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ABSTRACT
'Proteodermatan sulphate, a small proteoglycan beanng a single dermatan sulphate stde chain,
"was extracted from bovine sltm in TM urea, and purlf ied by ion-exchange and gel filtration
“,chromatography The mtact molecule and protein core prepasations derrved from the molecule
‘ by deglycosylatron usmg chondromnase ABC B- eltmrnatton/sulphlte addmon or anhydrous
hydrogen ﬂuortde were subjected 10 amino acid sequencmg The scquence data obtained rom
* the amino-terminal regron of the various cores tndtcated the attachment of an O-lihked

substrtuent thought tobea glycosammoglycan at residue 4. The suhsequent work of Chopra

. etal (Chopra RK., Pearson C.H., Prmgle G A., Fackre, D.S. & Scott, P.G. (1985) L

Biochem. J. 231, 271-279) confirmed this. ‘ .
Cleavage with cy‘anogen bromide produced 5 discrete peptides.of which 3 were
4 sequenced throughoutAand 2 were sub‘-.f ragmented with trypsin or Staphylococcus aureus V8 . |
protease in order to obtain ‘their complete sequences The peptides produced by these cleayage '
' methods were separated by gel filtration and reverse - phase chromatography using volatile
buffers. Sodlum dodp lsulphate polyacrylamide gel electrophoresis was used to assess the n
homogeneity ol“ the larger peptides and two-dimensional thm layer electrophoresrs/thm layer

, chromatography for the smaller peptides. Overlapping sequence data f rom the various sets of

pepudes along WILh mformauon obtamed from rmmunoblotung the peptrdes with monoclonal

"\
-

antrbodres rarsed agamst proteodermatan sulphate was used in. the orderrng of the pepudes
, correspondmg to the sequence of the first 214 residues of the molecule Prelrminary : ‘

» information was obtameg regardrng the site of attachment of orie of the olrgosaechande

N

' srde chains and two ol‘ the three drsulphrde bndges in the molecule
Predrcuons of secondary structure and hydropathy were made based On the sequence

- and are dtscussed In a search f or regrons of homology wlth other protems that had prevrously "

N I8

. been sequenwd the sequence of proteodermatan sulphate /was compared to the sequences m a
. computer data bank No srgmf icant homologres were recogmsed but, the parucularly close k
' homology 1dennl' ied with the recently reported sequenee dedueed f rom eomplementary DNA

K

“of a proteoglyam from human f rbroblast cultures is prscussed

! @ B
N
.

."’n. . J
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1. INTRODUCTION

1.1 Connective Tissve - | N o
1fby some magic solution one could dissolve all the connective tissue of the body, all that
would remain would be a mass of slimy epltﬁellum, qulvering‘muscle an?l frustrated nerve cells.

(Arcadi, 1952).

The connective tissues, which comprise cellular and fibrous components eml;edded' in
an amorphous ground substance, provide the supporting and eonnecting f tarneworlf for all the

”

other tissues c;f the body‘(cpitlielia','vnerves and muscle). The connective tissues includ_e L
ligaments, tendons, ascia, bone, dentine, onrtilage: joint captmles, the sub-epithelial portions
of the skln the vitreous l)ody intervertebral discs, umbilical cord and elements of the heart
valves aorta and smaller blood vessels. The indigenous cells of the connectxve tissues mclude :

f ibroblasts, osteoblasts, chondroblasts macrophages and mast cells. These cells produoe the

. bulk of the extracellular matenal of connective tissues but epithelial cells may make some

contribqtion. ' . . .
Connective tissuE:s are characterised by a high proportio'n of extraoellular material with
. resmct to the number of cells. ‘There is a great vanety in the relative amounts and dxf ferent

‘ types of matnx macromolecules and in the orgamsauon of those molecules thhm thé
extrneellular matnx. These variations are related to’ the f unctlon of the tissue. Thus. tlle
rnati'ix'lcan provlde the l‘lard"vsu‘bstance of bones, the resilience of cam‘lage the tensile strength
.of tendons or the transparency of the cornea. (Alberts et aI 1983; Goldberg & Rabinovitch,

1983)

1.2 Flbrons Components of the Connective Tissue Matrix
The oollagen and elastic fi bresewhxch confer, respectxvely. the tensnle strength and recml

abtllty inherent in vanous oonnecnve tissues consist of large, msoluble CTOSs- hnked

/

.vl L : ' ) /',r o ‘



1.2.1 Collagen

To date, eleven lypes of collagen have been rcoognised and char;cteﬁsod to valr‘yi'n§ '
extents (see Talulc 1)." To the limit of current knowledge, all of these collagen types conf orrn t
the definition that moy contain sizeable domains exhioiting l@ical collagen f olding, and that
_ they form extracellular sup'r‘arnolecular aggregatcs vl/hose prinoipal function is suppon (Millcr.
'1985).
| Collagen ll/pes I, Il and lll' are collcclively known as the interstitial collagcns Thcy ’
function as large polymcnc f ibrils- of 10 300nm dlameter or as larger f lbrcs of up to several ym
diameter, Though composed of dxf ferent gene products lhe biosynthesisgand f |bnllogcne31s of
these molecules 1S<cssenually the same. (Miller, 1?85). More inf ormnuon is available ‘
conce‘ming' type 1 collagen than any ‘of the other collagen. iypes.becausc 90% of all collagen is
type 1. This molecule is theref ore .c_onsidered 10 be a benchmark to which the other collagens

N

are compared,

1.2.1.1 Biosynthesis of type I collagen

Type I collagen is a hclcrotlimcnc molocule comprising two identical al(l) and one
a2(I) chains. The three protem chams are symhesxsed as pro-a chains whlch compnsc the
mature protein thh a carboxy tcrmmal propepude extensnon and ammo termmal sngnal
peptide and propepude extensxons (Monson et al., 1975) Thc amino acid sequence of the

mature protein is of the following form.

(GyXY), T

| (Hofmann Fnetz.ek & Knhn 1978) Prolmc and hydroxyprohne form 23% of the molecule
(hydroxyprohne is almost enurcly mtncted to the "Y" j)osmon Highbcrgcr et al 1982)
Tlme 1mmo ac:ds impose rotauonal restrictions on the polypepudcs and thus dlrect the'
left- handed helical conformauon of the a- chams (Cowan & McGavm 1955). The |

- ~hydroxylation of some of the proline and lysmc rcsldu&s and the subsequent glycosylatlon |

(Hydroxylysme Galactose [Glucose]) of some of the hydroxylysme resnduu occur
o @ ;
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 TABLE 1 ‘
THE COLLAGENS ‘~
Type ) Chain Myr . Molecular species ' Form of aggregates Major source
1 9k [al(Dha2(l) Q- " Fibres o " Virally sll
' ‘ [al{D)}), ' ' o connective tissues .
no 95K - [al(I)}y ' Fibres-Fibrils " Hyaline cartilage
mo 95-110K  [al(ID)}, Reticular Networks " Distensible
o g connective tissues
v 170-185K . [aX(IV)]:a2(IV) . Open—mesh-like nggrcga(es + Basement
' A ; of membranes
{al(1V)} . basement . membranes :
. la2(1V)), .
‘ -RC(IV) - P ‘
v 130-500)( A‘[al(V)],a2(V) . . Aggregates of - unknown Virtually all - .
[«l{V)), ‘ structure’ in  pericellular and connective tissues

(alv), a2(V). a3(V)) perifibrillar zones

VI 140-240K  Chains: al(VI), @2(VI). - Microfibrillar clements . Placental vill
_ B ad(Vi) C '
vl © >0k {al(vVID), T ‘ ‘ Placental

: ) ‘ ' . ‘ ' membranes.
Vil 100-180K 7 : S . . Endothelial cells
IX 85K ? ‘ o Aggregates of unknown _ Hyaline cartilage

structure in chondrocyte
lacunar rcgiohs

X . " 89K ? “ . ) Aggregates of unknown Hyaline cartilage
) ' structure in zones of ' 4
hypertrophying chondrocytes

r

Xt ? Chains: la, 2a, 3a Aggregates 6!‘ unknewn Hyaline enrtil&ge K
‘ ' -+ structure in chondrocyte
lacunax zones

. adapted 'from Miller (1985) -

o post- mnslationally (Gallop & Paz 1975) stulphxde bondmg of the C termmal
- . propeptides of the three a-chaxns (Byers etal, 1975) bnngs them into xegxster and |
| promotes the formation of the nght handed triple hehx wlnch is stabihsed only by “
| non -eovalent mteractions (Kivirikko & Myllyla 1984) The glycme at evcry thnd resndue ! i
' of the sequence is eeeential as only tlns residue is small enough to occupy the posmon on

'@ .

theinsxdeofthetriplehelix (Bomstem&Traub 1979) IR



A On secretion {rom the cell the oropeptides are cleayed by procollagen peptidases '
prodhcing the mature triplq—helical collagen molecul'e which is 300nm long and 1.5nm in |
diameter and which comp'rises three e-chains of 95,000 dalton (approximately 1050 alni_no ‘
" acid residues) each The cleavage of the propcptldes leaves shorl non- triple helical
.regxons known as the telopepttdes at both the N- (16 resndues in. bovme al(l)) and C-
(26 residues in bovme al(l)) lermlnl of thé molecule (Davidson et al., 1977; Kivirikko &
Myllyla, 1984; M:ller 1984) In addmon to their f uncuon in bringing the three a-chains

into register, the. propepudes prevent the intracellular [ ormauon of collagen { ibrils

‘(Bornstem ‘& Traub, 1979).

1.2.1.2 Fnbnllogenesns of type l collagen
On cleavage of the propeptldcs the molecules aggregate to {orm fibrils and

subsequently, fibres. When slamed and observed under the electron microscope the fibrils
exhlbll a pattem of striations at 67nm (ref erred to as D ) intervals. Adjacem molecules
wnthm the f lhnl have been shown to be dlsplawd by that dtstanoe axlally lndmdual
collagen molecules are 4.4D in length and are arranged in the f lbnl with a gap of 0.6D'
between the N- and C-termini of successive molecules (Petruska & Hodge, 1964). This
a'rrangement‘_tnaximises the non-covalent interactions.(electrostatic. hydrophobic) between
gntino acid side chains on adjacent molecules (Hulmes et al.‘, 1973, Hof" rnan. Fiezek &
Kohn, 1978) L s

| The fonnauon of these fibrils appéars to be inherent in the structure of the
molecule (Cassel 1966) as fi 1pnls will f orm in vitro . Many studies have considered the
tnteractnon of small dermatan sulphate proteoglyeans w1th the surface of collagen fi tbnls
(Scott 1980 Seott & Halgh 1985 ScOtt et al., 1986 Scott &. Hughes 1986) and. the relat:ve
amounts of this' proteoglyean in relauon to the diameter of collagen f lbrlls (thlard et al
1977 Scott & Hughes 1986) The proteoglyean has | been shown to be present in greater
‘amounts per unit weight of eollagen, when the oollagen isin the form of thin l‘ibrils (Seott ‘
o aI 1981) and has been shown to assoc:ate speetfmlly wlth the d band of the bollagen

fi 1bnl of ten f ormmg penf ibrillar hoops of filamentous proz_englmn(,Smn&._Qx[oxd.

(s R . : . o I
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1981) Though the mectranism is not undersﬁod it has been Suggested that this,

proteoglymn may be mvolved in the regulauon of oollagen fibrillogenesis. Some. control of
~ the artangement of eollagen fibres has also been suggested posstbly mvolvmg the"
onentatmn of the cytoskcleton of the secretory cell, to explain the orgamsatJon of such
 different forms as the lnterwoven f lbres in skin, the parallel arrangement in tendon and the
almoét crystalline arrangement in cornea (Goldberg & thinovitch 1983) A bettef’*
understandmg of the control- of. these prooesses awatts a better understanding ol‘ the
mteracnons of colixken with cells and other macromolecules. A " (

Covalent cross lmks form within and between molecules in the fibrils, The ‘
e-amino groups of certain lysine and hydroxylysine residues; mostly within thé -
telopeptndes (Miller, 1984). are converted to gldehydes by the extracellular,
oopper-dependent enzyme, lysyl oxidase, When such aldehydes and the €-amino groups of
other lysines are brought together in the fibril, the cross-links form non;enzymically. The
extent of cross- hnkmg vanes dependent on the f unctton of the ussue with more

~ cross-links formed where greater tensile strength is requlred (Piez, 1968; Gallop & Paz,

1975). '

1.2.1,3 Turnover of the interstitihl ot)llagens ‘
At physiological pH and temperature the tnple hehx is rectstant to most tissue
proteases Dunng growth remodelhng. inflammatnon and repatr there is consnderable
degradation of oollagen The anifal oollagenases are enzymes with specxf ic affinity for
native lnterstitial eollagens whxch catalyse-a smgle cleavage at a site. 7Snm f: Tom the
C termmus of all threechams of the molecule The fragments thus produwd adopt a-
random eoil oonformatton and are then suseepttble to degradauon by neutral proteases

(Gross & Nagat. 1965 Kang et al 1966)

12.14Theothereollagens ‘ A ' : (\
e | Types I and m eollagen have a relatxvely low content of hydroxylysine and - | ‘
' earbohydrate wheteas type Il has a relatnvely htgh eontent of both.. ’l‘ype Il has a lngher '



hydroxyprolme content. Types v amd \J also have hlgh hydroxylysme and carhohydrate
contents ( Bornstein & Txa.ub 1979). |

»

Of the mmor collagens type 1V is probably the best charactensed lt has been
’K‘.)uggested that type lV the ma ]or collagenous OOmponem of basement membrancs is t
deposited not as f ibrils but in the form of an open mesh-like network, Unhkethe
interstitial coll‘agens_ type 1V ‘undergoes very little‘if any extracellular proo&sing. 'Rotury.
‘ shaoowi'ng has shown moleeules ofl approximately 400nm in length ‘with a compact helical

end and a globular end, Multimers studied in the same system showed tetramers joineq at

‘the helical ehgls. This would be an apu\ropriate f orrn from which to assemble the mesh-like

network which is apparently the f unctiona orm of this molecule (Miller, 1985).

With the exception of the information ik Table 1. very litdle has been published '
g toncerning the other lesser collagens Of interest cccntly was a publication repprting that |
type I1X collagen has been shown to have covalentl bound chondroitin sulphate chains and

is thus also a proleoglycan (Bruckner et al., 1986).

© 1.2.2 Elastic Ftbres ‘

Elasuc f tbres are present in those tissues wmch requrre the abxlrty to recoil aftér .
transient stretchrng The fibres occur in varymg amounts (up to 50% of the dry wetght of
aona) and are arranged drf ferently in drf ferent tissues. Two thick conoentnc lammellae of

f tbres are found in artenec in contrast toa Bﬁﬂy fenestrated network in mesentery. f asciae and

14

 skin (Goldberg & Rabmovrtch 1983) R . L
’ The f rbres are made up of an amorphous substanoe surrounded by mrcrof ibrils. The

amorphous substance is the protem elastin, the main component of the fi tbnls F.lastrn -

| compnses approxrmately one thrrd glycme 11% proline and more than 40% hydrophbbrc

mxdues There is very little hydroxyproline and 1o hydroxylysme (Sage & Gray. 1979) The

individual molecules f unctton ina largely aperiodrc structure with desrnosine and tsodestnosine

crosslmks between chams oonnecting the elastin rnto filamentous and sheet like networks It is

thrs structure whrch oonfers the rubber hke elasucrty to the fibres (Aaron &Gosline 1981)



llagen fibres in the matrix limit the extent of stretching in order to prevent tearing,

Tropoclastin . the 7i 000 dalton precursor of elastin (Smilh Weissman & Carnes, 1968)

5

“ I"
)

’ig\secmcd from f ibroblasts by exocytosis mto the matrix where the formation of cross-links is

A

thﬁhqi by the copper reqmrmg enzyme, lysyl oxidasc (Siegel, 1979), which is also involved in
‘ l‘hc formation of the cross-h:lks of collagen, De enzyme catalyses the oxidative deamidation
of the «-amino groups of spexific lysyl residues producing allysine, Four allysine residues
condense to form the caft')“on.‘ana nitrogen ring structure of the desmosines, which could
therefore cross-link four ch'a'in‘g\: ‘uéually only two chains are thus linked (Rosenbloom, 1984),
" The elastin core of the ‘clabstic fibre is surrounded by microfibrils of 10-12nm diameter

some oftwhich aIS(; occur within the f ibre. The microfibrils are composed of a glycoprotein

“
compnsmg mamly hydroph:hc amino aqu\ a consndcrable number of half-cystines and
approximatcly 5% nculral sygar, Thcre is no hydroxyprolitie, desmosine ot isodesmosine (Ross

& Bornstcm. 1969). They may be observed prior to the secretion of the elastin and, it has been

suggested, may scrve to organise the elastin as it is secreted (Fahrenbach, Sandberg & Cleary,

1966). A /
| Pl

1.3 é}bﬁh’d Substance of the connective tissue matrix ﬂ
: The cellular and fibrous elements of the extracellular matrix ;ji‘i{nounded by an”®
. . ! I

apparently arflorphous hydrated gel called the ground substance. The géi’is maimair;ed by the
pmcncé of hyaluro;n'c acid arljd‘glyoooonj‘ugatcs {both proteoglycans And glycoproteins). The
ground substgnce'péinﬁ}s. and to some extent regulates, the diff usion of molecules passed by
the vascular filters (nutrients, salts, metabolites, horu;oncs) (Goldberg & Rabmovilch;1983;
Various components qf the grbund substance are also involved in associaitibns with other matrix
.and cellular componbnis’(§ce below).

+
[

1.3.1 Glycoproteins

'

he glyooproleins of the connective tissue matrix form a large heterogeneous class.

,J q‘“ “

They idl cxhiblt relanvely low solubllxty or msolubihty in aqueous buffers, a hxgh content of

R d ) :



acidic and aliphatic amino acids and a variable but relatively high comcﬁl of cysteine (Robert &
Moczar, 1982)., Fibroncclinvand laminin are the best characterised representatives of this
group, 'The amino acid composition of the link glycoprm‘cin involved in the stabilisation of the
large proteoglycan aggregates f ounr in cartilage, is similar to that for these glycoproteins
(Bonng;, Périn & Jolles, 1v978)_ The link glycopro;cin cauld be considered within this catcgc;ry
but wi;l be discussed below with the proteoglycan aggregate (Hascall, 1977) of which itisa -
component,

These glycoproteins, known as the structural glycoproteins, contain amounts of
carbohydrate of up to 15%, They associate with the other macromolecules of the matrix and .
with cell membranes and‘are involved in the ordered arrangement of these various components,
Fibronectin and laminin are the best characterised of the molecules in this group (see below),
Recently identified and as yet not well characterised are chondronectin, which is involved in
chondrocyte-collagen adhesion (chwi( et al,, 1980) . hyalurononectin, which binds hyaluronic

acid (Delphench & Halavent, 19815. and the sulphated basement membrane glycoprotein,

entactin (Carlin et al,, 1981), 1§

1.3.1.1 Fibronectin

Fibronectin is a glycoprotein comprising two similar subunit polypeptide chains of
about 220.000 daltons each, \'f'ﬁich are linked near their carboxy-terminal ends by a
disulphide bridge (Kurkinen, Vartio & Vaheri, 1980). In the connectivé tissue matrix an
insoluble form of f ibronect;n m‘ediatcs cell-matrix adhesion. A soluble form, formerly
called cold-insolulls globulin, occurs in the plasma, where it ple'xys an important role in the
formation of the haemostatic plug in the répatr of damaged blood vessels (Hynes &
Yamada, 1982).

The amino acid sequences of rat and human fibronectins have been deduced from
cDNA sequences and they suggest that the protein is the product of a gene which

. underwent substantial gene duplication during its evolution (Hirano et al., 1983). Domains

exist within each subunit of the molecule, which have sites that will bind to fibrin,

collagen, cells and heparin (Ruoslahti, Epgvall & Hayman, 1981). The molecule can



thcrcfolflprausc the attachment of any one of these 1o any ol'hcr, The binding site for the
cell surll ace has been identified as a sequence of four amino acids
(argininc~glycine~ésparlic acid-serine) within the fibronectin (Pierschbacher & Ruoslahti,
1?8'4). “Cell surlacé bound fibronectin interacts with the actin filaments insid}’ the cell and
the fibres of actin and fibronectin align with each other (Hynes & Yamada, 1982). This
ppenomcnon is thought to play a role in the organisation of collagen f{ibres in the matrix
through the ability of fibronectin to also bind to that molecule, A group of three
glycaproteins called the }40& complex is thought to be involved in this (rans~nI1cmbrane

interaction of fibronectin and actin (Chen et al,, 1985),

1.3.1.2 L.aminin ?

Laminin is a high molecular weight glycoprotein which is ;n abundant component
of almost every lbascmcntvmcmbranc in the.body, On reduc;ion w0 components are seen;
one of 200-220kDa and one of 400-440kDa (Timpl et al., 1979). Préliminary .cvidcnce
~ suggests that they are related but not identical in amino acid sequence. Electron .
microscopy shows a cruciform sm&um with one 75nm-long arm and three 35nm-long‘
arms (Engel et al,, 1981). The molecule binds heparin and is probably jnvolved as,an '
adhesive protein, bound to heparan sulphate proteoglycans in the basement membrane
(Sakashita, Engvall & Ruéslahti, 1980).
' il

1.3.2 Glycosaminoglycans

Glycosaminoglycans are linear pol&mcfs corpposed of repeated disaccharide units. The
disaccharide comprises a hexosamine, which is ﬁsuallj N-acetylated, and a uronic acid, except
in keratan sulphate which has galactose in place of uronic acid (see Fig. 1). With the exception
of hyaluronic ;cid the GAGs are sulphated and require a protein. a&cptqr for their biosynthesis
(Chakrabarti & Park, 1980). A protein with one or more glycosaminoglycan side chains,
attached covalently, is referred to as a proteoglycan. The linkage of the GAG chain to the
: pr_oteih core, is via a short, specialised linkage region which is different from the repeating
dxsacchmde region. ' | |



’
A
v

Fig. 1. Structures of the repeating disaccharide units of the glycosaminoglycans, The
heteropolymeric dermatan sulphate and heparan sulphate comprise varying amounts of the two
disaccharide units shown n denotes the number of disaccharide units in the chains.

GlcN Ac = N-acetyl glucosamine, GalNAc = N-acety! galactosamine; Gal = galactose;

GIcUA = glucuronic acid; /dUA = iduronic acid.

Adapted from Heinegird & Paulsson (1984).
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1.3.2,1 Hyaluronic Acid
Hyaluronic acid is a polymer consisting of lhe‘disaccharidc D-glucuronic

acid-N-acetylglucosamine repeated maray times. It is the only GAG whidh lS neither

sulphated nor covalently bound to protein to form a prolaogly’can. It is also the GAG with
' the largest polymer size (often several thousand sugar residués). The motecule is restricted

5y electrostatic ‘codstraims and steric factors, due to its high level o'!: hydration. This

" prevents the molecule from f‘olding tigmly and causes it to adopt an extended r‘andox'ﬁ coi%
: / conformation which occupies a huge volume relative to its mass. ‘As wilf\ thd other GAG
chains, hyalurongc acid is highly hydrophilic and attracts a large volume of water f orming a’
hydrated gel. This imparts a turgor'on the tissue which resisls compressiye f orces
(Chakrabarti & Park. 1980) Itis believed that such gels have a role in the facilitation of .
cell migration through tissues, dunng development or wound repair, in that they form
"channels through which movement is easier (Alberts et al., 1983).

Hyaluronic acid is also:involved as-a core on which proteoglycans assemble to form

very large aggregates (see proteoglycan section).

1.3.2.2 Chondroilin sulphate
| Chondroitin 4-sulphate and chondroitin 6-sulphate differ only in the posiu'dn at

which the ester sulpﬁate group is auachcd to the galactosamine. The def ini{ions are not
absolute as various co-;:olymers exhibiting sulphatiop at both sites and over-sulphiated |

" forms with siflphated uronic acid gr'du'ps have also been reﬁbned (Suz:iki 1960; Liau'er al.,
1978). Six different glycosyltransf erases and two sulphotransferases (speclf ic for the 4 and
6 positions) are involved in thc biosynthesis of chondroitin sulphate Xylosyl transf erase

f -catalyses the transfer of xylose f Tom UDP -xylose to the aoceptor serine rcsndue of thc
protem core. There appears to be a reqmrcment for a glycme residue at the posnion

‘ mrbox;-tcrmmal to the lmkagc serine (Johnson & Baker 1973 lscmura etal., 1981).
Galactosyl transferasw I and 1 catalyse the addmon of two galactose residues to the
: 4

xylose. Transferase 1 adds to the xylosc Il adds to the first galactosc

Glucuronosyltransferase I then adds glucuromc acid to the second galactose. The repeaung

-~
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dtsaoch?ndes are thcn added by the altcmate actions of N-acetylgalactosaminyltransferase
and glucuronosyltransf erase I1 which add Nwacctylgalactosammc and glucuronic acid

’

respecttvcly Sulphation follows at least one step behmd chain clongauon (Rodén &

Horowitz, ,1978)

1323 Dcrmatan sulphatc

I
Dcrmatan sulphate is synthes:sed by the same, cnzym& responsnblc for the asscmbly -

of chondromn sulphatc but with-the additional action of an unique cptmcrase which
converts some of the. D-glucuromc acid to L-tduromc acid by inversion at C-5.' Sulphation
-then f ollows preventing re- eptmertsauon ‘which owould cause reversion'to D- glucuromc

acid (MalmstrOm 1984)
;1‘.3_.2.4. Heparin and heparan sutphé;te S -
. Hepann—and heparan sulphate are synthesised on dif’ ferent protein acceptors
- Heparin is generally more highly charged than hcparan sulphatc They can both contain
‘N-sulphate in place of N-acetyl groups on the glucosammc. This appears tobea:
prereqmsttc for the cptmensatxon of glucuromc acid to iduronic acid (in these
glyoosammoglycans though not in dermatan sulphate) and as heparm usually contams
" more N-sulphated glucosamme 1t also contams more 1duromc acid (50-90% of total
hcxuronatc) ( Hemegard & Paulsson 1984). These two glycosarnmoglycans serve very
different. £ uncnons hcparm has an—antwoagulant role whereas heparan sulphate
vproteoglyoans are mvolvod in gfomerular filtration and the attachment and spreadmg of

- cells on substrata.
: A .

- 1. 3 2 5 Kcratan sulphate
Like the complex ohgosaochandw of glycoprotems keratan sulphate has |

“ oligosaochande @anchw contams mannose and has stahc acid rwdues in non- reducmg

.termmal positions Two dtfferent linkages to protem have been 1dent1fxed Typelin .
oornea is hnked to aspaxagme through an N- glyoosidtc hnkage from N-aoetylglucosamine
Typc II, found in oarulage and other skeletal ussues ts lmked to senne or threomne

P
'\1



| 3 3 Proteoglycans L . |

L
vy AR . : ‘ 14

. ‘through an O-glycosidic Iinkage f ro‘m' N-aoctylgalactosaminc Both polysaocharidcs have |
|
the same rcpeaung dlsacchandc uml D- galactosyl -N- acetyl ~D- glucosammc (Rodén & f

I
'-\ 4 i

Horowntz 1978), o ‘ ’

Protcoglycans are glycgcon jugates compnsmg one or morgglycosammoglycan s:de
chains a;tachcd toa protcm or more of ten, a glycoorotem core (see Fig. 2). These molecules .
M.wcr.c originally dasSif ied depending upon tissue of origin; The GAG comoooen[s of l'hese !
molecules were characte;iscd first, and ihe protcoglycans have boeh\‘lhus sub;scquemly
: catcgonsed according 1o lhe type of GAG cham'auachcd to the moleculc (Poole 1986)
"Sufficient data are now avaﬂablc ta allow the modification of this GAG -based ¢lassifi ication
v‘,§4¥stem to 1ncorpora;e a consnderauon of amino acid sequence homology, (Hassell. Kimura &

W

Hascall, 1986') and imm:j};ological cross-reactivity (}"{cineg'é_rd. et al., 1985).

1.3.3;1 The pfoteoglyca\ns of cartilage
. The largc;“ag‘gre"gating proteoglycan of Icarlilage has been the subject of the 'mosi
investigation. Thxs molecule thch occurs in two ma]or forms of approximate M 1,300.
and 3, SOOkDa has a protein core of 200 300kDa wnh a globular domam of 60 -70kDa at
the‘ammo-termmus, whlch _encompasses a hyaluromc acid-bmdmg region (HABR), a sxtc
‘that interacts with' the link proteins, most of the 10-15 N- lmked ohgosacchandcs on the.
molecule, and few if any GAG chams(Hassell Kimura & Hascall 1986). The regxon of
.‘ the core carboxy-termmal 10 the globular domain of thc smaller, kcratan sulphatc-rich
proteoglymn is the 30kDa keratan sulphatc bmdmg rcglon where 60% or more of the 130
keratan sulphate chams are attach“ed Thc remamder of the molecule the chondroxun
sulphate-attachment rcglon comams the. majority of the approxlmately 100 chondroiun
su‘lphate chams the rest of the keratgn sulphate chains and several O linked |

‘.olxgosaochandw (Hcmegérd & Axclsson 1977; Hemegérd & Paulsson 1984; Lohmandcr et
al., 1980) ’ o

? “
( ¥'s
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Fxg 2. Tentative structures of proteoglycans. Models are shown for representatives of
the two major sub-populations of proteoglycan from carulage S .
Adapted from Heinegird & . Paulsson (1984) B :

<
e . A

.

This molecule f uncnons m mrtilage as’ extremely large aggregatw in wlnch some 50
monomers attach via the HABR to hyaluromc acid.. This non-covalent mteracuon is

stabllised by a lmk glycoprotem whxch bmds to the protcm oore of the proteoglycan v
monomer and to the hyaluromc acnd ’I'hree link protems of between 40 SOkDa havc been
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identified, though ‘only one is mvolved in the attachment of each monomer The
mteracnon of. the HABR and the link protem wrth hyaluromc acrd cach involves a
decasaccharide. of the hyaluronic acid, Amino acid sequencmg of the lmk protem and the
) HABR have shown regions of consrderable homology whrch itis suggested may be
involved in the bmdmg of both link protem and the protcoglycan to hyaluromc acid
(Neame et al 1985) Thrs proteoglymn aggregate whrch compnses 85-90% of the
proteoglycan of cartrlage appears. to contain more of a larger chondromn sulphate-rich
. monomer in young tisSue, whereas older cartilage contams more of a somewhat smaller
keratan sulphate rtch monomer (Hemegérd et al., 1983a; see Frg 2). The very hrgh chargek
density on these proteoglycan aggregates permits them to retain a Iarge amount of water
(30-50 trmes their dry weight; Hascall & Sajdera, 1970) ln cartilage this swelling is
limited bv the net\vor'k of collagen f; rbrrls. The swellrng pressure conf ers the resrlrence to
cartilage which permits the tissue to withstand repeated loading.
Some 10% of the proteoglycans are large but mcapable of f orming aggregates
(HemegArd & Hascall, 1979), and 2-3% are qurte small (Heinegird et al., 1981).. The small
, ‘proteoglycan from bovine nasal cartilage has a core protein, produced by digestion with
chondrortmase ABC, of M 45 000 wrth one or two chondroitin sulphate chains attached
Small proteoglycans from adult bovme arucular cartilage, which have dermatan sulphate B
side chams are drvrsrble into two rmmunologrcally dtstmct sub- populattons _They have
~-been separated by the tendency of one of the molecules (PG 1) to self -aggregate. Thc
» other proteoglyean PG- II electrophoreses*w:th an apparent M .of 90 000 120, 000 and has
an (ABC)core which produoes a doublet of M 43,000 and 47 000 in SDS PAGE

(Rosenberg et al 1985)

1 3 32 Hrstoncal tevrew of the oecurrenoe and structure of proteodermatan sulphate :.

Followrng a prehmmary report of the extractron ol' a dermatan sulphate protem
complex from bovrne heart valves with oold 6M urea (Toole & Lowther. 1965) Toole and o
Lowther reported the more ef f icient 1solat10n of the same eomplex f ollowmg extraction ol' |
). They observed that this

| heart valves wrth 6M uree at 60'C (Toole & Lowther, 1'

K]



complex precnpnatedtollagen f] 1bnls f rom soluuon and proposed that its primary

blologtml role may be in the £ ormation and onentauon of collagen fibres. Antonopoulos

et al (1974) introduced extracuon with 4M guamdlmum chloride, at 4C f ollowed by ion

| exchange chromatography on DEAE- oellulosc ‘With the mclusnon of a cocktail of protease
inhlbltors in the extraction and oolumn buffers, this has been adopted by many laboratones
as a standard method for the extracuon ‘'of PDS from various tissues (Bovine sclera. Coster’
& Fransson, 1981; Porcine skin: Damle-et al., 1982: Bovine_ skin: Pearson & .G‘ibson. 1982;

~» Human uterine Eervix :ﬂ Uldbjerg et al., 1983) Fujii & Nagai (198l) isolated PDS from

‘ calf skin using VJM magnesium chloride‘eontaining protease inhibit'ors‘ Nakamura et al.
(1983) extracted PDS f rom newbom calf skm usmg only 0.45M sodlum chlonde This

. non- denaturmg system extracted only 30% of the PDS Anderson (1975) used af finity
chromatography on concanavalin'A - sepharose to lsolate PDS from bovme tendon ThlS

*

' demonstrated the presence of oligosaccharides containing glucose and/or mannose on the

molecule.

vSeveral'dif ferences have been observed between the l’DS extracted from van‘o‘us
tissues. Reported molecular weights ran'ge', from 7b-120kDa. These moleeules‘
werereported to-comprise between one and four dermatan sulphate chains of 50-85%
‘iduronica"cid and 15-29kDa molecular wieght, and a glycoprotein core of 44-56leDa which
has several O- and N- linked ohgosaochande side chams attached COster el al. (1981)
| T -reported a self assoaauon phenomenon for PDS They proposed and later conf; mned
(Fransson et al 1982) that this aggregauon involved mteracuon between dermatan ‘

sulphatechams T ) L

l 3 3 3 Hepann and heparan sulphate proteoglycans s

The rat mast cell proteoglymn has a small core protein (20kDa) Whlch it has been . ‘
' suggested oonsxsts of alternatmg senne and- glycme resxdues Heparm chams of -
’bpproximately 80kDa are attached to about two -of every tlnee senne resndues (Robmson et |
: ,' aI., 1978)

T EERRTIT T S O
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He'paran sulphate proteoglycans form a very diverse group of molecules which -
have been identified at the cell surface and in. basement membranes Of those at the cell

h (
‘region of the core, whilst others are thought to be attached by lnteracuon with other oell

surf (a/kme are mtcrcalated in the lrprd btlayer presumably by means of an hydrophobtc
.surf ace macromolecules, These cell surf: ace-proteoglycans vary tn size f rom the Mr 75.000
molecule of liver cells, which has three or f our heparan sulphate chains of:M Ql4 000 each

attached to a protein core of M_ 17-30, 000 (Oldberg et al., 1979). to the M 350,000

‘ moleculc of f 1broblasts whtch has 2 protetn cores of M 75 000 each, lmked by a dtsulphrde

bridge, and which has 8~12 heparan sulphate chains of M 20,000 (Carlstedt et al. 1983: \
Coster. et al., 1983). They are belreved to have a role in cell-cell and cell- basement ‘
| membrane interactions (Gallagher, Lyon & Steward 1986). The basement membrane
‘ heparan sulphate proteoglycan appears to be drsttnct from the cell surf ace molecules The
molecule 1solated from glomerular basement membranes has four or five GAG chains

!

attached toa protem core of M approxtmatcly 30 000 (Stow etal., 1983) - «“3&;

» T g . LT
1.3.3.4 Other proteoglycans |

Small proteoglycans similat :o the derm}tan sulphate- bearmg proteoglycan of

cartrlage ref erred to as PG 1, have been 1dentrl‘ ied in several other ttssues (tendon, bone &
skin, Hassell Kimura & Hascall 1986) A small lteratan sulphate proteoglycan thought
to be umque to cornea has been identified. The protem core preparauon that was isolated
followmg dtgestton of the proteoglyean with keratanase appears as two bands ol‘
" 53, 000 55 000 (majdrbﬂﬂ)'aﬁﬁb'w— t 40,000 (tmnor band) in SDS polyacrylamide gel
: electrophorests There are two to three branched ohgosaechande structures each of whtch
carries two. keratan sulphate chalns Htgh mannose N- linked ohgosacchandes are also |
' present Thrs keratan sulphate proteoglycan is-also thought to be lnvolved in the regulatldn
of collagen fi xbnllogenesxs espeaally with regard to the umque arrangement in the eomea

‘whrch eonfers transparency on that tissue (Axelsson 1984)..
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1 4 Amlno acld‘sequenclng of proteoglycan core proteins
Based on the same chemlstry ag the manual sequencmg method (Edman 1950 see Fig. '
3) Edman and Begg\(l%?) pubhshed a description of an automated instrument, the protem '
| sequenator, eapable of carrying out d'egradau‘ons of up to 60 cyeles in a single run. This
. ‘

instrument, subsequently made available commercially, was used for most of the sequencing

)

'undertnken in this project.

At Lne starl' of this .proje.ct there were no reliablef bsequenoe dataj available‘ for any’
proteoglycan. As il beca;ne apparem'(hal the classif’ icau'on of the proteoglycans would
necessltate an understanding of their protem cores, and that thé funcuon of the proteoglycans
may involve properties of the cores, prOJects were initiated to determme the ammo acid
sequences of some of these molecules The availability of recombmant DNA technology made
the determination of deduoed amino ac:d sequence far faster, and made it possible to auempt
the sequcncmg of the larger proteoglycans and those proteoglycans not readlly available in |
quantities large enough for amino acid sequencmg | o

“The only sequence data to come from early worl&re derived f rom the shor{ pepudes
, which remained attached to GAG chains f ollowing pronase digestion of cartilage (Johnson &
Baker, 1973; Isemura et al, 1981) From the very simple axnino acid eomposition of the
‘ protein core of the hepann proteoglymn (essenually glycine and senne ina rauo of |
| approximately 1: 1) it was deduced that the sequence was probably (Ser- Gly) (Robmson et
o jal 1978). Walton Volger & Jaynes (1979) reponed the amino- termmal amino acxd sequenoe

'of the protem core of the large aggreganng proteoglycan from carnlage lndmnve of the '

- diff; icultiee involved m the sequencmg of such a large “heavily glycosylated molecule is the f act |
that they also predxcted that this was the chondromn sulphate bmdmg reglon end whereas
subsequent workets agree that the ammo -terminus is at the hyaluromc acid-binding reglon end

‘;’(Dmee:az 1986) Tl " o |
| - More reeent studles of the eartilage proteoglyean monomer have produwd short ammo

‘ acld sequenees from known regions of the molecule (Bonnet et aI 1983 Pénn et aI 1984)

This has alded those mvestigatmg the seqncnee of cDNA eodmg for the same molecule Two Iy N

b
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W

groups have reoently reported cDNA sequenoes codmg f or the- mrboxy -terminal 269 (Doege et
al 1986) and 379 (San et al 1986) ammo acid rwduw of that molecule Both of these groups

: ‘recognised a region of sequenoe f; rom the work of Pénn et al, (1984)

The pnmary structure of the entire lmk protem f rom the mmlage proteoglymn
aggregate of both the rat chondrosarcoma (amino acxd sequencing Neame Chrismcr & Bakcr
’ 1986) and cruckcn cartilage (cDNA sequenuﬁg Deak et al., 1986) pave been detenmned It
 was bserved thata sequenoe homology cxists betaween the link protem and the\yroteoglymn
»dcore protem and u has been. suggected that thxs hgmologom region is mvolved in the bmdmg of |

wo ) 3
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both proteoglycan and link protein to hyaluronic acid (Neame et al,, 1985),

\

, The amino acid sequence of a small chondroitin sulphate protcoglycan f fqm a rat yolk

)
£

# sac tumor, which was dcduogd from the cDNA sequence, was the first complete proteoglycan
sequence o be p?xblishcdl (Bourdon et al,, 1985), Subscquently the séqucnoe of the proc:xrsor
form of this protebglycan has also been determined (Bourdon et al,, 1986), This protcoglycan’
has a central region of jls sequence composed of 49 alternating scrinlc and glycine residues of

which at least 14 serines have chondroitin sulphate chains attached,

oyt
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1.5 Objective of this lnves;tigntion
-

With the aim of completing the characterisation of a PDS4n order that studies of
function could proceed from a better \’mdcrstanding of the molecule, the objective of this
investigation was to determineé the amino acid sequence of the protein core of the PDS from
bovine skin, As this proteoglycan has a relatively low carbohydrate cohlcn(. ft was hoped xﬁai

fewer problems would be encountered than in the study of the core of one of the more highly

glycosylated proteoglycans, ‘



2, MATERIALS AND METHODS

2.1 MATERIALS,

2.1.1 Enzymes.

Chondroitinase ABC (EC 4.2.2.4) from Proteus vulgaris and Staphylococcus ‘aureus V8
protease were from Miles Scientific, Rexdale, dman‘o. TPCK -trypsin (EC 3,4.4.4) was from
Worthington, Freehold, NJ, U.S.A., and cafboxypcplidasc Y was from Pierce Chemical Co.,
Rockford. Illinois, U.S.A, Cathepsin D (EC 3.4.23.5) was isolated from bovine thymus and

purified in this department (Scott & Pearson, 1978).

2.1.2 Chromatography.
Sepharoses CL.-4B, Sephacryle S-300 and S-400 and Sephadexe G-25, G-50 and G-75

were from Pharmacia, Dorval, Quebec, DEAE-cellulose was from Whatman, Maidstone,
Kent, U.K., and<Fractogele TSK -HW-50-F was from EM Science, Gibbstown, NJ, U.S.A,
Cellulose TLC plates ( #13255) were from Eastman Kodak, Rochester, NY, US.A ., and

Schleicher & Schuell Micropolyamide A1700 plates were obtained from Pierce.

2.1.2.1 High pressure liquid chromatograpﬁy

The Gilson HPLC, used for peptide separaiions, which consisted\of model 302
pumps and an Applé II plus micro cdr.np.ulgr controller with gradient manager 702 V 1.2

* software, was obtained from Gilson Medical Electronics, Middletown, W1, US.A. A

variable wavelength UV detector (model ERC 7210). used with the Gilson chromatograpfly
system, was from Erma Optical Works, Tokyo, Japan. The Beckman Liquid
Chromatograph Model 332, used for the PTH-amino acid analyses, was from Beckman
Ixismmcnts. Mississauga, Ontano .The WISPe mode! 710B automated sample processor
used with the Beckran HPLC was from Waters, Mississauga, anario. The FPLC system,
comprising P-500 pumps, a GP-250 programx;lcr,. UV-1and UV-1(214) detectors and

- 23
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‘ FRACMOO fraction cbllcc_tor was from Pharmacia, HPLCQ‘gradc acetone, acetonitrile and
mcthaﬁol were from Caledon, Georgetown, Ontario or Fisﬂcr Scientific, Edmonton,
Tetrahydrofuran was frbm Burdick and Jackson, Muskegon, Michigan, U.S.A, Pro-RPC,
Pcp~RPCE;\ Poyanion Sl and Superosc-12 prepacked columns were from Pharmacia,
Vydaces Rfy"\l-ZQl -TP and RP-214-TP prcpac.ked columns were {rom The Separations

~ Group, Hcs\;\)eria, CA. US.A, Altex ODS and Ultrapore RPSC (C,)Mprcpaekcd columns
were {rom Bé\ckman and the Zorbaxe Bioseries PTH column was from Dupont,

1
Wilmjngton, DE, U.S.A,

213 SDS-Ponacryla\ ide Gel Elcctropinores?s and Immunoblotting .

Protein standa‘rds (low molecular weight range, 10,000-100,000 kIDa), electrophoresis
.grade acrylamide, Bis. SPS N.N,N'.N'~lclramethylcthylcncdiaminc,_ Tfis_ and urea were from
Bio-Rad Laboratories, Mi‘ssissauga, Ontario, 2-mercap(oethanol was from Sigma Chérhical
Co., St, Louis, MO, U.S.A. Coomassie Blue R250 was from Bio-Rad, Toluidine Bluc {rom
Fisher, Brompphenol Blue kl\om B.D.H.. Toronto. Ontario, Basic Fuchsin [ ro?n Baker,
* Phillipsburg, NJ, US.A_, Py}onin Y from Matheson, Cincinatti, OH, U.S.A. and Amido Black
was from Dr. G. Grubler &'\Co Leipzig. D.D.R. Periodic acid was from G.S. Smith Co..
Columbus, OH, U S A Nmo&llulose was obtamed from Biorad. Bovine serum albumin and

diaminobenzidine telrahydrochloftde were from Sigma. Peroxidase-conjugated rabbu

-

L

anti-mouse Ig G was from Coope Blomedxcal West Chestcr PA, US.A. The monpclonal
antibodies to PDS were raised in t:xx dcpanment and lundly made available to me by Dr..

G.A. Pringle (Pringle et.al., 1985). \The eleétrophorws cell (a Protcano l6cm ocll) was from
Bio-Rad. The power supply used with) this cell was from Buchler, Fort Lee, NJ, US,A. The

trans-blot cell and 160/1.6 power supply were from Bio-Rad.

2 1 4 Sequencing .
“rhe 890C amino acid sequcnccr was Xl:m Beckman The Sequemate SC-510

Programmer and P-6 Autoconverter were fro \ Genetic Design, Watertown. MA, US.A. The
) \ | 3}

\

\
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model 470A gas-phase sequencer was from Applied Bidsystems, Foster City, CA, US.A. The
routine sequencer reagents, ‘phcnylisothiocyanatc. he'ptané, 1.0M Quadroio TFA bufferin -
n-propanol/water (3:4 v/v) pH 9.0, heptafluorobutyric acid, benzene, ethyl acetate and butyl
chloride were from Beckman or Pierce, Sequénal grade trifluoroacetic acid, |
4-N.N-dimethylaminoazobenzene 4'-i§othiocyaqate pyridine, butyl acetate, n-propanol, and
Polybrcneo were from Pierce, 1,2- dlchloroclhane (distilled in glass) was from Caledon.

o- phlhalaldehyde was from Sigma. The stan¢ard PTH-amino acid ku was from Pierce, The

vacuum centrifuge (Speedvace) was from Sdvant Industries, Hicksville, NY, U.S.A.

2.1.5 Other Chemicals, Apparatus &
Benzamidine HCI, phenyl : élhylsulphonyl fluoride, N-ethylmaleimide and
6-aminohexanoic acid, were f ror[(?;igma, Leupeptin and pepstatin were from lnstitﬁn, ¥
Armand-Frappier, Laval, Quebec. ‘Trifluoromethanesulphonic acid and cyanogen sromide
were from Aldrich, Milwaukee, WI, U.S.A. Sperm whale apémyoglobin was from Beckrhan
and ‘cjnochrome ¢ from Sigma. lodoacetic acid, dithiothreitol, Triton -IX-IOO, ﬂuor&camine '
and Tris were obtained from Sigma. Sequanal grade guanidinium chioride, constant bonhng
HCQl, constant boﬂmg HCl contammg 0. l% {w/v) stannous clﬁ:{nde triethylamine and 4N
mcthancsulphomc acid comammg 0.2% 3 -(2-aminoethyl) indole were from Pierce. Hydrogen
‘ }iodidc was from Anachemia, stsnssauga. Ontario, cetylpyndngmm chlorhie was from
" Calbiochem, La Jolla, California, U.S.A. Formic acid was from Eastman Kodak.
T The Wiley mill (Model 4) was obtamed from A.H. Thomas Co., Philadelphia, PA, K
U S A. The Mlmtano concentrator and Milli-Qe water system were from Millipore,
: Mlssissauga. Ontario The ult.rafiltmnon apparatus and membranw were from Amxcon
Oa'kville. Ontario and dialysis membranm were from Spectrum Medical Industries, Los Angeles, |
'CA,US.A. Flat bed elo;ct:ophbmis apparatus was from Pharmacia. The hydrogen fluoride

‘apparatus ‘(type 1) was from Protein' Research Fbundation Osaka Japan. Protcin sequence

" - homology and data bank searches were undcrtaken usmg chroGeme f Tom Beckman and

IFmdo from Intelligenetics. Palo Alto, CA US.A.

@



All other reagents and supplies were, from Fisher Stientific or Canlab in Edmonton,

26
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2.2 METHODS

2.2.1 Extraction ahd Put'i(ieation ef Proteodermatan Sulphate
This was based on the method of Pearson & Gibson (1982): One kilogram of adult
bovme sktn ‘which had been mechamcally treated to remove the greater part of the epldermls
was cut into lcm squaree mixed with dry-ice and ground to a powder in a Wiley mm wmch . .
had been cooled with liquid nitrogen. lhe powder was extracted by shaking for 24 hours at 4 C |
~with 30 litres ol" ™ urea/0.05M Tris-HCl.‘pll 6.5{0.15M eodium cthride/OiIOZ% (w/v) sodium
azide, which contained the following protease inhibitors: 0.05M benzamidine
\hydtochloride/O'.Ol)lM phenylmethylsult)honyl fluoride/0.0IM disodium }
ethyledediaminetetraaoetate/SOOuM N-ethylmaleimide/o IM 6-aminohexanoiciacid/5ug/ml
pepstatm/Sug/ml leupeptin. Insoluble material ms rpmoved by centrifugation (17, ,000xg) and
the supematant (20 litres) was reduced to 4 htr&s on a Minitan concentrator (10KDa cut-off
membrane) This sample was loaded onto a Scm x 46cm DEAE cellulose column eluted
initially with extractxon buffer, to remove protein and hyaluromc acid, and subsequently with
the same buffer m which the sodium chloride é’ontent had been increased to 2M in order to
‘release {the more anionic material ineluding‘ tlxe pfoteoglymns: Uronic acid-eontaining ‘
(Rosenthal, et. al., 1976) f raetions wel"e";;qoled alxd'the crude proteoglywn.preparatien was .
. precipitated by the addition of 3“volume's of cold ethanol. The ‘precipitate was dissolved in
0.5M ‘sodlum chloride and cetyl pyridinidm chlon‘de was added 10.0.1% (w/v). The precipitate
- obtained at thts stage contatmng dermatan sulphate and chondroitin sulphate bearmg matenal
was dtssolved in lM magnesium chlonde and three volumes of ethanol were added. The .
resultmg precnpxtate which was then free of cetyl pyndtmum chlonde was dxssolved in ™
urea/O OSM sodium aeetate/O O05M Tns HCl pH 6. 5 and was loaded onto a Scm X 90cm
oolumn of Sepharose CL 4B, which was eluted with the same buffer. Two peaks from this
chmmatography contained uronic acid. The seeond peak proved to be proteodermatan sulphate' '_
| md a pool was selected for sequencing, that was t‘rom the eentral regxon of that peak The,

" proteoglycan in this pool was precnpxtated by the addition of three volumes of ethanol. The °



precipitate thus obtained was dissolved in water and then lyophilised. The homogeneity of the
proteoglycan was conf; irmed by amino acid analysis SI)S-polya‘crylamide gel, clectrophoresis.

o

and oellulose acetate electrophoresrs of the glycosammoglycans released by dtgesuon wrth

"papam
. 2.2.2 Deglycosylation of Proteodermatan Sulphate
Several deglycosylauon methods were employed each with a different cleavage
) mechamsm The companson of the various cores, thus produced provrded mf ormation about
the type of g'l'yposylatron and the site of attachmem of the carbohydrate moreues of this
“ molecule(see Fig. 4). | |
2 2.2, 1 Chondromnase "ABC
~ Following the method of Oike et al. (1980) PDS, at 3mg/ml was. mcubated in .
0. 03M sodtum acetate/0.1M Tris-HCl, pH 8 0, in the presence of chondromnase ABC (1 0
umt/ml) f or 45 minutes at 37C. Thef ollowrng proteolytrc mhrbrtors were mcluded in the
“drgestron buffer 0.01M N- ethylmalermrde/O .0IM di-sodium . .
’ethylenedrammetetraaoetate/o 005M’ phenylmethylsulphonyl fluoride/360.M pepstatm
The reaction was terminated by the addruon of an equal volume of 8M guamdmrum \
' chloride, 0. 4% Tritori X- 100, contarmng an equal concentration of the inhibitors. The
“ ‘resulting small carbohydrate cleavage products (largely drsaccﬁandes) were removed by '
repeated coneentrauon/drlutron of the retentate in an Arnlcon ultrafiltration apparatus
'( PMlO membrane 10KDa cutof f ) until a theoretreal drlutron ;‘actor of atdeast 10, 000 was
achrevedf The PDS(ABC)core was then lyophrlrsed Subsequcnlly m analytical scale .

' deglycosylatrons (e g. for SDS PAGE) the protease mhrbltors were omrtted

o 2. 2.2. 28 ehmmatron/sulphrte addruon
PDS(ABC)eore was dissolved at lmg/ml in 0 2M sodrum sulphrte the pl-l of which
had been adjusted to 11 5 vnth SOdmm hydroxrde (lsemura et. al 1981) The reacuon

mixture was mcubared fc or 24 hours at room temperature vnth owesxonal adjustment o

\
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INTACT PDS

~

“ A

(GalNAc,—( IdUA -or GlcUA)) ~GalNAc-GlcUA-Gal-Gal-Xyl-Ser

n
ABC o ABC. - . HF,
o BES
. Dermatan Sulphate Polymer B Linkage Regipn_‘\Protein
‘ Reglon : , o : Core
" PDS(ABC)CORE  PDS(HF)CORE . PDS (BES) CORE
GlcUA—Gal—gal—Xyl—Sér : .. Ser Cya
v \ » o \ - ' ’ \
/& y B} ‘_“

Fig. 4. This dxagram shows . the structure of the glycosammoglymn side chain
attached to‘%senne -4_of the protein core of PDS, the cleavage sites of .the various.

. deglycosylation agents used in this project, and theé theoretical products of '
-deglycosylation. Chondroitinase ABC (ABC) cleaves the GAG into disaccharides. It is
believed that the last one or- two sites fail to cleave leaving one or two of the
disaccharides attached to the linkage region. Anhydrous HF - (HF) Cleaves all
- O-glycosidic linkages in ‘the GAG (though only one ‘is shown) and any L ‘
* glycoprotein-like oligosaccharide. side, chains, producing monosaccharides.. N glycosndxc
linkages are resistant to. this. treatment, and a- single glucosamine gwdue is left '

o -attached to the linkage asparagine at the site of each N-linked ohgosacchande (The

' enzymé N-glycanase cleaves ‘this N- -linkage releasing the . oligosaccharide ‘intact and~ -
‘converting’ the linkage asparagine to aspartic acid.) B- elimination/sulphite addition

. (BES). cleaves the xylosyl-serine linkage releasing the intact GAG (or GAG stub in

‘this case as ‘PDS(ABC)core was the starting material for the preparation of the
’ »;..-,-.,PDS(BBS)oorc) IdUA - 1duromc acid GlcUA . glucuromc acid; Gal galactose

9) .

maintain the pH at 11 S. The reactnon was termmated by adjusung the pH to. 7 .0 with

acetic acxd The cleaved glyoosammoglymn was removed by repmted
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concentration/dilution in an Amicon ultrafiltration apparatus, as described above for the.

preparation of PDS(ABC)core. The PDS(BES)corc was then lyophi‘lised.

| ‘2 2.2. 3 Anhydrous hydrogeni]uondc |
Followrng the method of Mort and Lamporl (1977) and usmg a closed-system »

apparatus designed for use m reactions. rnvolvmg HF 10ml of anhydrous hydrogen ﬂuondc |
was drstrlled rnlo the hqurd mtrogen coolcd teflon reaction vessel containing thre PDS |

' sample (15mg dried over phosphoms pcntoxrde) The vessel tcmperature was raised to /‘/‘ .
0C (rce water bath) and the reactron was allowed to continue f or 2 hours wrth magnetic
strrrrng The hydrogen fluoride was removed under gentle vacuum with continued sumng,
to prevem bumpmg then a hrgher vacuum was applied for a f urther hour to ensure total
‘removal The PDS(HF)core whrch is nol rcadrly water soluble was rem0ved from the
reaction vessel in 4M guamdlmum chlorrde Low molccular werghl digestion products and

. tho guamdrmu_m chlonde were removed by ultrafiltration as described above.

2.2.3-Chemical Modifications of PDS

. 2.2, 3 1 Roductron and alkylauon '
- Following the method of Hardmgham et al (1976) a sample of PDS (4mg/ml) in
- 4M guamdmrum chlonde/ 0.05M Tris HCI ‘pH 9.0 was mcubated at 3T.C for 3 hours in
the prcscnoe of 0.01M dithiothreitol. The soluuon was s made 0 04M in rodoaoeuc acrd and |
_ rncubated at room temperature for 16 hours in the dark The solution was thcn dnalysed or
subjected to cycles of concentrauon and drlunon in an ultraf 1ltrauon apparatus(PMIO

, ‘membrane) The sample was thcn lyophrlrsed

‘ 223. 2 Perfomnc acrd oxrdauon
) Performrc_acrd was prepared by rmxmg 1 pan of 30% hydrogen perorude wuh 9
'parts of 88% formic acrd and lettxng the mixture stand fi or 2 hours at 25 C (Moore. 1963) .
The performrc ac;d soluuon was thcn oooled to O'C and 0 Srnl aquuots wcre qdded to

samplw of approxxmately 500ug Samples were mcubated at 0’C fi or 60 90 mins The
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reaction was termmated by the addmon of 15 volumes of water f ollowed by freezing and{

—

_ lyopmlisatron

2.2.4 Analytical Methods . | ‘.
2.241 Determinauon of protem content , a ‘ '

Protein content was determmed by the method of Lowry et al. 41951) as follows:, |
To 1ml of sample or standard (2 100.g Bovine Serum Albumu-r per ml) was added 5 ml of |
2%( w/v) sodium mrbonate{g 01%(w/.¥) copper salphate/0 02%(w/v) sodium potassmm
tartrate/0. IMsomn g‘droxﬁe After 10:minutes, imi of 0. SN Phenol Reagent . =~

(Folin \&toeag%

for 40 minutes. "after %

' ded The solquns were thoroughly mlxed and allowed to stand
ich the absorbanoe of the soluttons was read at 740nm.
- Occasionally a Bio-Rad protein assay kit was used; however, the protem_ values

~ .obtained from amino aci_d analyses were probably more accurate than the Bio-Rad kit or
the Lowry V"alues. o -
2.2.4.2 SDS Polyacrylamtde gel electrophorests :

A “The method of Weber & Osborn (1975) was used. Sanmles were drssolved ina

: sample sdlvent comprtsmg 0.007M sodxum phosphate/O 15% SDS/1. 35M urea/ 1%
2- mereaptoethanollo 17% Bromophenol Blue and borled for 3 mmutes The gel slabs, of
various acrylamlde contents (Bts acrylarmde 1: 30 0 15% (v/v) TEMED/O 025% (w/v)
ammonium persulphate) and the electrophorests buffer oontamed the same buffer
solution 0. 1% SDS/O .OSM sodrum phosphate pH 7.2. The slabs were electrophoresed at
~§0V for the f trst 30 mmutes or longer lf neeessary to ensure that all of the sample was in -
the gel, then at 105V for the duration of the run Earher in the project this method was )
also run in tube gels whxch are more amenable to seannmg ina system available in thts
laboratory. . | R |

Molecular wetght standards used were as follows" _
1 phosphorylase B (92 SkDa) 2 bovine serum albumm (66 2kDa) 3, ovalbnmrn R

.
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- lysozyrnc (14.4kDa).

' contmued in water

32
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(45kDa); 4, carbonic anhydrase (31kDa); 5. soybean trypsin inhibitor (21.5kDa); 6,

2.2.4.3 Electropho‘resis in highly cross-linked urga/SDS polyaeﬁlamide gels

'Following the method of Swank & Munkres (1971). samples were dissolved in l%

'SDS/8M urea/1% 2- mercaptoethanol/O 0IM phOSphonc acrd adjusted to pH 6.8 wnh Tris, ,

and bonled for S minutes pnor to electrophores:s Samples were made 10% (w/v) in

‘sucrose and 0.01% (v/v) Bromophenol Blue, pnor‘lo electrophoresrs., Acrylamide gels

(12.5% (w/w) Bis:acrylanlide 1:l0) were made, containing 0.1%. (w/v) SDS/0.075%

(v/v) TEMED/O 07% (w/v) ammomum persulphate/SM urea/O M phosphonc acid,

adjusted to pH 6.8 with Tris. The electrophoresns buffer was 0. l% (w/v) SDS/O iM

phosphonc acid, adjusted (] pH 6.8 with Tris. Electrophoresns at 1-2 mA per tube gel

4

requrred an o%ernight run. Cyanogen bromide dngests of cytochrome ¢ and sperm whalc

apomyoglobm were prepared as’ low molecular wetght standards (1 800- 15 000 KDa)

2.2.4.4 Staining of SDS-polyacrylamide gels.

' Coomassie Blue. The position of the Bromophenol Blue band was marked with

JIndia Ink and the slab was then ;stained in 0.125% (w/v) Coomassie Blue R250/50% (v/v) :

methanol/? 5% (v/v) acetic acid for one hour (Mechamc 1979) The gel was then

‘ destamed in 7.5% (v/v) acetic acid/5% (v/v) methanol unnl the background was almost

Clear. Destarmng was completed and the gel was stored in 10% (v/v) aceuc acid.

'l‘olurdme Blue The posxton of the Brornophenol Blue band was marked as above

and the slab was stamed in 0 05% (w/v) 'l‘olmdme Blue for one hour Destarmng was

inrnated tn 3% (v/v) acetrc acrd unul the starned ‘bands could be clearly dtscemed and

a

Penodlc Acid Sclnff (Konat etal., 1984) Gels were f 1xed ovemrght m 40% (v/v)

o ethanollS% aeetic acrd and then transf erred to 0. 7% (w/v) penodic actd/S% (v/v) acefic

acid for 2-3 hours Bxeess periodate was reduwd in 0. 2% (w/v) sodrurn metabrsulphitels%

; (v/v) aceuc acrd for 2 3 hours with one change of solutron after 30 mtﬁutes ’l'he

9 R y . L -
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oxidised' glycoproteins were then s?ined in Schiffs reagem overnight. Staining was
3 ) ) . }
enhanced in 0.2% (w/v) potassium metabisulphite/40% (v/v) ethanol/5% (v/v) acetic:
acid. for 90 minutes at 55°C. Destaining in 40% (v/v) ethanol/5% (v/v) acetic acid
‘ . . \ ) P

required about 24 hours, : _—

LY

Three well characterised_monoclonal antibodies, raised against PDS were made‘

' available to me by Dr. | G.A. ‘Pringle.‘ Th anubodlw 606 7BI and 3B3, have been
:1\

sﬁown to have no af finit} for collagen ty HI or lV f 1bronecun or dermatan .
sulnhate The cpitopes mognised by thwe 'anubodxes are dnsu\ncr from each other and are
on the protem core of PDS (Pnng,le et al 1985). Th@epnope recognised by 7Bl is also j
known to be specres specific and near the attachment sn of the dermatan sulphale c?min

probably in lhe region of residues 9-20 of the protern core\Prmgle 1\85) Another

A monoclonal anubody, 5D1, was also made avallable to me. Thxs anubod}\was also. raxsed

against PDS but had not been thoroughly charactensed \
Foﬂowmg’?nngie (1985) the Bromophenol Blue dve '"ro.nXas marked wuh o
Pyronin Y and the gel transferred onto a sheet of mtroeellulose paper\wmch\had‘ been

soaked in 0. OSM sodium phosphate buffer pH 7.2, The prolem bands we{e then

tmnsferred to the mtroeellulose in a trans-blot cell at 400mA overmght The gel wa};

stained in Coomassre Blue. as above, to check the efficiency of the transfer The

mtroeellulose paper was then cut rnto smps One smp. eontarmng the protem standards :

. was stained in Armdo Black (05% (wrv) i in 7% (v/v) acetic acrd destamed in 3% (%)

aeeuc acxd) The other strips were stamed wlth monoclonal anubodres ralsed agarnst the ,

intact PDS. The mtroeellulose st:rips were first mcubated thh 'l‘rls buffered sahne (TBS

0.15M sodxum chloride/O OSM ‘I‘ns HCI pH 7 6) eontmmng 2% (w/v) bovme serurn :

‘ albumin at 40’C for 45 mmutes. They were rhen washed three umes with TBS ‘Each stnp J

. \

‘. a was then mcubated at room temperature for two hours wrth 4ml per track of pnmary
i antibody soluuon oomprismg 4;1 monoclonal ascrtes flmd 2ml TBS 0. 4ml normal goat
‘ ,serum and 1. 6ml 2% (w/v) bovme semm alburmn in 'I'BS The stnps were washed four

T
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‘ times in TBS and incubated with the secondary antibody (‘peroxidase conjugated rabbit

g anu mouse lgG 1: 600) in the same solution used for the primary anttbody Four washes

wrth TBS were then followed by incubation in 6ml ;kr trag of 0.05% (w/v)

diaminobenzidine tetrahydrochlonde/ 0.01% (v/v) hydrogen peroxtde in TBS until the

desir‘ed_staining intensity develo_pedn‘ The, strips were then washed thoroughly in running

water and dried ‘bctw:ecn paper towels.’

2.2.4.6 Thin-layer electrophoresis/‘thin—layer chrornatography. ‘ ' '

Kodak' #6064 oellulose plates (10cm X 10cm) were loaded mone corner with

samples of peptide (2~ 3nmoles in 5ul). They were then sprayed wrth acetic actd/f ormtc

acrd/water (75: 25: 400) and electrophoresed in the same buf fcr on a Pharmacia Flat Bed

Electrophoresrs system, at 950V f or 12 mmutes The plates were dried with hot air and

, subjected 10} asoendmg chromatography m the second drmenston in

‘ butanol/pyrtdme/acettc acid/water (35.2:25:5; 20) The plates were washed wtth

HPLC- grade acctone and dned 'Ihey were then sprayed wrth 1% (v/v) trrethylamme in

acetone and, whtlSt still wet, they were sprayed /wrth ﬂuorescamme (0 1lmg/ml in aoetone).

I.'\ |

. Drying, aoetonewashmg and drying agam. were f ollowed by_ observation under long

wavelength ultraviolet light. = o

2247 Total acid hydrolysrs '

" ‘ f

)

Protein samples of up to 200,;3 in; acrd washed screw - cap culture tubes

) (10x100mm) ‘Wwere dissolved i m 200,4] of constant borlmg hydrochlonc acrd contaxmng 0 2%

(w/v) phenol The tubes were sealed under mtrogen and mcubated at 110°C for 22 hours

.The hydrolysates were drted down and submrtted f or amino actd ‘analysis. 1f the presenee

' of homosenne was suspected the dned hydrolysate was treated to, enSure that all the

hornoSenne was in the open chaxn fi orm ‘l'be sample was dtssolved in 80ul of 0 OIM

-hydrochlonc acrd Sodtunrhydroxlde (1o,u ZM) was added and after shaking, the sample
- was allowed to stand for 5 minutes before neutt;altsatton by the additton of 1o,u of ™M

hydrocblonc acid. ’l'he sample was .then analysed as soon as possible

G.‘
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2.2.4.8 Hexosamine hydrolysis
Samples, in tubes as above, were hydrolysed in 20041 of/4M hydrochloric acid at

100°C for 18 Hours.. ’
2.2:4.9 Methanesulphonic acid hydrolysis
Samples, in tubes as above, were hydrolysed in 300:1/4N methanesulphonic acid
Jrontaining 0.2% 3-(2-aminocthyl) ind’olc at 115°C for 22 48 and 72 hours (Simpson, et.al.,
) ' ! .
: i976). A graph of tryptophan released versus time was extrapolated to zero time,

. 2,2.4.10 Amino acid ahalysis
Amino acid analyses were carried out on a Beckman 121MB amino acid analyser

. using a method which separates glucosamine and galactosamine as well as the amino acids.
~ P , .

\ : /

2.2.5 Protein Cleavage Methods ’ //"

‘ ~

2.2.5.1 Cyanogen bromide
- Protein at lmg/ml in 70% (v/v) formic acid was incubated under nitrogen, at room
lcmper.atnre for four hours in the presence of cyanogen bromide'(12mg/ml). The reaction

was l.erminalcd by dilution with 20 volumes of water f ollowed by lyophilisation,

G

2252 Cathc‘psin D
Protg.:in was dissolved at _lmg/ml in 0.05 M ammonium formate, pH 4.0. This

solution was wanﬁed to 37C and cnzyme solution, p;ep!red in this laboratory, v.vas added

_(enzyme:substrate, 1:666, w/w). The‘mixture was incubated .at C for 30 minutes and

-

 digestion wa terminated by freczing and lyophilisation.

2.2.5.3 Trypsin ‘
Protein at 2mg/ml was dissolved in water and the solution boiled for 1 minute to
ensure complete denaturation. An equal volume of 2% (w/v) ammonium bicarbonate, pH

8.0, and sufficient TPCK -treated trypsin to produce an enzyme to substrate ratio of 1:100

L
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(w/w) were added, The mixture was incubated at 25°C for 3 hours a|§d then frozen and

lyophilised,

' 2.2.5.4 Staphylococcus aureus V8 profcasc .
Following the mc(hod of Drapcau ;1. al,, (1972) protein, at lmg/ml in 0,1M
ammonium bicarbonate/ 0.002M disodium ethylenediaminetetraacetate, pH 7.8 was
incubated at 37°C for 18 hours (cnzynie:substralc. 1:30, w/w), Digestion was terminated

a

by freezing and lyophilisation,

2.2.6 Separation of Peptides

—

2.2.6.,]1 Sephacryl 5-300 . »
Sephacryl $-300, a gel filtration medium, eluted with 0.01% trifluoroacetic acid was

used in the initial scparation of the CNBr peptides of the PDS(ABC)core..

2.2.6.2 Pro-RPC
Pro-RPC, a large-pore, C,/C, rcvcrscd~p$;a§e chromatography column, eluted
with acetonitrile gradients in the presence of heptafiuorobutyric acid was used in the

preparation of the two CNBr peptide grouﬁs, A and B, and in the preparation of CB-6,

2.2.6.3 201-TP

Vydac RP-201-TP, a large-pore, Cu reversed - phase chromatoéraphy column,
eluted withA acetonitrile gradients in the presence of trifluoroacetic acid, was used in the
separation of small peptides (1-50 amino aﬁds) such as CB-7 and CB.-8 and the tryptic

Q

and V8 digests.

2.2.6.4 Polyanion-SI

A cathepsin D-digest of PDS was chrom‘atogrﬁphed on Polyanion SI, an anion
exchange medium, eluted with a linear gradient of 0.15M to 2.0M NaCl in 7M Urea/0.05M
Tris HCl, pH 6.5. All the retarded matcﬁai,was collected as a single pool referred t0as
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2.2.7 Sequencing Methods

L
LETPIN
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2.2.7.1 Manual sequencing

Several,‘ménual sequencing mg’:lhodsl were tried before any success was achieved
(Edman & Henschen, 1975; Tarr, 1977). The f ollowing method, based on the method of
Chang (1983) was used successfully in the sequencing of several short tryptic peptides.
Peptide (2-3nmoles) in a muffle furnace-cleaned, 6 x 50mm pyrex lube was dissolved in
10,1 of Milli-Q water. Twenty microlitres of . 4-N.N-dimethylaminozobenzene
4'-isothiocyanate (DABITC) in pyridine (1.41mg/ml) was added, the tube was
centrifuged, sealed under nitrogen, vortexed end incubaleci at 55°C for 26 minutes, PITC
(2ul) was added, the tube was centrif uged. sealed under ni(reéen, vortexed and incubated

&5

a;}CI urther 20 minutes in the dark, Hcp(ane ethyl acetate (2:1, 300ul) was
a ded the tube was vortexed and cenmf uged to scparate the phases The upper phase

containing unreacted couphng reagems was removed wnh a drawn -out Pasteur pipette and
discarded. This éxtraction was,repeated twice, the thlrd extraction used o”nlleSOul of*
eolvent and the tube was not Vdncxed. The necks of the tubes w."ere“‘wiped with a Kimwipe,
which had been soaked in buityl acetate, and then‘soiyem was removed on the vacuum .
centrifuge. - B o | |

Cleavage was e?‘f ected by the addition (;f 40#1 of “Lr'iﬂuroacctic ac;d’(TFA\S. sealing,

the tube under, nitrogcn and mcubanng at 55°C for 12 minutes. The TFA was removed by

A
) " 0 W

cvaporauon in a stream of nm'ogen { ollowed by drying on ‘the vacuum centrif uge The

.dried res:due was dxssolved in 10;;1 of water Butyl acetate (ISOul) was added, the soluuon

was xmxed centnf uged and the upper phase contammg the DABTZ -amino acxd was

ey
%

removed to a clean tube The aquéous phase was dried on the vacuum cenmf nge and

§
reserved for the seoond sequencmg cycle The organic phase- was dned on the vacuum
centnf uge. convcned in S0ut oﬂso% (v/v)y TFA , under mtrogé"f’ﬁr'lﬁ-mugmw at 70'C

and redned The cleaved DABTH -amino acxds were |dennf ied by TLC (see bel
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© 2.2.7.2 Liquid-phase automated sequenging.

Al

Thé majority of automated scquéncing was undertaken in this department on a
Beckman 890C sequencer (based on the work of Edman & Begg. 1967). During the course

of this project: the ihs(rumcm was upgraded b§ the addition of a cold trap in the vacuum

S
e =

~ system, a chucmal SC-510 Sequential Controller and a Sequemat P~-6 Auto- Convcrlcr

The amount of protein required to produce usef \tl_uscquencc data decreased with successive
imp;‘()vemcnts.]lo the-\inslrlumcnl reaching the 5-10 nmol level by tt&: end Qf this projccl: )
The conversion reagent used by the auto~c_dnvcncr was a methanolic solution of
hydroshloric acid made by the dropwi§e addition of onc part of cold acety! chloride to
seven parts of ¢cold methanol, The extraction solvent was a mixture of 1,2-dichloroethane
and methanol (7:3). The routi;]g scquenccr“prog.;ammemuécd ‘on this project was a singlg‘
coupling, single cleavage method, Double coupling was uscd. at the first cycle for longer
peptides and double cleavage was used whenever a residue was known from a previous run,

0"

to be proline, Polybrene (3mg) was used in all runs,

2.2.7.3 Precycling of Polybrene

In order to remove z:ny imburitics from the Polybrene, which could havc been
cxtracted with the derivatised ammo acrd it was subjecled to six cycles in the soqucnocr
55mg of Polybrene was dissolved in 7704l of waler or t.hls 700ul was loaded into the ~

R

sequencer cup as for a protein nm Six sequonccr eycles were.run and the dried Polybrene

[}

N.was thén dissolved in Smi of water and removed 300l ahquots comammg approxlmatcly

3mg wch were stored in vxals gt -20C unul requnred \

2274 Attempted suppression of background in automated sequéncing using
o-phthalaldehyde

-~ This expei'ir-nent ﬁras undertaken in an attempt to reducejthe PTH-amino acid
b;ckground signal in late cyclw of sequcnoer::runs aind“aliow the 'recdgnltion of more
sequence data. O-phthalaldehyde (OPA) rcacts with amino groups but not imino gmups. _

~Consequently. all the common amino ac:ds cxoept proline will react with this reagcm

)
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O-phthalaldehyde labelled amino-terminal-amino acids are not cleaved in the Edman
‘degradation.

Sequcncmg was interupted at cycles where Proline was known, from previous
sequenccr runs, to be the amino- terminal residue. Following the method of Brauer et.al., -
(1984) the sequencer was programmed to deliver OPA to the spinning cup, allow the
reaction of OPA with any non-proline residues and wash out any unbouad OPA.

Sequencing was then continued.

2.2.7.5 Gas-phase automated sequencing.

Several samples, Specially those available only in small amounts, were analysed on
the Applied Biosystems model 470A gas-phase sequencer in the Biochemistry Departrr;em
at this university. T|his instrument, recently upgraded by the addition of ‘automated,

" in-line HPLC analysns of the PTH-amino acids (Applied Biosystems model 120A PTH

Analyser), is capable of routine operation with samples of only 100 pmol.

2.2.7.6 Carboxy-terminal sequenciné with carboxypeptidase Y
Baseld on the melhoo of Hayashi (1977). samples were exhaustively dialysed ‘
against MilliQQ water to remove free amino acids, lyophilised and dissolved in 0.05M
pyridine acetate buffer, pH 5.5 containing norleucine as an internal standard. "
Carboxypepudase Y atan enzyme substrate ratio of 1:400 was added and dlgesuon allowed
to procede at 37°C. Ahquots were rcmoved at various mtervals over 24 hours and frozen.
They were subsequently analysed on the amino ac_:xd analyser.
. 2.2.8 ldentlﬁentlon (!f Amino Acid Derivativos Produced by Sequential Degradation of Proteins

and Peptides. "

a

2.2?8.1 High - pressure liquid chromatogfaphic analysis of PTH-amino acids.
Several methods have bwn used during the project (Zimmerman% al., 1977;

Somack, 1980; Tarr, 1981 Glajch,et. al 1985). The current routine method (Glajch et.al.,

1985) uses a Zorbax BioSenes PTH (CN) column (see ,an. S) Two eluents (A and B) are

.
@
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Fig. 5 Chromalography of 0.5Snmoles of each of ‘the PTH -amino acids on a Zorbax «
BioSeries PTH column. The. elution positions of methylaspartic acid, methylglutamic ’
acid and methylcarboxymethylcysteine phenyltmohydamoms made in this laboratory,

are shown.

Y]

madeé f reéh daily as follow5' acetonitrile/tetrahydrofurﬁn/stock bﬁf fer (18-16'66) Two.
| stock buf fers are usqd (16mM and 4mM phosphonc acid, pH adjusted t03. 15 with sodium
hydronde) to prepare cluents A and B mpecuvely ‘The optimum separauon of !
B P’I’H-ammq acids is achieved at approximately 80% B. The exact proportion is detérmi_ned '

from the first standard of the day. An adjusimént of +2% B is often required.

<
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2.2.8.1 Thin layer chromatographic identif icati‘on'o‘f DABTH-amino acids produw& by
manual sequencing. . ‘ “ \ | ‘
Two-dimchsional TLC on 25cm square, double-sided. micropblyamide plates was
used to identif y the DABTH -amino acids rcleased during manual sequencing.
The first dimension 'was eluted in acetic acxd watcr (1:2), the second in
toluene:n-hcxane:aocuc acid (2:3:1).. (see Flg\Qx
DABTH -amino acid standards are made as follows:
To“IOOnmoles of amino acid, lyophilised in a 6x50mm test tube, a‘xdd' 50ul of buffer
(3. 56mM tnethylammeaoetxc acid pH 10 65, 45% acctone) and 25ul of DABITC solution
(4uM in acctonc) seal and incubate at 54C for 60 minutes. Dry on the vacuum
. ccnmf uge. Redissolve in 50ul 50% TFA seal and incubate at 54°C for 60 minutes. Dry on:
the vacuum centrifuge and’ dissolve in 80% ethanol for spotung onto TLC plates. The
internal standard, DABTC- dlethylammc is made by mixing 1ml of DABITC soluuon "
(lnmol/ul in‘ethanol), 104l diethylamine and 100ul water, This solution, stored at -20°C,

is uséd without dxluuon. =

W Dag}ic
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- Fig. 6,/ Two dimensional TLC idenufication of the DABTH-amino acids produced by
manudl sequencing. 1: (horizontal) acetic acid:water (1 2) 2: (vemwl)
toluene: n-hcxane acetic acid (2: 3 1)
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- 2.2.8.3 Back hydrolysis of PTH-;,rhino acids.

™ .

lf“;‘)roblcms of identif icaEion arose, the PTH-amino acids were "bacbhydrolysed\“i
to the free amino acid which could then be idehtified by anﬁno acid analysis. Two méqus'
were used:
1. 57% hydroiodic acid (Smithies, 1971), 12TC, 18 hours. |
2, IConstam boiling hydrochloric acid containing 0.1% (w/v) stannous chloride (Lai,

1977). 150°C, 4 hours,



3. RESULTS .

3. l Characterlsatlon of Proteodermatan Sulphste and the Various Glycoprotem Cores derived '
.

v] !
P

fromPDS o R . P

. Several deglycosylatton methods were employed and the comparison of sequenoe data

. from the vanous cores assnsted in the eluctdatton of the nature of residue 4 Deglyoosylauon

using tnﬂupromethanesulphontc acid ,(Edge et al., 1981),,was attempted but abandoned as

degradation of the protein Tore was observed:

3. l lProteodcrmatan Sulphate o : o ) ‘ . ,

Routtne analyses, related to lyophtllsed wetght of the vanous preparattons of PDS used

in this proyect ytelded very consnstent values\ Protem content averaged 48% by the method of
O

Lowry et al (1951) and values derived from amino acid analyses were always in excellent |

- agreement with these Uromc acid contents averaged 9% (oorrespondmg to a.

glycosammoglycan content of about 32%). Analyses for neutral sugars m PDS using

’ derivatisation of hydrolysates thh»dansyl hydrazme followed by HPLC determlnauon of the

derivatised sugars (Eggert & Jones 1985) gave values of galactose 1 8% mannpose, 1 8%

| :xylose 0. 2% and fucose, 0. 3% On electrophoresns in 5% SDS PAGE the apparent M.

esttmated using protem standards averaged 87, 000 (th 7) ’I'he ammo actd and hexosamme '

‘ oomposmon was also very consxstent (Table 2) - '_ S -

.G

0

Sequence a“nalysxs of mtact PDS was not very ‘successful. Stx of the first etght restdues
‘wete tentanvety idenuf ied (Table 3) l‘ Tom a run in which the sample ftlm in the sequenoer cup

detenorated raptdly toa sucky mass which apparently mterfered thh the smooth flow of

reagents neeessary for effic:ent sequencmg ngesuon of PDS with mrboxypeptidase Y released h

beu. Val Tyr Arg Gly. Ser and Ala (See earboxy termmal sequenemg of pepude CB 1 (Fxg
20) which produced almoa id@ea‘l results to the earboxy-termmal sequeqcmg of PDS)

43
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Fig. 7.‘SDS-polyacrylamide ‘gel electrophoresié. a, proteodermatan sulphalc;_ b,

"PDS(ABC)core; ¢, PDS(HF)core. Electrophoresis was carried out at. pH 7.2 in 5%
gels which were then stained with Coomassie Blue R-250, destained and scanned at
560nm. ‘ «' ‘



’ ‘ : TABLE 2 '
- AMINO ACID COMPOSITIONS OF PDS AND CORES

Amino ~ PDS (ABC)Core (BES)Coré  (HF)Core
Acid ' : B

v residues/1000 residues

Asx us 19 126 19

" Thr 2 43 - 44 4a
Ser - 64 .64 S - 61 ¢
Glx S (17 103 103 110 -
Pro . 75 68 62 - 70
Gly , 69 69 . 68 74
Ala ‘ 52 53 52 54

val 62 63.. 64 : 57

- Met™ 6 - 13 . 10
lie 64 X B 63 56
Leu 132 130 133 . 120
Tyr , 27. .28 0 26
Phe . 30 32 34 31
. Lys ' 85 76 18 . 89
His - 28 27 S 25

- Arg 29 29 30 . 32
Cys - S 18:+° ND =~ ND
Trp " 'ND - 3 ND ND

Cya - o - -5 : :
GIeN* 30 23 2
GalN* 109 4 3

W \O

Determmed ‘as . methxonmc sulphone following performlc acid oxidation.
Determined as cysteic acid following performic acid ‘oxidation. . ‘
Detcrmmed as S-carboxymethylcysteine following reduction and alkylatwn.
From methanesulphonic acid hydrolysis. ,

- Heéxosamines expmsed as mnduw/looo amino acnd mldues

\ND = Not dctermmed ‘ . :

0-0‘\-»-
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TABLE 3 . ’

SEQUENCE OF THE AMINO TERMINAL REGION lNCLUDlNG RESIDUE 4

‘ o Cyclc .
sample ) ‘ 1 2 3 4 5 .6 17 8

PDS D E AS - G ... G P
(ABC)Corc D" E- A - G N G P
R&A*' (ABC)Core D 'E A . G I G p
CB-8 : - D E A . ~ G 1 G p
(BES)Core D E A Cya’ G I G ~P
(HF)Core ,.?‘."Q‘ D E A S, G ] G P

! Reduced and alkylated
* Cysteic acid

3L 2 PDS(ABC)Core

The apparent M of the PDS(ABC)core in SDS- PAGE on 5% gels(Fig. 7), was

53, 000 55 000. ThlS Value was found to be depcndent on the conocntrauon of the gel.

- Consequently thc method of Ferguson (1964) was employed to obtam a more rellable estimate.

This method is based on the relationship bctween mobility and gel concentration whtch can be .

C expressed as:

LogMp = -KpC+LogM,

.
o

A blot of Log 'reiative mobility (MR) for the unknown sample and the standards, at various .gel

‘ concentratmns © (Fig. 8) is used to denve the retardauon coef fi 1c1ent K (the slope of the

O Jw [

) grgphslﬁ’v’ KR) Plotung KR versus M for the standards produces a stralght hne f rom which

the M of PDS(ABC)core was esumated to be 45 000. The y mtcroept of the hnes in an 8is

0 the relauve moblhty at zero gel coneentrauon Thxs is a measure of the normality of

protemsile their uuhty as standa:ds m relauon to the unknown) as the graphs for the
" unknown and the standards should eonverge ata common M0 Thls graph suggests that the

'standards employed in thxs expenment were, vnth the exeepuon of phosph ﬁ B (whxch was

Y

omxtted from subsequent ealculauons) smtable for tlus purpose.
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Fig. 8. Ferguson Plot. : A plot of relative moblhty (M) versus gel concentration

- (C) for PDS(ABC)core (core) in SDS-PAGE. Electrop%orws was carried out at’ pH

7.2 in_gels of '5-12% acrylamnde Standards used were as numbered in section
22472 :
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The PDS(ABC)core showed no, sxgmf icant dxf feremm in amino acid composmon from

- the intact proteoglycan (Table 2) The hexosamme oomposmon howevex showed a reducuon

of galactosamme to only 4% of the levcl found in PDS Ncutral sugar oontents were the same

‘ "as for intac& PDS. Thwe data are consistent with the removal of almotud] of the dermatan

v" ‘sulphate sidc cham by chondroitinasc ABC Aocuratc valuw for methnonins (as metlnomne .‘

’ '_',sulphone fi ollowing performxc aud oxxdauon), cysteme (as cystcxc acid followmg perfornuc acxd

> oxidation and as S carboxymethylcysteme followxng reducnon and alkylauon) and tryptophan .

f
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(following methanesulphomc acxd hydrolysxs) were determined for thls~ prcparauon

—

Sequencmg 1denuf ied 26 of lhe first 30 resndues of the PDS(ABC)core and tematively
1denuf 1ed three subsequenl resndues (Fig. 9) Rcsndue four was not identified f rom lhe
| (ABC)core (Table3). | T

4
3. l 3 PDS(BES)Core ‘

In SDS PAGE the PDS(BES)core proﬁ)naed a single band correspondmg to the same
- ‘molecular weagm as the (ABC)core. The small change in molecular welgm due to the removal
" of. the linkage region of theTg'lycosamineglycah was nol deteclted This was ‘probably due to the
small size of the carbohydrate that was removed (approxlmalely 2kDa) and the fact thal '
carbohydrate docs no( bind SDS, such tha( molecular welght esumates involvmg carbohydn:tes
are always inaccurate. The amino acxd and hexosamme composmons wc’re also identical to
those of the (ABC)core within experimemal erfor, éxcept for the l&;zxs:on of five res:dues’of :
‘ cystenc actd per 1,000 resxdues (Table 2). This is consnstem with the removal of that portion of

\

the dermatan sulphate chain that remains attactied to lhe PDS(ABC)core and any other g

O subsmucnts on serme res1ducs by B- elnmmauon/sulphne addmon Thc mcorporauon of
: l" ive residues of cystexc ac1d suggests the removal of 1.6 O substituents per mole amj@‘ﬂ}c
.. expected correspondmg decrease in serme coment was not observed ’l‘hese dlscrepancxes fall
” “! wnhm the expenmental error of amino acnd analysxs Sequencmg the PDS(BES)oore 1denuf led
| 26 of the f irst 30 mndues (Table 3 Flg 9) mcludxng cyStexc acxd at restdue four (an 10) Thc
: “ldenufxcauon of cystexc acid at restdue four mdumes that B- ehmmauon sulplme addmon . ‘
; : cleaved a substnuent wlnch was O glyoosndmlly linked to serine at thns location.
) . i . B e | . l |
34 PDS(HF)Core | B | |
o The apparent M of the (HF)core in 5% SDS PAGE was eonsiderably less than that of j
.the other two cores at 42 000 (Flg 7) The ammo acxd eomposmon agam matched that of thc “

: “mtact proteoglyean (’I‘able 2) The hexosamme analysxs showed a reducﬁon in the ,

.
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Fig. 9. A summary of all the scquencc data used in the assembly of the amino acid sequence of
‘the amino-terminal 214 residues of PDS. Open ticks indicate data obtained from automated
sequencing; closed ticks, manual sequencing. The peptide nomenclature is cxplamed in the text,
The data shown on the single line corresponding to intact PDS and the various cores derived
“from PDS, was largely derived from the (ABC)corc and (BES)core The contributions of the
mtac( PDS and the (HF)core are shown in Table 3 gk

A

o?
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. Fig. 10 ldemll'lcauon of residue 4 of the PDS(BES)core. Thc yleld of PTH- cystcxc
ac:d produccd by the sequencer is shown for residues 1-8. .

‘

‘galactosamine, to the sénle level ‘as seen in the other (wo cores, and z; gonsiderable reduction in
the glucosamme to about 30% of that in PDS. Tlns and the cons:dcrably lower molecular “
weight value, are consnstcnt with the expected removal of th&shonohgosaccha.nde side chains
" (a single glucosamine, N-glycosidmlly linked to asparagxne. rem;nns at the site of attachment
" of each of the N-linked oligosaccharides) in addition'to the-removal of the dermatan éul‘phale.
 Sequence analysis of this core identified the first eight residues (Table 3, Fig. 9) including
; serine at residue four (Flg. ‘11). Due t6 a consider'able breakdovm of serine dcrivatives whlch
. was cncountcred in early sequencmg expcnments serinc was 1dcnnf ied by the recognition of

e both PTH-scnne (at 254nm) anda degradauon product of PTH -serine (at 313nm) ‘which was

‘tentatively identif ied as P’I'H dehydroserinc from its very high A,,,/A, 54 TALIO. 'I‘hq
identification of serlne at residue four oonf irms the 1denuficatjon made from the sequenec of
the (BES)eore. ’l'he sequence sennc,-glycme at residues four and ﬁve matches the only known
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Fig. 11. ldentification of residue 4 of the PDS(HF)core. The yields of PTH-serine
and PTH-dehydroserine produced by the “sequencer arc shown for residues 1-8.

4
Q-

biosy'mheu'c sequence requiremer‘it‘f or the attachment of a chondroitin sulphate chain
(Isemé?a, et. al. 19§l) Chondromn sulphate is the biosynthetic precursor for dermatan
sulphate. This strongly suggested but did not prove, that the DS cham is atlached at this
position. Definitive prqqf of this was obtained by a different approach (see later).

—

3.2 Isolation and Characterisation of Peptide Feagments.
" 3.2.1 Cathépsin D Digestion Products of PDS |
: ‘;Cathcpsin D, an enzyme tha; cleaves only a restricted number of bonds (Scott &

Pearson 1981), and which is available in this laboratory, was chosen in order to produoe a
small number of relatively large pepudes from PDS. A eathepsin D digest of PDS was
chromatographed on Polyanion SI ( an 12) All the retarded material was collected as a single
pool ref erred to as CD- N wlnch probably included only lhose peptides which earried a
dermatan sulphate chain. The work of Dr R K. Chopra in this depanmem demonstrated
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Fig. 12. Polyanion-SI ion ex(;:hép{ cthy of a ﬂc_?h/epsin D digest of PDS.
Column, (HR 10/10) 1 x 1 Eluents, A: 7M>usea; 0I5M sodium ‘chloride, ~
0.05SM Trs pH 6.5; B: M urea, 2.0M sodium chloride, 0.05SM Tris pH 6.5. Flow
rate 1.0ml/min. /o . P o

that at least 75% of the bovine skin PDS molecules contain only one dermatan sulphate, which.
is‘attaehed to serine-4 (Chopra et al 1985). Consequently most of the material in the CDN
pool must include the amino-ter"minus of the ingact molecule (Fig. 13).

CD-Nis seen as a smgle diffuse band, on Toluidine Blue staining of SDS-PAGE gels
‘ 'which yields veral smaller bands on Coomassie Blue staining of a chondromnase ABC dxgest ‘
of CD-N 4\& y peptides, all including the amino terminus of PDS, are derived from the
eathepsm[Q dlgest itis apparent that moomplete cleavage occurred A Western blot, from a
10% SDS-PAGE gel of CD N, after deglyoosylauon thh chondroiunase ABC, showed
(Amido Black staining) a series of peptides of apparent M, 16,000-34,000, contaminated with a
small amount of PDS(ABC)oore (Plate 1)." All bands stained w:th the monoclonal antibody

.....
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Fig. 13 A model of the structure of CD-N. the series of GAG bearing penudcs
isolated from a cathepsin-D digest of PDS by chromatography on polyanion-SI, an

~ anion exchange column. The approximate sites of the epitopes recognised by the

MAbs used durmg this project, are also shown (+).

smallest pcfnides did not stain with 3B3 and only the contaminating PDS(ABC)cor'c_'staincd
with 6D6 (f’late 1). These data suggested that the order of the epitopes recognised by these

MAbs, on the protein core of PDS, from fhe amino-fefminus; is: 7B1, 5D1, 3B3, 6D6.

-

A}

3.2.2 Cyanogen Bromide Cleavage Products of PDS(ABC)Core .

A series of trial dxg&suons using various samples (PDS, (ABC) and (HF )corcs)

‘ prctreatmcnts (reduction, reducuon and alkylauon) and dxgwuon conditions, screcned with

10% SDS- PAGB was used to select me opumal CNBr d:g&cuon prooedure The method
selected for routine use was the one using lhe most stralghtforward set-of condiuons producing

consistent rwults and leavmg no undlgwted startmg matenal
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AB. 781 5D1 3B3 6D6

-

Plate 1. Immunoblot of a. chondroitinase ABC digest of CD-N (CD-N is the pool
of GAG-beating peptides from a cathepsin D digest of PDS). The peptides were -

. transferred from a 10%'SDS-PAGE slab gel to nitrocellulose paper ‘and- stained with
Amido Black (AB), or immunochemically using '1:100 dilutions of monoclonal
antibody ascites fluid (as indicated). The Amido Black stained track. was loaded with
-20ug of CD-N and the MADb stained tracks wtth 1-4ug per track. The left hand
'track contains molecular weight. standards. .

7

©

Initial screcntng of the CNBr cleavage products of PDS(ABC)core, with 10%

SDS- PAGB showed 3 major bands of apparcnt M, 35 000, 12 and 10, 000 and several more - ‘
wcakly-stained bands (Fig 14, Table 4). These bands wcre nu bcred in order of mcreasing
moblllty from the largwt CB 1 to the smallest CB 7 CB-1 an CB 2 Were the only peptjdw

| which stained wlth periodtc acid Schiff, suggwting that these we the only peptides with

s o.”‘
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Fig. 14. SDS-PAGE of a CNBr digest of PDS(ABC)core. Aliquots (25ug) of the

digest were run on separate tube gels “of 10% acrylamide at pH 7.2. The gels were

then stained, -destained and scanned at 560nm ((j:oomassie Blue staining) or 520nm
(Periodic acid Schiffs staining). D o : ‘

e T "TABLE 4 .
| CNBR PEPTIDES OF PDS(ABC)CORE _
CNBr Peptide CB-1 CB-2 CB-3 CB-4. CB-5 CB:6 CB-7 CB-8
Apparent M_ 35 0. 20 14 12 _ 11 16 ND

C(x 100)

®

S Proportion of . 3% 71;»».'.‘.-10%‘“ 6%, 25% v 12% 'ND

- Whole ‘Digest*

' *Based on relative peak area of a ‘scan of an SDS-PAGE gel of a CNBr digest. of
PDS(ABC)Core (Fig. 14). - . - . c T T
ND = Not detected. . .
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3221 Isolation of cyanogen bromrde pepudes

The following gel -f rltrauon medra were mvesugated using several buffer systems
Fractogel TSK - HW 50 F, Sephadex G 50 and G 75 Superose 12, Sephacryl S 300 and
S- 400 Uslng 10% SDS-PAGE to monitor the separatton of the pepudes Sephacryl S- 300
N 'eluted wrth 0.01% TFA. was selectedas provrdmg opUmal separation (Fig. 15)

A small proporuon of the CB -1 and CB- 7 from the digest was isolated ina

| homogeneous state as determmed by SDS-PAGE from S—300 chromatography. Thetrue
uullty of the $-300 chromatography however was in’ the separatron of the pepudes into
groups which were f urther resolved at later stages

ln some S-300 runs CB 5 was successfully rsolated from a mixture contarmng
'CB 7 CB 6 and CB-5, by rechromatography on the same S-300 column (Fig. 16) Often
however, all the S:300 run fracttons comammg CB 5 also contained CB- 4and CB 3
Therefore only a small amount ot‘ CB- 5 could be prepared in thrs manner. ‘
| The ma ]or pool of peptrdes whrch requrred further f ractionation (Pool I)

. contained CB-1, CB-2, C,B 3 CB 4and CB- S The followrng chromatographtc medta
.' were mvestigated usmg a vanety of eluent systerns (TFA HFBA tnethylamme) in search .
of an appropnate f ractronatrorr method rechromatography on Sephacryl S 300 Altex
Ultrapore RPSC (C,) Vydac RP 214 TP(C.) Pharrnacia Pro RPC (C,/C.) and
Pep RPC (C,/C..) Agam 10% SDS PAGE was used to monttor the resoluuon and
Pro- RPC eluted wlth an aoetomtnle gradrent in 0.1% HFBA was adopted as the routrne o
method beeause it afforded the most useful separauon (Frg 17) Thrs separated S- 300
' vpool 1 into two f urther groups of peptrdes. CB group A cons;sting of CB 3 'CB-4 and
'CB SandCB groupBeonsrsungofCB landCB 2 AsthepeptrdesCB 2 CB 3and
: CB 4 wereparttal cleavage products they were not always present m all drgests and when
" present thelr imounts ﬂuc_tuated. When samples run on this column also contained CB-6,

* small peas (i and ii in Fig. 17) were observed eluting prior to the CB-group B peak: -
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" Fig. 15. Above: Sephacryl S-300 gel filtration chromatégraphy of 'a. c’iax dBest of
PDS(ABC)core. Column, 1.6 x 85cm. Eluent 0.01% TFA, flow rate 6ml/hr. Below: .
. -SDS-PAGE of aliquots' of thé®fractions from the above S$-300 run. Electrophoresis -
) was #IpH 7.2 in- 10% acrylamide gels. The left hand track of cach ‘of the two~ .=
. slabs shown contains molecular weight. standards as. listed under section 2.2.4.2. -~ . .
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Absorbance 214 nm (—)

04"1 1

35 9  as 50
Fraction Number

: u.v" R T ‘ W /

an 16. Scphacryl s- 300 gcl flltrauon re- chromatography of a pool comammg CB-5,
CB-6 and CB-7 from a' prior S-300. run of a CNBr digest ' of PDS(ABC)core .
Column 16 x 85cm. Eluem 0.01% TFA flow rate 6ml/hr oo



r (CB-Group B)
At

' (Cé-Groop A)
: '

Absorbance 214 nm (—) ‘
°
N

0 20 a0
v %8B

i

' Fig. 17. Pro RPC (C,/C.) reverse-phase chromatography of - fractions' 38-40 from the"

.S-300 chromatogram s in' Fig. 15. Column, HR 5/10 (0.5 x 10cm). Eluents A:
0.1% HFBA, 30% a itrile; B: 0. 1% HFBA 0% acetomtnle flow rate 0. Smem

d

.T\A

Any pool containing the trace component CB- 6 (eg f racuons 43- 46 in th 15,
.I | pools i and ii in Fxg 17) was un on Pro RPC (Flg 18) and produwd small amoums of i
' homogeneous CB- 6 | ' ‘ | o
| The small pepude CB 7 and another sunilarly swed pepude named CB 8, which
~was not seen in gel electrophomus were 1solated from the later fractxons of the mitml
: S 300 Tun (Fig 15) by chromatography on Vydac RP 201-'1? (Fxg 19) Imually. the
. ) CB 7/CB 8 pool was fxrst ehromatomphed on Sephadex G 25 then G 50, before
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Fig. 18. Pro RPC (C,/C,) reverse-phase chlromatogfaphyi of -fractions"43~46' from the
S-300 chromatogram shown in Fig.' 15, Column, HR 5/10 (0.5 x 10cm). Eluents A:
0.1% HFBA, 30% acetonitrile; B: 0.1% HFBA, 50% acetonitrile, flow rate. 0.5ml/min.

N . v . ‘, ' . A .
N

N
{



- cBf| C R
010} : ‘ .

—_ - CB-8 .

| -
E

c "

<

-

o~ ‘ ‘ ‘ .
‘ ) . ; .
Q - ' I . .
o 0.0S , :
c - } ‘
1 €Q

P T

a 3 -
£

< ’ N ,/"

: ' Q [l )
A 0 4 1 ' .
30 35 40 :
%8 %

. . ' " .
B 5 ! . o h
,)‘ i P

Flg 19 Wdac RP 201 TP (Cu) reverse—phase chromatography of f ractions 49 55
" from the S-300 chromatogram. me x 25cm. Eluents A
0. 1% TFA B: 0. 1% TFA 70% aoetomtnle flow ,Tate . 10ml/mm

/

/

/

RP 201 TP. These steps dld not providé any usef ul resoluuon and were subsequently
| omntted Unsuooessf ul attempts were made to observe CB-8 in gel electrophoresis usmg
; shorter runmng umes ppecxpxtauon thh TCA dtmng f txatlon slaming and destammgm
‘ “ steps and a hxghly cross- lmked um eontaxmng gel system ’Swank andMunkres 197).
Absorbanee at’ 214nm was used routmely to monitor gel f ﬂtrauon eolumns and small
1 pepudes such as CB 8 were then readﬂy detected CB 8 theammo~terminal pcptide was ,j‘ ‘: ,
o xdentxfxed from its eomposmon whxch was known in f ull f’rom the sequence of ‘ o

~, . . - 3 P .o
! : . o e T . N L,

N ..)."'
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. PDS(ABC)core.

h ]
.

s
)

S 3222 Characterlsalior.l oi’ cyanogen bromide pcp‘tidcs ‘ .
Tﬁe amino acid eomposiudns of those peptides which were isolated in
P " homogeneous farm .are shown in Tapie 'S. Residues per mole values were calculated bascd\
. on lf‘lo moleeular weights knowﬁ f rd/m sequence data. The composition ol CB«l.was \
A

N cxprcssed as rcs:duCS per 1,000 because an accurate molecular weight value was not

available, Sequcnce data derived x;om CNBr pepndcs is summanscd in an 9,

) 'A. - . '
1 . '

i

r

S ‘ TABLE. § ‘ . SN
R AMH\}O ACID COMPOSITIONS OF CNBr PEPTIDES
Amino gs : CB-S CB-6 CB:7 - CB§
Acid R/1000 ~  R/mole _ R/mole R/mole: 'R/mole
"Asx 0 146 - 109 4.5 2.3 1.0
Thr 53 2.8 2.6 1.0 -
Ser. - 90 38 3.4 21 .. 1.
Hse - 0.8 09 08 ;. T+ 09
Glx . 62 .9.4 6.6 3.4 - 6.3
@ Fro 60 8.2 23 . 1.1 3.9
. gy § .76 5.2 53 43 21
Ala P69 - 3.5 21 12 1.0
Val 66 51 41 1.6 1.0
"~ Met . T RS 0.6 ~n e
lle , 63 - 63" 30 S 18
Leu 125 '19.4 . 6.1 20 e
- Ty 47 12, 0.4 - S
e  Phe 27 35 2.0 0.9 0.9
Lys o . 66 127 42 . 1.0 0.1
. - His 27 1.9 1.1 .- 0.8 '
Arg . 25 3.3 © 2.2 . ee -
»,Cys‘ . . ND . ND 'ND . . ND ND ¢
. Total - 1000 98. 51 23 21
GIcN!” Sz .- 0.1 ‘0.1
GalN" R - - ;0.4

PRLENY .
. . "." 1

! Hexosamines determined (rom total hydrolyses only. The values are’ therefore

. depneased by approximately #0% ‘with respect to values determined from the milder
“hydrolytic conditions . employed in the hexosamine hydrolysis.

" Hexosamines expressed .as- reciduec/moo a.mmo acid residues.

‘ ND NO[ Determined conl

Ex R ' ST .. v ‘
. v T N oL . . vt ' \
A !



The largest peptide in a CNBr aigcst of PDS(HF)core was M r 23..00('). Allbthe
other peptides in lhis digest were also seen in the CNBr digcst of PDS(ABC)core, This
suggests that CB-l(probably consists of a peptide of Mr 23,000 bearing sufficient |
oligosaochz}ridc chains to &ause it to migrate with an apparent M r of 35,000, This was the
only CNBr peptide which contained glucosamine in significant amounts (Tablc 5).
supporting the suégcstion, from periodié9 acid Schiff stained SDS-PAGE gels, that all the
oligosaccharides are attached to this peptide, The amino acid composition of CB-1 ("T.able
5) showed that it contained no homoserine and thus included the carboxy-tcrminus of the
protem Digestion of CB 1 usmg carboxypeptidase Y, released Val Tyr, Ala, Arg. Gly
Leu and Ser (Fig, 20) Although the results were not ldenucal to those obtained for PDS, =
lhey’ were suf ficiently similar to suggest that CB-1 and the intact molecule have.lhc same
\carboxyﬂcrminal sequence, and thusvlhai CB‘—l is indeed the carboxy - terminal CNB’

»

peptide. Particuiarly long sequencer Tuns were pbssible with this peptide. The full da(a
for one such run is presented in Table 6. b .
| The M 12,000 estimate for CB-5 was consndered to be reliable as e values

csumated from SDS-PAGE on 10% gels and mlculated from amino acid composmon
(Table 5). were m good agreement. Thirty of the first 39 resmues Qf the sequcnoc of thns
peptidd were posn_uvely identified. Consplcuous f atlurcs of identif’ m;ior\ in the carly rcgnon
of this sequence occurred at residues 4, 8, 10 and 17 (F;g'. 9). . . ’ o .

Analysis of CB-6 provided sequence of the first 39 amino acid residues witha
failure of identification at residue 35.(Fig. 9). These data were suf ficient to determine
that CB-6 contained a methiohinc (fcsiduc i8) which fimd nbt c':llcaved and comprised a 28 )
residue pepudc (named CB-6a) and CB-7., The amino amd composmon of CB-6 (Table 5)

was in good agrecmem with the composmon of the sum. of CB 6a (f rom sequcnoe) and

IR

~ CB-7. ."‘}‘ o |
 The'M_estimated for CB-7, in highly cross-linked/urea-containing SDS-PAGE,
was 2,500. Twenty two continuous residues of sequence were determined for .this,@lidc

\ oo - -"l\ ,E. '-;é'a‘ N

J.'x .
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Fig. 20. Carboxy-terminal amino acid sequencing of peptide CB-1. The sample was
incubated with carboxypeptidase Y for 24 hours. Aliquots were removed at 0, 2, 5,
10, 20, 30, 50, 100 and 300 .minutes and at 24 hours flash frozen and stored at
-60°C until ready fox amino ,acid analysis.

" (Fig.9). The an;ino aoid 'com‘p&sition soggosted that a‘single hox;loscrinc was unaccounted
for -'obwiioosly at the carboxy-ierminé,l pos;tion Thxs compositioh cormpOnds toa
l molecular wenght of 2 164, m good agrecmcnt with the wumate made by electrophomis
The pep'tide CB- 8 was known to be 21 residues long from 1ts amino acid *
oomposition and the sequence of the intact core. Fif teen of the fxrst smeen residues of
sequenca were identified for this pcptide with a failure of identification at residue 4 (Table
3, Fig. 9) The p¢ptide was reoognised as the amino-tcrmmal CNB: pepude The small

.,amount of galactosamine in this pepnde supports the attachment of a dcrmatan sulphate
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. ~ TABLE 6 °
CB-1 SEQ‘UENCE DATA
Sequencer Residue  Residue  Yield . Sequencer Residue  Residue  Yield
Cycle Number Identified % Cycle Number ldentiflied %
by. HPLC by - HPLC
1 171 K 14 2 . 193 S 12
2 172 K 17 24 194 L 43
3 173 . L 87 25 195 T 14
4 174 S 17 26 196 E -
5 175 Y 75 ! 2 197 L . 27
6 176 o 72 28 198 H 8
-7 i R .34 . 29 - 199 L 26 .
8 178 1 T 67 30 200 D .
9 179 A 76 31 201 G 8
10 180 ‘D . 32 202 N . 11
11 181. T 33 33 203: K 2
12 . 182 - -~ 34 204 I
13 . 183 I 55 35 205 T 3
14 184 T 24 36 206 K 2
15 185 T, 31 37 ©207 v 8
16 "7 186 1 48 38 208 D *
17 - 187 P 44 39 . 209 A 7
18 188 Q 24 ~ 40 210 A 10
19 189 G 28 4] 211 - --
20 190 L 24 .42 212 L .5
21 - 191 - P 38 43 - 213 K 2
22.. 192 p 47 , 44 214 G 2
o .
h . ) ﬁt

* Indicates a residue swhich was only determined qualitatively.

Repetitive Yield: ' S(4-23). 98%; ‘T(11-25) 94%; 1(6-16) 96%

°

'
chain at residue 4. | .o

Sequence am&sis of CB-ér'biips Aand B prdduwd lwosequenees: in each case.
Group”A ylelded Lhe sequences of CB-8 and CB- 5 in'the rauo of 1:3. Group B yielded the
sequenoes of CB-7 and CB-li in the ratio of 1:9. The dlspamy in amounts of the peptides '
in each group. and the fact that the minor sequenoe was known in f ull in cach mse

permltted clear distinction between the two. Eighteen residues of CB-8 and 17 residues of

~ CB-7were u‘ufxed from the minor components of CB- groups Aand B respectively
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" a
3.2.2. 3 Order of cyanogcn bromide pepudes

Sequence analysrs of the mtact PDS(ABC)core ‘provided sufficient sequenoe to
allow recognition of the first (21 residue) CNBr/peptlde and the early part of the sequenoe.
of the second. The amino acid composition and sequence of CB-8 were identical to those
expected for ‘the amino-terminal peptide The amino acid sequenoe ol‘—CB-S was
recognised as that ol‘ the second €NBr peptide.

A western blot from 10% SDS PAGE, of a CNBr dlgest of PDS(ABC)core

" showed, on statnmg wrth amido black, all the pepudes seen in the gel stained wrth
Coomassie Blue, shown in th 14 (Platc 2). Any dtf ferences seen between these two
digests are due to varﬁlons in proporuon of the parual cleavage products and the
dif] ferenoes between direct Coomassxe Blue stammg of the gel and Amrdo Black statmng of

-
the nitrocellulose paper. lmmunoblots;o( the same dngest showed several peptides staining

o '

wrth each monoclonal anubody This provided infi ormauon regarding epttopes shared by
several pepudes whrch together with the sequence and composmonal data presented
above, permitted the ordering of the CNBr pepttdes (Frg 21). Consequently. the epitope
recogmsedby7B11sonCB 8 bySDlonCB 6a by3B30nCB -7 and by6ﬁ60nCB 1.
A‘{he partial cleavage products of the cyanogen bromtde drgestron were essential'to the

- ordenng of the sequenoe data derived from the discrete peptrdes '

[

3.2.3 Cysnogen Bromide Cleavage Prodicts of Intact PDS - .

L% T

Other workers in this department (Chopra et al 1985) subjected a"CNBr drgest of PDS

'ﬂb chromatography on Poiyanion SL. The retarded uronic acxd-eontarmng matenal consists of
the GAG bearlng CNBr peptides which are dominated by GAG- bea:nng CB- 8 The ammo acid\ -
posltlon ol' thls preparation was very snnilar to to the eomposmon of homogeneous CB 8

L 4

. but the galactosamme eontent was substantially hxgher beeause the mtact DS chain was still
: This and- the residual galactosamine seen l‘rom t.he DS linltage regron of CB~8 from

:(ABC)oore. confrrms the attachment ofa DS chain to CB 8.

Do

BESY



Plate 2. Immunoblot of a CNBr digest of PDS(ABC)core. The peptides. were

transferred from a

10% SDS-PAGE slab gel to nitrocellulose paper and stained with

Amido Black (AB), or immunochemically using 1:100 dilutions of monoclonal Cy
antibody ascites fluid (as indicated). The left hand _track qontains molecular weight '

standards. - A
~ o!s\‘zel‘ A - ‘ . ,‘ ““ ,g‘ 7,’“ .‘ | ‘- i " ?‘ |
, i8-8 CB-5- ' CB-6aCB7 . CB.
xa, ) ™ an :
| I ‘ |
. b { I NS w m’ .
LI : ' 4 B A ) . ¢
- B3 Tt .
CB-4l ' T—1 pGrupA . ‘ :

»

 Fig. 21. Model showing the arrangemesit of the’ CNBF- peptides derived

CB—SI::_:::I

T o lm2
G By T : —CB-1.

troln‘f":'q

'PDS(ABC)core. ‘The numbers - adjacent to the, CNBr cleavage sites are the residue
* numbers of the cleavage methioniries. The dotted lines ‘indicate methionine - sites which
‘did_ not _cleave. The numbers' in parentheses are-the: lengths of the peptides in '

& amino acid residues

> Peptide CB-6a was’ never isolated, ‘its séquence was obtained

from CB-6. The approximate: positions of the ¢pitopes tecognisedbytheMAbsused

during this- project,

~are shown. . R o
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| "3 24 Tryptlc Fragments of CB-group A
The tryptlc digest of CB- group A was chromatographed ona Vydac RP 201-TP (C,.
reverse phase HPLC column (Fig. 22) The pepttdes from this digest were designated A-T-n
,where n is the number of the peak elutrng from the chromatogram shown in Fig. 22. The ‘
» material from each of the peaks was subjected to a two- dimensronal separation comprising
thin-layer electrophoresis f ollowed by thin- layer chromatography If this test produoed a smgle
spot, suggestive of homogenetty. ora pattem where one spot clearly dominated, sequencmg of -
-the peptide was undertaken Further separati n steps were not found newssary as all the
componems proved to be suitable for sequencmg, accordmg to the above cntena, The “
chromatographic yleld relative to the amount of ‘material which was digested ‘with trypsin,
arnino acid composition, and aminggcid sequence of each of these peptides is shown'in Tﬂabl'e‘
Peptides A-T-4, ‘5. 6‘nd 8 were sequenced .man‘ually. As this is a qit‘alitativye method.

B T .
' vy AR

no’ repeunve yield values can be reported

Peptide A T- 16 had'an a[mno acid composruon correspondmg to resrdues 22 45
“(known f rom the’ sequenoe ‘of CB -5). Prevrous sequenoe analyses of this- region of the

'molecule had failed to idenuf y the ammo aclds at residues 25 29 31 and 38. As this peptide

4

"-!neq‘a_ll of these mrdues it seemed to be an ideal sample f or.the elucxdation of these srtes

L
\

_ Reducﬂori ai\d alkyfation of the peptide followed by chromatography on a Vydac RP 201-TP «
" Cu colutrixl yielded three pepudds (A -T-16a, 16b & 16¢), suggesung that these had been linked
Rt togcther by dislrlphide&rrldges ’l'he chromatographic yield ammo acrd oomposmon and

::' sequenee of these pepudes are shown in 'l'able 7 On HPLC analysrs of the sequencer fracuons

-

| : from these peptides the prevxously unidentif ied rosidues all produwd _
L ‘PTH-methylearboxymethylcysteme. This suggests that these reiiidues exrst as cystemes in the RS

7 :ffnaiive molecule and that th .vmrde peptides are linked together by two disulphide bridges. £rom R
residue 25 to residue 29 or 31 and from residue 38 to mrdue 3lor 29 (Flg 23) ' o]
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: TABLE 7
TRYPTIC PEPTIDE&OF CNBr GROUP A

Peptide ” Yicldv ‘ YR Residue *~  Amino Acid Composmon ‘and Sequénoe
‘ o ‘ Data
% ~ Number .

- AT4 31 7476 N L (K) . S
. ‘ . - “1.1 08 1.2 o
7 . e . '
A-T-S 37.1 . 88-90 1 S (K) - "
| —_ ) ‘ 10 09 11 | o

AT-6 . 247 46-48° VP (K)
L S 1._108‘11

CAST-T 371 6 0 10113 N Q L K
S ' A 09 11 08 12
aTs w2 - w04 L E R
- - 08 1.0 1.2
A-T-9 o227 ‘ 69-73 (D. G, F, K)
| 18 09 1.
CA-T-0 931 79 1418 0 E L P E K
51 . 11 12 08 1.1 1.1
A-T-10a 361 “ 119« . Hse C
T - C 05
A-T-12 247 69 6468 1 T E I K
- o 10 09 11°1:0 1.0
A-T-13 . 443 105109 (L. Y, S. K)
N 7 16 1. ) |
CAT-4 175 88 . 61 .1 T E-1 K DG D F K
o 0 10,1011 10710 09 10 09 1110
AT 124 % . 293  CmcQ Cmc H. L R
S Uoa o 10010 1010 10 10

CAST-I6b. 134 ‘92 2% G PV Cm P F R
ST T 1 10 12 07 16 ‘

ATl 12480 . 3545 V.V Q Cmc § D L G L E
R os os_-1-.1 12: 10 Q 10711 11

=,
.—a
’-a
)-n
S
i
Pod
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1

Peptide Yield Y, 'Residoe_ . Ammo Acnd Composmon and Sequence

T R ‘ : Data ‘
% o . Number o o ‘ ‘ ‘ .
A-T19 351 81 . 91-101 1S P G AJF A P L.V
| ‘ . 1109 08 09 11/11 11 08 12 11
. ' K . ' .o ' '
‘ o Lo
A-T-20 371 93 . 49-6) D L P P DT AL LD
cor ‘ 12 08 09 09 12 1.0 1.1 08 08 1.2
- L 'Q N N K . v

08 12 1.2 12 1.0

3.25 Staphyylo'coceus eﬁteus ‘V8 Protease Cl.eav.a'ge‘ Products of CB-Group A

The V8 Protease dxgest of CB-group A was chromatographed ona Vydac RP-201- TP
(Cus) reverse phase HPLC column (Fxg 24) The pepudes f Tom this dxgesl were de51gnated
A-V-n, where n is the: 1txm‘mbe; of lhe pez;k eluung f rom the chromatogram shown in F:g 24
‘The maten’hl from each of the peaks was sub;ecled to thm -layer electrophoresns/ thin- layer
chromatography and -as wnh the trypuc peeudes of CB group A, all were fi ound to be suitable
: 'f or sequencing wnhout f urther punf wauon The. chromatographnc yneld ammo hc:d
”composmon and armnox acxd Sequenoe of oach of these pepudw is shown in Table 8. A V 6
. . was sequenwd by the manual method theref ore repeuuve yield cannot be mlculated’ The “

- carboxyl tenmnal resxdue of tlns pepude xdenuf xed as "Glx f rom the amino ac1d composnion

U r-"_"‘j_‘-"s* . '51'9 °°°°°°°°°°°°°°° 'E T <o
=7pvé?rncqanvaqcsnLanx X
RN .’ ‘ 0 ‘35 ST, S 445 X
P ‘.v ) ) ,‘. R ". ;:, oo ,‘ :' "c . ;

22-45. of the' sequenoe of PDS(ABC)core showmg @ two possible
r‘ broken iines) Closed mangulax

Fxg 23, Residues‘
arrangements ‘of ‘the disulphide" bndges (sohd lines ‘0
markers ind:oate tryptxc eleavage sntes‘ SRRSO
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: ' \ g N
A-V-§ . 144 CUS-17 0 LR (B) i ;
: -, 120713 | » .
o AV-T 46 019 Cnsas | KM P K T L Q E°
: | o 0.9 0.6 1.2 09 08 1.1 1.1 1.1
AV 186 93 96 | L Q@ N KN K I T.E .
SR S 10 1.1 1.0 Y0 1.0 09 09 1.1 |
e ‘ : . o ‘ ' S o
A¥-17, 155 88 10414 | R L 'Y L-S K'N Q L K.
o Y 10 1.0 1.0 1.0 09 1.0 11 11 10 1.0
' f . B 9 ' B
‘ e B o
" A-v-24 206 8 24 G P V X P 'F R.X Q' X_-
: C o 10 09-07 -- 09 1.0 08 -- 1.0 -
| " " H L RV .V Q X X D L
' n 0.7 1.1 08 0707 1.0 -~ --~ 15 11
' (5..G. I E) |
. 04 10 Il 1.0 A ,
AV 27 88 610 I K D GD F K N L K.
X o | 10 1.0 08 1.0 08 11 10 08 1.1 10 &
Sy « N.L H T L 1 L 1 NuN
S ‘os 11*1.1 101110 11 1008708
) N | K. ‘X K I X'P G X F'
| o e 10 310 100 -- 06,10 - 11
A S L AP L (S, Ay V, KL, E) *
: . 1.2 06 LY, 18‘- 12 12 10711 120 ., v
- T ——— — - - Lo

Al
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o TABLE 8 ( ‘
STAPHYLOCOCCUS AUREUS V8 PROTEASE PEPTIDES QF CNBr GROUP A

14

|Pepude Yleld YR ' Resnduc Amino Acid Composmon and Sequcnoe

s ‘ . I X . Dam ' .
. _ ‘f“%- ; Number .

" @ ALV-4 F £  usN9 | L P, E K (Hs) ;

oo . o 1108 1.3 1.0 09 ‘




B
“can be desngnated as glutamic acnd not glutamme because itisa V8 cleavage site. -

The overlapping pepudes f Tom tryptic and V8 dxgests of CB- group A ‘provided -

suf fi |cient data for the assembly of the sequenee of CB-5, and to 1denufy xts carboxyl tenmnal

attachment to CB-6 (See Fig. 9). . e

3 2.6 Tryptlc I:‘ragments of CB-Group B

‘e

The tryptm dngcst of CB Group B was chromatographed ‘on a Vydac RP 201 TP
(Cu)reverse phase HPLC column (an 25) Ammo acnd analyses of the pepudeqhave béen '
' undertaken but sesuence data lS not yet avanlable Ftom these ammo actd ana\lyses several
. V8 N

peptxdes from this dtgmt have been recogmsed wnhm the reglon ot’ resxdues 148 210 (that i

regton of CB- group B CB 1 and ¢B- 7 which has already been sequenoed)~

R

s 3 2 7 Staphg:coccus aureus V8 Protease Cleavage Produtts of CB-Group B.. . o \".
| The V8 prowase digest of CB- -group B was chromatographed on Vydac RP 201 TP .
(C,.)reveme phase HPLC column (Fxg 26). Aming acid analyses of lhe pepudes have been
undertaken but. sequence data is not yet avmﬁ‘)ﬂe From lhese amino acnd analysec several
pepudw fr Tom tlns dtgest have been recogni mthm the regxon of resxdues 148-‘210 (that

reglon of CB group B CB 1 and CB 7 whlch has already been sequeneed) S:gmfxcant among .
theee is B-V 13 which appears to eorrespond to resxdues 181 208 pude B v-13 contains
one more aspartic acxd or asparagme (Asx) mxdu: than was found dunng the sequencmg of
the oorrecpondmg region of CB 1 and two or three gluoosammes per mole (Table 9). Thxs
; suggests that reiudue 18zis a glycosylated asparagme Sequencmg of CB 1 f ailed to xdennfy
residue 182 as would be the ease were it glyeosylated The( known sequence requuement for

the biosynthetxc attachment of an N linked lohgosaechande is Asn Xxx Ser/Thr (Matshall

1972' ”‘If.residue 182 is a glyoosylated ASparagme men 182- 184 (Asn Ile- ) Thr) fits this pattern

IR
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33 Cnthepsin C Digestion of Proteodermatan Sulphate
The variety of evidence suggesung the attachment .of a DS chain at serine- ‘4 led

Dr. R K, Chopra, working in this department, to :zudy the degradation of PDS with the

exo-dipeptidgse cathcpsin C. which cleaves dipeptides from the amino terminus of protcin

substrates. Br, Chopra showed. in densitometric scans of é\DS PAGE gels that the progress

of the dngcsuon was marked by a decrease in the gcl band corrcsponding to PDS (Coomassne

Blue and Toluidine Blue staining) and an increase in bands of a sizc comparable to the ‘

PDS(ABC)core (Coomassie Blue staining) and free DS (Toluidine Blue staining). The release
\(;f dipeptides was also monitored, in an amino acid ’anaiyscr, calibrated with the expected
dipeptides, Asp-Glu was released rapidly, Gly-lle and Gly-Pro \ycre released only very

slowly. The second, GAG -bearing dipeptide, which is the Toluidine Blue staining cdmponcm

/

TABLE 9
COMPOSITION OF PEPTIDE B-V-13
Amino acid .Residues per
mole P

Asx 4.6
Thr 3.1
Ser 1.2
N Glx 20
Pro 29
Gly 23
0 : Ala 13
Val 1.7
Ile 1.9
Leu 4.6
Lys 1.8
His 0.7
GlcN‘ 2.1

! Hexosamines determined from total hydrolyses only. The values are. therefore
depressed by approximately 40% with respect to values determined from the milder
hydrolytic conditions employed in the hexosamine hydrolysis. .

-
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observed in SDS—? E. was |SOlatcd by cellulose acctate eleclrophorws prior to hydrolys:s and

amino acid analﬁn”g}vhlch confirmed its composmon Thus, a limited proteolysis of the

amino- tcrmina‘l region of lhe protem cort had rcmoved‘ the DS, confirming that it was located

" :
|
|

on serine-4 (Chopra, e, al., 1985), 1

|

|

| -

|



" 4. DISCUSSION .,
The aim of this project was to determine the amino acid sequenfof the protem component of
PDS. Initial attempts at manual sequencing (Methods of Edman & Henschen, 1979\ and Tarr,
1977) were unsuccessful, in part because of the nature of the sample and in part because of
lack of exbeﬁenoe in sequencing techniques, When the em‘phasis wvas switched from manua] to
‘ amomated sequencing ‘it was soon discovered that the mtact PDS was unsuitable as a samp}e
\m.

for sequencmg The sample problems were overcome and with time, sequencing efficiency wa&
»

increased,

S

o

4.1 Sequencing Efficiency . &

Thorough studies of sequencer efficiency under various conditions were outside the
~ . : 3 e s R .
scope of this project; howevep, a number of modifications of the instrument or operating

———

. conditions, which lhe lnerature mdxcated would provide lmproved efficiency, were attempted.
Initially, identifi lcauon of the released PTH- ammo‘ acids by HPLC\ was hampered by a
vefy large peak which co-eluted with several of the PTH-amxgo acids. It was surmxsed that this
peak was QuadroL\ Technical bulletins from the manufacturer of the sequeneer suggested the ~
reduction of the molarity of the Quadrol used from 1 OM to 0.25M and the inclusion of acetic
acid in the ethyl acetate (lml of glacial acetic acxd per lltre) to aid in the neutralisation of the
small amounts of d)ls buffer that may be retamed by the sample. The Quadrol was eventually
decreased to 0.1M, the acetic acid was incorporéted into the ethyl acetate and the interf ering
peak was reduced to an aoceptable level. ' |
. The use of the poly(quatemary amine) carrier, Polybrene was adopted in order to
reduce extractive l of sample, which is a problem especw]ly during the wash with ethyl
acetate (Tarr et al.}1978). In order to remove any contaminants of the Polybrene that might
be extracted with the PTH -amino acid, it was precycled in the sequencer cup for six cycles with..
di-glycine (the di-glycme was subsequently omxmed) .

4

I}
Al
'

el
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Prolme residues have proven drl' ficult to cleave, (Tarr,.1977) and have been identified
N\
as the sites at which sequence détermination ceases ( probably due to cleavage failure) in seveml

'

of the experiments run early in this project. A programme was wrltten that provrded a second

cleavage at cycles known, from preliminary runs, to be proline. This allowed the determination

Al

of more residues of sequence beyond the proline in queﬁﬁon.
! . \ . Ve
Major changes to the instrument included the rearrangement of the vacuull', system,

which provided a dedicated.vacuum supply for the reaction cell, and supplied this system with a
. ‘ .I | ’f, ) r‘%\
- cold-trap to reduce the amount of material in the vapour phase, thus indproving the vacuum

and protecung the pump from corrosion. The remainder of the vacuum s}%tem is used to.

R "

operate several valves and to provrde vacuum for the f racuon collector and is thus less crmcal ‘
‘ ' ! \

~ to the operation of Lhe instrument's chemistry. o o
' ! ) \
! i |

The instrument modifi rcatmn that provided the greatest apparem 1mprovemem m

'

sequencer ef ficiency was the installation of an aulomated convemon module. The sequencer
f ormerly produoed ATZ-denvauvcs of the cleaved ammo-termmal ammo acids. These were
taken from the fraction collector and converted manually lgnf ortunately. the ATZ -amino
acids are qmte unstable (Margolies et al., 1982) and any such denvames produced by t.he
sequenoer during an over-night run had to wait 'until mormng before conversion to the more
stable PTH -amino acids. The auto-converter eliminates the break down of the ATZ-amino - A
acids at this stage by undertaking the conversron unmedrately the ATZ-amino acid is exueetedD
from the spinning- cup The more stable PTH-amino acrd is then deposited in the f racuon
collector to await HPLC idenufimuon The methanolic HCI conversion used by the |
auto-converter was also f ound to mcrease the yleld of serine, threomne asparagme and .
glutamme phenylthrohydantoms |

~ An electrome programmer for the sequeneer was installed at the same time as the
auto- eonverter (the auto converter has its own programmer) replacms the ongmal
electromechameal programmer This allowed she automatle changmg of programmes during 2

. fun to aceommodate the differential treatment of certain reslduea such as the use of asecond .
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cleavage step f or prolmes ‘ -

N

, ln an attempt to improve the amount of sequenoe data obtamable from a single run,
o-phthalaldehyde was used at cycles where a proline residue is the exposed amino-terminus, to
suppress the PTH-amino ac:d background caused by the sequenual degradatton of the | .
amino-termini of pepudes created by random cleavage of-the sample pepude (Brauer et al.,

1984). Though a considerable suppression of the background was achieved with each use of

| OPA, a decrease in yield was also observed and no more sequence data.were obtaineg than in a

¥

- corresponding run in which OPA ;.va's not used. The combined modifications to the instrument

and methodology provided sufficient improvemént of sequeneing e(f iciency to allow the.

" reduction of sample load from about 100nmoles to Snmoles.

sequeneing protoeol were not neoessary f or such short Tuns. Reacuon tubes were merely sealed '

4.1 l Manual Sequencing C , '/ » : ' g
Late in the project, a manual sequencmg method was used in the«analysxs of the

tripeptides derived f romfCB-group A by digestion with trypsin or V8 protease. This method

‘ (Chang. 1983) was radically different from those attempted early in the project and’its success

' provndes no explanation for the failure of the early attempts Factors that probably featured

prominently in the success of the later attempts were the routine use of commerctally avatlable..

highly - purifi ed reagents (sequanal grade) and the use of_aspectf ic end-labelling technique
through to the idgntif lcatlon stage rather than back- hydrolysns followed by amino acid
analysis, as used in the catlier attempts Back - hydrolysts removes the specific labél and m:e | V)
must therefore eonsider the general amino’ a\cid background and maintain appropnately clean

technique throughout It was found that the precaunons suggested i m the ongmal method with

regard to the netention ot‘ an oxygen-f ree atmosphere dunng the reaction stages of the manual
underParafilmeafterpurgingwithnitrogen - ‘ ' o

, The identification of the released DABTH -amino acxds by thin layer chromatography

was stralghtforward (see Fig 6). Asdouble- stded plates were used it was poss:ble toruna e \
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standard on the back of the’ unknown to aid in identif icatron The posiuon of the unknown
spot relative to the standard on the rear was established by prercmg the plate with a pin. The
consistency of posmon on the front and rear of thc plates was compared by running an internal
standard on both sides. In cases Where a residue was one of the two palrs‘of DABTH-amino
acids that were not resolved in this TLC system, the amino acid composition'of the peptide was

relied upon for the distinction. ' .

4.1.2 HPLC Mentification of PTH-Amino Acids -

Several HPLC methods u/ere employed for the identification ‘of the PTH-amino acids.
- The separation of all the PTH-nntino acids in a reasonable period of time is quite difficult, and’
in order to save time, commercial kits comprising ; column and a factory optimised eiution
protocoi were occasionally purchased, if it was likely that they would provide an improvement
over the method in routine use at that time. Until the installation of thq automatic converter,
the separation of the PTH ammo acids was somewhat easier, as the manual conversnon method
separated the three water- soluble PTH-amino acids from the Test.

The first separauon method used was that of Zrmmerman et al.. (1977), uging a Cu

[N
-

reverse - phase-column cluted with a gradient of acetonitrile in 10mM sodium acetate, ‘pH 4.5.
The elution of all the PTH-amino acids required 45 rnmutes between in jectlons : »
The next method used was a Beckman kit based on the method of Somack (1980)
Usmg aCy, coiumn eluted wrth an acetonitrile gradrent in 4 2mM sodmm acetate containing
tetrahydrof uran “This mcthod provrded better resolution of the PTH- amino acrds. however, 45
minutes was still required between injections. Difficulty was experienced in acquinng " (
tetrahydrof uran of suffi tcrent optical transparency to avoid a steeply rising baseline The T
method of Tarr (1981) agarn on C,;, was a radical improvement. The method is isocratice}f
therefore has a flat baseline. The resolutron was greatly improved and. the un time was =
rednced to only 18 minutes Eluent preparation time was also redueed and buffer composition

| rendered more oonsistent by the use of a stock buffer. Two runs per cycle were still required

)
+ S /
« ‘ . /
K !
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whilst the manual oonvcrsron was perf ormed as thrs method separated the denvatrves into’
aqueous and orgamc phases Serme and threomne were identif; red as peaks that absorbed at
313nm. These peaks presumed to be breakdown products of PTH serme and P’l'l-l threomne .

~were also found in PTH-serine and PTH threomne standards that had been allowed to stand o

overnight at room temperature A ",

When the. automatrc conversron module was brought mto use, a separatron method that
would separate all the P’I’H ammo acrds ina smgle run was‘desrrable because phase separatron
ol‘ the derrvatlves no long\er occurred. A krt wasspurc‘h'ased from Dupont (Gla]ch et al 1985)
whrch in an 18 minute isocrattc run on a cyanotcolumn separated all the P'n'l anlmo acids’

p—

(see Fig. 5). Two buf fers were made up (drf ferent ionic strengths one fpr each pump) and the

A}
e

propomon of each in the eluent,reqmred to optrmrse the separatton was determmed each day
The auto -converter, which uses a methanohc HCI conversron acrd preserved PTH- senne and -
' PTH threomne far better than the nlanual conversion method whrch used aqueous HQI This | "
¢ allevtated the nwd for the seeOnd detector to identtfy serme and threomne from thear . | l
breakdown products Methanolrc HCl eonversron produees methyl derrvatrves of PTH- aspartrc

acid PTH- glutamrc acrd anct:PTH cerboxyrnethylcysteme No commercral standards were

Al
4

" available for these derlvatrves. howeverlv standardrsatton of elutton position, though not of
quantity. was possrble when methyl der;lvauves of these armno acids were prepared on the

sequeneer and run on the PTH amlno acid HPLC systern

4 2 Characterlsatlon ol PDS and the Proteln Cores Derived from PDS
One of the prtncipal screemng methods used throughout thts pro;ect was SDS PAGE
¥ This is a powerf ul technique eapable of resolving eomponents drf fenng by as lrttle as’ ZKDa in.
moleculaneight Unfortunately. glyeosylated protems do not behave tdeally in this system
(Segrest & Jackson. 1972) lntact proteoglyeans and even some of the edre preparatrons
d’hough well resolved migrate anomalously eausrng over~estimatron ol‘ their molecular werght.
’l'he best available estimate ol‘ the molecular welght of the protein component of PDS is 42,000,

- N . s . -

¢
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obtamed l'or the PDS(HF)oore in, 5% SDS- PAGE Anhydrous HF was the most thorough

deglycosylauon mclhod used (thls was supported by the hcxosammc analyses) and therefore

T ey

produoed thc spec:es exhlbmng least abnormality in SDS- PAGE pcrmmmg the determination
of M usmg only a smgle gel oonccntrauon (chcr & Osborn, 1975). The PDS(ABC)corc and
PDS(BES)core both mlgrated with apparcm M of 53 000 in S% SDS PAGE Though these

specms have more rcsndual carbohydrate than thc PDS(HF)corc this value IS considered to be

" an over-esumate because of the value of only 35,000 determmed for PDS(ABC)core ina

pn T

Ferguson plot. Nakamura ez al. (1983) suggested the presence of three O- lmkod
olxgosacchancles (sialic acid - galactose N- acetylgalaclosamme) and some N-linked
'olxgosaochande(s) ina prmcodcmatan sulphate from calf skin. Glossl et al. (1984) rcponed |
two ol three N-linked oligosaccharidcs axld no O-linked oligosaccharides in a PDS f rom

. cultured human f; lbroblasts Ev:dence f rom this project shows no galactosamme other than at’
the site of attachment of the dcrmatan sulphate chain, although therc isa consnderable amoum

’

of glucosamine associated with several of the tryptlc and V8 pephdes f rom the carboxytermmal
region of the molccule This does not st‘xppon Lhe structures proposed by Nakamura et al. but;
suggests s1mnlant): with the molecule studied by Glossl et al.. Neutral sugar analyscs of thls‘
molecllle are also ‘compéu'ble with the 'GIOSsl model in that the galactosc/manrlose ratio 'of 1:1
better supports typnml N- lmked ohgosacchande composition. \ |
“The smgle glycosammoglycan cham of PDS has a molecular wclght of 16KDa (Pcarson '
& Gibson, 11982) This in addmon to the 42KDa core and a contnbutxon ‘of 4 7KDa from
Ohgosacchandc side chams would give a molecular wclght of 60-65KDa for the intact PDS.
The M detcrmmed from SDS PAGan 5% gcls for xntact PDS averaged 87, 000 the -
over- wumauon bcmg severe due to the high wbohydratc content of the moleculc ' |
Ammo acid sequencmg of PDS produced only a few I'CSIdueS of sequcnoe ’l'he acld
stagw ol‘ the sequcncmg prowdure mused a chamng of the mrbohydrate oomponents of the
| proteoglymn which multed in bmkdown of the thm sample layer suf fi xcxcnt to prcvcnt the

ef fecnve mteractxon of the sequcncer reagents and cxtracuon solvents wuh the sample ‘Ihc:

do— . X - e . -
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‘ deglyoosylation of PDS ellmmated the problem of dtsruptlon of the sample f ilm in the
sequencer reactlon cup. The mmal deglycosylation method usmg chondromnase ABC was
straightforward and produoed in good yield, a core whrch was judged to be homogeneous:by

SDS-PAGE. The use of anuttrafiltration device mstead of dmlysns to remove the enzymatic ’

¢

dlgestion products of the glycosammoglycan (largely drsacchandes) was undertaken in order to

minimise the membrane surfaoe avaﬂable for non-specific binding of the protem core and to

reduoe the time requlred for this step The prooedur! was successful, as show;r by hexosamme

0

‘The failure of attempts to 1dentrf y residue 4 in sequence analyses of the PDS(ABC)core

»suggested that tms residue may have been a cysteme mvolved ina dxsulphrde bndge However

‘when a sample of reduced and alkylated PDS( B_C)core was sequenoed no rdenuf tmuon‘ could

be made at residue 4. . e

‘ The posibility that residue 4 was a GAG bearing serine was suggested .by the oresen'oe
of glydne at residue 5. The only'known biosynthetic rethirement for the attachr'nent of a.
chondroitin sulphate (the blosynthetxc precursor of dermatan sulphate - Malmstrdm etal.,
1975) sxde chain was the sequence serine- glycine (Isemura etal., 198}) The f axlure to identif y
midue 4 would ‘be-consistent with the presence of a GAG bearmg se;ne at that posruon Poor
solubility of glyoosylated restdues in butyl chloride has been demonstrated (Thamas et al. ,
1981) so that very little of the glyeosylated ATZ-amino acid would be extracted from the -
sequencer cup. Addnionally. no standard was avarlable for such a PTH degwauve so that

anything extracted would not be rdentif jed

The use of ultrai‘ iltration to remove the (mbohydrate degradation products f ollowmg

deglyeosylation was again sueceesful as judged by hexosarmne data m the. preparauon of the -

PDS(BES)eore and PDS(HF)oore The yield at residue 4 of each of theee eores of cystexc acrd

and serlne respectiveiy. was qhite low. The ATZ cysteic acid is not readrly soluble in butyl
'“'chioride (similar mults were obtained for the cystexc acid at residue 7i m the oxidxsed insuhn B
chain mnple) and serine breakdown was a oommon problem of the conversnon method in. use

T W . L : ) ) X . . ; B A f
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at that time (Edman & Henschen 1975). Sequencing of ¢esidue 4 of each member of this

series of differently deglycosylated core pneparations supported the presence of an O-linked
' N
substituent at resndue 4, A'similar strategy wnll probably be ol‘ value in the charactensatton ol‘

other glycosylatlon sites. : . , !

’

Wllh a knowledge of the sequence surroundmg thts restdue the work of Chopra et al o

(1985) proved that this O- subsutuent was the’only dermatan sulphate side- cham on PDS.

The identification of the same anmo acnd sequenoe for PDS and cach of the cores was
- sufficient evidence'to prove that proteo/lysis of the amino-terminal end of the molecule had not

occurred dunng the deglycosylauon reactions. Although precautions were taken throughout the

4

extraction and purification oi' the i/’DS it cannot be assumed that no such degradatton of the
‘ moleeule o‘ccurred during these procedures and therefore it cannot be categoncally stated that o
this i$ tlie true amino-terminus of the molecule as.it exists ln‘ vivo.
/ |

. . ’," 4 N »
4.2:1 lsolation and Char/nctensatton ol Cyanogen Bromide Peptides of PDS(ABC)Core
The rsolatton of at least analytical amounts of each of the CNBr pepudes was achleved

/

in chromatograph}c systems using only volatile eluents (TFA, HFBA, aoetomtnle). This saved |
‘ ahgreat 'deal‘of t;r/ne in that lyophillsation' was the only_step necessary, prior to analysis by either
ASDS-PAGE or/amino acid‘analysis. As SDS-PAGE was used, especially during the .
developm t of the peptide isolation protocol, as a screentng method to ascertain the utility of*
the varto/sI chromatographtc steps. the spwd with which f racuons f: rom a chromatogram oould ‘
be pregared for analysns was very usef ul. '\ |
‘ / " The mmal group separatton achteved on Sephacryl S- 300 proved to be essenual as lt

educed the comple:uty of the samples subnutted to subsequent f raetionation steps The S 300

‘step was omxtted from the protocol on a trial basis, but was reinstated as it was found that

subsequent steps eould not produee the requtred resolutton of the more eomplex mlxtures

e ’I'he resolving power of the VydacRP -201- ‘I'P(C, )oolumn, which wastobeso

-

valuable later in the separatton of the trypttc and V8 pepttdes, was: reoognised dunng the
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separatlon of the two small CNB 'p'epu‘des CB-7.and CB-8. The.problem enoountcredin the
detecuon of CB-8 in gel electr phoretic systems. was probably due to its composnuon and small.

o sine. Detection of CB-8 rejfed on the sensitivity of detecuon at 214nm made possible by the use

chromato‘graphy. .
- l | .

‘ Peptlde -6a was never isolated, ils seduenoe was detcrmined from CB-6 which is a
product of a partial cleavage compnsmg pepudes CB-6a and CB- 7 Peptnde CB-2, which has
not been rsolated was not f ully charactcnsed lt has the same amino- termmal sequence as
CB-7 (seen durtng the sequencing of CB -group B) but is shorter than CB 1, hence the

* unknown carboxy - terminal detail shown jn Fig. 21.

4 2.2 lsolation and CharacterLsauon of ’lrypnc and Staphylococcus aureus V8 Protease Derived
Peptldes of CB-Group A - N ‘
It was antlctpated f rom the high number of lysme and argmme residues in the
compositlon of CB 5, that a large number of small trypnc pepudes would be obtatned from
- CB-group A Cleavage with trypsm oecurred at all lysmes and arginines. Ammo acid analysxs

,-..__

indicated a lwser number of glutamic acid cleavage sites for Staph aureus V8 protease Half of -
the glutamlc actd ih thrs analysis proved to be glutamtne Cleavage occurred at only one

aspamc acxd (of five in this substrate), supporttng the restriction of the specrf icity of this .

enzyme to."principally, glutamic acid_ when an anr‘monium_himbonate buffer is used (Drapeau,

"1977) _ - .

» All the trypuc and V8 peptxdes necessary ‘for the determmation of the sequenee of CB 5
| and its linkage to CB 6 were. separated bya single ehromatographxc method A very long

' shallow gradient was employed on a Vydac RP 201 TP (C, ) eolumn The thin layer )
electrophomis/thin layer chromatography screening system determmed that all the peptides

K ‘that were sequenced were sufficrently homogeneous to provrde unambrguous data Ammo aCld

o l; analyses of the peptides also showed storchiometry so close to integer values that httle



."c'ont“amination was anticipated. The fact that nﬁ;{oﬁﬁdf the peptides were sequenced throughout
| was very useful in the assembly of thé peptide sequences.
423 Carboxy Terminal Sequencmg

The use of the enzyme carboxypepudase Y off ersa consnderable |mprovemem over the .

1

othcr carboxypeptldases because of its broader specnf icity (Marun etal, 1977). The

[

' disadvantage of ennymaue sequencmg is the lack of the two-stage control mherem in the

Edman ‘degradation (coupl_ing and cleavage"iteps are disc;‘ete). vyhich permits lhe ntepwise
| clcavage of n single residu€ 'af a time. The'aminokds released from intact PDS and"lhe :
‘ peptide Cp-l (aSsumed to be the carbonyﬂerminal" :ﬁeptid‘e because it lacked honnoserine) were l‘
the same', However; the 'appaircn’t order of Inelease y’aried sgrnewhat between the two substrates.
Tnough ak m}d interpretation of thesé data .would‘Snggesl the aos‘ignment*of a different -
sequence to each neptid‘e there is sufficient similarity to snggest that theee two pepi;dee have
the same carboxy- termmal sequcnoe and. that the dlf ferences are due solcly to the mconstslency
of the method. Another analyucal problem which could mterf ere wr@ the mterpretauon of the
data is the fact that asparagmc and glutamme amino acids not found i in an acnd hydrolysate

‘would be r‘eleased as ‘such by the énzyme and co-elute, in-our amino acid analysxs system, with

serine.

4.2 4 Ordering of Peptides and Assembly o\Sequence |
The ordering of the epitopes, reoogmsed by the various MAbs within the molecule/ l

i Cop

~ proved to be very usef’ ul in. the arrangement of the seqnence data obtamed fi rom pepudes t:rom ) &

other di ts Suf fi 1c1ent data were avmlable to plaoe all the CNBr pepudes in order within the a

‘ ¥ The sequenoe presented above was proven 10 be oonunuous throughout exoept f or. . °
the linkage between pepudes CB 7 and GB 1. No evxdenoe has been found to suggest that tbese
peptldes are not connected but definmve proof" awaits the analysis of the peptides from the

\ 1)
‘ vcarboxy termmal region of the molecule '
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Some of the sites of carbohydrate attachment have been characterised, Residue 4 is the
site ol: attachment of the single dermatan sulphate chain. Residue 160, a potential site for the
attachment of a glycosaminoglycan chain (Johnson & Baker, 1973; Iscmura et al., 1981), is not
glycosylated, A scrine residue was identified at this position after deglycosylation with only

'chondroitinase ABC, Evida@c“from the cathepsin C experiments (Chopra ef al., 1985)

" suggested a single glyc%inoglycan chain at residue 4, and no galactosamine was detected jn
CB-6 or CB-7. both of which include residue 160, Residue 182 is probably an asparagine
residue with an attached oligosaccharide chain as no idcmit'" jcation was made at this position in
sequencing CB-1, an extra aspartate occurs in the composition of peptide B~V-13 and there is a
substantial amount of glucosamine associated with (Hhis peptide,

‘ P
4.3 Some Characteristics of the Sequence; Predicted Secondary Structure and Hydropathy
Profile

-

A Ulilising a compa;igon of X-ray crystallographic and sequence data from 15 proteins,
Chou & Fasman (1974) determined the probability of any amino acid occuring wimiﬁ a rcéion
of a-helix or B-sheet, Similar parameters .were detenﬁined for the probability of a residue
occuring within a 8 -,turn and at each of the four posit.i‘ons in\a B-tum (Chou & Fasman,
1977). The probability values were revised using a set ofl 29 proteins, anﬁ rules’ were estgblisﬁed
for the interpretation of the calculated probabilities ‘,'ifor review see Chou & Fasman, 1978).
Utilising thcsé parameters repetitively a'\(craged over a‘ four residue segment throughout the
length of available sequence, itis pdgsiblc'to make a ptedictic;n of the secondary structure

*  which is adc;pted by Lhe molecﬂé : The'n'iethdd of Garnier et ak. (1978) uses a set of similarly

~ derived parameters and an algorithm which 'assig‘ﬁs a conformzitional_ state to cach residue.
‘ ) Circular dichroisth Spéctra. interpreted using the computerised method of Provencher &
. Glockner (1981, inqggatq that PDS comprises 46% B-sheet, 2% helix, 14% B-turn and 39%
random coil conformationis (Scott et al., 1986). Fig. 27 and Table 10 show the results of

predicﬂous‘ofseoondary structure made by the methods of Chau & Fasman (1978) and

~
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]

Garnicr et al. (1978). The above circular dichroism data were used to select “decision’
constants” for the modified version of the method of Garnier et al, . '

The limited agreement between the three methods demonstrates the problems inherent
in their use, Attempts have been made to use various methods in tandem; however. the
predictive accurz;cy is not improved (Nishikawa, 1983). The methods agree on the prediction
of B-turns involving residug 4, the glycosaminoglycan bearing serine, and residue 182, which is
probably the site of attachment of an oligosaccharide side chain. Oligosaccharide and
glycosaminoglycan side chains are usually attached to amino acids within B-turns (Aubert 4‘.-1
al., 1976; Walton et al., 1979). The inclusion of docisiog constams‘bascq on the circular
dichroism data prevented the prediction o;“ the later turn.

A region of B-sheet is predicted, bcnweeq residues 20-40. by all three methods, This
region is believed to be restrained by two diéulphidd‘bﬁdgcs, which would doubtless influence
the folding in a manner that cann:)t be incorporated into these predictive methods. Another
prominent feature predicted by all three methods is a helical region at residues 120-140. The
strength of the helix forming poiemial in this region is grsat as it is predicted even in the
modif’ ied‘Gamier et al. system,

These, and several other publiéhed methods, provide only prediciions of secondary

“structure. Nishikawa (1983) asscssé‘d the efficiency of three of these methods by applying
them to a number of proteins which lie outside the database used in the derivation of the
predictive parameters. This work scored the prédictive accuracy of each method at less than o

L4 -

45%. ,

The fact that globular proteins have a hydrophobic core suggests the infoldirig of
hydrophobic regions and the concentration of hydrophilic regions at the surface of the molecule
(Kauzmann, 1959). The method of Hopp & Woods (1981) is designed to predict pfou:in
antigeni; determinants by analysing amino acid sequences in order to find the point of greatest
local hydrophilicity. Numerical hydrophilicity values, assigned to the amino acids, are
repetitively averaged along the peptide chain. The method of Krystek et al. (19855) also

A )



Fig. 27. Predictions of secondary structure from the amino acid sequence of PDS using the
methods of Chou & Fasman (1974) and Garnier et al (1978). Garnier er al: method 1 is an
unmodified analysis. Method 2 has beemn modified by the inclusion of circular-dichroism

parameters derived from analysis of PDS.
"H" indicates the prediction of a-helix, "E" -~ extended structure or 8-sheet, "T"- B-~turn and

"C"- random coil.
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10 20 3Q 40 50 . 60

DEASGI GPEEHF PEVPE 1 EPMGPVCPFRCQCHLRVVQCSDLGLEKVPKDLPPDTALLDLQ
CCTTTTHHHHHHCHHHHHCTTTTCTTTTEEEEEEEEETTTTHYHHTTTTCCHHHHHHTT

* HHTCCCCCCCCCCCHHHHCTTCTTETTTTTTT TEEEEEETCHHHEETTTCCTTHHHHHHH

EETCCCCCCCCCCCCCTEETTCTTETTEETTEEEEEEEEECTEEEEETECCEEEEEEEEC

70 80 90 100 110 120
NNKITEIKDGDFKNLKNLHT&ILINNKISKISPGAFAPLVKLERLYLSKNQLKELPEKMP

TTHHHHTTTTCCCCCCEEEEEEEEEECCCCCTTTTCEEEHHHHEEEETTTTHHHHCCCTT
HCCEEEEEHHHHHHHHHHHEEEEHHTTTTTEECTCHHHHHHHHHHHHHHHHHHHHHHHHH

CCEEEEEETTTTTCCTCEEEEEEEEETTEEEEETEEEEEEEEEE@ECTTCCEEEECTHCC

130 140 _ 150 160 170 180
KTLQELRVHENEI TKVRKKPFNGLNQMIVVELGTNPLKSSGIENGAFQGMKKLSYIRIAD

TTHHHHHHHHHHHHHHHHHTTTTEEEEEEECCTTTTCCTTTTCCHHHHHHHEEEEEEEET
.HHHHHHHHHHHHHHHHTTCCTTCCCEEEEEEETCCCCCCCCCCCHHHHHHHCCEEEEEET

' HHHHEEEHCHHHHHEEEEECTTCCCEEEEEEETCCCCECEEEEEEEHEEEEEEEEEEEEE

| 190 200 210
mﬂx PQGLPPSLTELHLDGNKI TKVDAASLKG
' CCCTTTTTTTTHHH?FTTTEEEHHHHHH

. TTTEEEETCCCCCEEEHHHHHTHEEEHHHHHHHT
EEEEEEETCCCCCEEEEECTTTEEEEEEEEEETT

Format:

SEQUENCE ~
CHOU & FASMAN
GARNIER et al 1
GARNIER et al 2

\\' )




| TABLE 10

. SECONDARY STRUCTURE PREDICI‘IONS i
Method ,  "Helix  B-shest . .‘B-tum Coil
Circular Dichroism 2 ‘4'6 14 39
Chou & Fasman ) A ¥ 20 33 15
Gamier et ol I' . 43 20 17 20
Gamier et ol 22 ' 6 8 15 21
'Unmodified

*Modified to incorporate decision constants based on circular dxchronsm data,

considers differences in the amino acid'\sequenoc between the antigen and the homologous
prott\:in ‘of the immunised animal. The monoclonal antibodies available in this department were
raised against bovine PDS in mice. As the sequence of the mouse PDS is not known, the
method of Krystek ef al. is not applicable in this case,

The striking feature of the hydropathy plot (Fig. 28) is the predomiﬁance of regions
predicted to be hydrophilic. The regions within which the epitopes. corresponding-to the
various MADbs available in this depaitﬁlcnl. have been localised may be identified on Fig. 28.
The epitope corresponding to ‘thc MAD 7Bl is in the region 10-21 (}’ringle, 1985). This region .
is predicted to have tv)o hydrdghilic patches which could be involved in epitopcs; Similarly, the
region containing the epitope for SD1(120-147) is predicted 0 be highly hydrophilic.. The

epitope for 3B3 however fall; in a region (residues 148-1'70) with only a single pre_dicted zone

,

of moderate hydrophilicity. The epitope for 6D6, on pcptidc CB-1, falls outside the sequence -
reported here and is therefore beyond the region shown in this hydropathy hiot. |

- The region containing the two disulphide bﬁdéa,(ZZ-Q) is predicted to be
hydropi:obic. though not strongly so, suggesting that this region is f dlded and intériorised;
. uis suggested that protein-protein interaction sites tend to be modestly hydroplnhc
but also contain residues that could be involved in hydrophobic interactions (Krystek et al,,

1985a). ’l'his analysis could therefore be of assistance in the determination of the site of
. interaction between PDS and collagen. '

a

-—
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Fig. 28. Hydropathy plot for the first 214 residues of the protein core of PDS.

Method of Hopp & Woods (1981). The peptides which are belicved to include the '
epitopes recognised by the MAbs used during this project, are shown.

| C&rﬁim of hydropathy in the prediction of S-turns, which usually lie close to
the s;urf'a& of a molecule, has been undertaken by Rose (1978).- Most of the turns predicted by
all three methods above, con&sp;)nd io a hyd;ophﬂic region a;s predicted h;:fc. | “
'4.4 Tests of Sequence Homology o S , "
| ~ The available seducncc was examined for hoﬁxology with the sequences of other -
proicixis, previously determined. One programme. (MicroGenie) failed to identify any
homology. A second programme (Eifgngf:;g;mmh the daté-bﬁu uslng less stringent .
.parameters. identified very short hohblqgom sequcnoes in five protcins Three of ‘ the f %VCf . |

-

.



| (s 10 residues) which demonstrated homologies of about S0%. -

96

\

homologics were to reglons of Pabbn cardlac and skeletal muscle myosin chains which showed
greater homology to cach other Lhan to the PDS seﬁuence These three homologous regions
scored nine residues identical wnhm a region of lhmeen. six within a region of seven and eight
within a }egioh ol; thirteen. The other two homologies were to regions of modification

methjlase (EC 2.1.1.72) from St}eptococaw pheum'onlae (éoore\6/7) and calcium transporting

, ATPn}e (EC 3.6.1.35) from rabbit slow twitch skeletal muscle (score 6/10). The, Shon length

and low scorcs'of these few homologies support the unidue nature of this sequence among

’ p—

protems sequenwd to date

A search of the sequence for regions of internal homology identified a reglon sconng 11

‘residues ldenucal within a region of 22 as follows: -.

57 LDLQONNKITEIKDGDFKNLKNL 78
81 LILINNKISKISPGAFAPLVKL 102

x x ¥ X% X XX XX

possibly suggesting the involvement of gene duplication in the evolution of this gene.

Reducing the slringency of the search parameters 1dentif ied several other shon regions

Krusius & Ruoslahn (1986) have reoently published the oomplete sequenee (329
retidues predlcted from cDNA sequenee) ofa small pmteoglyean from cultured human

‘ l'lbroblasts whlch ls very sim‘ilar to the sequenee presented here (see Fxg 29) The initial
' report from that group (Brennan el al,. 1984) made a eompanson of their early amino acxd

sequencing results (23 midues of a proteoglyean from human fetal membranes) to the imual

__ report of sequenee data obtained from this project’ (24 resndues Pearson etal., 1983) 'I'he

proteoglyeans from the two human tissues yiclded the same sequenee for the f ixst 23 resxdues

" The amino- terminal sequenee of the proteoglycan from human tissue was, however, identical to

* the sequeloe determined for the bovine skin PDS only for the first nine residues. The rest of

n

\

-
~
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110 20 . 30 40 . 50 60

DEASGIGPEEHFPEVPEIEPMGPVCPFRCQCHLRVVQCSDLGLEKVPKDLPPDTALLDLQ~

VPDDRDFEPSL#* . D T

N

“ _§;;\\7o 80 90 100 110 120
NN K IKDGDFKNLKNLHTLILINNKISKISPGAFAPLVKLERLYLSKNQLKELPEKMP

A Vv v T (
130 180 150 160 170 180
KTLQELRVHENEITKVRKKPFNGLNQMIVVELGTNPLKSSGIENGAFQGMKKLSYIRIAD
190 200 - 210 N
TNITTIPQGLPPSLTELHLDGNKITKVDAASLKG - :

S SR

Fbrmat :

SEQUENCE Bovine Skin PDS
SEQUENCE Human Fibroblast PDS: (Krusius & Ruoslahti, 1986)
Shown only where different.

"

|
Fig. 29 A comparison of the first 214 residues of the amino ac1d sequenees of the
"PDS molecules from bovine skin and human lung fibroblasts.

The asterisk (°*) indicates that one residue is omitted.from the sequence dcnved
from the human thsue ‘with respect to that derived from bovme

o
[l
”

? .‘
.the sequence was dif fi erent although restduw 21- 24 ol‘ the bovine sequence were the same i

m:dues 20 23 of the human sequenoe The pubheatton of the full sequence of the PDS f rom

o human ussue showed that the amino termmal reg:on apparently contains the only major

dnf ferenoe between these molecules and that with the exoepnon of resndues 10-21 and 144- 145
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_\l the dif ferenoes identif ted between the two sequences could haVe resulted fro single base -

' B
mutations in the gene eodmg for the molecule Many of these dif ferenoes are n tral

o subsututrons in which ar amino acid is' replaced by one which is unctionally very stmilar The , '
" -two molecules dif. fer in 10% of the restdues 50 far identified. Though differences in natural -
'selectron pmsures wﬂl cause dif l'erences in the rates of mutation of dtfl‘erent protems the
abové value ls of the same order as the dif’ ferenoe (ll%) between the a- haemoglobm chams of
y'bovmes and humans (Chai, 1976). | | |
‘ Residues 10-21 were radrmlly dif’ ferent in the two sequences and the omrssron ofone
: residue has oocurred in the human PDS sequenoe wrth respect to the bovine. The two regrons
~of the protem core which are obvlously structurally specralrsed are the GAG -bearing region and
the region which is conf ormationally restramed by a parr of dtsulphrde bridges. These two
regions are separated by a regron of sequence’ which, to the extent of current knowledge is the
least well conserved between the molecules from human and bovine tissues. This variation
suggests that this region is not f unctronally srgmf icant. | |
Wrth such conservation of the ma]onty of the sequence between the two Spectcs n rs
ltkely that the rest of the sequenoe of the bovine PDS will be vtrtually identical to that f rom the
» human tissue. This suggests that there are two more potenual N glycosylatron sites, of the :
form N- X S/T (Marshall 1972), to investigate and that the bovine molecule wrll be 330
residues long. As no, free sulphydryl groups were found in the Bovrne PDS (Scott et al. 1986)
it is likely that the two ‘cysteines at mndues 283 and 316 in the. human sequenqe are linked bya
_ 'disulphide bridge However until the sequence of the whole molecule f Tom bovme skm has
been eombleteiy and independently determined the posstbthty of the oocurrenee of other .

difl‘ereneee sueh as seen at reexdues 10-21 cannot be dxseounted

)



4 5Concluslons o
. Asa maJor component of the charactensauon of the molecule Ble ammo acid sequence
is very usef ul in companng srmllar molecules from dlf ferent tissues and specres As the ', ‘
pnmary gcne product the’ protem core is the f eature by which proteoglycan l' amihec should be
identif red The post translauonal modrf ications, which may vary within a famrly based on a
Ismgle core can be used to subdtvtde the family, as the s:wf icance-of such dif ferenees becomes
better understood Many small proteoglycans have been identified which appear to be sxmtlar
to the molecule studred here As sequence data becomes available these molecules can be
compared to PDS allowmg any structural relattonshrps to be conf irmed. Small dermatan
sulphate proteoglycans have recently been extracted from tendon (Vogel & l-lemeg&rd 1985) -
‘I bone (Flsher et al. 1983) lung f lbroblast cultures and placental membrane (Brennan etal,
1984) and cornea (Nakazawa etal, 1?83). The proteoglycans from tendon and sltm have both
been shovlrn'to have an ef f ect on eollagen f ibrillogcnesis in vitro (Vogell et al., 1984‘ Scott et a1
1986) and it has been shown that they also have the same ammo tenmna1 amino acrd sequence
(Hassell Kimura & Hascall, 1986). An.antiserum to the tendon PG- ll recogmses earttlage |
"PG-IL. Anttsera raised against bone PG-1I cross-react with ftendon and cartilage PG-II. The
. .cornea PG-1I is also related to other members of this group both physically and‘ .
mmunologtcally (Heingérd et aI 1985) Ammo acid sequenee analyses mdrcate that the |
DSPG Il from earttlage (Rosenberg et al 1985) has the same ammo termtnal sequenee as the -
,small dermatan sulphate proteoglyean from skm (Hassell Ktmura & Hascall, 1986) |
‘ Of the amino acid sequenee avatlahle to date f or the la:ge eartilage proteoglyean no
. homology has been 1denuf led wrth the bovme skm PDS sequenoe (Walton et al 1979 Bonnet
" ‘ etal 1983 Périn etal 1984 Saletal 1986 Doege etal 1986 Pénn etal 1986) Bourdon el -

. ‘al (1986) have rdenttf ted a regron of homology between the small @PG from rat yolk sac _

L]

“ " earemoma eell hne L2 and the prepro eore protetn sequenee of a fibroblast PDS though there ls ;f : B |

no homology hetween the mature protems - ’ T K PR



* deduced by Krusius & Ruoslahti (1986) was discus‘sea‘ .above. PDS molecule§ from other

100

_ The virtual identities of the sequences of bovine skin PDS and the f ibroblast PDS

bovine tissum for whxch some sequencc data 1s avanlable show identity wnth-the sequcnoe _

[0

prcscnted here (mature articular camlage Rosenbcrg etal, 1985 tendon Hassell et al., 1286)
. suggesting, to the limits of known sequence data 1denmy of these molecules f rom diff erent |
. tissues of the samc spec1es and supporting the suggesuon that such differences as were seen

bctweecn bovme skm PDS and the hurr%n lung f 1broblast PDS were specnes dif] fcrenocs



- charactensanon of the two drsulphrde bndges
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4.6 Suggestions for Further Study ‘ 3 SR o Ly
The completion of the sequencing project is obviously a priority Along with the

elucndatton of the remamder ol‘ the pnmary structure .the tdenttf ication ol' the sites of

dtsulphlde bndges the locauon of the other glyoosylauon sites, and the chatactertsatton of the

ollgosacchandes at these srtes will odmplete thts phase ol‘ the project. ‘The oltgosaochartde srtes

[
—

will probably be identifi ied in the same manner as were the prevnously determined sttes The
enzyme N- -glycanase (peptlde N- glyoosrdase F f rom Flavobacterlum menlngoseptlcum whlch "
'cleaves the N-glycan linkage between asparagme and glucosamme thus. teleasmg intact, the
N-linked olrgosacchande T arentmo etal, 1985;)could also be utrllsed to remove the
carbohydrate moretles allowing posrtlve identifi tmtron of the subsututed ar‘no acrds at such
-sites. The complete elucidation of the dtsulphrde bndges could be approached by the study of a
set of neptides derivcd l‘rom peptide A-V-24. Deamidation of the glutamlne residue at posltion “
30, in dtlute acid, would allow Staph. aureus-V8 protease cleavage between the two cystemcs at
residues 29 and 31. "l'he comparison. of the peptrdes thus produwd with those produced by
trypttc cleavage of the same region will provide suffi icient information fo or the full
The two protein cores recognised for this molecule (Pnngle 1985) and for other srmllar
| molecules (fibroblast culture Gldssl etal, 1984 camlage Rosenberg etal., 1985 bone: l
: Hassell et al 1986), under certain oondmons have been suggested to differ only in the number
of N glyoosrdrcally hnked ohgosaochandes (GlOSSl etal, 1984) The separauon of these two .
spectes followed by the study of then relatxve glycosylauon usmg HPLC pepttde mapping. and
’sequencmg would be very usef ul in the eont" irmation that dxfferenual glycosylauon is the only
dxf fi erenoe The determmatron of the vartabihty in the glyeosylatton wnth regard to the size ol'
.fthe mdmdual ohgosacchande chams and wluch of the glyoosylauon sites are mvolved inthe
. :

: vanabthty could also be determmed from these expenments o i
Pursuing the thStCO chemxeal charactensation of the molecule X-ray crystallosraphic

determma ibn of the f ull temary structure would seem to be a logteal next step ‘l’he work
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almdy in progress in Dr. Paul Scou 8 laboratory mvolvmg seoondary structure analysrs and the
appllcatlon of such structural data to an understandmg of the blologlcal mteracuons of the -
molecule which seem to be mvolvcd in its in vivo role, forms another obvrous cxtcnslon of the

A

work on PDS Using a turlndtmcmc assay to mgmtor the { 1brillogcnesrs of collagen and othcr
| assays undcr development, Dr Scott is studymg the bmdmg of PDS to collagen and the possnble

. rolc of PDS in the regulauon of f! 1bnllogencsts The pcpndw produoed and charactensed in this |
project could be.put to use in the study of the interaction of PDS wnh collagen and other

‘ molecules,“in‘thc stud} of ‘th'e glycosylation of 'lhe ’molocule and fn the dcrerminalion ol‘ the

- exact sites of tlre cpltopcs recognised l)y the Malrs, produced by Dr, G‘.‘A'.‘KPringlo, which werc -
uscd in this project.v | | v '

Onoé‘thegmrc sequence of the f uncuonal form of this molecule is known studm can

be undertaken to exa}nc its bnosymhesns mcludmg any precursor f orms post translauonal

r

‘ proccssmg and its brcakdown dunng turnover and in disease or othcr abnormal states,
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