
Carbohydrate Research, 99 (1952) 87-92 
Elsevier Scientific Publishing Company, Amsterdam - Printed m The Netherlands 

Note 

Hydrophobic-interaction chromatography of glycosaminoglycuronans: frac- 
tionation of IV-acetylchondrosine homopolymers having different degrees of 
polymerization on Phenyl-Sepharose CL-4B gels 
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Recently, we reported’ the fractionation of heparin mto two distinct groups, 
one having high affinity and another low affinity for agarose-gel carrymg hydrophobic 
ligands, and the striking differences in chemical and biological properties between 
these i_wo groups. It was also reported that both the N-acetyl content and the molecular 

size of the heparin fractions obtained increased with Increasing degree of affimty for 
the hydrophobic gel. The present report describes a relationship between chain-length 
of N-acetylchondrosine homopolymers and their affinity for a hydrophobic gel, as a 

basis for fractionation of natural glycosammoglycuronans according to molecular size. 

EXPERIMENTAL 

Preparation of N-acetylchondrosine Jzomopolymer fractions Jtaving dIrerent 

degrees of polymerization. - The pyridnuum salt of chondroitin 6-sulfate was 
prepared by passing the sodium salt of the polysaccharlde (Seikagaku Kogyo Co., 
Tokyo) through a column of Dowex ISOW( followed by neutralization with 
pyridine, and by lyophllization. A solution of pyridinium chondroitin 6-sulfate 
(400 mg) in dimethyl sulfoxlde containing 10 ‘A of water (100 mL) was heated for 
3 h at 90”, cooled, and treated as described previously ‘. After dialysis against distilled 
water (6 x 20 L) for 48 h, the solution obtained was lyophilized to give the sodium 
salt of depolymerized chondroitin (348 mg); S content 0.18 %. 

A solution of depolymerized chondroitin (210 mg) inO.lMammonium hydrogen- 
carbonate (5 mL) was applied to a column (2.6 x 94 cm) of Sephadex G-100 prepared 
in O.lM ammonium hydrogencarbonate, and eluted with the same solvent at a flow 

rate of 32 mL/h at 20-25”. The eiuate was collected in 5-mL fractions, and each 
fraction was analyzed for uromc acid content. The material eluted was pooled to give 
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nine main fractions of equal volume, wluch were lyophilized. Each of the residues was 

dissolved in water (2 mL) and subjected to gel-filtration on the Sephadex G-100 

column, and the elution was monitored by the uranic acid assay. Rechromatography 
of the pooled samples under identical conditions yielded sharp peaks for each fraction_ 
Each residue from the rechromatography was dissolved in a smal1 volume of water 
and passed through a column (0.6 x 6 cm) of Dowex 50W(Naf), which was eluted 
wth water. Each eluate was collected and lyophilized to give the sodium salt of the 
product as a white powder. The nine preparations thus obtained were anaIyzed for 
uranic acid and reducing 2-acetamido-2-deoxy-D-galactose content, and were chro- 
mstographed on Sephadex G-100 gel (Table I). 

Standards of N-acetylchondrosine atzd its oligomers. - iV-Acetylchondrosme 
was prepared by acetylation of chondrosine (Selkagaku Kogyo Co., Tokyo) according 
to the method of Damshefsky et aL3. Standards of hexameric, heptameric, and octa- 

merit N-acetylchondrosme have been described by Inoue and Nagasawa2. 
Analyticai met/rods. - Uranic acid content was determmed by the modified 

method of Bitter and Muir4, reducing 2-acetamido-2-deoxy-D-galactose content by 

the method of Reissig et ai_*, and sulfate content by a turbldimetric method6. 
Analytical gel-chromatography of N-acetJIchondrosine homopolymers OFZ Sepha- 

des G-IOO. - Each sample (- 1 mg) dissolved in O.lhi sodium chloride (1 mL) was 

15 1:: M (NH‘,)$iO., 
rn lOmt.4 HCI 
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Fig. 1. Elution, on Phenyl-Sepbarose CL-4B, of some N-acetylchondrosine homopolymer fractions 
having different d-p. vaIues; fractions 1 (d p_ 50), 2 (d p. 34), and 6 (d p. 17) had been obtained by 
repeated gel-filtration of depolymerized chondroitin on Sephadex G-100: carbazole reaction ( -)9 
and concentration of ammonium su!fate m 1Om~ hydrochlonc acid (------). 
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applied to a column (1.5 x 95 cm) of Sephadex G-100, and eluted with the same 
solvent at 20”. The flow rate was 20 mL/h, and 2-mL fractions were collected, each 
of which was analyzed for uromc aad. V, and V, were determined by elution of Blue 
dextran and by conductivity measurement of sodium chloride, respectlveIy. 

H~~drophobic-interaction clvomatography of N-acetyJcJlondrosine homopolymer 
preparations on Plrenyl-Sepharose CL-4B. - Each sample (- 1.7 mg) was apphed 
to a coiumn (0.6 x 6 cm) of Phenyl-Sepharose CL-4B (Pharmacia Fine Chemicals, 
Uppsala) prepared in 4.0~ ammonium sulfate in 1Om;M hydrochloric acid, pH 3.4, 
at 20”. The column was eluted with a reversed linear-gradient (100 mL, 4.0-2.0~1 
ammonium sulfate in lOm&r hydrochloric acid). The flow rate was 8.0 mL/h, and 
2-mL fractions were collected. An aliquot (0.5 mL) was taken for the carbazole 
reaction and ionic-strength measurement. Each fraction was characterized by the 
concentration of ammomum sulfate at the peak of elutron (FIN. I). 

Separation of depolymerized chondroitin (a mixture of N-acetyJcJ~ondrosrr~e 
JlomopoJymers) into fractions Jravkg and Jacking a_@nityfor PJlenyJ-Sepltarose CL- 4B. - 
A solution of depolymerized chondroitin (sodium salt, 20 mg) m 4.0,~ ammonmm 
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Fig;. 2. Fractionatmn of depoIymerized chondroitm (a mixture of N-acetylchondrosine homo- 
polymers) into fractions having and lacking affinity for Phenyl-Sepharose CL-4B- carbazole reactlon 
(- ); and concentration cf ammonium sulfate in 1Omhi hydrocbIoric acid (------)_ Volume 
of eluent; tube numbers 1-52, 5 ml/tube; and 53-10&Z ml/tube. 
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Fig. 3. Elutlon, 011 Sephadex G-100, of N-acetylchonclrosine homopolymer fractions (see Fag. 2) 
having different atiitles for Phenyl-Sepharose CL-4B 

sulfate in 1Omhr hydrochloric acid (5 mt) was applied to a column (1.0 x 23 cm) 
of Phenyl-Sepharose CL-4B prepared m 4 OM ammonium sulfate m 1OmM hydrochloric 
acid at 20”. The column was washed with 260 mL of the same solvent, and then 
eluted with a reversed lmear-gradient (100 mL, 4.0-?.0M ammonium sulfate m 1OmM 
hydrochloric acid) at a flow rate of 35 mL/h. The eluate was collected in 5-mL and 
2-mL fractions for the 4.0M ammo.rium sulfate and the reversed linear-gradient 
elution, respectively. Each fraction was analyzed for uranic acid and ionic strength 
(Frg. 2). 

Gel-jittration, on Sephadex G-100, of N-acetylchondrosine homopoiymer frac- 
tions having d[Terent afinity for Phenyi-Sepharose CL-4B. - Fractions correspondmg 
to the four peaks shown in Frg. 2 (tube 5 for 4.0~~ tubes 74, 75, and 76 for 3.2~, 
tubes 83 and 84 for 2.8~~ and tubes 90, 91, 92, and 93 for 2.5~ ammonium sulfate), 
were pooled separately. Each pooled fraction was concentrated under diminished 
pressure and freed from the bulk of ammonium sulfate by passage through a column 
(1.0 x 23 cm) of Sephadex G-15, prepared in 0.1~ ammonium hydrogencarbonate, 
and eluted with the same solvent. The eluate was lyophilized and the residue re- 
dissolved in 0.1~ sodium chloride (i mL). The solutron was applied to a column 
(1.5 x 90 cm) of Sephadex G-100 prepared in 0.1~ sodium chloride. The flow rate 
was 20 mL/h and 2-mL fractions were collected. An aliquot (0.5 mL) was taken for 
uranic acid assay (Fig. 3). 
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TABLE I 

ANALyncAt DATA 0~ N-ACEIYLCHONDZOSINE HOhfoPoLYhfm mcmo~s 

Fraction No. (Ironic 
acid content 

(%I 

Molar ratio of D.p ..b Kav on Positron of elation 
reducing Sephadex on Phenyl- 
,7-acetamido- G-loo Sepharose CL4B 
z-akoxy-D- (M ammonium sulfate)= 
galactose to 
uranic acid” 

1 469 0.019 (0 020)6 50 
2 42.7 0.028 (0 029) 34 
3 46.7 0.034 (0 034) 29 
4 42.7 0 040 (0 038) 26 
5 43 3 0 047 (0 048) 21 
6 446 0.060 (0 058) 17 
7 43.1 0.080 (0.077) 13 
8 44.3 0.10 (0.09) 11 
9 42.5 0.13 (0.14) 7 
Octameric N-acetyichondrosmef 0 12 (0.13) 8 
Heptameric N-acetylchondrosine~ 0.15 (0.14) 7 
Hexameric N-acetylchondrosine~ 0.17 (0.17) 6 
N-Acetylchondrosinef 1.00 (1.00) 1 

0 09 (1 6.8)e 2.80 
0.15 (1.7.3) 3.10 
022(1:75) 3 58 
026(1:83) 3.60 
0 35 (116.4) 3.78 
0.43 (1: 6 4) 3 80 
050(1:64) 3.90 
0.57 (1: 6 5) 4.00 
0.64(1:64) 400 

%xpressed as a ratio relative to the molar ratio of 2-acetamido-2-cieoxy-hexose to uranic acid m a 
standard of N-acetylchondrosine; the content of 2-acetamido-2-deoxy-D-galactose of the standard 
determined by the Morgan-EIson reaction was 90.7%, i.e , 1.93 ttmes the calculated value (55 70/b). 
bThe average degree of polymenzation was caicuiated from the molar ratto of reducing 2-acetamido- 
2-deoxy-n-galactose to uranic acid based on the standard of N-acetylchondrosme, 1.00 (d p 1) 
CExpressed as the concentration of ammonium sulfate eluent at the peak of elution % parentheses, 
calculated values eIn parentheses, rat10 of width to herght for each peak as an mdrcation of the 
elution protile. Gtandards, see Experimental section 

RESULTS AND DISCUSSION 

Our previous observation on the heparin fractions having both different 
molecular size and hydrophobicrty’ suggested a possible relationship between chain- 
length of the glycosaminoglycuronans and behavior on hydrophobic gels, such as 
Pheryl-Sepharose CL-4B. A mixture of depolymerized chondroitin homopolymers 
was prepared by desulfating depolymerrzation of chondroitin 6-sulfate wrth dimethyl 
sulfoxide containing water’. By repeated gel-filtration on Sephadex G-100, the 

product was fractionated into nine fractions having different d-p. The preparatrons 
obtained were N-acetylchondrosine homopolymers having a 2-acetamido-2-deoxy-D- 
galactose residue at the reducing end’, and their analytical data are shown in Table I. 

Each fraction of N-acetylchondrosine homopolymers (fractions l-9; was 
chromatographed on Phenyl-Sepharose CL-4B wrth a reversed, linear-gradrent 
elution (Fig. 1). Since temperature seriously influences the separation of heparin 
by hydrophobic-interacton chromatography7, the temperature was maintained at 
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20” during the chromatography. The posltion of each peak was determmed by the 
molar concentration of ammomum sulfate m l&tIM hydrochloric acid (Fig. 1). The 
affinity of N-acetylchondrosme homopolymers for Phenyl-Sepharose CL-4B decreased 

with decreasmg degree of polymerization (Table I). The homopolymers having a 
d-p. < 11 did not show any affinity for the gel in 4.0M ammonium sulfate in 1OmM 
hydrochloric acid. Those having d-p. > 17 showed an increasing affinity for the gel 
with increasing d-p., and their elution diagrams were broadened also with increasing 
d.p. (see Fig. I) Comparison of the elutlon diagrams of the homopolymer fractions 
with higher d-p. (> 17) on Phenyl-Sepharose CL-4B (Fig. 1) with those on Sephadex 

G-100 (Table I) shows that the former diagram reflects more faithfully the distrlbutlon 
in molecular size among the fractions than did the latter. These data and those 
obtained for heparin’ indicate that a glycosaminoglycuronan containing homo- 
polymeric 2-acetamido-2-deoxyglycopyranosylglycosyluronic units, such as chon- 
droltln, hyaluronic acid, and chondroitm 4- and g-sulfate, may be isolated according 
to its molecular size on the basis of its affinity for a hydrophobic gel. 

The depolymerized chondroltin (a mixture of homopolymers having d.p. 7-50) 

was examined by Phenyl-Sepharose CL-4B column chromatography (Fig. 2). The 

homopolymers having no af?imty for the gel were eluted with 4.0~ ammomum sulfate, 
and those having some affinity for the gel, with ammonium sulfate at a concentration 
~4.0~. The fractions obtained from four different peaks of elution (see Fig. 2; 4.0, 

3.2,2.8, and 2.5&f ammonitim sulfate) were separately chromatographed on Sephadex 
G-100 (Fig. 3). The elutlon diagrams indicated that the fractions having a higher 

affinity for the hydrophobic gel were composed of compounds having a larger 
molecular-size, and the discrimination in molecular size between the N-acetylchondro- 
sine homopolymers having and lacking affinity for the gel was remarkable. 
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