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ABSTRACT 

Shark cart?age chondroitin sulfate C was fractionated by chromatography on 
Sepharose CL-4B-2.5 to 1 Sha ammonium sulfate in 1Om~ hydrochloric acid at 4’. 

Both unit-disaccharide composition and molecular-size distribution clearly affected 
the fractionation. Comparison of this fractionation with the fractionation on 
Sepharose 6B gel in 0.2~ sodium chloride revealed that the former is distinctly 
superior to the latter. The fractionation on Sepharose CL-4B in the presence of 
a~o~urn snlfate also showed that the chondroitin sulfate C molecules having a 
larger molecular size contain generally more chondroitin &sulfate units (as major 
constituent) and less chondroitin disulfate units (D type, as minor constituent) than 
those having a smaller molecular size. 

INTRODUCTION 

We reportedIc3 that the chromatographic behavior of glycosaminoglycuro- 
nans on a hydrophobic gel, such as Phenyl-Sepharose CL-4B, in the presence of a 
high concentration of ammonium sulfate in IOmM hydrochloric acid depends on the 
proportion of N-acetyl groups and the molecular size of the polysaccharide mole- 
cule. Recently, we reported4 that the bound sulfate groups and uranic acid residues 
in glycosaminoglycuronans strongly affect their solubility properties in ammonium 
sulfate solution, which result in a different chromatograp~c behavior on hydropho- 
bic gels. Pr~iously, we observed’ that Sepharose CL-4B, which does not possess 
specific ligands with hydrophobic property, can retain heparin in highly concen- 
trated ammonium sulfate solutions, especially at low temperatures. This phenome- 
non was considered to depend on factors which are different from those of gel 
filtration, and may depend mainly on the solubility of the polysaccharide, as well as 
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on the hydrophobjc interaction between the get and polysaccbaride molecule in 
highly concentrated ammonium sulfate solutioru?. 

The present report describes the separation of shark cartilage chondroitin 
sulfate C on Sepharose CL-4B gel in the presence of a high concentration of ammo- 
nium sulfate in 1Om~ hydrochloric acid at 4’, which indicates an interesting rela- 
tionship between the molecular-size distribution and the composition among chon- 
droitin 6- and 4-sulfate units (as major constituent}, and chondroitin disuifate unit 
(D type, as minor constituent) within the copolymer&e poJ~saccharide molecuJes7**. 

~UteriUiS, - Ch~ndroi~i~ sulfate C (shark cartilage, speciaI reagent grade, 
Lot No. N9103), chondroitinase ABC from ~~o~e~ v~~gari~ (chondroiti~ sulfate 
Jyase, EC 4.2.99.6), and 4,Gtnsaturated disaccharide standards (ADi, ADi-4s. and 
ADiG)* were obtained from Seikagaku Kogyo Co. Ltd. (Tokyo). ADi-dis, was 
prepared’ by the chondroitinase ABC digestion of sulfated chondroitin sulfate C. 

Ana~~t~~a~ ~~t~~ds. - Uranic acid content was determined by the method of 
Bitter and ~ujr’~, and sulfur content by the method of Dodgson and Price’“. 
A~al~jca~ gel ~Jtration on Sepharose 6B was carried out by the same procedure 
described previously2, modi~ed by increasing the NaCJ concentratjon to 0.2~. 
Cehulose acetate membrane-eJectrophoresis was performed on Separax strips (Fuji 
Photo-Film Co., Tokyo) in 0.3~ calcium acetate (pH 7.25), with a current of 1 

mA/cm for 2 h. The strips were stained with 0.5% Alcian Blue in 3% acetic acid. 
Determination of the components of di~ccharides in the chondroitin sulfate 

C fractions, separated on Sepharose CL-&$ gel in (N&)$X& solutions at 4O or on 
Sepharose 6B gel in 0.2~ NaCI at 20”, was carried out by the same procedure 
described previously’, which is based on the procedure of SeIdin et al. 12. 

Purification ~~c~~~dro~t~~ m&ate C. - A soJution of the chondroiti~ sulfate 
C (1.02 g, sodium saIt) in water (25 mLJ was applied to a coJumn (2.6 x 92 cm) of 
AG 1-X2 (CI - ) anion-exchange resin, equilibrated in 1.25~ NaCI. The column was 
eluted at 20” successively with the same solvent fJ L), ISM NaCJ (2 L), X.75~ NaCi 
(2 L), and 2.5~ NaCJ (1 L). The fractions eluted with I .75sr NaCI (81.7% of total 
material fractionated) were collected and concentrated in vacw to a small volume, 
The solution was dialyzed against running tap water overnight, then against distilled 
water (20 L x 5) overnight at room temperature, evaporated in ~‘a~~~ to a small 
volume, and freeze-dried (833 mg). The prgparat~on was shown, by electrophoresjs 
on Separax strip&, to be homogeneous as chondroitin s&ate C species (data not 
shown). 

* Abbreviations used: ARi, 2-acetamido-2-de~xy-3-~-~~~~~y-cu-r_l 
nlc-acid)-n-palactose; ADi&& 2-acetamido-2-deoxy-3-O-[4-deoxy-cy-L-fhhreo-hex-4-enopyranosyl- 
uranic acid)-D-galactoserl-sulfate; ADi-BS, 2-ace~~id~~2-deoxy-3-U”(4-de~x~-~-~-thre~-hex-4- 
euopyfa~osyfuroaic acfd)-D-galactose6-suf~a~e; ADi-di&, ~-Ac~TAM~>Q-~-DKQKY-~-~-(~-~~oxY_~- 
L-t~~eo-~ex-4-enopyraRosyf~~nic acid 2- or 3-sulfate)-mgalactose 6-sulfate. 
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Fractionation of purified chondroitin sulfate C on Sepharose CL-4B in ammo- 
nium sulfate solutions at 4”. - A solution of purified chondroitin sulfate C (300 
mg) in 2.5~ ammonium sulfate in 1OmM HCl(l0 mL) was applied to a column (2.5 
x 20 cm) of Sepharose CL-4B equilibrated with the same solvent. The elution of the 

column was performed stepwise at a flow-rate of 60 mL/h with 2.5~ (1 L), 2.25~ (1 
L), 2.0~ (1 L), 1.75~ (1 L), and 1.5~ (1 L) (NH&SO4 in 1OmM HCl at 4”. The eluate 
was collected in 12.5-mL fractions, each of which was analyzed for uranic acid 
content. The fractions (2.5~, 875 mL; 2.25~, 438 mL; ~.OM, 338 mL; 1.75~, 238 
mL; and 1.5~, 113 mL) indicated by the length of the braces in Fig. 1 were separ- 
ately dialyzed against running tap water for 2 days, then against distilled water (8 x 
20 L) for 72 h at room temperature, evaporated in vacua to a small volume, and 
freeze-dried. The yields (mg) of each fraction isolated were as follows: 2.5~~ 21.7; 
2.25~, 70.0; ~.OM, 93.2; 1.75~~ 73.0; and 1.5~, 13.0. The total recoverywas 90.3%. 

Fractionation of puriBed chondroitin sulfate C on Sepharose 6B gel in 0.2~ 
NaCl Qt 20”. - A solution of purified chondroitin sulfate C (151.5 mg) in 0.2~ 
NaCl(5 mL) was applied to a Sepharose 6B column (2.6 x 88 cm) prepared in 0.2~ 
NaCl. The column was eluted at 20” with the same solvent at a flow rate of 45 
mL/h. The eluate was collected in 6-mL fractions, and each fraction was analyzed 
for uranic acid. The elution diagram based on ASso was divided into five fractions of 
equal peak area (Fractions l-5 in Table I). Each of the fractions was dialyzed against 
running tap water overnight, then against distilled water (20 L x 4) for 24 h at room 
temperature, evaporated in vacua to a small volume, and freeze-dried. 

RESULTS AND DISCUSSION 

A preparation of shark cartilage chondroitin sulfate C, fractionated previous- 

1.5 
1.75M 

r , 

1.5 M 
m 

Tube number (12.5 ml/tube) 

Fig. 1. Separation of chondroitin sulfate C on Sepharose CL-4B in the presence of ammonium 
sulfate. The purified chondroitin sulfate C (300 mg) was chromatographed on a Sepharose CL-4B 
column (2.5 x 20 cm) by using stepwise elution with ammonium sulfate (2.5 to 1.5~) in 1Om~ 
hydrochloric acid at 4”. Fractions (12.5 mL) were analyzed for uranic acid content (2OOqL 
sample). Each of the pooled fractions circled by braces was subjected to isolation. 
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ly by conventional ~~omato~aphic procedures, was fractionated on a cohunn of 
Sepharose CL-4B prepared in 2.5~ ~monium sulfate in IOmra hydrochlo~~ acid by 
a stepwise eiution with decreasing concentrations of ammo~um sulfate (2.5 to 1 .SM) 
in 1Om~ hydrochloric acid at 4” (Fig, 1). The five fractions having different 
retention property for the gel were analyzed to identify the variety of molecular 
species of the polysaccharide. The purified chondroitin sulfate C that was subjected 
to this fractionation is a copolymer which consists of chondroitin 6-sulfate units 
(70°k), 4-sulfate units (21%), and D type disulfate units (8%) on the average (Table 

I). 
From the chromatogram shown in Fig. 1, the distribution of these fractions in 

percentage of total applied chondroitin sulfate C, based on uranic acid assay, is 
summarized in Table I. Partition of glycosaminoglycans by the Sepharose CL-4B 
(with or without hydrophobic ligand)-~rnoni~ sulfate procedure is influenced by 
various factors, such as column dimensions, amount of sample applied, flow-rate, 
acidity of elution medium, and especially temperature, as previously reported5*6. 
Reproducibility of the partition of the chondroitin sulfate C sample by the Sepha- 
rose CL-4B-ammonium sulfate procedure was reasonably good provided the same 
set of conditions were employed, as indicated by a partition of the 2.0~ material 
(Table I) into 2.5-2.25~ fraction (a 10X) and 2.0~ fraction (- PO%) by rechro- 
matography. The pooled fractions, as indicated in Fig. 1, were dialyzed against 
water and the chondroitin sulfate C fractions were isolated as sodium salts (yields 
described in the Experimental section). Although there existed only minor difference 
in the sulfate content among these fractions, the difference in molecular size was 
significant, together with the difference in unit-disaccharide composition as discus- 
sed later. The Kav values determined on a Sepharose 6B gel indicated that the 
increase in retention property of the fractions for Sepharose CL-4B gel is related to 
the increase in molecular size of the polysac~haride, as discussed in previous 
reports’-4’6. To understand the difference in unit-disaccharide composition among 
these fractions, they were digested separately with chondroitinase ABC and the 
digestion products obtained were analyzed for unit-disaccharide composition by the 
liquid chromatography technique’*. As shown in Table I, the data clearly indicate 
that the increase in retention property of these fractions for the gel is related to the 
increase in the proportion of chondroitin (i-sulfate units, and necessarily to the 
decrease in the proportion of chondroitin 4-sulfate units within the polysaccharide 
molecule. The data also indicate that the proportion of chondroitin D type disulfate 
units, decreased with increasing retention of the polysaccharide molecule by the gel. 

To evaluate the fractionation by the Sepharose CL-4B-ammonium sulfate 
system, the correlation between the molecule size and u~t-disacch~de com- 
position of the chondroitin suIfate C fractions separated by the usual gel-filtration 
procedure was investigated. The purified chondroitin sulfate C was chromato- 
graphed on Sepharose 6B gel in 0.2~ sodium chloride. The elution diagram based on 
Aj3e was divided into five fractions of equal area (elution diagram not shown). Each 
of the materials isolated was analyzed for sulfur content, KBV value on Sepharose 6B 
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gel, and composition of disaccharide unit. The data showed a correlation between 
the molecular size and unit-disaccharide composition that is similar to that pre- 
viousIy obtained, as shown in Table I. According&> these resufts strongly indicate 
that the cho~droit~n suffate C mofecu;les of Iarger molecular size were generally 
more abundant in chondroi~~~ &sulfate units (as major con~t~tue~t~ and less in 
chondro~tj~ &sulfate units IL) type, as minor constituents than those of smaller 
molecular size. 

As shown by compariscm of the respective ana~~ica~ data of chondroitin 
sulfate C fractions separated on Sepharose CL-4B-ammonium sulfate in 1Orn~ 
hydrochloric acid at 4” and Sepharose 6B in 0.2~ NaCl at 20” (Table I), the 
separation on Sepharose CL-4B was distinctly superior to that on Scpharose 6B in 
terms of discrimination of molecular species of chondroitin sulfate C, The data 
collected in Table I are not entirely consistent with those reported by Seno et arl. I3 
indicating that all the ethanol fractions (35, 40, and 50%) of chondroitin sulfate C 
from shark cartiIage consist of 4- and &sulfated disaccharides residues in the ratio of 
1,0:t.7. 

In conclusion, the present study has shown that la) the shark cartilage chan- 
draitin sulfate C fraction etuted with 1.7_% sodium chIoride on Dowex I- X2 (Cl -) 
axiom-exchange resin consists of a variety of molecuIar species distinctly different 
both in molecular size and in ~n~t~dis~cch~r~de composition, (b) &here exists an 
interesting correlation between the molecuk size and knit-disaccharide compo- 
sition of the polysaccharide molecule, and (c) as reported previously’*“*“, the 
chromatography on a hydrophobic gel, such as Phenyl-Sepharose CL-4B, at room 
temperature or on cross-linked hydragel, such as Sepharose CL-4B, at lower tem- 
perature, in the presence of high concentrations of ammonium sulfate, is useful for 
the discr~minatjon of a variety of molecular species existing in a single gi}fcosami~~~ 
g~yc~r~~an. 
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