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A MET HOD FOR THE DI~Tl~lIRIINATION OF THE MO’LECULAR WEIGHT 
AND iLIOLlSCULAII-Mr~IGI-IT DISTRIEUTION OF CHONDROITIN 
SULI’HATIS 

(1Ccccivw.l l'cl~riiary 2_3rtl, rg71) 

SURIhlAlCY 

A simple micro-metllod for t11c determination of molecular weights of cllon- 
droitin sulphate has been developed. Columns of Sephades G-zoo and Sepharose 613 
were calibrated with fractions of cliondroitin sulphate, the molecular weights of 
which had been determined by independent methods. The use of the calibrated 
columns for determining the molecular weights and molecular-weight distributions 
of unknown samples of chonclroitin sulphate by gel cllromntography is described. 
The effects of variations in the ionic strengtll of the eluant were studiecl. For tile 
average of duplicate determinations of the molecular weight (mW) the c)5 “A, confidence 
interval was fYZIu & 30/0o 

Wit11 the development of gel chromato~rnpl~~~~, a useful tool for tl-lc separation 
of macromolecules became available. It Iias hen estcnsively employecl in preparative 
procedures and has also been used for analytical purposes2. The application of this 
technique for the molecular-weight determination of proteins has been reported by 
several authors”-“. l’urthermore, the method has lIeen successfully applied to the 
I1~olecul~~r-weight distribution analysis of polyclisperse systems, including hyclro- 
pli t~l)ic(i~7 as well as water-soluble polymersB~~~. 

A large numlxr of mctliocls 11ave been cmployecl for the iiiulecular-wci~lit dc- 
termination of chondroitin sulpllatc, one of tllc h’lycosnnlinoglycarls of connective 
tissue. Tllese methods include ultracentrifugationf”-Iis, osmometryl4Jfi, ligllt scatter- 
i~gl4,lf~,l7 and chemical analysis lG*18. The various drawbacks of tliese techniques have 
emphasized tile need for a new, simple, rapid ancl inespcnsive method for small 
amounts of material. 

In tile present investigation c’l metllod based on the principle of gel chromate- 
graphy has been developed for the molecular-weight and molecular-weight clistri- 
bution analysis of clionclroitin sulpliate. The method has been outlinecl previously 
by WAs2xsoNl’J and, inclelxndently, by CONSTANTOPOUI.OS tit nL.“O. 
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88 K. WASTESON 

MATERIALS AND MBTHODS 

The preparation and characterization of chonclroitin sulpllate fractions have 
been described in. a previous publication 2l. Eleven essentially monodisperse fractions 
were obtained with molecular weights ranging from 2,400 to 36,000. Some relevant 
physicochemical data are recapitulated in Table I. 

PI~IYSICOCI-IBMICAL DATA lcOl< I~WACTIONS 01’ CllONI~l<Of’I’IN SUJ~PIIA’VIS” 
-_----___-_ _ -_-_--__-_- -___--.__-_-_-__._-_ . .._._ ..__-_ _- 

CI~o~~tdvoi~i~~z K(,:‘,,, ,i?z 0.2 nf 1VaCP -_ . sto?zc!s’ rac1i1cs l~~ol~!cllluv 

scr?/hk? (r#) iw 0.2 n< zvcighlcl 
fvaclion No, scpll ndex Sepllclrosc NnCI (11) c 

G-zoo GB 
.----_--.~--_----_-- ..- -___ -..-. -.---_ -..--.._-.._ --.-- --....-.._... -. -. ._. . 

I 0.11 

2 0.20 

3 0.2s 

4 0.34 
d 0.41 

o*-17 
lt 0.30 

0 ",:%9 
IO 0.7-F 
II 0.84 

0.39 
0.4.5 
0.51 

O-55 
- 
- 
- 

0.59 
O.GS 

0.77 
o.s5 

58.5 35,800 
49.5 25,400 

43.5 rg,200 

39.5 10,500 

35.0 .13,cjoo 
32.0 11,100 

42.0 18,300 

33.0 12,400 
25.0 8,Goo 
18.0 d&,800 
12.5 2,400 

n See also Wastcsonal. 
b CdCUkLtCd XCOrdill~ t0 LAUIZISNT AND 1<ILI,ANI>I~123n. 

C Calculntctl by use of ‘r8 values of I.Ticoll fractions, 

c’ Calculatccl LETi 8 [iV(U(N,,),L,,,)) 

as clcscritxd prcviotrsly~l. 

pressing Il?lto~Nl~,,,;,) only. 

-I- fVru~~q~] (rd. 21), csccpt for tlic value 01' fraction 7, cs.. 

Three well-characterized fractions of Ficoll, No. XIII, XV and XVI wit11 
Stokes radii 49.0, 34.5 and 264 A, respectively, were available in our laboratoryz”. 

Chondroitin sulphate was isolated from various sources (see below) by digestion 
with papain 23 followed by precipitation of the liberated polysaccharide with cetyl- 
pyridinium chloride from 0.3 Al NaCl 24. 3%labelled chondroitin sulphate was pre- 
pared from slices of rat costal cartilage which had been incubated ?:?t vz’l~o with 
[3%]sulpllate2Jj. The specific activitv of the preparation was approximately IOOO ” 

c.p.m./pg uranic acid. 
Chondroitin-sulphate proteoglycan (PPL) was prepared from bovine nasal 

septa according to GERIHZR et al. 2O. Dextran gel (Sephaclex C&200) and agarosc gels 
(Sepharose 613 and 213) were obtained from Pharmacia Fine Chemicals, Uppsala, 
Sweden. Uranic acid was determined by tlie carbazole method of ~ITT@R AND 
MUIR2’ or by an automated modification of this method z8. 3fiS-activity was measured 
in a Beckman LS-250 liquicl scintillation counter with a dioxane-naphtlialene-PI?0 
mixture as the scintillation medium. 

Analytical gel chromatograplly on Sephadex G-200 was performed at 4” on 
a o.S x 63.5 cm column essentially as described previously21. Generally, 100-200 ,u.g 
of chondroitin sulphte or I m g of Ficoll were applied to the column, which was 
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MOLECULAR WEIGHT 01; CHONDIZOITIN SULPHATE 89 

eluted with 0.2 M NaCl at a flow rate of about 3 ml #cm-2 -11-l. The effluent volume 
was determined by gravimetry, and the effluent fractions (0.7-0.9 ml) were analysed 
for uranic acid or %-activity. 

Analytical gel chromatography on Sepharosc GI3 was carried out in a similar 
manner ; in this case 200-300 lug of polysaccharide were applied to the column 
(I.3 X 79 cm). 

The void volumes (V,) and tile total volumes (Vl) of the column@ were de- 
termined by chromatography of a I-ligll-molecular-weight fraction of destran (m,,,, 
12 x IOU) and of tritiatecl water (Radiochemical Centre, Amersham, Great Britain), 
respectively”()Jl. 

The experimental conditions were also extended to include gel chromatography 
at different ionic strengtlis and at clifferent concentrations of polysaccliaricle. 

Effect of ionic strc@lt. Considerable variation in the elution pattern was ob- 
served when a fraction of chondroitin sulphate (fraction 3, Z@,, 19,200 (ref. 21)) was 
cl~ro~~~ntogra~~l~ed on the Sephadex column at different ionic strengtlls (Table II). 
At low ionic strength the polysaccharide emerged early in the eluate, indicating that 
tllc cllondroitin sulpllate molecules were estenclecl. Also, at low ionic strength 
(I < 1 x IO-~) the chromatograms tended to become broacl and distorted, especially 
when increased amounts of polysaccharicle were applied to the column. With in- 
creasing ionic strength the elution of the polysaccharide was progressively retarded, 
indicating an increased coiling of tile molecules. At I > 0.4 no .further increase in 
KuV was noted. Qualitatively similar results llave lxcn ol>tained wit11 lleparin:~“. 
Tlic variations iii tlic clution pattern of chonclroitin sulpliatc wcrc not clue to cliangcs 

-----.-...-.-.- .-... .,,..._ ._....._....._._....,._.. .., . .-.......-... ..- _ .._....-......_._.__ - ._._ L _-._. _ ._ 

5 x 10-G 
2 x IO” 

5 2: 1.0” 

5 % T Oeeo 

5 X Tc+ 

I % 10-l 

2 :< 10-l 

.3 % IO” 

61 x 10-l 

I x IO” 

.I<,, 1:” fur I’# fu, 
---.-.-.I_-_. clro~trlroif~i~t 

C! 

5.5 
55 
53 
.fS 
,lfi 

4 4 
4.3 
4.3 
4.3 

” Ci~lC~ll~tCtl :lCCOrdillg t0 LhURleNT AXD ICILLAXl>13Rat’. 

b Calculatccl by ‘we of r, wrlucs of l?coll frnctions. 
C At ionic strctigtlw cI x 

as clcscribccl lm2viously~1. 
10 4 tllc cnlculatioiis of I\’ no ant1 ,er, of the clronclroitin sulplmtc 

wc’rc prccluclctl l)y tlic m~rltc~lly irrcplnr Cl1t’~~llliltO~:1’;~~~lliC Iwlinviour of the httcr. 
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of the properties of the gel, since the I< av values of Ficoll were not influenced by the 
ionic strength (Table II). An estimate of the size of the chondroitin sulphate mole- 
cules at the different ionic strengths (Table II) was obtained by comparison wit11 
Ficoll fractions of similar .KsV, whose Stokes radii had been established earlier. 
Apparently the radius of gyration of the chondroitin sulpllate molecules (mol. wt. 
Ig,zoo) was approximately 25% larger at very low ionic strength than at I = 0.2. 

It was concluded from these experiments that 0.2 M NaCl provides an adequate 
ionic strength for the chromatography of chonclroitin sulphate; the effect of further 
increased salt concentration on the Stokes radius was almost negligible. Therefore, 
the experiments described below were all carried out with 0.2 A/r NaCl as eluant, since 
at higher concentrations of salt the automated analysis of uranic acid was liampcred 
by the formation of HC1 gas. 

I (a1 

40 

30 t 

(b) 

m 20- 

b 15- 
X 

2 3 IO- 

3 7.5- 

9 5.0- 

P 
2.5 - 

0.4 0.5 0.6 007 008 
a. K QV 

Fig. 1. Calibration of columns of Scpl~nclcx G-200 (a.) and Sc~Ammc Cl3 (13) with rcfcrcncc frnc- 
tions of cllonclroititl sulpllatc. ‘l’llc lllOlC.CUli~r weights of tllc tliffcrcnt ~I*iLCtiOllS Il:Lvc llccll plottc(l 
us, the rcspcctivc ICtrv vcducs. 



Eflcct of jbolysacc/ba~~itEc cm~cmtmtion. Cl~romatographies of chondroitin sulphatc 
on Sephadex were also obtained at different concentrations of the pol.ysaccl~aricle. 
A moderate increase in the polysaccharide concentration did not significantly affect 
the elution patterns. I-Iowever, if more than 3 mg of chondroitin sulphate were clxugecl 
on the column, corresponding to an increase in the concentration by ZL factor of about 
20, the elution of the polysaccllaride was retarded and the resulting profile distorted, 
indicating marked intermolecular interactions 83J’1. I-Iowever, at the low concentrations 
generally used, such interactions were insignificant, 

Calibration of gel colzcnzm. The Knv values of the reference fractions of cllon- 
clroitin sulpliate on the gel columns were determined from I/(,, Vb and the respective 
elution volumes for the fractions2”, and were then plotted VS. the logaritllms of the 
molecular weights of the respective fractions (Tnblc I, l;ig. 1). As can 1~ seen from 
1;i.g. I, slightly curved plots were olAx~inccl. 

The established relationship between the molecuJar weigh_t and the elution 
positi.on (I<,,) of chondroitin sulpllate was usecl for determining tile molecular 
weigllts of unknown samples of the l~olysaccl~aricle. The following procedure has 
been applied to the chromatography data*. The elution profile for the preparation 
was dividecl into a large number of segments (for practical reasons o.g. zo), the 
I<,, values of which correspond to certain molecular weights, M.I, according to the 
calibration curve (Fig. I). The relative amount of chonclroitin sulphate, TV.i, within 
each fraction was calculated and used to derive the weigllt-average (A?,,) and number- 
average (ZRYl.) molecular weights of the whole preparation according to the equations: 

1 iv,,,, = -- 
\‘ l,l’.l (2) 

/, nlr, 

The cumulative molecular-weight distrilxltion (Fig. 2) may be obtninecl by 
summing the amount of clutecl material from the tail end of tile chromntcgram, 
k.a. from KLLv = 1 to Ii’,, = 0 ancl plotting this parameter 71s. the molecular weiglit, 
obtained from I<,,, using the calibration curve (Fig. I). 133~ clifferentiating this 
function, the corrcsponcling cliffercntial molcculnr-weight clistrihtion is ok~inccl 
(Fig. 2). 

TIIC resolution of the Scphadcs G-200 wns studied by the following control 
cxperimen ts. A preparation of 
xi 

%-labelled cliondroitin sulpliate (A710 = 1S,300 ; 

‘?I = 14,800) was fractionated on the column (Fig. 3). A subfraction was selectccl 
from CL portion of tile cllrom:~t(~~rarll, where zone-spreading woulcl strongly intcrfcrc 
with the calculation of tlie molecular clispersion , and WLS then recl~ron~atogral~l~ccl 
on the sc~itle column. Tlic mol. wt. (r3,zoo) of tlic selected molecular lxqxAation, as 
determined from its elution profile (Fig. 3), was only slightly liiglier tlim that cspcctccl 
from its originnl clution position (12,500), Tliis result indicutes that tile slinpc atic 

,/, C//lwJrrrrlr~gl~., pJ (1071) s7-117 
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-20 

MOlCCular weight x 10e3 

Fig. 2. T11c molecular-weight distribution of chonclroitin sulphatc from bovine nasnl septum. 
Tlic amount of clutcd inatcrinl has been nccuniulntccl from the tail cncl of tlic cl~romatogram (W) 
and plottecl VS. inolcc~ilnr weight (- - - -). The total anmunt of matcrinl is taltcn as IOO’~,. This 
curve has been cliffcreiitiatccl to give the corrcspcmtliii~ tlil’fcrcntinl lllOl~C~lli~~~-~VCi~1lt rlistributioli 

function, cl W/d*1 (--). 

width of an eluted chondroitin sulphate peak essentially reflects the molecular 
dispersion of the preparation rather than 
validity of the method was also tested with 
samples, composed of laiown amounts of 

Effluent volume (ml) 

a zone-broadening phenomenon. The 
two polydisperse chonclroitin sulphate 
well-characterized, practically mono- 

Fig. 3. Chronmtogrnphy of 3%~lnlxAlcc1 chonclroitin sulphatc on a. c011111111 of Scphaclcs G-a00 
(O-O), A subfractiotl corrcsponcling to the ~haclccl ‘portion of the chrotnntogrum was rcchro- 
nintograplicd on the smiic column (0 -0). Tllc cluntcs wcrc aii:rlyaccl for 3%-nctivity. For coiii- 
pnriwon the activities of the rcchroin:Itojirnpllctl sntnplc wcrc multil~liccl by :I I’nctor of IO. 
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disperse subfractions. One of these samples was a mixture, composed of equal amounts 
of fractions 2, 3, 4 and 5 (Table I). The m, (19,800) and m, (16,200) values of this 
sample were determined by gel chromatography on the Sepbadex column. Although 
they were in fair agreement with those calculated from the molecular weights of the 
constituent fractions (Table I) according to eqns. I and 2 (m, = IS,SOO; I$,& = 
17,800), the ratio i@,,/A%n was higher, which may be ascribed mainly to the zone 
spreading on the gel column. A byaluronidase-treated material, identical with that 
used for the preparation of low-molecular weight fractions of chondroitin sulpbate21, 
was also esamined. The molecular-weight values obtained by gel cbromatograplly 
were AZzo = 9,700 and l@, = 5,700, as compared to the theoretical values of 10,700 
and 8,700, respectively. The n,, values were thus in fair agreement. The discrepancy 
between the mn values remains unexplained, but may conceivably reflect some 
degree of molecular dispersity in the constituent fractions. However, an additional 
and probably more important factor is the error due to zone-spreading, wbicb is 
most pronounced in the low-molecular-weight region, where the slope of the cali- 
bration curve is steep. 

Xejwoducibility 
The reproducibility of the analytical system was investigated by repeated 

chromatography of two preparations of cbondroitin sulphate from chick-embryo 
epiphyseal cartilage and bovine nasal septum, respectively. The molecular weights 
(m,,) of the two tested preparations, determined 17 and IO times, were 27,700 and 
~g,Soo and the corresponding standard deviations 0.8% and 0.7~/~, respectively. 

For the average of duplicate determinations of the molecular weight (i@,,), 
a 95 o/o confidence interval of i@, & 3 o/o is obtained”“. 

Tile molecular weights of a large number of cbondroitin sulpbate preparations 
have been determined by the present method. Most of this work, covering both 
structural and metabolic aspects of the chain length of cbondroitin sulpbate, will be 
presented elsewhere, and only a few applications will be mentioned here. The molec- 
ular weights of chondroitin sulpbates from various sources are given in Table III. 

Comparatively high molecular weights were noted for chondroitin sulpbate 
prepared from compact bone of normal and racbitic puppiesgo, in agreement with 
the findings of HJERTQUIST AND VEJLENS 37. Since the material was eluted with or 
near the void volume of the Sephadex column, these preparations were analysed 0x1 

the column of Sepbarose 6B, which gives a superior resolution in the lrigh-molecular- 
weight range to that obtained with Sephades G-200. J3y comparison chondroitin 
sulpbate isolated from epipbyseal cartilage of I4-day-old chick embryos and from 
bovine nasal septa showed considerably lower molecular weights (see also BUD~ECIW 
et al;17 and LUSCOMBE AND PHELPS~~). 

Using the present tecliniclue the molecular weight of cliondroitin sulpbate was 
also studied in relation to the macromolecular properties of the cbondroitin-sulpbate 
proteoglycan. Protein-polysaccharide, isolated from bovine nasal septa2,(J, was sepa- 
rated on a preparative column of Sepbarose 2B into four fractions (I-IV) as indicated 
in Fig. 4, These fractions, the molecular weights 
from approximately 1 x 10~ to approximately 10 

of wbicb were estimated to range 
x 106 (ref. 3s) were then degraded 

J, Chvomdogv,, 59 (1971) 57-97 
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TABLE III 

MOLECULAR WIEIGHTS 01’ CI~IONDROITI~ SULPI-IATE FROM UII~L’ERIINT SOURCISS, 1315’1’151~MI&‘l1D I1Y 

GEL CNROMATOGRAPI~IY 

in w = weight-avcragc molecular weight ; AT,,, = number-nvcrqc niolcculnr wciglit. 
--.-.-_-. _.. ..----.. “._.~ _ . .._- - . . . . ._ . . . . . ^ .._-_ ,. . 

OPi&?ilt of Rcmcrrlzs iQ-,, m,, 
chonihit~ilz 
sz@J~ale 

-_--____-_.-__--_ .__--.......__..._. -.- ..-.- -_--_ - ._.__.__..... ..-.. ..-._.. ..-. _... . . . ._.. _ .__. ._., 

Compact bone of puppies Prcparccl from normal qq,ooo 26,000 
animals, agccl 3 months 

Compact bone of puppies Prcpnrccl from rachitic animals, 42,000 26,000 

ngccl 3 111011t11s 

Chick cpiphyscal plate Prepnrccl from I‘{-clay-old 29,000 23,000 
embryos 

13ovinc nnsal scpta Prcparcd by clircct protcolytic ICJYOO 15,5oo 
cligcstion of the tissue 

l3ovinc nasal scptn Prcpnrccl from PPL I:‘L 7 7,900 ra,fioo 
130vinc nasal septn l?rcparccl from Ir’PL 1’1” 18,200 14,000 
130vinc nnsal scpta Prcparccl from I?PL 1 I l(L rS,ooo J.39700 
Bovhc nasal scpta Prcparocl from l?PL 1 Vlr 17,800 JX,SoC’ 
I3ovinc nasal scpta I-Xyaluroniclasc-cligcstcclb 9,7”0 5,700 
_ _..._ -_-_--.-I_-- --...-----_--__~ -._ .._._._-. . .._. .I_-_..^---.- ._. -- . . . . ..- ..-. .-- .._. . 

n See test and Fig. 4 for csplnnntion. 
1’ See WASTESON=. 

by proteolysis to ,yield. single chondroitin sulphate chains (see MATEIZIALS AND 
METHODS). As seen from Table III the molecular sizes of the chondroitin sulphate 
fractions thus obtained were identical, and, as expected, in fair agreement with that 
of chondroitin sulphate isolated from bovine nasal septa by direct digestion of the 
tissue. It was concluded that the considerable variation in size of the ;xotein-poly- 
saccharide preparation was not the effect of a varying chain length of the poly- 
saccharide moiety. TSIGANOS AND MUIR”” arrived at similar conclusions by applying 
a different technique to the protein-chondroitin sulphate OF pig laryngeal cartilage. 

Effluent volume (ml) 

Fig, 4, l?rnctionntion of PPL on a. 4.2 X 84 cm column of Scldlarosc 213. ‘J,h cllluclit Was :ui;~lysccl 
by the c:rrlxwAc nw2tliocl nncl poolctl into four fmctions (ITL I-I 1:) as inclicntctl by tlic :wrrws, 

J. Cllrontnfogr., 59 (1971) 87-97 
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IIJISCUSSION 

The present method for the determination of molecular weights by gel chro- 
matography rests on the assumption that the elution position (Kav) of a compound 
is related to tile molecular size. This relationship, which has been verified 13~ several 
authors (for reviews see c’.g. DISTERMANN~, JOHNSON AND PoIzTI:~~~~ ) a11cl LAUHEN? 

et al.‘“) may also be applied to tile gel cln-omatograpl~y of chondroitin sulphate, as 
demonstrated by the calibration curves, shown in Fig. I. Ideally, for a given gel, 
any K,, value sllould thus represent a certain molecular size. However, even minor 
variations in the experimental parameters may influence the elution beliaviour, and, 
consecluently, the experiments sl~c~uld be standardized as far as possible. Significant 
errors may thus arise from the use of too low an ionic strengtli (Table II) or from 
overloading of the column. The influence of tcmpernture and flow rate has been 
discussed elsewllere?J1*“2. 

The maintenance of proper esperimental conditions is a prcrcquisite for the 
optimal performance of the gel column. However, even under optimal conclitions 
chromatography of homogeneous molecular populations will yield peaks of finite 
widths. The significnnce of this zone-broadening phenomenon for the resolution of 
the analytical system leas been discussed by several autllors4”~‘~“1J’~ and various 
corrective measures have been su~~ested’14°,4G,4’i. Tl le separation on a gel column due 
to difference in molecular size is proportional to the column length, wliereaa the zone 
spreading is propoi-tionnl only to the square root of the column lengtll. In conse- 
quence, the relative effects of zone spreading will decrease with increasing column 
lengtl1, ns verified esperinielltally by WINZOR ct flk’13*4’1. 111 view of tllese considerations 
the column dimensions used in tile present study woulcl seem to be satisfactory. 
Nevcrtlleless, an attempt was made to assess the effects of zone spreading in our 
system I>*y recl~rornatograplling a previously separntecl subfraction of chondroitin 
sulpliatc (l;ig. 3). The resulting chromntogram sliowed that, for practical purposes, 
tile effect of zone spreading could be neglected. 

The resolving power of tlic analytical system was tested by cliroxi7ntogrr~l~lli~l~ 
mixtures of well-cliaracterizecl cliondroitin sulplinte subfractions (combined fractiqns 
2-5 md 7-11, respectively). l’llc results of tllesc esperiments demonstrated tlmt tllc 

117 14: a1lc1 AT,,, values of lwlyclisperse preparations of clionclroitin sulpliate may 1x3 

aclccluately cletcrtiiincd by tlic gal cliromnto~rapliy riietliod. I-Iowcver, cart sl~oulcl 

lx takctl in evaluatitlg A”.,, values of cllondroitin sulpl~nte preparations clutccl close 

to l/t, sitice tlie 1%,,, value obtniiicd for tlic liyaluroniclasc-trcatecl preparatioi~ was 

lm~lml~ly too low. L;or samples of low clispersity, liowever, tlie reliability is prolml~ly 

sufficient for most biological prolAcms, since tlic tlicoretical ancl espcrimental ATlO 
vnlucs were in rcasonablc agreement. 

Altliougl~ tllc resolving power of the gel columns is optimal only within a limitecl 
fractionation raiige, tile separnth properties of Sepliaclcs C-zoo adequately c0vc1 
tlic Iilulccular-wei~lit range of clionclroitin sulplinte’l~. While most clionclroitin 
sulplintcs Iinvc molecular weights less than 30 000, some spccics, c.g. from l.x)nc, 
penctratc tlic upper limit of tllc scparntion rang2 for Seplinclcs G-300. Tlicrcf~c, 
for tlic lli~li-liiolecul;~r spccics of clioiiclroitin sulpliate 
since it is nlorc! lX_!l’lllCi~l~lC to large mncrolnolcctllcs tllan i 
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be pointed out, however, that the overall resolution of Sepharose 6B is somewhat 
inferior to that of Sephadex G-200 (ref. 41). 

The detailed characterization of chondroitin sulphate specimens, isolated from 
small amounts of tissue, is often limited *by the supply of the polysaccliaride. The 
small amounts of material required by the present method is one of the main ad- 
vantages in relation to conventional methods for the determination of molecular 
weights, such as osmometry, light scattering or even ultracentrifugation. The relative 
simplicity and inexpensiveness of the analytical system further enhances the appli- 
cability of the present technique in relation to others. Finally, it should be noted 
that gel chromatography offers unique possibilities in metabolic studies for de- 
termining selectively the molecular weights of radioactively labelled polysaccharides. 

The main drawback of the gel chromatographic method lies in the preparation 
and characterization of the reference substances required for the calibration curve. 
The necessity of using homologous preparations as references has been pointed out 
previously: the exclusion properties of a molecule on a gel column depend primarily 
on the size and form of the molecule and only indirectly on its molecular weighP. 
This is demonstrated by the relatively low I< LLv of chondroitin sulphate as compared 
to its molecular weight. Thus serum albumin (molecular weight 6g ooo) has the same 
I!& on Sephadex G-200 as a chondroitin sulphate with a molecular weight of 13,000. 
Further it should be borne in mind that variations in the properties of the gels and 
in the mode of operation may preclude the direct application of a calibration curve, 
obtained in a different laboratory. 
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