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1, Introduction

The molecular organisation of heparin in bovine
liver capsule is still under debate, Other snlphated
glycozaminogly zans present in connective tissne ma-
trices are covatently bound to proteins and form mul-
tichain complexes, Moreover, their protein cores act
23 specific acceptors for the initiation of biosynthesis,
As reporied by Silbert {1], heparin also requires 2 pro-

3 M MgCly for 48 hr. The extract was collecied and
diadysed against water. A precipitate that formed dur-
ing dislsis was separated by cenirifugation and stored
{fraction H1), Three volumes of ethanol and one volume

- of ethanol saturzted witk K-acetate were added io the

supernatant and the precipitated material was collected
{fraction H2). The entire isolafion procedure was carried
out ai 4° in order to minimize protease and heparinase
activities {7—91,

tein primer and therefore sh~udd exist in the masi-cell
granule as a protecheparin complex [2]. In a previous
paper it has been reported thal the proteoieparin of
lver capsule has a protein content of about 13% and
a molecular weight of 20,000 daltons |3, 4], Contrary
to these findings, Lindahl has identified protein-free
chains of 7,400 mol.wt. as the major heparin species
present in this tissne [3]. In order to clarify 1his posi-
tion, we have invesiigated the variability in composi-
iion and molecnlar weight of heparin isolated by a dis-
sociative extraciion procednre, minimizing the possi-
bitity of physical macromolecular disraption.

Fractions H1 and H2 were dissolved in 0.4 M citrate,
vH 5.0, and chromatographed on Whatman DE-52 Cellu-
lose by step-wise elution with 0.1 M ciirate, pH 4.0, con-
taining ¥arying concentrations of NaCl {0.25 M incre-
ments were used). Fractions were tested for hexuronic
acid {10] and commercial heparin (Wilson Laboratories,
FLot No, 136551) was vsed as a standard, In the case of
H1, hexuronic acid-conisining material was present
only in the (.75 M eluate. On the other hand, H2 vield-
ad two hexuronic acid-conisining fractions which were
ehuted at 0.5 M NaCl {fractinn H2a) and at (.75 M
MNall {fractioa H2b).

The three fractions were s bseq“en‘ﬂy dla}ysed against

D.01 M citrate, pH 5.0, and chromatographed on Se-
phadex C-30. In each case the excluded material, which

2. Experimental and resulés
' contained the tolal ammlm of hmmmnm acid, was dial-

- Bovine liver capsule was stripped free from liver -
tissne and powdered after treatment with aceione,
Portions (50 g weach) of this material were ex: mcieﬁ ‘
twice with 0.1 M citrate, pH 3.1, 1o remove soluble

protejns, It i s considered that nnder the above condi -

tions of ionig strength and pi, heparin set free into
the matrix, 25 a resolt of the disruption of the mast- |
el granuies, would bind to collagen [6] and comse-

guently would not be released into the extraction

medinm. After i:entnfugatmn the residue was aco}]ect~
¥ ed and exhacted by ggenﬂe sm’nng thh unbuffered

“ysed against water ‘znd the glycnsmnmng]ymns pxrﬁr:up:»

tated by the addition of ethanol and K-acetate at 4°.

'Honmgemny of the pmpamh@ns was checked by zel .
- filtration on Sephadex G-200 in2 M KCL chimz 3
" H1 2nd H2b behaved as monodisperse species. On the
- other hand fraction H2a revealed the presence of at’ =
- least three subfractions, Two of these had GleNH,/
R Ga]NH; :ratms of 0,25 and 0.17 which indicated me :
- jpreserice. in fraction Hzfa of ga]actmmnma-mmaunrg

g]ycnsammng]ycans in addition 1o heparin. The third -

subfraction had a G!LNH;]GHJNH: mtm of 3,?_ ,-mﬂ

J]]’bn Te&'ened "to s ixai:hmn Hiz;a

Nonh HDIIandPubIJsIzmg fnmpm ) — A;wq&m l{;" \
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‘Table 1 :
Ana]ytwa] xesmlas on heparin fractions isolated from bovm@
-~ Yiver capsnle,

H1 HZ* H®
Ghieosamine 200 2086 184
{alactosamins Do 25 0.3
Hexnronate (K zal) : . 287 24,3 354
Sulphaie (X =alt) 34.9 n3 3.7
alactose N 3.4 3.3 2.9
Xyiose: | 1.7 3 L4
Protein 10.7 7 18,7
8/l {melar ratio) 2.6 2 2.5
Mn,anp (81 meniscus) X 1672 15.5 7.6 16,2

Mp app (ot column base)} X 16 3220 156 20,2
Chain weight {calcnisied on the

basis of xylose content) X 105 3.0 Ba7? 85
Biological activily
(B.P. units/mg) 145 112 180

The yiclds of H1, H22™ and H2b were estimaied
to be approx, 15, 45 and B0 mg/100 g of dry tissue,
respectively, although losses might have occurred duz-
g fractionation,

T::e compositions of H1, H2a™ and HZb are repw
ed in table ] together with molecular weight and bio-
logical activity data. Protein conients were calculated
from tota} amino acid concentrations corrected for
hrydrolytic losses, Concentrations of glucosamine and

galactosarning were Goterinined afier chrommlopraphic

separation and nentral sugars were identified and quan-
titatively estimated by gas chromatography [11]. Sul-

phur was determined by two procedures {2, 13 ang

_ the concentrations reporied are mean walues, Molscular
weighis weze determined by equilibrivm sedimentation
[14] on a Spinco Mode} E vltracentrifuge ot 20° and

‘2t a rolor speed of 39,460 1pm. A partial specific vol-

- ume of 0,56 ml/g was estimated by the micro-drop

method 115, 16). Anticoggulanl activities were deter-

nmed by two procedures [17, ]lB] ] and mean values

aa't prﬂﬁﬁﬁ

-3, Discussion

Data mépﬁﬁ-e_ﬁ in mﬂﬂe 1'show that heparin species

. present in bovine liver capsule fz1l into two classes of ' |

macwmnkwlzs which c:;xh._,: N R sm‘fmrushap TE-
garding their molecular welgh:s, 11 3 uid be noted
that the 1ange of M n,anp obtaiszd il vi ~ishing con-
centration and at the base of 1he c-duran for H1 and

- HZb may reflect either macromolecular aggregation

or some degree of polydispersity of the glycosamine
givean cheins or both; The higher-miclecular weight
species, which constiinte about 63% of the total ,
heparin extracted, have a higher proiein conient than
the remainder. However, other compositional data

are largely comparable in the two classes, except for
some varighility in the depree of sulphation which
may also explain differences in thelr biclogical ac-
tivities.

The identification of galaciose and xviose, in 2il
fractions in a molar ratio which is in keeping with the
reported structure of the linkage ragion [19], indicates
that the potentially reducing ends of the glycosamino-
glycan chains are infact ni the tissue. Therefore, the
lack of xvlose reported by Lindak! in most of his isg-
lated chains {5] must reflect degrzdation occuITing
during isolation. :

The presence of an intact linkage region is suggestive
of the presence of complexes in which heparin chains
are covelently bound 1o a protein meisty, The chemical
demonstration of such covalent linkages in 132D is at
present ander investigation, However, it is worth not-
ing that the miolecular weighis at ¢ = Q of both H1 and
112D, as determined by equilibrivm wliracenirifugation,
arg twice the number-average chain weighi of the prep-
arations, as calculated from xylose concentiations. This
strongly supporis the view that heparin species compris-
ing these two fractions are constituted by two glyccs
azninoglycan chains joined by the protein moiety, The
validity of this correlation is supported by the observ-

- ation that chain weight and minimuem molecular weight

of H22* are identical, when allowance is made for the

‘coniribution of the pmtez‘m moiety 1o the molecular

L Jghi.
It is impossible 1o assess at presen& Whﬂhﬂ the

sinple-chain heparin species, which constitute a laige
o yroporticn of the molecules in H2a®, represeni natur-
“ ally-ogenrting macromolecules or degradation products,
- rzsulting from enﬁe;pepndase depolymerization of the

proteln moiety of 1arrgax comp“'exes exther in vivo or
curing exira: t}im.. :
Ao z:onc]usmn, these msults cfiaaﬂy _mdmmte that 1}1&

 majority of the keparin i 3;_1_ liver capsule is in the forn

c17
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) of macwmolecnﬁlar c:nmp]eyes consmhng @f protein -

-and 1wo g]ymsammog];yﬁan chains, 11 is of interest 10 =

mote that this §tra chural organisation is remarkably -
similar to that found in :prumet&t:hlandmlﬁn sulphate

-where glycosaminoglycan doublets are uniformly dis- 2

tribuied aleng the axis of the mam@moﬂecuﬂ? [EB]
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