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ABSTRACT

Th¡c i¡solub1e non-collagenous glycoprotein fractions (a and G)

have been separated frcnr puppy rib carbilage using rnild selective techniques

involving extractíon of rnost of the proteogllaan and digestion of the ;r.,,,,

j¡soh:ble residue with pår.i-fied collagenase.

Botlì. A and G form sirrgle bands i:: caesir¡n ch-loríde gradierrts

but they differ ìn density. Both fractions are high in asparbate plus

glutanate and have a Iow hydro>q4croline content. f¡rsoluble A and G contain

ho<ose, glueosarnine, sialic acid and chondroitin sulfate glycosanr:inoglycan,

but differ in, their contents of hexose and six ani¡o acids. A non-covalent

association e><ists between the insohlble glycoprotei¡l fracbions and sone

of the chondroitin sulfate glycosarninoglycan.

The soh:bility properties and amino acid crurpositions of Fracbions

A and G are sirnilar to those of stn¡ctural gllrcoproteins 'fSGP) extracLed frcnr

ottrer tissues.

After reduction, a$zlation and extraction w"ith SDS nost of each

protein is so}:bilized. Gel elecb,rophoresis of solulcilized A or G strows ttre

presence of eitlrer one or tr,uc bands and gel chrcnra@raohy shows both high ,,,.,.'..,

and lovv rnolecular weight peaks. TLre producbion of a lor,v nxrlesular weight

electrophoresis band from tlre high rnolecular r,reíght Sephadex fraction

indlcates that there is aggregation and disaggregation of suhmits in ÐS.

aggregatè. formation could not be dqnonstrated by gel chrornatography or

anal1Èical ultracentrif,r:gation alone. using ttre latter tecirnique, Ðs

solubilized A and G sediment as single slzlrmetrical peaks brlt. with diffenent

S values.



l_l-
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i',,',
Biochsnical and electron nicroscopic evidence shorn¡s ûrat both

i¡soluble fractions are i:r close association w-ith insoluble collagen.

Electron microscopy shows that both ínsoh:b1e gllzcoprotein fractions stain

with lead, rutheniun red or alcían blue plus ntrosphotr:ngstate and tìat
Fraction G contains nËrny fjne fílamerrts v¡heneas Fraction A ap¡:ears amor- ,,:,.,r:,ìt-_-'

phous. l4aterial wittr the same appearance and stai:rirg properties was

found to occur on tlre surface of collagen fibers i:: the r:ndigested,

carbilage residr:e.
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CIåPTM. I LTTM?fruRE SUF5IEY

1. General fntroduction

Connective tissues are ocrrposed of cells separated by extracellular 
* 

rnatrix.

The t1ç:es of cells and extraællular matrix produced by ttrem varies in
different connective tissr.res and reflects ttreir particular fu:ction. TLre

extracellular matrix c-onsists of fibrous proteins (e1astin, collagen) and a

non-fjJ¡rous ccnponent or ground substance. Ground sr:bstance is ccnposed of

proteoglycans of the acid glycosarninoglycans (5), glycoproteíns,_ (1, 11) and

interstitial fluíd crcntainirrg inorganic corponents (9). Interacbions betlveen

the curçnnents of ttre gror-rid substance at the biodremícal (1, 3, 5, 12, 1,3)

and ultrastructural (75) level as well as interacbions behpeen grourd sr-rlcstance

and fibrous conponents (85, 90, 9I, 96, 103, 110, I3L, 154) have been the

subject of many studies. Total r¡:derstanding.of these conplex j:rterasb.ions

awaits ttre oomplete chemical elucidation of all tlre exbracellular matrj*

ocnponerrts, their bioslznttresis, pattrways of secretion and degradation. Hcns all
of tlrese factors ctrange during develo¡rnerrt is critical in order to r.:nderstand

tle Jntegribz of the corunective Lissue at any poi:rt in tjlre.

A kncnr{edge of ttre macrcrnolecr:-lar organization of carbilage exbracellular

matrix is essential to understand its normal functiornl properties which

lie jn its resílient resistance to deformation and conpression. Degradation

of ground substance ccnqnnents in artisular cartilage ocsurs in osteoarthritis

and rher¡natoíd arb}ffitis and degrradation of carÈilage matrix has been ttre

objective Jn treatìng disc disorders (190). A ccnplete viq,y of ttre

pathogenesis of these diseases must j.nvolve a description of ttre enzlznes

i::volved j¡r ttre degradatory process ar¡d the everrts leading to tlre slmtlresis

* The term intercellular also is used j¡ nrany texts.
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and release of these enz},nþs frcsn the chondrocytes. Suctr str:dies require

tlre isolation of well clraracterized sr-rbstrates from tlre extracellular rnatrix

in order to i::vestigate these diseases.

2. FiJcrous Ccnçnnerrts

Collagen is t.l.e mai.:: fibrous ccnqnnerrt of cartilage e).tracellular rnatrjx.

rhe primarlz stnrstr:re and bioslmttresis of collagens from ser¡eral crcnnective 
....,:,

tissues'have recently been rex¡ielried (33, 34) . ILre carbilage ællagens are 
::::::'1

''t 
t, 

'-of the tlzpe lcrl(ff ) J, as o¡4nsed to ttre more connon æl]agen ccnposition 
',i.lìi't:

lol(r)Jro2 t1pe. TLre sl(Tr) chai¡rs differ fipm o1(r) cfrain j-:n certaj¡r amj¡ro

acids and carbohydrate ccrnposition (35).

3. C,round Substar¡ce

(a) Acid Glycosaminoglycans (acid cecs)

ftre clrsnis@r and distril¡ution of acid C,AGs has been well revier,,¡ed

(3, 5, 36t 46'). Tab1e ï shov¡s tlre chemical conposition of tlre disaccharide

re¡:eating r,mits of the acid glycosarninoglycans. Early studies on tlre

conposition of bovjne nasal carbilage j¡dicated "the rnajor ¡nrtion of the

cartilage is a protein salt of chondroitin srrlfi-rric acid"'(37). Since tl¡en

the presence of de¡¡natan sulf-ate, ch-ondroitin-4 and 6-sulf^ate has been

denurnst¡:ated in rnrry ottrer oorunective tissues (36, 38 , 47).

Ideratan sulfaÈe was fi-rst isolated frcrn cornea (39) , however, it is

present, in nt¡neroris other tissues Ìncluding marynalian cartilage (40, 4I, 50)

where it appears to be parb of the ctrondroitin-sulfate-protein crurple< (4L, 42).

In htman costal cartilage (43), bovjne nasal carLilage (45) the keratan

sulfate content íncreases from zero at bjrth to high levels with old age.
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At the sane tinre there is a drop jn ttre ctrondroitjn sulfate content.

Iulaths^¡s and Glagov (44) also have examjned. the conposition of hr¡nan cartilage

wittr aging.

IIyah:ronic acid ís for¡nd j¡r a nr¡nber of connective tissues a¡d ,,,.,

interstitial fluids (parLicularly ski¡r ar¡d. slmovial fluid). rro cartÍlage

it is a minor ccnponent (I3, 48, 49, 153) ard it is i:nvolved in proteoglycan

aggaregation (77) . t.. ..

Heparan sulfate has not been for:nd in cartilage, hcnaever, it, has been 
1""''':

., 
t ..-

exbracbed f:rcm bovine (51) and hr¡rnn (52) aorta vÈrere it has been shoi^6 to .,. :

occur as a proteoglycan consisting of several polysacclraride chains of
heparan sulfate lfuked to a æntral protein core. 

i

i

i

(b) Proteoglycans
l

Using the ncnenclatr:re of ÏIascall ard Sajdera Q2) , protæoglycans are 
i

Imacrornolecules which consíst, primarily of ¡rclysaccharides covalently bound 
.to a sral-l arnorlrt of protein, whereas gllrcoprotein refers to macrcrnolecules 
l

whiclr are primarily protein with corzalenLly bound saccharide. For many years
i '-'t't'

it, had been recogrnized that chondroitin sulfate does not,o<ist as free ii'-...i

polysaccharide jn cartilage (53). Shatton and Schubert (54) i,,lere the fjrst ,:ttt
to prepare a clrondroiti¡r sulfate non-crcllagenous protein ccnplo< (proteoglycan)

from bovjne nasal cartilage. Tlrey suggested the chondroitin sulfate and

proteìl are covalently lfuked. since ttris tjire proteoglycans have been 
,,..,,1.''.

isolated by nrarry investigators using a variety of techniqr.rcs (11 , 55, 56, 57, 
:"':r:

58' 59, 60). Proteoglycans have been isolated containing chondroitjn =4 and

G=sulfate (54, 73), dermata-n sulf-ate (38) / kenatan slllfate (41) ,and heparh ,

:

(51, 52) .
li.;,i :'.: .
i- i.
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Cartil4Ee grourÌd substance is corposed ma:inly of proteoglycarrs con-

taining chondroitÍn-4-sulfate, keratan Sulfate arrd chondroitin-6--su1fate.

Hl¡aÏ:ronate and a nwnber of glycrcproteins also have been'for.:nd. . Cautíon

should be o<ercised wtren decidìng whether isolated fractions from the

grou:d st¡bstance are 'glycoprotejnr as dj-stj¡ct from proteoglycans contaìning

keratan zuIfate. Sttrdies on the keratan sulfate prepared frcrn bovj¡e nasal

cartilage sr:br.mit (32) shou¡ that iü oontai¡¡s neutral sugars (galactose,

nËtnose, fucose) , sialic acid, hexoseamjnes (glucrcsanine, galactosamine).

Houever, ttre galactose and glucosaminé are in approximately 1:1 ratio as jn :',:':.,,.,'.,,'

tlre repeating disaccharide of keratan suLfate.
i

Stnrctr,ral strrdies on the chondroitjn sulfate proteoglycan nacrcutþlecule 
ì

jrrdicates that it consists of a ¡nllzpeptide bacldcone with glycan side

cìr"ins radiating from the protein core (6L, 62, 63). TLre chondroitin

sulfate ehai:: may consíst of a rnixbr:re of disaccharide repeating periods,

each one wittr eítlrer no sulfate or sulfate at ttre C-4 position of n-acetyl

galactosamine (N-Ac gal) (64, 65). In addition, keratan sulfate Qrpe of

glycarr (66, 67, 76) sesns to be attached to the sane protei¡r core wtrich

carrj-es ttre chondroiti¡: sulfate, however, soflÞ chondroitj.:r sulfate proteo-

glycans do not contai¡¡ keratan sulfate (70). In rabbit and hr¡nan costal

car-b,ilages these glycan conponents varfz with age. I" ûr! tlre fi:nctional

roles of ttre diffenent glycan chaj¡ls is unkncnv¡:, the biological significance

of ttrese ctranges ís not knor^¡n.

TLre chondroitin sulfate chains are covalently attached at tlreir

reducing ends to tlre protein core via a well defjned gIyæsidic lidcage:

(galactose-galactose><ylose) to tlre hldro>ry.group..of .serj¡e (5;9,: 7L, 72) or
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threonine (73). IGratarr sulfate is attached to ttre protein core witlr a
glycosidic bond betr¡een galacbosarnine and serine or threonine (32) as werl

as an alkati stable bond tlrought to jnvohze glutanic acid.

In bovine r¡asal carbilage tlre basie structr-¡ral r:nit is tlre proteoglycan ,-,,,,.,,,,,,,

strbunít (PGs) (rz¡. rt is considered that this sulcr:nit is pollndisperse

as a re.sult of variations in ttre length and ngrbers of ctloñdroiti¡l

sulfate and keratan sulfate chains bourìd to ttre protein core. The rnolecular 
:,,,,:,,, ,,,;:,,

weight ranges from 2.5 x 105 to 4 x 106 (74) . Ttre protejn core has a 
""':';'¡' ¡"i:

'.' '. :'.: . .t..
nx)lecular weight of about 20OrOOO wittr an average length of 3r400Ao (75). ,i,,ì.,..,.'r,

Itre presen! r:nderstanding of the macrcmolectrlar organization of 
:

proteoglycans comes primarily frcnr studíes on bovine nasal and pig

la4rngeal carbilage. ft is thought that proteoglycans exist jn vivo jn tlre
form of high rnolectrlar weight aggregates consisting of a non-oor¡aIent

association of at least three biochemically defined species; proteoglycan

subunit, link glycoprotejn (cBf,)"(12) and hyaluroruic acid (77, 79, 79r 80, Bl). .

rt is notei,riortlry úIat the identification of hyaluronic acid jn such aggregates

is ttre fi-rst irdicator that free glycosaminoglycans nËry play a role in ttre
1'.: .-:'-.: '.;.:.:

organlzation of gror:nd st¡bstance. Íhe large nrrlecular weight aggn:egate can ;,.::: ,:: :,

be di-ssocíated into its snaller nrrlecular i^aeight ccngrcnents by dissociative i,l:,,,,1,,.,,:,:,:,:

''-.: '.

solvents ( M guâniAio. HCf) and r:pon reccnrbj¡ation of tlre corponents in

associative solvents (0.51,1 guanidine HCI) ttre aggregates have been

visr:alized in the electrorun:icroscope (75). Studies with bovine articular 
i,,,,,,,, ,,,,,,_,

cartilage (1) indícate scrne differenc€s in the macronplesular organization 
:":':':¡::¡'i1:''':

fn this tissïe a higher lerzel. of proteogl¡rcan organization has been shcn¡l

to e¡cist involving proteogly,can agggqgate (sirnilar to tha! ia þvi¡re.nasal

earbilage), collagen and;arr r-:ncharacteryzd, 2.7S protein

i .,ì-,,r., 
t., 

,.- ,

l. '.
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(c) Collagen-ProteogTycan Interactions

A good deal- of evidence novv exists in tlre literatr:re wtrich j¡rdicates

that ground sr:lcstance ælrçrcnents j:rteract withr fibrillar collagen in tl¡e
formation of a fi:nctional matrix. fn vitro e>perinæntation has i:'rdicated

non-covalent associations of gror-md sr:bstance witlr collagen, but in sone

cases where a vea1z tenacious association has beerr dernonstrated betr,,¡een

ncn-collagenouS material and collagen in tissue hcxrngenates and d.igests

tlære is evidence for a covalent attactment.

(1) Biochenr-ical Studies

(i) Natr-lre of tlre Association

In tlre sea anqnone l,letridir¡n dia¡rthus a covalent linkage

betr,æen a heteropolysaccrraride and a hydroclzp:rcljne containing peptide

has been isolated (82) frcnr a collagenase digest of pepsin soh:bilized

collagen, ttrus provÍding direcÈ evidence for a ccn¡alent linkage in this

tissr:e. Covalent U:rkages have been suggested betr,,æen shark collagen anil

proteoglycan (83, 84); between collagen and keratan sulfate and between

collagen and proteoglycan core protein jn hr¡rwr costal cartilage (85).

I¡: tlrese cases the crcvalent bond has not been isolated. Good evidence

(110) is present for ar¡ ionic i::teraction bet:lveen collagen and. proteoglycan

jn hunan i::tervertebral disc. Different tissues and t-echniques were used

by ldobayashi and Pedri::i (85) and Steven et al (110) to prepare ttre

proteoglycan-coIIagen frastions. TLre contrasti::g results could be due to

tissue differences, on altermátive1yjtfie- preparatory techniqr:e: FoÉ e:<argrle,

recent data from bovine articular carbilage (111) j:rdicates tlrat destruction
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of collagen helical sturucture ocsurs u¡:on ocbracLion with guanidi¡re ICI

vñen tlre roptÌrnrmr concentraÈion of tlre salt for proteoglycan extraction

is exceeded. Thris creates r:ndefi¡red new i¡:teractions between tlre denatr:red

, collagen and proteoglycan vùriclr is reflecbed i.:r tÏÞ j:reversj-ble insolubili- ,,,,

zation of thre latter. Since ldobayasiri and Pedrini (85) used this optimrm

aoncentration (4.0M E-rar-rid5ne ICI) to extract proteoglycan, tlre implicated

, covalent association between ællagerr and r:nextractable proteoglycan rrny,ì

' b. arbifacbual. That scnne denatwation of collagen occalrs jrr 4.0M gianidine

'. HCI is consistent wittr tlre obsqr¡ations of Anderson and Sajdera (92).

Studies by Steven et al (110) were witlr proteoglycan prepqred in a dj.ffererrt.

nlalìner. A^s well tlre irrvestigators rnay have been looking at different

r soluble proteoglycan pools. F\-rrttrer sræpott for an ionic i.:nteraction betlr¡een

ocllagen and acid GAGs of proteoglycan is docr-unen-ted (103, 112, 113).

(ii) Effect, on Collagen FiJ¡ril Formation

, Ear1y biochsrÉcal studies sÏæw an association of collagen witlr

acid GAGs (131) and with proteoglycan (]"6, Lo2, Lo4). T:o¡rocollagen molecules
:

i. can aggaregate under physiological crcnd:itions in vitro to form gels containing
:.

,', mature crollagen fÍbers (100). Collagen fi-ber formation j¡r viizo tal<es place

i:: the e>cLracellular matrix (101). Studies have shor,¡n Lhat dermatan sulfate

proteoglycan (38) or clro¡rdroitin sulfate porteoglycan (103¡ I05) Íxldify the

kinetics of collagen fjbril forrnation. Aggnegrated proteoglycan (pGS and @L)

" does not (105). on the- basis of tlrese kinds of e>çeriments it. was suggested

tlnt the physical state of proteoglycans is inportant in controlling tlre

initial stages of collagen fibril forrnation. It also has been hlpottresized

tJ-at proteoglycans play a role in crcllagen fi-bril stabilization (106, 107, 108)
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and may be an inportant fastor jn the organization and fi:nction of connective

tissue at all stages of grcnrbh and develo¡ment.

On the other haltd, it has been sho¡¡n tlrat alttrough ttre body wal1

of ttre sea aneflþne Metridir¡n diantlrus (109) crrntains no proteoglycans,yêt ,',,1,','

the collageÐ fibers present are similar, with res¡rect,to severat criteria, to
those present jn tissues whiclr æntain proteoglycan. Tlris suggests ttrat

proteoglycans play no part in collagen fjl¡riI formation or stabilization jn ,1,,.,,:
'.::.:.-i...:1..

this organisn, and, possiJcly jn others. li '

(iii) Metabolisn

Gross, Mathews, Dorftnan (197) and Bcnnnress (19g, 199) fourd that

70-803 of ttre clrondroitin sulfate proteoglycan in rjJc cartilage car¡ be

exbracted wittr water (198). The water insol:bIe ctrondroiti¡: sulfate was

rqnor¡ed frcnr tlre residual insoh.ible collagen by aIkaIi extraction. Usìng

in vivo IabeIIing tectlrigues, ttre water so}:ble proteoglycan pool frcnr

r5Jr cartilage (L97¡ 198, 199) shor^¡ed a higher specific radioacbivity than

tlnt e>cbracbable with a1ka1i. Using in vítro labelling techniques vdtfr

pig Iaq¡zngeal cartilage (192), calf rib cartilage (151, 196) ttre rnost

highly labelled proteoglycans are tt¡ose which were in fjrm association with

ocllagen and henæ unexbractable wittr water or dissociative solverrts.

The reason for ttris difference in retabolic activíez of ttre insoÏ:b1e pro-

teoglycan is not kncn,rn, tmrever, it, does indicate metabolic heterogeneity

of the total tissue chondroitin sutfate proteoglycan. Tlris has been

docr¡nesrted by otlrers (193, 794, L95). Vfittr respecb to tlre exbracbable

proteoglycan pool, several studies (151, L96, 200) shovs tt¡at tlre chondroitin-

4-sulfate ctrai::r.s of high molecurar weight appear to be preferentially
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qznthesized and turnover independently of ttre lov¡er nplecular weight species.

(iv) Calciun Binding

It has beerr suggested by Boyd and Ner¡nan (206) that the ion exchange .,,.,

properties of, cartilage Inay be responsjble for producing tlre loca1 concen-

trations of calciun which might lead ts ttre formation of hlzdro4yapatite

crf¡stals. Calcir¡n binding by free chondroitin srúfate (20I, 202, 205, 2O7l 
,,i,:_:.,

arrd ctrondroitjn sulfate proteoglycan (202, 204, 2Og) has been docr¡nented. 
::::'::':

-,t.,t-,

Dr¡nstone (205, 207) found that ttre order of increasing cation affinity :,.'.,'

for both chondroitj.:n-4-sulfate and carbilage to be K+ .*"* .tg* <Ca#. ït
l

sesns likely û.tat jnnrobilization of Ca# is, jn part at least, tlre result of 
i

site birrding as op¡nsed to pure electrostatic attraction (202, 2OB) . i

i

Studies with chondroitin sulfate (203) and clrondroítin sulfate proteoglycan 
f

(214) have shcn^¡n that these macrcrnolecules can react wittr calcirm phosphate

arrd prevent ít from precipitati-rrg from solution. Sobel et al (209, 2IL)

have shcn¡m thrat ctrondroitjn sulfate in association with collagen can acb

as a nucleating centre for ttre gror/üth of hldro4yapatite crarstals. Bcnrlr¡ess

(215) for:nd that, the water insolulcle c}rondroigjn sulfate had tlre gnreatest

affinity for calcir¡n. Tlris pool deæeased ttre anpr:nts of calcir¡n and

phosphate precipitated frcnr solution, hordever, ttre forrnation of calciun

phosphate from calcir¡n bor-nrd toi..this pool prooeeded nrcre rapidly ttran frcnr

calcir¡n i.:r solution. In rjJc carLilage, more of ttre total tissue clrondroitin 
ì,,.,,,,.,

sulfate is for:nd ín ttre alkali so}:ble pool as calcification progresses (152). ]:::::::

To date no ænclusive evidence e><ists to strggest any one calcifi- 
:

cation nectranisn, nor should it be e>pected ttr,at arry one mectra¡rlgn is 
l

i... ..

t..-
T. :-.1'
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operative at, a1i Èines. Altlror:gh a role for ctrondroitin sulfate in
calcification has been suggested .(209, 2!0, zLI, 2L2) ttre proposed rectnnisrns

are different; one suggesting initiation of calcification, tlre other

suggesting inhibition. lfhether ttre bor:nd calcir¡n and phosphate can react

together and pIåy a part in calcification or v¡trettrer they are 6o tightly
bound ttrat ttrelz cannot reacE., ttrus producing inhibition of calcification, is
an open question. Bounress (150) has proposed a model for tlre role of

chondroitin sulfate glycosaminoglycan jn calcificatiori whictr Ìnoorporates

the evidenoe for the nucleation and inhibition nechanis¡s:;.

(2) nlectron Microscopic Studies

Electron microscopic observations on ttre ultrastrucbrre of cartilage

e>ctraoellular matrjx indicate ttrat there ís an association of proteoglycan

wittr ælIagen. Early str¡ilies by l{artin (86) and Fittondackson indicated

ttre presence of fíne fibrils (100-4004o'diameter) whíctr do 4ot shcnr tlre

6404o bandìng pattern clraracteristic of coIlagen. On the basis of ttreir

different rnoryhol-ogilz it was concluded that tlrese fibrils were of a different

chsnj-ca1 ccrçositíon to colIagen. In bovine articular cartilage (gB), tlre

distribution of proteoglycan and collagen indicated th,at tlre proteoglycan

exists in tlre intercellular matrjx ín two states. Free and rarrdcrnly

oriented proteoglycans vilere predcnrinant in ttre penicellular zone vùrereas

prot@ilycan attached tranwersely over the a and b biands of eactr 64040

period on the collagen fil¡ers was obsen¡ed i¡ tlre rnain ratrix. Snjith (89)

e>rbended these observations to ttre epiphyseal plate cartilage in rabbit

where ttre oollagen fibers are of mudr snaller dialreter (80,200A.)
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thar¡ in bovi¡e arbicular cartilage (500-6004'). He obse¡¡ed bisnuth

staining nurieties (\^lhich in previous studies were identified as proteoglycan)

(88, 90) whictr were tangentially attacÏred to eaclr period of tlre snaI1

collagen fibers of ttre matrjx. Association of proteoglycan witlr collagen

has been stpporbed in guinea pig epiphyseal carLilage by Ttrþerg et al (91)

usìng ruttrenir¡n red ard. alcian bl:e to shcr^r matrix granules in the i:rter-

cellular matrix. These granules (100-800Ao diarneter) have been obsen¡ed

by others (9I, 92) and in ccnbi¡ation with bioctrsnical techniqr-res ttrese

Srarrulês l,üere qcncluded to be ultrastruetural representations of proteo-

glycans. Most granules are tangentíalIy attached to collagen fi-bers,

hcnn/ever, scnp were i¡terænnected by poorly stained filalrents \^rr¡iich often

projecbed from tlrem. Associated proteoglycan-collagen has been obsen¡ed i.::

htunan synoviun (g4) , aorta, articular cartilage, oomea (95) and bovi::e

epiphþeal cartilage (96). fn s¡znovir-un fotrr different tlpes of rutlrenir¡n

red positive strustr:res ¿rre obsenzed; anoryhous coats, transverse belts,

fine lateral filaments and i::teI:rediate fibrils. Fine lateral filarerrts

were also cbsen¡ed in aorta and articular carbitrage but not in ærnea.

Biochsnical trxocedr:res to renþ\¡e proteoglycans rsnoved nxrst of tlre associated

rutheniun red material but left short lateral filanents attached to ttre
oollagen fiJcers. Eisenstei.:r et aI (96) e><ami¡ed tlre distrij¡ution of

proÈeoglycan associated with collagen in calf scapular epiphyseal cartilage.

They fotlrd at least tr,vo.ar¡atcnrical pools of proteoglycans; one wtrich resides

between ttre collagen fiJcrils and is extractable with dissociative solverrts

(4[4 guanidine HCl) and ttre ot]rer appeaï strongly attached to oollagen whictr

is not exbractable by gr:anidjne Ifl. In conjr:nction wittr specific enzlzme

digestion procedures, ttre identity of rutlrenir¡n red material attaclred to
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æI1agen could not be conclusively defined e><cept that scnre was proteoglycan

on the basis of its rsnoval by testicular hya}:ronidase or trlpsin. The

authors do not rule out ttre ¡nssibility that the rutTrenir¡n red parbicles

associated wittr collagen is anotlrer anionic rnaterial left beLrind after
exbraction and/or enzlzrnatic digestion.

(d) Non{ollagenous Proteins , , .,

(r) occr¡renæ 
'i";";'

i,.,.,.,"
Glycoprotejns distj.:rct frcm collagen and proteogllzcans have been :t:':'"

dsnonstrated in the extracellular matrix of flutny coïÌnective tissues suctr

as bovine r¡asal septa (1, 11), oorneal strcma (L4) , lar¡zngeal carb,ilage (4) ,

carf skin, calf joint, rabbit, skin (15), bovine achilles tendon (r7') ,

hr¡nan aorta (19) , bovine liganentr-un nuctrae (146) , bone (23, rL4). Most of

these gllzcoprotei:rs or non-collagenous glycoproteins have been partially
ctraracterized bioctremically, but, their fi:nctional role jn ttre gncour:d substance

is not yet clear (I2, 20, II4, tr"47)

nr part ttre characterization of non-collagenous glycrrproteins has 
,,¡,.,,,:

been hjndered by tt¡eir ccnplex jnteractions with otlrer connective tissue ':'.::':

.t,.1.',t

macrcrnole9t¡Ies (colIagen, elastìn, proteoglycans) and perhaps other unkncn¡¡n ...,',

interacbions wittr maqrcrnolesules yet to be identified. The presence of

non-collagenous glycoprotein jrt coru:ective, tÍssues was indicated by Bor,ves

(25) where it was noted that. tlre difference in ccnçnsition between sude 
:,,,:.,'..'.: ;..'

and purified ællagen can be accounted for by non-crcllagen protein. Prir-

ification of a gllaoprotejn frcnr hunaà ttnracic aorta was achieved by

Barnes and Partridge (19) and ttrey re¡nrted it had a high conterrt of acidic

amj:ro acíds. Tlris featr:re appears to be crrrmon to all non-collagenous
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ænnective tiszue glycoproteins and affords a means of distinguistring tlrenr

from plaena glyooproteins. In this chapter, an attenpt has been rnade to

categorize the kncnn g1yæprotei¡s of cor¡:ective tissue on the basis of

their solubility properties.

(2) Soluble l4atrix Glycoproteins

Scnre of the gllzcoproteíns jn tkre gËotmd substance ca¡ be ecbracbed ,,,':,,

with relatively mild procedr.¡res such as v/ater, (2L, 22h neutral or slightly ";"1"
i,t. r' ','alkaline solutions (24, 25, 26); dissociative solvents used for proteogllaan i',,',ì.,;,

preparation (L2,26) or a aorbir¡ation of ttre latter tr,rc (17). plasna

glycoprotei:rs have been shcn¡: to be present in the ground sr:bstance and

are isolated by nrild extraction procedr:res (28, 29, 30, 31, 114). rt
has been suggested by Ashton et al (114) thät ttrey may play a role jn i '

'regrulation of extraæI1ular and mernbrane bound enz)Ene systenrs ttrus 
'influencìng oelI retabolísn and mineralization in bone. 
i

T\aro glycoprotejn fractior¡s were isolated frcnt bovine nasal

carbilage by lIascall & Sajdera (12) dr:rjng tte course of j:rvestigation of 
,,,., ,,

proteoglycans jn ttris tissue. These glycoprotej¡s are isolated by relatively tr,i,r
a:-.-.

mild tectrrigues v¡trich precludes cleavage of chernical bonds. Eguilibriun t,i.:,:.,'

. densiQz gradierrt fractionation of ttre cartilage e:<tract under 'associative 
:

conditionsr effects tlre isolation of 'glycoprotein - I' frcrn the up¡:er part

of the gnradient and aggregated proteoglycan 1Prc) frcm the bottcrn. Glyco- ,,,1,,,,
;r:. ii:.:.::

protein - I has scrne oollagen and r¡ronic acíd associated ürittl it, honlever, 
:

the natr.¡re of tÏrese associations are not defjned. The anui.::o acid ccnposition

jndicates a predcnr:inanae of acidic over basic ami::o acids and tlnt it
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contains cy'steine. Ttris glycryroÈein has not been str¡died in tïre sare detail
as the link gllzaoproteÌ-:: (Cpf,) isolated frcnr ttre sane tissue. GpL participates

in ttre aggregaL!-on of proteoglycan sr-ilcr:nits (pGS) " Disaggregation and
..,1 , ., -isolation of PGS and @L from PPC is effected by caesir¡n cl¡loride densiez L,,...,rr.

gradient in ttre presence of dissociatir¡e solr¡ent (4.01t guanidine HCl). GpL

has a high content of acidic anLi-no acids, contains cysteine, r-lrorric acid

but no deteebable collagen. It shcm¡s two bands on SDS gel electrophoresis ,,:,:,,,,:,:
a:. '.._:.'

(116). Reænbination of pGS, GpL and. hya}.lronic acid (!3, 77,ll7)reforms l" '

,tl,_,.,.,'t. 
t,

an aggregate t¡nder associatir¡e conditions. Treatrent of GpL wittr dith-io- :;::::.::

threitol abolishes aggregate formation but does not, prevent binding to pGS.

@L (in bovi-:ne tracheal cartilage) was fi.¡rttrer fractionated (118). æL

prepared frcnr resting and ossifying regions of calf scaprrla cartilage shov

a single band on disc elecbrophoresis (I19). Calcir¡n binding studj-es shcnv
i

that it has two calcir¡n binding sites and it is suggested ttrat it rnay have 
i

a fi-rrction in calcification (I19). 
i

I

T\nro glycoprotei¡ fracLions (A and B) distinct frcm serum glyce l

proteins, have been isolated frcrn bovi¡re achilles tendon by Anderson e
; .j.t., ,..., :. ..

JacJ<son (17) by e>ùrawtive salt exbraction. Most of ttre proteoglycan was 
..ì,.::. ,

:'.,-,,r'-:-.
renpr¡ed from glycoproteins A, B by caesir¡n chloride densiQz gradient cerrtrj-- ;:,',:..,,,:,..,

fugation leaving residr:al anrrr¡:ts associated with eaclr. Glyæprotein A

contained a trace atrpr:nt of ooIlagen, glycrcprotein B considerably nore. Both

glyerprotej:rs contained high oontents of acidic ami.no acids and cysteine 
.,,;,,;;,,,,,¡,

but diffened with res¡:ecb to sevenal anino acids. Ttrey appeared hetero-

geneorls on isoelectric focusing, but, in ccmbination witlr tropocollagen strov¡ed

a single band. As noted by tlre authors, tlre findings i¡dicate that tlre
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gIyæproteins rnay play sonre parb in stabilizing tlre tissue, perhaps bn¡

maintain-ing the sEuctural stability of the crollagen fjJcers above a oertai¡r

dianeter (120). Fractionation of glycoprotein B on affinity æIurns yielded

oonçrcnents whi<ih can be dissociated j¡rto a proteoglycan fracEion and a

protein fractíon by caesiurn chloride density grradj-ent centrifugation in
4.0M $lanidÌne HCl, indicatÌng sjmilar i::teractions to those lrhich occur

between GPL and PGS frcm bovine nasal cartilage.

G11zæproteins have been isolated from HIIA extrasts of adult

bovine cr¡rtical bone by Hercing and. ottrers (27, ILA, f27). Bone sialoprotein

has an r.rrusr:aIly trigh content of aspartate, glutanate and sialic acid. Tts

role is r¡rkncn¡n although it has been shcr¡¡n to bi.:nd calcitun, yEtriim,

tlroriwn (I22) , plutonirmr and anericii¡n (123). other glycoproteins have been

isolated from bone ffiItA exbracts. I\¡¡o fractions have been isolated whiclr

contain clrondroitin sulfate bound by alka1i Iåbi1e linkages to a protein very sjm-

ilar in amino aci-d ccnposition to bone sialoprotein. This data irdicates

a 4yIose-serine linkage of drondroitin sulfate to a protein crcre whictr is
verl different fron tk¡at for¡nd in cartilage.

Polyac"4zlamide ge1 electroptroresis i¡r conbination with inrnr¡:o-

electrophoretic tect¡niques have shcr¡n'r that at least for:r plasna glycoproteins,

serum a1br.rrLin, C:.z-B glycoprotéin, IgG and transferri¡r are present in Ef,lrIA

extracts of bovj¡e cortical bone (114). The G-2-B glycoprotein was shcnn: to

be intnuologically identical to o1 globulin; hor,riever, ttre ratio of G-2-B

glycrprotein to albumin was 250 fold higher in tlre bone collagenase digest

(before exbraction wittr HIIA) than in plasma; thus ttris glycrrprotein appeared

to be concentrated in bone tissue. The authors speculate tt¡at ttre G-2-B

glycoprotei¡r (on the basis of ttre sì:nilarity to ttre o1 globulins in plasna)

i.I
u.;
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rnay have a role in regrulating extracellular and nenbrane bound enz)atÞ systems

in the bone tissue.

G1yæproteins vrith covalently bor-¡nd pkrosphrate (phospùroprotej¡rs) 
...1

have been isolated by Veis and otlrers, from bovine dentin (L24, 125, L26, I27') ¡ .,:.'

rat, incisor dentjn (129) and bovi¡re enanel (I2g). In rat jncisors, a

relatively honngeneous phosphoproteín is readily soh-¡bílized fron the

i¡solubIe collagen and has art. unusually high content of asparLic acid and , ,i,,,

phosphoserine (over one-half of tÌae total amjno acid conposition). ïn 
;'"":''':

'1t-::t 
t' 

'bovj.ne dentin evidence v¡as obtained for a ævalent attacturefit of æI1agen to :::'r:':i-

an insolt¡bIe phosphoprotei:: fraction. A second phosphoprotein fracbion frcrn

ttris tissr:e is soh:lcIe ù1 ÐTA at neutral pH. The EIITA soltÍcIe fraction 
;

æntai.::s a nurber of proteins, one of which has a high aspartic acid and

serine content similar to that frorn rat i:rcisors but has considerably less 
'

ævaIently bor:nd phosphate. ïtris protei:r contaj::s a coval-ently borind 
i
:

nucleotide^' like substanoe, hcnnlever, its fi-¡ncbion is r:nkncn¡n (132). Data

from bovi¡re dentin suggests that tlrere are ser¡eral EDIA soh:b1e glyæproteins

as is tlle case in bovine cortical bone. In bovi:re dentin one ccnponent of

tlre EDIA soh:ble ¡rcrtion is simila:r to ttre EDTA insoh:lc1e fraction vùriclr is 
"""'i'''::

oovalently bound to collagen. Alttrough calcir¡n bi::ding studies have not been ,;.,,.,,.,,,

,:,
done wittr tt¡ese phosphoproteins ttreir oorçosition suggests ttreír abiliQz to

bind calcir¡n. In view of ttre ion bjnding properties of bone síaloproteín

(133) it is possì-ble that tlre phosphoproteins bound to crcllagen nay have a 
,r,.,.:,r;'- :'role locating tlre de¡nsition of mineral in ttre collagen matrix. In the

soluble form ttrey could bj¡rd and trans¡nrb. calcir¡n (125) frcnr the odonto-

blastic process ttrrough tlre predentin to tlre insoluble matrix. Electron

rnicroscrapic evidence for ttris rnigratíon and for the localization of rnineral
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deposition is presented later in ttris suryey. Strdies by Carrnicha-e1 (126)

on phosplroprotein frcrn bovj¡e dentjn ænfj-rms tlrat presence of soÏ¡ble and

insoluble phosphqlrotein fractions. Ttre cücsen¡ation tlrat >qzlose (not a usiral

sugar iJr glycoproteins) is present jn the so}:ble phosphoprotej¡r fracgion

in oonju:cbion wittr a high galactose content suggest, that part of ttre ><ylose

and galactose may be dèrived from ttre linkage region of ctrondroitin sulfate

¡xoteoglycans.

(3) n:sol:ble t4atrix Glyooproteins

(i) Isolation and Characterization

In a nr¡rber of crcnnective tissr-¡es tt¡ere are glyooproteins

whict¡ requi-re rnore extrene oonditions such as urea or solvents of high pH

for solr:lcilization (25, L3s, 155, 156). I4arry of these glycoproteins are

closely associated with collagen and have been solubilized only after prior
rsnoval of ttre collagen with hot rcA (r4, 15, 136, 137, 13g, 139). Tlrese

sorrdcilized glycoprotei¡s r,uere carled structr.:ral glycoproteins (s@) by Rcberb

(138) or acid^ic structr:ral proteins by Tinpl (15). Ttre isolation proædure

inr¡olves re¡noval of the so}:lc1e oorgnnents with various salt solutions atñ,/or

buffers, treatment of tl¡e i::solulcle residue with hot TCA to renþve insoh:ble

ctcllagen and then octraction of tlre insoluble residue with gM urea. The urea

soh:ble proteins from a variety of connestive tissues extrjbit similar anino

acid oonpositions (I37, I39), with high contents of acidic arri¡ro acids.

Based upon tlre carbohydrate oonçnsitíon (1a2) netabolic behaviour, jrmnme

chenicar properties (136) and amino acid ørpositiory Robert (137) has pro¡nsed

ttnt tttis fraction represents a nq,i/ class of corunecEii¡e tissue stnrctr:ral
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proteins. Ttre polysacctraride chajxs of the urea so1r:b1e SGP appear to be

highly branctred with a core crcntaining di and trjma¡rnoside r-¡nits togettrer

wittr N-aoeQzl-91uæsamj-ne (I3B) .

Ttre ertraction procedure of Rcbert et al (137) was rndified by

Tinpl et aI (139). After rsnoval of the r:rea soluble protejns tire residr-¡e

was extracted !'fiút 0.20[ NaOH, i^¡t¡ich solubilized 70-98? of ttre non-collagenous

: strucLural proteins in the residr,æ. Ttre ratío of urea soh¡lcle to alkati
soluble varied gaceatly from tissue to tissue. In rabbit skin it appeared

.

that ttre alkali so1r:lcle proteins accr¡nulate wittr aging. Veqr lcnn¡ ler¡e1s

of uronic acid were detected j:: both f¡:actiorrs suggesting ttrat, rninute

annurts of acidic C'AGs wene present. Ihere is a close similarity in arnino

acid cørposition betv¡een the urea soluble and alkali so}:ble proteins wittr
i

ttre exception ttrat ttre alkali sol:ble fraction qcntains mucir less cysteine. 
I

That collagen rernoval is 'neoessarlz before soh:bilization is indicated

f.rcrn the fact ttrat sígnificantly less acidic protein could be e>rbracted

trcm the varíoi¡s ccnnective tissues before TCA trea.tnent. As weLl ttre

so}:bílized fracbion has a high content of hldro>r¡zproline (15). In that
':

: ,dissolution of co114gen b1z,þot- TCA treatnent, rnay have-soqe effect o¡ the
.,,1: residual proteins (15), a less severe niethod rvas devised by rurefrn"ayer (140) 

',t,1,,'',1,1.1.'..,

and Moczar (141) ;.using collagenase digestion to rem)ve collagen, follcn¡¡ed

by urea extraction. A urea sol:lcle fraction was obtai¡ed and tt¡e residue

. Ðctracbed,with a nurücer of solvents (0.2N NaOH, NaBH4 h 8M urea, ßME in
I

8M r:rea) . Alttrough ttre extent of soltdci lization of ßIr4E - 8M urea was

slightly less efficierrt in terms of protein extracted, i-t vras ænsidered the

rnost desirable as it gave a preparatíon with solubility ctraracteristics

v¡hich were rnost si¡nilar to ttre proteins originally present ín the connecbive

:.'_:: l-ì;;:
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tissue (744) - since red.ueiion of disulfide bonds effected sol-r:lcilization

it was suggesiecl by Tirçl et aI (L40) that disuLfide crossli:r]cs are in parb

responsiJcle for ttre insolubility of ttrese proteins. Th:io1 reagent alone

\^7as an ineffective soh¡bilizer, jndicating tlra+- disnption of ttre protein ',,,. 
.

cr¡nformation also is necessarlz for sohibilization. BotL¡ urea and urea-ßME

soluble fractions e>ù¡jJcited electrophoretic heterogeneiÇ (up to 15 ccnponents).

trbleeular sÍeve ctrrcnratography of the t¡rea so}:ble fraction also índicated, 
,-,,,:'1

, .: .:'heterogeneitlz. rnmunoctremical sLudies shoi^¡ed an antigen cç¡mþn to tlre . ,

urea solulcle and tl:e disulfide cross lj¡ked proteins in rat ski.¡1. This il'i,,,,

suggested a presursor role of sone coûporlents j¡r the urea soluble protei¡s
t¿hich during develo¡neÍrt, may beccrne insol¡bilized b,y disulfide crosslinJ<ing

(L44) - An acidj-c structural protein has been prepared frcrn l4etridir¡n

diarrthr:s connectÍve tissr:e (145) and accounts for at least 16.5? of tlre d.qz

vreight of ttre tissr:e. The amj-no aeid- ccrposition of thris partially purified
preparation,is similar to that reported for acidic Étructr¡ral protejns
from marmnaU-an tissues, hcnvever, it differs in that it is solul¡ilized
by l-22 acetic acid.

A structural glycoprotein with slightly different solulcility " . 
"., .. ..'

pro¡:erbies has been purified frcnr. erye:rinental granulomas lry Rajannki .,,'..':

and Kulonen (2). As with preparations descri-bed by üIo1ff et aI (L44)

and Robert et al (137) the collagen was rernoved before soh:bilizaLion

could be effecbedlhourever, ttre glycoprotein was isolated from the rnaterial .-.:..:
,,r,,a,',,.'

solulcilized by the oollagenase digestion. ßre insoluble residue was not

exarnined. Separation by nxrlecular siewing and ion exctrange chromatography

isolated a preparation free frcrn collagen with an arni-no acid cruposition

resenbling that reported þy tjnpl et a3 (139).
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Studies on elastj:t oontaining tissues have shor¡¡n an acidic

struct'ural protein fracbion can be isolated frcrn thoracic aorta (I41),

bovi¡e ligrunentrm nuchae (20 , 746). In tåoracic aorta tlre preparatory

scrrene was si¡nilar to tlrat used by Robert and. conpte (137) e<cept tlrat 
.;:.:;,:i.)0.1M ßME was added to ttre 8M urea octractjng solvent. The urea-ßldE so¡:ble :::-:::::

portion was fractionated i-:rto a water soÏ:b1e and insol-¡lcle fraction. In
general, chenuical analyses of tlre two fractions were similar as welr as 

:.
tlrejr sedi¡rentation velocity anrd electro¡*roretic nxrloility on Ce11oge1. 1,,.rr,.,1

...: a

rn bovj¡e liganentr-un nuchae Ross and Bornstej¡r (20) found that sone aeidic 
::,,:.,,,...

proteins were so}:lcilized by treatnent with 5M gir.ranidine lcl j¡¡ urT. There .ìi.r'.'

wene slight differences in ccnposition of the exbracted materials but the

range of corposition was si¡niIar to tt¡at, found for previor:.sly isolated

structtrral glycoproteins. In conjtrrction wittr electron rnicrosoopic studies

ttrese solubilized proteins were identified (20) as m:lcrôfil¡rils of approx-

imately 11040 d.ianeter in close association witlr a oentrally located anor¡ùrous

elastin ccnponent. Electron microscropy of bovi.:re liganentr,un nuchae slrqred

rsnovaL of rnicrofi-brils wittr r:rea-ßME (146) , guanidine HC1-ß¡48 (20). Ttre

microfibrils are obsen¡able in matr:re erastic fibers from fetal and nq^rborn 
,:-',:,¡,i,,:

calf li9tlrentun nuchae and th-i-s tectrnique aIIcn^ied ttreir separation fron I ',

elasLic tissr.¡e. TLre an-ino acid acnposition of these rnicrofibril-s is sjrnilar ,,.,j,,,,

to that of acidic stnrctural proteins isolated from bovine thoracic aortas

(1 I) by r:rea-ßûÎE treatment

@) ¡'r:ncgion of Strucbural Glycoprotei::s

In the elastic fiber it is hlpottresized that ttre rnicrofjbrils
play a role i¡r ttre nxrryhogenesis of the rnatrrre elastic fiber. Matr:re elastlc
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fjbers atræear as b,'¡o rrrryhologically distjnct corponents of a centrally

located anoryhous structr¡re su:rounded by rniæofibrils 110Ao in dialreter.

In fstal liganentrlnr nucÌ¡ae the earliest reoogn:izable elastic fj-bers appear

as a oollection of 11040 rniæofi-briIs gattrered ir¡to qylirrdrical aggregates , ,r.',.'

or in aorta as a flat street forlouing the contor¡r of ttre r¡essel

The alrxlrphous conçnneñt. lfhich appears later can aggregate between and.

arour¡d the rnicrofibrils taking tlre form of tlre rnicrofibrillar tenplate to ,,,r,,,r,,,
: :-.:: .::.:.:

form a cylindrical fiber in liganentun nuchae and,/or fenestered sheet in : l

aorta. ..,,t..j.'

Ïn a nr¡rücer of ottrer ænnective È,j-ssr:es inmr:nological str¡dies

have indicated that SGP fractions are one of tkre rnajor tissue and species 
:

specific antigenic ccnponents (L47). Rabbits jnnrr¡:ized witlr cr¡rnea1 ì

SGP rejecb or o¡ncify rapidllz the corneal, grafts which would be ottrerwise

well tolerated (136).

Since struetural glycoproteins extrj-bit an insol¡bility ccnparable

to that of collagen or elastin a strustural fi¡rction seems 1ike1y. Dissolved ,

unpurified ællagen was found to qr-ricJ<Iy form mature fibrils jn vitro 
,: :l

whereas purified collagen aggregates slcnrly (148) . Addition of non-oollagenous :,.,,. i':,'.
: r::: . ::. -:..

protein frcnr ttre connective tissue to pr:rified collagen partially revensed 
Ì,,,,,.,:j.,.,,,,

this effect which suggest a role for non-oollagrenor:s protein ì-:n collagen :

fi-brillogenesis (148). Ttris has been suggested by others . (r4z) .

Non-collagencus proteins associated wíttr collagen rnay have a .,.: ,. ,:ì
1:¡,,:a-. .1:.:1:,

fttnction dr:ring nineralizatj-on (150). Íhe close association of phosphoprotejn

wittr oollagen in bovine dentin has already been noted. Using a oonbj¡ation

of bÍochemical and autoradiographic tectrriqr:es wei¡stoclc et al (149) traced

tlre slmttresis and elabonation of an r¡:characberized þlyæprotejn frcwr witlrin
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the odontoblast i¡rto tlre dentin extracellular matrix. The odontoblast is
a secretory æ11 wh-iclr synthesizes, packages and secretes colIagen, C,AGs

and glycoproteins into tlre predentin. Glycoprotein, GAGs and collagen 
.: :

. (procollagen) are pacJcaged into secretory grarrules ï¡hicfÌ r4>on contact wj-ttr ,,,,-,,r'

tlre plasna nenbrane are disclrarged j::to the exLracellular rnatrix. Sone

of t}Ie gIyæprotejn becores incorporated into tlre rnatrix v¡triIe sone rni-grates

, directly to ttre site of tlre mineralization front and possibly senzes a role ,.,,,,,,
:. 1,,.t.,,,ì.,

during mineralization. Electron miæoscopic obser¡¡ation of tlre collagen
..:..: .-

:l', fjbers in derrtj¡r (and bone) shcn^r ttrem to be ooated witlr an electron r';""'"',

dense material whereas tlre aollagen of predentin (before mj-neralization)

does not slrcr¡l ttris material

4. Staterent of the eroblel ì

, 
Chern:ical analysis for collagen, proteoglycans and elastin in ttre ínsoh:ble :

,,, tesidr.rcs of several ænnective tissues car¡:ot account for thejr total
I ccrçosition. The presenæ of a new @rponent; strucEural glycrrprotein

(SGP) or acidíc'structural,prote5ns, is ncnu recognrized and has been 
r.,;r.:

': detected by Robert and otlrers (L5, 20, L37 , L3g, L4O, L46) in cartilage, ..".'''.-'-l

,. 
_, 

'.. .. -, aorta, skjn, Iigallentun nuchae and rahbit derrnis. Structr:ral glycoproteins ',,','.

extracbed from these tissues all have sjmilar arnino acid ccnpositions.

I: the case of bovine ligalrentr-un nuchae, acidic proteins have been visualized

r-mAer ttre elecEron rnicroscope as rni-crofjbríllar elsnents closely associated .,,,: ,,,,
: ..:. .: ..'.:"

wittr elastjrl., Becau.se of ttre changing proportion of microfjbrillar elenenÈs

to elastj¡ during developnent of tlre elastic tissue, it has been proposed by

Ross and Bornstein (20) that ttrese nleofibrils are involved i:: ttre
nor-phogenesis of elastic fibers.
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Structr:ra1 glyæproteins e>d:ibit an j¡rso}:lciIit1z conparable to that of
inso}:lcle collagen and elastj:: and can be soh:bilized only by reagents v¡tricfl

cleave covalent bonds such as aLkali, sodir¡n borohydride or otlrer disulfide 
:::..::. :l

bond reducing reagents in the presence of denaturing solutes (lirea, guanidine :',,,.,,r,r-,t.

rcI). Ttlr-ls it mr:st be assr¡red t]rat only sr:br:nits of the j¡tact native

proteìn have been obtained jn a so}:lc1e form.
. : ..;.'

Ttre purpose of ttris jnvestigation was directed tcnvards ansvrering tlre ,:,,,:,.,:,,,..,:
:-:-:t:''::::

folroulìng questions: 
:':".'"-"'.-'': 

1'(i) rs it possible to separate and purify non-collagenousr j¡rso¡ble ,:',',."':,:',

proteins frcm cartilage in tlreir jnsoltrble and presunrably native state?

(ii) ..IÌc'i^¡ do the amino acid ccngnsition and solubility propertj-es

of the isolated inso1r¡b1e structural glycoproteins conpare to ttrose

ecbra.cted from other tissues?

(iii) Is ttre amjno acíd ccnposition of structural glyoopäoteins j¡r

the inso1r:b1e native state the sane as that of the solubilized sr:bunits?

vihat pütysical properties and degree of hornogeneity do these so}:bilized
suburits exhibit? Hcnv do these properÈles ccnpare to previously str:died

extracbed structural glycrrproteins?

(iv) v'lhat' is ttre electron microscrcpic appearanc€ of structural g1y- :¡::;:..':,;:¡;;
'::: -:: r:l::_

ooproteins frcrn cartilage in ttre native state? Do they differ from ttrat of
the microfilrrils obsen¡ed i¡¡ otlrer oonnective tissues?
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(v) !'itrat are ttre ctremical and funcbional i-:rteractions between struc-
tural glyotproteins and otl¡er e:ctraceIlular nrtcronþlecules such as

collagen and proteoglycans?
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CHAHIER rr PRPARATTON oF rNSoLuBËE cäRlrr,AcE lRAc'IIoNs

I. Introduction

: In :ecer¡t yeat:s a nevt class of structr¡ral ocnçnnent, stnrctr:ral glltcq 
,,,...,.

protein (137), acidic stnrstr¡ral. p:otein (15) or acidic p:rotein (20) ,

associated wittr, br:t distinct fmn ællagen, ela.stj¡r and p:oteoglycans of

the acid CåGs, has been :æcognized in ser¡eral oonnectir¡e tissues. ,.r::::: :.

l'lost, of the prrocedures for the isolation of t].is class of material har¡e . ";""r'

,, re\¡olr¡ed a¡¡or:nd drastic nethods suctr as hot TCA o<traction to:srpr¡e ttre r':::.:,

i¡lsoluble æIlagen (136, 137) follcx¡red by solubil-ization of tlre r€rnaining

ma@rial. Reæntly, milder tectrriqr:es such a-s collagenase treatner¡t to :

renr)ve tlre insoh:bIe æIlagen (L40, L44) follcn¡ed by soh:lcilization of the

i strusbr¡ral glyccprotein (SGP) har¡e been elçIoyed. Suctr so}:lcilized p:repar 
l

I 
ations extribit heterogeneity with :cespeit to soh:bility (I39, 140, LAA) 

ì
Ii ar¡d SDS gel elecb:ophoresis (144). i

ri
;

TLre SGP pr.eparations identified to date har¡e been e¡ctrasbed fron ca-tf l

a¡rd rabbit skin, rabbit joint, (fS¡ and hr¡nan aorta (I3g) anong ottrers. Ttre
':biological fi-rrction of tlrese rnaterials is not yet kno,m and little data ,i:,,,:i,.

1

' "xists on tTreir occurenæ in cartilage. Ttre objectirre of ttre wor* ,,.,.',, :

''::: :l-

desæibed in this section was to see if arry cartilaginor:s rnateriaL :enained

insoltrble after collagenase digesLion. Such material, if for¡:d, c-ould be

, oo[tPared w-itt¡ e>cbrasLed SGP fmn ot]¡er connectirre Lissues and t]re :elationstrip .:.:-: :: : ;_... 
,

; to other extracellular connestir¡e Lissr.:e ørponents æu1d be oranined. ' 1'

2. l"laterials

(a) ChsrÉcal Assays
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(i) IÏyd¡¡otzproline Assay. rrhydroxlproline standard was frcrn

Nutritional Biochsnicals Cory. (Ohio, USA).

(ii) elucr:ronic Acid A,ssay. Gl-ucr:ronolactone standard was frcnr

Nutritiornl Biochsnicals Corp. (Oirio, USA).

(iii) He><ose Assay. Anthrone and sulfuric acid in¡ere frcrn FÌsher

scientífic co. (New Jerselz, usA), galactose standard frcnr J.T.
Bal<er Ctremical Co. (New Jersey USA).

(iv) protein estimations. Folin Ciocalteu Reagent was frcnr negram

and Bell (Canada) and crystalline bovjne serum standa:¡d was from

Calbiochsn Co::p. (California, USA).

- (v) siatic Acid Assay. sialic acid sbandard was frcrn siEna

Chsnical Co. (l,Iissouri, USA).

(vi) clucosarni¡:e standard for calij¡ration of tlre anr:ino acid analyses

was frcrn ldcch-Light (srgland), galactosan-ine was frcrn sigma

Chsnical Co. (Irtlssouri, USA).

All otlren reagents used in the assays 
'vere 

ACS grade.

(b) Þ<traction of Ribs

caclr-2\o and lryflo sr-per ce1 were frcrn Fisher scier¡tific co..

Gtanidine I[1 was Grade 1 frern Siffi'ChenrieáI Co.

(c) Urzlane Digestions

collagenase Tlrpe r (partially pr:rified) and collagenase Tlpe rrr Fr. A
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(ctu.cnntographically purified) were preparcd frcrn Clostridir¡n histolyticun

hy SiErra Chernical Co. Iìris Base was frcrn Sigrrna Ctremical Co., sodiun azide

frcnr Fisher Scier¡tific Co., and chloretone frqn K & K Labolatories, (California

usA).

(d) Photography

Pictwes were taken with a Polaroid 545 Land Camera usilg Blacl< and

Vhite Polapan Ð¡pe 52 film.

(a) Ct¡snical Agsays

(i) Ctlloride was esti¡nated. bV tJ:e nethod of Sctrales and Schales (159).

(ii) ÌIydro>clpro1i::e was detennined by t}re retirod of

Ieach (162) or !ü?essner (161), using l-r-hydro><lproUne as a standarrl.

nr tåe case of the Leach (L62\ p:rccedr:re test blanks vùere

per:fonred on duplicate sanples by crnission of tlre hydrogen peroxide.

'. 
1..'-.:

(iii) Glucuroni.c Acid was deterrnined by tlre netlrod of Dische (171) ',',.,..,,t'

or Bitter & Mui.r (160) usi¡rg tl:e one-half scale netlrod and . '' =.''.',
.-. ' :' -

glucuronolactone as a standard. When assaying i::solulcle rnaterials t

the sample vlas dissolved ix I.ON NaoH wittr heati:rg at l00o x 3 ÍLirr

vihen necessanT. In such cases tte standards were treated iderrtically. i,,,.,,,;,,,,

. .:..:
Test blanks were perforned on drplicate sarples þ cnrittìlg the

carbazole
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(iv) He¡<ose was assayed by ttre netlrod of Ysnn and tdillis (163) as

mocllfied þ Andrews et aI (133). Galactose was used as a standard

and tlre results for total hocose are ë+)ressed i¡r terrns of ttris
sugar. Again in tlre case of assaying insoh:ble sairples, tlre

sanple was dissolved in 1.0N NaOH. In suclr cases tlre standards

i,,ære treated ídentically.

(v) protein was esti¡nated by LLre rettrod of lowrtrr et aI (165) usìng

the modification for j¡rso}:ble pnoteins (166) when necessarT.

(ví) Ho<osami:res i,ære deterrnined on a:BeeJsnan l4cdel 120C Arnino Ãcid

Ana1yser. FTceeze dried sarples were hydrolysed i:: 2NI{C1 at 1l0o

fot 6 h j:l evactiated tubes. TLre hydrolysates were talcen to drlzness

over NaOH in vacuo. redissofved in water and filtered tlrrough a

0.8p millignre filter (usi¡rg a Snrinney adapter) to rernove parbicles.

It¡e filtrate was agai¡ taken to drryness, redissolired and assayed.

(b) Ðcbracbion of Ribs

Rlbs were rønoved, as soon as possÌ-ble after death by pentobarbítal

overdose, frcrn 8-16 v¡eel< old puppies of r:ndetermined breed. ïtre ca:tilaginous

sections of the ril¡s between the costo-clrondral junctions and tlre sternebrae

were used. After rernoval of muscle and penichondriun ttre cartilage was

thinly sliced and tlre slices extracted wittr 15 tines ttreir volune of 2.0M

e-äl1Lz for 24 h at room terperatr:re with gentle stirrìng (11). After pouring

off tt¡e supernatant, tJre process was repeated wittr 2.5M CaC12 ard ttre super

¡ratants pooled. For rnost later preparations 4.0M guanidine ICl was used as

an alternative to CaCl, for e<traction (12¡. Ttre supernatarrts r,,¡ere cLarified
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by vacur-rn filtration wittr tlre aid of 53 (Vv) Iryflo Super Ce1. rtre filter
cake was sucked dqz and discarded without washing. TLre fíltrate was dialysed

exh,austively against d.istilled water and freeze dried. protein poly-
sacch,aride ccnplo< (PPC), proteoglycan subr:nit (pgS) anA 1jnk glyco¡xotejn ,,.,',',.,.',

(er,) were prepared accord5ng to llascall and Sajdera (L2). Ttre residual
slices were then hcmogenized for t h with ten ti¡res tt¡eir volune of disÈil1ed

water jn a Vj:ctis 45 iuigh-speed lrcrnogenizer at medium æeed. The frcfrcgenate 
,,',,.,.,:

was then washed þ repeated high speed centrifugation (3or9oo - 451900 x g :':'
:-; ---.-.

x 30 min) or exlraustive dialysis against distilled HrO to brjng the Cl- !,:,]',,,,.:,,

concentration i-n the supernatant to less than O.lm M as detected by tlre

mettrod of Schales and Schales (157).

(c) Effect of Collagenase and Preparation of Ï::solr:bIe Glycoprotein

Fractíons

Five procedr:res were used to irrvestigate tlre effect of collagenase

on the calciun chloride or gruanidine llCl srbracbed riJcs (Fracb,ion 1).
(i) Procedr:re I

Fractíon l was suspended (3.ùrq/ml) j:,r 0.1M Tris-ICI crcntaìning

, 0-005M e-åCIy 0.022 Nal{, vftulch was adjusted to pH 7.4. pa::tia11y purified ',',,:,,.,

collagenase (T5zpe I, 1.5U/m1) was added and the rni:<tr-¡re incribated at 37o

for a total time of 23 h. At various ti¡re j::ten¡als (ü-rt 2'nt 3h, 4h, 23h)

ÈLre digest was centrifuged aE 27 rl:00 x g x 10 mi:: and 1.5m1 aliquots were

' takeh from thre super:ïÞtant for glucr,rronic acid and hydroryprolJne assay.

At the end of 23 h tlre r:ndigested residue was isolated by centrifugation,

washed and freeze dried (oS). TLre str¡:ernatarrt (containing collagenase
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solubilizcd matcrial) was dialyscd þ ultrafiltratÍon in ar¡ /vnicon cr:ll

usiry a )crl-50 m:rnbrane. Ttre rctentate (M.W.>5O,OOO) was freeze dried (oZ).

fhre dialysate was dialysed against a PlFl0 mcrnbrarìe, tt¡e retentate (M.W.

I0r000 - 50,000) fræze dried (Dr) and tlre dialysate (>10,000 M.W.) discarrcled.

(ii) P::ocedr:re 2

EYaction I was sus¡ended (1.5nqÁrù) irr O.O5 M Tris-Ifl containirg

O.sM CáCI21 0.023 Nalf3 rnras adjtrsted to pII 7.4. Purified collagenase

(t1zpe fII Fï. A, 0.15u/ml) was added and ttre rni:<tr:re i¡lcr:bated at 37o for a

total time of 23 h. At various tÏÉ j¡rten¡als (0.5h' J)1, 2l., 3h, 4h, 5h, 23h)

the digest was centrifuged aE 271100 x g x 10 Írirr and 1.5mI aliquots were

taker¡ frcrn the supernatarrt for glucuronic acid and hydrolqproli¡e assay. The

pellet was resuspended in tÌ¡e sræernatant ar¡d the d.igestion was crcntinr.:ed.

(iii) kocedure 3

Fraction I v¡as suspended (I.snq/ml) in the sarre buffer and. Õigested as in
procedr:re 2. At the various Lime intenzals (0.5h, üt, 1.5h, 2h) ttre digest was 

r,,

centrifuged at 27-l:OO x g x 10 Íún, tlre v*role su¡:ernatant drawn off and "," 
j

::_::

assayed for glucuronic acid arrd hydroryrproli¡re. Ihre pellet vqs resuq>ended ',:i,:

witJr fresh enzyme and buffer and ttre jncubation conti¡rued.

(iv) Procedures 4 ard 5

Procedt¡re 4 is outljxed irr Figure I; procedr:re 5 in Figir:re 2. Both

procdr,rres consist of collagenase fr:æe III Ff . A) digestion of FTaêion 1

follcx¡æd þ a centrifugal separation of the i¡rsoh¡ble porbions of the diEest.

Tlre buffer for the digestions was 0;05 M TYis-IfI contailirg 0.5 M CaCL2,
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O.O2E NaN, adjr:.sted to pH 7.4 at 37o.

For botlr procedu::es 4 ard 5 the crentrifugations we:¡e ca:ried out in
a son¡all RC-2 or Rc-28 centrifuge at 40 r:^sing tÌ¡e ss34:¡otor (r.rr=l0.gcrn).

The isolatíon of Fraction A ar¡d Frastj-on G frcm the opaque sr4>ernatarrt is the

sare in bottr proædures. IJpon oentrifugation of ttre opaqì.re supernatarrt at
higtr speed (27,ooo - 35,ooo x g x 20 rrÉn), tlre sr4:ernatant is saved and

cc¡rücined vrittr the water wash (see belcn^¡). ftre petlet w¿s washed wit]. water

(rrsually 4 tirnes) by resuspension and centrÍfugation. Upon water washing

the pellet resolved into an rpper white, fluffy layer (fïaction A) a¡d a

æsult of this washing

p:ocedure is shovsn on Figr:res 3, 4 c 5. TLre sr4>ernatants fi:cm tLre water

washing plocedune are pooled, d:ial1zsed and f:¡eeze dried. This'fraction is
called water wash. After centrifuging ttre last wash, the top clear st4)er-

natant is ren¡¡ved. Thre fluffy layer (Fr. A) is renroved by adding a srnall

afiquot. of distilled water, swirling tte tube and decanling or dralri¡g off
the sr:s¡:ension of Fr. A il a syringe. Fraction G is left as a cçgrpact layer

at tlre tube bottcrn. The separated. fractions are tlren wa,shed several nr¡l:e

I-TS (r-rsuaIly for:r) by repeated centrlfi,rgatircn in distilled water or
ortrar:,stive d1alysis ttren freeze dried.

(v) Þ<t¡austive Collagenase Digestion of Ftacbions A and G

Ftaction A or G wa,s suspended (f.Omg/0.*n1) in 0.05M Tris-HCl

corrtaining 0.5M CaCl2r 0.1? chloretone which was adjtusted. to pH 7.4. 0.6U Col-

langenase (flpe III, Ft. A 0.6U/0.1¡n1 buffer) was added and ttre mixtr:re incr:bated

at 37o witLr gentle shal<ing for 24h. Anotlrer 0.6U of enzlare (0.6U/O.lmI) was added

arrd tlre digestion continued for 24}- at wtrictr tine anotlrer O.GU of enezrrp was

added for a total d.igestion tine of 72h. The digest was centrifuged at
1OO'OO0 x g x 30 nin, tlre ¡:ellet isolated., washed th::ee tj¡res by repeated
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centrifugation in distitred water, f:æeze dried and assayed.

4. Results

(a) Þctracbion of ICibs

It is clear f:sn Table ïI ttrat treatnent of tlre rib sliæs with the

2.0M CaC12, 2.5MCaCL, extracts less glrn:rcnic acid containing rnaterial

than ttre 853 renrcval dsnonstratæd by Sajdera and. Hascall (n¡ in bovine

nasal car.bilage. VlateT zation and sr:bsegr:ent water washing shor^¡s

tlrat a large P:opor-tion of the r¡nextracted glucr.rronic acid is released

dr:ring ttris treatnent, hcn'rever, a considerable portion (38.58) of ttre
total tissr:e glucr::onic acid remains tmextractable f:sn tlre insoluble

portion of the matrix (FracLion 1). Itre 4.014 guanidine HCI extracted ribs
left similar arour¡ts of r:nectractable glrru:uuic acid in Fraction I (Table

il). FïacLion 1 p:repared by e:ctraction witÌ¡ eitlrer salt produced f::acbions

A and G (Table IX) r4>on collagenase digestion.

(b) Effeet. of Collagenase & Preparation of Insoh:lcle Glycoprotein

FraeLions

(i) Procedr-rre I .,,.t,,

,ì ,,' ,',
A single aliquot of partially purified æIlagenase (T5æe 1) was 1,,.',,.,.,,

'',"
allor¡¡ed to act, on Frastion 1 over a 23h period. Thrus tl¡e values given in
Table III rep:æser¡t ttre total anor¡:t of tt¡e øçonents vilrictr we:re

solubilized frqn Fraction 1 at ttre particular tine shcn¡¡n. Table ïIï shcr¡¡s '

1,;.,,.,.r,

tlrat ttrere is an initial br:rst in ttre release of hydrc>qp:oline (coIlagen) ':': :: :

and a non-collagen ænponent (g1ucr:ronic acid) dr:ring the first hor:r of

digestion, hcnrever, wittr longer inculcation ti¡res tl¡e ::a@ J-evels off.

r'l: " '..



-33-

IYactíonation of ttre collagenase solubílized conponents by ultrafiltration
(Table rv) shor,vs the 10runu¡lecular weight rnaterial D, (10rooo - 5oroo0)

has a high collagen content as well as solulcilized non-collagen protein.

Ihe high rplecular r,æight material (DrtSOrOOO) has a high glucr,:ronic acid

content and also contains non-collagen protein. Essentially all of the

glucuronic acid was recovered in thls fracLion (Table V). Ttre jnsoluble

residue (Dr) has a low collagen content and contai::s a high content of
non-collagenou^s protein. Table V shows that tkris fracbion contains littIe
of tlre total tissue collagen ('O.ZZ) but a crcnsiderable porb,ion (26.3e")

of the total tissue non-crcllagen protein.

(íi) Procedr¡re 2

ì TLre mettrodology for tlre collagenase digestion is sirnilar to tlrat in
procedure I except that in this case a highly prirified collagenase preparation

(T5æe Ïrr r?. A) was used. Ãgai¡ ttrere is an initial burst in tlre soh-rbili-

zation of collagen and glucr:ronic acid (Table \Il). þproximaÈ.e1y one-half

of ttre Èotal hydrc>qproline and glucr:ronic acid was released in ttre first.
one-half hour of ttre 23 h digestion. Il¡r,,¡ever, in crcnparison to procedr:re 1

(Tables III, V), the rate and total anni¡ats of glucuronic acid and hydroqz-

prolirre solubilized from Itraction I was 1or,rer.

(iii) Procedu¡¡e 3

Tab1e \III shor¡¡s tlrat ttrere is ar¡ initial br:rst of solulcilization

of botlt ccngrcnefits rnonitored upon first e>çosure to tlre enzlane, horaever,

even after repeated e>posure to frestr enzlane br:ffer solution, solubilization
t'
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occurs at a more modest rate. Ttre th:lrd and for¡rth additions of fresh

enzlnÞ did not effect the sane degree of collagen solubitization which was

obsei¡¡ed upon ttre first two additions, oren tlrough (Table \rtil) tlre i¡rsoluble

residue still contajned a relatively high collagen oontent. Ttre overall ,,:,,':,,:.,

rate of solubilízation (aÈ tlre errd of 2 h) of hydro4zproli¡re is greater ttran

ín procedr:re 2 (Table Vr), houaever, tlre total arnounts of hydro>qproline and

glucuronic acid soÏ:bilized (after 2 h) was less tlnn ttrat using tlre ,, ,;.,,
:- . .-: .-.'. -.

partially pr:rified collagenase preparation (Table ïIf) . "': :.'

,,ttt.,t ,

:1 .;'.::..._.

(iv) Procedures 4 and 5

DurÍng ttre exectrtion of tlre collagenase digestion accordi:,rg to.-:procedure

4 (Figure tr)r,it was observed after the second or third addition of freslr 
,

collagenase that there was a sticJ<12 yelIou layer on top of the pellet. 
'

obrLained by centrifugation of tt¡e digest. Since this material was gr:ite 
i

physically distinct from tlre remaj¡rder of ttre pellet, it, was decided to

isolate and clrsrui-ca11y e:<amjne it,. Thre procedure v¡Trich was for:nd to

effecbively isolate rnost of ttris yellcn^¡ rnaterial was suspension of tlre whole 
1,.::,:i:,.,.

¡:ellet in water follov¡ed by a low speed centrifugation (30 x g x 30 sec) . :,;.',i,;,,--,ì',,

Ttre opaque supernatarrt was fot¡:d to contain rnost of ttris yellow maÈeria1 :,1,¡';,t;j1i,',

si:rce íf tt¡is opaque supernatant was drar¡n off and tlre loose peIlet rffai::jxg

was recentrifuged at high speed (31,000 x g x 10 rrÉn) tlre resultarrt pelIet

shou¡ed veqz little of tlre yellour sticJqr layer on the top. Further digestion 
'.,.r,,,.,,,,_....:of tle loose peIlet with collagenase produced ¡nore of ttris yellow stidq¡

rnaùerial v¡Tr:ich was isolated in the sane fas}¡-lon and pooled with the

opague srpernatarrt. It was fortuitous tt¡at repeated cerrtrifugation at

high speed in distilled uater was chosen (as op¡nsed to dialysis) as a n*ans 
1,''i,'.,''.,,.,.
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to rsnove. ttre buffer frcnr tlre cpaqure supernatant before freeze drying.

During th-is washing procedure anothei fraebion (Fractj_on A) beccnes clearly
diseernj-ble and appears to evolve frcm the yelIo,,r sticJqz 1aj¡er (Fraction e).
Both layers (niE:re 4, 5) were then isolated. as descrjbed in tlre Íethods ..',,,,,,.

and freeze dried.

Since Fraction A sedi¡rerrts witTr gnceater and greater difficulty as

water wasTring is repeated, ít was considered that there might be scnre 
1.r,.r:,,:r,,..
i. .',t...,'' ,rnaterial which did not sedj:rent under ttre centrÍfi.lgation conditions used. , , .,' ,

Ilrus the Waten Washings were pooled, dialysed and freeze drÍed. ii..,rtl'.,.','

procedure 5 (fign:re 5) vras for¡nd to be nectranically sirpler ttran

procedure 4 and gives a similar fracbionation of insolulcle residues.

Procedure 5 has been r:sed for all later \,vork, honlever, three of ttre prE)ar=

ations in Tab1e rx were obtained by proædure 4. Ttre develqxnent of procedure

5 was brought about due _to ttre jnabilitlz of prooedure 4 to effect tlre 
:

isolation of Fractions A and G fron scrne preparations of extracËed prypy rjlos.

Ïn these j¡stanoes when water was added to the pellet in order to isolate tl¡e

opague sq:ernatant' the inso1tÈle residue aggregiated into an,amoryhous 
i:ì_ :.:,:.:

material. Iþon 1or^l speed cerrtrifugation the opac¡ue sr:lcernatarrt \,ras absent,. i'.:::,;;',;:,,:',

l.'.: :¡:¡ :';': 
,' Fr:rther j-:rvestigation of this problem shov¡ed that if the pellet frcrn ttre i.,',:,,.,,,1

centrÍfuged vÈrole digest was sirspended j¡r tlre buffer used for collagenase

digestion (and not water) the aggrr:egation was prevented and an opagire

supernatant cotúd' be isorated. Ilpon high speed centrifugation of this 
i,,.,,r¡,,,,'..,..'-'.:.''''.':.

opague stpernatant, again two insoh:ble layers crculd be seen (Figr:re 6).

Ttese two layers were isolated in buffer and assayed for hlzdro>gproline.

TLre results in Table X shcnø that ttre hydro>qproline values are muctr higher
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Ìúten ttre collagenase digestior¡ tine was exbended as in procedgre 5 and

a¡plied to tlre sane preparation of I?action 1, aggregation does not occur.

tþon addition of r¿ater rYactions A and G were j-solated having tlre ccnçrc- 
: :..sitions strcn''¡n i¡r Table D(. Using this tecl¡riqr:erhcralever, it was obse6red ::-.,:

th,at tlre drlz weight, yield of tr?action A was Ic¡wer ûr¿n ¡r¡¿t obtajned prev-

iously iuith procedr-rre 4. Ttris was rectified if tåe centrifugation force
used to spÌn tlre digestion mixbure was j¡creased to 33.1000 - 46000 x g x 2 h 

,,,,,.1,t

i¡r order to obtain a clear supernatarrt. It appears that in sonp preparations '""
,:...:'

tlre Fraetion A tends to stay in tlre stpernatant wtdch redrices its fixal ;,,.,,

yield in fte pe1let"

rhe analYÈical data i¡ Table D( show th,at F?action 2, A and G are

distinetly diffei¡ent rnateríals. rtactions A and G contaj¡ nnrctr lower

hydro>qproli¡re and nnrclr higher crcncentrations of non-coltragerous protein

tlrarr r?acbions 1 or 2. n: fact sone Fractiør A and G preparations rnade

subsequent to those shot,¡n in Table IX gave zero values for hydro:qproline

rrsing the Beclsnan amino acid analyser and values Ioi,çer ttran tlrose in rable
IX using the rnanr:al procedr:re (161) (Data nst, shoi,m). ïn addition, assays

for hydro>qzlysi¡e on tr,'vo tlpicar preparations of Fractlon A and G gaire

a range of r¡alues frcm 0 to 0;01? of dqz r,ieight.

(v) Þ<tnustive collagenase Digestion of ryactions A and G

Table XÏ shows that exhaustive collagenase treatrnent sucessfully

rqnoves all but trace anr¡u:ts of collagen frqn tlre F?actions A and G.
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5. Interim Discussion

The objecbive of the dissociative extraction procedure w:iü 2.0M cac12

or 4M guanidi.ne ICl is to e><tract soluble congrcnents (glycoproteins and

proteoglycans) frcnr EæFy rib ca:tilage. Ítris is a preliminarlz step in
the searclr for j¡solulcle non-collagenous proteins.

After dissociative exbracLion ttre rib slices retain their original shape.

TLre obsen¡ation that water honngenization and sr:bsequenÈ water washing of
the hcrnogenate rsnoved an additional arnor:nt of glucuronic acid contaj.r:ing

material (Tabre rr) suggests that jn præpy rjj¡ cartilage, a pJrysical

disruption of tlre cartilage extracerlutrar matrj:< is necessarlz for nore

cørplete rsrucval of proteoglycans. n: tlris res$)ect ptæpy rib carb.ilage

differs frcrn bovjne nasal ca:tilage where it was shor,,¡n that tlrere \^jas no

difference between the disn4tive and dissociative netlrods witlr respecL to
the total arnount of tissue glucuronic acid e>cbracbed (1l). previous studies

on tlre erhraction of proteoglycans from bovjrre articular carbilage (l) or
hunan articular carEilage (172) also have stroi,,¡n these sane dissociative solvents

differ sharply in tlre arnounts of proteoglycan extracted frcnr different
cartilages.

Table rV gives tl¡e chen:lcaI ccnposition of Fraction I. A.side frcnr

glucuronic acid content, tlrere are other factors vÈrich suggest that tLris

fraction rnay contai¡r non-collagenous proteins. Altlrough Frastion f has

a high collagen content, the hydro>qzproljne aontent is lou¡er than is for:nd

in pr.rified collagens. TLre he><ose content is higher than ttnt for¡:d jn

otlrer vertebratê fjbrillar collagens (I74). Ttrese data are analogous to
the analysis on unprirified coI_lagens frorn a nrmücer of otlrer sources (LzO,

175) vÈrere tlre presence of non-cr¡llagenous glycoprotej¡rs has been suggested.

'::.: :lt::
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Collagenase digestíon is an obvious procedure to renr¡ve the æI1agen frcm

tlris fractiorr. Collagenase has been r:sed by several v¡orkers (2, L6r 85, 110,

I40, \44\ as a tissr:e probe to solubilize crollagen. Ttre ability to isolate

an insolt¡ble non-ællagenous protein fraetion (Dr) by collagenase digestion 
.,:,:,::r

(Tables III, IV, V) strow that tÏris is a useful approactr for tlre preparation

of this cor¡:ective tissue ccnponent. Recoveqy of non-collagen proteìn

(Tab1e V) was not ccnplete (72.22t as assessed frcnr Lhe ror^nry protein assay 
,,,,,:,

on Fractions 1¡ D1r DZ arxi D3) . Tfiis probably was due to non-collagenase :,,1,i,.

proteollztic acbivity (l¡cpa) present in ttre partially puïe enzlme preparation 
,,.,,,,,1

whictr would acb on this crerçonerrt to produce peptídes (>10,000 M.W.). Ilris
soluble fraction was dÍalysed out according to tTre nettrodology used. ftre
presence of nost of ttre glucr:ronic acid i-:: Flraction D, (Table v) j:rd.icates

that digestion successfully soÏ-rbilizes most of tlre non-e><tractable he><r.ronic i

1

acid. Ttrat tlris fraction has a h-igh molectlLar weight and contains non-oollagenous i

proteSn suggests th,at proteogllpan is bêing so}:bilized. Due to tÌre lack 
l

of specificíty of the enzlzne usedi it Ìs not $ssible to ccürneïìt on the

nature of t?re non-crcllagenous protein so}:bilized nor its association to l

the glucr:ronate so}:lcilized. The non-crcllagenous protein æuld be oore 
,,¡,,.1,,.r,

protein frcnr proteoglycan or parbially degraded insolulcle non-collagen 
.,:,.,,,.,,
'r-: _:)::

protein preserrt i.n Fraction D3. Preliminary ultracentrifugation data shcn¡ed

tlrat D, has a lcnru So value (2.7) ccnpared to octracürþle proteoglycans. The

high collagen conterrt in sohfrilized Fracbion D, (Tab1e VI) is presurnably due 
: : .

to the presence of collagen peptides so}:bilized by ttre digestion. The ,:,,,',;.,,,,,

total reqcvery (Table v) of tlris ccnqnnent, was lcnv. AgaÍn this probably was

dr¡e to ttre fact that tlre digestion produced collagen peptides wittr a M.W. less

than 101000 and ttrus discarded. Ihe presence of non-æIlagen proteìn ìn
:

Irraction D, could arise frcrn a nr¡rber of sources. It could be sqluble 
i,:,,.:,:,.
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non-collagen proteín not extracÈ.ed by the d.issociative solvents due to
physical hindrance or binding to inso}:ble collagen j¡r trre cargilage.

IJpon degradat'ion of the j¡rsoh:b1e netlvork by collagenase these proteìns could

be released. .Llternatively, because of the trxSPA tlre non-coIlagen protein

Ílay b partially degraded cone protein fronr proteoglycan (o, contains scne

glucr-lronic acid as welt) or be degrraded non-coIIagen protein present in
F?action Dr.

Due to the problens arisj-::g frcnr ttre lrcPA in ttre pa:Éia1ly pr.rrified

enzlarc preparation, it was decided to use the approaclr in procedu:re 1 witlr
purified collagenase (T5æe ITT Fr. A) vùrich is essentially free frcrn lrICpA

(2, 7). Itris collagenase was used jn all sr$sequent digestions. Although

tlre fractions we are i¡lterested jn are insoluble, tlre possiJciliÈy exists

that a partially pure enzlzme preparation rnight 'nicl<, tlre insoluble non-

collagen proteins or cause scnre solubilízation. The presenðe of rnicl<ed'

inso}-rble proteins r,'rcu1d nrake tlre inter:pretation of results (Ctrapters 4

and 5) difficult u¡rcn eventual solirbilization of tt¡ese proteins. fta¡cis
and Thcmas (8) have shcnn: that several proteases will sohibilize insoluble

structr:ral proteins

Using procedr:re 2 tl¡ere was inccnplete (63.1U) so}:bilization of tLre total
collagen present in Fractíon 1(Table \IJ) . Sjnce a large propor,b.ion of both

ccrq>onents npnitored were released u¡rcn iniÈial exposure to the enz]rn1g,

procedr:re 3 r,ra.s designned jn v*rich F?action 1 is re¡:eatedly oçosed to
fresh êTiquots of enzlzme at tlre given tine jnteir¡aIs (Table \ItI). TLre

objecbive was to effect a greater and nrrre rapid so}:bilization of co1lagen.

û¡er tlre 2 h period, procedure 3 was nnderately mcre successful tl¡an

procedr:re 2 for so}¡bilizing collagen and was one of the factors considered
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for develcpnent of procedure 4. Tn that ttre insoluble resi-due l-eft after
produre 3 (gable \rrrr) sti1l contains substarrtial collagen and non-collagen

nnterial, it was ratiornlízed that to obta.in insoluble prer¡arations witlr
even lcn¡¡er crcllagen oontents, the collaqenase digestion would have to be ,,','',',..,''

performed for longer tj¡es ivittr hiqher concentration of enzvnÞ.

Tb¡o alternative procedr:res lrere for¡nd to be necessaJlz to consistently
produce tv¡c distincb insoh.lble non-coIIagen protein fractions. procedure g ,::,..¡,r.,,:,.,,

involves longer ællagenase digestion tj-nes than procedrrre 4. Thj-s is due :: :': :

:',.; r.,:..,1::, ::,.,4:

to two critical area's ín the digestion and f-ractionation steps. ït was for¡rd i-:,::-':.:''::

tlnt the digesLi-on tirne mav have to be varied depending r:pon tlre starting
material þraction 1). ILre diqestion must procrress to tlre poixt vùrere ttre iI: -*'- 

.

opasue supenntant (Figure 2) contains 23 hr¡dro>qproline or less (Data.not 
j

shcnr¡n), otherwj-se addition of r¡zate¡: to tlre 33.100 - 461100 x g x 2 h peJlet '

i'(r'igr-ire 2) causes aggreqation rather tPran separation. rf rrater had. been I

iadded to tLre insoluble layers (rígn:re 6) v¡hich had high collagerr æntents 
i

(taUte X), tlre layers would aggreqate to form an amrrphous rnaterial. Binding i

of non-collaqen proteins to collaqen has l:eerr docurnented- (17, 115) . Ttre 
ì,: ,:::::.::reascn for the variabilitv jn oollagen cliqestion is not kncr¡¡n. ït crruld be ., ,';,, ¡,,,,

due to ttre diffenerrces in ttre age of ttre pupur ri-bs v¡tricrr varied between ,,,,',,.',,,,.,,

8-16 weeks. Eor any one conqrlete preparatorv schsne (ttrirteen were carj_ed

out on different puppies) tlrere \^ras no \dav to pred.ict v¡hich of procedures 4

or 5 r^¡culd- prod-uce Fractions A and G. In ttre cases v,ñen procedr:re 4 was not 
:., t,,,,...:.1 

,.r.

successful, procedr-:re 5 was successful. Batch variations i.:: tlre collagenase " ' .'

were rul-ed out as the same batch of enz¡me prodr¡ceid Fractions A and G frcm

sCIne PirBpies but not frcrn others. The second criticai- poi.l:t is tlrat in
procedr:re 5 the aollagenase digest must be spirr at a high enough speed to



obtain a clear su¡:ernatturt (33,000 - 461000 x g x h). If not, ttre yield

of Fraction A i-s lcn¡.

After repea æIlaqenase digestion, the i¡soh¡b1e residues (Fractions A,

G ard 2 in Table fX) crcntain only a ¡rcrtion of the total hldro>qproline

preserrt in Fraction I (1-10S dependinq on tlre conditicns and length of

digestion). ftr-is ænfjrms tlnt ûp bulk of the ocllagen was solubilized.
,¡t

As weII, tte bulk of the glucr:ronate (90-95U ), DorFcollagen he><ose (82-858)

and non-colIagen protein (78-872) have been so}:bilized. Tlris sugg'ests tlnt

tlese materials (proteoglycans, glyc-oprotei¡s) afe i¡so}¡bl-e due to thei¡

¡frysical entra¡nrent by the i¡sotr:ble colilagen netr,vork. Ttris aspecb will be

dissussed rûore fu1ly 1ater. Fraction 2 differs the least frcm Fracbion I,

having only a slightly lo,ær h$ro><lpro1i¡e and slightly higher hî<ose and

non-collagen protein concentration. It sesns likety tÏ¡at E.faction 2 repre-

sents Fraction I frcrn vùúctr only a part of tle collagen has been rerncved.

Ttris interpretation is strp¡nrted by the obsen¡ation that the anpr:nt of this

fraction decreases w'ith increasilg nr¡rber of oollagernse digestions. Þata

not- strcn¡n) 1,lre presence of a lcn^r but sigrrificantly different contents of

ho<ose and glucr:ronic acid i¡ Fraction A and G i¡dicates that ttrey are j¡rsoluble

non-oollagen glycoprotei¡s witÌ¡ tenaciously associ-at{ proteoglycaq or 91y-

æsaninogrlycan. Tlris is supported by the fact tìat tlre o<traustively digested

Total ho<ose corrected for the he>ose present i¡r cartilage collagen. This is
dorre by subtracting tte he><ose contenC (assr-rning a value of 4s" ho<ose by weight') i';l|:,',',

in an anr¡r¡nt of chick cartilaqe crcllagen ( 351164 ) which is eqlatr to the collage!"'.,'",
content in the analysed fraction. Irùrere¡¡t is ttre assr:nption that tle carLilage
collagen in tlre salrples c:ontai¡rs tlte sane he><ose content as tlre ch-iclc carbilage
coilalen.



':-
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Fractions A and G, which aontajx only trace anÌcrlnts of hldro>r1zpro1ine,

still contai¡ gluctlronic acid and nurre he><ose ttran can be accor¡:ted for
by tlre presence of co11agen.

6. Interim Conclusions

A mild selective tecturiqr:e has been devised to isolate ti,rc physically
distinct j¡sorr:lcle gI¡rcoprotein fractions frcm puppy rjb carbilage.

:' :
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CIAEITM. TTT CTNRACTERTZATTON OF TNSLUBTE GLYæPROTETN TRAC.ITONS

1. Introduction

TLre previous chapter described tlre isolation of tr,rc i¡solr:ble fraeb.ions . .

(a a¡¿ G) on the basis of tlreir resistance to collagrenase ar¡d i:nique physical
properties. rheir ctrenrical con[nsition ir¡dicates tlnt tlrey a:re prirrnrily
non-collagenous glycoprotein residues. Previous studies on extractable struc- .',,'':i 

:

tural glycoprotej¡rs show ttr,at tlrey are so}¡bilized in soli¡ents suclr as

8M r:rea (138, I44), 5M guänidine HCl withr dithiothreitol (146,20) and i'i,

alkali (L40, I44). Strucbr¡ral glycoproteins have been clraracterized by

tlrejr soÏ:bility properbies as well as their arnino acid ecrçosition. ïhis
l

clrapter descri-bes studies perfonred to characterize the insoh:ble glyco- 
i

iprotein fraetions A and G; tlrese i¡rclude the ami¡ro acid ccngnsition and 
i
lttpse solrrlôilíQz properties which províde sffiÞ cdtparison witlr tlre soÏ:bilized 
i

structr:ral glycoprotein pre¡nrations of other workers. 'r 
i
1

I

i

2' ithterials 
:.

(a) ChgrÉca] Assays '.,,,,',

, ,',-,. 
t

The materíals for the hlzdro>qrproline, ro/flñ/ protein, glucuronic acid ..,,

and he)<ose assays were the sanÞ as described r¡nder irÍaterials, Chapter 2.

HydroctrlorÍc Acid for amjrro acid analysis was from Fisher Scientific Co.

(b) So}:lcility Str¡dies

Sodir¡n hlzdroxide, urea were from Fisher Scientific Co., ditÏriothreitol
frcrn Calbioclrem Corp., tetrasod.irmr etlrylerrediaminetetraaætic acid r,,ras frcnr

SiEna Chernical Co.
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Sepraphore IIr Cellulose Polyaoetate Electrophoresis strips were from

Gefunan rnst¡¡rent Co. (Mictrigan, usA), Alcian Blue frcm Matfieson, Col-enran c

Bell (Ohio, UsA).

Cupric aoetate from J. T. Baker Chsnical Co. Chondroitinase AC frcnr

Seikagalnr KogDZo Co. Ltd., Japan.

Glycosarninoglycan standards were provided by Dr. M. Matther,rs, University
of Chicago, USA.

i,:,:::::(c) ehotography ::.::.::

The canera and film was the sane as ttnt descrj-bed r¡rder photography t
(hapter 2.

3. Metlrods

(a) Cfremical Assays

(i) Esti¡nations of hyrlroqrproline, glucr:ronic acid., hexose and

protein were catried out by tlre saflE proædr¡res described r:rrder l\,Ieûþds iJr

Chapter 2.

(ii) Amino Acid Analysis ,,,.,r,,

Amino acid analysis were perforned on Fractions A, G and lir¡<
*glycoprotein (ær,) atter hydrolysis of freeze dried sanples (stored i¡ ¡vac\ro

over Prou) in 1 mr 6NIrl ænta+irrg 2.5 nq phenol at 1100 in evasuated tr:bes 
r,,,.,,,,.,.,i:.::,:.for 18¡ 2L or 24 h. Ttre hydrolysates wene taken to drlmess over NaOH in

vacuo' redissolved in water and filtered ttrrough a 0.8il mílli¡rcre filter
(using a Søinney adaptor) to renrcr¡e parbicles. The filtrate was again taken
* mepared_bn¡ tfre procedure of Sajdeqa arrd llascal]. (12) fron ttre CaCl^e<tracts of tlre puppy rj-b cartilage. '-z 

,.,-,,,, ,
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to dqzness over P2O5 ix vacuo, redissolved ard' assayed usixg a Beclsnan

Model 120C arnino acid analysèr.

(b) Caesir¡n Chloride DensiQz Gradient Centrifugation ,,,,,,.,.,.,;,'

5-10 nq of freeze dried sanple was ground with caesir¡n chloride

solution (34.1 or 35.5 g CsCl per 100 g solution) in a nprtar and. pestle

The finely divided suspensionwas transfened to centrifuge tubes for use in 
,1.::;,,¡.,.,,:

ttre Beclsnan sw50.1 (ræper part of Figr:re 7) or sw4r rotors (Icn¡¡er part of 
"";"'
'.: -: : :,. : :'l:

Figrr:re 7) and then centrifuged for 2.I x 1069r' xh. At ttre end of a run """.'",:,..

densities at tlre top and bottcm of blank (CsCl) ttil¡es and above eactr visjj¡le
band of solid nraterial in tlre test n:ns vrere neasr:red using a microlitre
pipette as a pycncrneter. Ttre banäs of insoluble material frqn ttre test 

:

runs h/ere rernoved wittr a needle and spjnge for dialysis and analysis.

(c) Solubiliþr Str:dieç

(i) Light Scattering jn Sodir¡n fudroxide.

fr. OO5OO of water suspension of Fraction G (lÍg/m1) was read ; :

against a water blank. In all cases a suspension was æeated by inverting ¡::..::-:::';

the cr¡¡ette three tj¡res i¡rmediately before reading the ODSOO. Additions of :.,:'.,,..:t,,:.i-: 
::.::

sodiun hydroxide were made folloved by heating (at 100o for 2 min) where

indicated. The sus¡:ensions lriere oooled ar¡d ttre oD5OO again recorded.

(ii) Distribution of ccnponents of Frastions A and G in sodir¡n 
:':":i::'::::::l:

Hydroxide

A suspension (1mg/m1) of either Fraction A or G in 0.02{ NaoH was
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Uffb1ed for 19 h at 23o. TL¡e suspensionwas cerrtrifuged at 100,000 x g

x 30 nuin. TLre supernatants were drarnrn off and tlre sr4>ernatant and pellet

assaled for hydro>qproline, r-ortry protein, glucuron:ic acid and hexose.

(1) Identification of Acid Glycosaminoglycans 
,

Fractions A or G were suspended l10nq/m1) in 0.02rT NaOH and

íncubated at rocrn tenperature for 19 h. Ttre suspensions were centrifuged at

27 IOOO x g x 30 min and ttre sr4nrnatarrts rennved. A porti-on of tlre sr4:er-

natant was used for electrophoresis and anottrer porLion for drondroitinase

AC digestlon and sr:bseqr:ent electrophoresis. Electrophoresis of standards

and sanples on Septraphore IIT cellu1ose polyaætate strips was carried out

at 4 ma for 2 h irr 0.3M cupric acetate. The strips were staj¡ed for 10 ini:r

\^t"iú 1? alcian blue in 1? acetic acid. Destainjng was for ti,vo five minute

periods follcnrred by 20 rni.:rute period using freskr 1å acetic acid.

The supernatant was digestecl for t h at 37o with 0.005U¡

chondroitj¡ase AC. Digestion was carried out in 0.04N1 Tris-acetate buffer

pH 7.3. Ttre digestion was repeated wittr anottrer 0.005U of enzlzme. Standard.s

of chondroítín-4-su1fate, hyah:ronic acid and heparan sul-fate r,,¡ere treated

in a sjmilar fastrion. Ttre digests were electro¡froresed, staì:ned and

destained as described above.

(iii) So1ulcilíty Studies jn 8t4 Urea

Suspensions (Ing/ml) of Fracbion A or G ix 8M urea (adjusted to pH

9.0) were ünrbled for 19 h or 24 h at 4o. TLre sr:s¡:ensions were centrifuged

at 100,000 g x 30 min. nr ttre case of t]Ê 24 h e><traction, the pellets

were resuspended in freslr urea solutions, tr.urbled for an additional 24 h and

recentrifuged. lhe pellets were washed three ti¡res in water by repeated
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centrifugatión at 1001000 x g x 30 rnin, ttrèn díssohired in N'NaOII and assayed

for þdro>qprolìne , Laøy protein, glucr:ronic acicl 'and hcxose.

(iv)' sc¡tu¡ility stüdÍes in'8r{ urea wíttr,Dtt}riothreitol'(nrrr) ..: ..: :

- .:.:_.:-_-: :.i-

Sr¡sIænsions (Inglrù) of Fracbion A or G r,çere tt¡rbled in air tight.

æntrifuqe tr:bes for 24 h at 40 in 8M urça cont-ainirg O.OIM dithiottrreitol.

Ttre solution was prepared þ dissolving tetrasodiun EDTA (lng/nrl) in BM :::;: :.,:
¡'-r:':::;j'

to pH 9.0 with llîl, bubblìng nitrogen through the solution :i ': :: :

fon I h ard ther¡ <lissolving dittriottrreitol to 0.0Lt{. Ttre suspension was 
,:,r,,,:,..,:,

æntrifuged at 100,000 x g x 30 min at 4o. TLre pellets were resuspended in

fresh urea - DII solutions and Unrbled for an additional 24 \. Ttre pellets

were washed three tjmes in water by repeated centrifugation at 1001000 x g

x 30 mirr, dissolrzed jJ¡ N NaoH and assayed for hldro><1prolile, røø¡ protein, i

glucuronic acíd and hexose. l

l

4. Results . .

(a) A¡nirro Acid Ccnposition

Table XVII shcn¡s tt¡at Fractions A, G ."d lirll< glycrcprotein (@L) æntain a ,.,,r;,',:.',;,,,.,;':
high content, of acidic ami:ro acids (200-250 residues/IOOO residues) . Both .,, ,,,,,.,.

Fractions A and G have similar amino acid ccnqnsitiong but tlrey differ 
: :

significarrtly frqn each ottren in tlrei¡ contents of lysine, aspartate,

glutamate, proline, alanine and isoleucine. fire ratioof aspartatdslutamate : : :.: .,¡.

is significantly higher in Fraction A than in Fracbion G. AlthouJh the ':'::'::'rliÌ:

half cysteine values are approxìrnate, both fracb.ions have a high content of

c¡¿steine. The li¡l< qlycoprotein (Cer,¡ prepared frcrn puppy riJr cartilage

has an ami¡ro acid ccnposition which resernbles GPL frcrn bovjne rrasal cartilage (12).
f': til tt:::-: '
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Fraction A ressnlcles link glycoprotei:r j:: rpst of ttre amjno acids but differs
in tlnrosine, phenylalani¡e and alanine. Boút Fraction A and GpL have a high

ratio of rasparbatqy'glutdnate amjxo acids (>1).

(b) caesír¡n chl-oride Density Gradient centrifugation

T'ubes ocntai:ring 34.19 cscl per 1009 solution gave a gradient of
1.10 - r.399/nú and tlrose containìng 35.59 cscl per 1009 solution -,gave

a garadient of 1.20 ' I.A7g/fliJ- at tlre end of ttre centrifugation n:n. As

shcn¡¡n in Figrure 7, Fraction A for¡red a single band at ttre boÈtcm of trre
tube vfren 34.19 CsCIllOOg soltuion \,fas used as the loading solution a¡d

above tlre bottcun vúten a 35.59 CsCVlO0g solution was used. TLre bands for¡red

i.:: tlre density range 1.30 - 1.3g. Fraction G fonred. a single band in ttre
range 7.20 - 7.289/nt witlr eitlrer 34.I or 35.5g CsCLAO0g (notshoør) as t?re

loadÌng consrtration.

(c) solutciliez studies

(i) Light Scatterìng in NaOH

''. ,:; 
: :';.

Light scatteri::g was used to folIow the sol:bilization of Fraction 
,.";,,,,;,','

G in NaoH. Figures 8, 9, ard 10 shcns tt¡at ttrere is a gradual so}:bilizatiorr ,,,:,,,.,,,.

of insoh:ble material witlr inæeasing anpunts of sodir¡n hydroxide. The use

of heat (rign:re 8, 9) jncreases ttre rate of so}.lbilization, but does not

solt]bilize any more G than is dissolved at rocrn terperatr:re witlr longer 
,-,:,.,.:-

tjnes (Figure 10).
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(iÍ) Distributíon of Ccnponents of Fractíon A and G j:: 0.02Iü NaoH

Tables XTT and XfrI slro¿ tlre effect of alkali at rocm tenperature

on the various ocnçnnerrts present jn Fractions'A and G. For both fractions
0.02N NaoH does not sohfcilize the minor collagen crrrponent (as monitored

þz hydrox¡proIi¡e), but it is effective in solulcilizing 40-50å of the non-

collagen roü¡1r protein. All of the glucrrron:ic acid ís so}:bilized in Fraction
A and most (75?) so}¡bilized i¡ Fraction G. Ttre effecb of alkali on tl¡e
he)<ose ccngnnent of tlre tr,,¡o fractions is different. In Fraction A about, 50å

is solubilized, whereas in Fraction G rnost rernai¡s i¡lsoluble.

(r) rdentification of Acid Glycosaminoglycans

The glycosamìnoglycans e¡<tracted \,{rith alkali frcrn bot}r A and 
i

G ran as a sirqle spot (Figure 11) with tl¡e rnrbility of ttre ctrondroitjn-4- 
i
l

sulfate standard. Upon chondroitínase AC digestion, \^/tricf¿ digests chondroitÌn 
I

l

4 and 6 sulfate spots disappeared. (aesurts not shov¡n) 
i

l

l(iii) Solubility Str:dies jn &rÍ Urea 
,:

&t{ urea alone caused no marl<ed so}:bilization of any of ttre ,

oorponents monitored for Fractiorr A (ta¡le XIV) or e (Table x/). ,,

(iv) Sohrbility Studies in S{ Urea wit}r Dittriottrreitol
ïn æntrast to the effecb of S{ urea alone, inclusion of O.OIM 

,1,11,,,.,,-

Irrr into tlre solvent caused an i¡crease in ttre solulcilization of scne of ttre I ' ''.

cqrponents jn Fractions A and G (Table XVT). For both fractions much nrrre

non-crcllagen l,ov,ixry protein and glucr:ronic acid are so}:bilized ùân with sl
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urea alone. There is little effect on tlre crrllagen cornf,:onent (h1rcìro>ilproline

values) rvhere the results are similar to &4 urea alone. fhis is orpected

as æI1agen is l<novnr noi to oontaj¡¡ wstei¡re

5. fnterim Discussion and Conclusions

The objecbíve for scrutinizing tlre degree of solulcilization with

increasing sodír¡n hldroxide crcncentration (r'igures g, 9 , l0) was to see if
there v/ere any breaks ix ttre sol:bilization ctrrr/e v¡trich might indicate the

nurber of distinct dissolving ccnrponerrts. Since r¡c clear-sut breaks rdere

obtai¡ed this tlpe of oçerÍnent was abandoned

Tables XIr and XIII shovs that soltrlcilization of non-crcllagen ccnponents

does ocsur at lcx,v alkali concentrations. Most notable was tlre good solu-

bilization of glucrrronic acid which allcn¡sed iderrtification of ttre glycosamj¡ro-

glycans as chondroitix-4 or 6-su1fate. Scme preparations of Frastions A and

G were dissolved ccrçletely i¡ 0.2N NaOH by heating for 0.5 ndrr at l-00o. but

others were not. It is exLranely difficult to evaluate whether tlre effecb

of dilute alkali is by disaggregation and soÏ:bilization or chemical

cleavage of covalent bonds" TLrus the use of ttris solvent as a probe for
characterization of these insoluble residues was discontinued. TLre fact
tÌ¡at chondroitin-4 or 6-sulfate is released by dilute alkali suggests chsnical

cleavage of G-glycosidic lirrkages ÌnvoIvìng senine or threonine as tlrese

bonds have been shcn^rn to be alkali labile (42). ït appears that the bonds ,,,:,
i-.,:

in Fraction A and Fraction G are scnrewhat more alkali labile as partridge :

and EIsden (42) formd the nr:i¡limun conditions for cleavage of the o-serjne
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glyoosidic Ii:rkage (in bovine nasal cartÍlage) to l¡e g.IN NaOH at 25o

for 20 h. A similar 1i¡kage (jn strark cartilage) was stable in 0.05N NaOH

at 25o for 72 h (93).

TLre otlrer resrrlts will be discussed nurre frrlly in chapter 6. ïIo\arever, at ,,

this stage ttrree interim conclusions were dravar:

(i) Tfre amjJlo acid ccnposition of bottr Frastions A and G broadly
ressnlcles tl¡at of tlre soÏ:l¡ilized strucbural grlycoprotein fractions of 

:,,,j

ottrer r,,rcrkers (15, 137, 139, 146)

(ii) Ttre insolulcle A and G preparations differ in densiez a¡d in t¡rejr
q¡ntent of sqre anino acids.

(Íii) Ttre use of reducìlg agents Isxqún to produce sr:br:nits by split¡ing
disulfide bonds in otlrer proteins is a prornising-procedr:re for
solubilizing Fractions A and G.
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CTNPTTJR TV CIWN TERTZATION O]T SOLUBILTI,JÐ GLrcOPRCfl']N ITRrcTIONS /\ /u\¡D G

1. Introdrrction

Ttre results in Chapter 3 j¡rdicate that the insoluble .Fractíons A a¡rd G ,,,,,,.

are soh:ble in so¡re of the solvents.which have been used to solubilize
strustr-ra1 glyocproteins frcrn other connective tidsues (20,I3g, 144 , .146).

It' was thorryht tlrat furtlrer characlerization of ttre i¡soluble fractions A and .:,,,,
. :.1.:..:

G must i¡volve ûteir soh:bilization, preferably þ a non-destn¡ctive technigr:e. ''':.''
' : ::..

Ttris r^¡culd allcn¡ nþre specific curparisons to the extracted structural ;'¡,-.-.,

glycrcproteins frcm otlrer coru:ective tissr:es and prcnride a fi:rtlrer i¡sight
into tJ:e drernical and physical properties of A and G. The rlata presented in
tlr.is chapter represent a beginni¡g in the fi:¡rther c}¡aracterization of

Flractions A and G follcrvrìng a treatnent rvhich soh¡bilizes nrrst of these

i¡¡sch.rlcle residr:es.

2. Materials 
.

(a) Cfrsnical Assays
' . :_::.:

fhre rnaterials for tlre hldro>qproline, Lo\á¡q¿ protein, hs<ose and ernino ì::,r

acid analysis were the same as that descrjbed r¡nder ¡4aterials, Chapters 2l and 3. .l.;.,:

(b) Reduction and A$rlation of Ftacbions A and G

1Asodir¡n iodoacetate was pr:rctrased frcrn Sigrma Che¡nical co. I-aac lodoacetic ð.cid.';::,:,.

Ìra.d a qpecific activity of 0.0Zm Cirlng dqz weight and was purctrased f::cm "'i;""-

ìüev E:gland ltuclear (Mass. USA). Dialysìs tr:lcing with a nplecr:lar weight

cutoff of 3500'** fto* A.H. Ttrcnras Co. (pa. USA) .
ì

PCS soh:bilizer was frcm Àmerslurn-Searle (I11. USA), 4yIere frcrn J. T.
- : :1.:
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Baker ar¡d standard 14c toruene frcnr New Ergland. Nuclear.

(c) sotr¡ilization of Reduced and Alþzlated Fractions A and G

Disodir¡n hlndrogen phosphate and sodir¡n dìhydrogen phospháte were from

J. T. Baker. Sodir:m dodecyl srrlfate was frcrn Fisher Scientific Co. or
Dq>ont (Canada).

(d) C,e1 Chromatography

Sephadex G-200 was frcrn Pharmacia (St¿eclen), Dcnrtre>< I=X2 from SÌEra

Chemical Co.

(e) Sodir¡n Dcdecylsulfate (mS¡ ee1l"*Iænide GeI Electrophoresis 
i
IAczlzlamide and N, Nt-methylenebisac:azlanid.e weïe from Eastnran,Kodak 
i 

,

Co- (ttt.V., USA) r anrnonir¡n persulfate, tetrarnethyletlrylenediamine, glycine, 
i

ß-mercaptoethanol, cocrnassie blue, horse heart c¡rbochrcne C were frcnr Sigma 
iChemical Co., bronnphenol blue fromMatlreson, Coleman & 8e11, trichloroacetic 
,

acid, isopropanol, isobutanol from Fisher scientific co., acetic acid 
:

i,i'i,tfrcrn J. T- Baker Co., ¡rclyaqz1amide gradierrt slabs frcnr Isolab (Oh-;-e, USA), t.,,,',,;..

.:..: : :.1ovalbt¡nj-:r from Mann Researclr. Labs (N.y. USp") and IËS Tissue So}:bilizer ,r...,

frcm Anersharn-Searle .

(f ) PhotograPhY 
''1"::1':

Blacl< and white photogrra¡frs were taken with Ltre sare film and. canera 
r:-'::ì:ii'::

descrjbed in Chapte¡ 2.

colour prìnts were taken with rþe 5g film, using a $Iratten g0B f,ålter
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3. Metlrods

(a)Chernical Assays

Quantitation of protein ar¡d ami¡o acid analysis were performed as

descrj-bed in Chapters 2 and 3.

þ) neauction and AJþrIatLon of Fractions A and G

Itre reducLion and aIþzlation procedure of Hudson and Spiro (167) was

foIIor,'¡ed e<cept that dithiothreitol in s,I urea containing bry/nL NarEtIIA

was r-:sed instead of ß-mercaptoethanol and tlre total reduction time was 4g h. '.,.l'''

The second addition of dithiothreitol was nrdde after 24 h. AlJc¡zlation was

folIou¡ed by dialysis and freeze drying ttre retentate. For ttre preparation i

of 14C labeIled Fractions A ard. G one of tr,,rc procedures was used:
I(i) Method 1

After redustion for 48 h ttre fractions were ùialysed i:: ælIopha¡e

tubjng agajnst an appropriate r¡orure of 0.5M Tris-ICr buffer, (pH g.5

containing S4 urea, W/nt Nan EDTA)j¡ order to bring ttre dithiothreitol
conoentration dcn¡rt to a 3 fold nr¡lar e><cess or¡er the calculated sulffrydryl

:.:,:: -.-

groups in ttre protein. ftre dialysis was carrÍed out in evacr:ated Buchner ,,',,,',,ì.

flasks- After dialysis, alþúaÈj-on was ¡:erforned wittr l-l4c-rodoacetic ..,,,-,'r,.
' ::-::

acid at a rnolar ratio to ttre calculated sulfhyd4zl gror:ps of 1.1:1 acærdjng

to the procedr.re of ltudson and SpÌro (167).

(ii) uetrroa z'

After redusbion for 48 h the frastions were dialysed extraustirieþ

agaìnst 0.5M Tris-ICI buffer (pH 9.5 containing g.0M urea ,irnqr'nù Nan ÐTA)
in a nitrogen pressurized Anulcr¡n ceIl using a Pl4-10 renrlcrane. After dialysis,
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alþzJation was performed with t-l4c-ïodoacetic acid at a molar ratio to the
calculated su1fh1dryl grotæs of 1.1:1 accordi::g to trre procedr:re of llr.idson

and SpÌro (167).

Radioactive sarples were cor:nted jn a Beclsran LS-250 Ligr:id ', -,',.

Scintillation crctnter. Íhe scintillant used was a 2zL nlxtr:re of pCS

solulcilizer; xylene as reccmnended by tlre manufacturer. rnso¡:ble sarples
''' ':were counted after díssolution in O.Slrtl N NaoH, addition of 10m1 of cocJ<tai1 
',::.,,,1t

arrd lm1 water. Radioactive counts \Àrere corresbed for quenching by tlre 
: ::

addition of internal standard (14c-to1oor") vilrere indicated. ;'",11:

(c) solrrbilization of Reduced and AJJqzlated Frad,ions A and. G

Solubility of reduced and a]]qzlated Fractions A and G was tested in
0.1M phosphate buffer, (pH 7.0) contai¡jng O.O2Z Nd¡ and one of: 0.1A SS,
1.0å sS' 5.0å SDs' &l ugea. The l1nphrilized. fracbions were so}:bilized
by suspension (approx5rnately 125 vg/rú) and tr¡nlcling for 24 h aL 23o. After
centrifugation at 801000 x g x 30 min tlre supernatants were dravrn off,
crcr:nted and corrected for qr:enchìng by ttre addition of l4c-tolue¡e jjnternal

standard. Ttre final crcci<tail consisted of 0.5m1 of srpeirratant, lm1 water 
",.,,ì,1',1

arrd 10ml PCS:XyIene (2:l).
-..," . .:. .. .:-.

(d) ceI Chrcrnatognraphy

Solulcilization of reduced and aIþzlated Fracbions A and G for ge1

ctrrcnratography was effected by suspension (Anq/¡-r) and uffbling for 4g h

at 37o in 5.0? sodir¡n dodecylsulfate oontainìng 0.JM phosphate bgffer
(pH 7.0), 0.02U Nalü3. After centrifi-Eration at 8Or0O0 x g x 30 mjn at 23o

to renr¡ve snall anor:nts of insoluble material, the supernatants were dialysed
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agajiÌst \'itater in whictr Dovrex 1-x2 was sus¡nnded to rernove free sodir¡n

dodecylsulfate. The retentate was freeze dried and kept for geI chrona-

tograpùly and anal1Èical ultraoentrifugation. ltre pellets were washed

for:r tjmes witlr distÍIled water by rqeated centrifugation at. g0r000 x g ..,'.,

x 30 min at 23o arld dried in vasuo oirer Prou. Ttre supernatarrts ard pellets
were assayed for Lourqz protein, hlzdro>qproU¡e, he><ose ar¡d tlre total anino

acid ccrçosition as descrjJ¡ed Ìn Chapter 2. ',:r't-,'''

¡,,1, ,'.,,

c;er c'rorntography was perforned on sephade>< e-zoo in a 2.5 x 37 ccn 
-:i,::...columt. Elution was achieved with the buffers jndicated in Figr:res 12-16 i',':,:"

at a hlzdrostatic head of 20cn¡ and a flovy rate of 10m1/h. salrple vo¡¡nes

were 2-3 nLl and 4-3 ml fracbions were collected.. rn ttre cases whene isolated 
ipeaks were rechrernatographed, tlre fracbions r:nder tlre peak were pooled, 
I

concentrated j.:r an Amicrcn oeII (pM-L0 msribrane), then,dialysed against tlre
rbuffer in v¡hictr tlre co}¡nr¡ is n¡n. For tlre radioactive profiles, 0.5m1 of

eactr fraction was rrri:<ed with 0.5m1 water and r0m1 of pcs:Xylene (2:l).
l

counts r^rere coffecbed for backgror:nd but. not, for quenctring.

(e) SDS Gel Elecbrophoresis

solubilization of Fractions.;A and G for electrophoresis was sj¡nilar
to tftat desæibed i.:r so}:lcilization for geL ctrrcrnatography. several

prooedwes \¡Iere used to oplore the betravior:r of Fractions A and G on SDS

polyaolzlamide gels. For tlre electrophoresis of A or G fractionated by

gel chrcmatograPhY, ttre fractions grouped jnto distinct peaks were pooled,

assayed by the l,cn¡nry procedr.re (165), concentrated in an Amicon CeIl (pM-10

nentbrane)'and eErilij¡rated 5n a dialysis tr.¡be with 0.062M Tris-Iic1 buffer
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(pH 6.7) oontaining 5.02 SDS before electrophoresis.

(i) Procedure A
,, 

, r) :.1-

' sS polyacrrylamide gel electroptroresis was carried out acærding ',:;:.,,.:,:,.,

to the nethod of I¡feber and Oslcorn (169). Ttre n:nning gels contajned 5?

aoazJamide and twice ttre cpnoentration of tlre bisacrarlarnide reærurended for

,, ú" 10% aoazlamide gels. Ttre gels were fü<ed jn 50å TCA for 16 h, stajned ,,.;:,:,;i
' r :-ì.:. :ì.wiü 0.25å crocnrassie blue i:.2}e" TCA for 2.5 h and destajned j¡ 7? acetic ',"",:

: :1: â.CJ-C[. :.::i ::':.:

(ii) e¡ott¿*'t 
" ,

Disc ae1 electrophoresis was ca:ried out on 2.5, 3.75 and 5.0å i

polyacrylamide n:nnjng gels which were made up in 0.375M Tris-ïÐI buffer l

(pH 8.9) contaj-ning 0.1? SDs. The 5å gels were cast as descri;¡ed by Hudson 
,

l

and spiro (167). The 2.5? and 3.75å poI1'aqzlanide gels crcntained 0.262

bisaqlzlamide ar¡d 0.203å bisacra{arn:ide res¡lectively. rtre elesbrode br:ffer 
I

was 0.005M Tris, 0.03S{ g[rcine buffer (pH g.3) æntajning 0.1? sodir-un dodeqy_

sulfate- Tests and standards containinO ¡O-SO¡rg protein in 20-50u1 of electrode ,",'.:':'r

';":': .

buffer vrith 1å SD$ were firù<ed wlttr an egural volume of 8M l:rea dnd incr:bated ,,',,,,''ii

for I-.2 h at roonr terç:erature wittr 10111 g-mercaptoethanol and 3,tll brorcphenol

blue. Tlrey were tlren layered over the runnj4g ge1 and electrophoresis

carrÍed out at }nA/tube rintil ttre dye had penetrated tlre runnjng ge1, tlren 
1,.,....,:,,| -;.::at 5mArztube until tlre trackírrg dye was witlrin I cnr of ttre bottcnr of the ge1.

The dYe fronts were marked with rnd.ia j:lk. Ítre gels were ffu<ed j¡1 50a rcA

onernight, stai::ed with 0,25å ooqnassie blue in zoz rcA for 2.5 h and

destained w"ith 7å acetic acid.
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(iii) procedure C

Gel electrophoresis was performed on polyaorylamide gradierrt slabs
(2's - 272 p]ryaø¡]¿rnide gradient). TL¡e slabs were eguilibrated in 0.005M

Tris, 0.038ã4 glycine buffer (pH 8.3) containing 1? SDS, by pre-ruwring ttre
gels 5n the buffer alone r:ntil the buffer front had passed through ttre gels.
Sanples aontåi.:lril1g 25pg protein, dissolved i¡ 251¡1 n¡nni¡*r buffer !úere mixed

witt¡ an qual r¡olune of S4 urea and i¡cubated at rocrn tenperatqre r^riü 1OUI

ß-rnercaptoetlnnor for 1 - 2 h. Electrophoresis was ca:::ried out at, 3nA

until ttre c.Ybochrore c standard had stopped migrating. TLre slabs were fi:<ed.

and stai¡ed by ttre prooedr:re of Fairbanks et al (169).

(iv) Procedr:re o

ÐS geI electrophoresis was carried out þ a procedr:re sjmilar to
that of Lasnnli (170) s¡cep¡ ttrat, the stacking gels were made up ix 0.062M

Tris-IÐI buffer, pH 6.7¡ the rr:ruring gels wene made up in 0.364Ir{ rbis-rc1,
pH 8.9 and both ge1 buffers contajned SDS at ttre various aonoentrations

specifiedirin Fignrres 20, 23-30. Íhe stacl<irrg gels contai¡red 2.5? polyacqz-

lanide and acqzlauaeÆi*!- . Ttre runnü-iE gers conlained g, lo or L2s"

pollac4r1amide ard aearlamiaezacis4 . lhe fjxal æncentration of 1EMED in
the gels was 0.05å and of arnpnir:rn persurfate (added rast) o.o75fà. rn tÌ¡e
runnj{,}9 9e1s which eontajn'ed urea, tlæ urea was dÍssolved in ttre anrnonitrn

persulfate solution suctr that ttre fjnal concentration of r-¡rea in the n:nning
gel was s4. Ttre elecbrode buffer was 0.005¡t rris, 0.03gzu glycine, pH g.3

containing the saire corrcentration of SDS as tlre gel buffer. Salrplesrnot frac-
tionated on sephað-ex G-200rand standalds, containÌng 30-50p9 proteÌn jn 25-50uI

of stacking'gel buffer..with I-'-02;.sEwere,mixaf \,üith.an equ4l volune of S4

urea ana iircuUate¿ for 2 h at rocrn



terperature witt¡ 10 pI $-mercaptoettranol and 3 1r1 brcnrophenol brr:e. They

were tfien layered on top of ttre salrple gel. Electro¡ùroresis was carried
ouf at 3 mA per gel tr:be until tt¡e trackÌng dye entered ttre n:nning gel
and tlren at 6 rnA per tr:be r:ntil ttre brcuno¡ùrenoI blue was within I cnr

of ttre bottom of ttre gel (about I h). Fjxation and stainìng of ttre gels
hrasi cancied out by tlre procedure of F'airbarrks, stecJ< and Ï{allactr (169)

using cocrnassie blue.

For ttre 14c profiles (rigtrres 2r, 22) the electrophoresis gels were
sliced with a razor blåde and,each slice placed in a scj¡rtillation vial
æntaining 0.5 ml of an ICS:H,O mi:<tr¡re (9:1). Ttre vials were heated at
50o for 2 h to leach out ttre radioactivity ttren oooled to rocm tenperature.
Ten mI of PCS:4yIene (2:r) scintillant was added to the vials \¡¡trich \^rere

allcrved to dåïk_adapt for 24 h. Radioacbivity was cor-nted and corrected

._ for E:enctring.

t.: 'a

-RO-

(f ) Analytical Ultracentrifi:qation

solulcilization of Fractions A and G was as described in soÏ:bilization
i,t,,,t.'.,t

' for gel ctrromatography. Itre \ophilfzed:, sDs treated fractions were dissolved. ,',,:,:,':'

:..1:,::.' in 0'1 m phosphate buffer, pH 7.0 containing 0.ru sDs, o.o2z Nal.I- to rrrodrrce :.,',;-;,

the crc¡centrations slrorpn in Figrr-rres 31, 32. sedfuentation velocity neasure-
nents were rnade usi¡rg a Bed<rnän Model E anallÉical ultracentrifuge. Runs

v¡ere perforned at 38o in order to maÍÉain cçxrplete so}:bilization at tlre r:,,,r,,:
': 

L-'^-- l."',ttt:'i æncerrtrations neæssar1¡ to obtai:: a SeJ:liererr pattern. Sedimerrtation

values were calsulated for each conoentration.
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4; Results

(a) neduction and ÀJJ<ylation of, Fractions A.and G,

Good reæveries of Fractions A and G r,rere achier¡ed duríng tFre reduction

ard allqylation procedt¡re, (Tab1e.)ffIIr); Fcn the prepa.ration.of ,14"-1ub"11.d.

fractions Method 2 was found to give material r^¡ith hiqher specific

activities but ttre percentage recôveÐ/ was less that that using l{etl¡od

I (data not shcr"¡r). Ttre ami¡o acid arnlysis (Table XD() of Fracbions A ard

G after reducb,ion and alþzlation strcn¡ scnre differences to those reported

(fa¡te )VIf) before tieatment. The ccnposition'of 'Fraction-A"changed-the ,

Ieast . Ílæ arnino acid analysis (table )o{:l/)

of tlle SS so}¡ble reduced and alJqrJated fractions shc¡¡¡ scnre.differences to

tlrose re¡rcrted j¡ Tab1e XVII, ard Table XÞ(; In that only single samples

of tte reduced and alþzlated fractisrs r,vere analysed, statistical ccnrparisons

canrnt be made ard. not muctr weight can be attached to these results. Fr¡rtt¡er

rrork is regujred to establish vùrether ttre differences i¡ ami¡o acid contents

of the insoItrble A axd G do decrease after reducbion, allvlation and solubil-

ization.

(b) Solubi'lization of Reduced and A1þrlated Fractions A and G

Of ttre solvents tested, 0.1U phosptrate buffer (pH 7.0), 0.02U NaN3

containing 5.0Íà ÐS was judged to be tlre best for soh:bilization of tlre

labelled protein in Fractions A and G (Tables >O(, )C(f). the data were

obtained using dilute (I2SVg/r I) suspensions of material. In that moni-

tor5ng t.tre soh.rbilization of label is not necessarily an i¡dication of tt¡e

effect of the solvent on all the proteirr j:r the fractions, ttre distribution

of Lcnnalr protein was also exami¡red (Table )OfiI). In this qçerinent, suspen-
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sions UttgnÐ were used which upon so}:bilization give nurre appropriate
æncentrations for use in ge1 chrcnratognaphy and electrophoresis. Table

)frII shor¡ss good so*:lcilization and recove4z of Fractions A a'd G with 5å 
,,,,,.,ss jJ} 0.lll phosphate buffer at higtrer solute/solr¡ent ratios. Because of ttre :,.,:.:i::

diffiæ-tùy of renoving sodir-rn dodecylsulfate bound to protein, the ana\rtical
data on the SDs so}:bilized Fractions A and G is not as e>.tensive as for
tlre insoluble fractions stror¡rr i:: Tabre D(, Ilotvever, ttre data i¡r Tab1e .,...,.,.

)o(rÏÏ j¡rdicates Ûrat the rnaterial soÏ¡bilized by reduction, a$zlation and "" 
:t'

. , , .::.:

ortracL'ion wittr sodir¡n dodeqylsulfate closely resenbles the non-ællagenous "'';".',',

glycoproteÌn ¡rcrtion of Fraction A and G, v¡hile a mjnor cotlagnreous oonponent

rernains i¡solulcle.

(c) Gel Chrcnratography

Gel clrrcnratography of a1J<¡zJated ÐS=go}:bilized Fractions A and G

show that bottr extrjbit a high (peak f) +nd a lclr¿ (peak rII) molectrlar wÉight
peak (r'igr:re 12). th. 14c profile indicates an intermediate peak (pea:< rr) 

:t,r.¡:,,
betr,reen peaks I and III (figrr:res 13, l_4). Recoveqz of lounry protein from ,,_,,;,.

the co}¡nns is 8G-90?. upon æncentration and rechrcrnatognraphy of peak II, .'.'"'ìr"'

Fractiorr A (rigr:re 16) fte peak appeared not to redistrijcute in tlre co}¡nn

ard thegreatestproporbíon eluted in tlre sane position as j:1 g1e origjnal
chrcnntogran. rl:e broad peak obtai¡red ís possibly due to d.iffusion, i,l.',lii

:hcnrorer, the possjbility exists tl¡at ttrere are scxne aggregates in tlre high
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nolecula¡ weight region of tl¡e peak arrl scne snaller subr:nits p:æsent in t¡e '

ror¡¡ ¡rplesular weight region. ltre only bit of evj-dence that sr:ggests there rnay

be redistribution on sephadoc was tl¡at recLrrcnratography of peak I, Fïaction A
in 0'18 sDS (rigur€ 15) produæd a slight shift ín ttre erution pattern.

. ::-:-.(d) SDS GeI Electropho:resis

flre fi::st atteçts to cl¡aracterize reduæd, alJqzlated SDS soh:ble
Fractions A ard G electropho:ætically were made usi¡rg the !{eber and osborn

,:,.,.,:,p:ocedure (168). Figrure 17 stpv¡s the results i¡¡hich årre þpical of several ,:,:,

atterpts r:si-ng tlr-is systen. Neither Fraction A nor G were resolr¡ed wittr 
,,,,,,,,,

distinct bands. The range of sizes indicated by the stained area on the A
and G gels is ccrçatible with sephador c,-2OO gel chrcnra@raphy p::ofiles.

Due to tle lacJ< of defi¡ritive :¡esrrlts with tlre lrleber and osborn system,

the SDS systen descril¡ed in procedr::æ B was r:.sed. Figrr::e l-g i1h:^strates tlre
resul-ts obtained using different polyacrazldrúde concentrations. ülittr tÌ¡e
2.52 polyaoazlarúde gels ttre pore size is too large to be capable of
separatilg any of tl¡e standart proteins v¡hich range between 17,000 to 45OrO00

i¡l nplecrrlar weight. on ttrese gels bottr Fractions A and G o<hj;cit a verl¡
hear'4¿ band :n-u'rning in ttre sare ::egion as tJ:e stardards. As tlre ¡rcIyacry- 

,¡,,,,¡,,,,,':. : . -lamide ænæntration increases, ttre resolving pcb¡er of tlre gels increase .:,,::,:.,

and tlre standards @in to be separated f:om eaclr ottrer. Fractj-ons A a¡rd G '::':': 
:

still appear to be rwndng witt¡ tlre lcn¿ nr¡lecular weight star¡darrl (myoglobin),

hcn^reverr tÌ¡e intensiþr of tlre bands dirninish. In tlre 3.75 and 5.0å

polyacqzldrúde gels, tlrs:e is rr? evidence of a trigh nrrlecular ,*igirt band ;,,t,¡,t,,t

(i.e. betr,veen a¡nferriti.n and BSA) ao:res¡:ond.ing to either of peaks f or Iï
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tle Sephadex Cr200 profiles.

In that these results again were not c.onclusive, prooedure 3 using a
polyaoarlarnide gradient was used. Fignrre 19 shor¿s sone of the resul_ts of
tÌ¡ese sturlies. Standard cytoctrrone c (¡t.W. I2r500) gives one major and one

minor band, but with both A and c there is a æntinous snearinq. This

Ís sjmilar to tlre results obtained using ttre vrteber and osborn system (Figuïe 17).
Peak rrr frcrn ttre sephadex G-200 profile of praction G o<tri-bits a sjmilar
betraviour except thaL the snearÌng does not start at as lcv¡ a polyacryla¡n-ide

concentration r¡ihich suggests this material has a lovuer molecular weight"

Procedure D was designed to obtain nr:re information about the electro-
phoretic properbies of Fractions A and G. TLris procedure was most successful

when utilized with different sS ar¡d polyacrylamide concentrations.

Fractions A and G (Figure 20) i:r 0.1? SDS exhibit a predcminant snall
n|)lecular r'reight ccttponent wh-ich n¡:s wittr a similar electrophoretic nurbilit¡r
to cYtoctrrcne c on the 8% ¡nlyacrylamide ge1s. As the polyacrylamide cron-

centrations j¡tcreases to I2>", Eraclions A and G appear to aggnregate. This

is j¡rdicated by the more lightly stajrred bands in tlre region of cltochrone
c and the presence of nore stained material at tlre tops of tlre gels. TLre

12å polyacrylarnide gels reserrble most closely the Sephadex G-200 profile
shouring a high ¡rolecular weight corçonent and a l-cn¿ molecular weight one.

Electropfrroresis under the same conditions except ix 1.0? 5DS produces

a dramatic change in the nxrbility of Fractlons A and G (Figure 2o) . under 
,:,,..,:,.,.,.,' '_: '

tl¡ese conditior¡s both fracijons run near tlre ovalbr¡n-ir¡ standard (¡t.w. 431000)
.

Again aggregation of Fractior¡s À and G is induced at higher polyac:arlamide 
I : :

concent¡ations. o¡r the 128 ge1s, the material nrnning with ovalbr:nr-in is :

barely visiJ¡le and more staining material appears at the top of the gels.
fh. 14C profiles (rignrres 21, 22) support the ol¡servation ü.rat inceasìng

.:,.:::l::.:' - .:-: :_:: '.
' !-.: -'-'-:':



-64-

the ¡nlyaorytarrúde ænæntration effects aggregation of tl¡ese frastions.
The rr^Se of tr:æa (5M) in tt¡e polyacrlzlãrlide runni¡rg gels did not harre any

effect on tlre elechrcphoretic bet¡avior-¡r of Fractions A and G. Again botlr
fractions ran witÌ¡ ovalbr¡nin i.rn 1.08 SDs and aggrregated at ttre tc6l of tlre
gels at tlre higher poryacrlzldn:ide concentrations (Figrr:re 23).

rn o¡der to see if tlre obsen¡ed electrophoreLic betraviour ¡nras pecuJ-iar

to ttre r:nfractionated A and G, the Sephado< G-200 peaks f:sn Fractj-ons A
and G were elecbrophoresed r:nder similar conditions (Figiures 23-30). peaks

r, rr, -rrtr. ,fron Fraction A ran sjmira:=il1z j-rr , o.rs. ,sDS,_in tl¡at on Bg ,

polyaelrldnide all three peaks e>ûLibited a p:ædominant srr¡a1l rnclecular
weight band whictr runs between ovaþunrn and cytoctrrure c. with incn:easing

¡nIyacrrylarÉde æncerrtraLion all ttrree peaks aggregate and hang up at t1.,e

top of tlre ge1s, hcwever, soilÞ inte:nediate bands can be seen. ïn trre
p::esenæ of 1.03 SDS' Peak II Frastion A (Figrure 2S), I and III (not shov¡n)

ran witl¡ the npbiliþz of ova.lbr¡ni¡r on the 8å polyacryIar¿1ie ge1s. on 10å and

12å gels aggregation occurs ard tl¡e sarples rerT¡ain at ttre tops of the gels.
rhe sephadoc cr200 peal<s r, rr, rrf frcnr Fraction G (Figu:ce 2s-30)

e>ùibit essential ly tlre sare bet¡aviour as those f::crn Fraction A wittr respecb

to ¡nlyaolzlanide and sodir¡n dodec.ylsr:lfate æncerrtration but with tlre
follorring orception- Peak ï f:om Fraction G n:ns slightly beh-ind cn¡albr¡nin on

88 ¡nlyacrylamide r:nder all tl¡e conditions tested (Figrures 26 | 27 , 2g) hcnrreraer,

as before, increa,sing the polyaeazlanide æncentration j¡duces aggnegation
(Figtr€ 26 28). Ttr-is ¡nlyacnlrlanide-induced agrgregation is r:nli.ke ttrat obsen¡ed

w-ittr r:nfrastionated A and G (Figrr€ 23). peak ï, Ftaction c in 0.1å SDS, 5M u:æa

(Figul€ 27) rnoves closer ar¡d closer to c.ytoctr::cne c w-ith inc:reasing ac4zlamide

conænt'ratlon. The use of heat ô:rir¡g tLIe preinculoation period does not har¡e

any effect on the móility of ttris peak. Eler¡ation of trre sDS concenb:ation

frcrn lE to 5U (Figure 29)
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also does not have any effecb on the nobility of peak r.

(e) anafytical Ultracentrifugation

As strovn in Figrures 31, 32, tlrere hlas a veqz poor or no relationslrip
between sedjmentation velocitlz and crcnoentration tfrus meaningful

e:rbrapolation to zero @ncentration. As a result, no atterq>ts were made

to calculate ttre nu¡lecrrlar weight of Fracbions A or G using ttre tec¡urigue

of Tanford et aI (176) for rigorous determi¡ation of the nplesular weights
tll of proteins (gryæproteins) in tlre presence of detergents. ït is notable

i

, tbat both A and G sedimented as sÍngle s¡znnretrical peaks (rigrr:re 33, a, b).i
i

l

i vik¡er¡ bottr fractions \^lere run u¡nder identical condj.tions (Figr:re 33c) the
I calculated S values were differenÈ,.
I

I

5. Interi¡n Discussion and Conclusions

After reduction, a$ùation and extraction with SDS gz-g7s" of tÌie protein
is sol-r:lcilized. Gel electroplroresis of solubilized A and G shov¡s tt¡e
presence of either one or two bands and ge1 clrrcrnatography strcnrtrs both high
and lov¡ molesular weight peaks. Analytical ultracentrifugation shovus a

single nü]lecular weight species. TLre production of a Iow nxrlectrlar weight
electrophoresis band from ttre Ìrigh rnolecular weight sephade>< fraction
j:rdicates that thene is aggregation and disaggregiation of sr¡bunits in sDS.
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CTAPTER' V FURTHER CT.ARACTRTZATTON OF ]NSOITIBT,E GLICOPROflEÏN FRACTÏONS

1. Introducti_on

chemical analysis of insolr:bIe glyco.protein fraebions A and G (Table

ü) indicates that eaclr glycoprotein fracbion æntains residi:ar collagen
and proteogrlycan (or acid glyoosqmjnoglycan) .

rhe two objectives of the work desdjj¡ed jn this ctrapter \^rere3 -
(a) to define tl¡e natrre and loindìng of tlre residual gluer:ronate

containing rnateäiaI in the inso}:bIe residr:es

(b) to .e><alñìiìe bv,'lelectron mícrosoopv ttre ultrastr-ucb.u e of A and G

and" Ufráìr : relatíonsþd.p' to coIlagen.

2. Materials

(a) chemical- Analysis and Exbraction procedures

l4aterials for the glucuronic acid assay were the san€ as descrjbed
previousl.y. Guanidine HCl was Grade r from siErn chernical, sodir¡n

acetate was from Fistrer Scientific Co.

(b) electron Miæosaopy

Phosphotr:ngstic acid was frcrn sigrna ctrernical co., Alcian BIue from
Matheson, colernan & BeIl' ruttrenir¡n red frsn Bnitish Drug Houses (E:g1a'd),
qollidine frcun 'Þstman Kodak co. ard lead aætate from Fisher scientj-fic co.

3. Methods

(a) Chemical ,Assays

Estjmation of glucuronic acj"d was carried out as descrjl¡ed in chapter 2.
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(b) Extraction of Fractions A arrd G wittr Guaniûine HCl

Fraction A or G was suspended (Lrrq/rnJ.) i:: 4M guanidine HCr crcntaining
0'05M aætate adjusted to pH 5.8. TLre suspension was trmùcled at rocnr

tewq:erature for 24 h and spr-rr at g0ro00 x g x 30 min. TLre supernatant was

drai"vn off, dialysed against distilled water and concentrated by ultrafiltration
using a u[4-2 nernbrane. Pellets and stpernatants v/ere assayed for glucr:ronic
aci.d.

(c) uxtraction of Fractions A and G wittr sodír¡n Aoetate

Fraction A or G was sr:spended (Iirq/nú) in 0.5M sodir¡n acetate adjr_r.sted

to pH 5'8. TLre suspensj-ons wene tr¡rbled at room tenperature for 2 h and

spun at 80'000 x g x 30 min. Tlre sr4>ernatant. was drav,nn off . Ttre pe1let
was resuspended and orbracted twioe IIþre as described. above. Ttre super-
natants were ccnbj-::ed, oonæntrated by ultrafiltration witlr a UM-05 nenbrane

and assayed for glucr:ronic acid.

(d) Electron Micnoscopy

Insol-r:ble Frastions A or G were suspended in water (O.25¡:rygAIú) and

sonicated (2 x 15 sec) at 0o. Proteoglycan (from bovir¡e nasal septun) was

added to so¡re pre¡nrations at a cenæntration of o.Lrq/rni.. A drop (about.

1 ur) of each preparation \,vas placed on a carbon coated crcpper g:rid
(200 or 400 nesh) and ttre waten allcnøed to eva¡rorate at rocrn teq)erature.

rhe drlz grids were stained by floating tlrem on sucoessive drops of stain
or wash placed on dental wax. For¡r differerrt proædures were used:

(i) pm. 2 mj.:r on l? phosphotungstic acid (pH 5.6) follcnred by

two I mi¡r washes witlr water.
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(ii¡ ¿1"ian + prA. I rnin on lg Arcian Blue in 5g acetic acid ,r,

foll-oræd by two 1 nún washes with water ard ttre¡¡ by 2 nin on lt
phosphot'rrgstic acid (pH 5-6) ar¡d tr,vrc furtller washes with water.

(iii) Rutheruir¡n red. 20 rd¡: on a soluti_on of Jry/nl nrt]:enir¡n
red (centrifuged at 10,000 g for 20 mjn) in 0.05¡4 collídine-HCl 

l

br¡ffer (pH 7-2), folrc'ed by tr,ro 2 min washes with water

(iv) rea¿. I0 min on a saturated solution of lead hydroxide, 
.,.,,.,

prepared bV t}te nett¡od of Millonig e77) or on 2Z lead acetate ,",,',,-,.

iJr o-osM sod.ir¡n acetate-acetic acid buffer, pH 5.g, followed by ,r,,,,,,,

trrþ 2 rnin waShes r,rith water. : '':"'''

I

4. ïnterim Results and Discussi-on
l

(a) ¡¡<traction w"itÏ¡ Gr,ran-iði-ne IIcr ard sod.ir¡n Acetate

Bottr solvents r^Iere successful in renoving scne (but not all) of ttre
'I

:residual glucuronic acid, (Tables )O(V, )Ofin). ïn tlrat guanidine HCI and

sodiun acetate are noü Imc[^/n to cleave covalêr¡t bonds, at least one-harf
of tlre glucr::onic acid containing material in Étactions A ar¡d G is held in
a non-covarent association. 4.01'l gruanidine HCl has been r:sed to extrac.t pro- :,::;
teogtycans from bowine nasal carLilage (Lz¡. 0.5M sodiun acetate, pH 5.g "' .."

t. t t t,t,'
has been used to str-ldy tlre interasLion of p:oteoglycan core p:otein with ::'1:',:.'

hyaL:ronic acid (79).

(b) Elecb:on }4icrosæpy

': Electron miclosæpy shou¡s tlraÈ both i¡rsorubre glycop:oÈejn fractions
stain wittr lead, ruttrerriun :æd or alcian blue plrrs phosphotungstate ard. that
G contains marry fine firanents. Idateriar wittr tlre s¿¡ne appearance and

stai¡ing properties wa-s for¡nd to oceur on tJ:e surface of ærlagen fibers in

,,, ttre ueôigest'ed cartilage residue. A detailed discr:ssion of the electron
niq:ographs appears on pp. 74-77
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CHAI{TER \/I GENT{RÄL DTæUSSTO}ü ÀND COI\CLUSTONS

using mild, selective techniques of dissociative salt extraction
to renove sorr:ble oonponents, foIlcnnrcd by collagenase digestion to
remove insoh¡lcle colIagen, two insoLr:ble glycoprotein fractions (A and G)

have been isolated. Thus the first objecbive formulated on page

under "statsnent of tÌ¡e Probl-em" has been aclrieved. Ttre sigrníficance of
these preparations is discussed i¡ detail- berovs r¡:der a nturber of
separate headings.

Ilcmogeneity of ttre insoltrble preparations.

Fractior¡s A and G were o<amj¡ed in ttre insoh:ble state by density
gnradient centrifugation j¡ caesiun chloride. Ttre findÍng ttrat. A and G

with l-or^¡ but approximately egual hladro>clzproUrre contents (less tha¡r 13)

give essentially single bands with different densities shcn¡¡s that tlre
non-collagenous portions of the tr,vo (94à or ¡rore of the total) are disti¡rct
insoluble er¡tities though tJre possiJrility tÌ¡at one or both epe of particle
contains more than one t1çt-' of molecule is not eliminated by this observation.
Fr:rther evidence æncerninq hcxrngeneity was only obtainable with sr:b-r:nits
prepared by reducbion, a\'r.ation and sDS solubilization.

TL¡e non-æIlagen protein contents (Table D() of the two fractions
a¡¡e sirnilar" rt is temptincl to speculate that ttre difference. in buoyant
densit'Y'':. between A and G is due to ttre differences i¡r ttreir proteogrycan

, oontents. Fraction A has ;r rriqher content of proteog\can than does

Fraction G and has a higher: lrtroyant density. rtris is consistent witl¡ the
observations of llascall et .rl (12) arrd Heinegard (1ZA¡. It may be noted
tÌ¡at Anderson et aI (17) for¡ttrl that two sol-ulcilized glycoprotein fractions
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could be separated by densitlz gradierrt centrifi:gation frcrn ortracts of
bovine tendon.

Relationslrip betr,uee' Fractions A and G a'd other connective 
:.:.:

tissue proteins. ',, '.,,

Ït may be noted that there is a broad sirnilariez betr,çeen tlre amj¡o acid.
oonpositions of Fractions A and G (Table VTfï) and previously prdilistred 

,t, ,data for the solubilized stn:ctr:ral glyæproteins (2, rg, r37r r39) . o, i,....:,..
i :. . ,partícular' they all shcnu a high qontent of asparb:ic and glutamic amino acids :--.,

and they clearly ùiffer f¡om co[àgen, elastin and core protejn of '',,,'],':

proteogllrcan in their content of these and other amj:ro acids. 
j

ITable xvr shows tlrat the insolulcle glycrcprotej-rr Fractions A a¡d G 
idiffer significantly frcnr eaah otlrer jn ttrejr oontent of five ani¡o acÌds j

and ttre nnlar ratj-o aspartate/glutamate is significantly higher j.:: Fracbion i 
,

iA üan in G' r¡r all oonnective tissr:es where amino acid analyses have been i .

reported for r:nfractionated sGP fracbions asparbate/glutanate is equal to, l

or less than 1 (15, 19 | r37, 13g). ïn oontrast, the solubre glycoprotein i

'associated witlr proteoglycan aggregates j¡ cartilage (gpr,) has a ratio 
i:,,,.,.

aspartate/glutamate wh:ich is gn:eater than l- (L2,) . Ttris cannot be due to ,,,,,.,t
: :.: : 

-; 
:t,.:oontamj¡ation with the cr¡re protein of tlre proteogrlycan, since aspartate/ r','.',,",r:

glutamate is lower ttran 1 in th_is material (tZ). GpL prepared frcnr pr:ppy
riJr cartilage (Table xvrr) was found to have an arld::o acid crcnposition
closely resenlcling GPL frcm bovi¡re nasal cartilage. Fracbion A ressnbles j¡,',.,-.,,'.

GPL jn npst of ttre anjno acids, but, differs in þ,rosìne, phenylalanine a'd
alanine' The conclusions from this ccnparison of ami¡o acid analyses are
that GPL, ,A and -G'ea<*r oontain.a distincb protein portion, alttrough iÈ
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is qr¡ite possÍbIe at this stage tÏ¡at each is a mj:<tr¡re containing botlr a
oomnon and a r:nigue protein.

Gllrcoprotein FracLlons A ar¡d G extrjbit solubility properties which are
distjnct frcrn plasna glyæproteins. The soltf¡ility properg:les of A and G

are similar to previously studied structr,¡raI glyæproteins (15, 137, 144) r^rith ;..,,,,,:

tlre exception of ttreÍr poor solubility jx s{ r-¡rea solutj-ons. The reason

for tlris difference is not ]<rrq^in. As with previously str:died SGp (LS, I44)
alkali \474s a better sohùilizing agent than &rÍ r¡rea (tables xïï-xïv) . 

:i..,,,t:,,;',

:.í:'-'.:.:That A and G are effecbívely so}-rbilized by 8M r:rea-Dtrr solutions lends 
',

sup¡nrt to tlre work of Fr.lrtlunayer and TÌmpl (140) whictr indicated that ,i.1.'

disulfide lirrlcages were jnvolved jn rnaintaining tlre insol:lcÍlity of sGp

in ænnecbive tissues.

HcnÞgeiieiQ and properties of soltrlcilized A and G. 
i

After reduction, alþlation and exbraction \^riü 5å SDS (Tab1es XVïff , 
i

I)oilr) 80-85å of ttre proteìn in Fractions A or G Ì¡as recovered j¡ the 
i

soluble form- TLre solubilized material æntains only trace anx¡unts of l

hldro>rlproljne, (Tab1e )ofitT) and ttrus is essentially collagen free.
r; .: .:::::Differenc-es in amj¡ro acid cqnposition of A a¡d G before and after reducbion, j,r,t.,

aÏc¡zlation and SDS treatment \'i7ere observed (Tables XVff , XD(, )O(IV). ït ,r,;..:,.:,': .':i

rnay be that iodoacetic acid is reacbing with otlrer amj¡ro acids (i.e. His,
Lys, Met) , (L19, 180) which produces derÌvatives which are not detected

by ttre dnjno acid. analYser. Alternatively it æuLd be ûtat there is ttre ,::::,:::.
1,,,-,1,.,..,,loss of a sna1l proteìn ccng:onent frcrn the frastions dr:ring ttre dialysis

steps. rt should be rpted that an accurate estimation of cysteine was not
achieved. Ilris possibly can be e>plained by ìnccnplete alþrlation of a1l
the c.1ætej-ne residues in ttre fracbions. The redustion and alJqzlation was
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ca:ried out jn the presence of &r{ rEea-DTT solutions, hcr,,lever, as ca:r be
seen (Table >s/T) canplete sol:bil-ization of trre fractions does not occur
in this solvent.

The Sephadex Cr200 profiles for reduced a'd alJ<ylated A and G ):',,,

rat skin dissolved in urea. sDS electrophoretic patterns obtained by
these workers for urea sorr:lcle and crosslinked structural glycoproteìns ,,,.,'-
fron rabbit skil1 slrcn¡ed up to 15 bands frcrn which it was conch¡ded tlrat ,

| . ..

hovrever, ¡t''¡''1'''

tfiat scnre of the heterogeneity 'tnight be tlre resurt of different , 
,

aggregration states of a singrle pol¡zpeptide chain". TLre sDS elecbro¡ùroretic l-:
system used by these workers was the original procedr-rre of shapjro et al (6)

which is a continuous elecÈrophoresis s¡ætem j:: 0.1M prrosphate buffer l

i(pH 7'1) with 0.1? sDS. The resul-ts presented in ttr:is thesis shoi^¡ ttrat 
:a discontj:rr:ous elecbrophoresis qystenr in TSris buffer wittr 0.rå sDS l

(Procedtrre D) produces a nn¡ch sinpler electro¡froretic profile. TLre 
"

r"lork presented jn ttris ttresis jndicates aggregation of ttrese glycopr:oteirs
t,,,,,,,.,:is a prÌmar¡z reason for the sbsenzed heterogeneity. Aggregation of , 

1.,

glycoproteins in Ðs is rrot a r:nique obser¡zation (1gr, rg2, rg3 , !g4, 1g5) ':,:;;,'
and it has been proposed as a general properw of water insorubre or
msribrane glycrrproteins (192, lg5, Ig6).

Alttrough aggregation of A and G was crearly dernonstrated by Ðs 
.,,.,r,i,,,]gel electrophoresis, it could not be dsnonstrated by geI ctrrcrnatography

atrone.



-73-

concentration and rechrcnratography of peaks fractionated on sepLndex c,'.zoo
did not strcn'v redistrjjrution of protein. Ilcn¡ever, the presence of considerable
amounts of soh:bílized sephadex de>cbran in tt¡ese peak pools may have
altered the interacbion of tlre protein and thus invalidate the concrusions.
IrTo evidence of multiple nnlecular forms crculd be denronstrated j:: the anal'üica1
urtracentrifuge wtrich jndicated ttrat both fracbions oonsist of a sÍngle,
tltough probabry porydisperse, species. ccrnpatiJrility between ultracent-
rifugal and co}¡mn chrcnratognaph-i-c data is not æ<icnraLic. TLre se¡frade<

G-200 æ}:nurs v/ere run in 13 Ðs, whereas ttre ultracentrifugatíon sÈr¡dies

',ere 
carried out i,' 0-13 Sos. Moreover, Ilardìngham a'd Muir (13) have

shc¡un that hyaltrronic acid-proteoglycan interactions do not yield aggregates
v7hÍch can be obsenzed in ttre ultraæntrifuge, altlrough mixtures of ttre 

i

tr^'rc have higher viscosities than proteoglycan solutions alone and give j

I

excluded pealcs on sepharose 2B ooh¡nns which are not present in tlre absence i

of hya}:ronic acid.

The rattrer erratic relationship between sedjmentation verocity and
conæntration has no e>cplanation at tlris time. Tanford's detailed strrdies
on the molecular characberization of proteins in sDS solutions (176) have
shcrvn that the sedimentation velociez of ttre protejx_Ss ccnple< is
extrorely sensit'ive to proÈein cancentration. !{hen one considers t}rat
Fract'ions A and G are glycoprotejn and it. is ]arcn¡n that tlre prese¡ce of
cbrbohydrate ca'affect both detergent binding and the hldrodlznanic

betraviorir of the detergent-proteia ccnplex (1g5) sucfr results becqne 1ess

une:çected. No atterpts hlere made to assigin a mole_cular r,.eight to ttre
isolated fractions on the basis of ttre gel ctrrcnratographic or erectrophoretic
data as this dsnands fÌrstry, that tlre anpr¡nt of Ðs bor¡nd pen gmam of
protein is the sane for tlre glyæprotein as for standard water sorr:b1e
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proteins and seoondly, ttlat the rerationship between the hydrodyr:amic
size of the glyooprotein ard its rnrlecular weight must be identical to
that relati-onship for water soh:b1e proteins 

i,::,:, -..:....The similarities between reduced and a1lc1z1ated.A and G on ÐS ge1 ctrrorn- .,,,,¡.,,,1i

aÈoç¡raphy and electrophoresis are rsnarkable. TÌris, together with ttre
sÍmilarit¡¡ in ami¡ro acid ccnçrcsition of sDS-treated A arrd G (rablu xü) n

suggests tlre possjj¡ilitv that scme s¡nalI protein @rponent was rost dr:ring ¡'...r,:,,,;,,¡:,;

the dialvsis of these solubilized preparations, leaving a osmþ,n unique 
i'' t'':'
j, ,',ir- ::. :.:.:', 

,protein in both fra-ctions. Fr:rther r,vork is reo.uired to establ_ish tlre i,¡:r:'.',','-''':'

validitv of trris suggestion. Ttre mai¡ conclusions f-rcrn the data relating to
ttre non+dialysable solubilized A and G áre tprat tlrey behave as holrogreneous i

materials i:r SDS. Upon electrophoresis on g or 10å pollzaorylarnide and jn
tlte ultracentrifr-lqe they shorn¡ evidenoe ttrat eacrr is a single but ¡nlydisperse
species' Aggregated forms of A and G were for¡:d on r2z polyacrylamide ard rl

Sephade*r c-200.

Electron mícroscopv of A and G and thei¡ relationship to tr-istologically
observed structures.

The appearance of Fraction G i¡l electron micrography (rigrures 37a-d)
can be accor¡rted for ver¡¡ largely b¡¡ tÌre presence of fine filaments, either
sinqly or agqregated into 1*g" crroq)s whicrr occasionally have tlre form of
an outu¡re of ttre oriqinal crcllaqen fiber (r'igir:re 34c, d). rn @ntrast,
the 

'sual size of tlre particles seen in a is srnller, thor-:grh scrne
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of ttre filalrents seen in G nay be present (Figure 36a, b). fhat these
electron microscope obse¡zations are not artefactual is indicated by two
things. Firstly, ttre appearance of Fractions A and G is verlz similar to
ttre rnaterial surzor:nding tlre collagen fibers of Fraction 1. After treat-
nent wittr alcian blue-PTA, filanents of 60-100Ao diareter and 200-1oo0Ao

length are seen in regrular atray along most of the recogrrizable collagen
fibers (Figr:re 34crd). I{any of ttre collagen fjbers arso have fuzn¡ portions
(Figr:re 34c, d) wtrere ttre appearance of the rnaterial around the fi_bers is
similar to Ûät of Fraction A (Figure 36a, b). rine filaments do not shovy

up on øIlagen fi-bers treated wittr ptA alone (Figrr:re 34a, b). Tnlfien Fraction
I was treated wit¡r lead, or ruthenium red, fi-lanents were occasionally
visible, but, v¡tren present, tlrey were much fainter ûran with alcian-pr¡,
(rigure 35a, b, c). Horviever, on all parts of ttre collagen fibers there

I^7as a regrular array of dark spots or protr:beranoes wtriclr were spaced along
tlre fj-bers witlr the sane periodicity as tÌ¡e filaments and the 700Ao

crcllagen bands (Figr:re 35a, b, c). ït seems possi-ble th,at tlrese dark areas
are filalrents wt¡-ich have cr¡iled into globules, but whatever their form it .

is clear that they stain wittr lead of rutlrer¡ir¡n red nrrre strongly tlran ttre
nÞin part of tlre crollagen fjbers. rt tlrerefore sesns rikely that tlrese
localized areas consist of acidic rnaterial such as tlrat, in Fractions A and
G' seoondly, ttre appearance of tlre materi-aI surrounåing tlre collagen fij¡ers.
of Fraction 1 is veulz similar to that which has been observed by ottrer
workers in sections of intacb t'issues. TLre attactrnent of fine orttrogornl
filairents to ttre 70040 cross-bands of crcllagen, as seen in FÌqr:res 34c and
d' was posturated by Meyer (187) and observed by smith and Frane (1gg) in
coÏnea usj¡rg a bisnuth nitrate stajn and i¡ arbicular cartilage, s¡movir,un
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a¡d cornea by lrlyers, Highton and Ralms (g4, gS) using ruü:enir¡n red. fn
addition, tlre latter groræ foi¡nd fuzzy material arorxrd porbions of ttre
collagen fibers. Ttre filalrents were not isolated, but ft was pro¡nsed
that ttrey were aggacegates of gIyæproteins and proteoglycans (g4, 95) .

There are several reasons vuhy it is concluded tlrat thre filaments obsen¡ed
in üe present work are mainly gryooprotein. Altlrorigh, on tlre basis of
t].e grucuronate and galacbosamine content (Table ïx), and paper electro_
pttoresis" (FiEre r1), it appears that, tl¡ere is a chondroiti-n surf,ate
øtrçnnent in both Fractj.ons A and G; ttre content in Fraction G (1_5å)

is so 1o¡¡ that is cannot account for all the filaments seen in el-ectron
micrographs of th-is fracbion. nr addition, the A and G particles are mucll

srall-er than the proteoglycans obser¡¡ed by Roseriberg et aI (75). The

amjno acid ocrçosition of Fractions A and G (Tab1e XVïï) is quite different
from that for:nd for tlre core protein of cartilage proteogrlycan (r2) which,
for exanple, has a much Ìrigher æntent of serjne and proline and a much l

lloiøer oontent of asparbic acid and lvsine. ïn this ooru:ection it r'y be
noted ttrat alcian bLue w:111 react wittr acid g,ror-ps otlrer tlran tlrose in 

:,the acid GAGs (157) and ttrat both F?actions A and G har¡e a high oontent
,of acidic amino acids. 

,

Electron nuicrogr::aptrs taJ<en after addition of solulcle proteoglycan to
Fraction 1 slrcny tlre presenoe (Figure 35d) of a larger nr¡rf,cer of i:rterconnecting
fine filarents than are fou:d j.:: üte inso}-rlcle ællagenous fractions alone. i::,:-:.:-

!-'Ïris suø'gests tlrat proteoglycan nx¡lecules rnay link rp wittr tfie orthogonal
gIyæprotein fÍlaÍÞnts on the collagen fjJcers. Tlris sr-rggestion is arso
in agreenent wíttr the finåing ttrat, short, lateral fira¡rents rqrÞj¡r attactred
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to collagen fiJcers after quanidjne hldrochloride or hyalirronidase digestion
of tissue sections has rsnoved ttre main porbion of ttre ljnks between ttre
oollagen fibers (95). The electron microscopic s¡idence i¡¡&icates ttrat
these attacJunerrts to collagen can be separated by ttre procedr-rre descrj-bed
jn this ttresis and their ccnposition jndicates that ttrey are ma5nly

glycoprotein.

Frcrn a chernical point of vieur, thre non-destnrctive salt o<traction and
'the digestion wittr triqhly purified ællagenase i,vrculd not be e:çected to
cleave covalent bonds jn Fractions A or G (2r7), therefore it is proposed

that ttrese fracti-ons are native nolecules.

The only otlrer sitr:ations where structr:res v¡ith sirnilar ami¡o acid
oorposiLions have been visr:alized are the 75-100A" diameter pathologic
arnlzloid fiJorils obsen¡ed j¡ a nr¡rber of different tissues (Ig9, 191, 216),

and the 1104" diameter mícrofjhrils present Jn deiveloping elastic tÌssr:e (20).

Ttrc fi-briIlar gllrcoprotejn Fraction G ressnl¡les these tr,,rc ottrer acidic
fil¡rilIar protei¡s in ami¡¡o acid conçnsition and sorribility (20, 1g9, l-90). .

The dianreters of microfjl¡rils and aalzloid fiJ¡rils are consùderably

larger thân ttpse of tlre G filænents seen in ttris ttrèsis. A verlz recent
paper (]0) irdicates ttrat microfibrils are tubular. These tubules look
like br:ndles of filanents with the diameter of ttrose in Fraction G.

rnteractions beti,veen ArG and otlrer ccnponents of cartilage.

l::teractions betr,,reen exLriacellular matrjx rnacrcnrolecular ccnponents are

of im¡rcrtance since ttrey may determine tlre orgânization and structr-raI
integrity of ttre cartilage. The inso}:l¡le glycoprotein Fracb.ions A a¡d G

contajn residual anror¡nts of crrllagen and chondroitin sulfate proteoglyca¡
(Table D(, Fig:re 11). The question arises as to tlre naürre of the

i...
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association of these macrcnr¡lecular ccnponerrts r.^rith the j_nso}:l:le qll/coprotej¡
fractions.

It oould be th,at:

Ë) All 0f üre ccnponerrts are associated only because ttrey are all 
::,,.,,,j¡so}:]cle' Ilcn''æver, to date no jnso}:bIe acid GAG or proteoglyca' has been ¡:,:;.¡:

sq>araÈed and isolated frcm arry source.

Gi) Tlrere is a high degree of pLrysical errtanglement of tlre gryco-
1 *- r^^-a------ i. .. .protein' residual proteoglycan and fragrnents of corlagen. Trrere are several ,:.'-...,',

pÍeces of evidence whictr are strongly against ttris as an explarntion for
the insoh'rbilit1z of the non-corlagerr curponents. A and G o<traustively
digested i¿itlr collagenase rsnajn jnso}:lcle. The trace levels of hlnlroqz-
proline (0.08-0.1å i¡ Table Xï) j.ir boft fractions concurrent with ttre

'presence of 0.9-2.42 glucuronate (Table Xï) reasons against. ptrysical
errtanglement wittr r:ndigested insoluble æIlagen as an e><planation for the
inso},bility of Fracti-ons A ,, G and associated proteoglycan. ïn addition,
elecÈron micrograptrs of A and G (Figure 36a, 37a) after collagerrase digestion
sttovs relatively fevr recogurisable collagen fj-bers j-:r accordance witlr 1cn¡

levels of hldro>cSzpro1jne.

(iii) Ttrere are covalent bonds between all of tlese ccnponents.
(iv) Ttrere is a non-covalerrt binding of ttre tlpe for-rnd j¡1 re..tjx- ,", i,::ri

. glyooprotein (114), glycoprote lycan i(77,12, 115) and collagen_
glycoprotejn (I7) jnteractions.

Tlre so}:lcility propenbies of A and G stred scme light on these last tuc ,¡:-,:,,::.
li'.' ,:sr, ,,

points' - ÞcÈracbÍorl of A and G with guanidjne ïcr or sodir:¡n acetate
(Tables )o(v, >o(/r) indicate that at least ore-half of tlre residual chondroitin
sulfate proteoglycan is not held jn cr¡valent lìlkages as Ëhese sorver¡ts do
not cleave crcn¡alent bonds. llre status of tlre residual non-$ctractable 

,,.'..',_:.,.,¡.glucr'rronic acid in A and G is turresolved. Ttre l,¡ork of Herbage et aI (II1) i',':,,:','r,','.



-79-

as an e>'Þlanatj'on for the inso1r¡bility of proteoglycan r,uculd sesn not to
aFply to F?acEions A and G. T¡r this study it was shor^¡n tlr,at upon destruction
of the oollagen hericar structure bv t],e use of dissociative solvents 

,,,,(92t rrr) ' r:ndefined new interacbions between denatr:red collagen and ,,.,

proteoglycan are create'd wtrich results in tÏ€ Ìrreversible insolubilization
of tlre latter' rn A and G the proteoglycan :¡enrai-¡:s inso':ble even vfien essen-
tially all of the cnllagen has been rernorzed (Tabre xr). As welr, treatrrÞnt ,,i,,:,

of A and G wittr gM urea_Dflt solutions (Table )fiÆ) solubilized npst of the
non-collagen protein and glucuronate as opposed to the action of gM r-rrea

alone' Both solvents leave the collagenous ccnç:onent insoruble. llris
inaicates a non-covaler¡t attachnent between collagen and. the non-collagen

I

qc 
-lrponents' rf tlre glucqronic acíd contai-r:Ìng rnaterial \^/ere q)valent1y

lr 1i¡ked with colragen, it would. have rernained insoh:br.e.
I

nr surun44r, the insorr:bílity of residuar proteogb¡can and of glycoprotein
in F'?actrl-on A and G is not due Èo physicar entanglenent witå i¡rsoruble corr-
agen nor to crcvalent linJcages between these ønponents and ilsoluble coLlagen.
The presence of unexbractable proteoglycan leaves trre possi_bility of a
æi¡a'ent lÍnkage of a portion of tr prot"ogllpan to glycoprotein an open

' guêstion' EVidence for a covalent linkage between ctondroitjn sulfate and ','.,,..',_-_r_ /-Lt-J¡¡ Þtl¿J_dtg an0 .:_

a glYcoprotei¡ obrLajned from EDIA e>ctracts of bone has been for:nd þ He,=Íng
(27), horaever, none has been docr¡nented in mainnal-ian carÈi1age.

The physiological ¡¡ole of structural glycoprcteins is at present. not 
.:,,,,,,,il t-derstood, but scme of the ¡nssible f-urctions of tlrese sr-rbstances have 
': : '

beerÌ noted i'r: ctrapter 1. ïhe tenacious asèociation of a porLion of tlre
proteoglycan to trYactions A and G suggests that these glycoprote1-::s may be
tlre anchoring rnaterial for tlrat porbion of cartilage proteogrlycan which is

L,;_:.;.] 1;1:.tr
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not easily ectracted and v¡hich may have a distinct fr:nction in cal-cification
(1s0) .

., Conclusions .,.,.,i

T\¡¡c i¡rsolr:h¡le non-oollagenous glyæprote.i¡ fractions (A and G) have been
separated frcm pr.ppy rib cartilaqe, followinq e:<traction of nost of the

, 
ptoteoqlycan arrd díqestion of tlre insorr:ble resídue w:i-th purified collagenase. 

,,,,,,,,r-
' :: i.ll

The so}':bility properties of A and- G are similar to ttrose of structural 
;;,:1;:-

glycoproteins (s;e¡ sxtracted. from other tissues. The ami¡o acid ocnpositions ''.'.rì.:i'.'

of both fal1 wittrin the range for¡nd for SGp by otfrer workers.
After reduction, alþrlation and extraction w:ittr sodium dodeq¿l sulfa.te 

l

rost of each protein is soh:l:ilized. Gel erectrophoresis of sorg5írized .A i

' - !t^^ 
---^-^---- 

, 'or G shovss the presence of either one or two bands and. qel chrornatographr¿ :
L--t:

shcn¿s both hiqh and lol¡¡ nplecular rueiqht peaks. The production of a 1o¡r

nrf,lecular weiqht.electrophoresis band from tÌre high nurlecular weíght 
:

sepahde>< fraction indicates that tlrere is aggrregation and disaggregation of
subunits in soùir¡n dodecvlsulfate. Analybical ultracentrifi:gation of sorr:lcilized 

, ;.,.. ,,

':;;::;:r1: :'1.' e and G shot"¡ed that both fractions sedjnent, as a single s-vlrunetrical peak, 
,,,..,...,,,,but, witrr different s values. Iüc evidence of aggregatíon was denonstrabre :t :"'

using this technique.

Both A and. G are high in aspartate plus glutanate and have a low
hldroqpnoline cantent. Ttre insolirbre À and G boûr oontaj:: he><ose, uronic :,r,::,,,.:,,,,

' acÍd, galactosamine, glucrcsanine and a snall arnor:nt of sialic acid, but 
rr:::::::i':::

they diff-er in ttreir contents of ho<ose and six andno acids. Both fractions
æntain bound clrondroitin sul_fate. Thelz both form sjngle bands j:r CsCl
gradÍerrts but tlrey dj.ffen in densitv



Bioclrsnical and erectron rnicroscrepic evidence shq¡¡s ttrat bottr insolt¡ble
fractÍon's are i¡ close association witlr collagen. Electron microscopy shcn¡rs

th'at FraeLion G is filanentous whereas Fracbion A appears ano'phous.
l4aterial with the same appearance was for¡rd to ocsur on the surface of
oollagen fibers in ttre undigested carbilage residr:e and the dianeter ard
staining propenties of the G firaments are very similar to ttpse of
filarents for¡nd þ other v¡orkers in intact cartilage sections.

j:: 
.

t:..-.-.

-l:.
:.::

i:--r-:-1:.:.',1.j-:;:.1I.l
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TABLE TT

ÐCTRACT]ON OF PROIffiI,YCAIÍ FMM PUPPY

RIB CARITI,AGE

Pooled pooled nrso}:ble
9"912 trfater Residue TìotaLÐ<brãcts Ðctracts (Fracb,ion l)

Recoverlz of
GlucuronolacEone 6.63 3.g6 6.5g 17.07(rW/gn fresh tissue) (6.te ¡*

Distri-bution (B) 38.9 22.6 38.5 tOO

* when 4M Gr¡anidjne ICI was used to extract the rj-bs 
,,,, ,, , ,

.1,.:., ':,,''',t:
'.::.:.: .:; ._:
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TABLE TTT

ffiErcT OF PARTÏALLY PTJR]F]ED COLT.AGEI{ASE

ON FRACTION 1 ÄCCORDING TO PROCÐTJRE 1

Umoles solubilized. / 20 nE Fraction 1

Time Glucr-:ronic Acid * Hydroqproline *

th

2h

3h

4h

23}j'

3.7

4.8

5.8

6.1

9.9

10.9

L2.6

13.1

13.4

* Tlre values are sr¡nulative and represent tlre Lotal anour¡t of eac6

conponent v'Èrich has been so}:bilized rp to ttre given tiJre.
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EABT,E TV

Ã}ALYSTS OF FRA'IIOIüS TSOL¡*ED ÃEIM. DÏ@STÏON OF
FRASTTON 1 VüTIH PÄRTTAT,LY PT1RTFTED OOI,I,AGEIGSE

ACEORDTNG TO PROCÐT]RE 1

% Ccrçosition

IIydro<y-
pi'ofi,lie collagent

Glucr:ronic
Acid

Sialic Total
Acid nffi,

\Ton-
Collagerrous

Protei¡l *

Fr. I
DI

D2

D¡

8.4

6.3

0.4

0.3

60.1

45

2.6

2.I

4.3

I.2

19.3

2.0

0.20

0.16

0.50

0.66

6s.9

58.5

2L.6

86.0

18

30. s

20.0

84.7

Dl Non-*ialysable material soÏ:bilized by the dígestion (mv roro0o-5oro0o)
Dz Non-dialysable material solubirized by the digesÈion ,(r{vf >5orooo)

D3 lrsol_rrble residrre after d:igestion.

t obùained from the hydro>qprorine r¡ar-r¡e usi'g tlre facÈor 7.r5.
* rìotal lq/inry pr:otein corrected for the collagren cr¡ntent in each sample.
Tttis is done by sr-ib'bracÈing tte rov¡r¡z protein eErivalents of an amor¡rt of
solubre calf skj¡ collagen which is equal to tlre collagen ænter¡t, of ttre
anarysed fiaction. rnlrerent is ttre assr-ançrtion ûrat egual anor:¡rts of calf
skín collagen and ttre crcllagen in the sryrples produce the sane nr¡rber of
equirialents of the bovine serurn albr¡nin standard.



TAETE V

Ræo\mY oF æMPoNm\TTs oF NoN-

DTATYSABT,E FRACTTONS ISOIATED A¡TR. DÏ@STION OF FRACTTON 1

I,l:fml PARrÏÂLLY PURTFTED coriLA@[RSE AccoRD]NG Tro pRocÐuRE I

Reocvery (e) ,of tlre anourt jn ¡tracUion t

Hv{9ry- Grucuronic siaric Totar Non-collagenproline Acíd Acid tc^¡nr/ rowr¡zProtein Protej-n *

"_. :,: i ...t r jì ... ^.,.."., ". a.: a.:...!::,
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, Dr ro.2 3.7 ro.o rz.r 23.r
jI D2 L.O 91. g 5Z.S 6.8 22.g

o3 0.2 2.6 :t7.S 7 S 26.3

Total Ll.4 99.2 g0.0 26.2 72.2

* Total Lc,ì^nry protein ærrected for oollagen.

ì.. : : :-::.

t__'_
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TABLE VT

EFFECT OF PURTFTED COLLAGENASE ON FRACTTON 1

ACCORDTNG TO PROCEDURE 2

Umoles solubili zed / 20 mg Fractj-on 1

Ti-me GluÒuronic Acid * Hydroxyproline ,,'''''

0.5h 1. tB 5. 16

th r.43 4.50
2h 1.63 s.46
3h 7.g7 6.49
4h 2.I8 6.07
5h 2.35 6. 89

23l' 3.36 75.8t g. og 63.1t

t,':.,:,t,',;* The values are cumurative and represent the total amount of ,.,,:,r,:,

each component which has been solubilized. up to the given time.

t Percentage of tlris ccnrþnent p.¡eserrt in F?action 1 v¡l::ich is solubilized
up to ttris time ..,,.1



EFF'ECT OF

TABLE VTI

PUR]FTED COLLAGENASE ON FRACTTON

ACCORDTNG TO PROCEDURE 3

Umoles solirb.ilized / 20 mg Fraction 1

Time Glucuronic Acid * Hydroxyproline *

0. sh

1.0h

1.5h

2.0h

1. 13

1. 36

L.46

1. s6

2.r8

4.39

5.62

6.87

* The values are cumulative and. represent the amount of each
component which has been solubilized up to the gíven time.



ANALYSTS OF TNSOLUBLE

FRÀ,CTTON 1 WTTH

ACCORDTNG
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TABLE VTTT

RESTDUE AFTER DTGESTTON

PURTFT,ED COLLAGENASE

TO PROCEDURE 3

OF

å Composition

Hydroxy-
proline Collagen *

Glucuronic
Acid

Fraction 1

Insoluble Residue
after collagenase

8.4

2.7 L9.2

37 5.7

4.9

* Obtained from the hydroxyproline value using the factor 7.rs.

i .: --r.. -
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TABLE TX

RECOVERY AND COMPOSTT]ON OF TNSOLUBLE CARTÏLAGE FRACTÏONS

OBTATNED BY PROCEDURES 4 AND 5.

Guanidine Collagenase digestion
rrearmenr ":1,:3î1;" "i]ri::"u Æ

ïnsoluble
residue Upper Lower ,:, ,. ..,

layer layer ":':
(washed and Fraction Fraction Fraction Fractionfreezedried) I 2 e G

Recovery (mg/g
fresh cartilage) 150-300 10_20 2_4 6_g

Percentage
composition

Hydroxyprorine 8-4 t 0.6 5.g t 0.3 0.8 ! 0.2 0.7 t 0.1
Collagen* 60. 1 4:_.S 5.7 5.0
Glucuronate 4'3 t 0-3 4-6 t 0-6 3.0 t 0.6 r.7 t 0.2 ,,,',,r,,,,,,,,,,

.',.-,','.,..Hexose 6'4 t 0'2 6-0 t 0.7 5.1 t 0-4 7-L t 0.g 
,,.riri,;,::i..:Non-collagenoqs ::: :r

Lowryproteint 1g t2 2g t3 51 t2 56r3
Glucosamine I.4 0.5
Galactosamine 4.g 1.5

: -:.':.:-ì:: :.:.1Sialic acid 0.2 0.2 0.5 0.4

The singre figures are means of two estimates only. other figures
are means r s,E. for at least g estimates on 4 separately prepared
samples' 

".r- #rra rr.,A- a .: - - - - .,.:l: . .' '* obtained from the hydroxyproline mean using the factor of 7.L5. r:;,;,:.,:::,,,

t Total Lowry protein corrected for collagen.
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TABLE X

ANALYSTS OF FRACTTONS A AND G SEPARATED ÏN BUFFER *

å Composition

Fraction

Fraction

4.6

3.9

32.9

27.9

l.-.

t Obtained from the hydroxyproline val.ue using the
factor 7.15.

* 0.05M TRïS-HCI, 0.5M CaCLr, O.A2Z NaNr, pH 7.4.

Hydro*yproline
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TABLE XT

ANALYSTS OF FRACTTONS A Ar\D G AFTER EXHAUSTI

COLLAGENASE DIGESTTON

Fraction A Fraction G

Hydroxyproline
+Collagen '

Glucuronate

Hexose

Total Lowry protein

0.1

0.7

2.4

6.3

7I.L

0.08

0.6

0.9

3.9

s6.2

f Obtained from the hydroxypröline
factor 7.15.

value using the
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TABLE XTT

SOLUBILTZATTON OF COMPONENTS OF FRACTÏON A

IN 0.02N NaOH FOR t9 h Ar 23o

z
TNSOLUBLE

%4
SOLUBLE RECOVERY

Hydroxyproline

Total Lov¡ry protein

Glucuronic Acid

Hexose

fNon-Collagenous
Lowry protein

85

68

0

50.5

IL7

56

50.5

85

119

117

106

LI2.5

51

62

t fotal Lowry protein corrected for collagen
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TABLE XTTT

SOLUBTLTZATTON OF COMPONEbIIS OF FRACTÏON G ]N

O.O2}[ NaOH FOR 19 h AT 23o

z¿z
INSOLUBTE SOLUBLE RæO\ZERy

Hydro>qproline 77 O 77

Tota.l iCIÌ¡nry protein 59 51 1I0

Glucuronic Acid 25 77 .lO2

Ho<ose 92 26 IIg

tNon{ollagenous
I.ov¡ry protein 5g 5l I09

t Tota1 lo!ìnry protein ærrected for ælIagen

l-::.:.
;1 i' :-ì -.:'
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TABLE XIV

SOLUBILIZATTON OF COMPONETfIS OF TRASITON A

IN BM T.IREA AT 40

A OF COMPONENI UNDTSSOL\ZED

AEIB. Ð h AE¡ER 48 h

Hydro>qproline

Tota1 l"crhãa/ protej_:r

Glucuronic Acid

He><ose

tNon-Collagenous
Ic,t¡nry Protejn

86

91

79

91

76

87

83

88

8987

f Total Lcn^rqf protein crcrrected for aollagen



-96-

TABTE X/

SOLUBTLIZATTON OF COMPONH\IIS OF FRACTÏON G

IN 8!I TIREA AT 40

? OF COMPONE}üI UNDTSSOLVED

A¡TER 19 h AEIR' 48 h

Hydro>qproline

, 
*tal Lcvqz protei¡l

ì Glucr:ronic Acid

He><ose

:

tNon{ollagenous
' Lcnøaz Protein

68

97

67

93

76

86

84

99

90100

t Total Ïrcnr,ry protein conrected for collagen



-97-

TABTE X\Æ

SOLUBILÌZATION OF COMPONÐ\TIS OF, FRACTïONS A AND c
]N S4 UREA Vi|.ITH O.OIM DTTHICEHREÏIOL

3 OF CCI4POI{H\II UNDISSOL\m AEIER 4g h AT 40 r., . 
'

FRACTÏON A FRACTTON G

Hydroqproline g1 
7g

Total lor/\?rry protein ZO 3l_

Glucurorric Acid 17 33

Hexose 46 g2

tNon{ollagenous
Içr,qîy Protejn L7 29

f Total tcr¡nry protej.n ôorrected for oollagen
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TAT]Ltr )ffII

^l{rÌ\¡o ^cil) 
coMrÐsrrroN oF puppy RIB cAl{rrrÀctr c[ycopRorErNs

RESIDLIES PtiR 1OOO RISTUJES TION{OLT,ACflNOU.S PROIETN *

A¡qnüC

ACID

MEANS t s'E' FoR 4 sAIvfPLES, sEP^t{ATELy InÐRoLysED

FTì/\ETTON /\ FRACTTON G P FOR 'T' 1EST

pingLe sanple of
lirù< glyæprotein

LYS

HIS

ARG

ASP

fl{R

SM

GLU

PRO

6,Y

AI,A

crs/2
\AL
MEIr

TI.,F:

LH]

î¿R

PIIE

/\sP,/g,u

50 14
2I!2

. 54!2
]-23!4
52!2
56 14

LL6!2
63r1
98114
.67!3
25r3
68 13
10 13
44!2
94!3
26!6
36t1

1.09r 0.04

68r1
22!I
54!2

104r1
50r1
5I!2

I24!2
54t1
86t2
76!2
16 14
69!L
14 15
51 tl-
96!2
26!4
38t1

0.84r 0.01

<0.01

<0.01

<0.05

<0.01

<0.02

<0.02

<0.01

40

2I
57

117

56

54

111

69

93

80

I4
67

6

37

87

51

4L

1.05

* calcul-atæd by correctirrg the total anino acid.analyses for the various collagenaminc acids, as obtained frorn Be hvdr"nærãiine óntent-."J tne arnino acidønposition of bone collagen. (2I7)
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TAELE X/ITI

RrcO\M¿ OF FRACT]ONS A A}iD G T]PON REDIJCTÏON

AND ALic¿tATIoN FOLTOTiiITNG METHOD 1

T04AL LOFmy pRCIiErN (¡rg)

Before Redrrction
and AjJqzlation

After Reduction
and ALlq/lation

z
Recovery

Fraction A

FracLion G

646.6

645.2

561.5

608.5

86.8

94.3



-100-

TABT,E XÐ(

AI'IrNo AC]D cc[qtposrrroN oF REDUCED & ALKYLTTED A 6. c

RESIDfIES PR 1OOO RES]DUES OF NON{OIJAGENOUS PROTE]N *

AI\ü}üO ACIE STNGLE SA¡4PI,E

A
S]NøE SAIqPLE

G

Lys

His

Arg

S{nc t
Asp

Thr

Ser

GLu

Pro

Gly
Ala
Val
Met

fsoleu
Leu

15É

Phe

Asp/Glu

51

2T

53

17

124

55

69

I12
66

102

70

63,

2

4L

86

15

54

1.I0

46

18

54

29

111

54

64

110

61

97

82

63

10

4I
91

25

44

1.01

* corrected for ttre low collage'amino acid content as describedi.:n Table X/II"

t Ttre s+rE values r-epreserrt the sr¡n of ttre s-carbo><lmettrylcystej¡re andcvsteine residues diü' iË"eËi"i; ;r&Ì]Iä sarples.
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TÃBLE )O(

SOLUBTLIZATION OF RÐUCÐ ÄA'D AIJC¿T,ATED '(1A.C"'O¡ON.E'I.rc AC]D)

FRACTTON A AT 23O F,OR 24 h

FRACTION A ASII\I TY IN SI]PR¡ATAI\]T å COTJ}üISrN (dprr/rnq r"ru"ei"" ãl--- 
- 

DrssoL\ÆD

Br.lffer

Buffer + O.lU SDS

Buffer + 1.0U SDS

Buffer + 5% SDS

Buffer * &vI Urea

5805

5301

13495

13660

T2I92

44.L

40.2

102.0t

103.6t

92.3+

fireans of 2 trials
Buffer 0.1M phospürate, pH 7.0, 0.02å NaIü3

S.A. Fracbipn A = 13170 d¡xr/rng drlz weight
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TABLE }Oü

sortrBltrzATroN oF RÐIJcED Ar{D 7ar.I{ytarED (r4c.lo¡oeæ,¡ïc AcrD)
FRAqTTON G Är 23O F'OR 24 h

FRACTION G
TN

ÀCTNæTY TN ST]PERIüATÄI\TI
(dpnr'ng Fraction G)

z
COU}üIS DTSSOL\M

Buffer

Buffer + 0.lB SDS

Buffer + I.0A SDS

Buffer + 5.0å SDS

Buffer + 8M Urea

7848

]Is32

17424

TLg47

TO7L7

62.I

91" 3

90.9 t
92.6 t
84.7 +

f neans of 2 trials
Buffer O.IM phosphate, pH 7.0, 0.02A NaN3

S.A. Fraction G = 12630 dgry'lrg drlz weight
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TABT,E >CfiT

RrcO\MY OF REUrcED AND AIJî¿LATED FRACTIoNS A AND G UPoN

SOLUBTLIZATTON TN o.ITl PHOSPIaTE BIJFIR,, o.o2% NaN3

5.0? SDS, pH 7.0 at 37o FOR 48 h

ï¡VüRY PRO{IEIN pg/rry DRy T/rEIGrr
OF REDUCED AND ÃLTñTLATÐ FRACTTONS

BEFORE SUPERIATÄNI PE¿ET eoSDS AHTS1. A'.TERTREAIÌ4EIfI SDS SDS RæO\¡41y

i Fraction A 612 623.L 8.9 103.2

] rraction G æz 5æ.1 24.4 86.6

r: -:-:-r:
i: : ::i r' .1
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TÃBLE )OCTT

COMPONENIS OF FRACTTONS A A}iD G A¡TER TREATMEIOT BY

REDUgrroN' ALK:¿[l[rroN A]ID EXtRAgrroN vETTr O.rM pHospIArE BUFFER,

0.022 Nat{3r 5.0A SDS, pH 7.0 at 37o for 4g h

ug per mg assayed (Ic!,zV) protein

Glycine Aspa:tate Glutanate Hydro>qproline rtre:<ose

Fraction A
Before Treaûrent I7.2 34.0 34.3 4.0 12g.O
Solt¡lcilized by
TreaUrent

:

!7 .2 39 .2 38. O 1.1 19s i

Insoluble After ''
Treatment t 63.1 ]:g.Z 3g.5 

'

Fraction G 
:

Before Treatrrent Ig.7 32.g 35.9 6.5 66.I
So}-rlcilized by :.

Treatnent, L5.7 34.g 37.3 2.6 ,,5 : ,'.,,,,, '
InSOlUl¡le Aftef r',..,,,,i

r':--i.':ì--:-:
TreatnenÈ t 69.4 13.g 2g.S ,.::.:':::':

I The aru¡u:ts of rnatenial insoh:ble after treaûrent were too snral-r to conpletethe hydro>rlproline and he:<ose assays.
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TABTE }OfiV

ÃT,T]¡þ ÄC]D COTUPOSITTON OF ÐS SOLUBLE, REDTEED & ALI(YT,ATED A AI{D G

RESTDìIES PM. 1OOO RES]DI'ES

AMTNO AC]D SING,E SAMPI,E

A
S]NGJE SAI4PLE

G

Lys

rtis
Arg

S-ûnc f
Asp

Thr

Ser

Glu

crv
Ala
V¿1

Met

Isoleu
I¡err

Tl¡r

Phe

Asp/cIu

46

18

54

5

131

55

76

115

I02
73

63

36

85

28

54

1.14

48

T7

50

13

118

54

67

LT4

94

77

57

36

78

29

43

1.04

t Tlre s-clnc varues represent the sr¡n of ttre s-carbo>qanetlrylcysterne andcysteine residr:es in t¡re inoonpletert 
"ji"/;Iäa =rrrpr"".
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TABLE )O(V

ÐCIRACTTON OF @]COSAMINO@ICA}ü UMNIC ACID

FROM A ÃI\]D G BY 4.OM GUÄ}üJDTNE ÌTCI

GrdrclJRoNrc AcrD (ug)

Before
Extraction

After
Exbraction

Supernatant pe1let

ZZ
Reecvery Ectractèd

Fracbion A

Fracbion G

39.4

2r.2

22.4

12.0

100.8

96.4

56.8

56.6

77.3

8..,4

r::-:'-. r..'-

' - '.j"..: '.: :



TABT,E )O(\Æ

Ð(TRACTION OF C¿ICOSAI4INOGL]CAI{ IIRONIC ACID

FROM A Ai\]D G BY O.sM SODTTI¡4 AGrÄIE

GLUCURONTC ACID (ug)

Before
Þrtraction

After
Extraction

Supernatarrt Pe1let

z
ÞcbrasEed

Frastion A

Fraction G

101.8

70.1

31.5

24.5

N.D.

N.D.

30.6

34.9

N.D. - not determined



Step I

Supernatant
(oiscard)

Step

Supernatant
(Discard)

Loose Pel_l_et

2 but usinq

t-eË Supernatant (Discard)

Resuspend in 10 ml water
Centrifuge (30 g x 30 sec)

Step 3

Repeat 4x

Remove white upper layer
of pelIet with syringe

Fr. A

Suspend in 23 mI buffer containincJ 20U
ColJ-agenase; incubate at 37ofor I h withgentle shaking.
Cenl-rifuge digest (3I,000 xgxl0min)

PelIet

Repeat Step J- three times

Pellet

10 ml water
x 30 sec) |

Resuspend in

Opaque Supernatant

Pooled Opaque Supernatant
Centrifuge (27 1000 x g x 20 rni.
Remove clear supernatant with
syringe. Resuspend pel1et in
L0 ml water, using a glass roc

Yellowish, sticky
bottom layer

Fr" G

-IOB_

Fiqure 1

Procedure

Fr. 2

Centrifuge (30 g

Fractíon 1 (2OO ne)

Repeat Steps 1,
40U collagenase



Figure 2

Proccclure

-109-

Fraction I (2OO nC)

Suspend ín 20 ml buffer,
íncubate at 37o f.or 24 h

containj.ng 80U collagenase;
with gentle shakingStep 1

Centrifuge Digest

Loose Pellet

Repeat Step 2

Repeat Step I (usually once) by
addition of more collagenase
(80U/2nI buffer)

331000 - 461000 x g x 2 h

Opaque upernatant

Suspend in l0 mls HrO

Centrifuge30xgx30sec

Opaque Supernatant

Pooled Opaque Supernatant

Fractionate as
described in procedur<
(step 3) tl

Step 2

Fr. 2

Supernatant
(oiscard)
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,Figure 3

Opaque Supernatant frcrn Procdure 5

before ivater washing. Spun at

27,000 - 351000 x g x 20 min"

Fign:re 4

@ague Sr4:ernatant frcrn Procedure

after water wasLr-ing. Spun at

27 fi00- 35,000 x g x 20 nün"

Fraction A - iþper v¡hite layer

Fraction G - Lcniver yellcnu layer
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Figure 5

Opaque Supernatant from Procedure 5

after water washing" Spi:n at

27 tOO} - 351000 x g x 20 min"

Fraction A - Upper wh-ite layer

Fraction G - I-ower yellcnø layer

Figure 6

Insoluble layers ( A and G ) j¡r the

collagenasedigestion buffer" Spun at

27,000 - 35,000 x g x 20 min"
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a-Tube top
+Meniscus

35.5

Iight spots from
tube bottom

g CsCl
per l0Og
solution

Figure 7

Bands formed by centrifuging Fractions A or G in CsCl-
â

solutions for 2.1_ x 10 x ga' x h. The two spots at
the bottom of each tube are due to reflections from

the lamps d.uringr photography.

Two*-
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Figure 11

Cellulose Pollacetate Electrophoresis i¡r 0"3M Cr-rpric
Acetate of 0.02N NaOH Soluble Fractions A and G

Fraction G

Fraction A

Standard chondroitin-4-sulfate

Standard hya}:ronic acid, heparan sulfate
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"";l;: 
I

C YTOC HROME C

o.t0

A
2AO

o.05

Figure 12

GeI d¡ronratographlz on Sephadex G-200 of reduced

or G in 0.lM phosphate , pH 7.0 containing 0.022
nM ß-Me. 4.3 ml fractions were collected.

A

3

and alJqzlated

NaN, r 1.0U SDS,

o-----o A (0.9 mg protein)

o o c (1.6ryproteì¡r)

ozgo h* been corrected for thre absorbance of the er-uant.

FRACTION NU MBER
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Cytochromc

I

I
t\-av\
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o,t
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t
o
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I
t

o- -o b--o-- o

t0

Froction Number

Figure 13

GeI drrcnratographlz on Sephadex G-200 of reduced and alJqzlated

A (0.92 r'.r¡ protein) in O"J-ùt phosphate, pFI 7.0 containing O.O2Z

**a , 1.02 sDS, 3 nwt ß-¡¡e. 4.3 mr fractions were corrected..

CP.M have been corrected for tre baclcgror:nd.

Peak I = Fractions 14 - 19 i¡rch:sive

Peak II = Fractions 20 - 25 inclusive

Peak IIf = Fractions 26 - 32 inclusive
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l2

lt
to

9

I
7

6

5

Gel chronetography on sephadex G-200 of reduced and a]þzlated
G (2'r0 ng protein) in 0.114 phosphate , pH 7.0 containing 0.02?
NaNa r 1.0å SDS , 3 Ítv1 ß-¡æ. 4.3 ml fractions were coll_ected.
CPM have been q¡rrected for the bacJcgror:nd.

Peal< f = Frastions 12 - 19 inclusive
Peak ff = Fractions ZO - 25 inclusive
Peak IfI = Fractions 26 - 33 i_ncLusive

B lucDcxl¡on

I

Cylochromc c

I

CPM
x l0-2

3

2

I

Froclion Number

Fign:re 14
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Dc¡l ron Bluc Cylochromc c

I

CPM
x lo-2

t
Iq

\\
¡
I

b\

t
t
,
,
t

Â,

iï.' tr
i i\
!ior!l '.

tl
l,åÁ¡

o

Figure 15 Froction Number

Gel chrcrnatography on seIùradex c,-200 of peak r in Figr:re 13.

4.3 ml fractions v¡ere c.olrecbed and tl¡e cprn correcbed for
bacj<grround.

tr ---tr Ri:nningbuffer: 0.1M phosplnte, pH 7.0 containìng

0.02e" NaN3r 1.0? SDS, 3rò4 ß-ME.

O.O0$4 Tris, 0.039 glycine,

pH 8.3 aontaining 0.022 NaN3,

0.18 SDS, 3 rt{ ß-ME.

v- - - -v Running buffer:

\
'. q'.

\- ì-ì- 'o--o__o-_o_ìE_._6
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Eluc

Figure 16

Ge1 chrcrnatography on sephadex e.2oo of peak ïr i,' Figrure 13.
4'3 ml fractions were collected and tlre c¡)m corrected for backgrround.

o-----o Runninq buffer: o.lM phosphate, F{ 7.0 containing

0.022 NaN", 1.0? SDS, 3npt ß-¡,m.J'

Cyloch¡omc c

I
I

'i"

troclion Numbe¡



Figure 17
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SDS GM, HJECTROPIÐRESIS ACCORD]I.JG TO PROCEDURE A OF

REDUCED AND ALKYLATM A OR G AND OF ÐV]NE SRUM

ALBI,MII\, CÃ/ALBUMTN AND I,lIAr,E MYæIOBTN SIANDARDS

BSA

Ovalbunin

Myoglobirr

I Standards

2 FracLion A

3 Fraction G

L,2, & 3 were on 5% polyacrylamide irl 0"1% ÐS



Figure 18
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SDS DT.SC Gffi, M,rcTROPHORESIS ACCORD]iVG TO PROCÐURE B

OF REDI.CED AND A],KYT,NTED A OR G AND SIANDARDS

Apoferritin

BSA

Ovalbunirr

Myoglobìn

L,4,7

2,

3,
5rB
6' 9

3
6
9

56

Standards: apoferritjx, bovine serum albrnnjrr, ovalbìlnjrr¡
whale nrlzoglobin

Fraction A
Frasbion G

were on 5.0% polyaoazlamide jrr 0"1% ÐS
hrere on 3.753 polyacrylamide j-rr 0"1? SS
were on 2.5? polyacrlzlamide jn 0"1% ÐS

r, 2,
4, 5,
7, 8,



Figure 19
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POLNCRYI,AM]DE GADIEI{']' (2"5-279") Gffi, H,ffiROPTTORESIS OF

RÐUCÐ AI{D AT,KYLA1M FRASIIONS ACCORD]NG TO PROCÐURE C

2"52

27e"

Clrtochrcme c 5Ug

Fraction A
Fraction G

Peal< TII frcrn Fraction G

Clrtochrcrne c 5Ug

in Figure 12

i:ì:
i:¡
ì:tl
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SDS
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DTSC GEL ELECTROÞHORESTS OF REDUCED AND ALKYLATED
A OR G AND OF OVALBUMIN PLUS CYTOCHROME c STANDARDS

Figure

l, 1o
2, LI
3, L2

4, L3
5, L4
6, f5
7, L6
8, L7
9r 18

,l . r .:'r
..:'.ìr...'ìi -r::ì . i

:,.11¡:,.,*:f :::::-iì-:::lW

L

1..

I

l:

1..r:.. .::. j: I ..

',ì:..1ì.,. ìi .. .

:1, ,2

The applied samples were
containing 1.0% SDS

fn the Standard gels the
cytochrome c

I0 11 12 13 i4
in 1.0% SDS

on 8% pofyacrylamide

on l0% polyacryfamide

on I2z polyacrylamide

in 0.062M Tris-HCf

band is ovafbumin

15 t-6 17 .18

buffer (pH 6.7)

and. the l-ower

in 0.1-% SDS

Fraction G

Fraction A
Standards

Fraction G

Fraction A

Standards

Fraction G

Fraction A
Standard s

dissol-ved

upper dark







Figure 23
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SDS (1.0%) 5M UREA DÏSC,GEL ELECTROPHORESTS
REDUCED AND ALKYLATED A OR G AND OF

OVALBUMTN PLUS CYTOCHROME C STANDARDS

':ii:a:\¡r

.. : l'.,. ,

OF

ì,:::1: ..1

..::.ì.:iì, ì:lW
::t..', i W

:.: ;r r.i

,l:: iËgñCÈ$g.*ti!9*

.A
L¿J¿å q

1 Standard
2 Fraction
3 Fraction

4 standard
5 Fraction
6 Fraction

7 standard
B Fraction
9 Fraction

The applied samples were dissolved
containing 1.0% SDS

The running gels contained 5M urea

ïn the standard gels the upper dark
cytochrome c

,+,.,. "d::::.-.¡;,,.¡1¡13r

on 12% polyacrylamide

on f0% polyacrylamide

on 8% polyacrylamide

in 0.062M Tris-HCl buffer (pH 6.7)

A
(:

A
\t

A

)

)

)

)

)

)

)

)

)

band is ovalbumin and the lower



Figure 24
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SDS (0.1?) D]SC GEL ELECTROPHORESTS OF PEAKS

TTT FROM REDUCED AND ALKYLATED A AND OF OVALBUMTN

PLUS CYTOCHROME C STANDARDS

ï&

., ,:: ,i.: ..r-ì:iaì.:ììr:. l

it
il

.:: t.i ì::.:l[ iii.:ì:i):]
: 

ji : ::i:l¡ì... ::ri.::ì

r.ìftÌ.È
ir t::.ì!Èil.:::,:::::..1
. :: :,, ; ì1.:: 

..1 il :

.,: ,.:,,.ìi,:',1ì:
',- rr.li.:ri,:l
..r :t:-ìlt:.:.ji,:ìl

:21:3::

W
É'

I Standard
2 Peak T

3 Peak TII

4 Standard
5 PeaK l.
6 Peak III

7 Standard
I Peak I
9 Peak fÏf

on 12% polyacrylamide

on 10% polyacrylamid-e

on 8% polyacrylamide

Peaks I, III were dissolved in 0.062M Tris-HCt buffer (pH 6.7) containing
5% SDS; Standards were dissolved in 0.062M Tris-HCf buffer (pH 6.7)
containing 1.0% SDS

In the standard gels the upper dark band is ovalbumin and the lower
cytochrome c
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in 0.1% SDS

7, L2 Standard
8, 11 Peak II Fraction
9, 10 Peak II Fraction

4, L5 Standard
5, 14 Peak IT Fraction
6, 13 Peak II Fraction
1, 18 Stand.ard
2, L7 Peak If Fraction
3, 16 Peak fT Fraction

A
\J

A
u

Peaks II were dissolved in 0"062M Tris-HCl
SDS; Standards were dissolved in 0.062M
containing 1"0% SDS

fn the standard gels the upper dark band is
cytochrome c

buffer (pll 6.7) containing
Tris-HCl buffer (pH 6.7)

ovalbumin and the lower

A
G

in 1"0% SDS

on 8% polyacrylamide

on 10% polyacrylamide

on I2"< polyacrylamide

tro-
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SDS (0.1%) DTSC GEL ELECTROPHORESTS OF PEAK T

FROM REDUCED AND ALKYLATED G AND

OVALBUM]N PLUS CYTOCHROME c STANDARDS

l_

2

J
4
tr
J

6

Standard
Standard
Standard
Peak ï Fracti-on G

Peak I Fraction G

Peak T Fraction G

on 8Z polycarylamide
on 10% polyacrylamide
on L2% polyacrylamide

on 8% polyacrylamide
on 102 polyacrylamide
on 12% polyacrylamide

Peak f was dissolved in 0.062M Tris-HCl buffer (pH 6.7) containing 5%

SDS; Stand.ards were dissolved in 0.062M Tris-HCl (pH 6"7) containing
1.0% SDS

fn the standard gels the upper dark band is ovalbumin and the lorver
cytochrome c
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Figure 27
SDS (O.T%) 5M UREA DTSC GEI ELECTROPHOR.ESÏS OF

SEPTADEX G_2OO PEAK f FROM REDUCED AND
ALKYLATED G AND OVALBUMTN PLUS

CYTOCHROME C STANDARDS

2 Standard
3 Peak I Fraction
5 Standard
b PeaK I .b'ractr_on

8 Standard
9 Peak I Fraction

12% polyacrylamide

l0% polyacrylamide

8% polycarylamide

on

on

Peak I was dissolved in 0.062M Tris-HCf buffer (pH 6.7) containing 5%

SDS; Stand.ards were dissolved in 0.062M Tris-HCl (plt 6.7) containíng
lU SDS

fn the stand.ard gels (2, 5, 8) upper dark band is ovalbumin and the
lower cytochrome c
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(1.0%) DISC GEL ELECTROPHORES]S OF PEAK T FROM

REDUCED AND AIKYI,ATED G AND OVALBUM]N

PLUS CYTOCHROME C STANDARDS
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l- Standard
2 Peak I Fraction
3 Peak I Fraction

4 Standards
5 Peak I Fraction
6 Peak I Fraction

7 Standard
8 Peak I Fraction
9 Peak I Fraction

u

the standard gels the upper dark band
cytochrome c

gels 2, 5, I Peak I was dissol-ved in
containing 5? SDS

qels 3, 6, 9 Peak T was dissol-ved in
containing 5% SDS and. heated to 100o

on L2% polycarylamide

on 10% polyacrylamide

on 8% polyacrylamide

is ovafbumin and the

0 " 062M Tris-FICI buf fer

0.062M Tris-HCf buffer
for 3 min

u
(J

Lr

G

ïn

ln

l-ower

(pH 6.7)

(pu 6.7)
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(5.0%) DISC GEL ELECTROPHORESTS OF PEAK T FROM

REDUCED AND AIIWLATED G AND OVALBUMTN

PLUS CYTOCHROME C STANDARDS

'. :::al::-:¡¡\

.*.....

- u::: tlsw

141
L ,é J
. l, .r:'

I Standard
2 Peak I Fraction

3 Standard
4 PeaK I I'ractl_on

5 Standard
6 Peak f Fraction

Peak I was dissolved in 0.062M
Standards were dissoLved in
1o, ññõf-o ùUù

In the standard gels the upper
cytochrome c

on J.2?" polyacrylamide

on 10% polyacrylamide

on 8% polyacrylanide

Tris-HCf buffer
0.062M Tris-Hcl

(ptt 6.7) containing 5% SDS;
buffer (pH 6.7) containing

dark band is ovalbumin and the Lower



Figure 30

Peak ITI was dissolved
5% SDS; Standard was
containing 1"0% SDS

in 0"062M Tris-HCl buffer (pH 6.7) containing
dissolved in 0.062M Tris-HCl buffer (ptt 6.7)

SDS (0.1%) DTSC GEL ELECTROPHOR.ESIS OF PEAK TTT FROM

REDUCED AND ALKYLATED G AND CYTOCHROME c STANDARD

I
2

3

Standard
Standard
Standard

Peak III
Peak IIf
Peak ITf

8% polyacrylamide
10% polyacrylamide
12% polyacrylamide

88 polyacrylamide
10% polyacrylamide
12% polycarylamide

4
5
6
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Fraction G

Fraction G

Fraction G

on
on
on

on
on
on







Figure 33

(a) Fraction A
(b) Fraction G

(c) Frastion G

Fraction A
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SC}II]REN] PATIMNS OETA]NED FOR FRACTIONS A ÄND G

(q)

2"36rn/m1 in 0.1? S)S (5=3"03)

2"77tttg/ní jrr 0.1% SDS (F2"91)
(upper) 0"83n9/m1 j.rl o.t? ÐS (F2"69)
(Icx¡ver) 0"83n8/m1 j¡r 0"14 ÐS (F1"43)
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Fiqi]Te 34 I,rcTRON MICROGAPITS OF INSOIÜBLE ÇAT{ITI,AGE FRACTIONS

(a,b) ltaction 1, wittr Pte; (c,d) Fracbion l, witlr Alcian + PIA

(a,c) x 26,700i (b,d) x 95,600

(c) (d)
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!(b)

Figure 35 m,æTRON MICROæAPIIS OF II\SOLUBLE CARTILAGE FRACTIONS

(a) Fracbion 1, with lead acetate; (b) ¡'raction 1, with ruthenir¡n red

(c) Fraction 1, with lead hlzlroxide; (d) Fraction 1 + proteoglycan,

wittr alcian + PTA" (a,b"d) x 26,700i (c) x 95,600
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Figure 36 Fn,FgrRON MICROGAPHS OF INSOLUBLE CARTIIÂGE FRAæIONS

(a) FracLion A, with alcian * I{IA x 26,700

(b) FracLion A, with alcian + PTA x 95,600

,þ), (a)
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Figt'Te 37 fl,rcTRON }4ICROGRAP}TS OF ]]{SOLURT,E CARTITAGE FRACTIONS

(ar.b) Fracti.on G, with alcian + PTA; (c) FractÌon G, with

lead acetate; (d) Fraction G, with rutheniun red

(a) x 26,700; (b,c,d) x 95,600

(a)

(d)(c)
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