
 

 

University of St Andrews 
 
 

 
 
 
 

  

 

 
Full metadata for this thesis is available in                                      

St Andrews Research Repository 
at: 

http://research-repository.st-andrews.ac.uk/ 
 

 
 
 
 

 
This thesis is protected by original copyright 

 
 

http://research-repository.st-andrews.ac.uk/


ISOLATION AND CHARACTERISATION OF MICROFIBRILLAR PROTEINS

FROM BOVINE LIGAMENTUM NUCHAE AND OCULAR ZONULE

A thesis presented

by

EMIL SALEEM SHEHADEH

The University of St. Andrews,

in application for the degree of a

MASTER OF SCIENCE

University of St. Andrews,

Department of Biochemistry,

North Street,

St. Andrews,

Scotland. August 1985



 



ACKNOWLEDGEMENTS

I would like to thank Professor Augusto Serafini-Fracassini

for his supervision. I would also like to express my

gratitude to Mrs. Anna Jaques and Mr. Bryon Jagues for

most valuable advice and assistance relating to the

various methods followed in this project, to Mr. Jim Hunter

for indispensable assistance in technical matters, and to

Mr. B. Precious for assistance with fluorography.



DECLARATION

I hereby declare that the following thesis is based

on work carried out by ir, e, that the thesis is my own

composition, and that no part of it has been presented

previously for a higher degree.

The research was conducted in the Department of
<

Biochemistry and Microbiology, United College of

St. Salvator and St. Leonard, University of St. Andrews,

under the direction of Professor Augusto Serafini-Fracassini.



ABBREVIATIONS

AHA Aged human aorta

BLN Bovine ligamentum nuchae

BOZ Bovine ocular zonule

DEAE Diethyl amino ethyl

DTE Dithioerythritol

DTT Dithiothreito1

EAM E1astin-associated microfibrils

EDTA Ethy1enediamine-tetraacetic acid

FCA Freund's complete adjuvant

FIA Freund's incomplete adjuvant

FITC Fluorescein isothiocyanate

GuHCl Guanidine hydrochloride

MF Microfibrils

NEM N-ethylmaleimide

NRS Normal rabbit serum

PAG Polyacrylamide gel

PAGE Polyacrylamide gel electrophoresis

PMSF Phenylmethyl sulphonyIfluoride

PPO 2,5-Dipheny1oxaso1e

PTA Phosphotungstic acid

SDS Sodium dodecyl sulphate

TBA Trout bulbus arteriosus

TEMED Tetramethylethylenediamine



CONTENTS

Page No.

1. INTRODUCTION 2

1.1. Definition 2

1.2. U1trastructura1 studies ^

1.2.1 Classification according to 2 '
diameter

1.2.2 Classification according to 2
staining properties

1.2.3 The two-component theory of 3
elastic tissue

1.2.4 Morphology of ocular zonule 7

1.2-5 The limitations of electron g
1 microscopy

1.3. Biochemical studies 9

1.3.1 Microfibrillar extracts 9

1.3.2 Cell culture P3

1.4. Immunohistochemical studies gg

1.5. Biochemical and immunological studies gg
on ocular zonule.

2. MATERIALS AND METHODS
21

2.1.Chemicals 21

2.2. Extraction of microfibrils from bovine 22
ligamentum nuchae (BLN)

2.3. Dissection of bovine ocular zonules 22

2.4. Extraction of microfibrils from bovine 23
ocular zonule

2.4.1 Streeten'b extraction protocol 23

2.4.2 Extraction with ATP 24

2.5. SDS po1yacry1 amide gel electrophoresis 25

2.6. Molecular weight determinations 27

2.7. Silver staining 28

2.8. Elution of protein bands from gel slices 29



Page No.

2.8.1. Microe1ectroelution 30

2.8.2 Electroelution 30

2.8.3 Passive elution 31

2791- Preparative electrophoresis 31

2.9.1 Pr e - e 1 e c t r ophor e s i s ,31

2.10. Protein estimation 32

2.10.1 Bradford's protein assay 32

2.10.2 Densitometry 32

2.11. Immunisation of rabbits 33

2.12. Peptide mapping by limited proteolysis 33

2.12.1 Digestion procedure for eluted ^4
p.r o t e i n s

12 5
2.13. Finger-printing of I tryptic-digests 34

2.13.1 Radioiodination by chloramine-T 34

2.13.2 Visualisation of bands on an 35

X-ray film

2.13.3 Cutting bands out of 35
acrylamide gel

2.13.4 Washing gel slices 36

2.13.5 Drying the gel slices 36

2.13.6 Tryptic digestion 36

2.13.7 Lycphi1isation 36

2.13.8 Two-dimension a], separation 37

2.13.8.1 High-voltage 37
chromatography

2.13.8.2 Ascending liquid 38
chromatography

2.13.9 Autoradiography 39

2.14. Fluorography
^

2.15. X-ray film developing



Page No.

3. RESULTS 51

3.1. SDS polyaerylamide gel electrophoresis 51

3.2. Protein isolation 52

3.3. Preparative gel electrophoresis 53

3.4. Adsorption of non-specific activity 55'
from Anti-A and Anti-B

3.5. Immunodiffusion 55

3.6. Western Blotting 56

3.7. Peptide Mapping ^

3.8 Transmission electron microscopy 65

3.9. Frozen sections
b /

4. DISCUSSION ' -
72

5. BIBLIOGRAPHY



i

INTRODUCTION



1 . INTRODUCTION

1.1. DEFINITION

The term "microfibril" was first coined by F.N. Low

(7. \(1961a) . It referred to fine extracellular fil'aments,

with a diameter of less than 20nm, which do not exhibit

the 64nm banding pattern that is typical of collagen. 'In

stained EN sections these filaments are seen either free in

the extracellular space or intertwining around collagen

( 1 *+ )
fibres or associated with elastic tissue/ 'They have also

been found in association with basement membranes.'115' Prior

to Low's definition fine extracellular filaments had first

been described by Jakus (1954) ' 5 4' , in the rat cornea.

Subsequent studies revealed the presence of similar micro¬

fibrils in the human cornea as well as the ocular components

of several other species ^55 57^ Other tissues were also

found to contain microfibrils such as reptilian skeletal

, (97) , ■ . ■ 3)
muscle , material isolated from marine sponges ,

bronchiolar tunica propria of mice ' 6 1 ' , experimental

granuloma in guinea pig '1 0' , striated musculature of

blood vessels '62' , chick embryo aorta '63' , human lung '",7'
, , (2) , ■ . (86+25)human heart , regenerating tenaons ,

( 1 L )
developing human aorta, tissue culture of mouse

( c c )
human skin

zonules '90^

epiglottis

nuchae and perioaental ligament. 3 0 ' 3 2'

1.2. ULTRASTRUCTURAL STUDIES

Much valuable research has been carried out with the

aim of finding a definition that would explain the



similarities as well as the dissimilarities amongst the

microfibrils found in the various tissues mentioned above.

1.2.1. Classification according to diameter.

On the basis of diameter Frederickson et a 1 . ( 1977) (32)

talk about three types of "microfibrils": (1) large : 18-20nia

(which are also susceptible to collagenase and believed "to

be precursors of unit collagen fibres), (2) small: about

lOnm first described as components of the elastic tissue.

(3) Thin filaments: 3-5nm which may be related to basement

membrane.

1.2.2. Classification according to staining properties.

On the basis of staining properties microfibrils fall into

three categories: (1) elastin associated microfibrils (EAM).

Under the EM elastic tissue has two components. In the

adult the main component is formed by amorphous material

which has an affinity to stains such as phosphotungstate.

The microfibrillar component which surrounds the amorphous

elastic component stains with lead, osmium and uranyl

acetate (30) . (2) Oxytalan: first described by Fullmer

( 3 3)
and Lillie 3 in the periodontal ligament of teeth. The

name derives from the filaments' resistance to strong acid.

They were shown to stain like elastic tissue with aldehyde

fuchsin, resorcin fuchsin and orcein stains, but only

following exposure to a strong oxidising agent. Oxytalan

was demonstrated in tendons, ligaments, fasciae, the

adventitial layer of blood vessels, periosteum and in the

connective tissue sheaths of nerve fibres. Hasegawa (1960) ^
showed the presence of similar fibres in the dermal-

(35)
epidermal junction of skin. (3) Elaunin: Gawlik (1965)

noted the presence of oxytalan-Iike fibrils in tendon and skin



These fibrils differed from oxytalan in that they stained

with orcein without prior exposure to oxidising agents.

An explanation to the relationship between the above

listed microfibrils was offered by Cotta-Pereira et a1.

(1976,78) 17+18Lho showed that typical elastic fibres

located in the reticular layer of the human dermis were *

continuous with elaunin which in turn were connected with

oxytalan fibres in the papillary dermis and derma 1-epiderma1

junction. The ratio between amorphous elastic tissue and

microfibrils increased with distance from superficial layers.
(34) (35)

Fullmer (1960) and Gawlik (1965) had already reported

the tendency for newly forming fetal elastic tissue to

exhibit oxytalan staning properties. On the basis of this

and their own observations Cotta-Pereira e t a 1. considered

the mechanism of action of the stains empirical, thus

depriving the terms "oxytalan" and "elaunin" of any structural

and functional significance. Instead, they proposed that the

three types of fibrils corresponded to consecutive stages

of normal e1 astogenesis.

1.2.3. The two-component theory of elastic tissue.

Kolpers (1944) ^ 1 ' 4 ^ first reported the presence of a fibrillar

substructure in elastic tissue fibres. However, such a

claim lay uncorroborated until, in 1949, Gross ^ 14 2 ) claimed

to demonstrate that elastic fibres were a two-component

( 2 1 )
system. After a challenge by Franchi and De Robertis (1951)

(14)
Gross himself withdrew his claims on the basis that the

filaments he had observed in 1949 were contaminating proteins

whose source was an impure brand of trypsin which he had used

to digest elastic tissue.



The "two-component" theory was revived in the following

year by Hall et al. (1952)who using a combined

chemical and u1trastructura1 approach, proposed that elastic

tissue consisted of a core of interlinked elastin filaments

circumscribed by a layer of elastin filaments cross-linked

to polysaccharides. This would explain the resistance *of

the outer component to elastase. More elastase-aigestion

studies were carried out, the most noteworthy of which was that
,20,

by Dempsey and Lansing (1954) who described a fine

fibrous component made visible in elastic fibres by elastase

digestion.

In 1955 , Rhodin and Dalhamn ' 9 3 ' provided significant

support to the "two-component" theory when they fixed rat

trachial mucosa with osmium and showed elastic fibres to

contain fine fibrils (7nm thick) surrounded by non-fibrous

"dense material". The fibrils were most obvious at the

periphery of elastic fibres and were longitudinally arranged.

A more convincing demonstration of microfibrils in

association with elastin came from Karrer's ' 6 1 ' work on

mouse trachia (1958) . Sections were fixed with osmium

tetroxide and stained with phosphotung stic acid. He showed

11nm filaments associated with the periphery of amorphous

elastic fibres. However, similar filaments were found

intermingled with collagen fibrils whilst others radiated

from the surface of fibroblasts. The filaments associated

with elastin were not beaded whereas the others were.

Karrer believed that elastic and collagenous fibres shared a

( 6 3 1
common basic filament. Karrer and Cox (1960) ' studied

e1 astin-associatea microfibrils in the thoracic aorta of



chick embryos. They noted that collagen fibrogenesis

preceded e1astogenesis. Moreover, they noted that the

"tiniest elastic fibres" were formed extrace11u1ar1y and

appeared in association with a homogeneous material (elastin).

In cross sections they noted granules surrounding the amorphous

material, which they interpreted as condensations of endo¬

plasmic reticulum and ribonuc1eoproteins . On later

examination of their micrographs it became clear that those

granules were cross-sections of EAM.

(07)
Pease and Paule (1960) studying phosphotungstate

(PTA) stained sections of muscular meningeal vessels of

young cats and adolescent monkeys, under the EM, made the

observation that darkly stained amorphous elastin contained

fine vesicular looking, pale-staining zones approximately

lOnm in diameter. Similar structures were observed on the

periphery of elastic fibres.

Until 1961, the only convincing demonstrations of EAM

were by Karrer. However, he failed to recognise these

microfibrils in cross section. It was Low who in 1961
<

undertook detailed studies resulting in the coining of the

name microfibrils. Subsequently Low and his co-workers

(Low, 1962 ^76,t Batting and Low, 1961 ^~^ , O'Connell and

Low, 1970 ^ 6 14 ' ) reported microfibrils to be arranged in a loose

felt-work fashion throughout tissue spaces. Basement

membranes were observed to be the site of microfibrillar

condensation. Using PTA staining, Low (1962) observed

that microfibrils had a dense outer shell with a lucid core.

Elastic tissue is not always arranged in fibres. In



blood vessels, especially the arteries, elastic tissue

takes on the form of a sheet, whose two sides, are associated

with mircofibrils. In 1965 ^ 4 6 ^ Haust e t a1. studying the

elastic component of fetal and adult human aorta reported

the existence of microfibrils morphologically identical to

those reported and defined by Low (1961a) . Like Low,

Haust et a 1. also observed that microfibrils made connections

with the basement membrane of smooth muscle cells of the tunica

media in the aorta, as well as with some collagen fibres.

She gave further support to the two-component (or two-phase)

theory of elastin, when she reported that elastic tissue con¬

tained many circular elements measuring 50-150nm in diameter,

the core of which was homogeneous and less electron dense

surrounded by an electron dense "elastic membrane" which was

in turn dotted regularly on the outside. To those circular

elements she gave the name "elastic units". The dots were

only recognised as EAM in oblique sections where they had a

diameter of lOnm. Less "elastic units" were present in the

adult than in fetal aorta. These units were most abundant

in proximity to the basement membrane of smooth muscle cells

in the tunica media of the aorta. In a later publication

of Haust (1965) she presented micrographs of microfibrils

in longitudinal section which exhibited a periodicity of

7 -14 nm. At high magnification the microfibrils appeared

to consist of tiny vesicles linked in a chain-like manner.

Owing to the structural complexity of the aorta and

skin, researchers interested in EAM sought a less complex

elastic tissue. Bovine ligamentum nuchae (BLN) combined

the two essential qualities of structural simplicity and



abundance of elastic tissue. It soon proved to be an ideal

model for the study of elastogenesis. A combination of

(52)
physical (Jackson, et a^. (1965) (chemical (Cleary, et al.

1966,67)^12^ ,histological (Wirtschaften, et a1 . 1967)^122^

immunological (Jackson, e t a 1■ 1966)^53^ and ultrastructural

(22)
study of this tissue (Fahrenbach, e t a 1 . 19 60) revealed

that the first ultrastructural sign of elastogenesis in the

BLN of the calf was the appearance of extracellular

accumulations of hollow-appearing filaments which lay adjacent

to the fibroblasts parallel to the long axis of the ligament.

They had an electron lucent core of about 3nm and measured

13-14nm in diameter^ At 0.5 gestation these filaments

represented most of the developing elastic tissue, with

minute quantities of the amorphous component being present.

The two components were closely associated. It was proposed

that the amorphous component appeared within clumps of

microfibrils which were therefore interpreted as 'pre-elastin

filaments', which in turn clumped together with elastic

bundles. Sma1ler. fi1 aments were observed in association with

collagen and were sometimes seen adjacent to elastic tissue.

They stained positively with Ruthenium Red indicating their
( e 0 )

protein-polysaccharide character. Meyer, e t a1. (1973,

( 1+ 3 )
1981) and Hay (197g) " confirmed these findings adding

to them the support of the filaments' susceptibility to

digestion by testicular hya1uronidase.

1.2.4. Morphology of ocular zonule

The ocular zonule is a transparent structure suspending the

eye lens from the ciliary body. It separates the aqueous

humor an'teriorly from the vitreous body posteriorly. Like

7



EAM the zonular microfibrils are ll-12nm in diameter

and have a beaded appearance in negatively stained

sections. However, unlike the EAM of the ligamentum nuchae

zonular microfibrils are not associated with elastin ( 1 1 2 » 3 1 3 )

Instead they are arranged in sheets or bundles. In this

r

respect zonular microfibrils resemble oxytalan which connects

the elastic complex of the skin to the epidermis. It is

hardly surprising then that zonular microfibrils and oxytalan

share the same staining properties ' 1 1 3 ^ _

1.2.5. The limitations of electron microscopy.

It is therefore obvious that a need exists for explaining

the possible relationships between all the above classified

microfibrils. Morphology alone is not sufficient.

Information obtained through electron microscopy could be

highly misleading due to some technicial limitations

such as: (1) tissue dehydration. This causes alteration of

the shape and location of molecular complexes. (2) Fixation

and embedding, both of which involve traumatic steps which

can cause some structural and conformational change. (3) At

higher magnification greater resolution is required which

necessitates cutting thinner sections. This casts doubt

on whether these sections are truly representative of the

tissue. Thinner sections are more vulnerable to damage by

electron beams. (4) Two dimentional images are used to build

up a three-dimentional picture. (5) Measurements of diameter

( 2 -- )
have an inbuilt error " . These measurements are obtained

from micrographs and based on magnification factors whose

relationship to the actual magnification is obscure. (6) The

ability of the tissue to bind stains. Results are net



always reproducible. On examining electron micrographs

Karrer ( 1958) and Haust (1965) '11 8' concluded that sections

of elastic tissue had unpredictable intensity of staining even

though sections belonged to the same block.
*

The shortcomings of electron microscopy highlighted

the need for additional methods to be employed in establishing

a clearer relationship between the various morphological

classes of microfibrils. The best studied sources of micro¬

fibrils are those from which microfibrils are most easily

extractable e.g. bovine ligamentum nuchae and ocular zonule.

1.3. BIOCHEMICAL STUDIES

Ligamentum nuchae was favoured by Ross and Bornstein

( 9 7 ) 1
(1969, 1970) as a source of microfibrils (MF) due to its

relatively acellular composition and abundance of elastic

tissue. The microfibrillar component had been shown to be

( 3 B )
more abundant in the embryonic tissue . In 1971

Ross showed MF to be the first component of the elastic unit

( 9 B )
to appear during fibrogenesis in tissue culture . As

time progresses the amorphous component increases while the
I

microfibrillar component decreases. In the adult BLN the

microfibrillar component is reduced to an anulus around the

elastic fibres. At times it is modestly present within the

elastic fibre. On average microfibrils account for 5-10%

of BLN dry-weight.

1.3.1. microfibrillar extracts

Ross and Bornstein chose to study the calf ligamentum nuchae

( 5 ^ months old). Up to then very few biochemical studies

of microfibrils had been undertaken owing to the inherent

attending their isolation and purification -



They were found to be highly insoluble unless reducing agents

were used in conjunction with strong chaotropic agents.

Initially they subjected the ligament to cleavage by collagenase,
*

a few washes in 5M guanidine hydrochloride and DTT. The

collagenase treated ligament was subjected to trypsin and
r

chymotrypsin. The resulting peptides were analysed and

shown to have a different amino acid composition from the

microfibrils of the supernatant. Their amino acid analysis

was compatible with an earlier analysis by Cleary, e t a 1.

(1967) who reported the relative abundance in MF of polar

amino acids (12) _ Their acidic nature explained the

affinity of MF for tationic stains such as uranyl acetate

and lead citrate. This was a perfect example of how

biochemical results explain morphological reports. The

amino acid analysis further showed that microfibrils were

distinctly different from elastin or collagen. Microfibrils

were shown to be resistant to collagenase and elastase but

susceptible to trypsin and chymotrypsin, and to reduction by

dithioerythritol (DTE). These properties were demonstrated

with e1ectromicrographs showing a reduced presence of

MF on subjection to trypsin/chymotrypsin and DTE. Controls were

also used for contrast.

Ross and Bornstein's protocol formed a prototype for

subsequent attempts at isolation and purification of MF. All

the subsequent studies are modifications of Ross and Bornstein's

protocol. Even Ross and Bornstein modified their own protocol

in 1970 with additional guanidine hydrochloride steps,

collagenase and SDS, prior to the final and crucial extraction

10 .



with DTE/GuHCl. DTE is essential due to the relatively

high content of cysteine (70-80 residues/1OOO) which tends to

form disulphide bonds thus rendering the MF insoluble

Later on Streeten used DTE in extracting zonular
*

microfibrils1111 ^ I n neither studies did Ross and Bornstein

undertake any gel e1ectrophoretic analysis nor did they use

enzyme inhibitions to prevent degradation by enzymes native

to the ligament. Despite the new findings of Ross and

Bornstein doubt was cast over the homogeneity of their

extract.

Wolff, et a1. , (1971) ^123^ using Ross and Bornstein's

(82)
protocol and Muir, e t a1 . , (1976) , reported a heterogenous

population of proteins of various molecular weights.

Muir maintained that this heterogeneity made impossible any

further characterization of the microfibrillar extract.

( 2 B )
However, Serafini-Fracassini (1975 ) , using Ross and

Bornstein's 1970 protocol isolated a 14,OOOd glycoprotein.

This was repeated in 1981 with the addition of protease

(29)inhibitors . A glycoprotein with an Mr = 34,OOO was
\

isolated. It had a different amino acid composition from the

earlier one and was called roicrofibrillin. It contained

hexose and hexosamines, an observation which had been made by

Ross and Bornstein 1970, and Morgan (1976). Fracassini'£

34,000d glycoprotein was the lightest of a number of proteins.

It was isolated in a pure form by preparative electrophoresis,

and was shown to possess a peptidy1-lysy1 oxidase activity.

The glycoprotein had a marked tendency to aggregate in the

absence of GuHCl and BME and was observed to precipitate from an

8M urea solution on addition of copper ions, followed by

11 .



dialysis in distilled water. EM pictures showed

"cylindrical tactoids" with a diameter of 10-llnm. On

this basis it was concluded that EAM had been successfully

isolated.

Kawaguchi (1982)also reported a 35,000 glycoprotein

isolated from BLN. The insoluble residue was extracted by

two different means: (1) with 6M GuHCl . (2) With 6M GuHCl

containing a reducing agent (2 OmM DTT) . Each of the two

extracts contained a glycoprotein which was called A in the

first extract and B in the second extract containing the DTT.

They were purified to homogeneity. SDS-acry1 amide electro¬

phoresis showed glycoproteins A and B to possess the same

apparent molecular weight. Kawaguchi noticed that the

composition as well as the M.Wt. of his glycoprotein were

similar to that reported by Serafini-Fracassini. In both studies

amino acid analysis showed many similarities. The two reports,

however, differed in that glycoproteins A and B contained some

hydroxyproline and hydroxylysine which were absent from Serafini-

Fracassini1s microfibrillin. On the basis of his success and

(13)
others', Cleary et al. (1981) in extracting a microfibrillar glyco¬

protein, without a reducing agent, he concluded that micro¬

fibrillar glycoproteins mi ay exist in the native tissue in

aggregated disulphide-bonded form (B) or in a non-aggregated

form (A) .

I n a-d dition to the various microfibrillar proteins

already mentioned Kewley, e t a 1. , (1977a) reported a 135Kc

glycoprotein isolated from BLN (using Ross and Bornstein's

protocol (2-ME) ) . Its amino acid composition was similar

to the microfibrillar protein of Ross and Bornstein. Another

, (36)
glycoprotein (14 0 K d) was isolated by Gibson and Cleary (1982)



from BLN as well as aorta. They called it "collagen like

glycoprotein" (CL glycoprotein). It was extracted without

any reducing agents relying mainly on GuHCl. The protein

contains hydroxypro1ine and hydroxylysine. Its amino acid
*

composition is unlike any of the known collagen types yet it

is sensitive to digestion by collagenase. Gibson and Cleary
e

concluded that the extract was not microfibrillar.

1.3.2. Cell Culture

The extraction procedures, so far followed, proved laborious

and yielded heterogeneous extracts, which were difficult to

purify. This was further complicated by the insolubility of

microfibrils. It was thought that cell cultures could
t

overstep most of the above procedures and yield a soluble

precursor, such as was the case with collagen and elastin

(tropoelastin), (Ross, 19 7 1, ^ 9 6 ^ , Abraham, 19 7 4, ^ 1 ^ , oakes et

(03)
a1. 1982, . Ross in 1971 demonstrated that guinea pig

aortic smooth muscle cells produced considerable quantities

of MF whose amino acid composition was similar to that

( e 2 )
of the microfibrillar protein. Muir e t a1 . (1976)

who had been unable to obtain a homogeneous extract by followin

Ross and Bornstein's protocol turned to monkey aortic smooth

muscle cells. Electron microscopic studies showed the cell

culture to contain large quantities of EAM, elastic fibres,

collagen and basement membrane. Cultures were incubated

3
with H cysteine. Ceil layers were extracted. On electro-

phoretic analysis it was shown that all extracts as well as

the cell medium contained a ^ H cystine labelled glycoprotein

with an apparent M.Wt. of 220-270Kd. However, the glyco-

1 3 .



protein exhibited features similar to those of "fibroblast

cell surface protein" (fibronectin). Burke and Ross 1979

have subsequently confirmed the association stating that

the glycoprotein was identical to fibronectin. Schwartz'101'1°2'
*

and her co-workers were no more successful although they have

managed to eliminate elastin and collagen by the absence
r

of ascorbic acid from the medium. This resulted in no

synthesis of elastin and collagen. They managed to isolate

two proteins (45,000; 200,000d), from cultures of calf aortic

smooth muscle cells. The smaller protein was identified as

actin. The larger reacted with antifibronectin antiserum.

Sear, e t a 1. , ( 1978,1981a) '1 03 ' 1 04^ used antibodies raised

against Kewley's 135Kd glycoprotein (MFP) (1977a) to detect

any possible immunological cross-reactivity with macromo1ecules

secreted by fetal calf ligamentum nuchae fibroblasts in culture.

The cultures were maintained under scorbutic conditions in order

to inhibit the synthesis of elastin and collagen, and

3
contained H fucose. Polyacrylamide gel electrophoresis

showed the presence of five fucosylated glycoproteins, two

of which were immunoprecipitated from labelled medium by the

anti "MFP" antibody mentioned above. Their apparent molecular

weights were 150,000d and 300,000d and they were called MFPI and

MFPII respectively. MFPI corresponded in e1ectrophoretic

mobility to one of the bands belonging to an extract of BLN

prepared according to Kewley (1977a). On the force of this

association it was proposed that MFPI was related to EAM.

Amino acid analysis carried out in subsequent studies by Sear

et al. , (1981b) ' 1 D5' contradicted this. MFPI appeared to have

14 .



hydroxyproline and hydroxylysine and was susceptible to

degradation by highly purified collagenase. In contrast,

MFPII contained no hydroxyproline and proved to be resistant

to collagenase. Ascorbate supplement seemed to boost the

synthesis of KFPI but did not affect MFPII synthesis in the

culture. Neither glycoprotein could be precipitated from

labelled medium by antifibronectin antiserum. It was

concluded that MFPI was a novel collagenous glycoprotein, which

by virtue of its reaction with Kewley's anti-MFP antibody

was presumed to be a component of EAM. However, it must be

mentioned that Kewley's antibodies which form the basis of the

above conclusions hpd not been adequately characterised as

will be shown later. The similarity between MFPI and

CL glycoprotein is significant.

(70)
Lamberg, e t a1. (1980) grew a cell culture of

fibroblasts from calf ligamentum nuchae. The extracted

protein had an electron microscopic appearance and an amino

acid analysis similar to the"microfibrillar protein" of Ross
(97)

and Bornstein (1969). The extract was susceptible to trypsin

but not to elastase or collagenase. No immunological

approach was adopted to further identify the extract.

So far amino acid analysis as well as susceptibility to

reducing agents have formed the main two criteria for

( 1 Li )
defining MF biochemically. However, i.n a review (1983)

Cleary and Gibson warned against using the former as a

criterion, since the amino acid analysis reported by Ross and
(97)

Bornstein (1969) for "microfibrillar protein" is what may be

expected of a mixture of proteins (Reeck and Fisher 1973) ( 9 1 ) .

As for the latter criterion, Cleary et al. (1981)



have indicated that MF progressively solubilised with

successive extractions using 6M GuHCl. This has been

corroborated by Sear, et a 1 . (1981b) ^105^ and Gibson (1982)^36^
Such shortcomings highlight the danger in relying solely

on biochemical means for identifying the microfibrillar

extract. They simultaneously point to the value of

immunohistochemistry.

1.4. IMMUNOHISTOCHEMICAL STUDIES

Despite its failure so far to identify extracts with

native microfibrils immunohistochemistry offers the best

promise of hope for solving the mystery surrounding the identity

The first attempt to employ immunology as a means of

establishing the identity of MF is that of Kewley, e t a1.
( 6 7)

(1977a) ,as previously mentioned whose extract was solublised

by 6 M GuHCl containing 0.1M 2-ME. PAGE analysis showed

the extract to be heterogeneous, with the most prominent

band possessing a K.Wt. of 135Kd, and reacting positively

with PAS. The amino acid analysis of the extract was similar

(97^
to that reported by Ross and Bornstein 19691 ' Using Shiver

(11 o )
and James method they raised a monospecific antibody.

Immunofluorescence showed partial binding to partially

purified elastic fibres. However, the reactivity vanished

after treatment with 2-ME. No reactivity was observed with

polymeric collagen which had been pepsin digested in order

to remove contaminating glycoprotein. EM work using direct

immunoperoxidase technique revealed an intense reaction with

EAM and a lesser but significant binding to collagen fibres.
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More inmunofluorescent studies were undertaken in order to

antibody localization in various tissues such as BLN, aorta,

fibres and basement membranes as well as to elastin fibres.

The results were interpreted as establishing an immunological

relationship between EAM and morphologically similar micro¬

fibrils .

The most recent attempt at establishing the identity of

microfibrils by immunohistochemica1 means was made by Prosser

( 8 8 ^
et a 1. , (1S84) ' who extracted microfibrils from fetal calf

ligamenturn nuchae after Kewley (1977a) with the difference

that he used protease inhibitor at all stages. A large

number of polypeptide bands were present in the penultimate

extract SGCGCG (i.e. prior to reduction). However, on

reduction the final extract (MAg) consisted of two major

bands which on PAGE had an apparent molecular weight of

210,000 and 160,000d. No attempt was made to elute the two

bands and use them as two independent antigens. Antibodies

were raised against the whole extract. The antibodies were

purified and with the use of immunodiffusion as well as

ELISA Anti-MAg was shown to have specific activity against EAM

with only minor activity against matrix antigens. The anti¬

body had no reactivity towards tropoelastin and solubilized

amorphous 'elastin. It appeared to bind to antigens in a number

of fetal and adult bovine tissues, as well as with tissues

from other species including humans. Bearing in mind that

anti-MAg antibodies bound to little else than microfibrils

spleen and human kidney, with to reticulin

1 7 .



some activity was noted against CL glycoprotein.

1.5. BIOCHEMICAL AND IMMUNOLOGICAL STUDIES ON OCULAR ZONULE.

Ocular zonules have been mentioned briefly. Raviola
*

( 19 7 1 / 9 r^e ported zonular fibrils to be susceptible to

Oi-chymotrypsin and elastase, but resistant to collagenase,

in which respect they were similar to EAM. Streeten, e t a1 .

(ill)
(1981) confirmed Raviola's previous discovery concerning the

similar morphology between MF of the zonule and elastic tissue.

The amino acid analyses of the two microfibrillar types

were no less similar. In order to investigate the existence

of any structural relationship between the two microfibril]ar
\

types antibodies were raised against the zonules. The

antibodies reacted with neither human nor rat fibronectin nor

with normal calf serum. The purity of the antigen (extract)

was reflected by the absence of binding to the lens capsule

and vitreous fibril. There was no evidence of collagen

contamination. Antibody binding to the zonule had a

periodicity (35-45nm) of the same order as that reported by

(07)
Kewley, et a1 . (1977) on elastic MF which stained with anti¬

bodies to "microfibrillar protein". Streeten concluded

that the above was strong evidence that these two micro¬

fibrillar types have structural similarities in one or more

components. She pointed to the morphological similarity

but ruled- out full identity since EAM have a wider range of

diameters. The similarity between the two fibrils was

especially interesting in the context of lens dislocation in

systemic connective tissue diseases such as Marfan's Syndrome

and homocystinuria. Like Kewley ' s anti-MFP (1977), Streeten's

antibody localised on collagen too.
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Streeten did further work on the protein composition

of the bovine ocular zonule (BOz) . Using various

means of extraction she reported several peptides which she

had identified on PAGE with apparent molecular weights ranging
*

from 13,OOOd to 170,000. (25Kd, 35Kd, 50Kd, 70Kd, 140Kd).

She attempted to explain the heterogeneity of the extracts.
r

Extracts with DTT had a different amino acid analysis from

extracts without DTT. Both types of extracts reacted with

her previously reported anti zonule antibody (1981) on

(11 3 )
ELISA. In the same year (1983) Streeten raised anti-KFP

antibodies after Kewley (1977). By staining EM sections with

this antibody she was able to demonstrate cross reactivity

between zonules and E AM. She claimed that this was the

first evidence for the existence of common antigenic

determinants in microfibrils with and without elastin.

Neither Streeten nor Prosser immunized with a single

peptide. Both of them used heterogeneous extracts for

immunization.

In summary, the ubiquity and varying degrees of

similarity between the different classes of MF call for a

multi-pronged approach towards finding a definition that

would make sense of the mounting discoveries about MF. The

picture is further complicated by the newly established

immunological relationship be tween putative microfibrillar

extracts and proteins such as fibronectin. As work goes on

more proteins may be implicated in a similar way as fibro¬

nectin .

The object of this project is (a) to study the

biochemical and immunological character of microfibrillar
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extracts from bovine ligamentum nuchae as well as bovine

ocular zonule; (b) to attempt to explain the heterogeneity

of the two extracts individually and (c) to investigate

any relationship between the two extracts and where possible

to compare them with MF from other tissues and species.
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MATERIALS AND METHODS



2.1. MATERIALS

Bovine tissue was obtained from the local slaughterhouse.

Aged human aorta was obtained from the Victoria Hospital

(Kirkcaldy). *

All chemicals used were of Analar grade. The following

chemicals were obtained from Sigma Chemical Company (England):-

Trisma-Base (Tris); glycine; guanidine hydrochloride; hydrogen

peroxide; glutaraldehyde; lead citrate; uranyl acetate;

benzamidine; EDTA; NEM; PMSF; agarose type II; ovalbumin; BSA;

protein markers; protein A; trypsin; Staph, aureus protease V8

and FITC.

The following chemicals were obtained from BDH (Poole-

England) Acrylamide; bisacry1 amide ; SDS ; TEMED; amido black;

Coomassie Blue; urea; ME; DTT; sodium azide; PPO; pyridine

and ch 1 or ami ne - T .

Sodium methoxide and silver nitrate were obtained from

12 5
Aldrich; I from Amersham International; DEAE cellulose

from Pharmacia (Sweden); Immunogold from Jensen

Pharmaceutica (Belgium); TLC plates from Miles Laboratories;

Medical X-ray films from Fuji Photo Film Co.; Intensifying

Screens from Philips; Developing and fixing solutions from

Ilford Limited (England).

21 .



2.2. EXTRACTION OF MICROFIBRILS FROM BOVINE LIGAMENTUM

NUCHAE (BLN) (2 9 )
The ligament of a 3-year old cow was freed from

adhering tissue and minced at 4°C. Aliquots of 250gm were

stirred in 1% (w/v) NaCl at 4°C for two 24-h periods. Follow-
r

ing washing with distilled water, the tissue was defatted

and dehydrated in cnloroform-methanol (1:3, v/v) for two

24-h periods at 4°C, followed by a second treatment with the

same solvent (1:2, v/v) for two 24-h periods. The residue

was allowed to dry in the fume cupboard.

The dried material was suspended in 1 litre containing

5 M guanidine hydrochloride (GuHCl), 0.1M Tris (pH 7.4) and

25mM EDTA. Extraction was carried out by stirring for 24-h

at 4°C. This was followed by centrifugation at 2000g for 2-h.

The residue was washed extensively with 5M GuHCl, 0.111 Tris

(pH 7.4) containing 25mM EDTA, prior to further extraction

at 37°C under nitrogen. The tissue was extracted in GuKCl

seven times over a period of one week,prior to a final

extraction in GuHCl pH 8.5 containing 2% 2-ME. After 24-h

this solution was centrifuged at 23 OOOg for 30 minutes, under

nitrogen. The supernatant was added to three volumes of

o
cold ethanol (4 C) and the resultant precipitate kept in tne

freezer.

2.3. DISSECTION OF BOVINE OCULAR ZONULES

The procedure described below is an adaptation from

(112) (19)
Streeten and Romanes

Twenty bovine eyes were obtained from the local slaughter

house, within five minutes of the animals' death, and

immediately placed on ice. The frozen eyes were fixed to the
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dissection board with pins stuck through Tenon's capsule.

Using a sharp scalpel the cornea was removed by cutting

around the corneoscleral junction. The sclera and the
*

underlying layers were circumcised in like manner, about 8mm

behind the corneoscleral junction. This task was facilitated
r

by the aqueous and vitreous humor being frozen thus fixing

the lens and the zonules in position. The resulting ring was

removed and freed from frozen humor on both sides. The lens

was pushed gently in an anteroposterior direction until the

zonules appeared to "peel off" the ora serrata and the ciliary

body. The lens with its capsule and zonules was placed in

acetone overnight,<in order to harden the lens and facilitate

the removal of the lens capsule. The lens capsule was

circumcised about 3mm from the equator of the lens, on both

its anterior and posterior surfaces. The excised ring of lens

capsule was freed from underlying lens material (a process

that was facilitated by virtue of the lens hardness after

treatment with acetone). Zonular bundles could be seen,with

the naked eye, radiating outwards from the excised ring. The

dissecting binoculars were used to confirm this observation.

The material was placed in the freezer until needed for

extraction.

2.4. EXTRACTION OF MICROFIBRILS FROM BOVINE OCULAR ZONULE

from Streeten whilst the fourth had previously been

followed in our laboratory.

2.4.1. Streeten ' s extraction protocol.

Three aliquots , each consisting of five of the excised rings,

were placed in 15ml 0.01M phosphate buffer (pR 7.2) containing
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0.01% SDS. Urea (final concentration of 4M) as well as 5 0mN DTT

were added. One sample was sonicated for 3 minutes. All

three samples were heated to 60°C for 30 minutes. After

reduction with DTT one of the samples was carboxymethylated

with 2 0 0mM iodoacetamide in the dark for 45 ir.in.

r

No protease inhibitors were used.

2.4.2. Extraction with ATP

The object of this process was to remove any actin which

may have inadvertantly been included with the excised rings

by virtue of the zonules' association with the ciliary body.

Five excised rings were suspended in 10ml of 0.2mM ATP, 0.2mM

ascorbate, pH 7.5, 'containing 2 5mK EDTA, lOmK NEM and lmfl PMSF.

The suspension was stirred for 30 min at 4°C then centrifuged

at 7000g for 15 minutes. The supernatant was removed and

stored. The process was repeated three times. By now up

to 97% of actin present should have been removed. The residue

was resuspended in 10ml of 8M urea (pH 8.6) containing 0.1M

Tris, 2 5mM EDTA, lOmM NEM and lmli PMSF, and extracted with

continuous stirring for 24-h at 4°C under N^. The suspension

was centrifuged again at 7000g for 15 minutes. The pellet was

resuspended in 10ml of 8M urea (pH 8.6) containing 0.1M Tris,

0.3% P> m e r c ap t oe t h an o 1 (BME) , 25mM EDTA, lOmM NEM and ImM PMSF.

was carried out by continuous stirring for 24-h at

4°C, under N
2 • The suspension was centrifuged at 7 000 g for

15 minutes. The supernatant was removed and stored. The

pellet was resuspended in 10ml of 8 M urea containing 0.2 % p KE,
2% SDS, 25mM EDTA, lOmK NEM and ImM PMSF. Extraction was

o
ied out by continuous stirring for 24-h at 4 C under ^ 2 *
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The suspension was centrifuged at 7000g for 15 minutes

and the supernatant was stored.

Proteins were precipitated from the various supernatants

by the addition of three volumes of chilled ethanol (4°C).

2.5. SDS POLYACRYLAMIDE GEL ELECTROPHORESIS

r

Gels were prepared according to the procedure of

Weber e t a 1 . , (L 9 7 2 ) ' 1 ^ 0 ' . The following stock solutions were

used:-

1. Aerylamide solution A: 30 gm of acrylamide monomer

0.81 gm of methy1enebisacry1amide, made up to 100ml

in distilled water and stored in a dark bottle at 4 ° C .

Acrylamide 'solution B: 50gm of acrylamide monomer,

0.235gm of methy1enebisacry1 amide, made up to 100ml

with distilled water.

Acrylamide solution C: 50gm of acrylamide monomer,

1.3gm of methylenebisacrylamide, made up to 100ml

with distilled water.

2. Gel buffer: (a) 0.5M Tris-HCl pH 6.8

(for stacking gel)

(b) 1.5 M Tris-HCl pH 8.3

(for separating gel).

3. Sample buffer: 1 part of 10% SDS

1 part of glycerol

1 part of g ME

1 part of gel buffer (a)

0.25% (w/v) Bromophenol Blue

4. Electrode buffer: 2 g m SDS

5 3.6 g m Glycine

12 g m Tris

(pH 8.3)
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5. Staining solution: 1.25gm of Coomassie Brilliant Blue

R-250, 227ml methanol, 227ml distilled water, 46ml

glacialacetic acid. The solution was cleared of
*

insoluble material by filtration through a Whatman

No.l filter paper and kept in a dark bottle.
r

6. riestaining solution: 250ml methanol

75ml acetic acid

675ml distilled water

Vertical slab gels'72' were used, measuring 150 x 140

x 1.5mm, or 100 x 90 x 1.0mm (mini-gel). Disc gels were

also used.

The discontinuous buffer system was used to achieve better

resolution'72' . The stacking gel was 3%, while the

separating gel was 9%, 10% or 15%. For the composition of

the various gels see table 1. Prior to the addition of the

initiator (ammonium persulphate) and the activator (TEMED) the

mixture was degassed because oxygen would prevent

polymerisation of the acrylamide monomer. When these two

catalysts were eventually added, the beaker was shaken gently

in order to ensure homogeneity with minimum introduction of air

The activated mixture was carefully poured between the two

sheets of glass to a height of 7.5cm. To ensure a smooth

surface the gel mixture was overlain with 1ml of n-butanol.

The gel set within 30 min. The butanol was removed and the

stacking gel was poured in to a height of 6cm. A pre-wetted

well-former was placed in position, then the rest of the gel

was added carefully, with the use of a pasteur pipette so that

the teeth of the well-former were fully immersed.
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100 mg (wet weight) of the microfibrillar extract was suspended

in 3ml of diluted sample buffer (2:1 distilled water: stock

solution (3)). The suspension was left shaking overnight.

Alternatively it was boiled for 2 minutes then shaken for
*

5 minutes .

After loading the gel ran at 30mA. The current was raised
r

to 35mA when the dye-front reached the separating gel. The

current was switched off when the dye-front was within 1cm

of the lower end of the gel. The gel was placed in 250ml

of staining solution for 30 min with frequent shaking, then

washed and destained overnight with destaining solution, with

constant shaking.

?
. 6 . MOLECULAR WEIGHT DETERMINATION 1 1 9

The various microfibrillar extracts were electrophoresed

on 9%, 10%, 15% gels, alongside the following protein markers:

Carbonic anhydrase 29,000: Ovalbumin 45,000; Bovine plasma

albumin 66,000; Phosphorylase b (rabbit muscle) 97,400;

Ga1 actosidase (E. coli) 116,000; Myosin (rabbit muscle)

205,OOO.
*

The mobility of the various bands was calculated by using

the following formula:

distance travelled by band x length of
gel before staining

Relative mobility =

distance travelled by dye-front x
length of gel after staining

The distance were measured from the top of the separating

gel to the middle of the bands. A calibration graph was

drawn by plotting the log of the molecular weights of the

protein markers against their relative mobility. The molecular

weights of the various microfibrillar bands were deduced from

the graph or its equation.



2.7. SILVER STAINING

This method was adopted in order to avoid fixing the

protein bands which were to be eluted. Staining with

Coomassie Blue is too slow and allows plenty of time for

protein diffusion. Silver staining takes 1.5h and is one

(79)
hundred times more sensitive than Coomassie blue r

The following solutions were prepared:

(a) 50%. methanol, 12% acetic acid in distilled water

(b) 10% ethanol, 5% acetic acid in distilled water

(c) O.OG34M sodium or potassium dichromate and 0.0032M

nitric acid

(d) 1 litre of deionised water
<

(e) 0.12M of silver nitrate in distilled water

(f) C.28M sodium carbonate in distilled water, 500yl of

commercial formalin made up in distilled water

(g) 1% (v/v) of acetic acid in distilled water.

lml aliquot of microfibrillar solution was loaded on a

9% slab cel. The tcp of the eel had no wells, but was smooth

and even to ensure that the bands ran in a straight line

through the cel. The gel ran as before (see 2.5).

Two slices were cut from either side of the gel and

placed in a bowl containing lOOml of (a). The protein bands

were fixed in that solution by shaking for 30 min. (a) was

changed, twice. In order to remove unbound SDS which would

stain and hence mask the bands, the slices were washed in (b)

for 30 min, with constant shaking. This involved 6 changes

(100ml each). The slices were then soaked in (c) for 5 min,

with constant shaking, followed by eight 30S washes in (d).

The gel slices were then soaked in silver nitrate for 10 min
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under U.V. light (360nm), followed by 20 min in normal

light. The silver nitrate was discarded and the slices were

rinsed rapidly in 3 x 100ml portions of the image developer

(f) which was freshly formalinated.' The slices were then

cently agitated in the fourth portion of image developer until

the bands began to show up. When the desired intensitv was.

reached, (f) was discarded and replaced with .1 00ml of (g)

which arrested further image development.

Clean disposable cloves were worn, and direct contact

with the gel slices was avoided throughout Spatulas were

wrapped wth parafilm.

2.8. ELUTION OF PROTEIN BANDS FROM GELS

200mg (wet weight) of the microfibrillar extract were

dissolved in 3m1 of sample buffer, as described before. 1.5ml

of the protein solution was loaded on an even stacking gel

(slab gel) . There were no wells since the object was

preparative. The gel was run as described in section 2.5.

At the end of the run the gel was covered with clinging film.

This prevented dehydration and hence shrinkage as well as

fragmentation of the gel on cutting. With the aid of a ruler

and a sharp razor blade two longitudinal gel slices were cut

from either side of the gel, and silver stained. The distances

of the various b^nas were measured relative to the gel top.

Their position on the unstained gel was predicted taking into

account the expansion ratio, that is the difference in length

between the stained and unstained gel. For instance if the dis

taece that band a of the stained gel travelled was 50mm, and

given that the expansion ratio was 1.08 (stained-.unstained)

the position of band a' on the unstained gel would be
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50
oa = = 4 6.3 mm

1 . 08

The various bands were cut 3mm above and below the predicted

position allowing some space (2mm) between any two contiguous

slices in order to prevent mixing of the bands. The bands

were then eluted separately.
r

2.8.1. Micro electroelution

The tips of 8 glass tubes shaped like pasteur pipettes were

blocked with parafilm. 100 pi of 25% sucrose was added to each

tube. This was overlain by 4% SDS-po1yacry1amide gel to a

height of lOmm. The 25% sucrose was replaced with electrode

buffer and the tips were blocked with high-grade dialysis-
<

tubing (m.wt. cutoff = 1000), fixed in position with rubber

rings and sealed with paraffin wax. The gel slices were

diced and loaded on top of the 4% gel plug. The interstitial

jpace was filled with electrode buffer and overlain with a

10mm high plug of 2% agar diluted in a 1:1 ratio with electrode

buffer. Electrophoresis ran at constant current (2mA per

tube), for 2-h. The current was reversed for 1 min in order

to ensure no binding to the dialysis tubing. The eluted

protein was removed with a Hamilton syringe (50pl), and stored.

The gel slice was placed in a normal grade dialysis tubing

(m.wt. cutoff lOOO,diameter 1cm) and filled with electrode

buffer. The tubing was placed in electrode buffer, pattly

immersed such that the gel slice within was below the surface

of the electrode buffer in the gel rig. The gel slice was

at right angle to the direction of the current. The elu'tion

ran overnight at 200mA, 100V at 4°C. The current was

reversed for 40 min, and the eluant drawn out and stored.
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2.8.3. Passive elution

With the use of an Ultra-Turrax homogeniser (TP19/10) , the

slices were 'homogenised in 3 ml of electrode buffer (pH 6.8),

and left to> elute overnight. The eluant was drawn off,

initially with a Pasteur pipette. The last 1ml was retrieved

using a 200yl Oxford pipette, whose tip was too small for gel

debristo enter it.

The eluants of the above three methods were quantified

on the spectrophotometer at 280nm using the U.V. cuvettes.

Electrode buffer was used as a control.

2.9. PREPARATIVE GEL ELECTROPHORESIS

The object of this method is to obtain the various bands

in large quantities. Whereas a slab gel allowed the loading

of 1ml of microfibrillar solution this method allowed the

loading of 3ml. The method was essentially similar to that

(29)
reported by Serafini-Fracassini e t a 1 - , (1981) with

the exclusion of urea. The microfibrillar extract was

dissolved as mentioned earlier and centrifuged at 38 OOOg for

3C minutes. The supernatant was loaded on an 8% acrylamide
»

column (6x7cm) (see table 1) using a current of O.23mA and 63V.

The gel buffer was as before (pH 8.3). 3 m1 fractions were

collected at half-hourly intervals and the absorbance monitored

at 28Cnm. The fractions were pooled and concentrated lCx

with an Amicon concentrator (PM1G)- Aliquots of the

concentrate (50yl) were run on 9% acrylamide gels against an

aliquot of the whole microfibrillar extract to check whether

separation of the various bands had been achieved.

2.9.1. Pre-electrophoresis

Prior to loading the sample the gel was loaded with 3m1 of
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dilute sample buffer (2:1, distilled water:sample buffer).

The gel ran under the conditions listed above, until the dye-

front was eluted and collected.

Pre-electrophoresis removed excess salt ions and
*■

equilibrates the gel with $ME. Unless this step was under¬

taken the protein did not enter the gel.
r

2.10. PROTEIN ESTIMATION

2.10.1. Bradford Protein Assay

This protein assay is based on the differential colour change

( n )
of a dye in response to various concentrations of protein.

It has been found, for instance, that the absorbance maximum

for an acidic solution of Coomassie Brilliant Blue G-250

shifts from 465nm' to 59.5 on binding to protein ^ 2 k ' 7 7 ' 1 0 6 '
The reagent was prepared by adding lOOmg Coomassie

Brilliant Blue G-250 to 50ml 95% ethanol, 100ml of 85%

orthophosphoric acid and 850ml of distilled water. The

mixture was filtered and stored in a dark bottle in the fridge.

A standard assay was carried out by pipetting 0.1ml

aliquots of a standard protein solution into separate tubes.
*

To each was added 5.0ml of Bradford reagent and the tubes

inverted several times to ensure mixing without froth formatioi

The O.D, was monitored after 10 minutes at 57onm, and plotted

against the protein concentration.

2.10.2, Densitometry

Several known concentrations of BSA were electrophoresed on

15% disc PAG alongside equal concentrations of the various

m ic rofibrillar extracts. The gels were stained with

Coomassie Brilliant Blue and destained in equal volumes, and

the optical densities of the BSA bands were measured at 570Anm

Tising the vitatron densitometer. The values obtained were us

to plot a calibration graph, from which the concentrations 0f
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the various bands were calculated.

2.11. IMMUNIZATION OF RABBITS

An aliquot of dissolved antigen was mixed with Freund's

Complete and Incomplete Adjuvant (FCA,FIA) to final

concentrations of 200pg antigen and 50% FCA.

Two rabbits were assigned tor each antigen. Theyrwere

prebled. Injections were given subcutaneous1y at four sites

on the rabbit's back, at two-weekly intervals as shown in the

schedule below.

Week 0: Prebleea: 20ml per rabbit

Week 1: 200Pg of antigen in 50% FCA

Week 3: 2 0 0 y g of antigen in 50% FIA

Week 5: 200yg of antigen in 50% FIA

Week 7: 200yg of antigen in 50% FIA

Week 8: 200yg of antigen in 50% FIA

Rabbits were bled - 50ml per rabbit

Week 9: Rabbits were bled - 50ml per rabbit.

Blood was collected from the ear-veins and allowed to clot

in glass tubes.

2.12. PEPTIDE MAPPING BY LIMITED PROTEOLYSIS IN SDS AND

ANALYSIS BY PAGE

Electrophoretic mobility is a useful tool in separating

polypeptide in complex biological samples. However, electro-

phoretic mobility alone cannot explain the relationship

amongst specific proteins. A case in point is when closely

related proteins differ in mobility due to slight chemical

modifications, or if larger and smaller polypeptides are

related by a common precursor relationship, or if they are

the result of artificial proteolysis during preparation.

By subjecting polypeptides of variable e1ectrophoretic
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mobilities to enzymic activity, the resulting peptides may

be compared and used to explain the specific relationships

between the polypeptides under study, (is)

2.12.1. Digestion procedure for eluted proteins

The various bands were eluted passively from homogenised 9%

PAG slices. The protein solution (3ml) was placed in a test

tube at 37°C. A total of 20yg of S.Aureus V8 protease was

added. The tubes were left at 37°C for varying durations.

The digests were lyoplhilised and the contents resuspended in

300 y 1 of dilute sample buffer (2:1, H^0:sample buffer) , and
ran on a 15% gel (see table 1 acrylamide solution B).

12 5
2.13. FINGERPRINTING OP I TRYPTIC DIGESTS

<

This is another useful method for the identification of

possible structural relationships between polypeptides

related either by electrophoretic mobilities or otherwisez1 '

2.13.1. Radioiodination by chloraminc-T

50mg (wet weight) of the microfibrillar extract was dissolved

in 0.5ml of sample buffer containing 8M urea, O.4M Tris pH 6.8.

The suspension was boiled for 3 minutes and shaken on the

vortex mixer for 2 minutes, followed by centrifugation at

38 OOOg for 10 min.

To 50yl of the supernatant the following were added:

12 5
1. 2 5 Oy Ci of I

2. 5 Oy1 of 0.0IN KG1

(37)
3. lOyl of freshly prepared chloramine T

(lmg/ml of PBS).

The mixture was boiled for 5 minutes.
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4. In order to counteract the oxidising effect

of any excessive chloramine-T, 15yl sodium

metabisulphite (0.5mg/ml) was added.

5. 50P1 of sample buffer (see 2.5) , and the

mixture boiled for 5 minutes.

All the above was done in a fume-cupboard behind a lead-
r

glass screen, in the isotope laboratory.

2.13.2. Visualisation of bands on an X-ray film

The sample was run on a discontinuous slab gel system (9%

PAGE as describee! in 2.5).

The gel system was dismantled. A corner of the gel

was cut for orientation and the gel was transferred on to a

clean glass plate and covered with cling film. In the

dark room (with infra red light on) a medical X-ray film was

placed on top of the gel, with the cling film in between.

A clean "cold" glass plate was placed on top of the X-ray

film. The sandwich was placed in a black envelope which in

turn was placed in a second black envelope such that the

opening of the first envelope faced the closed end of the

second (outer) envelope. The whole assembly was placed in

a dark polythene bag, labelled and left in the isotope

laboratory under a sheet of lead (4mm thick) for l~h. The

X-ray film was developed after lh.

2.13.3. Cutting bands out of acrylamide gel

The X-ray film was punctured with a red-hot pin, on either

side of each band. The film was placed on top of the gel

ensuring proper orientation and good register. The gel

was punctured with a pin pushed through the film punctures.

Using a sharp razor blade, the gel was cut 2mm above and below
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the line joining the two punctures marking the position

of each band.

2.13.4. Washing

Each band was placed in a clean test tube and soaked for

30 minutes in 2ml of 10% acetic acid. This was followed by

several washes in 10% methanol over a 2-day period. This was

meant to remove unbound SDS.

2.13.5. Drying the gel slices

The tubes containing the gel bands were placed 40cm below

a 500W spotlight. The lamp and the tube were surrounded by

aluminium foil in order to contain the heat generated by the

spotlight. Within an hour the slices shrivelled and became

so hardened that on shaking the tube, a jingling sound was heard

The lamp was switched off and the tubes allowed to cool.

2.13.6. Tryptic digestion

Small glass tubes (6mm internal diameter x 70cm height) were

siliconised by placing, for lh, in silicone repelcoat solution,

diluted in distilled water (1:200), and dried in the oven.

The dried gel slices were transferred to the siliconized

tubes. To each tube was added lOOpl of 50Ugm/ml of trypsin

(DP C C treated, type XI.) made up in 0.05M NH BCO- . The tubes
4 3

were placed in a bath at 37°C for 6-h, followed by the

addition of 500yl of distilled water to each tube. The gel

slices were left to elute overnight.

2.13.7. Lyophilisation

The eluants were diluted with lml of distilled water per tube,

were transferred to new siliconised tubes and were shell-frozen

as follows:
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To a plastic beaker (1 litre capacity) was added

200 ml of methanol. Gradually chunks of dry ice were

added and the beaker shaken continuously until

the methanol began to show some "viscosity". The

tubes containing the eluant were immersed in the

methanol and moved round at an oblique angle so as

to facilitate the spread of the eluant on the

wells of the tube. Once the eluant froze like a

shell on the inside of the tube it was covered with

parafilm and placed in the freezer. When all the

tubes had been shell-frozen their parafilm tops were

punctured a f(e w times and they were placed in the lyo-
r

philiser overnight

2.13.8. Two-dimensional separation

The dried peptide digests were redissolved in 5p1 of

e1ectrophoretic buffer (15:5:80;acetic acid:formic acid:water)

which was spread all over the walls of the tube then brought

to the bottom of the tube with a brief period of

2.13.8.1. High voltage chromatography

The electrode buffer was prepared as mentioned above

(acetic acid:formic acid: water; 15:5:80). Cellulose-coated

plastic TLC-plates were cut (10 x 10cm). On an imaginary

horizontal line, 8mm above one edge of the plate two spots

were marked with a sharp pencil 8mm from either end. Using

the same sharp pencil another spot was marked 3mm directly above

one of the two spots.

5cm long pieces of 0.5mm bore teflon tubing were cut for

attachment to the needle of a Hamilton syringe. This was
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used to apply the sample on the lower single-spot marked on the

TLC plate. The sample was applied drop-wise and dried with

a hair drier. The TLC plate was covered with pre-wetted

chromatography paper moistened with electrode buffer. A

hole (1cm diameter) was bored in the chromatography paper

designed to encircle the single spot on which the sample was

applied. The paper was pressed with a rubber rolling pin to

ensure homogeneous wetting of the cellulose coat. The

electrode buffer proceeded inwards from the paper edges

surrounding the sample spot thus concentrating the sample

and preventing its spread.

Three TLC plates were thus prepared per run. They were
<

horizontally placed on the high voltage rig, and overlapped

on either end by a wick pre-wetted and partly immersed in

electrode buffer. The sample spot was on the anode side.

On the further of the two spots of the TLC plates and on the

cathode side a drop of fuschin red (acid) was applied. The

current was switched on and the voltage fixed at 1000V.

Electrophoresis was terminated when the fastest of the three
!

fuschin spots reached the spot on which the sample was applied.

The plates were removed and allowed to diy.

2.13.8.2. Ascending liquid chromatography

The buffer was prepared in the fume cupboard from the

following ingredients: 65ml n-butanol; 40ml deionised water;

50ml pyridine; 10ml acetic acid and 12gm PPO.

Aliquots of 50ml of the above mentioned buffer were

poured into each chromatography tank. The TLC plates were

stood as vertically as was possible with their plastic side
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against the tank wall and were arranged such that the sample

and fuschin spots were closest to the base of the tank. The

edges of the tank were covered with silicone grease and the

lid fixed in position. The lid was lifted only when the

wet front had reached a distance of 2mm from the upper edge

of the Tl.C-plates, which were lifted out and dried in the

fume-cupboard.

2.13.9. Autoradiography

Two TLC plates were fixed on a clean glass-plate. In the

dark room medical X-ray film (Fu ji,RX, 18v24cm) was fixed on

another glass plate, and the two were apposed such that the

glass-plates were outer-most. The glass plates were bound
*

together by adhesive tapes and the whole assembly was packaged

in 3 dark envelopes as described in 2.13.2, and placed in

a deep-freeze at —70°C - The numerous assemblies were

stacked in a pile separated by 4mm thick sheets of lead.

The exposure time needed was predicted from the activities of

the bands.

The X-ray films were taken out of the freezer, allowed to
i

defrost and developed. Where the image was weak the plates

were repacked with a fresh X-ray film and a fast-tungstate

... ( 3 )
intensifying screen

2.14. FLUOROGRAPHY

Wilson ( 1958) ' ! 2 1 ' showed that the detection efficiency

for t ritdum on paper chromatograms can be increased by

impregnating the chromatograrr. with a scintillator before

applying the film. The scintillator translates the energy of

particles ( 3/T) into visible light, so that the film is not
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exposed by the particles themselves but by light generated

from the scintillator (PPO, in this case). This is referred

to as "scintillation autography", or " fluorography".

Randerath (1970) showed that pretreatment of thin-layer
*■

chromatograms with a solution of PPO permits efficient detection

of radiol abe 1 led nucleotides by medical X-ray film. 11 ^
r

is one of the isotopes that can activate a scintillator,

which is either incorporated in the chromatography buffer as

was shown in 2.13 -8.1 or is in a solid phase, called the

(99)
"intensifying screen" , which is placed on top of the film

so that the film separates it from the TLC-plate. Particles

that go through the film and are normally useless are

converted to visible light by the intensifying screen, thus

causing blackening of the film on developing.

2.15. X-RAY FILM DEVELOPING

This was carried out in the dark room with infra red

light. The film was placed in 5C0ml of developing solution

(Ilford Contrast FF, diluted in distilled water, 1:4) for

4 minutes at room temperature, washed in tap water and

transferred to 500ml of fix (Ilford Hypam Fixer, diluted in

distilled water, 1:4) for 2 minutes, followed by thorough

washing in tap water. The film was dried and kept in a

clean folder.

2.16. PURIFICATION OF SERUM

The blood was allowed to clot by leaving at 4°C for 2 4 -h .

The serum was removed and centrifugea at 1500 rpm. The

supernatant was removed and stored in the freezer.
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2.16.1. Separation of serum IgG on DEAE Cellulose Column

Diethylaminoethy1 (DEAE) which is bound to the cellulose has

a net positive charge. At pH 7.5 most serum proteins

are negatively charged thus binding to the column. In contrast

IgG is neutral, therefore it is eluted.

For each 1ml of serum 1.5gm of DEAE cellulose were

required.

2.16.1.1 Precycling of DEAE cellulose

7.5gm DEAE cellulose were added to 350ml of O.OlM PBS

(phosphate buffered saline: KC1 2gm 1 ; KH^PO^ 2gm 1 ^;
-1 -1

NaCl 80gm 1 ; Na^HPO^ 11.4gm 1 diluted ten times in
distilled water). The mixture was shaken gently and allowed

to settle. The supernatant was decanted and the process

repeated.

The wet cellulose was soaked in 15 volumes of 0.5N HC1

for 30 minutes. The acid was decanted and the DEAE-ce11u1ose

washed in PBS pH 7.5 until it reached pH 4. The cellulose

was washed twice in 15 volumes of 0.5N NaOH for 30 minutes,

followed by several washes in O.OlM PBS pH 7.5 until the
»

effluent reached pH 7.0. Sufficient O.OlM PBS pH 7.5 was

added to DEAE-cellulose to give a pourable slurry which was

degassed on a vacuum pump with gentle shaking.

2.16.1.2 Filling the column

The tap at the bottom of the column was shut, and the column

filled with the slurry. When the DEAE-cellulose began to

settle the tap at the bottom of the column was opened to let the

buffer out. Slurry was added continuously in order to maintain

homogeneity and prevent banding of the column. The column was

finally equilibrated with three litres of O.OlM PBS pH 7.5.
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2.16.1.3. Application of serum to the column

The buffer was allowed to elute until it was levelled with

the top of the column and the tap at the bottom of the column

was closed. Using a pasteur pipette the serum was applied

to the column carefully so as to avoid bombing of the column

surface. The tap was opened in order to allow the serum to

run into the column. The tap was closed and the column topped

with 0.01M PBS pH 7.5. The column was connected to the

buffer reservoir ensuring that the joint between the column and

reservoir was airtight.

2.16.1.4. Elution of the column

The tap at the bottom of the column was opened and 1ml fractions
<

were collected and monitored on the spectrophotometer at 28 Onm.

When the reading was back to base level the column was eluted

with 0.3M NaH PO in order to remove other serum proteins
2 4

from the column which would be used again for serum

purification.

The peak obtained was pooled and further purified.

2.16.2. Protein A - agarose column

Protein A from S. aureus has an affinity to the constant region

of IgG. This immunoadsorbam: property of protein A

is exploited for the purification of antibodies since protein A

{ p c )
does not bind IgM

Two buffers were made up:

(a) 20mM Tris pH 8 made up in saline as follows:

0.48gm Tris ; 0.40gm KC1; 16gm NaC1; 0.40gm

KH PO ; 2.30gm NaHPO made up to 200ml in
2 4 2 4

distilled water.
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(b) O.lM glycine - HCl pH 2.8: 0.75gm glycine;

100ml distilled water. The pH was adjusted with

HCl .

The column was equilibrated with buffer (a). Serum was

dripped from a reservoir ensuring that the joint between the

column and the reservoir was airtight. The optical density

of the eluant was monitored until it reached a constant

reading of 0.05 or below. The column was eluted with buffer

b, with constant monitoring of O.D. at 280nm. Fractions of

10 drops were collected in tubes containing two drops of

buffer (a). The antibodies were divided into aliquots of

lOOyl and stored ip the freezer. The column was re-

equilibrated with buffer (a).

2.16.3. Immunoadsorption on a column of Affi-gel fetal calf

s e rum.

The bottle containing affi-gel 15 (bio-Had) was shaken in

order to ensure homogeneity of the suspension. A 10ml

aliquot of the suspension was placed in a buchner funnel, and

the gel was wash ed with 75ml of isoprcpanol, followed by a

wash in 3 volumes of cold water (4°C). Care was taken to keep

the gel wet. The gel was added to 10ml of 0.15 M NaHCO^

pH 8.0, containing 200mg of substrate (fetal calf serum).

The mixture was kept at 4°C in a capped test tube and was

shaken for 5-h. 0.1ml of 1M ethanolanine pH 8 was added per

lml of gel and mixed for 1-h at room temperature. The gel

was placed in the buchner funnel and the supernatant was

discarded. The gel was washed with 10ml of 7M urea and

3 x 10ml of 1M NaCl, and the effluent adjusted to pH 4.5 before

its O.D. 280nm was monitored. When the C.D. reached zero

the gel was resuspendea in PBS (p H 7.4) and placed in a column,

which was subsequently equilibrated with PBS (pH 7.4). lml
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of previously concentrated serum (14mg/ml) was loaded on to the

column which ran at 5ml/h. Trie eiuant was rerun on the

column and reconcentrated to 15mg/ml using an Amicon

concentrator (75 PSI). After each run the column was freed
*■

from non-specific antibodies by eluting with 0.85% acetic acid

in 0.15M NaCl until the O.D. 2 80nm was zero ( 1 0 8 ) .

r

2.16.4. Immunoadsorption on an elastin column

This procedure was identical to 2.16.3 with the exception

that the elastin was not bound to affi-gel.

2.17. IMMUNODIFFUSION

Agarose for Ouchter1onies was prepared with 1% agarose;

0.039M Tris; 0.05M NaCl; 0.005M H
^ P 0 ^ and 0.02% sodium azide.

The final pH was 8.6. The mixture was heated and stirred

until the agarose dissolved, at which point it was divided

into lOml aliquots and stored in the fridge.

when needed a 10ml aliquot was heated to melting and

poured on to an Ouchtcrlcny plate. Once the agar had set

wells (3mm diameter) were cut in the agar having a rosette

arrangement. This was achieved by using a mould and a punch

provided with the kit.

Appropriate volumes of antigen solution and purified

serum were pipetted into their respective positions. The

antigen and antibody diffused towards each other forming an

opaque line where they met in optimal proportions.

2.17.1. Staining the precipitin

This was preceded by drying the agar using the squash technique.

The free antigen and antibody molecules are squeezed out of the

agar with the water, whereas the precipitin, which is virtually
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a giant molecule remains trapped in the agar. Three layers

of filter paper were placed on top of the agar and pressed

with lead weights. The filter paper was changed three times

in 2-h. When the agar was paper-thin it was stained with

Coomassie Blue for 2 minutes and destained with 5ml aliquots

for 1-h (see 2.5). The destaining solution was changed

every 5 minutes. The agar was transferred on to a clean glass-

plate and photographed.

2.18. ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA)

This is an immunometric assay for either antibodies or

(96)
antigens . The antigen is fixed on solid state (a plasti

dish) and subjected to IgG, which in turn is subjected to a

secondary IgG labelled with an enzyme (peroxidase in this case).

Peroxidase is capable of reducing hydrogen peroxide which

releases oxygen thus oxidising diaminobenzene which now looks

yellow. Hence the immunoreactivity can be visualized.

The following buffers were prepared:-

0 . 8gm Na 0C0 ; 1.47gm NaHCO ;
x- 3 3

O.lgm NaN^, 500ml distilled
water - pH 9.6.

o
Lifetime at 4 C = 7 days.

200ml 10 x PBS pH 7.4; NaN^ 2gm
BSA, 180ml distilled water.

10ml 10 x PBS, pH 7.4; Igm BSA;

5gm normal gamma-g1obu1in.

24.3ml 0.1M citric acid; 25.7ml

0.2M Na HPO ; 50ml distilled
2 4

water, pH 5.

(a) Coating buffer

(b) Washing buffer

(c) Blocking buffer

(d) Peroxidase

buffer



The antigen was dissolved in buffer (a) and 100y 1 aliquots

were pipetted into the wells and incubated at 37°C for

30 minutes. The wells were emptied and washed with buffer

(b) for two three-minute periods, followed by a wash in

buffer (c).

The wells were washed in buffer (b) as before then filled
r

with appropriate dilutions on IgG directed against the antigen

already coating the wells.

The ELISA plate was left at 37°C for 1-h. This was again

followed by a wash in buffer (b) as before. Finally the

wells were filled with an appropriate volume of IgG-peroxidase

conjugate diluted in PBS pH 7.4 and incubated at 25°C for 3-h.
<

The antibody conjugate is directed against the Fc region of

the first IgG.

At the last minute 30yl of H ^O ^ was added to buffer (d)
followed by the addition of 4^mg diaminobenzene. lOOyl

aliquots of buffer (a) were pipetted into each well. After

30 minutes the reaction was stopped with 50yl per well of

5M HSO. The wells were read on the Multiskan with a
2 4

4 9 5 nm filter.

2.19. WESTERN BLOTTING

This method involves the e1ectrophoretic transfer of pro¬

teins from SDS-po1yacry1 amide gels to nitrocellulose sheets.

This immobilised protein can then be reacted with specific

antibody and subsequently visualised by binding of the

radioiodinated staphylococcus protein A with the immune

( 8 )immobilised complex.
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2.19.1. The transfer of protein on to nitrocellulose

An SDS acrylamide slab gel was run as described in 2.5. The

gel was transferred on a pre-wetted nitrocellulose sheet
*

(0.45 pore size) which was carefully cut down to the size of

the gel, and placed on a pre-wetted sheet of chromatography
r

paper, on a scouring pad (Scotch-Brite). The scouring pad

had been fitted into a cassette, whose top was removed. The

el "as covered with another piece of chromatography paper,

followed by another scouring pad. The cassette top was fixed

in its place thus compressing the sandwich enough to pievent

movement of the gel. The whole assembly was placed vertically

in a destaining tank so that the nitrocellulose was facing

the anode ^ 8 ^ . The destaining tank was filled with S litres

of electrode buffer composed of 20mM Tris base; 150mM glycine;

20% methanol and distilled water ' 1 17' . Electrophoretic

transfer was accomplished at 6-8V/cm (with respect to

electrode separation), 280mA for 22-h ( 1 1 8 ) _

The slab gel was loaded with three duplicates of each
I

extraction. Once the electrophoresis ended, one duplicate

was stained in Cocmassie Blue for reference, the other two

were blotted. One of the two duplicate blots was stained

with 0.2% amido black (40% methanol, 10% acetic acid, 50%

distilled water) for 2 min and destained. This would

indicate.the efficiency of transfer which was confirmed by

staining the corresponding acrylamide gel.

2.19.2. Immunological detection of the transferred protein

The second duplicate blot was soaked in 50ml of 3% BSA (RIA

grade) made up in saline (0.9 %K a C1, lOmM Tris, pH 7.4) , for

1-h at 40°C, rinsed in saline, then incubated for 1-h at 40°C
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in IgG diluted in the same 3% BSA solution. The blot was

then washed five times over a period of 30 minutes in saline

(pH 7.4) and incubated with the radiolabelled protein-A, for

1-h at 37°C. Autoradiography was achieved as described ih

2.13.9.

2.20 PREPARATION OF TISSUE FOR TRANSMISSION ELECTRON

MICROSCOPY

Tissue was obtained fresh from the slaughterhouse, and

3
carefully cut into small cubes (1mm ) and placed in tubes

containing 1% glutara1dehyde in PBS, for 2-h at room

temperature, followed by two five-minute washes in PBS, and

two one-hourly gashes in 0.15M Tris-ffCl (pH 7.4) at 4°C.
The cubes were wasted twice again with PBS at 4°C and left

o
in a third aliquot of PBS overnight at 4 C.

The tissue was placed in 1% osmium tetroxi'de for 45

minutes at room temperature, followed by three five-minute

washes in 30% alcohol C30:70, a1coho1:disti11ed water).

This was followed by similar washes in 70% and 90% alcohol

and finally by four half-hourly washes in absolute alcohol.

2.20.1. Embedding tissue

The embedding material was prepared by mixing: 10ml hardener;

10ml epoxyresin; 1.2ml plasticiser; 0.6ml accelerator in

absolute alcohol C20% final concentration). The tissue was

left shaking in the embedding material for 12-h at room

temperature, then transferred to 100% embedding material (i . e

no alcohol present), degassed, poured into embedding blocks

and placed in the oven at 60°C for 48-h.

Once hardened the resin containing the tissue was cut

into manageable pieces by a dentist's drill.
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2.20.2. Sectioning

With the use of 0MU2 Reichart microtome,go Id-to-si1ver
o

sections were cut (1300-800A thick). The sections were

transferred on to nickel grids (4 sections per grid) and

filed in a grid filing box.

2.20.3. Etching=!_ r

The grids were transferred on to drops (lOOyl) of sodium

methoxide (1% in deionised water), so that the sections faced

downwards and the bare side of the grid faced upwards.

2.20.4. Immuno1abe11ing of sections

The grids were blocked with 1% ovalbumin (OV) in PBS (pH 7.4)

and 1% Tween 20, jet washed for 2 minutes in PBS, and exposed

to the first antibody over a period of 12-h. The grids were

jet washed in PBS pH 7.4 for 5 minutes, followed by a jet wash

in PBS pH 8.2, and exposed to a 1:20 dilution (in PBS pH 8.2)

of gold-conjugate which had been spun at 1200 rpm. The grids

were jet washed for 10 minutes in PBS pH 8.2 then transferred

on to 100]J.l drops cf uranyl acetate for 20 minutes. Finally,

the grids were transferred on to lOOyl crops of lead citrate

for 5 minutes, dried and replaced in the filing box ready for

transmission electron microscopy.

2.21. FROZEN SECTIONS

Bovine tissue was obtained fresh from the slaughterhouse,

wrapped up in aluminium foil and dropped in liquid nitrogen,

until needed. The frozen tissue was cut down to appropriate

sizes .

The chuck was covered by OCT compound (embedding medium)

on to which the tissue was placed. The tissue itself was

covered with OCT compound which was frozen by spraying liquid
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CO^ on to it. The chuck was transferred to the Oryostat
o

which was kept at -20 C. The microtome of the cryostat

was set to cut sections 15y thick. These were
*

transferred on to microscope slides (3 sections per slide)

by touching them with the slide to which they adhered
r

and against which they lay flat. The slides were

placed in a rack which in turn was kept in the freezer.

2.22. FLUORESCENT MICROSCOPY

The sections were fixed in cold acetone ^100^ for

1-h, then gently washed in PBS, soaked in lOOyl of a 1:50

dilution in PBS of antibodies and incubated in a

humidifier chamber for 1-h. The sections were washed

with PBS as above and soaked in lOOyl of FITC-conjugated

goat-anti-rabbit globulin. The sections were incubated

as above, washed again in PBS, mounted and examined

under a fluorescence microscope. ^40^
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3. RESULTS

3.1. SDS POLYACRYLAMIDE GEL ELECTROPHORESIS

Once microfibrillar extracts were obtained, 9% SDS-PAGE

*

was performed on them. The band patterns for BLN and BOZ are

presented in Fig.l alongside microfibrillar extracts from

aged human aorta (AHA) and trout bulbus arteriosus (TBA), as

well as some protein markers. The apparent molecular weights

of the various bands were calculated from the standard curve

(Fig.2) and tabulated (Table 2). Fig.la shows that the four

microfibrillar extracts share protein bands of the same relative

mobilities, and hence of the same apparent molecular weights.

Bands were letter-coded according to their apparent molecular

weights, so that protein bands of the same apparent molecular

weight were referred to by the same letter. Hence bands with

an apparent molecular weight of 35Kd were coded A, and bands

with an apparent molecular weight of 46Kd or 47Kd were coded B

(Table 2) and so on. Bands A,B,C,D and D' are present in all

four tissues i.e. BLN, BOZ, AHA and TBA. Band a_" ; 26Kd,

(Table 2) is peculiar to BOZ and AHA, whereas band a_ is peculiar

to BOZ only. TBA has three protein bands only, B, D and D'.

Bands that may appear sharp after Coomassie Blue staining are

often diffuse in autoradiography, and therefore doublets appear

as one single band. A case in point is the doublet D and D'

which appear as one band in autoradiography and hence are coded

D (Fig.lc) . Likewise, bands _a and aV of BOZ appear to be very

close on 9% PAGE (Fig.la). Therefore, autoradiography of

radioiodinated BOZ microfibrillar extract reveals one band

(Fig.lc) in contrast with two bands in the Coomassie Blue

stained 9% PAG (Fig.la). However, on 15% PAGE of BOZ micro¬

fibrillar extract (Fig.lb) bands a and a' seem to be better
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separated, with a few minor bands in the vicinity.

With respect to the three BOZ microfibrillar extracts

prepared after Streeten 10% PAGE shows that they yield similar

protein bands (Fig.3). However, the carboxymethylated extract

shows bands noticeably slower, in terms of mobility, than their

homologues in the other two extracts (2.4.1.). This increase

in the apparent molecular weight is due to the iodo acetamide

binding to the various proteins.

The relative abundance of different protein bands in the

extracts and the results are presented in Table 4. That part

of an extract not entering the separating gel was called TOP.

Since bands D and D' were so close, it was not possible to scan
<

them separately. Bands A and B of BLN were chosen as antigens

for rabbit immunisation. This required isolation of the two

bands in pure form.

3.2. PROTEIN ISOLATION

This was achieved by isolating bands A and B from a 9%

PAG of BLN microfibrillar extract, which required the local¬

isation of the various bands on the gel without fixing the

proteins that would eventually be eluted. Staining the

whole gel with Coomassie Blue would have involved fixing of the

proteins and would therefore have prevented their elution.

The alternative would be to cut a slice from either side of

the slab gel, stain and destain with Coomassie Blue, predict

the positions of the bands on the unstained gel, cut the bands

out and elute them. However the process is time consuming, and

would allow for protein diffusion in the unstained gel. On

account of this/silver-staining was undertaken. Two slices were

cut from either side of the gel and silver stained (Fig.5) . The

mobilities of the various bands were calculated. Taking into
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account the expansion factor of the stained slices, the '

positions of the bands on the unstained gel were predicted

and the bands cut out.

The protein bands were then eluted by either electroelution

or passive elution (2.8.1-3.). Since both e1ectroe1ution and

passive elution yielded relatively small quantities of protein,
r

preparative electrophoresis was undertaken, instead.

3.3. PREPARATIVE GEL ELECTROPHORESIS

Since the mobilities, on PAGE, of BLN bands A and B

are close to that of ovalbumin (Fig.7b) , the latter protein

was chosen as a marker for predicting the time and duration of

elution for bands A and B, on preparative gel electrophoresis.

Band A should elute' earlier whilst band B should elute later

than ovalbumin. The OD of the ovalbumin fractions was
2 80nm

monitored and the values tabulated. The rise in OD
2 80nm

began at 7.5-h and ended at 10.5-h, lasting three hours

(Table 6). Using the standard curve for conversion of OD
2 80nm

values to concentrations of ovalbumin, the percentage recovery

was calculated and found to be just over 60%.

gel electrophoresis performed on the micro-

On the basis that a dip in the OD _ values occurred at about
2 80nm

9-h, it was inferred that the two bands A and B, may have eluted

separately, but with the tail-end of A merging with the beginning

of the elution of band B. Each fraction was concentrated

and run on 9% PAGE (Fig . 4a / bj ,the result of which confirmed the

earlier inferrence that bands A and B had eluted separately,

but merged in some fractions. Fig.4a shows how early fractions

of the OD peak contain ^ only, but band B begins to
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appear with A in subsequent fractions. Eventually band B

becomes dominant with band A virtually disappearing. However,

when the eluted bands A and B were run on a 9% PAG, as well as

yielding the expected bands they also yielded higher molecular
*■

weight bands, as shown in Fig. 4a, where the presence of a band

with a mobility intermediate to B and C is evident. Trace
r

amounts of C are also visible. Fig.6 furnishes a more definite

case. Band A was passively eluted and loaded on a 10% PAG.

The result was a faint band A, a very strong band C, a faint

band just below C, a faint band corresponding to D and another

corresponding to one of the bands near the gel top. Coomassie

Blue can only detect proteins at yg levels; proteins in

quantities below 0. l'yg are hardly detectable, by this technique.

Contamination by trace amounts of protein is however immuno¬

logically unacceptable, therefore the last two fractions of

seemingly pure band A, obtained by preparative electrophoresis,

which may have contained trace amounts of band B would have to

be eliminated along with the first two fractions of seemingly

pure band B, which may have contained trace amounts of band A.

This reduced the yield of pure band A and B to levels below those

achieved by electroelution and passive elution. Therefore

passive elution was resorted to in order to obtain pure band A

and B for immunization of rabbits. It was preferred over micro-

The passively eluted proteins were estimated either by

the Bradford assay, using ovalbumin as a standard (Tables 8,9

Fig.8) or by densitometry, whereby eluted bands were concen¬

trated, run on a 9% PAG alongside various concentrations of

BSA, and their 0Dr, measured on a Vitatron densitometer after
5 7 0
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staining. Concentrations were evaluated from a calibration

curve (Table 3, Fig.9) . It must be stressed though that

neither the Bradford assay, nor densitometry yielded absolute

values of concentrations for proteins A and B.

The pure BLN microfibrillar antigens A and B were used

for immunisation of four rabbits, two per antigen. When
r

the immunisation schedule was completed, the rabbits were bled,

and the serum tested for specificity.

3.4. ADSORPTION OF NON-SPECIFIC ACTIVITY FROM AN TI-A AND ANTI-B

ELISA tests were performed on anti-A and anti-B against

various antigens - antibodies bound to A and B. However there

was strong cross-reactivity with BSA and elastin. It is
\

highly probable that the elastin samples contained immuno¬

logically significant amounts of EAM, which would most probably

show positive reactivity to the antibodies. Nevertheless it

was considered appropriate to purify the antibodies by

affinity chromatography, from activity against BSA and elastin

if indeed there was any. (See 2.16.3 and 2.16.4) .

Subsequent to immunoadsorption of unwanted activity,

ELISA tests revealed that while retaining their activity against

the antigens A and B, anti-A and anti-B displayed no

significant activity towards elastin, no activity towards BSA

from fetal calf serum, and no activity to fibronectin.

Once specificity of the antibodies, anti-A and anti-B, was

achieved, immunodiffusion and Western blotting were undertaken

in order to investigate any structural relationship between

bands A and B, and between A and B on the one hand and the

various BLN and BOZ bands on the other hand.
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3.5. IMMUNODIFFUSION

Immunodiffusion of bands A and B of BLN was carried out

against anti-A and anti-B with each antibody reacting with

band A and B (Fig.10a,b). Subsequently anti-A and anti-B were

tested separately against all the bands of BLN microfibrillar

extract. In all cases a single precipitin line was formed
r

(Fig.lOa-g). No spurs were present (Fig.lOf). Similar

tests were carried out on two microfibrillar extracts, one

obtained according to Streeten and another previously obtained

in this laboratory. In both cases (Fig.lOi-m) all the bands

formed a single circular precipitin line, without any spurs,

indicating a reaction of identity amongst the various bands

(Fig.lOi-m)• All five bands of AHA microfibrillar extract

gave a reaction of identity against anti-B (Fig.lOn) . Bands

B,D and TOP of TBA microfibrillar extract gave single

precipitin lines when diffused against anti-A (Fig.lOo).

3.6. WESTERN BLOTTING

Western blotting of BLN, BOZ, AHA and TBA microfibrillar

extracts was performed. The transferred proteins were exposed
*

to anti-B, and the immune-complex adsorbed onto nitrocellulose

was exposed to radioiodinated protein A. Fig.11 shows

intense radiation localised on the following BOZ bands, in

order of greatest intensity: a + a', C, B/C, B and A. The

higher molecular weight bands D and D' were obscured by the

st eakinq effect which often appears a u the top of a gel.

Radiation localized to BLN bands was strongest in B and C with

some localisation in positions corresponding to A, D and a

band just below C. The poor images produced by the AHA and

TBA blots cannot be attributed to poor transfer. Fig.lib shows

that adequate amounts of protein had been loaded on the 9% PAG,

whilst Fig.11a and c shows that adequate quantities of the
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protein bands transferred successfully. Nor can the poor

images be attributed to lack of reactivity between the anti¬

body and the various antigens, since this would be contrary

to the immunodiffusion results. The fact is that some
*

epitopes are hidden when the protein bands adsorb on nitro¬

cellulose. This immediately reduces the number of available
r

epitopes by 50%. But this affects all the four extracts

equally. It is possible that the microfibrillar proteins

of BOZ have a greater number of epitopes available for binding.

While immunodiffusion may provide indirect evidence of

structural similarities between A and B, finger printing is a

method which can yield direct evidence. Thus finger printing
<

was undertaken, primarily in order to reveal possible structural

similarities, if any, between BLN bands A and B which furnished

the antigens for the immunisation schedule. Finger printing

of partially digested proteins from our microfibrillar extract

yielded no significant results, because the starting material was

not concentrated enough for visualisation by Coomassie Blue

of the resulting peptides. The method would have yielded better

results had the proteins been radioiodinated prior to digestion.

Autoradiography is a much more sensitive method of visualisation

than Coomassie Blue.

In pursuance of a technique that would shed light on

structural relationships between A and B and the rest of the BLN

microfibrillar proteins, peptide mapping was undertaken.

3.7. PEPTIDE MAPPING

The TLC plates of the various bands (Fig.l2a~P)

were compared in general and specific terms. To facilitate

comparison an acetate grid is provided on which positions of

spot patterns are indicated using abbreviations of the

nomenclature used below.
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General remarks:

(1) In the horizontal dimension (electrophoresis) the peptide

did not move far beyond the half-way mark.

(2) In the vertical dimension (chromatography) the peptides

mostly remained below the half-way mark, although

some reached the top of the plate.
r

(3) Two focal points were observed on the horizontal

which often gave rise to two vertical pept'ae

columns, sometimes including discrete spots.

Specific remarks:

(1) Paw-pattern: it consists of four spots falling on

a semicircle which sits on the base of the plate and
\

surrounds two spots. This is clearly seen in :BLN

bands TOP, D, C and A; BOZ bands B/C, C, B and A.

(2) Tongue spot: this spot is reminiscent of a tongue

in shape and falls at the position marked T on the

grid. It can be seen in: BLN bands TOP, D, C, B and A,

BOZ bands 26Kd and B/C.

(3) Wedge-pattern: these spots are most clearly seen in BLN

band A, at the position marked W on the qrid and fall

on the angles of a wedge-profile. They can be seen in:

BLN bands C, Band A; BOZ bands C, B/C, B, A and 26Kd.

(4) Twin-spots: these fall into two classes:

(a) the lower twin-spots which are positioned on the

baseline about 5mm from the point of origin and

occur in: BLN bands B and A; BOZ bands C, B/C, B

and A.

(b) The higher twin-spots which can be seen in the

top left corner of the following plates: BLN bands

B and A; BOZ bands C, B/C, A and 26Kd.



(5) Triple-spots: two sorts are present:

(a) the oblique which fall on a line pointing downwards

towards the point of origin, and is typified by BLN

band C, where the top spot of the triple-spots lies

in position 1:1-11. It is also present in BOZ

bands C and A, and L.N. band A (where only two spots
r

are present), L.N. band B with the top spot missing

and the second spot in position N:9 (cf. BOZ band C).

ZON B/C shows this pattern with the top of the

triple spots missing and the second in position M:9.

(b) The vertical, which as their name suggests fall on a

vertical line in BLN band A position H-L:7-8, the
<

lowest spot being part of the wedge-pa11ern : BI.N

band B, where the top spot either missing or moved

further up (G:7-8). They are also visible in BOZ

band C (H-L:7). The spots of BLN band C, in

general, did not move as far to the right as did

those of bands A and B. Therefore the oblique triple

spots lie to the left of the oblique line on the

grid, whereas in bands A and B the spots lie below

or on the oblique line. Likewise the vertical

triple-spots of BLN band C are to be found to the lef

of their counterparts in other bands in position H-l:

5-6. The inconsistency in the mobility of

'homologous' peptides may be due to their poly¬

saccharide content ' 2 1 ' .

Now that general and specific patterns have been

established, particular attention must be paid to the peptide

maps of BLN bands A and B, the two antigens used for
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immunisation. A survey of the two maps, with the aid of the

acetate grid provided, reveals that both maps have in common

three vertical columns of spots falling in the vertical

dimension at positions 4, 6 and 8; both maps contain the

wedge-pattern as well as the paw-pattern in the positions

marked on the acetate grid; both maps contain the oblique as we!
r

as the vertical triple-spots; both the lower and the upper twin-

spots are present in both maps. Tn addition the two spots in

position C:2 and E:2 in the map uf B, are matched by the two

spots in position C:3 and F:3 in the map of A

The tendency exhibited by low molecular weight bands to

aggregate has been mentioned before.Fig.6. shows an instance
<

in which band A of BLN, when subjected to electrophoresis on

10% PAG, gave rise to band C.

In the light of this monomer-o1igomer relationship between

proteins A and C of BLN, a comparison of the pentide maps of

the two proteins may shed more light on the extent to which

conformation influences radioiodination and hence the peptide

patterns. Firstly it must be pointed out that the spots in C

did not move as far in the horizontal (e1ectrophoretic) dimensio

as did the spots in A because the electrophoresis ran for a

shorter period. However, both peptide maps contain the paw-

pattern, though more crammed in C; both contain the three

vertical columns referred to earlier; both contain the wedge-

pattern as well as the oblique triple spots, with A lacking the

top spot. However, the tongue-spot is a very strong feature

of C, but is much weaker in A. The lower and upper twin-spots

as well as their accompanying columns are present in A but due

to poor separation in C, may have merged into one column. The
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tongue-spot of A makes an almost isosceles triangle

with two other spots at G:4-5 and G:7-8, which in turn form

the upper side of a square whose lower side is marked by the

presence at either end of a single spot at 1:4-5 and 1:7-8.

Enough similarity exists between the PAGE patterns of BLN

and BOZ microfibrillar extracts to warrant an investigation

into a possible structural similarity between the protein bands

common to both tissues.

(a) Band A. The strongest feature of band A in BLN is the

wedge pattern and the spots surrounding it, which also

occur in BOZ, where the spots of the wedge pattern are

positioned, frop the top going clockwise, at I-J:6, I-M:8

and I-M:6. Above the wedge-spots of the BLN are three

spots at positions H-I:6, I-J:6-7 and J:5, whose counter¬

parts in BOZ fail in positions I-J:6, K:7-8, K:6.

Above and just to the left of the lower twin-spots in BLN

is a third spot in position Q:H. This combination is

clearly present in BOZ too. However the paw-patterns of

both proteins are poorly defined.

(b) Band B. The strongest feature of band B in both BLN and

BOZ is again the wedge pattern and the surrounding area,

which in both cases has an additional strong spot to the

right of the lowest of the three spots, making a trapezium

with the other three spots of the wedge-pattern. In both

BLN and BOZ, the paw-pattern is limited by two twin spots on

either side of the baseline. In the BLN the twin spots

on the left have a strong spot above and to the right.

The two spots in position G:7 and F-G:5 in BLN fall at

almost exactly the same positions in BOZ. Two spots
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falling on a vertical line in position L-M:4 in BLN

are present at position M:4 in BOZ, but are not as strong.

(c) B/C. This band is a permanent feature of BOZ PAGE

patterns. When compared with band B of BLN, both contain
*

a definite strong paw-pattern and the wedge pattern with

the third left lowest spot lacking in B/C.
r

The spots of B falling in positions D-E:7, G:7 and F-G:5

in BLN, fall in positions E:6-7, H:7 and H:5 in B/C. In

both cases there are higher twin-spots in position A:l-3.

(d) Band C. The strongest and most common features between

bands C of BLN and BOZ are the oblique triple-spots and

the paw-patterns. In addition the column arising from the

li

point of origin ends up with a large spot in both BLN and

BOC, with a few spots on the column.

(e) Band a of BOZ has no homologue in BLN. Its peptide map

did not run the whole course in the second dimension.

However, it does show the rudiments of the paw- and wedge-

patterns as well as the tongue spot. In short the fact

that the peptides of a did not run the whole course of the

second dimension prevents any detailed analysis, but does

show similarities with microfibrillar proteins from both

BLN and BOZ.

In the comparison above, only similarities were emphasised

with no mention of the only-too obvious dissimilarities, which

are not entirely a result of poor structural similarity between

microfibrillar proteins of BLN and BOZ, as will be explained

later. However the peptide maps of BLN and BOZ show a

significant number of epitopes in common between the homologous

proteins of the two tissues.

Although structural identity of any two proteins may not
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be obvious from their peptide maps, it can not be completely

ruled out, because as has been demonstrated by the relationship

between proteins A and C of BLN and their peptide maps,

conformation influences the pattern of radioiodination which

in turn influences the peptide maps. Aggregation of protein

A (the same as Serafini-Fracassini et al ' s microfibri11in
r

(1975)) is caused by the high content of cysteine which causes

the formation of a varying number of disulphide bonds. The

number of disulphide bonds formed naturally effects the overall

conformation of the molecule. An increase in disulphide bond

formation would have the following effects:

(a) a reduction in the avai].ability of sites for radioiodination
(

This would reduce the number of spots present in the map.

(b) a reduction in the number of sites available for enzymatic

digestion, which would result in a decreased number of spots

on the map.

(c) a reduction in the number accompanied by an increase in the

size of spots, because peptides which would otherwise

be free are joined to other peptides by disulphide bonds.

This would therefore influence the mobility of the spots.

In connection with point (a) above, it is essential that

X-ray films are exposed for a period of time long enough to

bring out those peptides that were poorly radioiodinated.

For instance bands D and TOP of BLN were exposed for a similar

period of time without the use of intensifying screens. As

a result (Fig.12) an almost identical pattern was obtained for

the two. However on re-exposure of band D, with the use of

an intensifying screen, the pattern changed. The central area

which had previously shown hardly any spots was now showing

a pattern of spots similar to that of band A, B and C in terms

63 .



of relative intensity. This is clearly suggestive of the

originally light spots in the central area, being modestly

radioiodinated by virtue of their concealment in the undigested

molecule. In comparison the originally darker spots, the paw-

pattern and the tongue-spot, are most probably those parts that

were better radioiodinated, by virtue of their being positioned
r

on the exterior of the protein. In other words conformation

of a molecule does play a great role in influencing the peptide

maps of proteins, especially those with a monomer-o1igomer

With reference tc the possible mode of aggregation of

proteins A and B, two bands have been observed close to band C,

on 9% PAGE of BLN microfibrillar extract (Fig.7a). One band

lies immediately below while the other immediately above C.

This raises the possibility of bands A and B aggregating in thre<

fashions.

(a) Band A may aggregate on its own to give the lightest of the

three bands.

(b) Band B may aggregate on its own to give the lowest of the
!

three bands and

(c) Bands A and B may aggregate together to give rise to the

middle band (band C proper).

So far it has been shown that anti-A and anti-B antibodies

react with the antigens against which they were raised as well

as with related proteins(aggregated forms of the antigens).

But the antibodies were raised primarily for identification

and localisation of the source of A and B by immunohisto-

chemistry. This can Only be achieved by electron microscopy.

However, anti-A and anti-B were raised against denatured

antigens both of which are likely to be significantly different,

64 .



in terms of conformation from the native protein ' 6 ' 3 9 ' 1 2 5'
It has been shown that denatured proteins r-eact poorly, if at

all, with antibodies raised against the native molecule

in which the relevant epitopes might be hidden. ^74^
3.8. TRANSMISSION ELECTRON MICROSCOPY

Prior to immunoadsorption the immunogold (Fig.14ar S b)

was localised to: (a) collagen (b) elastin fibres particularly

to the darker-stained areas which are normally recognised

as MF^30^ , to (c) EAM seen in cross section in Fig.14a,

and in longitudinal sections in Fig.14b, and (d) to ill-

defined extracellular dark staining material.

Immuno ad s o r p t(io n of anti-A and anti-B antibodies made no

difference to the localisation of immunogold, but reduced the

amount of antibodies available for binding, as can be judged

from the number of gold particles in Fig.14c. There is still

significant binding to collagen, elastin and EAM. Therefore

it was inferred that the positive ELISA results obtained when

anti-A and anti-B were tested against elastin, were due to the

presence of trace amounts of MF in the elastin sample.

The localisation of immunogold to collagen fibres can

perhaps be accounted for by collagen-associated MF ' 1 6 > 7 0,7 1 )

As for localisation of immunogold to elastin fibres, it is

greater inside the fibre than on the periphery where EAM

are found. This may be elucidated by a consideration of

e1 astogenesis , in which MF are the first recognisable fibrous

( 4 1 / ) 1 6 )
, ^ n 4. •structures - As e1 astogenesls proceeds, elastin

deposition results in the majority of MF being progressively

displaced to the outer aspect of the elastic fibre, a

position retained in the adult, hence the term elastin-
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components are displaced outwards, they become increasingly

structured, until on reaching the periphery of the elastin

fibre, they take on the form of fibrils, better known as

elastin associated microfibrils (EAM) . Those MF that

are not pushed out to the outer aspect of the developing elastic

fibre, become trapped in the core of the fibres, in a much

less structured state than EAM, which increases the number of

epitopes available for antibody binding. They may also have

a greater reactivity to the antibodies because the latter were

raised against the primary sequence of MF.

Immunogold localisation in the case of the BOZ was not

very significant (Fig.l4d), especially when compared with

the affinity of anti-A and anti-B to the various proteins of

BOZ in immunodiffusion and Western blots, where the anti¬

bodies showed greater reactivity to BOZ microfibrillar

proteins than to their counterparts in BLN. However, immuno¬

gold localisation to BOZ MF is above background and may be

enhanced by etching of the sections prior to exposure to

antibodies. The section in Fig.l4d was not etched, because

it was found to be unnecessary in the case of BLN.

In contrast to electron microscopy, fluorescent microscopy

is less costly and less time consuming. Therefore, before

undertaking similar u1trastructura1 studies of various

tissues, it was considered appropriate to undertake indirect

immunofluorescence studies of frozen sections. This would

provide, in a relatively short time, a picture of the overall

localisation, distribution and tissue as well as species-

specificity of anti-A and anti-B antibodies.
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3.9- FROZEN SECTIONS

Three sections were prepared of each tissue. One was

a control for autofluroescence, another was a control for

NRS, and the third was experimental.

Bovine epiglottis

As can be seen from Fig.13a there was very little 'auto-

fluorescence . However, there was a significant degree of

fluorescence in the NRS control (Fig.13b) of the epiglottis,

which is most likely to be due to non-specific binding of

NRS, resulting from the use of relatively high concentrations

of NRS since it was of the same dilution as the very low titre

specific serum.

The greatest degree of binding was observed in the

experimental sections (Fig.13c,d) , where the fluorescence is

most intense. This shows that the fluorescence of the

experimental sections was mainly due to specific anti-A

binding to native protein molecules, most probably MF .

The following structures of bovine epiglottic mucosa were

observed to bind anti-MF antibody:

1. Mucosal-submucosal junction (MSJ). This region was the

sit® of brightest fluorescence (Fig.l3d) which took on the

pleated undulating form of MSJ. Heavy condensations of

fluorescence cap the submucosal papillae, and are separated

by varying widths of mucosal "pegs". Tufts of fibres can

be seen projecting into the submucosa, giving the basement

membrane a felt-like appearance. These may be the microfibri

that Co11a-Pereira e t al. (1978) called oxytalan.

2. Blood vessels. In the submucosal arterioles and lymph

vessels showed a significant degree of fluorescence (see

F i g . 1 3 c ) .
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3. The lamina propria. Some bright fluorescence was observed

in this region which in skin (115) and trachia (93)

is known to have an elastic element with EAM (see Fig.13d) .

4. The mucosal surface. The fluorescence of this region
*

was much stronger in the labelled section (Fig.13c) than in

the control (Fig.12a,b) , where some autofluorescence or
r

fluorescence due to the 'edge' effect may have taken place.

However, specific antibody uptake could not be completely

ruled out.

Bovine kidney

The arterioles of a glomerulus showed strong and positive

fluorescence (Fig.l3e). The reaction is most probably due
<

to the EAM in the media of the arterioles. There is no

significant binding to the mesangium.

Bovine ciliary process

The stroma as well as the epithelial lining showed some

autof1uorescence. More fluorescence was noted in the NRS

sections (Fig.l3f,g) with intense green fluorescence in

sections treated with anti-A antibody (Fig.l3h) .

The stroma of ciliary processes is known to contain loose

( 5 8 )
connective tissue , which therefore may contain EAM or/and

free MF. Within the stroma, large blood vessels can be seen

with intense fluorescence localised to their elastic elements

(Fig.l3i-k). Just deep to the basal epithelial layer

fluorescent outlines of wide capillaries can be seen (Fig.l3j,k,

small arrowheads) with the fluorescence most probably

localised to the basement membranes, as was observed in the

epiglottic mucosa.

Of particular interest, is the localisation of intense
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bright fluorescence to the epithelial lining of the ciliary

processes, which is known to consist of two layers, each

having a basement membrane associated with it. The superficial

epithelial layer is non-pigmented and is separated from the

posterior chamber by a basement membrane referred to as the

o

internal limiting membrane (300A). The basal epithelial

layer is pigmented, as can be seen from the sections (Fig.l3f-k),

and is separated from the stroma by a basement membrane referred

to as the external limiting membrane ^116^ _ The above two

limiting membranes combined with the presence of zonules that

pierce the ciliary process making towards the lens capsule,

(Fig.l3j, large arrowhead), may account for the positive
<

fluorescence of the epithelial lining in the ciliary process.

In an u1trastructura1 study of ciliary epithelia Raviola

(1971) (go) has demonstrated the presence of zonular fibrils

in the non-pigmented epithelial layers. Fibrils cross the

internal limiting membrane, in order to terminate in the inter¬

cellular spaces of the non-pigmented epithelium, where zonular

fibrils run, in bundles, through intercellular channels.

He further demonstrated that the inner limiting membrane has

a fine filamentous texture, and that it follows the contour

of the base of non-pigmented epithelial cells, running straight

across the ends of interdigitating cell processes, without

deflecting into the interstices. However, in places along

the basal plasma membranes grooves exist which contain small

bundles of zonular fibrils separated from the plasma membrane

by a deflection of the internal limiting membrane. The

presence in the non-pigmented epithelial layer of zonular fibril:

as well as basement membrane may well account for the intense

fluorescence localised to the region.
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With reference to the external limiting membrane, intense

green fluorescence is localised just deep to the basal

epithelial layer (Fig.13k), which may correspond to oxytalan

connecting the basement membrane .with elastic elements in the

deeper parts of the stroma.

Mouse Thoracic Aorta r

Autofluorescence was not examined in this case. Sections

were exposed to either NRS or anti-A antibody both of which

having the same dilution (1:50) , which was considered necessary

because the specific serum was of low-titre. Therefore, in

effect the control sections were exposed to extremely high

concentrations of NRS, which may have caused some non-specific

binding. This may explain why the NRS control sections did

not show less fluorescence than the experimental sections

(compare Fig.13 and m); however, the adventitia of the

experimental sections showed significantly brighter fluorescence

than the adventitia of the NRS control. The similarity of

fluorescence in the media of both NRS control sections and

experimental sections, contrasted with the difference in
4

fluorescence with respect to the adventitia, may be attributed

to the fact that the adventitia contains loose connective

tissue which would increase the availability of epitopes of

the elastic components.

Mouse Trachea

As in the case of mouse aorta, autof1uorescence was not

examined. NRS control sections showed much less fluorescence

than the experimental sections (Fig.13, o and p). Intense

fluorescence was localised to the following structures:

The mucous lining (cf. the epiglottic mucosa, Fig.13c);

the basement membrane of the mucous membrane (small arrowhead,

Fig.l3p), which is known to comprise a dense network of fibrils;
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the blood vessels of the lamina propria and the seromucous

glands of the submucosa, in both of which the fluorescence

is most probably attributable to the basement membranes, as

well as to the elastic elements in the case of blood vessels;

the fibroelastic membrane of cartilage plates (Fig.l3p, large

arrowhead) surrounding individual cartilage plates and rconnectint

them to each other as well as to the mucous membrane. In

this case the presence of microfibrils would be compatible with

the function of anchorage, ascribed to them by Krauhs (1983) ( 7 1 )

The difference in the degree of fluorescence between NRS

control sections ahd experimental sections of mouse tissue was

not especially great, particularly in the case of aorta. This

may be due to the fact that the rabbit anti-A antibodies were

raised against bovine tissue, and not against mouse tissue.

Since immunofluorescence is a relatively low resolution

technique, precise localisation of anti-A antibody in the

tissues in this project, necessitates the undertaking of ultra-

structural studies involving the use of immunogold technique

of antibody activity, and hence MF .

7 1 .



TABLE
1

GEL

COMPOSITION.
Acrylamide

solution
A

Acrylamide
solution
B

Acrylamide
solution
C

3%

4%

8%

9%

10%

15%

3%

Distilled
water
(ml)

6.30
9.00

91.70
13.10

21.30

17

6.40

1.5M

Tris-Cl
(pH

8.8)

3.75

52.50
7.50

9.80

9.80

-

0.5M

Tris-Cl
(ml)
(pH

6.8)

2.50

-

-

-

-

2.50

10%

(w/v)
SDS
(ml)

0.15
0.15

2.10

0.30

0.40

0.40

0.10

Acrylamide
solution
(ml)

1.00
2.0

5.6

9.0

8.60

12.90

1.00

Ammonium
persulphate
(mg)

15

25

3.50
40

40

40

15

TEMED
(jtl)

20

20
-

2.50
40

50

50

20

Total
volume
(ml)

9.97
14.92
209.58
29.94

40.15

40.15

10.02



TABLE
4

THE

PROPORTIONS
OF

THE

VARIOUS
BANDS
OF

MICROFIBRILLAR
EXTRACTS
AS

SEEN
ON
9%

PAGE

Bovine

ligamentum
nuchae

Bovine
ocularzonule

Aged
humanaorta

Trout
bulbusarteriosus

Paperweightmg

Proteinr9
t>

Paperweightmg

Protein
%

Paperweightmg

Proteinr
%

paperweightmg

ProteinJ/
9

%

TOP

75.0

1.88

23.1

73

1.61

9.4

71.0

1.34

13
.

7

67.5

0.88

24.2

D

74.5

1.80

22.1

74.5

1.81

10.6

76.5

2.07

21.2
68.
5

1.01

27.8

C

69.5

1.14

14.0

76.5

2.07

12.1

76.0

2.01

20.6
-

-

-

B/C
-

-

-

74.5

1.81

10.6

-

-

-

-

-

-

B

70.5

1.28

15.7
75

3

M

00
00

11.0

76.0

2.01

20.6
74

1.74

47.9

A

76

2.01

24.7
68

0.95

5.5

71.5

1.41

14.5
-

-

-

ax

-

-

-

82

2.81

16.4

67.5

0.88

9.0
-

-

-

a

-

-

-

92

4.14

24.2

-

-

-

-

-

-

Linear
fit
Y

=

(A.X)
+

B,

A

=

0.1331,
B

=

-8.1061,
D

=

D

+

D'

in

table
2.

X.

=

0.9835,
Percentage

error
=

11.46%.



TABLE 5 SHOWING VALUES OF O.D.„„^ FOR DIFFERENT CONCENTRATIONS280nm

OF OVALBUMIN.

O V 0.5 1.0 1.5 2.0 2.5

mg/ml

O.D. 0.30 0.62 0.92 1.21 1.55
280nm

Linear fit: r= 0.9993,<m = 1.6171, C = 0.0122,

Percentage error = 0.28%.



TABLE 6 SHOWING O.D„„ VALUES AND THEIR EQUIVALENTS IN mg OF
z 8Unm

FRACTIONS COLLECTED FROM PREPARATIVE ELECTROPHORESIS OF

OVALBUMIN.

Fraction No. Time lh O.D. 280nm mg/ml mg/fraction
£

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

O. 5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5
i

7.0

7.5

8.0

8.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

12.5

13.0

1.21

1.13

0.87

0.52

0.43

0.41

0.41

0.42

0.39

0.41

0.41

0.41

0.40

0.39

0.95

1.18

1.10

0.96

0.78

0.66

0.52

0.43

0.39

0.41

0.41

0.43

0.90

1.27

1.14

O. 92

0.62

0.43

O. 20

2. 70

3.81

3.42

2.76

1.86

1.29

0.60



TABLE 7. SHOWING THE O.D.„„ VALUES OF FRACTIONS COLLECTED FROM280nm

PREPARATIVE ELECTROPHORESIS OF BLN MICROFIBRILLAR EXTRACT.

THE FRACTIONS MARKED + WERE CONCENTRATED AND RUN ON 9% PAG

FOR DENSITOMETRY

Fraction Time/h O.D.„„
280nm

1 0.5 0.93

2 1.0 0.68

3 1.5 0.54

4 2.0 0.31

5 2.5 0.18

6 3.0 0.17

7 3.5 ,18
8 4.0 0.19

9 4.5 0.19

10 5.0 0.18

11 5.5 0.19

12 6.0 0.19

13 6.5 0.18

14+ 7.0 0.25

15+ 7.5 0.27

16+ 8.0 0.27

17+ 8.5 0, 24

18+ 9.0 0.24

19+ 9.5 0. 26

20+ 10.0 0.27

21+ 10.5 0.24

22+ 11.0 0.24

23+ 11.5 0.23

24+ 12.0 0.21

25+ 12.5 0.22

26 13.0 0.19

27 13.5 0.18

28 14.0 0.17

29 14.5 0.18

30 15.0 0.18



TABLE 8 SHOWING THE O.D.
_ OBTAINED FOR VARIOUS CONCENTRATIONS595nm

OF OVALBUMIN SOLUTIONS MIXED WITH BRADFORD REAGENT

O.V. mg/ml 1.0 0.75 0.375 0.15

O.D. 0.36 0.26 0.16 0.07
595nm

Linear fit: r = 0.9930, m = 3.0177

C = -0.0725, Percentage error = 2.45%.

TABLE g SHOWING THE O.D.. VALUES FOR ELUTED BANDS A AND B OF BLN,
595nm

OBTAINED FROM BRADFORD'S PROTEIN ASSAY AND CONVERTED INTO MG/ML

EQUIVALENTS BY USING THE EQUATION OF TABLE 8,

O.D. of
595nm

eluted band A

Band A

mg /ml

O.D._Q_ of595nm

eluted band B

Band B

mg/ml

0.08

0.18

0.05

0.09

0.05

0.10

0.169

0.470

0.078

0.199

0.078

0.229

0.07

0.13

0.07

0.06

0.07

0.08

0.139

0.319

0.139

0.109

0.139

0.169



Figure 1.

SDS electrophoresis of microfibrillar extracts from bovine

ligamentum nuchae (BLN), bovine ocular zonule (BOZ), aged
*

human aorta (AHA) and trout bulbus arteriosus (TBA).

(a) 9% SDS PAGE + Coomassie Blue. The lanes containing

the marker proteins are designated M. The positions

of the marker proteins are indicated with a black

spot. They are from the smallest to the largest.

Carbonic anhydrase 29,OOOd; ovalbumin 45,OOOd,

bovine plasma albumin 66,OOOd; phosphory1 ase b

(rabbit muscle) 97,400d; yS - g a 1 a c t o s i da s e (E. coli)
116,000d and myosin (rabbit muscle) 205,000d.

The molecular weight of the bands are: a_ 2 2 0 0 0 d ;

a_' 2 5 ,4 OOd; A 3 5, OOOd ; B 47,OOOd; B/C 64,OOOd;

C 75,OOOd; D 120,OOOd; D' 130,OOOd.

(b) 15% SDS PAGE + Coomassie Blue. Notice the improved

separation of lower molecular weight proteins of

BOZ microfibrillar extracts. The streaking is

due to the tendency of lower molecular weight proteins

to aggregate.



 



 



(c) 9% SDS PAGE of radioiodinated microfibrillar extracts

of BLN and BOZ. The X-ray film was punctured in

order to mark the positions of the bands on the gel,

prior to cutting the bands out of the gel for

finger-printing. Notice the prominence of bands A
r

and TOP in BLN and band a^ and a^' in BOZ which cannot

be resolved and therefore are designated a_.

(d) 9% PAGE + Coomassie Blue, of microfibrillar extracts

from BLN with $ME (BLN), and without ME (CL), using

GuHCl in both cases. CL1-CL3 represent increasing

loadings of extract without $ME . CL2 contained an

equal volume of microfibrillar extract solution to

BLN, both of which being of a similar concentration.

CL is an extract equivalent to Cleary's SKGCG. The

use of $ME does not affect the PAGE pattern as much

as the quantity of MF extracted.
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Figure 3

10% SDS PAGE + Coomassie Blue of BOZ microfibrillar extracts

1. Urea + DTT + 60°C for 30 min + iodoacetamide

2. Urea + DTT + 60°C for 30 min + sonication

3. Urea + DTT + 60°C for 30 min

Notice that (2) and (3) show similar band-pa11erns .

1) contains bands slightly above those of (2) and (3)

in position, due to carboxyme thy1 ation which caused

a slight increase in the relative molecular weights

of the various bands and hence a reduced mobility

on PAGE .

Figure 4 .

Isolation of individual microfibrillar proteins.

(a) + (b) Isolation of' BLN bands A and B

by preparative gel electrophoresis

(9% PAGE + Coomassie Blue)

O.V. 1 Ovalbumin, BSA 1 Bovine serum

albumin.



 



 



Figure 4 . ( c)

Isolation of microfibrillar proteins from AHA by passive
\

elution. 9% PAGE + Coomassie Blue. Two lanes of each

protein a_ - D were run, one containing heated protein (60°
and the other non-heated protein. Heating did not cause

any aggregation.

Figure 5.

Showing two gel slices from two 9% PAG's of BOZ micro¬

fibrillar extract after silver staining.

Figure 6.

15% SDS PAG 1s showing the tendency of eluted microfibri

proteins to aggregate despite the use of a minimum of

8% 3 ME.

(a) Protein A of BLN microfibrillar extract aggregating

to give protein C as well as other heavier bands.



Figure 6.

(b) Partial digestion of individual proteins

of BOZ microfibrillar extract using

Staph, aureus protease V8 (P). Note how

a_ aggregated to give rise to D and TOP,

as well as less obvious higher molecular

weight proteins. The only protein that

produced any visible peptides was D.

(c) Partial digestion of individual proteins of

BLN microfibrillar extract using Staph,

aureus protease V8 (P). Notice how A

gave rise to two heavier molecular weight

proteins marked ag short for aggregates.

Figure 7.

(a) 9% PAGE + Coomassie Blue of BLN + AHA

microfibrillar extracts demonstrating

the relative abundance of bands A and B.

Band B is the major of the two in AHA

whereas band A is only slightly more

abundant in this gel.

(b) 9% PAGE + Coomassie Blue showing the

relative mobilities of band A and B

of BLN microfibrillar extract in relation

to ovalbumin (OV) .
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Figure 1O.

Immunodiffusion of isolated individual micro¬

fibrillar proteins of BLN (a - h), BOZ, ATP

extract (i - k), BOZ extract after Streeten

(1 - m) , AHA (n) and TBA (o) .

The relative positions of the antigens and

antibodies are indicated in the wells.

Antibodies are indicated by the symbols-A

or c< - B .

In some cases the precipitin line has formed

too close to the central well containing

the antibody, due' to the use of relatively

high concentrations of antigen. The

agarose was squashed dry, stained with

Coomassie Blue and destained.



 



 



 



Figure 11.

Showing the.results of immunoblots (Western

blotting).

(a) The transfer of bands of microfibrillar

extracts of BLN, BOZ, AHA and TBA from

9% PAG on to nitrocellulose (I = 280mA,

V = 110V, 36h). Notice how air

bubbles trapped between the gel and the

nitrocellulose paper have left their mark.

(Amido-black stained).

(b) A 9% PAGE + Coomassie Blue duplicate of

(a) . .

(c) The 9% PAG + Coomassie Blue after the

blotting had been completed, shows that

virtually all the protein had transferred

from the gel on to the nitrocellulose

paper.

(d) Radioautograph of a blot treated with anti-

A antibody followed by radioiodinated

protein A. The BOZ pattern is very strong

compared with weak patterns for AHA and

BLN. The absence of band A may be due to

it having gone through the nitrocellulose

paper. The dye-front (d) of BOZ has split

around an air bubble giving a horizontal

V-shaped pattern. The dye front contains

small peptides which obviously react with

the anti-A antibody. The appearance of

TBA bands may be a question of exposure.



 



 



Figure 12 .

Showing the results of peptide mapping of

BLN microfibrillar proteins, plates a-h.

The bands are indicated on the r.h.s. corner

of each plate.

X-films were exposed for various periods,

with or without an intensifying screen.

The use of an intensifying screen is

indicated by the letter I in the bottom r.h.s.

corner of a plate. For instance plates

(b) and (c) are the same except that (c)

was obtained with1the use of an intensifying

screen. Notice that the intensifying

screen enhances the image but reduces

the resolution of spots in close proximity

with one another.

Plates i-p are of bands of BOZ.



 



 



 



 



 



 



 



 



Figure 13 .

Immunofluorescence of bovine epiglottis, 20 'microns

(a-d). All experimental sections were exposed

to a 1:50 dilution of goat anti (rabbit IgG)

immunoglobulin with FITC.

(a) Control for autof1uorescence x 125

(b) NRS control plus FITC x 125

(c)Anti-A x 125

(d) The mucosal submucosal junction (MSJ)

treated with anti-A diluted to 1:50,

and FITC diluted to 1:50 x 500.

(e) Bovine glomerulus treated with anti-A

(1:50) and FITC ( 1 : 5 o') x 250.

The epiglottis is folded back on itself

so that the mucosal surfaces are in apposition

(arrowhead). Notice the localisation of

fluorescence to the MSJ, the blood vessels of

the lamina propria (LP) as well as what may be

the elastic elements (E) of the KP lamina

propria with which MF are often associated.

n(d). Notice the intense localisation of

immunofluorescence to the MSJ, where fibrils

(F) project into the mucosa (M) and submucosa

(SM), giving a felt-like appearance. The

submucosal papillae (SP) are capped with the

fluorescence of the basal lamina or basement

membrane of the MSJ, whose folds are separated

by mucosal plugs (MP).

Most of the fluorescence in the glomerulus (e)

is localised in the blood vessels (V), which are

pr ob ab1y



 



 



Sections of bovine ciliary process, (f-k)

(f) Autofluorescence control x 125

(g) NRS control x 125

(h) Anti A x 12 5
*

( i) Anti A x 250

(j)AntiA x 500

( k) Anti A x 500

Note the two layers of simple epithelium, the

non-pigmented epithelium (NPE) facing the posterior

chamber (PC) and the basal pigmented epithelium (PE)

facing the stroma (S) which consists of loose

connective tissue containing large blood vessels

(LV) (i-k) and wide capillaries (WC) close to the

external limiting membrane (the basement membrane

between the stroma and the pigmented epithelia.

Fluorescence is localised to the, EAM of vascular

elastic fibres, basement membranes of wide

capillaries just deep to the basal pigmented

epithelium, the connective tissue in that vicinity,

(arrowhead) and the non-pigmented epithelial layer.



 



 



Sections of mouse aorta (1-n)

(1) NRS x 125

(m) Anti A x 12 5

(n) An ti A x 2 5 0

The media of (1) and (m) seems to have the same

amount of fluorescence. The adventitia of (m),

however, shows more fluorescence than that of (1) .



 



 



Sections of mouse trachea (o-q)

(o) NRS x 12.5

(p) Anti A x 12 . 5

(q) Anti A x 2 50

Fluorescence can be seen localised to: the basement «■

membrane (BM) (small arrowhead) of the respiratory

epithelium (M), the fibroelastic membrane (FEM) surround¬

ing individual pieces of cartilage (E) and uniting them

together; the basement membranes of blood vessels (V)

and the basement membranes of seromucous glands (G) .



Figure 14.

Electron micrographs of bovine ligamentum nuchae "(a-c)

and bovine ocular zonule (d) using uranyl acetate,

*

lead citrate and immunogold; a and b were treated

with anti-A prior to immunoadsorption.

(a) A cross section of elastic fibres (E) from BLN

with collagen fibres (C) in the vicinity.

Immunogold localisation is greater within the

elastic fibre, especially in darker staining

areas, than on the periphery, where elastin

associated microfibrils (EAM) can be seen, both

in cross and longitudinal section. Notice

the localisation of immunogold spots to collagen

fibres as well as to some dark staining ill

defined extracellular material (small arrowhead)

x 24 OOO.

(b) A longitudinal section of an elastin fibre (E)

from BLN. The microfibrils (EAM) are seen

running between elastin and collagen (C) fibres

large arrowhead. The general localisation of

immunogold is as in (a) x 24 000.



 



 



(c) A cross section of an elastic fibre (E) as in (a)

but after immunoadsorption on an elastin column.

Notice the similar localisation to (a). The

number of immunogold spots has been reduced due

to the lower-titre resulting from immunoadsorption

on elastin containing trace amounts of MF x 24 500.

(d) An oblique section of bovine ocular zonules. The

antibody used (anti-A) had been immunoadsorbed

as in (c) resulting in a low-titre. The amount of

immunogold blinding was reduced by the fact that the

sections were not etched prior to immunobinding.

However, specific binding to the zonules is above

background level.
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DISCUSSION



6. DISCUSSION

Ever since Ross and Bernstein's (1969) ^97^ protocol

of MF extraction was published there has been growing

interest in the study of MF. Whilst the initial studies

were either ultrastructural or biochemical, more recently

immunohistochemistry has been resorted to as a useful tool

in localising the extracted proteins in various tissues.

However, to date most of the work performed on MF is

deeply involved in either the biochemical or the immuno¬

logical aspect alone. No attempt has been made so far at

combining the two approaches to any significant degree.

One problem^ regarding immunological studies of MF has

been the lack of biochemical identification of the antigen

prior to immunisation. The heterogeneity of the micro¬

fibrillar extract has been in evidence for some time ,

yet the general tendency has been for some workers to

(ill)
immunise with the whole extract, (Streeten (1981) ' ,

Prosser ( 1984) ' 6 6' , On the other hand, those workers

who did isolate a single protein from ligament extracts did

not have any plausible explanation as to why they identify

that particular protein as the major constituent of

microfibrils (Kewley e t a1. , 1977 • Gibson & Cleary

(1982) Moreover, they neither tried to resolve

the question of heterogeneity of their extracts, nor to

reconcile their findings in terms of PAGE patterns to others'.

In this project an attempt has been made at detailed

biochemical analysis of the microfibrillar antigens, which

was combined with extensive immunological studies covering

four different tissues from three separate species.
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As has been mentioned in the introduction, several

tissues have been shown to contain ultrastructural

components which because of their morphological similarities,

' have been classified as MF. In the course of this project

microfibrillar extracts from several tissues have been

examined and shown to contain a considerable degree of

resemblance.

PAGE of microfibrillar extracts from BLN, BOZ, AHA and

TBA shows resemblance between the four extracts in terms of

band patterns. TBA contains two bands (B,D) which are

present in the remainder of the extracts. BLN shows four

bands (A,B,C,D) which are present in BOZ and AHA. Both

BOZ and AHA contain band a', but only BOZ contains band a

and B/C (fig.lc). The molecular weights of BOZ bands

reported by Streeten (1983) (112) are similar to those of

BLN shown in fig.la & c .Band A (35Kd) is prominent in the

microfibrillar extract of BLN, BOZ and AHA, but is absent

from TBA, whilst band B (46Kd) is prominent in all four

Some of the molecular weights, especially of band A,

have previously been reported by other workers such as

Serafini-Fracassini (1975) (2e) ,(1981) (2s) , and

Kawaguchi (1982) ^6k^ who agreed about the prominence of a

35Kd glycoprotein in microfibrillar extracts from BLN.

Streeten's microfibrillar extract from BOz has a 35Kd glyco¬

protein component which shows the same mobility on

SDS-PAGE as band A of BLN (see fig.l). Streeten, Kawaguchi

and Serafini-Fracassini reported similar amino acid analyses

to the 35Kd glycoprotein. In a PAGE of a BLN microfibrillar

extract, prepared in this laboratory, which is equivalent
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to Gibson and Cleary's SKGCG (36) f from which they

isolated the so called CL-Glycoprotein, it was noticed that

the bands present are identical in terms of relative

mobilities to those bands belonging to the extract obtained
*■

according to Serafini-Fracassini (1975) (28) which in this

case is referred to as BLN (Fig.Id).
r

Serafini-Fracassini e t a 1 . (1981) (29) have produced

evidence against the school of thought that ascribes the

heterogeneity of BLN microfibrillar extracts to protease

digestion of a higher molecular weight parent protein.

They have in fact shown that the protracted extraction of

tissues with chaotropic reagents, prior to the final
*

extraction of the' microfibri11 ar component with gME, yields

the same band pattern on PAGE irrespective of whether or not

protease inhibitors were used.

In the course of this study additional evidence has been

obtained which supports the view that the 35Kd (band A) and

46Kd (band B) proteins do in fact represent the major

components of the microfibrils. When isolated and loaded

on PAG these two proteins (A and B) can generate oligomers

with the e1ectrophoretic mobilities of the higher molecular

weight components present in the original extracts. It

could therefore be inferred that the higher molecular weight

proteins of the microfibrillar extracts, at least in part,

could represent oligomers of the basic subunits (A and B in

BLN, a. + _a ' in BOZ) . Aggregation occurs at a high gME

concentration. This resistance to reducing agents has been

observed by £erafini-Fracassini e t a1 . (1975 ^28^ , 1981 (2q^
and other workers (60) dealing with lysyl oxidase,
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this being an enzyme shown by Serafini-Fracassini et al.

(1981) to be close to the 35Kd component of BLN micro¬

fibrillar extract, in terms of enzymic activity. The

tendency for lower molecular weight microfibrillar proteins

to aggregate has been reported by Kadar e_t a^. ( 1973) ^59)
Shipp and Bowness ( 1975) ^ 1 0 9 ) , Moczar e t a 1 . (1971) ,

Muir e_t al. (1976) ^ 6 2 ^ and Streeten et a_l . (1983) ^ 1 1 2 ^
This hypothesis of a monomer-o1igomer relationship

between the various proteins of microfibrillar extracts has

been examined by biochemical and immunological techniques.

Peptide mapping was undertaken for investigating the

possibility of structural identity between the various
*

protein components of BLN and BOZ microfibrillar extracts.

A large degree of similarity was established amongst the

various proteins of BLN microfibrillar extract, and between

them and their PAGE homologues of BOZ. The question of

identity could not be properly resolved because of influence

conformation has over the pattern of radioiodination and

hence the peptide map. The higher molecular weight proteins

which are oligomers of the lighter ones, are radioiodinated,

with the hydrophobic core, corresponding to the spots that

have moved in the second dimension, being the most poorly

radioiodinated. Oligosaccharide content, which influences

the hydrophobicity of glycopeptides, also influences mobility

and hence the peptide map. It is possible for some oligo¬

peptides to have lost some of their carbohydrate component

resulting in altered mobility in the second dimension,

particularly of the paw-pattern spots which are highly

h y d r o p h 1 li-c .

The exact relationship between proteins A and B, however,

75 .



remains obscure in both BLN and BOZ. What is certain

thcuoh from peptide maps as well as immunodiffusion is that

the two proteins share some epitopes. Whether protein B

is a dimer of protein A has not been established.

The similar PAGE patterns of BLN and BOZ microfibrillar

extracts, their cross reactivity on immunodiffusion and
r

immuno-blots combined with the significant degree of

similarity between their peptide maps is evidence of there

being some structural similarity between the microfibrils of

the two tissues. This is consistent with Streeten's finding

(ill 113)^ However, the similarities are complicated by

the existence of two lower molecular weight proteins (a and a')

in BOZ microfibrillar extract, which are absent from that of

BLN .

Once the isolation of proteins A and B was achieved,

and their peptide maps compared, the next step was their

localisation in the tissue of origin (BLN), by the use of

immunogold, a method that gives the best resolution which is

essential, in particular when dealing with structures in the
0

,
order of A by diameter.

To some extent, contrary to expectation, anti-A and

anti-B, which were raised against the denatured subunits of MF

bound to MF in EM sections.

The cross-reactivity between the denatured proteins of

BLN and BOZ microfibrillar extracts was mirrored in

immunohistechemica1 u11rastructura 1 studies. As far as

globular proteins are concerned, generally speaking, there is

either poor or no cross-reactivity between the native protein

and its unfolded primary form, since the antigenic
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determinents of the native globular protein are conform¬

ational, as compared with sequential determinants in the

primary unfolded state (107) . However, structural proteins

tend to retain a greater degree of cross-reactivity between
*

the native and the denatured form. Therefore it is

hardly surprising that the cross-reactivity of the denatured
r

proteins from BLN and BOZ, exhibited in immunodiffusion is

mirrored, to some degree, in u11rastructura 1 immunohisto-

chemical studies. Immunogold was found in association with

eLastin fibres. Nevertheless it was also distributed

throughout the matrix in association with collagen fibres as

well as some ill-defined fibrillar component which in sections

appeared to have -a very faint density due to the electron-

dense contrast used. However, the majority of immunogold

was deposited on electron-dense areas within the elastic

fibres, which electron microscopists have associated in the

past with the microfibrillar residues trapped in between the

elastin fibrils during elastogenesis. Much less immunogold

was deposited on the well structured MF associated with the

exterior of the elastic fibre, which are referred to as elasti:

associated microfibrils (EAM). This may be due to the EAM

being highly organised, thus structurally and immunologically

less similar to the denatured antigens A and B than their

less organised counterparts which are trapped within the

elastic fibre. This may also shed light on the relatively

poor localisation of immunogold to MF of BOZ. The zonular

MF may be so structurally organised that they no longer share

much antigenecity with the denatured proteins A and B. The

fact that denatured zonular proteins showed significant
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reactivity with anti-A and anti-B in immunodiffusion, and

more reactivity with anti-B in immuno blots than their BLN

counterparts, makes the above explanation all the more

plausible. However, the poor localisation of immunogold to

zonular MF in this study, may be improved by etching prior to
o

immunobinding. On average the sections were 1000 A thick.
o

The MF are 100 A in diameter. Taking into account that the

sections were longitudinal, it is highly likely that most MF

were buried in the embedding material, thus reducing the

possibility of immunogold binding considerably.

Many workers have tried to produce a monospecific

antibody that would only bind to EAM. No such claims could,
<

however, be made about anti-A and anti-B.

The localisation in this project of immunogold to EAM

as well as to MF associated with collagen and other extra¬

cellular MF suggests that the three types of MF have some

epitopes in common. Whether these various MF of the BLN

are identical can only be ascertained by the production of

monoclonal antibodies.

In terms of distribution, the results of the immuno¬

fluorescence study undertaken in this project have shown anti-A

and anti-B antibodies to localise in structures already known

to contain elastic tissue, and hence EAM, or MF without

association with elastic fibres (such as in ocular zonules).

Localisation of fluorescence to structures containing EAM

was particularly evident in blood vessels of Bovine ciliary

process; mouse aorta and mouse trachea. This is in agreement

with the already well established presence of EAM in blood

vessels as elaborated by Haust (1965) '47'and Krauhs (1983)^71^
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both of whom have also demonstrated the associations of MF

with basement membranes i-n blood vessels as well as other

structures, on which matter they are in agreement with
,6869* ( 7 8)

Kobayashi (1961,1977) '' Low (1962) Briggman and

Wheeler (1975) ' 5' , Krauhs (1980) ^ 7 1 !
Equally well documented is the association of MF with the

elastic element of blood vessels (Gross ( 1949) (4 2)

Takamatsu ( 1958) '1 114 ' , Parker (1958)^85^ , Keech (1960) ^6 5) ,

Haust (1965) . ( 47) .

With respect to the association of MF with basement

membranes, immunofluorescence studies undertaken in this

project have demonstrated the localisation of anti-A antibody

to basement membranes in the mucosal submucosal junction of

bovine epiglottic mucosa, where the appearance of fluorescing

fibrils was compatible with the oxytalan described by Cotta-

[ 1 7 ^
Pereira e t a1 ■ (1976) ' . Amongst other structures

containing basement membranes that bound anti-A antibody

were: the epithelial lining of the ciliary processes, which

have been known to contain two basement membranes, since Tormey

(1963)'116)demonstrated the presence of the internal and

external limiting membranes; the wide capillaries of ciliary

process stroma, just deep to the external limiting membrane

of ciliary epithelium; the respiratory epithelium of mouse

trachea which is known to have a thick basement membrane with

a dense fibrillar component'56'116' the seromucous glands of
/

mouse tracheal mucosa.

It can be,therefore, inferred, that the case for

structural similarity between microfibrils of different tissues

and species is not without foundation. However more accurate
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localisation of anti-A binding must be undertaken before

any definite conclusions can be made.

Particular attention must be drawn to the close

similarity between microfibrillar proteins from BOZ and BLN, in >

terms of their PAGE patterns, peptide maps, immunodiffusion,

immunoblot and immunofluorescence, all of which add support

for the notion of a structural similarity between EAM and free

MF (Streeten, 1983) (m-H3).

The similar PAGE patterns, as well as the established

immunological cross-reactivities of the various microfibrillar

proteins extracted from the cow (BLN, BOZ), the human (AHA), and

the trout (TBA) combined with immunofluorescence studies is of

phylogenic significance. It seems that human, bovine and

mouse MF share some epitopes with one another as well as with

teleosts. Thus, phy1ogenetica11y speaking MF are fairly

preserved. However, the fact that bovine MF are recognised as

foreign by the rabbit immune system shows that MF are not

completely preserved as is the case, for instance, with actin.
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SUMMARY

Microfibrils were extracted from bovine ligamentum nuchae

(BLN) bovine ocular zonular (BOZ), aged human aorta (AHA) trout

bulbus arteriosus (TBA).PAGE patterns of the above four tissues

were found to overlap. The microfibrillar extracts of BLN, BOZ,

and AHA were shown to contain proteins possessing apparent molecular

weights of 35,000; 46,000; 74,000; 120,000 and 130,000, which

were respectively coded, A; B; C; D and D'. The microfibrillar

extract of TBA was shown to contain bands B, D and D' only.

In addition the extract of AHA was shown to contain band a_ (22,000)

while that of BOZ was shown to contain bands a_, a_' (25,000) and B/C

( 64,000) .

The various bands were successfully isolated by preparative

electrophoresis as well as passive elution from 9% PAG. PAGE

analysis of the isolated proteins revealed that the lower molecular

weight proteins aggregated giving rise to the heavier molecular weight

proteins.

The two lighter molecular weight proteins of BLN microfibrillar

extract were chosen for rabbit immunisation. In the meantime

the various bands of BLN and BOZ were peptide mapped. The results

established a significant degree of structural similarity between

the various bands of BLN microfibrillar extract as well as between

the various bands of BOZ microfibrillar extracts. The bands of

the two extracts were also shown to have a significant degree of

structural similarity.

The two sera were purified on DEAE-ce11u1ose as well as agarose

protein-A columns. ELISA tests showed some activity against

B S A and elastin, which were removed by adsorption on affi-gel fetal

calf serum, as well as elastin columns.



Immunodiffusion showed a complete reaction of identity

between the two microfibrillar proteins A and B, with positive

reactions against all the protein components of all four

microfibrillar extracts.

Immunogold-stained EM sections of BLN showed localisation

of anti-A and anti-B to elastin associated microfibrils, as well

as to collagen associated microfibrils. Hence anti-A and anti-B

were specific to microfibrils of BLN. With respect to zonular

microfibrils immunogold binding was above background and may be

improved by etching sections.

Fluorescent microscopy revealed the distribution of micro¬

fibrils in blood vessels, basement membranes, loose connective

tissue and fibroelastic tissue in the cow as well as mouse.

It can therefore be inferred that the case for structural

similarity between microfibrils of different tissues and species

is not without foundation.
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