
 

 

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/


THE GROSS CONFORMATION OF A MULTI-CHAIN ELASTIN

PEPTIDE FROM BOVINE LIGAMENTUM NUCHAE

A Thesis presented by

JAMES C. HUNTER

to

THE UNIVERSITY OF ST. ANDREWS

in application for the

DEGREE OF MASTER OF SCIENCE

May, 1983.

University of St. Andrews,

Department of Biochemistry,

North Street, St. Andrews,

Fife, Scotland.



 



DECLARATION

I hereby declare that the following Thesis

is based on work performed by me, that the Thesis

is my own composition and that no part of it

has previously been presented for a Higher Degree.

The research was conducted in the

Department of Biochemistry of the University of

St. Andrews under the direction of

Professor A. Serafini-Fracassini.



CERTIFICATE

I hereby certify that James C. Hunter

has spent seven terms as a matriculated

post-graduate student under my direction and

that he has fulfilled the conditions of

Ordinance General No.12 and Resolution of

the University Court 1967, No.1 and that

he is qualified to submit the accompanying

Thesis for the Degree of Master of Science,



ACKNOWLEDGEMENTS

I should like to express my sincere gratitude

to Professor A. Serafini-Fracassini for his patient

guidance and advice during the course of this work.

My thanks are also due to Mr. C. Armit for

the operation of the ultracentrifuge.



SUMMARY

Enzymically-purified elastin from bovine

ligamentum nuchae was digested with elastase in

the presence of sodium dodecyl sulphate. Gel

filtration of the digest, after removal of

detergent, resulted in the isolation of peptides

F2 and F3. Both had amino acid compositions

very close to that of the parent protein except

that F3 had a marked decrease in the concentration

of cross-links. N- and C-terminal data for F2

were consistent with this being a multi-chain

molecule comprising three polypeptide chains. It

has been suggested therefore that F2 arose from the

degradation of the cross-linking region of the

parent protein in such a way that the three-stranded

structure was preserved. This result was confirmed

by hydrodynamic measurements. The small increase

in radius of gyration upon denaturation in 6M

guanidinium hydrochloride strongly suggests that

even in dilute aqueous buffer the conformation of

the peptide approximates to that of a random coil.

A model for this peptide taking into account the

available crosslinks has been proposed.



SYMBOLS

an - number average molecular weight standard moment.
- weight average molecular weight standard moment.

a
^ - number average molecular weight ideal moment

corrected for second virial coefficient,

a
2 ~ weight average molecular weight ideal moment

corrected for second virial coefficient.

a
^ - number average molecular weight ideal moment

for second and fourth virial coefficients.

M - molecular weight,

v - partial specific volume,

p - density.

co - angular velocity, radians/sec.

£ - parameter relating the radius of gyration of a

molecule to that of an equivalent hydrodynamic

sphere.

ri - relative viscosity.

ngp - specific viscosity.
n - intrinsic viscosity.

R - gas constant.

N - avogadros number.

T - absolute temperature.

- radius of gyration.

- sedimentation coefficient corrected to solvent
,o

20 ,w

present at 20°C.
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INTRODUCTION

Elastin is a structural protein which exhibits

remarkable physical properties. The most outstanding

of these is its ability to sustain large deformations

without rupturing and to revert spontaneously to its

original condition when tension is released. It

also shows considerable stability towards acid, alkali

and thermal treatment.

Elastin occurs in close association with collagen,

although less widely distributed. Claims have been

made for its presence in invertebrates such as worms

(1,2) echinoderms, arthropods and molluscs (3) but

more recently evidence has been presented that restricts

its distribution to vertebrates with the exception of

the jawless fish (4). It is the major protein of

bovine ligamentum nuchae where it comprises 60% to 70%

of the dry weight of the tissue (5). It is also

abundant in the aortic wall and forms a large proportion

of the lung parenchyma. It has been identified, both

histologically and chemically, as a prominent component

of the intercellular matrix in a type of cartilage which

is restricted in its anatomical location mainly to the

epiglottis, external ear and cartilagenous pharangeal

tymphonic tube. Table 1(5) reports the content of

elastin in various tissues.

Since the isolation of elastin from cartilagenous
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TABLE 1(5)

Content of elastin from various bovine tissues

Tissue Elastin content

(g/lOOg dry
tissue)

Hydroxyproline
(g/lOOg dry
tissue)

Carbohydrate
(as glucose)

Aorta 51.0 1.6 0.2

Ligamentum nuchae 70.0 1.5 0.1

Lung parenchyma 12.5 2.3 0.3

Pleura: Parietal 14.7 2.1 0.1

Visceral 27.8 1.7 0.2

Trachea 0.9 2.2 1.6

Major bronchi 1.4 2.3 1.0
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sources and from the lung presents special difficulties,

most biochemical investigations have been made in

material from the tunica media of large arteries and

"the ligamentum nuchae of ruminants.

At light microscopy level, elastin exhibits two

main structural morphologies depending upon its

anatomical location. In ligaments, skin and loose

connective tissue it is present in the form of fibres,

while in the aortic wall it forms lamellae. However,

electron microscopic examination reveals that both

elastic fibres and lamellae are constituted by fibrils,

which are in close association with the microfibrillar•

component (6) and with collagen (7) which occupies all

interfibrillar spaces.

Elastin, because of (a) its association with the

above mentioned fibrous proteins and other connective

tissue macromolecules and (b) its insolubility in

solvents which are normally employed for the extraction

of tissue proteins can be purified only with great

difficulty. This can be achieved by the solubilisation

and removal of all associated tissue components.

The two most widely adopted procedures for this

purpose have been the extraction of the tissue with

boiling alkali (8) or prolonged thermal treatment (9).

Studies of preparations obtained from the former pro¬

cedure reveal a product of low carbohydrate content with

a constant amino acid composition. However, this
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treatment involves such extremes of temperature

and pH that it is bound to catalyse the hydrolysis of

labile peptide bonds and alter the secondary structure

of the protein. Such damage is confirmed by the

identification of a large number of N-terminal amino

acid residues in elastin preparations isolated in this

way (Table 2) (10). The use of autoclaving on the

other hand, while less damaging on the primary structure

of the protein, is much less effective in removing

contaminating materials. When applied to auricular

cartilage it yields in fact a residue only 40% of which

is solubilised by elastase (11).

In order to isolate the protein in a conformation

approaching more closely that occurring in the native

state, these harsh procedures are being replaced by

others in which contaminating structural components are

removed by chaotropic solutions or are hydrolysed by

enzymes which do not degrade elastin. The combination

of collagenase (clostridiopeptidase A, EC 3.4.4.19)

digestion with guanidine or urea/dithiothreitol

treatment of the tissue (12) is probably the most

effective method of purification of elastin available

at present. However, in spite of the high specificity

of collagenase (13), the possibility of peptide bond

cleavage in elastin cannot be discounted since pre¬

parations of this enzyme are known to be contaminated

by several proteolytic enzymes (14). It has been



TABLE 2 (10)

N-Terminal Amino Acid Residues of Elastin from Bovine

Aorta

Values are expressed as mol of amino acid/10^ of

protein. Results are corrected for regeneration

losses.

Treatment Enzymic + O.lM NaOH
for 45 min. at 98°C

Aspartic acid

Threonine

Serine

Glutamic acid

Proline

Glycine

Alanine

Valine

Isoleucine

Leucine

Phenylalanine

0.56

0. 34

0.73

0. 36

4.12

11.01

7.61

3.95

1.86

3.04

3.21

Total 36.79
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reported, however, that collagenase, purified by

affinity chromatography to remove any residual

elastase activity, will produce preparations free of

almost any hydr'olytic damage(15) (Table 3) .

Amino acid analyses of purified elastin samples

(Table 4) (16) have a high content of non-polar amino

acid residues, with a prevalence of glycine, alanine,

valine and leucine, a low content of polar residues and

a small amount of hydroxyproline (11,17). Elastin

hydrolysates also contain lysine-derived polyfunctional

amino acids, namely, desmosine, isodesmosine,

merodesmosine, lysinonorleucine and an aldol con¬

densation product. It is because of the ability of

these amino acids to covalently cross-link polypeptide

chains that elastin cannot undergo solubilisation

without prior cleavage of either specific peptide bonds

of the protein backbone or carbon-carbon bonds of the

pyridinium ring of the desmosines.

A major turning point in the history of elastin

investigation has been the isolation of a soluble form

of the protein designated as tropoelastin from the

aorta of copper-deficient pigs (18). This discovery

has supplied a substrate suitable for sequence analysis

and has also provided an invaluable tool for the study

of many facets of the molecular biology of the protein.

During the investigation of the connective tissue

disorders brought about by copper deficiency in growing



TABLE 3 (15)

N-Terminal Amino Acid Residues of Elastin from

Bovine Ligamentum Nuchae

Values are expressed as mol of amino acid per

lO^g of protein. Results are corrected for

regeneration losses.

N-terminals were determined using the

Dinitropyridine method.

Aspartic acid —

Threonine -

Serine -

Glutamic acid -

Proline -

Glycine 0.59

Alanine 0. 30

Valine 0.16

Isoleucine -

Leucine 0.08

Tyrosine -

Phenylalanine
—

Total 1.13



TABLE4(16)

AminoAcidAnalysesofElastlnSamplesfrom3DifferentSourcesusinganEnzymlcMethod ofpurification

AminoAcid

Source

AuricularCartilage
Ligamentumnuchae

Aorta,

Hydroxyproline

11.7

8.1

10.5

Aspartlcacid

21.4

5.8

6.5

Threonine

12.9

9 .3

9.6

Serine

14.8

8.7

9.2

Glutamicacid

35.7

15.4

15.9

Proline

113.7

115.5

112.1

Glycine

307.3

328.1

330.8

Alanine

204.3

227.0

222.8

Valine

105.0

131.6

130.7

Half-cystine

0.0

0.0

0.0

Methionine

0.0

0.0

0.0

Isoleucine

19.9

23.9

23.7

Leucine

62.2

59.4

57.9

Tyrosine

16.0

5.9

7.5

Phenylalanine

29.3

29.3

29.6

Hydroxylysine

0.0

0.0

0.0

Lysine

7.3

3.3

4 .6

Histidine

0.7

0.5•

0.5

Arginine

14.3

5.8

5-.9

Amide

43.5

16.6

N.D.

Aldolcondensationproduct
5.7

4.3

3.7

Dehydrolysinonorleucine

0.0

0.0

0.2

Lyeinonorleucine

2.1

2.2

2.2

Dehydromerodesmoslne

0.7

0.2

0.7

Merodesmosine

tr

0.5

0.6

Isodesmosine

4.9

5.4

5,6

Desmosine

10.4

10.1

9.7
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animals the most striking pathological changes were

found to occur in the wall of the large blood vessels,

and in particular in that of the aorta, consisting of

a degeneration of the elastic lamellar system. At

the same time, within the tissue a reduction in the

concentration of insoluble elastin was detected

associated with the accumulation of a soluble protein

(tropoelastin), the amino acid composition of which

was found (19) to be virtually identical to that of

insoluble elastin, with the exception of a much higher

lysine content and the absence of the polyfunctional

amino acids. As a precursor-product relationship

between lysine and polyfunctional amino acids had

already been ascertained (20) the biochemical defect

induced by copper-deficiency was clearly identified as

the inhibition of the mechanism responsible for the

conversion of tropoelastin to cross-linked elastin in

the course of fibre formation.

Tropoelastin from porcine aorta has a molecular

weight of 74,000 (21) and comprises some 850 amino acid

residues. A large proportion of its primary structure

is now known (22) , although the order in which the

sequenced fragments are arranged in the parent molecule

has not yet been established. In spite of this, there

is sufficient evidence to suggest that the tropoelastin

macromolecule is constituted by several domains, each
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•comprising from about 50 to 100 amino acid residues

joined by intervening short alanine-rich runs of

sequence which normally incorporate two lysyl residues

separated by one to three alanines. The lysine

residue located C-terminally in each pair is^followed,

apparently with equal frequency, by either a further

alanine or by a large hydrophobic residue (23,24,25).

It is the alanine-rich regions that are involved

in the formation of cross-links during biosynthesis.

In fact peptides, rich in cross-links, isolated from

mature elastin also contain a large proportion of alanine

(26) .

A precursor product relationship between tropo-

elastin and elastic fibres is suggested by the similarity

in their amino acid composition, the absence of cross¬

links and higher numbers of lysine residues in tropoelastin.

In addition, neither protein contains methionine, cystine,

tryptophan nor histidine. Cell and organ culture

systems together with cell-free translating polysomes and

elastin mRNA have been shown to synthesise a 70,000 dalton

elastin precursor molecule which exhibits many of the •

properties of tropoelastin (27,28,29,30,31). Recently,

two translational proteins have been identified (32,33,34).

One referred to as tropoelastin b has an Mr of 70,000
and behaves on PAGE like authentic tropoelastin from

pathological tissues. The other, tropoelastin a, contains

a larger amount of cysteine than tropoelastin b and its

extraction from tissues requires cleavage of disulphide

bonds. In chick and pig lung both a and b forms are
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found, but in the aorta, form b is preferentially

synthesised (34). As different tissues appear to

synthesise closely similar, if not identical, tropo-

elasbin (35) it can be envisaged that a mechanism exists

by which distinct types of insoluble elastin can be

produced to meet specific functional requirements.

Prior to incorporation into an elastic fibre,

tropoelastin molecules undergo a post-translational

modification which involves the oxidative deamination

of lysine residues a process which initiates the formation

of cross-links (36). This consists of the conversion

of some of the lysyl residues, located in the above

mentioned alanine-rich sequences, into residues of

a-amino adipic-5-semialdehyde (allysine). The reaction
+2

is catalysed by the enzyme lysyl oxidase, a Cu -dependent

amine oxidase (37). The formation of an effective

enzyme-substrate complex seems to require the interaction

of electrostatic charges between the anionic oxidase and

cationic sites on elastin (38). Moreover, it has been

shown that in vitro the activity of the enzyme is affected

by the conformation of the substrate: insoluble elastin

and coacervated tropoelastin being more effectively

modified than monomeric tropoelastin (39). It can

therefore, be postulated that in vivo the binding of the

enzyme is induced or facilitated by the formation, during

fibre assembly, of small clusters of lysyl residues

generated by the alignment of polyalanyl sequences
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belonging to adjacent elastin chains. The acquisition

of a specific structural arrangement of polypeptide

chains appears, therefore, to be a prerequisite for

cross-link formation. However, at present the

quaternary structure of elastin is still the object of

debate.

The product of the oxidative deamination of lysine,

allysine, undergoes Schiff-base reactions with e-amino

groups of other lysine residues or in aldol condensation

reactions with other aldehydic residues (40). The first

two crosslinking compounds to be isolated from elastin,

desmosine and isodesmosine, have been shown to be 1,3,4,5

and 1,2,3,5-tetra substituted pyridinium salts,

respectively (41,42). The side chain at position 1 on

the pyridinium ring contains six carbon atoms in both

isomers (41,43) while the length of the other three side-

chains depends the substitution on the ring. The

structure of th two compounds and those of the other

lysine-derived crosslinking compounds as well as the

possible routes of their biosynthesis are presented in

Fig. 1, as proposed by John and Thomas (44).

The crosslinking compound lysinonorleucine is

designated Ne (5-amino-5-carboxypentyl) lysine and was

first isolated from acid hydrolysates of elastin. It

was shown to be produced by reduction "in vivo" of a

Schiff-base precursor (dehydrolysinonorleucine) formed

by the interaction of a residue of the semialdehyde with

a lysine residue (Fig.l reaction 2 and 3). Similarly,



FIG.1 (44)

Possible routes for biosynthesis of elastin crosslinks
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the product derived from the aldol condensation of two

semialdehyde residues, the so-called aldol-condensation

product (reaction 4, Fig.l) was isolated as the corres¬

ponding alcohol derivative from the alkaline hydrolysates

of elastin that had been first treated with the reducing

agent NaBH^ (45). A more complex compound, merodesmosine,
derived from three lysine residues, is probably formed

from its reducable precursor dehydromerodesmosine, an

acid labile compound resulting from the interaction of the

aldol-condensation product and the e-amino group of a

third lysine residue (46).

It has been postulated that in the mature protein the

polypeptide chains form a 3-dimensional isotropic

network devoid of long-range order (47). However,

electron microscopy has shown that the polypeptide chains of

the protein do not in fact form a continuous network, but

are arranged in fibrils which can be further resolved into

beaded filaments of about 3 nm diameter arranged parallel

to the long axis of the fibre (48,49,50,51,52). The

filaments are not cross-linked (53) but are probably held

together by hydrophobic interactions. The polypeptide

chains which form the filaments are crosslinked although

the number of chains iotned at each crosslink site are

)
still unknown. It has been suggested (51) that the chains

are arranged in lateral registration, such as to maximise

the overlap of the crosslinking sites.

Experimental data from elastic and thermoelastic
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13
analyses (47,54 ,55) C n.m.r. (56) Rair.an spectroscopy

(57) and wide-angle X-ray diffractometrv (57,58) suggest

that the polypeptide chains are in random conformation,

but increasing evidence -suggests that certain amino acid

sequences may adopt an a-helical conformation (59,60)

while others may fold in 6 and/or y turns (61,62,63).

In this study an attempt has been made to investigate

the number of chains which form the basic elastin unit

at quaternary structural level. For this purpose

elastin was subjected to hydrolysis by elastase in the

presence of sodium dodecyl sulphate as the use of this

detergent reduces considerably the sites of enzymic

cleavage and consequently allows the isolation of high

molecular weight fragments (64). A peptide fraction,

homogeneous in terms of molecular weight, which was

recovered in high yield was characterised with respect

to several chemical and hydrodynamic parameters.



MATERIALS

Urea was purified according to Lister (66) and

guanidinium hydrochloride according to Nozaki (67).

Elastase (pancreatopeptidase E;E.C.3.4.21.11, from

hog pancreas. Type III, chromatographically purified)

and collagenase (E.C.3.4.24.3, from Clostridium

histolyticum, Type I) were purchased from Sigma

Chemical Company. Collagenase was purified by ion

exchange and affinity chromatography as previously

described (15). Sodium dodecyl sulphate was a

specially pure grade obtained from B.D.H. Chemicals

Ltd., Poole, England. Bio-Gel (Bio-Rad, Richmond,

California) with an agarose content of 10% and

Sephadex G-10 (Pharmacia) were used as gel crhoma-

tography media. Bio-Rad (Richmond, California)

AG1-X2 analytical grade anion exchange resin was used

in the removal of sodium dodecyl sulphate. 1-cyclo-

hexyl-3-(2-morpholinoethyl) carbodiimide metho-p-

toluenesulphonate was a produce of Aldrich Chemical

Co. Ltd., Gillingham, England. All other reagents were

obtained from Sigma Chemical Co., and used without

further purification.
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METHODS

Purification of collagenase

An aliquot (300mg) of the crude collagenase,

dissolved in 3Cml of 5mM Tris (pH 7.5) containing 4mM

^calcium chloride and lOOmM sodium chloride, was added

to 20g of pre-swollen DEAE-cellulose suspended in 20ml

of the same buffer, and stirred for lh at 4°C. The

ion-exchanger was removed by centrifugation, the

supernatant added to a fresh DEAE-cellulose suspension

and the process repeated. The resulting collagenase

solution was dialysed exhaustively against O.lmM calcium

chloride at 4°C and lyophilised. An aliquot of this

preparation was dissolved in 5ml of 15mM Tris (pH 7.5),

containing ImM calcium chloride, and applied under

gravity to a column (1.3cm x 6cm) of finely milled

collagen-free elastin prepared from bovine ligamentum

nuchae by alkali treatment (8) equilibrated with the

same buffer at 4°C. Elution was carried out at a flow

rate of 20ml/h and the enzyme contained in the first 18ml

was collected and stored at 4°C.

Purification of urea

Freshly prepared solutions of 8M urea have been shown

to contain cyanate (65) which will react with amino and

sulphydryl groups of proteins. In order to remove the

cyanate, urea solutions were purified by the method of

Lister (66). An 8M urea solution was heated to 100°C

and then acidified with concentrated hydrochloric acid
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to pH 2 and allowed to stand for 1 hour. The resulting

solution was then brought back to pH 7.0.

Purification of guanidinium hydrochloride

Guanidinium hydrochloride was purified according

to Nozaki (67). 500g guanidinium hydrochloride was

dissolved by heating under reflux with 2 litres of

absolute ethanol. 1000 mis of benzene was slowly added

to the still hot ethanol and the mixture kept in the

cold for several hours. The crystals which formed

were collected in a buchner funnel and washed with a

little chilled ethanol:benzene mixture (2:1). The

yield was about 70%. The crystals obtained were then

recrystallised from methanol by dissolving 250g in 320 mis

methanol under reflux. The solution was cooled in dry

ice/aceton mixture for several hours, then collected

in a cooled buchner funnel. The crystals were moistened

with chilled methanol and allowed to drain. The solvent

was finally removed by rotary evaporation.

Purification of Elastin

Insoluble elastin was prepared according to

Serafini-Fracassini et aT. (15) . Bovine ligamentum

nuchae was dehydrated and defatted in chloroform/methanol

(3:1 by volume) for 24 hours at 4°C and then milled in

a Glen Creston grinder. The powdered material was

sieved and the 100-200 mesh fraction stirred in 1% sodium

chloride for 24 hours at 4°C in order to remove the

ground substance. After centrifugation the insoluble
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material was subjected to six 24 hour periods of

extraction with 5M guanidinium hydrochloride-0.1M

Tris (pH 7.4) at 4°C. In order to solubilise the

associated microfibrillar component two further 24

hour extractions in 5M guanidinium hydrochloride -

0.1M Tris (pH 7.4) containing 0.05M dithiothreitol,

to reduce any disulphide bonds, and 1% EDTA to complex

any metal ions, were carried out. Nitrogen was

bubbled into the slurry to maintain a reducing

atmosphere and the extraction carried out at 37°C
(57). The insoluble elastin was centrifuged off and

the guanidinium and dithiothreitol were removed by

exhaustively washing with distilled water. The elastin

was then digested with collagenase, purified as

previously explained, at a substrate:enzyme ratio of

1000:1 in O.OlM calcium chloride at 37°C in a Radiometer

pH-stat at pH 7.5. The calcium chloride provides the

divalent metal ions necessary in collagenase digests (68).

When digestion was complete, elastin was collected by

centrifugation and washed with 5M guanidinium hydro¬

chloride 0.1M Tris (pH 7.4) followed by 2M sodium chloride

and distilled water prior to lyophilisation.

Modification of carboxyl groups in insoluble elastin.

Carboxyl groups of proteins can be converted into

amides by reaction with a water-soluble carbodiimide

and an amine. In the presence of a denaturant nearly

quantitative substitution can be obtained (69). In

order to modify all available carboxyl groups therefore,



200mg of enzymically purified elastin was suspended

in 23mls of 50% aqueous dimethyl sulphoxide as de-
_3

naturant, containing 16.8 x 10 moles of diamino-

ethane, adjusted to pH 7.0 with hydrochloric acid.

After equilibration for 18 hours at 4°c the temperature

of the suspension was raised to 25°c and the pH

adjusted to 4.75 with 0.5m hydrochloric acid in a

Radiometer pH-stat. Carbodiimide (l-cyclohexyl-3-

(2-raorpholinoethyl) carbodiimide metho-p-toluene

sulphonate) was added as a 0.4m solution in 50% aqueous

dimethyl sulphoxide to produce a final concentration

of 0.1m, and the pH maintained at 4.75 by the addition

of 0.5m hydrochloric acid. After 4 hours, the amidated

elastin was collected by centrifugation, washed exhaust-
-3

ively with 10 M hydrochloric acid followed by water,

and finally lyophilised.

Proteolysis of elastin and isolation of peptides

Aliquots (lOOmg) of either elastin or its amidated

derivative were suspended in 33mls of 0.15% sodium

dodecyl sulphate and equilibrated for 18 hours at 4°C.
The temperature of the suspension was then raised to 37°C
and the pH adjusted to 8.45 with 0.02M sodium hydroxide.

Elastase (200yg) was added and proteolysis was carried

out under nitrogen, the pH being maintained at 8.45 by

the addition of alkali. When no indication of proteo¬

lytic activity was detectable upon further addition of a

small aliquot of the enzyme, the solution was neutralised
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with hydrochloric acid and lyophilised. Sodium

dodecyl sulphate was removed by dissolving the digestion

in 10ml of 8M urea - 0.05M Tris acetate (pH 7.8)

containing 120mg of AE1-X2 resin (200-400 mesh, Cl- form)"

previously washed and equilibrated with the same solvent

(70). After stirring for 3 hours at 20°C, the resin

was removed by filtration through a 0.45ym MF millipore

filter and the filtrate chromatographed on a column

(2.5 x 100cm) of Sephadex G-10, equilibrated and eluted

with water at 4°C. The effluent was monitored at 280nm

and collected as 3ml fractions. The position of the

urea front was determined by refractometry and all the

preceding fractions exhibiting an °-D*280nm excess
0.02 were pooled and lyophilised. The desalted digest

was dissolved in 5ml 0.02M sodium phosphate buffer

(pH 7.0) and applied to a column (2.6 x 70cm) of agarose

(Bio-Gel A-0.5m 100-200 mesh) equilibrated and eluted

with the same buffer at 4°C at a flow rate of 20ml/hour.

The effluent was monitored at 280nm and 3ml fractions

were collected, combined as indicated in Fig. 2 and

lyophilised. The three peptide preparations so obtained

will be referred to as Fl, F2 and F3.

Determination of sodium dodecyl sulphate

Surfactants, such as sodium dodecyl sulphate, and

ionic dyes of opposite charge, will form a coloured

complex which is only slightly soluble in water. Organic

solvents such as chloroform or bromobenzene although not



FIG.2

Elution profile of unmodified-elastin digest (lOOmg)

on Bio-Gel A-0.5m.
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solvents for ionic dyes, such as methylene blue, will,

however, extract the surfactant dye compound. Therefore

the concentration of S.D.S. in aqueous solution can be

determined--by forming such a compound, extracting it

with an organic solvent prior to an absorbance

determination at 655nm.

In order to assess the amount of sodium dodecyl

sulphate bound to elastin under the conditions used for

elastolysis, aliquots of insoluble elastin were incubated

with 0.15% sodium dodecyl sulphate as described in the

preceding section. The protein was removed by filtering

the solution through a 0.45ym MF-millipore filter and the

concentration of detergent remaining in solution

determined by the procedure of Ray et al. (71). An

aliquot of sample (5ml) was added to a mixture of 5ml

0.03N hydrochloric acid solution, 5ml of methylene blue

solution (24mg/l) and 5ml of chloroform. Blank correction

was carried out using dye extracted when no sample was

present.

The binding capacity of F2 for sodium dodecyl

sulphate was estimated by the determination of the overall

detergent concentration of a solution of the peptide which

had been dialysed to equilibrium against several changes

of 0.15% sodium dodecyl sulphate. Peptide concentration

was assessed by amino acid analysis.



Quantitative determination of carboxyl groups

This was carried out on F2 obtained from both elastin

and its amidated derivative following the procedure of

Hoare and Koshland (69). A solution of the peptide

(7mg/ml) in 7.5M urea - 1.33M norleucine methyl ester -

HCl was adjusted to pH 4.75 at 25°C in a Radiometer pH-

stat. A solution of 0.4M carbodiimide in 7 . 5M urea was

added to give a reagent concentration of 0.1M, and the pH

maintained at 4.75 by titration with O.lM hydrochloric

acid. After 12 hours, the solution was exhaustively

dialysed at 4°C against 10 M hydrochloric acid and

desalted by chromatography on a column (2.5 x 100cm) of

Sephadex G-10 equilibrated and eluted with water. The

effluent containing the peptide was lyophilised. To

ensure complete removal of free norleucine and its ester,

the preparation was dialysed against several changes of

8M urea - 0.02M Tris (pH 7.0) and distilled water prior to

hydrolysis for amino acid analysis.

Quantitative determination of amino groups

This was performed on F2 from unmodified elastin

according to the procedure of Freedman et a_l. (72) . An

aliquot (12.5mg) of the preparation was dissolved in 10ml

of 0.13M sodium chloride - 0.17M borate buffer (pH 9.0)

at 2°C. Maleic anhydride (0.2 x 10 ^ moles) was added

and the pH maintained at 9.0 in a Radiometer pH-stat by

addition of 0.5M sodium hydroxide. When the maleic

anhydride had completely dissolved, the solution was
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dialysed at 4°C, firstly against 0.15M sodium chloride

0.02M Tris (pH 8.0) for 48 hours and subsequently

agaiast O.lM Tris (pH 8.0) for a further 48 hours. The

number of amino-bound maleyl groups per mole of peptide

was calculated from the expression:

(0-D-280nm)(c250nm) " (0'D'250nm)(C280nm)
(0,D*250nm)(3l0) " t0,D'280nm* (3'360)
where 0*D*280nm and 0-D'250nm refer to the maleylated
peptide solution (72). The molar extinction coefficients

(e) of the non-maleylated peptide were calculated as

9,860 at 280nm and 11,142 at 250nm for a molecular weight

of 13,000 (see Discussion). Peptide concentrations were

assessed by amino acid analysis. The molar extinction

coefficients of the maleyl amino group were taken as 310

at 280nm and 3,360 at 250nm (72).

Amino acid analysis

Hydrolyses for amino acid analysis were carried out

in constant boiling hydrochloric acid (5ml/mg protein),

containing O.OlM thioglycolic acid (73) at 110°C in

sealed tubes under nitrogen for 24, 36 and 72 hours.

Analyses were performed on a single-column amino acid

analyser (Locarte Co.). Hydroxyproline concentrations

were also determined by the colourimetric procedure

of Blumenkraotz and Asboe-Hause (74).

lml of hydrolysed protein sample containing hydroxy-

proline within the range 2.5 - 50yg was added to 6ml

citrate phosphate buffer (154 mis of 0.15N citric acid was
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mixed with 346ml 0.6M dibasic sodium phosphate pH 7.0)

and 0.5ml 1M periodic acid in 9M H^PO^ and the solution
was carefully mixed. 2ml of extraction solution were

added (250ml toluene mixed with 250ml of isobutanol

and 100ml n-propanol) and the tubes stirred on a Vortex

mixer. The tubes were then shaken for 30 min and then

centrifuged at low speed for 10 min in order to separate

the aqueous and organic phases. To 600yl of the organic

phase 150yl of Ehrlich reagent (15ml isobutanol added to

4g of p-dimethylaminobenzaldehyde) was added followed

by 4.5 ml of perchloric acid. The tubes were

vigorously stirred. The colour was allowed to develop

through 15 min at room temperature, and the absorbance

read at 565nm.

Determination of intrinsic viscosity

The viscosity of solutions of macromolecules is a

function of the molecular volume, the axial ratio and

the rigidity of the molecule. For proteins, the molecular

volume and the axial ratio are both functions of molecular

weight hence viscometry can be used for the determination

of molecular weight and if molecular weight is known, even

approximately, information about the shape of the molecule

can be obtained.

The change in viscosity of a solvent on the addition

of macromolecules is expressed as the ratio of the

viscosity of the solution to the viscosity of the solvent.

This is termed the relative viscosity n . The specific

viscosity, rigp is the fractional change in viscosity
produced by adding the solute and can be expressed as
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n = n
SP r

Neither t nor nci;) can be simply related to molecularr bF J

parameters such as shapes and volume because of inter-

molecular interactions (e.g. collisions, entanglement).

To avoid this problem, one must consider the situation

at very low concentrations and therefore the intrinsic

viscosity is defined as

In practice, [n] was determined by measuring h^p
at several concentrations plotting ri against c andb P /' c

extraplating to c = 0. Viscosity measurements were made

in an Ostwald capillary viscometer (shear rate about

150 sec at 20 ± 0.01°C. Density measurements

were carried out at the same temperature using a graduated

bicapillary pycnometer and concentrations were assessed

by amino acid analysis.

Determination of sedimentation coefficients

Solutions of F2 were dialysed exhaustively against

the appropriate solvent: 0.2M sodium phosphate

pH 7 or 6M guanidinium hydrochloride prior to analysis.

Sedimentation velocities were measured in a Spinco Model E

analytical ultracentrifuge using a double sector,

synthetic boundary cell at 20°C. A rotor speed of

39,460 r.p.m. was selected for solutions in guanidinium

hydrochloride and 59,780 r.p.m. for those in buffer alone.

Measurements were made using interference optics and plates
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read in a two-dimensional microcomparator. Boundary

positions were determined by evaluation of the square

roots of the second moments of the gradient curves (75).

Molecular weight estimation by sedimentation equilibrium

Samples of F2 from both unmodified and amidated elastin

were dissolved in buffer (pH 7.0) and dialysed

exhaustively at 4°C against several changes of the same

buffer. Final protein concentrations were determined

by amino acid analysis. Sedimentation analyses were

performed at 20°C in a Spinco Model E ultracentrifuge,

using interference optics, by the meniscus depletion

technique (76) as described by Chervenka (77) using a double-

sector centrepiece. Fringe displacements were analysed

according to the procedure of Roark and Yphantis (78)

with a computer programme kindly supplied by Dr. Roark.

A value of 0.750ccg for the partial specific volume,

calculated from compositional data (79) was used in the

conversion of apparent moments to apparent molecular weight.
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RESULTS

Degradation of elastin

Elastolysis of the enzymically-purified preparation

produced jthe progress curve reported in Fig. 3 .

Digestion of the amidated elastin followed the same

pattern. It should be noted that in both cases the time

required to complete the digestion and the amount of

hydrogen ions released in the process greatly exceeded

those found by Kagan et. aT. (64) during the degradation

of a similar elastin preparation. Although the

discrepancy in time may be attributed to differences in

the size of the elastin particles used in the experiments,

it is hard to account for the variation in hydroxide

uptake, considering that the amount of sodium dodecyl

sulphate bound to the protein in the present study (about

0.12g/g protein) was almost identical to that reported

by the above authors.

Isolation and chemical characterisation of elastin peptides

The removal of sodium dodecyl sulphate from elastase

digests was first attempted by extraction with acetone

(80). Although this technique was efficient, it resulted

in losses of peptide of the order of 50%. Therefore

the alternative procedure involving ion-exchange was

adopted and this yielded preparations containing less
_ 3

than 2 x 10 g of detergent/g protein with only a 2% loss

of material. In the subsequent desalting on Sephadex

G-10, 84% of the applied peptide was recovered as a peak



FIG. 3

Progress curve of the elase digestion of lOOmg

of unmodified elastin in 0.15% sodium dodecyl

sulphate. The arrow indicates the addition

of a further aliquot of enzyme.
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preceding the urea front. Fractionation on Bio-Gel

A-G.5m of the desalted peptide pool obtained from

unmodified elastin produced the elution profile reported

in Fig.2. Similar- results were obtained with the

peptides from amidated elastin. In both instances

F2 and F3 were found to represent 70% and 20% respectively

of the loaded material, when concentrations were estimated

by amino acid analysis. F2 had an elution volume very

close to that of ovalbumin and it may, therefore,

correspond to the first peak of the elution profile

obtained by Kagan et al.(64) with a similar digest. It

should be noted, however, that such a similarity might be

fortuitous, as the latter preparation still contained

about 0.15g of bound detergent/g peptide. In this study

it has been established that elastin peptides, at

variance with the parent protein, but in conformity with

many other proteins (81), bind, at low electrolyte

concentration, 1.4g sodium dodecyl sulphate/g. It is

therefore conceivable that an uneven distribution of

bound detergent might have induced inhomogeneous

conformational change resulting in an anomalous peptide

fractionation in Kagan's experiment.

The amino acid compositions of F2 and F3 from

unmodified elastin are reported in Table 5, together with

that of the parent protein. The amide content of F2

has been calculated from the concentration of free 8 -

and y-carboxyl groups, as estimated by their coupling



Sample

TABLE5

AMINOACIDCOMPOSITION Elastin

F2

F3

Hydroxyproline

8.5

8.4

8.6

Asparticacid

5.4

5.8

10.5

Threonine

9.8

9.2

10.4

Serine

9.3

10.2

8.2

Glutamicacid

14.9

15.0

15.9

Proline

118.1

116.0

121.5

Glycine

330.1

331.4

340.1

Alanine

218.6

218.0

197.1

Valine

138.2

139.0

134.1

Half-cystine

0.0

0.0

0.0

Methionine

0.0

0.0

0.0

Isoleucine

23.8

20.7

33.0

Leucine

58.2

57.2

75.2

Tyrosine

6.6

8.8

3.9

Phenylalanine

32.3

32.3

28.8

Lysine

4.4

3.3

3.2

Histidine

0.0

0.0

0.0

Arginine

4.5

5.2

3.2

Isodesmosinet

5.3.

5.5

1.9

Desmosinet

10.2

11.6

3.2

Lysinonorleucine!

1.8

2.4

0.6

Amide

N.D.

16.6

N.D.

Valuesareexpressedasresidues/1000totalaminoacidresiduesandhave beencorrectedforhydrolyticlosses, tExpressedaslysineequivalents.
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with norleucine in the presence of carbodiimide

(Table 6), and the total content of aspartic and

glutamic acid residues. The value obtained is in

good agreement with that estimated by an alternative

procedure for a preparation of insoluble elastin (82).

The average residue weight of F2 was 84.2. The

quantitation of free a- and e-amino groups in F2, carried

out by maleylation, indicated the presence of 3.06

residues per mole. For convenience, this value is
5

presented in Table 6 as residues per 10 g of peptide.

Molecular weight estimation

Apparent reduced molecular weights of non-amidated

F2 were evaluated from equilibrium ultracentrifugation

data by calculation of point-average standard and ideal

moments"'" as functions of concentration in the column

(78,83,84) as reported in Table 7. The values of the

standard moment on obtained at two loading concentrations
of non-amidated F2 are also reported in Fig.4, while

Fig.5 shows the distribution with concentration of the

equivalent ideal moment a ^ derived for the same loading
concentrations. This latter moment was selected as

correction for non-ideality arising from factors

Footnote

1. The apparent reduced molecular weights are as

defined by Yphantis (76):

a. (r) = M. , app
(r ) (l-vp)u)'

i i' ^ RT

where v,p,co, R and T have their usual meanings.
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TABLE 6

Concentrations of carboxyl and amino groups in F2

Sample F2 -^Amidated F2

a) a-amino + e-amino groups 23.5 ± 1.2

(quantitated by maleylation)

b) e-amino group 3.9 ± 0.1

(quantitated by amino
acid analysis)

c) a-amino groups (a-b)

d) a-carboxyl + g-carboxyl

+ y-carboxyl

(quantitated by coupling
with norleucine)

e) a-Carboxyl

(quantitated by coupling
with norleucine)

19.6 ± 1.4

22.3 ± 1.0

17.4 ± 0.9

5
Values are expressed as residues/10 g of peptide.



a) Concentrations
F2-non-amidated

Standardmoments
TABLE

n

n

0.105

1

.50

0.12

1

72

0.07

0.Ill

1

.57

0.12

1

.75

0.07

0.117

1

.53

0.11

1

78

0.06

0.124

1

.54

0.11

1

81

0.06

0.132

1

55

0.11

1

84

0.06

0.140

1

57

0.11

1

87

0.06

0.149

1

58

0.11

1

91

0.05

0.159

1

60

0.10

1

96

0.05

0.169

1

62

0.10

2

01

0.05

0.181

1

64

0.10

2

04

0.05

0.193

1

66

o

>—•

O

2

07

0.05

0.206

1

69

o

h-»

o

2

11

0.05

0.220

1

71

o

r—i

o

2

15

0.04

0.235

1

73

0.09

2

19

0.04

0.252

1

76

0.09

2

23

0.04

0.271

1

78

0.09

2

28

0.04

0.292

1

81

0.09

2

34

0.04

0.316

1

85

0.09

2

41

0.03

0.342

1

88

0.09

2

48

0.03

0.371

1

92

0.08

2

.54

0.03

0.404

1

96

0.08

2

61

0.03

0.440

2.

00

0.08

2

69

0.03

0.480

2.

05

0.08

2

77

0.03

0.525

2.

10

0.08

2

86

0.04

0.578

2.

15

0.08

2

94

0.05

0.637

2.

21

0.07

3

03

0.07

0.706

2.

27

0.07

3

11

0.08

0.782

2.

34

0.07

3.

19

0.10

0.882

2.

41

0.07

3.

28

0.12

Concentrationunits-mmfringedisplacement.
Loadingconcentration0.6mg/ml Idealmoments

0i
yi

V

1.33

*0.15

1.36

♦

0.12

1.33

1.33

40.15

1.36

4

0.11

1.33

1.34

40.15

1.36

4

0.10

1.33

1.34

i0.14

1.36

♦

0.10

1.33

1.34

40.14

1.36

4

0.10

1.34

1.35

40.14

1.36

♦

0.09

1.35

1.35

40.13

1.37

♦

0.09

1.35

1.36

40.13

1.39

♦

0.09

1.34

1.36

40.13

1.41

♦

0.08

1.34

1.38

40.12

1.44

0.08

1.36

1.39

40.12

1.51

4

0.08

1.35

1.40

40.12

1.55

♦

0.07

1.36

1.42

40.12

1.60

4

0.07

1.36

1.43

40.11

1.64

4

0.07

1.37

1.45

40.11

1.68

4

0.07

1.38

1.46

40.11

1.70

4

0.07

1.40

1.48

40.11

1.74

4

0.06

1.41

1.50

40.10

1.81

4

0.06

1.42

1.52

40.10

1.84

4

0.06

1.43

1.54

40.10

1.89

4

0.06

1.46

1.57

i0.10

1.89

4

0.06

1.49

1.60

♦0.09

1.89

4

0.06

1.52

1.62

i0.09

1.89

4

0.06

1.55

1.66

i0.09

1.89

4

0.06

1.59

1.70

i0.09

1.89

4

0.06

1.64

1.74

♦0.09

1.89

4

0.05

1.70

1.79

i0.09
1.84

i0.09
1.91

i0.09

p .
y<

40.20 10.20 40.19 50.19 10.19 10.18 40.18 10.17 40.16 10.16 10.15 10.15 10.14 40.14 40.14 40.13 40.13 40.12 40.12 40.12 t0.11 i0.11 ♦0.11 10.11 i0.11 i0.11 I,

OJ 00



TABLE7

F2non
amidated Standard

moments

centration

c

n

0

w

0.107

1.45i

0.13

1.67

0.07

0.113

1.47i

0.13

1.70

0.07

0.119

1.48i

0.12

1.73

0.07

0.126

1.491

0.12

1.75

0.06

0.134

1.50l

0.12

1.78

0.06

0.142

1.52l

0.12

1.81

0.06

0.157

1.53l

0.11

1.85

0.06

0.160

1.55l

0.11

1.89

0.05

0.170

1.57l

0.11

1.93

0.05

0.181

1.58i

0.11

1.98

0.05

0.191

1.60l

0.11

2.01

0.05

0.205

1.63i

0.10

2.04

0.05

0.218

1.65i

0.10

2.08

0.05

0.233

1.67i

0.10

2.12

0.04

0.249

1.691

0.10

2.16

0.04

0.267

1.721

0.10

2.21

0.04

0.287

1.751

0.10

2.26

0.04

0.310

1.78l

0.09

2.33

0.04

0.335

1.81l

0.09

2.40

0.03

0.362

1.851

0.09

2.47

0.03

0.392

1.891

0.09

2.54

0.03

0.425

1.931

0.09

2.61

0.03

0.462

1.97l

0.08

2.69

0.03

0.505

2.02i
0.08

2.79

0.01

0.554

2.071
0.08

2.88

0.04

0.609

2.131
0.08

2.98

0.06

0.674

2.19i
0.08

3.07

0.07

0.748

2.26l
0.07

3.17

0.09

0.833

2.33i
0.07

3.26

0.11

0.938

2.41<
0.07

3.36

0.13

Concentrationunits-mmfringedisplacement.
loading 1.29 1.29 1.29 1.29 1.30 1.30 1.31 1.31 1.32 1.32 1.33 1.35 1.36 1.38 1.39 1.41 1.42 1.44 1.46 1.48 1.50 1.52 1.55 1.58 1.61 1.65 1.70 1.75 1.81 1.87

concentration0.8mg/ml
Idealmoments

yi

V

0.17

1.31i

0.12

1.28

0.16

1.31

0.11

1.28

0.16

1.31

0.11

1.28

0.16

1.31

0.10

1.29

0.15

1.31

0.10

1.29

0.15

1.31

0.09

1.30

0.14

1.31

0.09

1.31

0.14

1.32

0.09

1.31

0.14

1.35

0.08

1.30

0.13

1.37

0.08

1.30

0.13

1.39

0.08

1.31

0.13

1.47

0.08

1.31

0.13

1.53

0.07

1.32

0.12

1.55

0.07

1.33

0.12

1.60

0.07

1.33

0.12

1.64

0.07

1.34

0.11

1.66

0.06

1.36

0.11

1.70

0.06

1.37

0.11

1.77

0.06

1.38

0.10

1.80

0.06

1.39

0.10

1.84

0.07

1.41

0.10

1.84

0.06

1.44

0.10

1.84

0.06

1.48

0.09

1.84

0.06

1.51

0.09

1.84

0.06

1.55

0.09

1.84

0.06

1.60

0.09

1.84

0.06

1.66

0.09

1.84

0.06
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FIG. 4

Number average molecular weight moments of F2

obtained at two different loading concentrations

are shown as a function of the concentration at

a given point.

( ■ ) 0.6mg/ml

( A ) 0.8mg/ml
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FIG. 5

Charge-independent moments a ^ of F2 obtained at
two different loading concentrations are shown as

a function of the concentration at a given point.

( I ) 0.6mg/ml

( A) 0.8mg/ml
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affecting virial coefficients higher than the second

resulted in no significant alteration of these values

^°y4}*
The factor for conversion of o. values to M

i /

values was 11,637.

Hydrodynamic properties

Measurements of the sedimentation constant of F2,

carried out at a number of concentrations both in buffer

and in 6M guanidinium hydrochloride, are plotted in

Fig.6. The sedimentation coefficients at vanishing

concentration, corrected to water for both viscosity

and buoyancy, are reported in Table 8. In this

calculation the effective specific volume of the peptide

in guanidinium hydrochloride has been taken as

0.735ccg 3 in order to include the effect of preferential

interaction with solvent (85).

The experimental data obtained from viscosity

determinations are shown in Fig.7 and intrinsic

viscosity values are reported in Table 8.

The radius of gyration has been calculated using

the following equation (86).

RG = 3
'( [n ] 3M)
( 10ttN£ 3)

and the two values reported in Table 8 for each

solvent were obtained using limiting values for the

parameter £ (86).



FIG. 6

Plots of the sedimentation constants, in Svedburg

units, of F2 in (a) sodium phosphate buffer pH 7.0

and in (b) 6M guanidinium hydrochloride-sodium

phosphate buffer pH 7.0.



sedimentationconstant

OJ

O

CD

03

3

U3

*9\



47.

TABLE 8

Physical parameters of F2

Solvent 0.02M Phosphate 6M Guanidinium
buffer (pH 7.0) hydrochloride-

0.2M phosphate
buffer (pH 7.0)

Apparent
specific volume

S°20,w
[n]

Radius of

gyration
for £ - 0.860
for K = 0.775

0.750ccg

2.87 x 10 ^sec

11.3ccg ^

o
34 . 8A

o
38. 6A

0.735ccg

3.23 x 10 ^sec

13.1ccg 1

o
36. 6A

40.6°



FIG.7

Plot of viscosity numbers (ccg "*") against

concentration of F2 from unmodified elastin

in

(0 ) sodium phosphate buffer

pH 7.0

( 0 ) 6M guanidinium hydrochloride

sodium phosphate buffer pH 7



concentrationmg/ml
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DISCUSSION

The coincidence of the values of the standard

moments o and o obtained for F2 at different loading
n w

concentrations suggests that the fraction is

characterised by a very low degree of heterogeniety.

The slow rise with concentration in the column

of these moments, in excess of what should be expected

as a result of the pressure-dependence of the partial

specific volume, is probably indicative of molecular

association. This is a phenomenon which has been

observed with both elastin degradation products (9)

and with soluble forms of the protein (21,87).

Within the temperature range 23-37°C, association of

soluble elastin species is so pronounced that it

results in the formation of a reversible coacervate.

To correct for this phenomenon and to compensate for

non-ideality effects (Donnan equilibrium) arising from

the presence of charges on the macromolecule, the ideal

moments a ,, a ~ and o . have been calculated. Theyl' y2 y4
first two constitute a set of moments equivalent to an
and a in which contributions arising from non-ideality,

w

affecting the second virial coefficients, have been

eliminated. , on the other hand, is equivalent to

a -i , but in this case contributions to both second andyi
fourth virial coefficients have been deleted. As it

can be seen from data reported in Table 7a, 7b and Fig.4

and 5 both standard and ideal moments coincide (within
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the experimental error-bar) at vanishing concentration.

However, values exhibited by the ideal moments at

higher concentration levels are considerably lower than

the equivalent values of the standard moments, a

behaviour which is in agreement with the existance

of molecular aggregation in F2.

The close similarity of a ^ and o ^ values for
each concentration are indicative of only a moderate

amount of non-ideality. The contribution arising from

virial coefficients higher than the second in fact

not important. It could therefore be considered that

the extrapolation to vanishing concentration of the

standard moments provide an accurate evaluation of the

monomer molecular weight of F2 at a value of 13,000 ±

3,000 daltons. Such a value is also the average of

the charge-independent moments calculated at the lower

limit of their distribution.

The results of the a-amino group analysis indicate

that each F2 molecule comprises three polypeptides (2.65±0.12)

joined through covalent cross-links, this value being

consistent, within experimental error, with the

concentration of a-carboxyl groups quantitated in the

amidated F2. The accuracy of the a-carboxyl estimation

was largely dependent upon the efficiency of the

procedure adopted for the modification of the existing

carboxyl functions in the intact elastin used to produce
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F2. The previous use in this laboratory of dimethyl

sulphoxide in the modification of amino functions in

elastin showed that the excellent swelling properties

of the solvent allow penetration of low molecular weight

reagents into the core of the protein. The closeness of

the results for the amino and carboxyl group estimations

reported in this study support the use of this solvent

for such a purpose.

A chain molecular weight of about 5,000 is equivalent

to approximately 60 amino acid residues, a value which is

compatible with the size of the tryptic peptides, isolated

from porcine tropoelastin, (26) which form the inter-
\

crosslink random regions of the elastin macromolecule

and are reported in Table 9 (26). of these,Tl, T4, T9a, T9c

and Tl4c possess either tyrosine or phenylalanine in N-

terminal position and lysine at the C-terminal and can be

regarded as complete inter-crosslink segments. All the

others are incomplete and therefore must be joined in groups

of at least two in order to form an inter-crosslink

segment and therefore it could be stated that in general

the average inter-crosslink segment is comprised of

50-100 residues.

As it has been demonstrated that elastase cleaves

preferentially Ala-Ala sequences located at the amino-

terminus of the polyfunctional crosslinks (24), the

three polypeptide chains in each F2 molecule are probably



TABLE 9 (26)
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Tryptic peptides from tropoelastin.

1 ^7 y r - G1) - ile-Ale-Gly-rily-lcj-Val-Fro-Gly-ila-Pro-Gly-Phe-Cly-Fro-Cly-Va1-(Gly)-Val-(Pro)-(G)y)-(Val ) ~ ( G 1 > ) -

(2 Hyp, 1 Ser, 7 Pro. 12 Gly, £ Ale, 12 Va 1 ) Lys

2 A,la-Ali-Gln-Phc-Gly-Leu-Gly-Pro-Glyl lcGly-Val-Ale-Pro-Gly-Val-Gly-Val-Ala-Pro-Gly-Val-(Gly )"Va 1-Ala-Pro-
GI y-Va 1 -GI y-Va 1 - ( A la ) - Pro-G 1 y-Va 1 -GI y-Va 1 -Ala - Pro- ( X ) - I le - ( 1 Fro. B Gly. 6 Ala. 1 Va 1, 2 lie) lys

I lyr-Gly-Ala-Pro-Gly-Ala-GlyVa1-Ieu-Fro-G1y-Va1-G1y-Va1-G1y-G1y-Va1 -(Gly)-(Val)-(Fro)-(Gly)-(l Glx. 9 Fro.
26 Gly. 31 Ala. 9 Val. 5 lie. 3 leu. 1 lyr. 1 Phe. 2 Lys) lys

6 Ala-Gly-Ala-Gly-leu-Gly-Gly-Val-GlyGl y-Va 1 -G1 y-G 1 y-1 eu -G 1 y- Va 1 - ( Se r ) -1 h r -G1 y- A1 a - Va 1 - Va 1 - ( F ro ) - ( 1 Glx.
5 Gly. 6 Ala. 1 Fro, 1 Val. 1 leu) Lys

7« Cly-Gly-Val-Gly-Val-Gly-Gly-Ilr-Pro-1hr-Phe-Gl>-Val-Gly-AlE-Gly-Cl>-Fht-Frp-GlY-Phe-Gly-Val-Gly-Val-Gly-Gly-Val
(ProJ-Gly-Ale-Ala-leu-(1 Str. 1 Gl*. 1 Pro. 9 Gly. 12 Ala. 2 Val. 1 Leu) lys

7b Ala-Gly-lyr-Pro-lhr-Gly-7hr-Gly-Val-Gly-7hr-Glx-Ala-Ala-Ala-Ala-{Ala)-Ala-Ala-Ala-Lys

9a lyr-Gly-Ala-Pro-Gly-Ala-Gly-Val-Leu-(A Pro, 12 Gly. 11 Ala. £. Val. h lit) Lys

9b Ala-Ala-Glu-Phe-G1y-Va1-G1y-G1y-Va1-Gly-Gly-Leu-^ Vai-Gly-Gly-Leu-G1y-Ala-Va1j-G1y-Ala -
Gly-(1 Ser, 3 Fro, 2 Gly, £ Ala, 1 Phe) Lys

3c Tyr-Gly-Ala-Ale-Gly-Ala-Leu-Gly-Gly-Val-Gly-Asx-Leu-Gly-Gly-Ala-Gly-Ile-Fro-(GlyVal-Ala-
Gly-(1 Gly, 3 Ala, 1 Val) Lys

t

12 Va1-Fro-Gly-Val-Gly-Leu-Fro- G1y-Va1-1yr-Fro-G1y-(1 7hr. 1 Pro. 1 Gly. 1 Ala. 2 Val) Arg

1 Lb Ala-Pro-Gly-Gly -*Gly-Gly-Ala-Fhe-Ala-Gly-Ile-F ro-Gly-Val-Gly-Pro-Phe-Gly-Gly-Glx-Glx-Pro-Gly-Val-
Fro-Leu-(X)-Gly-(Pro)-(3 Ala, 1 Val, 1 Leu, 1 lie, 1 lyr) Lys

1 Ac Phe - Pro-G ly-Val-Gl y-Va 1 - Leu-Fro-G 1 y -Va 1 - Fro-7 hr-Gly~7hr-G lyVa 1 - Lys

15 G1y-G1y-Va1-Pro-G1y-Ala-Va1 -Pro-( 1 Asx, 7 Fro. 30 Gly, 19 Ala. 6 Val, 8 Leu, 1 7yr, A Phe, 2 Lys) lys
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joined covalently at or near their N-terminus. To

test the validity of such a proposal the theory of

Zimm and Stockmayer (88) for branched chain molecules

in random flight conformation has been applied to the

physico-chemical parameters obtained for F2 in 6M

guanidinium hyrochloride.

Since such theory requires that the type of branching

present in the molecule under investigation be defined,

we have postulated that F2 could be equated to a star-

shaped structure comprising polypeptide chains of equal

'length. Under these limiting conditions the Zimm and

Stockmayer equation for chains of one branch point can

be reduced to
3 2

where is the ratio of the mean square radius of

gyration of the branched molecule, containing f chains,

to that of a linear reference molecule of the same

molecular weight. The radius of gyration of the reference

F2 molecule (containing ri = 178 amino acid residues) has

been calculated from the equation reported in the previous
0 6 6

section, taking ri = 0.716n * a relationship which

is satisfied by globular proteins in guanidinium
o

hydrochloride (89), and the value obtained is 48.2A .

However, elastin differs from the average globular protein

in containing glycyl and prolyl residues in such a high

concentration that their effect in reducing the radius of
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gyration cannot be neglected (90). A correction has

therefore been attempted using published experimental

data on single chain, Ascaris cuticle collagen which

contains a total of 602 residues of glycine and proline

per 1000 residues and exhibits a molecular weight of

63,000 (91). Its intrinsic viscosity, determined in

5M guanidinium hydrochloride, was reported as 43ccg \
while the theoretical value for this parameter, when

calculated as above using n = 667, is 50.9ccg ^. If,

on the basis of this deferential, a proportional

reduction is applied to the theoretical q value for the

reference F2 molecule, its radius of gyration is reduced
o

to 46.4A. The theoretical radius of gyration of the
o

branched molecule would therefore be, for f = 3, 40.9A,

a value which is in good agreement, within the uncertain¬

ties inherent in its derivation, with that reported in

Table 8 for F2 in guanidinium hydrochloride, calculated

using £ = 0.775, which is the value of this parameter for

good solvents (86).

It is, of course, obligatory that a three-chain

molecule be compatible with the distribution and content

of cross-links in elastin. As it is._generally believed

that these cross-links unite only two chains (92), the

3-chain model would require the presence of at least

two cross-links per F2 molecule and of a pair of adjacent

cross-linking sites on one of its chains. The existence

of such pairs of cross-linking sites has been demonstrated
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by the isolation from a limit elastin digest, obtained

by the action of elastase and thermolysin in conjunction

with partial acid hydrolysis, of a small three-chain

-= polypeptide containing ojily two cross-links, separated

by about eight amino acid residues (93). The amino

acid composition of the undegraded elastin reported in

Table 5 indicates that there is a total of five residues of

desmosine, isodesmosine and lysinonorleucine per 1000

amino acid residues, to which one should add six fufther

cross-links in the form of Schiff bases and aldol

condensation product (45), leading to about two cross¬

links per F2 unit.

The amino acid composition of both F2 and F3 is

very close to that of the parent protein with the exception

of the content of cross-links, that of F3 showing a

marked decrease in the concentration of these poly-

functional amino acids. It is therefore suggested that

F2 has arisen from the degradation of these regions of

the protein which possess a content and a distribution

of cross-links such as to guarantee the preservation

of the three-stranded structure even after cleavage of

the polypeptide chains. This is diagrammatically shown

in Fig.8.

At variance with collagen, in which the triple-

stranded structure is acquired intracellularly

immediately after synthesis (94), elastin is secreted as

a single chain (21) and consequently the generation of

its basic quatenary structure visualised here as a cross-



FIG. 8

Proposed arrangement of crosslinks in elastin

polypeptide unit.
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linked three-chain unit must be concommitant with

fibril formation. As it seems likely that a primary

filament/ with a cross-section of about 3nm, will

accommodate more than one three-stranded unit, it is

open to speculation whether an elastin polypeptide

chain, which carries along its length some 15-20 cross-

linking sites, is joined at each of these to the same

two adjacent chains or whether a more random coupling

occurs, leading to the formation, within the primary

filament, of a true network structure.

The most significant result emerging from the

analysis of the hydrodynamic properties of F2 is that

this fraction exhibits a very similar behaviour whether

examined in the presence or absence of 6M guanidinium

hydrochloride. As it has been demonstrated that in high

concentration of this salt, globular proteins acquire

a conformation which approximates to that of a random coil

(95,96,97,98,99,100), F2 must be devoid of extensive

hydrophobic intra-molecular domains even in dilute buffer.

In this respect it is conceivable that an irreversible

conformational change might have been induced by the

treatment of elastin with guanidinium hydrochloride

during the purification procedure and/or by the

subsequent exposure to sodium dodecyl sulphate during

elastolysis. However, the fact that the stress-strain

response of purified elastin subjected to extensive
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treatment with guanidinium hydrochloride is identical

to that of untreated parent ligament (51,7) indicates

that the mechanical properties of the protein cannot

be related to the presence of hydrophobic interactions.
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