.6

: 1, respectively. However, when the amount of

secreted TGF-^3 is compared to the total protein
present in the secreting tissue, it is found that

the ratio of TGF-ji in the head, wing buds, leg buds
and tail buds is 1 : 1.3 : 1.9 : 1.8, respectively.

This indicates that more TGF-J3 is secreted from the
head because it is a larger tissue but on a mass to

volume ratio the wing, leg and tail buds contain

more TGF-^. The differences in the amounts of TGF-^
in the various regions is likely to be

insignificant. This evidence therefore implies that

areas of the chick embryo which are undergoing

intense development do not contain any more TGF-ji
than areas developing at a slower rate. Since only

a limited number of regions of the chick embryo

were examined it is impossible to establish whether

a spatial distribution of TGF-|3 occurs in the chick
embryo.
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It was demonstrated by Heine et al.,1987 that in

the mouse embryo TGF-JB was expressed in a unique

pattern, both spatially and temporally. The

specific pattern of histochemical staining of TGF-^
in the mouse embryo appeared to correlate with

specific morphogenetic and histogenetic events,

particularly those involving cells and tissues of

mesenchymal and mesodermal origin. Since the bulk

of the vertebrate organism is composed of

mesodermal cells and tissues it was apparent that

TGF-|3 participated in some fundamental way in the
basic architecture and organisation of almost the

entire developing embryo.

Although this study demonstrated an important role

for TGF-J5 in embryogenesis the study did not look
at very early stages of development. Heine et al.

studied embryos at lid of gestation. Although TGF-|3
was found in areas such as connective tissue,

cartilage and bone and it was very likely involved

in the various developmental events, it was not

established whether TGF-|i was produced in these
regions. In analyzing the developmental

significance of TGF-J3 expression, it will not be
sufficient to have determined the location and time

period of TGF-}3 synthesis. Rather, it would also be

necessary to determine the ratios of active and

inactive TGF-|3. The inclusion of TGF-^ in an
inactive complex is likely to be a very important

determinant of the distribution of TGF-|3 activity,
because it ensures that TGF-fe activity is only
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generated in the appropriate environment, which is

in the presence of the appropriate proteases and/or

low pH.



CHAPTER 4 THE IDENTIFICATION OF A NOVEL

PROTEASE ACTIVITY IN CHICK CONDITIONED

MEDIUM



66

4.1 INTRODUCTION

Proteases, the enzyme systems responsible for

protein breakdown, are generally viewed as being

vitally important for the development of the living

organism.

Before the protease results presented here can be

seen in context, it is first necessary to review

the general nature of proteases and the types of

identified to date, and which are associated with

early development.

4.11 GENERAL NATURE OF PROTEASES

Protease is a term that originated from the 19th

Century German Literature of Physiological

Chemistry. The molecules themselves are presumed to

have arisen in one of the earliest phases of

biological evolution since even the most primitive

of organisms must have required them for digestion

and metabolism. Proteases are not only a

physiological necessity but also a potential hazard

since, if uncontrolled they can destroy the protein

components of cells and tissues. Nature has

therefore designed two mechanisms by which

proteolytic enzymes are regulated. These are the

activation of inactive precursors by limited

proteolysis and the inactivation of protease
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precursors by forming complexes with protein

inhibitors.

The physiological importance of both these

mechanisms has been demonstrated in certain disease

states that are related to deficiences of

functional precursors or protease inhibitors. For

instance several types of familial haemophilias are

due to deficiences in one or other of the plasma

proteases that normally activate precursors in the

blood coagulation cascade.

The basic function of proteases is the cleavage of

peptide bonds. There are only a few ways in which

this can be achieved. The most common mechanism is

the polarization of the peptide bond by

nucleophilic attack on the carbon-oxygen bond

(either directly or mediated by a water molecule)

assisted by the donation of a proton to the peptide

with nitrogen. In proteolytic enzymes, certain

amino acid residues fill the function of the

nucleophiles and others act as proton donars.

Proteolytic enzymes play critical roles in the

activation of many biological processes including

blood coagulation and clot formation, platelet

aggregation and release, fibrinolysis, complement

activation, hormone production and cell division.

In these activation processes the key initiation

event involves limited proteolysis i.e. the

conversion of inactive species to active forms by

selective proteolytic cleavages involving proteases
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which are normally very specific. The activation

step is essentially irreversible since proteolysis

is an exergonic reaction and under normal

physiological conditions there are no simple

biological mechanisms to repair a broken peptide

bond. Such activation by limited proteolysis can

occur in one step or a series of steps in which the

product of each activation is itself a protease

that can activate the next zymogen in the cascade.

Where biological actions involve cascades, there

are opportunities for large amplification effects

in which the degree of amplification is largely

determined by the number of steps in the cascade.

Another important feature of biological events

which are regulated by proteases is the possibility

for modulation by certain protease inhibitors. By

their ability to limit the extent, duration and

site of protease action, they provide added

specificity to the regulatory systems. The

nomenclature used for identifying proteases is

often misleading. The International Union of

Biochemistry have recommended that the general term

Peptidase should be used to describe any enzyme

that hydrolyses peptide bonds in preference to the

less acceptable but widely used term Protease.

However many scientists still use the term protease

Proteases may function either intracellularly or

extracellularly. While all proteases are

intracellular at some stage in their existence,

some are synthesized for export to extracellular
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spaces. Examples of extracellular proteases include

the pancreatic proteases trypsin and chymotrypsin

in addition to the more complex proteins of the

blood coagulation and complement systems.

4.12 INTRACELLULAR PROTEASES

It is becoming clear that cellular proteolysis is a

complex, highly controlled set of events that takes

place in virtually all cell compartments. However

little is known about the physiological substrates

of cellular proteases.

Cellular proteases can range in size from about

20,000 to 800,000 daltons and therefore many of

them are larger than most cellular enzymes. One

reason for the synthesis of large proteinases that

contain multiple subunits or domains is that these

characteristics may be essential for the

selectivity and regulatability of cellular

proteolysis. Many large proteases have

nonproteinaceous components some of which are

glycoproteins or lipoproteins and some require

divalent cations such as ATP. Some proteases have

multicatalytic sites and cannot be easily

categorized in one of the four major classes of

endopeptidases.

The term protease is synonymous with peptide

hydrolase and these terms include all enzymes that

cleave peptide bonds (classified by the Enzyme



70

Commission of the International Union of

Biochemistry as EC 3.4).

Proteases differ from almost all other enzymes in

that their substrate specificities are extremely

difficult to define and certainly do not represent

an acceptable basis on which to classify the

enzymes. Proteases can be subdivided into

exopeptidases, whose action is directed by the

amino or carboxy-terminus of the peptide, or

endopeptidases, enzymes that cleave peptide bonds

internally in peptides and usually cannot

acc omodate the charged amino or carboxyl-termini

amino acids at the active site.

Endopeptidase are classified according to their

catalytic mechanisms. The Exopeptidases have been

classified according to their substrate

specificity.

4.121 Endopeptidases

Endopeptidases are classified according to

essential catalytic residues at their active sites.

There are four classes of proteinases: serine;

cysteine; aspartic and metalloproteinases. The

serine proteinases have a reactive serine at the

active centre and it is the covalent binding of

substrates to this active centre which demonstrates

the catalytic mechanism of these proteinases. The

cysteine proteinases contain an essential cysteine

at the active centre and the aspartic proteinases
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contain two aspartic residues at this centre.

Metalloproteinases contain metal ions (usually

zinc) at the active centre.

The class of proteinase is usually determined by

the effect of proteinase inhibitors on enzyme

activity. All serine proteases are inhibited by

diisopropyl fluorophosphate, most by

phenylmethanesulphonyl fluoride (PMSF), and some by

chloromethyl ketones. The chloromethyl ketones and

PMSF wil however also inhibit some of the cysteine

proteinases. Low concentrations of p-

hydroxymercuribenzoate (pCMB) and alkylating agents

such as iodoacetate will inhibit the cysteine

proteinases. Aspartic proteinases are inhibited by

pepstatins (acylated pentapeptides isolated from

actinomycetes). Chelating agents such as EDTA

(ethylenediamine tetraacetic acid) inhibit

metalloproteinases.

4.13 THE BIOCHEMICAL CHARACTERISTICS AND

EVOLUTIONARY RELATIONSHIPS OF PROTEASES

In prokaryotes and eukaryotes serine proteases have

been divided into two families: the chymotrypsin

family and the subtilisin family. It is only the

chymotrypsin family that has been found in

eukaryotes however.

Much work on the evolutionary relationships of

serine proteases has been done on the protease of

the fibrinolytic and blood coagulation systems.
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Studies carried out on the blood coagulation

proteases have revealed that the large size of

most of these proteases is probably as a result of

gene fusion. The catalytic domains of the proteases

are homologous to each other, as well as to other

chymotrypsin family enzymes. The substrate

specificities , however, are very different and the

multiple noncatalytic domains confer different

regulatory properties uppjon these enzymes. Many of

the plasma proteases contain pre-pro leader

sequences, activation peptide domains, growth

factor domains (homologous to Epidermal growth

factor,EGF), Ca2+ binding domains, and kringle

domains. Kringles are triple-looped, disulphide-

crosslinked domains that may appear once or in

multiple copies in one protein. They are thought to

play a role in binding mediators such as membranes,

other proteins, or phospholipids and in the

regulation of proteolytic activity. There is a

family of arginine-specific serine proteinases that

are found in secretory or special granules in a

number of cells and appear to have special

processing functions. This group includes the gamma

subunit of nerve growth factor and B-nerve growth

factor endopeptidase.

The cysteine proteases that have been characterized

fall into several evolutionary related families.

The amino acid residues around the active-site

cysteine (Cys 25 in papain) and an essential
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histidine (His 159 in papain) have been highly
conserved in the lysosomal cysteine proteases.

Aspartic proteases have not been identified in

prokaryotes but have been found in eukaryotes.

Metallo-proteases are widely distributed in both

eukaryotes and prokaryotes. Little is known about

the evolutionary families of the metalloproteases

because there is little amino acid data available.
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4.14 PROTEASES OF THE EXTRACELLULAR MATRIX WHICH

ARE ASSOCIATED WITH EARLY DEVELOPMENT

Unlike the identification and expression of growth

factors the expression of proteases in development

is much less studied. Evidence for proteolytic

activity in early development comes from studies on

the extracellular matrix.

Components of the matrix such as the basement

membrane and interstitial connective tissue are

involved in normal development. The way in which

the extracellular matrix develops depends not only

on these structural components but on the regulated

expression of matrix degrading proteases and their

inhibitors.

Possible roles for growth factor and protease

involvement in matrix modelling during development

comes from information obtained from cell and organ

culture systems, or from normal or pathological

processes in the adult such as tissue repair,

angiogenesis and tumour invasion. In other words

information is gathered from processes which mimic

events during embryogenesis. The effects of

oncogenes on protease production may also be

relevant to understanding development since many

oncogenes are modified components of normal growth

factor signalling pathways.

Many proteolytic enzymes and their inhibitors are

associated with the extracellular matrix. These

include plasmin, plasminogen, plasminogen
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activators (PA), PA inhibitors (PAIs), collagenases

and cathepsins.

Plasminogen activator, a serine protease, is found

intracellularly or attached to the cell surface of

the matrix (Vassalli et al., 1985). Another serine

protease, plasmin has been found to degrade most of

the matrix components including laminin and

fibronectin (Liotta et al., 1981) and also

activates latent collagenase. Plasmin may therefore

participate in the complete degradation of the ECM.

Immunohistochemical studies have led to the

discovery of an inhibitor of plasminogen activator,

PAI-1. It was found to be homogeneously distributed

in fibroblast and fibrosarcoma cells grown in

culture dishes and closely associated with the

pericellular space of endothelial cells (Levin and

Santell, 1987). The interactions of plasmin,

plasminogen, PA and PAIs with the ECM and with each

other contribute to the site and extent of

proteolysis which occurs.

Metalloproteases are also associated with the ECM.

Three neutral metalloproteases have been identified

: type 1 interstitial collagenase, type IV

collagenase (gelatinase) and stromelysin (transin,

proteoglycanase). Other metalloproteases include a

75 kDa collagenase produced by granulocytes (Hasty

et al., 1986) and a 92 kDa gelatinase from

macrophages and neutrophils.

Interstitial collagenase is the best characterized

of the matrix-degrading metalloproteases. Human
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skin collagenase is synthesized as a 54,092 Da

prepro-enzyme and secreted as a 53 kDa pro-enzyme

or as a glycosylated species of 57 kDa (Goldberg et

al., 1986; Wilhelm et al., 1986). The final active

form of collagenase is a stable 42 kDa protein.

In 1985, Chin et al., identified another

metalloprotease which was capable of breaking down

proteoglycans, laminin and fibronectin. This

protease became known as stromelysin. Human

stromelysin is synthesized as a 54 kDa molecule and

undergoes various cleavages to produce a stable 45

kDa species (Wilhelm et al., 1987).

Human type IV collagenase was cloned in 1988

(Collier et al., 1988) and is a 72 kDa proenzyme. A

92 kDa type IV collagenase has also been cloned

from transformed tissue culture cell (Wilhelm et

al., 1989).

Other proteolytic enzymes which have been found

associated with the ECM are the lysosomal proteases

Cathepsin L, Cathepsin B and Cathepsin D.

Cathepsin L is a 39 kDa secreted glycoprotein with

acid protease activity. It was originally

identified in malignantly transformed mouse

fibroblasts (Gottesman, 1978). It is also induced

in fibroblasts by treatment with the tumour

promoter TPA (Gottesman and Sobel, 1980) and growth

factors such as PDGF and EGF (Scher et al., 1982)

and FGF (Nilsen-Hamilton et al., 1980).
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Cathepsin L is an acid-activatable protease with a

broad substrate specificity. The role of Cathepsin

L in ECM remodeling is not clear. The proenzyme and

the active forms of the enzyme are actively

secreted by macrophages and tumour cells but it is

not yet clear whether the microenvironment is

sufficiently acidic to allow proteolytic

degradation by the enzyme, whose optimum pH is

below 6. It is thought that an acid

microenvironment exists close to the ECM or that

inflammatory cells generate an environment of

sufficiently low pH to allow proteolytic activity.

Cathepsin B is a lysosomal cysteine protease which

is active at acidic pH. It is secreted by cancer

cells as a 40 kDa proenzyme and requires a pepsin -

like enzyme to produce the 25 kDa active form.

Cathepsin B was first shown to degrade matrix

proteins such as type 1 collagen, laminin, and

proteoglycans in the early 1970s (Burleigh et al.,

1974, Morrison et al., 1973, Roughley and Barrett,

1977). This enzyme is active at acidic pH. Since

Cathepsin B activates latent type 1 collagenase its

activity on the ECM may be amplified by its

activation of metalloproteases.

Cathepsin D is an acidic protease found in the

lysosomes of most cells especially phagocytic cells

(Werb, 1988). Again, like the other lysosomal

; protectees it is secreted as a proenzyme and the 52

kDa molecule can be autoactivated at acidic pH to
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give a 48 kDa species which is then broken down to

34 kDa and 14 kDa forms.

Since the medium conditioned by chick embryonic

tissue displayed protein breakdown as identified by

polyacrylamide gel electrophoresis and change in

activity, a research programme was instituted to

identify proteolytic activity within this medium.

Proteolytic activity is identified using

polyacrylamide gels containing known substrates of

proteases as described in 4.2.

A single proteolytic activity was discovered. This

enzyme was purified to investigate its nature and

role.
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4.2 METHODS

4.21 IDENTIFICATION AND ISOLATION OF PROTEOLYTIC
ACTIVITY.

4.22 PURIFICATION OF PROTEASE

Preparative polyacrylamide gel electrophoresis, in

a 15% resolving gel with a buffer system, according

to Laemmli, was performed as in the case of an

analytical gel , except that spacers of 3mm

thickness were used.

Each gel was loaded with 3ml of head conditioned

medium which had been dissolved in glycerol and

water.

Electrophoresis was carried out at a constant

current of 250 mA for 4.5h. After the run, a narrow

vertical strip was cut from one end of the gel, the

remaining part of the gel was stored at 4°C. The

strip was assayed to detect proteolytic activity

according to the method of Foltmann et al. 1985.

The gel strip was first treated with 2.5% Triton -

X-100 for 30min.to remove the SDS and then

equilibrated with lOraM Tris HC1 pH 7.5 for 2h. The

protease was detected by laying the strip on an

agarose gel containing 1% skimmed milk powder as

the substrate. After incubation for 6h at 37°C, the

proteolytic activity was detected as clear bands in

a white agarose background. The section of the gel

corresponding to the proteolytic activity was

removed from the remaining part of the gel and

finely chopped in lOmM TrisHCl pH7.5. The proteins
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were eluted overnight at 4°C with constant

agitation.

4.23 DETERMINATION OF MOLECULAR WEIGHT

The molecular weight was determined by comparing

the migration of the purified protease to that of

protein standards on SDS-PAGE gels. The sample was

mixed with an egual volume of sample buffer.

Following electrophoresis the gel was stained with

either amido black or silver nitrate.

4.24 DETERMINATION OF OPTIMUM pH

A total of 100 ul of the purified protease (8

ug/100 ul) was added to the assay mixtures

containing 500 ul (0.lg/ml) of azocasein,

solubilized in one of the following buffers : 0.5M

acetate buffer (pH 4.0 - 5.5) ; 0.5M phosphate

buffer (pH 5.5 - 8.0) ; 0.5M Tris HC1 buffer (pH

7.0 - 9.0), or 0.5M bicarbonate buffer (pH 9.0 -

11.0). The reaction was terminated after an

incubation of 5h at 37°C by adding 500 ul of 20 %

trichloroacetic acid and centrifuging at 12,000 x g

for 5 min. The trichloroacetic acid soluble

material was mixed with 150 ul of 6N NaOH and the

absorbance was read at 375nm. Separate blanks were

run for each pH step. The effect of pH on the

denaturation of the protease was determined by by

the azocasein assay. In this case the enzyme was

incubated for 3h at room temperature in the buffers

described above before incubation with the

substrate at pH 7.0.
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4.25 DETERMINATION OF OPTIMUM TEMPERATURE AND
HEAT STABILITY

The optimum temperature for enzyme activity was

determined by the azocasein assay at pH 7.0 in

50mM tris hydrochloride buffer carried out at 25,

30, 37,45 and 60°C. The temperature stability was

measured as described above, except that the

protease was incubated at various temperatures for

30 min before enzyme activity was measured.

4.26 EFFECT OF INHIBITORS ON THE PROTEOLYTIC
ACTIVITY

Protease activity was measured in the presence of

various known protease inhibitors: EDTA;

phenylmethylsulphonyl fluoride (PMSF); SDS; 2-

mercaptoethanol; dithiothreitol (DTT); aprotinin;

pepstatin; MgCl2; CaCl; 1,10 Phenanthroline; L-

trans-epoxysuccinyl-leucylamido-(4-guanidino)

butane or E-64. The enzyme was preincubated for

30min at 37°C in the presence of the inhibitor. The

substrate azocasein (500ul, 0.lg/ml) was then added

to the mixture and this was incubated for a further

5h at 37°C. The activity was measured and compared

to that of the control by the azocasein assay.
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4.3 RESULTS

4.31 IDENTIFICATION OF PROTEASE

Medium conditioned by chick embryonic tissue has

been demonstrated to possess a wide variety of

proteins with a range of molecular weights (Figure

3). Bovine serum albumin can be seen around 66,000

daltons and TGF-B at 25,000.

The protease was initially detected by

visualisation on a polyacrylamide gel with the

substrate gelatin incorporated. Gels were

incubated at 37°C and over a range pH values. A

single proteolytic activity was observed upon

amido black staining only when the gel was

incubated at pH7.5, The activity was detected as a

clear band against a black background(Figure 4 ).

This single activity was present in the embryo

from first to the eighth day of incubation at

37°C. Table 4 shows the amount of protease

present from day 4 to day 8. Earlier stages were

impossible to use for purification due to the tiny

amount of material available. For purification of

the protease from the gel, gelatin was not

incorporated; instead the protease was detected by

laying a strip of the gel containing the

electrophoresed sample on an agarose plate with 1%



Figure 4 A single proteolytic activity

present in conditioned medium. A general

proteolytic substrate, gelatin, was

incorporated into a polyacrylamide gel

prior to the addition of conditioned

medium. Following eletrophoresis the gel

was stained with a 1% amido black

solution. The protease digested the

gelatin and showed up as white band

against a black background.



40.7 KDa
PROTEASE
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skimmed milk incorporated as the substrate. The

position of the protease was located since the

protease digests the milk substrate and a clear

band is observed.

To assess the temporal changes in protease

expression the changes in the amount of protease

produced needed to be monitored. This can be

achieved by preparing head conditioned medium from

several embryo stages, calculating the total

amount of protein present at each stage, purifying

the protease from each stage and calculating the

percentage of protease present as a whole. Once

the samples were purified they were weighed using

an analytical balance and the amount of protease

was determined using the Bradford protein

determination assay.

Protein loss was not calculated but since all

samples were subjected to the same procedure it

can be assumed that the protein loss is consistent

in all samples. From Table 4 it can be seen that

as the embryonic stage increases the amount of

protease present also increases. From the results

it can be seen that a semi-logarithmic plot of

total protein concentration versus time produces a

straight line (Figure 4.1)

This indicates that the total protein amount of

head conditioned medium increases exponentially.



Table 4 The amount of protease in

conditioned medium. The amount of

protease increases from day 4 embryos

day 8. As a percentage of the total

amount of protein present at each of

these stages, the amount of protease

remains relatively constant.



stage protein cone protein cone protease
(day) of purified of HCM as % of total

protease (ug/ml) cone
(ug/ml)

4 0.32 13.75 2.3 + 0.59

6 1.15 37.2 3.1+0.55

8 3.74 114.1 3.3 + 0.18



Figure 4.1 Log total protein

concentration of head conditioned medium

from embryos which are at stages 2 to 8

days of embryonic development.
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This is probably due to the increase in the amount

of material as the stage of the embryo increases.

The expression of the protease does not follow a

similar exponential path. The protease does not

seem to show any marked increase in amount between

4 and 8 days of embryonic development.

4.32 CHARACTERISATION OF THE PROTEASE

4.321 MOLECULAR WEIGHT DETERMINATION

When the purified protease from each of the

different stages of development were subject to

electrophoresis on a 15% polyacrylamide gel a

single protein band was found at 40.7KD

as visualised by silver staining (Figure 4.2). The

protease was not broken down by the reducing

agents Dithiothreitol and ^-mercaptoethanol, which
would split any disulphide bridges, indicating

that the protease exists as a single polypeptide

chain.

4.322 OPTIMUM PH DETERMINATION

The optimum pH at which the enzyme worked as

determined by the azocasein assay was found to be

pH7.5 (Figure 4.3). The protease was active over



Figure 4.2 A 40.7 kDa purified

protease from head conditoned medium.

The molecular weight markers (M.W.)

range from 14.2 to 66 kDa. Trypsinogen

(TRYP) is also observed with a molecular

weight of 24 kDa.



TRYP M.W. PROTEASE M.W.(KDa)



Figure 4.3 Optimium pH of 7.5 for

proteolytic activity of the enzyme

isolated from conditioned medium. The

activity was assayed for by using the

substrate azocasein and detecting any

change spectrophotometrically.



% Relative Activity

pH
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the pH range 7.0 to 8.5. To assess the pH at which

the enzyme was denatured the protease was

preincubated at various pHs for 3h at room

temperature and then mixed with the substrate

azocasein. From Figure 4.4 the only pHs which led

to denaturation of enzyme activity were pH 4, 4.5,

5 and 9.5 i.e. extremes of pH. The enzyme showed

no activity towards the substrate at these pH

values. The protease therefore functioned at

physiological pH. The enzyme was still active when

left at room temperature for several hours

indicating that it is very stable.

4.323 OPTIMUM TEMPERATURE DETERMINATION

The optimum temperature at which the enzyme worked

was again determined by the azocasein assay and

the assay was carried out at pH7.5 (Figure 4.5).

The protease was added to the substrate and they

were incubated at 0, 15, 25, 37, 45 and 60°C. The

optimum temperature was found to be 37°C. From 0

to 25°C there was virtually no activity and from

45°C the activity was inhibited.

4.33 EFFECT OF INHIBITORS ON PROTEASE ACTIVITY.

Table 4.2 shows the effect of various inhibitors

on the activity of the protease. The blank is set



Figure 4.4 pH at which the proteolytic

activity was inhibited. Extremes of pH (

less than pH 5.0 and greater than pH 9)

resulted in inhibition of the

proteolytic activity.



% Relative Activity

pH



Figure 4.5 Optimum temperature for

proteolytic activity. The enzyme was

active from less than 5°C to about 50°C.

The optimum temperature for activity was

37°C. The activity was measured by the

ability of the enzyme to digest

azocasein and the change was measured

spectrophotometrically. The activity was

inhibited from about 45°C.



% Relative Activity
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to include the protease operating without any

inhibition and its activity is taken as 100%. From

Table 4.1 and Table 4,2 it can be seen that EDTA,

iodoacetate and CaCl2 inhibited the activity of

the enzyme.

EDTA is an inhibitor of metalloproteases. Another

inhibitor of metalloproteases, 1, 10,

phenanthroline did not markedly reduce the

activity of the protease. When the protease was

incubated with iodoacetate the amount of activity

dropped by almost 40% which strongly indicated a

cysteine protease. However, when L-trans-

epoxysuccinyl-leucylamido-(4-guanidino)-butane,

(E-64), which is an irreversible inhibitor of

cysteine proteases, was incubated with the enzyme

virtually no activity was lost.There was also

almost no loss in activity when PMSF or Aprotinin

were used as inhibitors indicating that the

protease did not belong to the serine class, and

since Pepstatin had no effect on activity, it

could be concluded that the enzyme did not contain

an aspartic residue at the active centre.

Table 4.2 represents the other factors which were

used to determine protease activity. SDS did not

appear to affect the activity even although it

would bind to the protein and distort the shape.

Mercaptoethanol and DTT resulted in an increase in



Table 4.1 Effect of inhibitors on

proteolytic activity. Values are

referred to as relative

activity,compared to value in absence of

inhibitors (considered as 100%

activity). Iodoacetate and EDTA are the

only inhibitors which produce any marked

reduction in proteolytic activity.



Inhibitor Concentration Nature
(mM)

% Relative
Activity

EDTA 20 Inhibits

metalloproteases
83 + 4.2

1,10 Phen
anthroline

10 Inhibits

metalloproteases
98 + 2.2

lodoacetate 10 Inhibits

cysteine proteases
63 + 3.9

E-64 10 inhibits

cysteine proteases
97 + 2.8

PMSF 10 Inhibits
serine proteases

95 + 2.9

Aprotinin 2 Inhibits
serine proteases

95 ± 2.8

Pepstatin 2 Inhibits

aspartic proteases
98: ± 3.0



Table 4.2 Response of protease

activity to various factors. Values are

referred to as relative activity,

compared to value in absence of

inhibitors (considered as 100%

activity). DTT, mercaptoethanol and

MgCl2 all lead to an increase in

activity and CaCl2 leads to a decrease.



Factor Concentration
(mM)

Nature % Relative
Activity

SDS 20 Distorts

protein shape
99 + 7.0

DTT 20 Breaks
S-S bonds

112 ± 3.6

Mercapto
ethanol

20 Breaks
S-S bonds

116 + 1.4

MgCI2 2 Required by
particular protease

105 ± 5.3

CaCl2 2 Required by
particular protease

-J co 1+ 6.9



activity. MgCl2 did not appear to affect the

activity.
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4.4 DISCUSSION

During the course of work which involved

identifying TGF-|3, it was suspected, due to the
visual breakdown of proteins as observed during

polyacrylamide gel electrophoresis, that

proteolytic action might be taking place within the

conditioned medium.

Using gelatin, a general proteolytic substrate

incorporated into a polyacrylamide gel, a single

proteolytic activity was identified. This enzyme

was active under physiological conditions and

appeared to exist as a single polypeptide chain of

molecular weight 40.7 kDa after one dimensional gel

electrophoresis and isoelectric focussing.

It seems very likely that inhibitors are very

important in the control of proteases. It is also

possible that changes in protease activities in

cells are due to changes in the inhibitor rather

than the protease. Any attempt to understand the

biological role for a proteolytic enzyme must take

into account the possible existence of inhibitors.

Inhibitors can therefore be used to determine what

type of protease is present within the developing

embryo and may give an insight into how the

protease functions.

EDTA decreased the activity of the protease and

this therefore suggested that the enzyme was of the

metallo protease class. EDTA is also an excellent

chelator of Ca2+. This ion is required by several

proteases for activity, including those of the
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cysteine class. Another inhibitor of

metalloproteases, 1, 10, phenanthroline did not

reduce the activity of the protease markedly. This

would indicate that EDTA chelated Ca2+ and that it

was this ion which was required by the protease for

activity. Since iodoacetate reduced the activity of

the protease this indicated a cysteine protease.

However, when E-64 was incubated with the enzyme

virtually no activity was lost. E-64 is a non¬

competitive irreversible inhibitor of cysteine

proteases and is insensitive to pH between 5 and 9.

E-64 is specific for the active site of the

cysteine protease whereas iodoacetate will bind to

any structural S-H group. Another indication that

the protease could be of the cysteine class was

when the protease was incubated with CaCl2. Some

cysteine proteases require Ca2+ for activity but

will undergo autolysis in the presence of a higher

than normal calcium concentration. This was the

effect observed when CaCl2 was added to the

protease.

There was almost no loss in activity when PMSF or

Aprotinin were used as inhibitors indicating that

the protease did not belong to the serine class,

and since Pepstatin had no effect on activity, it

could be concluded that the enzyme did not contain

an aspartic residue at the active centre.

SDS did not appear to affect the activity even

although it would bind to the protein and distort

the shape. SDS cannot therefore affect the activity
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of the enzyme even if it can alter the shape. This

could be because the active centre is not on the

surface of the molecule. Mercaptoethanol and DTT

resulted in an increase in activity probably

because they would break disulphide bridges and

make the active centre more acessible to the

substrate. MgCl2 did not appear to affect the

activity.

The protease therefore does not fit into any of the

four main classes of proteases. Since the protease

is produced by the early embryo it is thought that

it may play a role in developmental events.



CHAPTER 5 THE EFFECT OF HEAT TREATMENT

AND THE NOVEL PROTEASE ON TGF-B LATENCY
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5■1 INTRODUCTION

This chapter investigates the activation of TGF-|3
from its latent form. The role the proteolytic

enzyme isolated from conditioned medium may have on

TGF-^3 processing was of particular interest.

Latency is observed in many growth factors and

proteins. Proteolytic enzymes play important roles

in the activation of many inactive species to

active ones by selective cleavages that are

normally very specific. For instance, FGF is

initially synthesised as a 155 amino acid precursor

molecule (Jaye et al., 1986) before proteolytic

cleavage converts it into its active form. Latency

is also observed for proteolytic factors. Cathepsin

D, an aspartyl protease found in lysosomes, is

synthesised as a 52 kDa promolecule, and is

autoactivated at acidic pH. Latency in proteins

seems essential so that the active, intact molecule

can reach its site of action.

For a review on latent TGF-^5 refer to chapter 1.
Below is an account of proteolytic involvement in

the activation of latent TGF-J3.

5.11 EVIDENCE OF PROTEOLYTIC INVOLVEMENT IN THE
ACTIVATION OF TGF-p

A latent TGF-J3 complex is released by platelets
when they are stimulated to degranulate by thrombin

(Wakefield et al., 1988). Latent TGF-J3 is found in
many tissues and released by many cells in culture
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(Roberts et al.;1982 ; Lawrence et al., 1984). In

its latent form TGF-j3 may be buried within the
complex because it is not recognised by anti-TGF-£l
antibody.

The complex has been proposed to be a delivery

system for TGF-|3.
The latent TGF-|3 is activated by acid environments
and by proteolytic action as occurs during blood

clotting, during wound healing or foetal

development.

TGF-J3 may be activated by proteases released into
the wound area by cells that had been stimulated to

proliferate by growth factors such as PDGF, FGF,

and EGF.

Both serine and thiol proteases are released in

response to stimulation by these growth factors.

Plasmin, a neutral serine protease, which is most

commonly associated with the proteolytic breakdown

of fibrin clots (Astrup, 1975), and an other serine

protease, plasminogen activator (PA), degrade

extracellular matrix proteins and therefore play a

role in tumour invasion, ovulation and matrix

remodeling during development (Balian et al.,1979 ;

O'Grady et al., 1981).

The Lysosomal protease Cathepsin D is proposed to

be involved in the release of active growth factors

from precursors (Lyons et al.,1988).

Lyons et al., 1988 suggested that cell-associated

proteases were likely candidates in the activation

of latent TGF-£. Plasmin and Cathepsin D were found
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to generate 25kDa bands in fibroblast conditioned

medium. These bands corresponded to the active form

of TGJr-B as demonstrated by immunoprecipitation

analysis of radiolabeled cell-conditioned medium.

Elastase and thrombin and other cell-associated

proteases did not produce 25kDa bands in the

medium. Plasmin was found by Lyons to activate the

same pool of latent TGF-^ as that activated at pH
4.5. Such mild acid conditions would not be

expected to cleave the Arg-Arg site that must be

cleaved for TGF-^ processing (Derynck et al.,
1985). Therefore, plasmin activation is probably

mediated at another site. The possibility that

plasmin functions as a physiological regulator of

TGF-|3 was supported by the observations which

showed TGF-ji as a regulator of extracellular PA
activity. TGF-J3 enhanced the production of
endothelial-type PA inhibitor (Laiho et al., 1986)

and decreased the mRNA levels and extracellular

activity of urokinase- type PA in cultured lung

fibroblasts (Keski-Oja et al., 1988). This was

thought to provide a negative feedback control

mechanism.

The pathway proposed for the mechanism is that

Cell-derived plasminogen activators convert

plasminogen to plasmin which in turn activate TGF-

allowing binding to specific cell surface

receptors. Among other subsequent biological

effects, TGF-JJ increased the production the
production of endothelial-type PA inhibitor and
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decreased PA levels resulting in lower PA activity,

less plasmin production, and diminished activation

of TGF-^3. Proof of this mechanism would require
purification of the latent form of TGF-£ as well as

examination of cell membrane and extracellular

matrix preparations for TGF-jJ activating capability
followed by purification of molecules responsible

for such activity.

Since the presence of TGF-j3 has been confirmed in
conditioned medium (Chapter 3) and a latent form

has been reported in many tissues (Lawrence et

al.,1985), the presence of this inactive molecule

was sought. The technique of Densitomet ry which is

described in Chapter 2, is used to determine if the

amount of TGF-J3 increases upon heat treatment and
if higher molecular weight complexes are broken

down.

Fractions of conditioned medium which did not

contain the TGF-|3 band were purified from

polyacrylamide gels. All protein bands above the

25kDa band were heat treated. These were then

assayed for AIG activity using a microwell assay

(described in Chapter 2) to determine if TGF-^S had
indeed been formed due to the heat treatment.

The proteolytic activity, characterised in Chapter

4 was incubated with the high molecular weight

fractions to determine if this is the enzyme invivo

which activates TGF-fe. This proteolytic activity
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occurs in the same regions of the embryo as TGF-jB
and at the same stages of development.
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5.2 RESULTS

5.21 EFFECT OF HEAT TREATMENT ON CONDITIONED

MEDIUM

5.211 DENSITOMETER ANALYSIS

Various polyacrylamide gels were run containing

head conditioned medium subjected to heat treatment

and reducing conditions. These gels were then

scanned using the densitometer to determine if heat

treatment increased the amount of TGF-J3 present and
decreased the higher molecular weight bands.

In the absence of reducing agents head conditioned

medium which was heat treated contained more TGF-ji
(Figure 5). When conditioned medium was reduced to

yield the 12.5kDa forms and then heat treated the

25 kDa form reappeared indicating that it was

formed from a higher molecular weight complex. Heat

treatment decreased the amount of proteins in the

molecular weight range 60-70 kDa (Figure 5.1) and

increased lower molecular weight bands (Figure

5.2) .

5.212 MICROWELL ANALYSIS

Medium conditioned by the presence of chick

embryonic tissue showed the ability to initiate

anchorage independent growth (AIG) in NRK cells.

The addition of EGF enhanced this effect (Table 5).



Figure 5 Densitometer scans of heat-

treated and non heat-treated conditioned

medium. When conditioned medium was

heat-treated the TGF-p band (25 kDa )
increased in amount.



heat treated
conditioned
medium

conditioned
medium



Figure 5.1 Densitometer scans of high

molecular proteins of conditioned

medium. When conditioned medium was

heat-treated proteins with molecular

weights of about 66 kDa were broken

down.
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Figure 5.2 Densitometer scans of low

molecular weight proteins of conditioned

medium. When conditioned medium was

heat-treated proteins such as TGF-J3
increased in amount.
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Table 5 Effect of heat treatment on

conditioned medium. Colony numbers

obtained with conditioned medium, heat-

treated conditioned medium (CM) and

control medium. The assay was conducted

in the presence of NRK cells. The

results are given as the mean of five

replicates, with standard deviations in

brackets. Conditioned medium produces

colonies in the absence of any

additional growth factors but this

activity is removed upon heat-treatment.

Heat-treated conditioned medium in the

presence of EGF produces a greater

number of colonies than non heat-treated

conditioned medium with EGF. This effect

is significant since heat-treated

conditioned medium is in the presence of

0.2ng/ml of EGF rather than lng/ml. At

0.2ng/ml EGF the number of colonies

produced by heat-treated conditioned

medium is at the limits of the assay.

It was suggested that a

TGF-|$ like molecule was present.



Without With added With added
supplements TGF-B EGF

(Ing/ml)

Conditioned
medium

Heat-treated
CM

Control
medium

40.0 (4.5)

0.0 (0)

0.0 (0)

6.6 (1.8)

0.0 (0)

0.0 (0)

93.2 (8.3)
(Ing/ml)

103.0 (21.9)
(0.2ng/ml)

42.7 (6.7)
(Ing/ml)
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The primary AIG promoting effect was removed by

heating conditioned medium to 100°C for 3 min. The

heat treatment of conditioned medium resulted in a

significant increase on the synergistic effect of

conditioned medium on EGF. The EGF concentration

for heat-treated conditioned medium was 0.2ng/ml

and lng/ml for non-heat-treated medium. In the

presence of 0.2ng/ml EGF the number of colonies

produced by heat-treated conditioned medium was at

the limits of the assay.

This suggested that conditioned medium contained a

TGF-|i like molecule which was heat stable and upon
heat treatment its activity was enhanced.

To determine if heat treatment resulted in the

breakdown of latent TGF-J3, fractions of molecular
weight > 25 kDa were purified from conditioned

medium and assayed for AIG (Figure 5.3).

It was observed in the presence of EGF the fraction

heat treated resulted in an increase in colony

number and without EGF there were virtually no

colonies. A similar fraction which was not heat

treated did not produce a significant effect in the

presence of EGF, unlike whole conditioned medium.

This indicated that there was a significant

increase in colony numbers between the heat and

non-heat treated fractions in the presence of EGF

and that the primary AIG effect of conditioned

medium must be in the molecular weight range less

than 25kDa.



Figure 5.3 The colony promoting

activity of all the proteins above 25

kDa. Proteins above the position of TGF-

p were eluted from a polyacrylamide gel
and assayed for anchorage independent

growth in the presence of NRK-49F cells.

EGF was present at 1 ng/ml. In the

absence of EGF both heat and non-heat

treated fractions did not produce any

colonies. In the presence of EGF the

heat-treated fraction produced an

increased number of colonies.



Average colony no.

+ EGF +EGF



Figure 5.4 The colony promoting

properties of proteins less than 25 kDa.

The protein bands less than 25 kDa were

eluted from a polyacrylamide gel and the

colony promoting activity was measured

in the presence of NRK cells. In the

presence and absence of EGF both heat-

treated and non- heat-treated fractions

did not produce colonies. EGF was

present at 1 ng/ml.



20 i Average colony no.

1 0 -
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To determine if this primary effect was present in

the molecular weight range less than 25KDa

fractions purified from the gel were assayed in the

microwell assay for AIG. No response was observed

in the absence of EGF.

5.22 EFFECT OF THE 40.7kDa PROTEASE ISOLATED FROM

CHICK HEAD CONDITIONED MEDIUM ON AIG

The most effective way to determine if the protease

isolated from conditioned medium had any role in

the activation of latent TGF-B, was to incubate the

protease with conditioned medium and then assay in

the microwell assay.

The proteolytic enzyme had no effect on AIG in the

absence of any additional growth factors. The

affect of the protease on activation of TGF-B was

first studied in whole conditioned medium. From

Figure 5.5 it was observed that the protease had no

effect on the colony promoting activity of EGF. The

protease was incubated with heat-treated and non-

heat-treated conditioned medium with no change in

their colony promoting properties. In the presence

of EGF there were virtually no differences between

the number of colonies when heat-treated and non-

heat-treated conditioned medium were incubated with

the protease (Figure 5.6). It was therefore



Figure 5.5 The effect of the protease

from condit'oned medium on the colony

promoting ativity of EGF. The protease

(P) had no effect on EGF when assayed in

the presence of NRK cells.



Average colony no.



Figure 5.6 The effect of the protease

isolated from conditioned medium on the

colony promoting activity of conditioned

medium. The protease (P) had no effect

on heat- treated conditioned medium (ht

CM) or non heat-treated conditioned

medium (nht CM) when they were assayed

for AIG in the presence of NRK cells.

There was no difference in the colonies

for heat-treated and non-heat-treated

conditioned medium, in the presence of

EGF and protease, indicating that the

protease did not activate latent TGF-J3.
The protease was present at 10 ug/ml and

EGF at lng/ml.



Average colony no.

+ P +P +P + P
+ EGF + EGF
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concluded that the protease had no effect on

converting latent TGF-^ into its active form.
The sample purified from the gel which included all

proteins of molecular weight > 25KDa were also

tested for AIG in the presence of the protease

(Figure 5.7). Colonies were again not affected when

the protease was mixed with heat or non-heat

treated fractions. The ability to promote AIG was

not destroyed by the protease unlike the effects of

other proteolytic enzymes such as trypsin which

removed the EGF enhancing effect (data not shown).

5.23 EFFECT OF PROTEASE ON ACTIVE TGF—

The proteolytic enzyme did not alter the response

of TGF-j} in the microwell assay (Figure 5.8). From
Figure 5.8 it was also observed not to have any

effect on the EGF enhancing effect on TGF-jB. The
enzyme therefore was not involved in converting

latent TGF-^ into its active form or in the
breakdown of active TGF-fe.



Figure 5.7 The effect of the

proteolytic enzyme on the colony

promoting activity of high molecular

weight proteins purified from

polyacrylamide gels. The protease (P)

did not produce any difference on the

EGF enha^ing effect of both heat-treated

(ht > 25 kDa) and non heat-treated (nht

> 25 kDa) fractions, indicating it did

not convert latent TGF-^ into its active
form.
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Figure 5.8 The effect of the

proteolytic enzyme on TGF-p.
The protease (P) did not eiffect TGF-p

when assayed in the presence of NRK

cells. It did not affect the EGF

enhancing properties on TGF-p.



Average colony no.
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5.3 DISCUSSION

Densitometer scans show that the amount of TGF-^
increased when conditioned medium was heat treated.

Heat treatment also decreased the amount of high

molecular weight proteins and increased lower

molecular weight ones. This indicated that TGF-p
was probably formed from the breakdown of a higher

molecular weight protein, despite previous work by

Miyazono et al., 1989 who demonstrated that heat

treatment did not activate latent TGF-B.

Confirmation of heat activation of latent TGF-^J was
studied in microwell assays for AIG, where high

molecular weight fractions isolated from

conditioned medium, which were heat-treated,

displayed TGF-^ activity in the presence of EGF.
These fractions did not display activity in the

absence of heat-treatment. This suggests that heat

treatment results in the production of TGF-B within

conditioned medium. The identity of the high

molecular weight latent form of TGF-^ was

investigated.

Very small amounts of the exported proteins with

high molecular weights were present in the

conditioned medium. It was not possible, therefore,

to scan for these proteins as they could barely be

seen on a polyacrylamide gel.

As mentioned earlier chick embryonic conditioned

medium has been demonstrated to possess a wide

variety of proteins, with a range of molecular
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weights. One such protein was identified, being

unigue in its possession of proteolytic activity

and is discussed in Chapter 4. The biological

significance of this protease seemed of some

interest. Within conditioned medium in addition to

TGF-^ there has been demonstrated the presence of a

labile, inactive pool of TGF-|3. If indeed TGF-|3 is
playing an important role in developmental

processes occuring in the early stages of the chick

embryo, regulation of its activity would be of

prime importance. The active TGF-|3 present in
conditioned medium had already undergone this

controlled activation. The discovery of the

proteolytic activity within conditioned medium was

therefore of importance in assessing any role it

might play in the modulation of TGF-^J activity
invivo.

The mechanisms involved in the processing of growth

factors from their inactive export forms to the

active state in the extracellular environment

remains obscure. Proteolytic involvement has

repeatedly been postulated but in vivo evidence for

their existence has so far been lacking. It was

thought that this new protease may belong to this

class of growth factor processing enzymes.

However, the protease isolated from conditioned

medium did not increase the amount of TGF-J3 present
in conditioned medium and therefore did not

activate the latent complex of TGF-fe.



102

Finally since both the protease and TGF-^ were
active at the same temporal span of development,

the effect of the protease on the active TGF-|3
molecule was investigated . Commercially purified

TGF-B was incubated with the protease and the

colony promoting activity of TGF-J3 was

investigated. Latent TGF-^ was assumed not to be
present in the commercially purified TGF-^ sample
and therefore could not be processed to produce any

additional TGF-|3. The proteolytic enzyme did not
alter the colony promoting activity of TGF-^ in the
presence of EGF. The protease was not therefore

involved in the clearance of activated TGF-|3 from
the cell.

In conclusion active TGF-|i has been identified in
chick embryonic conditioned medium and its amount

increased upon heat treatment of this media

indicating that it was formed from the breakdown of

a higher molecular weight fraction.

The identification of a proteolytic activity within

the same temporal span as TGF-|3 suggested a

processing role for this enzyme. It was shown,

however not to be involved in the activation of

latent TGF-fe or TGF-fe breakdown.



CHAPTER 6 THE PROTEOLYTIC PROPERTIES

OF GROWTH FACTORS
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6.1 INTRODUCTION

In this Chapter the proteolytic properties of

commercially purified growth factors Qfe explored.

Below is an account of various proteins with known

growth factor activity and growth factors which

contain proteolytic activity. This emphasises the

complexity of assessing the effect of growth factor

or proteolytic action on each other.

6.11 PROTEINS WITH GROWTH FACTOR PROPERTIES.

' discovered that proteases such as

trypsin, pronase and ficin were able to initiate

DNA synthesis and cell proliferation. The mitogenic

action of trypsin was confirmed in a number of

investigations in the 1970s. It was observed that

when trypsin was added to cultures of

nonproliferating secondary chick embryo fibroblasts

there was an increase in DNA synthesis, mitosis and

a twofold increase in cell number. In 1975 Chen and

Buchanan reported that the addition of purified

thrombin to non proliferating cultures of secondary

chick embryo fibroblasts stimulated DNA synthesis

and cell division. Thrombin also stimulates the

proliferation of cultured nondividing normal human

fibroblasts, secondary mouse embryo fibroblasts and

Chinese hamster lung cells.

Other studies have indicated that proteins

associated with the extracellular matrix have
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growth factor activity. Laminin, which is a

multidomain glycoprotein, has mitogenic

activity for 3T3 cells and PAM212 cells ((Panayotou

et al., 1989). This study was controlled for EGF

contamination and demonstrated that macromolecules

from the matrix can directly induce localized cell

proliferation in developing tissues.

Cathepsin D which is an aspartyl protease

associated with the extracellular matrix (Capony et

al., 1987). This protein is secreted by oestrogen

treated MCF7 human breast cancer cells and is

produced by oestrogen receptor-negative breast

carcinoma cell lines (Rochefort et al., 1987). The

cathepsin D mRNA and protein are induced in

oestrogen receptor-positive cells by treatment with

oestrogens and high doses of androgens, but not by

glucocorticoids or progestins. Anti-oestrogens

inhibit DNA synthesis and block induction of the

protein. It has therefore been reported that

Cathepsin D may be a mitogen for human breast

cancer cells. Mechanisms for the protease mediated

mitogenesis have been proposed. These include the

release of growth factors from precursors which are

mediated by the protease or that Cathepsin D can

act on cells directly via specific receptors, as in

the case of thrombin.

Growth factor like activity was also found for

fibronectin, another important matrix protein.

Fibroblast replication is regulated by exogenous

signals provided by growth factors, mediators that
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interact with the target cell surface and signal

the cell to proliferate. Growth factors can be

grouped into two types, competence or progression

factors. Competence factors such as FGF or PDGF act

early in the G1 phase and render the cells

responsive to progression factors. Progression

factors such as insulin and insulin-like growth

factors act in late G1 and signal the cell to

continue through the cell cycle and replicate.

Bitterman et al., 1983 has suggested that the

extracellular matrix can replace the reguirements

for a competence factor in certain cell types.

Fibronectin has been shown to stimulate fibroblast

replication in a dose dependent manner in the

presence of a fixed dose of a progression factor.

Fibronectin also signalled growth arrested

fibroblasts to traverse G1 and come closer to S

phase. These observations suggest that fibronectin

may provide at least one of the signals by which

the matrix conveys the "competence" that allows

fibroblasts to replicate in the presence of an

appropriate progression signal.

Martin and Timpl, 1987 also demonstrated that

laminin contained growth factor-like activity, by

stimulating cell movement.The results indicated

that laminin was chemotactic when in solution and

haptotactic when on surfaces but in either form is

able to guide cell movement.

Another protein of the matrix, Thrombospondin,

which mediates cell to cell and cell to matrix
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interactions, has been shown to contain an amino

acid region with close homology to EGF (Majack et

al., 1986).

6.12 GROWTH FACTORS WITH PROTEOLYTIC PROPERTIES

The biologically active NGF molecule consists of

two identical 13 kDa polypeptide chains. This dimer

is stored in an inactive form and has the subunit

structure of (alpha,gamma, beta )2• The gamma

subunit is a proteolytic enzyme whereas the alpha

subunit inhibits this protease. NGF is synthesized

as a prohormone containing the alpha and beta

subunits and is then cleaved to produce the active

form by the gamma subunit.

EGF is also isolated as a high molecular weight

complex and is associated with a specific arginine

enteropeptidase known as the EGF binding protein.

In the presence of this protease EGF has increased

mitogenic activity, There have been no reports

indicating that EGF has proteolytic activity. There

have also been studies carried out on the

proteolytic activites of FGF, IGF and PDGF but they

have not been conclusive.

Therefore, although many proteins and proteolytic

enzymes have been identified as promoting growth

factor like activity, no growth factor has been

shown to display proteolytic activity. NGF has been

demonstrated to possess a subunit of its structure
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which is proteolytic but its only function is in

the processing of NGF.

This Chapter looks at the proteolytic properties of

commercially purified growth factors by measuring

their response to the substrates azocasein and

azoalbumin spectrophotometrically (as described in

the method section-6.2). From this the optimum

concentration at which the growth factor displays

proteolytic activity can be determined.

The effect these growth factors have on the

proteolytic activity of the protease is also

investigated by incubating the components with the

protease, as described in section 6.2, and then

assaying for activity in the azocasein assay.

Protease-like structures within growth factors have

not been sought for growth factors and the activity

of these structures ha$ not been investigated

before.
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6.2 METHODS

6.21 EFFECT OF VARIOUS PROTEINS ON THE ACTIVITY OF
THE PROTEASE

The protease 7.6mg/ml was incubated with a number

of proteins : head conditioned medium; TGF-B; EGF;

bFGF; glycoprotein mixture , for lh . Since all of
in

the samples tested were in solution ^ serum free
medium, the protease was also incubated with this

as a control. Following this hour the mixture was

then incubated with the azocasein and incubated for

a further 5h. The samples were then subject to the

azocasein assay as before.
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6.3 RESULTS

6.31 OPTIMUM ACTIVITY OF PROTEINS OF CONTITIONED

MEDIUM

6.311 OPTIMUM CONCENTRATION FOR ACTIVITY FOR THE

PROTEASE

Increasing amounts of protease were incubated with

azocasein substrate (Figure 6). As the enzyme

concentration increases the amount of azocasein

broken down increases until the amount of enzyme is

too great for the amount of substrate.

At lOug/ml of protease the amount of breakdown of

substrate is at its greatest.

6.312 OPTIMUM PROTEOLYTIC ACTIVITY OF TGF-B

TGF-B showed proteolytic activity when assayed in

the presence of azocasein or azoalbumin . It did

not show any of this activity when assayed with

casein or gelatin directly on a polyacrylamide gel.

From Figure 6.1 it was seen that the proteolytic

activity of TGF-Ji increased until about 5ng/ml and
then the activity levelled.

6.313 OPTIMUM PROTEOLYTIC ACTIVITY OF EGF

EGF also displayed proteolytic activity when

assayed in the presence of the substrates azocasein



Figure 6 Optimum working concentration

of protease. The concentration at which

the protease was most active against

azocasein was 11 ug/ml. The response was

measured spectrophotometrically at

optical density 375 nm.
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Figure 6.1 Optimum proteolytic

concentration of TGF-p. The
concentration at which TGF-|3 was most
active proteolytically was 5 ng/ml as

determined by the azocasdn assay.
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and azoalbumin. The activity was still shown to be

increasing at about llng/ml of EGF (Figure 6.2).

EGF could not be detected on a polyacrylamide gel

in the presence of casein or gelatin. .

6.314 DOSE RESPONSE OF OTHER FACTORS

It was impossible to determine an optimum working

concentration with head conditioned medium and the

glycoprotein mixture because both contained many

proteins, each of which would have their own

optimum concentration for activity.

6.32 PROTEOLYTIC ACTIVITY OF CHICK TISSUE.

Whole embryos were mixed with 200ul of serum free

medium and the cells were broken into by sonicating

for lOmin. The activity was detected by running the

whole extract on a polyacrylamide gel and then

laying the gel on an agarose gel with skimmed milk

incorporated. The entire gel turned clear upon

incubation with the gel containing the

electrophoresed whole embryo indicating that it

contained many proteases.

The same process was carried out on heads of the

chick embryo. Again the entire gel containing the

skimmed milk substrate turned clear.

6.33 PROTEOLYTIC ACTIVITY OF COMMERCIALLY PURIFIED
GROWTH FACTORS



Figure 6.2 Optimum proteolytic

concentration of EGF. The concentration

at which EGF was most active

proteolytically was not determined. It

was still increasing at 11 ng/ml when

assayed in the azocasein assay.
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TGF-J3, EGF and FGF all displayed proteolytic
activity when assayed in the presence of azocasein

or azoalbumin (Figure 6.3). At a concentration of

5ng/ml TGF-J3 contained the most activity followed
by EGF and FGF. Head conditioned medium also

contained this activity (Figure 6.3).

6.34 EFFECT OF GROWTH FACTORS ON THE PROTEOLYTIC
ACTIVITY OF THE PROTEASE.

The samples tested were incubated with the

proteolytic enzyme in the presence of excess

substrate. When TGF-p was mixed with the protease
the activity was that of the protease alone. TGF-p
displayed 30% more activity than the protease when

incubated alone.

A similar picture was seen when EGF and FGF were

mixed with the protease prior to assaying for

proteolytic activity (Figures 6.4, 6.5 and 6.6).

For EGF the activity dropped to below that of

either EGF or the protease when these two factors

were incubated prior to assaying for proteolytic

activity. In the case of FGF the response when it

was mixed with the protease was the same as that of

the growth factor in the absence of protease.

Conditioned medium (Figure 6.7) together with the

protease produced a response slightly greater than

either the protease or conditioned medium.

The values represented by EX are the expected

results if the growth factors and protease had no

effect on each other.



Figure 6.3 Proteolytic activity of

commercially purified growth factors and

conditioned medium. Conditioned medium

(CM), TGF-p, EGF, FGF and conditioned
medium all displayed activity. All

samples were present at 5 ng/ml.
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Figure 6.4 Effect of TGF-p on
proteolytic activity. TGF-J3 contained
30% more proteolytic activity than the

protease (P). The expected response (EX)

if the two proteins had no effect on

each other, was that of the protease

plus that of TGF-£. This was not
observed.
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Figure 6.5 The effect of EGF on

proteolytic activity. The protease (P)

and EGF were incubated together prior to

assaying for activity. Together they

produced a response which was less than

that of either EGF or the protease. The

expected result (EX), in the presence of

excess substrate, was that of protease

plus that of EGF.



Absorbance (375 nm)

EGF EGF(EX)



Figure 6.6 The effect of FGF on

proteolytic activity. The protease (P)

and FGF were incubated together prior to

assaying for activity. Together they

produced a response which was the same

as that for FGF alone. The expected

result (EX), in the presence of excess

substrate, was that of protease plus

that of FGF.



FGF FGF(EX)



Figure 6.7 The effect of conditioned

medium on proteolytic activity. The

protease (P) and conditioned medium (CM)

were incubated together prior to

assaying for activity. Together they

produced a response which was slightly

more than either protease or conditioned

medium alone. The expected result (EX),

in the presence of excess substrate, was

that of protease plus that of CM.



Absorbance (375 nm)
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6.4 DISCUSSION

A role for the proteolytic enzyme was further

investigated. The effect the protease had on growth

factors which are known or expected to be present

in conditioned medium was looked at. During the

investigation TGF-J3 displayed proteolytic activity.
The proteolytic activity of other growth factors

was investigated.

TGF-p, EGF and FGF displayed proteolytic activity
towards the substrates azocasein and azoalbumin.

Conditioned medium also contained proteolytic

activity. The proteolytic components of the latent

forms of growth factors have been looked at

(Stryer, 1981) but suprisingly the proteolytic

properties of active growth factors have not been

recorded.

TGF-|J contained the greatest activity towards the
substrates. All the growth factors tested were

active at pH 7.5 and at 37°C.
The proteolytic activity of conditioned medium

could be an additive effect of the proteolytic

activity of growth factors present in conditioned

medium.

The addition of these growth factors to the

protease therefore made analysis of the results

more complicated.

If the protease and TGF-fe had no effect upon each

other the activity observed would be that of TGF-|3
plus that of the protease (Figure 6.4). The same
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would be expected for all the other factors tested

(Figures 6.5, 6.6).

The protease purified from the conditioned medium

is solely a proteolytic enzyme since it was

detected by traditional proteolytic detection

methods. The commercial growth factors and probably

the growth factors present in conditioned medium

likely contain a proteolytic subunit. Under the

correct conditions these growth factors display

proteolytic activity rather than growth factor

activity.

Since the growth factors and the protease displayed

proteolytic activity it was unclear which protein

affected the other. Excess substrate was used and

time for reaction was not a limiting factor. It is

proposed that the protease plays some part in

growth factor processing but from this assay it is

not clear whether it is the growth factor or the

protease which is processing the other.

It may be that when growth factors such as TGF-^,
EGF and FGF are present in the same environment as

the protease, an inhibitory effect occurs where

either the growth factors or the proteases activity

is reduced. This may function as a control

mechanism to slow down various biological events.

The spatial and temporal distribution of TGF-J3 and
the proteolytic enzyme isolated from chick

conditioned medium, indicate that these two factors

are probably involved in the regulation of some

event in the developing chick. Both have been
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demonstrated to possess proteolytic activity. The

activity isolated from conditioned medium has been

shown to be active against a wide range of

proteolytic substrates and is easily visualised on

polyacrylamide gel. TGF-p and other growth factors
were not visualised on polyacrylamide gels but were

shown to contain proteolytic activity toward

azocasein and azoalbumin. Since it is only exported

proteins which are present in the medium it is

possible that more of the proteolytic enzyme was

exported between 4 and 8 days of development than

any other component.

When a whole embryo fraction was stained for

proteolytic activity the entire gel was digested

indicating that many of these proteins were not

present in the conditioned medium or were present

in such small amounts that they could not be

detected (6.32) .

Since all the growth factors tested contained

proteolytic activity and since it has been

described that some growth factors can inhibit and

others stimulate proteases, it is impossible to say

from the method adopted what the effect is. It is

possible to say that protease and all the growth

factors tested did result in a drop in the expected

activity.



CHAPTER 7 AN INVESTIGATION iNTO THE

PRIMARY ANCHORAGE INDEPENDENT GROWTH

PROMOTING RESPONSE OF CONDITIONED MEDIUM
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7.1 INTRODUCTION

One of the initial aims of the project was to

explore the nature of the proteins of conditioned

medium involved in Anchorage Independent Growth

particularly the protein which produced an

Anchorage Independent Growth promoting response in

the absence of any additional growth factors.

Medium conditioned by chick embryonic tissue

contains at least two different growth factors with

transforming activity. One of these has been

identified as TGF-^ and the other component has
been described as a heat labile glycoprotein which

has TGF-alrlike properties.

Conditioned medium promotes anchorage independent

growth in NRK-49F cells in the absence of added EGF

and this primary growth promoting effect is removed

by heating conditioned medium to 100°C (Smith and

McLachlan, 1990). This primary effect in

conditioned medium can be detected as early as the

intermediate primitive streak stage (Hamburger and

Hamilton stage 3) and is present in all the stages

tested up to Hamburger and Hamilton stage 27. Most

of this primary anchorage independent growth

promoting activity is found at the cranial end of

the main body axis, in the region of the developing

brain. This effect is removed partially but not

entirely by lOKDa and 30KDa molecular weight

exclusion filters. It was identified as possessing

glycoprotein characteristics since conconavalin A
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beads incubated with conditioned medium removed its

activity.

This Chapter investigates the nature of the heat-

labile glycoprotein component of conditioned medium

which displays TGF-alpha like properties. Two

different approaches are used to purify the

^^glycoprotein component and are described in the

methods section. The glycoprotein components

obtained from the purification procedures are

analysed for the AIG promoting effect in the

microwell assay (described in Chapter 2).

Glycoproteins are detected visually using an

adaptation of polyacrylamide gel electrophoresis.

The proteolytic content of the glycoproteins is

then looked at since other components of

conditioned medium which were not expected to have

proteolytic activity displayed activity towards

azocasin and azoalbumin.
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7.2 METHODS

7.21 IDENTIFICATION OF THE PRIMARY EFFECT

7.211 PURIFICATION OF THE PRIMARY EFFECT WITHIN
THE CONDITIONED MEDIUM

Nylon fibre was firstly sterilised by placing in

oven at 130°C for 2h. This was then fitted into the

base of a sterile 5ml plastic syringe. The

conconavalin A was then poured on top of this and

the column was equilibrated using 0.01M Tris HC1

buffer, containing 0.1M NaCl pH7.5. To the nozzle

of the syringe a piece of plastic tubing, with an

adjustable clip controlled the flow of liquid. At

the top end of the syringe, a stopper with a piece

of tubing inserted connnected the column to the

resevoir buffer. The Head Conditioned Medium ( 2ml

) was added to the top end of the column and

allowed to run through by adjusting the clips at

the top and bottom of the column. Since the head

conditioned medium is pink in colour its passage

through the conconavalin A can be easily

visualised. Samples were collected immediately the

conditioned medium was added. Once the medium had

passed through the column, 5ml of methyl-a-

mannoside (0.1M) was added to the column and

allowed to pass through. Methyl-a- mannoside

cleaves the glycoproteins attached to the column.

A further 5ml of reservoir buffer was passed

through. Only four samples were collected: buffer

as soon as head conditioned medium was added;

remaining head conditioned medium which did not
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bind to the column; any proteins which were

released when the methyl-a- mannoside was added,

and the remaining proteins which detached from the

column when more reservoir buffer was added.

THe samples were then freeze-dried and redissolved

in a smaller volume of serum free medium. The

samples were then subject to the microwell assay.

7.22 DETECTION OF GLYCOPROTEINS FROM HEAD
CONDITIONED MEDIUM AND SAMPLES FROM CONCONAVALIN A
COLUMN

Head conditioned medium and the samples from the

conconavalin column were electrophoresed on a 15%

polyacrylamide gel for 3h. Following

electrophoresis the gel was immersed in 12.5% TCA

for 30 min. and then rinsed in distilled water for

30 sec. It was then immersed in 1% periodic/3%

acetic acid for 50min and left in distilled water

overnight. The following day the gel was immersed

in Schiffs reagent for 50min in a dark cupboard,

followed by 3x lOmin washes in 0.5% metabisulphite.

The excess stain in the gel can be removed by

several washes in distilled water. It can then be

stored in 5% acetic acid.

7.23 IDENTIFICATION OF THE PRIMARY EFFECT WITHIN
THE GLYCOPROTEIN MIXTURE.

All of the glycoprotein mixtures including head

conditioned medium were subject to the microwell

assay for anchorage independant growth. The three

glycoprotein samples collected from the
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conconavalin A column were assayed to determine if

they could promote anchorage independent growth

without the addition of any growth factors.
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7.3 RESULTS

7.31 PURIFICATION OF THE PRIMARY EFFECT

Two very different methods were employed to purify

the primary anchorage independent growth promoting

effect of conditioned medium. The first method

involved running polyacrylamide gels containing

conditioned medium and cutting strips of proteins

out and eluting directly from the gel by vigorous

shaking at 4°C in serum free medium. Fractions with

molecular weights greater than or equal to 25kDa

did not show the primary anchorage independent

effect but still produced the EGF enhancing effect.

Since earlier results had suggested that the

primary effect was in the molecular weight range of

about lOkDa, the fractions eluted from the gel with

molecular weights less than 25kDa were subject to

the microwell assay in the presence of NRK-49F

cells (Figure 5.4). There was no response observed

in the absence of EGF. The amount of protein

present in this fraction was found to be 253 ug/ml.

A second approach to purify this primary anchorage

growth promoting effect was employed. Since the

high temperatures of electrophoresis were thought

to have inactivated the effect the second method

was carried out entirely at 4°C. Conconavalin A

columns were constructed in sterile plastic

syringes and equlibrated. Conditioned medium was

freeze-dried and redissolved in small amounts of
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buffer before being applied to the column. The

passage of the medium through the column was easy

to follow since the medium was a pink colour.

Elution of the glycoproteins involved the addition

of a general enzyme to release the glycoprotein.

These collections were then analyzed in the

microwell assay. Three samples were collected. The

first sample collected contained all the head

conditioned medium which did not bind to the

column. The second sample contained all the

proteins which would have been released following

the addition of enzyme to cleave glycoproteins and

the third sample contained the proteins washed down

after the initial release of glycoproteins.

7.32 DETECTION OF PRIMARY AIG EFFECT

The three samples collected from the conconavalin A

column were assayed for anchorage independence in

the microwell assay in the presence of NRK-49F

cells (Figure 7).

When head conditioned medium was run down the

column the sample collected did not possess the

primary growth promoting effect indicating that it

was bound to the column. When the cleaving enzyme

was added, the glycoprotein with the primary effect

was released and when assayed it produced colonies

in the absence of EGF. When more buffer was added

to the column more of this primary effect was

released. The fraction containing the primary

promoting growth effect was not enhanced to produce



Figure 7 The primary anchorage

independent growth promoting properties

of the glycoprotein components of

conditioned medium. Samples collected

from a conconavalin A column were

assayed for colony promoting activity in

the presence of NRK cells. Head

conditioned medium was run through the

column (A) to allow the glycoproteins to

bind. The fraction collected (A)

contained TGF-J3 and was enhanced to
produce colonies in the presence of EGF.

When the cleaving enzyme was applied to

the column the primary response was

released as represented by B and C.



Average colony no.

SAMPLES FROM CON A COLUMN
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more colonies in the presence of EGF. The first

sample released from the column, which contained

head conditioned medium without the glycoprotein

content, produced an increased number of colonies

in the presence of EGF. This implied that TGF-B had

not bound to the column. This sample did not

produce the same amount of colonies as whole

conditioned medium. This again indicated that the

primary effect had been separated from the EGF

enhancing effect.

To further purify the primary effect from all the

other glycoproteins the sample containing the

greatest amount of primary anchorage independent

growth was applied to another conconavalin A column

and the steps in the purification were repeated.

This time eleven sepujrate samples were collected

and each was assayed for the primary effect (Figure

7.1). Some of the samples purified contained a very

small amount of the effect but this effect was not

as obvious when bulk samples were collected. This

indicated that the primary anchorage independent

growth promoting effect of conditioned medium is

not the result of a single glycoprotein but rather

a combination of two or more.

7.33 VISUAL IDENTIFICATION OF GLYCOPROTEINS

An adaptation of the standard SDS-polyacrylamide

gel electrophoresis procedure was undertaken to



Figure 7.1 Further purification of the

primary effect. The sample containing

most of the the primary producing effect

was added to a conconavalin A column and

11 fractions were collected (1 - 11) and

assayed for colony promoting activity.

They majority of the samples produced

v^y small responses, which implied that

more than one protein was required to

produce the primary response.



Average colony no.

Sample from con A column
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identify glycoproteins only. This method uses a dye

which binds only to proteins with carbohydrate

components. The fractions isolated from the

conconavalin A column were applied to the gel

electrophoresed and stained. No glycoproteins could

be visualised. Whole conditioned medium was

therefore subject to the same procedure. A number

of very faint bands were observed. This again

emphasises the difficulty in applying standard

biochemical technigues to very small amounts of

material. From the polyacrylamide gels it is

obvious that glycoproteins are present within the

conditioned medium from about lOkDa in molecular

weight to about 70kDa.

These results therefore suggest that the primary

anchorage independent growth effect is due to

glycoprotein activity but not that of just one

glycoprotein.

7.34 PROTEOLYTIC ACTIVITY OF GLYCOPROTEIN MIXTURE

Out of interest the glycoprotein mixture containing

the primary growth promoting response was tested

for proteolytic activity. A dose response curve

could not be constructed since more than one

protein was present. Proteolytic activity was

identified (Figure 7.2) and this suggests that the

glycoproteins involved in anchorage independent

growth also contain proteolytic activity.



Figure 7.2 The proteolytic activity of the glycoprotein

mixture isolated from conditioned medium. The glycoprotein

mixture (GLYC) contained proteolytic activity.



Absorbance (375 nm)
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7.4 DISCUSSION

Earlier evidence identified the primary AIG

promoting response of conditioned medium as a heat

labile, trypsin sensitive charged glycoprotein

(Smith and McLachlan, 1990). This protein did not

appear to be EGF, since it stimulates AIG in NR6

cells which lack functional EGF receptors and is

inhibited rather than promoted by additional TGF-^.
It does not compete with radiolabelled EGF for EGF-

receptor sites on 3T3 cells. This primary effect

could not be due to TGF-a( as the above arguments

for EGF also apply to TGF-a(. In addition TGjr-a^ is

heat stab le.

FGF-like growth factors have transforming activity

(Rappolee et al., 1988). AIG is not stimulated in

NRK cells either by acidic FGF or basic FGF or both

together. FGF also reduces the AIG response of NRK

cells to EGF. bFGF induces additional AIG in NR6

cells but this activity is removed by ant-bFGF,

while the corresponding activity of conditioned

medium is not. FGF does not appear to be the major

component of the primary AIG effect.

PDGF has also been ruled out since it is heat

stable (Assoian et al., 1984).

This primary response was not produced by fractions

isolated from polyacrylamide gels. Initially it was

thought that since during polyacrylamide gel

electrophoresis there is a temperature increase

this may have been responsible for inactivating the
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effect. However the temperature never reaches 100°C
which is the temperature at which the activity is

destroyed. The second reason put forward to explain

why there was no effect produced from these

purified low molecular weight fractions was that

more than one factor was required and it had a

molecular weight greater than 25 kDa. This

reasoning appeared to hold true when conditioned

medium was run down a conconavalin A column and

bulk fractions were collected. The glycoproteins

released from the column together produced the

primary anchorage independent growth promoting

effect. This response was not due to the presence
.» : r

of TGF-£ since this .came, feKrocwh co\un\fl ft^ST CtOcJ
enhanana effect.

the glycoproteins .spntaining the primary effect

were further separated only a few of the fractions

contained a trace of the effect. This demonstrated

that more than one glycoprotein was required to

produce this growth promoting effect. One of these

proteins may be the major contributor but requires

the presence of one or more glycoproteins for

activity.

The glycoprotein mixture isolated from conditioned

medium which contained the primary anchorage

independent growth promoting effect also displayed

proteolytic activity.

The proteolytic activity that the glycoprotein

mixture displays may be important in its promotion
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of growth, by activating or deactivating events in

the growth process.



CHAPTER 8 CONCLUSIONS
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Medium conditioned by chick embryonic tissue

contains many diverse secreted proteins such as

growth factors, proteolytic enzymes and

glycoproteins which display various biological

activities.

The identification of the growth factor TGF-^ in
the medium was the first aim of the project.

Through polyacrylamide gel electrophoresis and

densitometer analysis TGF-|3 was identified as a 25

kDa protein and composed of 12.5 kDa subunits. Four

regions of the embryo were examined for TGF-p
activity. The head, wing buds, leg buds and tail

buds were used to make conditioned medium and they

were all tested for the amount of TGF-j3 they

possessed. The ratio of TGF-|3 in the head, wing,
leg and tail regions of the embryo was 1 : 1.3 :

1.9 : 1.8, respectively. These results suggest that

the head secretes more TGF-^ because it is a larger
tissue. These results do not establish whether a

spatial distribution of the growth factor exists in

the chick embryo.

Initial studies by Macintyre et al., 1988 on

transverse strips of stage 14 chick embryos did not

reveal any distal-caudal distribution of TGF-^.
However, it was demonstrated by Heine et al., 1987

that in the mouse embryo TGF-J3 was expressed in a
spatial pattern. This study did not establish,

however, whether TGF-J3 was produced in these

regions in addition to being expressed. The

presence of the inactive TGF-fe complex needs to be
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established since the presence of this complex

implies that TGF-^ is being generated.
The TGF-B present in conditioned medium has been

shown to be formed from the breakdown of higher

molecular weight proteins indicating that an

inactive complex is present.

Early in the investigation a single proteolytic

activity was discovered in conditioned medium.

Gelatin, incorporated into a polyacrylamide gel,

provided a means of assessing the presence of

proteolytic activity. In the presence of the

protease, gelatin was digested and when the gel was

stained with amido black the digestion showed up as

a clear band against a black background.

Since this was only a single activity it was

suggested that it possessed an important

developmental role. Following purification,

characterization of this enzyme revealed it was

most active at physiological temperature and a pH

of 7.5. To determine the class of protease, the

enzyme was incubated with a range of inhibitors.

From these investigations the enzyme was found not

to belong to the four main classes of protease

which are cysteine proteases, metallo proteases,

aspartic proteases and serine proteases. This

therefore suggested a novel enzyme.

The only other known proteolytic enzymes associated

with development are those concerned with the

extracellular matrix. The identification of
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proteases concerned with the matrix has led to the

discovery of an even wider range of events involved

in embryonic development. The enzyme isolated from

conditioned medium was not one of the serine

proteases associated with the matrix. These

proteases (plasmin, plasminogen, and plasminogen

activators) were ruled out since although they are

active at neutral pH, their inhibitors, PMSF and

Aprotinin did not result in any loss of activity

for the protease from conditioned medium.

It was also thought that this enzyme could belong

to the metalloproteases associated with the matrix.

Collagenase with a molecular weight of 42 kDa and

active at neutral pH seemeed the most likely

possibilty. However, collagenase is inhibited by 1,

10 phenanthroline, a general inhibitor of metallo

proteases and the enzyme isolated from conditioned

medium is not.

It is also unlikely that the protease belongs to

the lysosomal family of matrix enzymes since they

all reguire an acidic environment for activity and

the conditioned medium enzyme is not functioning at

its maximium activity under acidic conditions.

It was thought that many of these proteolytic

enzymes associated with matrix remodelling and

architecture would be found in conditioned medium.

This was not observed. Many proteolytic enzymes

were present in the whole tissue since when the

polyacrylamide gel containing the whole embryo

extract was placed on an agarose gel with casein
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incorporated, the entire agarose gel turned clear,

indicating proteolytic digestion. The enzymes

associated with the matrix may be present in

conditioned medium in such small amounts that they

cannot be detected by the methods used.

The amount of the protease present in head

conditioned medium remained constant between stages

14 and 22 (Hamburger and Hamilton stages). These

were the only stages tested for activity. Between

these stages the head region of the embryo

undergoes many developmental processes including

the development of the brain and the eye. The

presence of the proteolytic enzyme at these stages

may suggest an important role for it in brain or

eye development. However, other stages and regions

need to be tested to determine if the amount of

protease remains constant throughout embryonic

development or there are times of increased or

decreased activity. The amount of growth factors

present in the embryo are known to be spatially and

temporally regulated. The level of FGF remains

constant from days 2-6 of development and then it

increases. By day 13 the embryo contains an

increased amount of FGF. By regulating the amount

of FGF the embryo can delay the onset of some

processes and stimulate others.

The proteolytic enzyme and TGF-p, for the stages
tested, occurred over the same temporal span. This

suggested a possible role for the enzyme in TGF-^
processing.
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The proteolytic enzyme did not activate latent TGF-

B within conditioned medium and it did not degrade

active TGF-|3. The proteolytic enzyme was not
therefore the in vivo molecule which activated TGF-

B at its site of action and was not involved in the

clearance of active TGF-|3 from the cell.

A further role for the proteolytic enzyme was

pursued. Commercially purified growth factors were

incubated with the protease and their effect on its

proteolytic activity was investigated. The assay

used was sensitive to slight changes in protein

amount. The results proved difficult to interpret

since the growth factors tested, namely TGF-^, FGF
and EGF, displayed proteolytic activity. Previous

work has looked for the presence of proteolytic

activity in growth factors through amino acid

analysis of their precursors. There appears to be

no records of growth factors being subject to

proteolytic methods of assessing activity. For

these three growth factors it seems that

proteolytic activity is a general feature of their

make up.

When the growth factors were incubated with the

protease and the activity was measured in the

presence of excess substrate an effect was evident

for all the factors tested. From the assay used it

is unclear which component affected the activity of

the other.
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Since three very different growth factors produce a

change in proteolytic response in the presence of

the enzyme isolated from conditioned medium, it is

possible that the protease has a more general role

in the development of the chick embryo than

expected.

It cannot be ruled out that it is the growth

factors which are regulating the activity of the

protease. In developmental systems there have been

many reports on growth factor regulation of

proteolytic activity but not of proteolytic

regulation of growth factor action.

For example there have been many cases reporting

the increase in plasminogen activator secretion by

EGF (Lee and Weinstein, 1978; Eaton and Baker,

1983; Jetten and Goldfarb, 1983; Hamilton et al.,

1984; «). EGF has also been

shown to increase the stimulation of plasminogen

activator (Laiho et al., 1986). TGF-|3 induces
plasminogen activator-1 (Laiho et al., 1987).

Interstitial collagenase and stromelysin are

induced by PDGF, EGF (Kerr et al., 1988) and

interleukin-1 (Frisch and Ruley, 1987). TGF-^ has
an inhibitory effect on stromelysin (Matrisian et

al., 1985).Madri et al., 1988 demonstrated that

TGF-^ is involved in protease production during
angiogenesis.

In mammalian development regulation of proteolytic

enzymes by growth factors is seen during embryo

implantation. The migration of the blastocyst
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through the uterine stroma depends on the action of

proteolytic enzymes, especially metalloproteases.

Brenner et al., 1989 have suggested that most

embryonic proteolytic enzymes are metalloproteases.

By altering the temperature and pH of the assay,

the effect of the growth factors and the protease

on each other may be elucidated. The effect of the

growth factors on one particular protein can be

different in different cellular environments. By

incubating the protease and growth factors under

acidic conditions, any effect observed would be due

to the growth factor since the protease is inactive

under acidic conditions.

From previous work on proteins and proteolytic

enzymes, it is clear that growth factor research

and proteolytic systems are both required for

normal development.

One of the initial aims of the project was to

explore the nature of the primary growth promoting

effect of conditioned medium. This effect did not

require any additional growth factors for activity

and was destroyed by heat treatment. It was also

shown not to be EGF, TGF-alpha, FGF or PDGF.

Since this effect has been shown to be removed by

conconavalin A beads it contains glycoprotein

activity.

This activity was expected to be the result of a

low molecular weight activity since the activity
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was removed by 10 kDa and 30 kDa molecular weight

exclusion filters.

Purification of low molecular weight proteins from

conditioned medium did not produce the anchorage

independent growth response when the samples were

assayed in a microwell assay in the presence of NRK

49F cells. Conconavalin A columns separated the

activity down to a group of proteins. Further

separation of these proteins resulted in reduced

amounts of activity. This indicated that probably

more than one glycoprotein was reguired to produce

the primary growth response.

Of the glycoproteins known to be present in the

developing embryo many are produced as a result of

growth factor action indicating the network of

activities occuring in the developing embryo.

Out of interest the glycoprotein mixture which

produced the anchorage independent growth promoting

response was tested for proteolytic activity and it

was discovered that it possessed proteolytic

activity.

This is also seen for Cathepsin L which is a 39 kDa

secreted glycoprotein and contains acid protease

activity. It has a broad substrate specificity (Gal

and Gottesman, 1986). In human tissues Cathepsin L

is the cysteine protease with the greatest activity

against collagen and proteoglycans and can degrade

collagen. EGF and FGF can raise the levels of this

glycoprotein and TGF-^ can decrease the levels.
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Cathepsin L emphasises the complexity of a single

glycoprotein in the developing embryo.

The developing embryo therefore secretes many

proteins which possess more than one type of

activity. This multi activity characteristic of

many of the proteins of the chick embryo may be

necessary in the interests of economy. The numerous

processes occuring in the developing chick involve

many energy consuming processes. By producing

proteins with more than one function, more than one

activity and different activities in different

environments, the embryo conserves energy.

The four main aims of the project were :

(1) Identification and quantification of TGF-B in

medium conditioned by chick embryonic tissue; (2)

Exploration and characterisation of a novel

proteolytic activity discovered early in the

experimental work; (3) An investigation into the

role of this proteolytic enzyme in TGF-jj
processing, and mechanisms of activation of latent

TGF-|3. The proteolytic properties of other growth
factors was also investigated, and (4) The

exploration of the Anchorage Independent Growth

(AIG) promoting properties of Conditioned Medium.

Of these aims TGF-^3 has been identified and

quantified. The protease has been characterised and

it has been shown not to belong to any of the Known

classes of protease. A role for it has not yet been
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identified. From this investigation it looks as if

more than one glycoprotein is reguired to produce

the primary response. The nature of the primary

effect has not yet been identified.

FURTHER RESEARCH

The proteolytic enzyme isolated from conditioned

medium is currently being sequenced. Once the

sequence is known, sequence homologies will be

sought through the use of a data base, in the

expectation that this will shed light on its

functions and evolutionary relationships. Knowledge

of the sequence will also allow the identification

of functional elements within the structure which

control its activity. This may provide insights

into the natural substrate and action of the

molecule.

The spatial and temporal distribution of the enzyme

can be explored using polyclonal antibodies. The

substrate specificity of the protease will also be

investigated using chromogenic peptides to

determine the cleavage site of the enzyme.
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