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ABSTRACT 

Three, specifically self-associating variants of heparan sulphate (HSZA, HS3-A, 
and HS4-A) from beef lung were subjected to (a) deaminative cleavage of bonds 
between 2-deoxy-2-sulphoaminoglucose and uranic acid and (b) periodate oxidation 
of glucuronic acid residues in fully N-acetylated block-regions. In addition, the 
periodate-oxidised and alkali-cleaved chains were re-oxidised with periodate to identify 
the glucuronic acid residues in the h’-sulphate-containing regions. The results showed 
that HS2-A was distinguished by much longer (GlcA-GlcNAc),-segments than 
HS3-A and HSCA. The latter two species were characterised by the structure of the 
variously N-acetyl- and N-sulphate-containing regions_ In HS3-A, there was a 
significant contribution from segments composed of both hr-acetylated and N- 
sulphated Z-amino-2-deoxyglucose residues. The N-sulphate-rich regions contained 

chiefly iduronic acid. In contrast, HS4A had mixed or alternating arrangements of 
the two epimeric uranic acids in the N-sulphate-rich regions. These differences may 

be the basis for specific self-associations between heparan sulphate chains. 

INTRODUCTION 

Heparan sulphate comprises a family of heparin-related glycans that, like 
heparin, are based on a backbone of alternating, ( ‘1+4)-linked /?-D(or cr-r_)-hexuronic 
acid (HexA) and 2-amino-2-deoxy-E-D-glucose (GlcN) residues’. Heparan sulphates 
that generally occur on cell surfaces, as proteoglycan2*3, encompass species of 
considerable structural variability. The origin and purpose of this chemical hetero- 
geneity is obscure, but may be related to their postulated role in cell-recognition 
phenomena4. The ability of heparan sulphates to self-associate in a specific manner, 
which has been demonstrated for a series of variants from beef lung (see refs. 5-7), 
raises the possibility that these polysaccharides participate in cell-cell adhesion_ 

The chemical variability of heparan sulphate arises during the biosynthetic 

processing of the original (GlcA-GlcNAc),-polymer. There are two principal 
polymer-modification steps. In the first one, an N-deacetylase forms a number of 
GlcN residues with free amino groups’, which are then substrates for an N-sulpho- 
transferaseg. The extent of N-deacetylation/N-sulphation and the location of modified 
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i.e. (a) the size distribution and location of (GlcA-GlcNAc), regions, (6) such 
alternating or mixed segments as -[GlcNSO,-IdoA],,-GlcNAc-~GlcA-GlcNSO,I,- 
(m and 11 = l-3), and (c) variation of IdoA and GlcA in (HexA-GlcNSO,),-segments. 
The present results also confirm the Frevious observation.? that IdoA is generally 
non-sulphated in the aggregatable chains. 

As low-sulphated and hence (GlcA-GicNAc),-rich heparan sulphates aggregate 
poorly” and as Wdesulphation and Wacetylation of heparan sulphate abolishes self- 
interaction7, we may assume that the N-sulphate-rich segments (b and c above) 
are the contact zones (see also ref. 18). Furthermore, the size of the intervening 
(GlcA-GlcNAc),-segments may also play a role by placing the contact zones in 
their proper register. The heparan sulphate subfraction HS2-A differed from the 
other two largely with regard to the size and distribution of the intervening segments. 
Subfractions HS3-A and HS4-A were similar in this respect, but differed in the 
structure of the putative contact zones. In HS3-A, there was a large contribution 
of segments vtith alternating or mixed HexA-GleNAc and HexA-GlcNSO, repeats. 
Consequently, most of the alternatin g or mixed arrangements of IdoA and GlcA 
may occur in these se_mnents. The (HexA-GlcNSOs),-segments contained mostly 
IdoA. In HS4--4, however, the variation in IdoA and GlcA distribution resided 
mainly in the (HexA-GlcNSO,),-segments. 

Heparan sulphates from lung fibroblasts bind almost exclusively to HWA- 
agarose, but not to the other formslg. Interestingly, lung-fibroblast heparan sulphate 
is composed of (HexA-GlcNSO,),_,-regions that are separated by short (GleA- 
GlcNAc), -,-segments”, i.e., a structure which resembles that of HS4-A. All of 
these observations point to an element of complementarity in the heparan sulphate- 
heparan sulphate interaction. 

ACKNOWLEDGWZNTS 

This work was supported by grants from the Swedish Medical Research Council 
(567), Gustaf V:s 80&s fond, Alfred ijsterlunds Stiftelse, Riksfijreningen mot 
Reumatism, and the Medical Faculty, University of Lund. 

REFERENCES 

1 U_ LXNDAHL AND M. HiX%, Annu. Rev. Biochem., 47 (1978) 385-418. 
2 C. P. DIETRICH, L. 0. SAMFWO, 0. M. S. TOLEDO, AXD C. M. E. C-0, Biuchem. Biophys. Res. 

Commim., 75 (1977) 329-336. 
3 A. OLDBERG, L. KJELL~N, AND M. HOI%, J. Biol. Chem., 254 (1979) 8505-8510. 
4 V. P. CHIARUGI AND S. VAPWLJC~HI, J. Theor. Biol., 61 (1976) 459-475. 
5 L.-ii. F RANSSGN, I. Nmummcr, AND J. K. SHEEHAN, Biochim. Biophys. Acta, 630 (1980) 

287-300. 
6 L--A FIUNS!G!GN* B. &WShfARK, I. A_ NIED~~~~N~ICI, A-I T. N. HUCKERBY, Biochim. Biophys. 

Acta, 633 (1980) 95-104. 
7 L.-A. FRAKSS(~N, B. HAV~ARK, AND J. K. SHEEHAN, J. Biol. Chem., (1981) 13039-13043. 
8 J- RIESENFELD, M. H%K, AND U. LINDAHL, J. Viol. Chem., 255 (1980) 922-928. 
9 U. LINDAHL, G. Bjifs~~ti~, L. J.-N, AND A. HALL& J. Biol. Chem., 248 (1973) 7234-7241. 



BEEF-LUNG HEPARAN SULPHATES 225 

10 J. RIESENFELD. Doctoral Dissertation, Uppsala University, 1980. 
11 I. JV*mmsso~, G.BXc~srrr6~, M_ HC%K, U_ LINDAHL, D_ S. FEISMLD, A. tiys-m6~, AND 

L. ROD&, J. Bioi. Gem., 254 (1979) 2975-2982. 
12 I. JACOB~SON AND U. LINDAHL, J. Eiol. Chem., 255 (1980) 5094-5100. 
13 L.-k FRAXSS~N, I. SJ~BERG, AND B. tIAvswmc, Eur. J. Biochem., 106 (1980) 59-69. 
14 I. JACOBSSON,M.H~~K,I.PFI?ERSSO~ ~,U.LINDAHL,O.LARM,E. WIR~N,ASD K.VON FIGUR;\, 

Biochem. J_, 179 (1979) 77-87. 
15 L.-k FRAX~N,A.~MCYIR~M,L SJ~BERG, AND T.N.Huc~BY, Car6ohydr_Res.,80(1980) 

131-14s. 
16 L.-k FRANSSON, Carbohydr. Res., 62 (1978) 235-244. 
17 J_ E. SEUVESV AND H. E. Cmxs, Biochemfslry, 15 (1976) 3943-3950. 
18 L.-k FRANSSON, Eur. J_ Riochew., 120 (1981) 251-255. 
19 L.-k FRANSSON AND I. SJGBERG, Curboh_&-_ Res., 105 (1982) 205-213. 

20 I. SJBBERG AND L.-A. FRANZ-SON, Biuchem. J., 191 (1980) 103-110. 


