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ABsl-RAcT 

- Hot-water extraction of defatted skm of the fish Labeo rohzta yielded a viscous, 
glycoproteln solutJon Thrs was extensively dIgested with pronase, and then treated 
wJth tnchIoroacetJc acJd to remove the protems and nucleJc acids On precJpJtatJon 
wJth ethanol, the solutron fumJshed a nnxture of several glycosamJnogIycans whJch 
was fractionated by complexm, m wJth cetylpyrJdJnJum chlonde and alkaline copper 
solution to yJeld three pure fractJons From analyses, specific rotatJon values, I r 

data, and enzymlc studies, the three fractions were fully characterized to be dermatan 
sulfate, chondroltm 4-sulfate, and hyaluronrc acJd The vJscosJty-average molecular 
weight of dermatan sulfate was found to be 2 3 x 104, and that of hyaluronrc acJd, 
1 78 x 105. 

INTRODUCTION 

The mucopolysaccharJdes of various mammahan skms have been JnvestJ- 
gatedJ - 6 extensively, but very few reports’ ’ are avaJ!able on sJmJlar bJopolymers 
Jsolated from aquatJc sources This paper deals with the rsolatron and CharacterrzatJon 
of three gIycosamJnoglycans, J’zz , dermatan sulfate (DS), chondroJtJn 4-sulfate 
(CS-A), and hyaluromc acid (HA) from the skin of the fish Labeo rohta 

Labeo rohzta IS a very common, IndJan fish avaIlable throughout the year, and 
Jt serves as one of the major sources of protem m IndJa In appearance and taste, Jt 
cIosely resembles the AmerJcan carp (C_~~~rrnzc.s carpro) 

EXPERlMENTAL 

Materrals and methods - Standard hyaluronlc acJd (from human UmbJlJcal 
cords), bovme serum aIbumm, and ovme testJcular hyaluronJdase (specJfic actJvJty 
1880 unJts/mg) were obtained from BJochemJcals UnJt, V P Chest Institute, New 
Delhr Pronase was obtained as a gift from Cal BJcchem, U S A (4WOO PUWg) 

*Part I of a senes 
**To whom enqumes should be made 
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and from E Merck, Germany (70,000 PUK/g) L-Iduromc acid (as the calcmm salt) 
was kmdly provided by Dr J A Clfonelh, Umversity of Chicago, Ilhnou, U S A 

The skms were collected from hve Labeo rohzta fishes (welghmg 0 5 to 1 0 kg), 
after removal of the scales, the skms were defatted by extraction with several changes 
of cold acetone, and as much as possible of the extraneous tissues was scraped out 
The cleaned skins were then cut into small pieces, air-dried. and kept frozen 

Paper part&on-chromatography (hereafter, “chromatography”) was conducted 
on Whatman No 1 paper by the descendmg technique, using the followmg solvent- 
systems (v/v), (A) 8 2 1 ethyl acetate-pyrtdme-water, (B) 5 5 1 3 ethyl acetate- 
pyndme-acetic acid-water, (C) 10 1 2 I-butanol-ethanol-water, (D) 4 1 1 l- 
butanol-ethanol-water9, and (E) 8 2 3 ta t-amyl alcohol-formic acid-water” The 
staining agents used were (a) alkaline sliver nitrate”, and (b) a 0 5% solution of 
nmhydrm m acetone 

Electrophoresls” of polysaccharldes was performed on strips (5 x 10 cm) 
of cellulose acetate m 0 1%~ forn-uc acid-pyrldme buffer, pH 3 0, at a current strength 
of 2 5-3 0 mA at 17 V/cm, for 30 mm at room temperature (N 25 “) The strips were 
then stained with Alclan BlueI 

All specific rotations were recorded at eqmhbrmm with a Perkm-Elmer 
Spectropolanmeter, model 241 at 20” Spectrophotometric determmatlons were 
performed with a Pye-Umcam (model SPSOO) and a Beckman (model IR-20-A) 
spectrophotometer For 1 r spectra, the respective polysaccharlde sample (- 1 mg) 
was Incorporated into a cesium bromide pellet and compared with air as the blank. 
High-speed centrlfugatlon was conducted with a Beckman ultracentrifuge, model 
L5-65 Vlscoslty measurements were made with a Cannon-Fenske vlscometer, model 
F/NO 50/99 G 1 c. experiments were conducted m a Hewlett-Packard Gas Chromato- 
graph, model 5730A, equipped with a flame-lomzatlon detector, nitrogen being used 
as the carrier gas. Glass columns (1 83 m x 6 mm) were used, respectively contammg 
(I) 3% of ECNSS-M supported on Gas Chrom Q (100-120 mesh), and (II) 3% of 
Poly A-103 on Gas Chrom Q (100-120 mesh) 

Unless otherwise stated, all evaporations were performed at 3540” under 
dlmu-ushed pressure De-ionization was effected with Dowex 5OW-X8 (Hf) (20-50 
mesh) and Dowex l-X4 (formate or hydrogencarbonate form) (20-50 mesh) ion- 
exchange resins All pure preparations were isolated m the form of sodium salts 

Identlficatlon of components (monosacclzarzdes and amino acrds) - Different 
condltlons of hydrolysis (in sealed tubes) were used for the Identlficatlon of neutral, 
acidic, and ammo sugars and for ammo acids 

(a) Neutral sugars - The respective polysaccharlde (N 2 mg) was hydrolyzed14 
(~1 HCl, 1 mL, 3 h, lOOa) The hydrolyzate was diluted with water (20 mL) and passed 
Through columns of Dowex l-X4 (HCO;) and Dowex 50 (H+) resins The effluents 
and washings were concentrated, and exammed by chromatography (solvents A 

and C, staining agent a) The rest of the hydrolyzate was reduced with potassmm 
borohydrlde, and the aldltols convertedI into their peracetates for g 1 c (Co1 Z, 195 “) 

(b) Hexuronzc aczds - The polysaccharlde sample (- 1 mg) was hydrolyzed 
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(M HCl, 1 mL, 1 h, 100”) The hydrolyzate was concentrated, and hydrochlonc acrd 
was completely removed by repeated addrtron and evaporatton of water Hexosammcs 
were adsorbed on a column (0 8 x 4 cm) of Dowex 50 (H’) resm, and the eifluents 
containing the acrdrc components were concentrated and subjected to chromato- 
graphy’O (solvent E, stammg agent a) 

For g 1 c , the uranic acrds (40-50 pg) In a portron of the foregomg hydrolyzate 
were converted Into the correspondmg aIdno acetates (via the aldomc lactone, and 
reductton) as described by Lmdahl et al ’ 6 Aldrtol acetates of standard D-ghICuromc 
and r_-rduromc acids were prepared srmrlarly. 

(c) Hexosammes - The respecttve polysacchande (~2 mg) was hydrolyzed 
(6~ HCl, 2 mL, 6 h, lOOa) After complete removal of hydrochlonc aad, the hydroly- 
zate was exammed by chromatography (solvent B, stammg agents a and 6) A pornon 
of this hydrolyzate was subjected to nmhydrm degradatron by a modlfkatrong of 
the method of Stoffyn and Jeanloz, and the resuhmg pentoses were rdentrfied by 
chromatography, and by g I c of then aIdno acetates Hexosammes were also 
Identified by g 1 c (Co1 II, 200”) of then aIdno acetates as descrrbed by Nerdermerer 
et al ” 

(d) Ammo acids - The polysacchartde sample (- 1 mg) was hydrolyzed 
(6hI HCl, 1 mL, 8 h under N,, 100”) The hydrolyzate was concentrated and chro- 
matographed (solvent A, stanung agent b) 

Estrmatlons - Hexuromc acrds were estrmated by the carbazole” and Brtter- 
Mtur” methods, usmg D-glucuromc acrd as the standard 

Hexosammes were estrmated by g 1 c as descrrbed by Nerdermerer et al ’ 7 
Samples contammg suitable standards (e g , 2-acetamrdo-2-deoxy-D-galactose For 
esttmatmg 2-ammo-2-deoxy-D-glucose, and vice versa) were hydrolyzed as mentroned 
earher Total hexosammes were determmed by the Elson-Morgan procedure” after 
stmdar hydrolysis of the samples 

Neutral sugars were estrmated by g 1 c of then aldrtol acetates after srmrlar 
hydrolysis (see prevrous sectron), usmg nzyo-rnosrtol as the Internal standard 

The protein content of samples was measured by the method of Lowry ef nl ‘I, 
with bovme serum albumm as the standard 

The sulfate content was determmed by the procedure of Antonopoulos”, usmg 
potassmm sulfate as the standard 

The carbazole orcmol (C/O)23 ratro was determmed by the carbazole*’ and 
orcmolz4 methods, using a heatmg trme of 20 mm, and the proportron of rduronrc 
acrd and of glucuromc acid was assessed” from thus ratro 

The effect of testrcular hyaluromdase on the glycosammoglycan preparatrons 
was studred turbrdrmetrrcally’6 

Isolatron of the crude g/ycosatmnogijxans - Defatted, dry shrn (2s g) was 
suspended m water (500 mL), and homogemzed m a Warmg Blendor For 15 mm 
(wrth mtermrssrons) The suspensron was heated on a borhng-water bath for 1 h, 
wrth stlmng, and filtered hot through Nylon cloth The filtrate was centrrfuged 
(6000 r p m , 1 h, 259, and the product m the clear, supernatant hquor was PrecrPr- 
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tated as a gummy matenal wrth ethanol (95%, 3 vol ) The precipitate was collected 
at the centrrfuge, and dried wrth acetone 

The dry precrprtate* (18 g) was drssolved in 0 2M sodmm phosphate buffer, 
pH 7.8, contammg I 5mM calcmm chloride, and digested with pronase for 96-120 h 
at 37”. The substrate concentratron was mamtamed at 25 mg/mL of buffer, and the 
enzyme was added, as 1 ‘I0 of the substrate, m two mstalments A few drops of toluene 
were added, to prevent bacterial growth After centnfugatron and extenstve dialysis 
at 4”, the dtgested solutton was concentrated (to N 100 mL) and Its contents pre- 
crprtated with ethanol (95 %, 2 vol ) in the presence of 2 5 % calcium acetate-O 25~ 
acetic acid 

The precrprtate was mixed with the same buffer, and the suspensron was 
centnfuged. The residue was discarded, and the solution was dialyzed against the 
same buffer (to remove traces of ethanol) This material was redigested (48 h) with 
pronase, and the suspensron centrrfuged The supematant liquor was dialyzed, and 
concentrated (- 60 mL); to the concentrate in an ice bath was slowly added aqueous 
tnchloroacehc acid (40%, 20 mL) with stnrmg and the mixture was kept for 30 mm 
The precrprtate was centrifuged off, and the supematant liquor was dralyzed against 
distilled water at 4” The dialyzed solution was further clarrfied by centrrfugatron 
(19,000 r p m , 1 h, So), and concentrated to - 15 mL The glycosaminoglycans were 
precrpnated with ethanol (95%, 4 vol ) m the presence of 1% sodium acetate-acetic 
acid (pH -4 0). The precrprtate was collected by centrrfugatron, and dried by 
successrve trrturatron with 95% ethanol, absolute ethanol, and dry ether, yield 75 8 
mg The process of isolatron 1s summarized m Scheme 1 

Fractlonatron’ 6 of tire crude glycosantutoglycam 6y cety!pJv-idinium cltlorlde 
(WC) - The crude preparations (200 mg) from three different lots were mixed 
with 0 3~ sodium chloride solutron (50 mL), and kept for 15 mm at 35”, and then 
aqueous CPC solution (2%, 3.5 mL) was added dropwrse wrth strrrmg The mixture 
was kept overnight at room temperature, and the precipitate was collected at the 
centrrfuge, washed with 0 3~ sodturn chloride solutron (3 x 5 mL), and drssolved 
in 2~ sodmm chlorrde solution (10 mL) containing a few drops of methanol The 
material was repreclpnated with 75% (v/v) ethanol (25 vol ) The precipitate (frac- 
tion A) was collected by centrrfugatron, and dried zn vacua over PZOS, yield 34 5 mg 

During dralysrs of the supernatant liquor from the precrprtatron with CPC, 
a gummy residue (fraction B) graduahy accumulated m the bag This was saved, and 
the supernatant liquor was concentrated (- 30 mL) and made 0 03~ wnh respect to 
sodmm cblorrde. To thus was added CPC solution (2%, 4 mL) as described earher, 
whereupon a gummy aggregate (fraction B) appeared Both B-fractions were separ- 
ately washed with 0 03~ sodmm chloride sohuron (3 x 5 mL), and then pooled by 
solubrhung wrth 1 _ 1 (v/v) 2M sodium chloride-methanol (15 mL) The solutron was 

*In subsequent lots, aolatron of thus solld was avolded; Instead, the requrslte amounts of solid 
NaHzPOA, NazHPOa, and CaCle were drrectly added to the water extract, the pH was adjusted, 
and the materra Has dlgested wrth pronase 
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Scheme I Isolatron of the crude mixture of glycosammoglycans from the shm of rhe fish L&v rohrfa 

clarified by centnfugatlon, and the contents preclpltated wlrh ethanol (75 %, 10 vol ) 

The precipitate (fraction B) was coltected m the usual way, yield 32 8 mg 

After dlalysls, concentration, and ethanol preclpltatlon, the supematant hquor 

from fraction B ylelded a greemsh preclpltate (fraction C), yield 30 3 mg 

Further fractionation and purrficatlon of fractrons A and 3 by conzplewng 11 rtlz 

alkahe copper soZu~zon2 ’ - On treatment with alkahne copper sobtron In a mtrogen 

atmosphere, fraction A (100 mg) was separated mto fractions Al (40 mg, from the 

precrpxtate) and A, (50 mg, from the supernatant hquor of A,) Slmllarly, fraction B 

(100 mg) ylelded fractions B, (60 mg, from the preclpltate) and B, (12 mg, from the 

supernatant hquor) Fraction A, (35 2 mg) was once agam punfied through the 
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solublhzatlon in 0 3~ sodnun 
ctlonde, and preclpltatlon urlth 2% CPC 

1 1 
Preclpltate Supematant hquor 

I 

solublhzatlon m dialysis, concentration, 
2hi sodmrn chlonde- and prectpltatlon with 
methanol, and 2% CPC from 0 03n4 
preclpltatlon wth sodmm chloride 
75% ethanol 

Preclpltate 
(Fraction A) 

I 1 
fractlonatlon by Precipnate Supematant hquor 

alkaline copper 
solution solublhzatlon dlalysls, 

m 2hf sodmm concentration, 
chlond+methanol, ana preclpltatlon 
and preclpltatlon wth ethanol 

1 1 with 75% ethanol 
Preclpltate Supematant liquor 
(as copper Frachon AZ 

complex) 
Fractron AI 1 f 

repreclpl- punfied Preclpltate Precipitate 
tatron as by CPC (Fraction B) Frachon C 

the copper treatment 
complex fractronatlon 

1 1 by albahne 
Purrfied A1 Purlfied AZ copper solution 

1 
Precipitate 
(as copper complex) 
Fractlorl BI 

1 
Supematant 
liquor 
Fractron BZ 

Scheme 2 Fractlonatlon of the crude glycosammoglycan preparation to obtam the pure components 
(AI, Aa, and BI)- 

alkahne copper complex, to yield purified A, (30 5 mg) Fraction A2 (45 mg) was 
purified by repeating the CPC treatment from 0 3~ sodium chloride solution, to 
yield purified A, (36.8 mg) The fractlonatlon procedures employing CPC and alkaline 
copper solution are summarized m Scheme 2 

RESULTS AND DISCUSSION 

Isolatzon - Hot-water extraction of defatted skms furnished a wscous solution 
that was processed to afford a solid By hydrolysis, this solid was found to be essentl- 

ally a glycoprotem In order to isolate the carbohydrate components, the gIycoprotem 
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TABLE I 

ImmTIFICATION OF THE MONOSACCHARIDES IN THE HYDROLYZATES OF THE CRUDE GLYCOSAhmOGLYCAN 

Sugars 
detected 

RGIP RGlCAb RXD= RRTd 
A= B= C= E= D= coi I, 195” co1 II, 200” 

Glucuromc acid 
Iduromc acid 
Glucuronolactone 
Iduronolactone 
2-Ammo-2 
deoxyglucose 

2-Ammo-2 
deoxygalactose 

Galactose 
Glucose 
Mannose 
Fucose 

- - - 100 
- - - 1 32 
- - - 1 68 
- - - 211 

- 088 - - 

- 082 - - 

090 - 084 - 
100 - 100 - 
_ - - - 

133 - 152 - 

100 (Ara) 0 31 (arabuutol 
pentaacetate) 

120 (Lyx) 0 29 (Iyxltol 
pentaacetate) 

- 0 88 
- 100 
- 0 77 
- 0 20 

- 
- 
- 
- 

100 

1 18 

- 
- 
- 
- 

=Rclc values refer to the chromatographlc mob&y relative to that ofo-glucose *Rclc~ values refer to 
the chromatographlc moblhty relative to that of o-glucuromc acid cR,t D values refer to the cbromato- 
graphic moblhty of the pentoses obtamed by nmhydnn degradation of the hexosammes, relative 
to that of D-arabmose dRRT values refer to the retention times relative to that of o-gluatol hexa- 
acetate =A, B, C, D, and E refer to chromatography solvents (see text) 

(IS g) was extensrvely dlgested with pronase, and the mixture dialyzed The carbo- 

hydrate components, together with some protem, remamed wlthm the bag, this 
showed that the carbohydrate components were not mono- or ohgo-saccharides The 
product of the first pronase dIgestIon was redlgested with the same enzyme, and, 
after dlalysls and concentration, the solutlon was treated with trlchloroacetlc acid 
to remove the remammg protem and nucleic acids The excess of trlchloroacetlc 
acid was removed by extensive dlalysls, and the solutlon was clarified by centnfuga- 

tlon (19,000 r p m ) The supernatant hquor was concentrated, and the contents 
prectpltated wrth ethanol m the presence of sodmm acetate-acetlc acid @H -4 0) 
to yield the crude glycosammoglycan (75 8 mg) 

By chromatography and g 1 c , the hydrolyzate of this crude mixture was 

found to contam glucuromc acid and lduromc acid (and their lactones), 2-ammo-2- 
deoxy-galactose and -glucose, fucose, galactose, glucose, and mannose (see TabIe I) 

The polysacchande preparation was, therefore, a mixture of several glycos- 

ammoglycans It IS to be noted that xylose (detected later, by g 1 c only) could not 

be found at this stage 
Fractzonatzon by CPC - Fractlonatlon of the foregomg polysacchande mlxture 

(200 mg) was effected by preclpltatlon w~th CPC from aqueous sodium chloride 
solutions of dIKerIng molarlty, essentially accordmg to the method described by 

MathewsZ6 Preclpltatmn from 0 3b1 sodnun chloride solution furrushed fractmn A 
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TABLE II 

COMPOSlTION AND VALUES OF THE SPECIFIC ROTATION OF POLYSACCHARIDE FRACTIONS= 

Fractton Calsss 5 
(degrees)” 

SugaW Relattve Ammo act& 
proportIon@ 

A -56 0 glucuromc actd 
(Chondromn 
sulfates) 

B 
(Hyaluromc 
actd) 

C 

-23 1 

+29 7 

tduromc actd 
2-ammo-2-deoxygalactose 
2-ammo-2-deoxyglucose 
galactose 
glucose 
mannose 
fucose 
glucuromc acrd 
rduromc actd 
2-ammo-2-deoxygalactose 
2-ammo-2-deoxyglucose 
galactose 
glucose 
mannose 
fucose 
hexuronic actd 
2-ammo-2-deoxygalactose 
2-ammo-2deoxygIucose 
galactose 
glucose 
mannose 
fucose 

+++ + 
+++ 
t-k+ 

+ 
++ 
‘f 

+ 

++: + 
L 

I+: 
+ 

-I-+ 
+ 
+ 

Ill1 ++ 
i 

+T 
t---f 

+; 

“Ohtamed by cetylpyrtdmmm chlortde fracttonatton of the crude mucopolysacchandes *In water 
=Detected by chromatography and g 1 c d-~ i +, major, i- +, medmm, and t, trace COne or more, 
as detected by chromatography (solvent A, stammg reagent 6) 

(34 5 mg), having [a15s9 5 -56 0” (c 1 7, water), whose major monosaccharide 
components were glucuromc acid, rduromc acid, and 2-ammo-2-deoxygalactose, the 
other sugars were present m smaller proportrons or traces (see Table II) The super- 
natant hquor from fraction A was adjusted to 0 03~ wrth respect to sodmm chloride, 
and the contents precrpttated with CPC to yield fractron B (32 8 mg), [alsg9 5 

-23 1 o (c 0 95, water) Fractron B was found to contam mamly glucuromc acid and 
2-ammo-2-deoxyglucose in the ratto of - 1: 1, other components (as m fractron A) 
were present m traces (see Table II) 

Dialysis, concentration, and ethanol precrprtatron of the supematant liquor 
from fraction B finally yielded a greenish precrpitate (fraction C, 30 3 mg), this had 
[cL]~~~_~ +29 7” (c 0 8, water) Its constituents were mamly the neutral sugars and 
some ammo acids Only traces of 2-ammo-2-deoxy-galactose and -glucose could be 
detected m it, and there was no uromc acrd (see Table II) However, due to Its very 
heterogeneous character, fractron C was not further mvestrgated 

From these results, It was apparent that fraction A (whose malor constrtuents 
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were glucuromc acid, lduromc acid, and 2-ammo-2-deoxygalactose) was a mixture 
of chondroltm sulfates, and fraction B (havmg glucuromc acid and 2-ammo-2- 
deoxyglucose as the major constituents) was presumably hyaluromc acid The prep- 

aratlons were not, however, sufficiently pure at this stage for a final declslon 
Further fractionation and pwlficatlon of fractrons A and B - Both fractions 

A and B were further fractionated by preclpltatlon with alkahne copper solution 
essentially accordmg to the method of Clfonelh et al 27 Fraction A (contammg the 
chondroltm sulfates) furnished fraction A, (later characterized as bemg dermatan 
sulfate), and fraction A2 (characterized later as bemg chondrolEm 4-sulfate) A, 
(contaming mainly lduromc acid and 2-ammo-2-deoxygalactose) had [LX]~~~ 5 
-65 5O, and a xylose galactose (molar) ratio of 1 5 On repeatmg the copper- 
complex treatment, the value of the specific rotation changed to -67 4”, and the 
molar ratlo of xylose galactose became 1 2 (determined by g 1 c ) Slmllarly, when 
A, was purified by repeatmg the CPC treatment, Its specific rotation value changed 
from - 18 0” to -28 0”, and the xylose .galactose ratio from 1 3 to 1 2 (from g 1 c ) 

Purified A, and AZ were completely free from fucose and mannose (see Tables II 
and III) However, the other analytlcal values did not show any slgmficant vanatlon, 
and, also, practically no further change m the composltlon could be achieved by 
repeating the purification processes 

On purlficatlon (as the copper complex), fraction B ylelded fraction B, (later 
characterized as bemg hyaluromc acid) and fraction B, This treatment freed B, of 
fucose and mannose, and its specific rotation value (-23.1 o for B, see Table II) 
became -69 0’ B, had [LY] 589 5 + IO 7’ (c 1 3, water) and contamed mainly the 

TABLE III 

COhIPOSITION AND CHARACTERlSTICS OF PURIFIED GLYCOSAhlIhOGLYCAN PREPAR4TiONS AI, AZ, AND BI 

Poly- [alsss 5 Composttlon Electra- Neutral 

saccharrde (degrees)” Hexu_ Hexos- SttIfate Protem PlloretIc slrgars 
fractton rotttc mobrlrt) 

actd W~A)* 

(%I 

Ammo 
actdc 

Al 
@S) 

&A) 

Bl 

U-W 

-67 4 17 5d 227 153 IS 20 xylose gaiactose sermr 
(076) 23 0~ = 1 2, 

glucose, 0 2% 
-2s (2 0 4) 21 8d 24 3 160 20 28 xyiose = 1 2, galactose serme 

glucose, 0 6% 
-690 444d 362 - 08 10 glucose, 0 6%. - 

(0 77) galactose, 0 17% 

=In water, concentration m parentheses ~RHA refers to relatwe electrophoretuz moblIlt> nlth respect 

to standard hyaluromc acid CIdentfied by comparative chromatography (solvent A, StamW reagent 
b) with standard m_-senne dcarbazole eBltter-Muir 
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neutral sugars, along mth traces of uromc acids and hexosammes. The composltlons 
of punfied Al, A?, and B, are gven m Table III 

Characteriratron of purljied fraction A, (dermatan surate, OS) - Putied 
A,, having [a&s9 s -67 4” (ht 28 -60 0 to -70 0”, for DS), contained hexuromc 
acids 17 5 ok (carbazole*), 23 o/0 (Bitter-Muir) [ht 3o 12 9-19 3 ‘4 (carbazole)], 
galactosamme 22 7 oA (ht 3o 21 9-27 8 %); sulfate 15 3 ok (lit l2 15 6 ‘A), protem 
1 8 o/0 (lit l4 1 7 %), and molar ratlo of xylose galactose 1 2 (ht l4 Xyl -Gal = 1 2) 
These results are given m Table III The material had C/O, 0 41 (ht.31 0 41), and 
lduromc acid glucuromc acid ratio, 9 1 (ht 25 31 9. l), it was electrophoretlcally 
homogeneous, having a mobdlty’2 twice that of hyaluromc acid (see Fig 1) 

The 1 r spectrum of this fraction showed absorption bands at 1260-1230, 928, 
840, and 712 cm-‘, characterlstlc28*32 of dermatan sulfate (DS) The band at 1260- 
1230 cm-’ confirms the presence33 of sulfate groups From these results, purified 
A, was conclusively ldentlfied as bemg dermatan sulfate 

The vlscoslty-average molecular weight (Mv) of this DS was determined by 
usmg the Mathews equatlon34, g,,/C = [q] = 3 1 x 10m4 x Mu0 74, and the value 
was found to be 2 3 x 104, this IS m the range of Mv reported3’ for pig-skin DS 
In the foregomg equation, the reduced vlscoslty (qsp/C) was determined at 30”, 
at a concentration of 2 mg of polysacchande/mL of 0 15M sodium chloride-00 1 hf 
acetate buffer, pH 5 0, and the value was found to be 0 524 dL g-’ At this concentra- 
tion, the reduced vlscoslty has been reported3’ to be very close to the mtrmslc 
v1sc0s1ty 

The presence of glucuromc acid (- 10 %) m our preparation of DS 1s consistent 
with the fact that dermatan sulfates have a copolymerlc structure” 3o 
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0 

I I 

Fig 1 Electrophoresls of pun!ied A1 (DS), A2 (CS-A), and B1 (HA) on cellulose acetate stnps ill 
0 15&i formic acid-pyndme buffer, pH 3 0 (HA = Standard hyalurontc acid ) 

*It has been reported”9 that, m the carbazole method, iduromc acid and Its denvatlves mve 21%35% 
of the color mven by an equvalent weight of glucuromc acid 
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Characterization ofpurrfedfractron A, (chondrortuz 4-sulfate, CS-A) - Purified 

A, had the composttion glucuromc actd, 21 8 % (carbazole), galactosamme, 24.3 %, 

sulfate, 16 O%, protem, 2 Ox, and xylose -galactose molar ratio, 1 2 (see Table III) 
it was electrophorettcally homogeneous (mobilny12, 2 8 x that of hyaluronlc acid, 
see Frg 1) These values are comparable to those m earlier reports3’n3’ for chondromn 
sulfates, and the value of the specific rotation, namely, -28 0” (ht 28 -28 0 to 

-33 0”, for CS-A) Indicated it to be CS-A The final identification of this fraction 
as CS-_-r was estabhshed from Its 1 r spectrum, which showed absorption bands at 
1260-2230, 928, 882, 850, and 725 cm-’ As reported”* 32 earher, these bands, 
especially that at 850 cm-‘, decisively estabhsh the position of the sulfate groups 
at C-4 of the hexosamme residues The ldenttfication was fully corroborated by the 
results of a turbidimetric study 26 (disappearance of turbidity at a lower rate36) wrth 
testicular hyaluromdase 

The presence of xylose and galactose (m the molar ratro of 1 2), and of senne, 
m our DS and CS-A preparations is conststent with previous reportslq 37 38 m which 
they have been shown to be present at the carbohydrate-protem h&age through 
serine 

Charactenzatlotl of fractrolz B, (Izg~aha otuc arId, HA) - Fraction B, had the 
followmg composition (see Table III) glucuromc acid, 44 4% (ht 3g 44 4 %), 2- 
ammo-2-deoxyglucose, 36 2% (ht 3g 35 lx), and protem, 0 8 % These resuIts, and 
the value of the specific rotation, namely, -69 0” (11t *’ 2g -70 0 to -80 O”, for 
HA), Indicate that this fractton is hyaluromc acid This conclusion was corroborated 
by tts electrophoretic mobdny12 3g (see Fig 1) compared with that of standard HA, 
and by the disappearance of turbidtty with acid albumm26 after incubation of this 
fraction with ovine testicular hyaluromdase Furthermore, the 1 r spectrum (4000- 
600 cm-l region) of B, was completely superposable on that of reference HA Th1.s 
fractton is, therefore, tdenttfied as hyalurontc acid 

C(gjm L) x 10’ 

Rg 2 Plot of reduced vlscoslty (T&C) vs concentration (C) for fraction BI (HA) (From the Inter- 
cept, the ~tnnslc vlscoslty [q] was found to be 450 mL g-l ) 
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Viscosity measurements for thrs HA were made over the concentratron range 
of 0.12-2 37 mg/mL of 0 2~ sodmm chlonde solution at 25” The mtrmsic vrscosrty 
[q] was then determmed from the plot of PI& vs C (see Frg 2), and was found 
to be 450 mL g-‘. The viscosity-average molecular weight (Mv) of this polymer 
was then calculated by usmg the equation, Iv] = 3 6 x 10d2 x Mv” ‘*, as described 
by Laurent et aL4’, and the value of Mv was found to be 1 78 x lo’, whrch is m the 
range grven m earlier reports2S 40. 

It may be noted that the presence of a small proportron of glucose m all three 
of the purified fractions (Al, AZ, and B,) is probably due to contamination with 
fraction C (whose major constituents are glucose and galactose, see Table II) 
Also, the presence of variable proportions of galactose (as evidenced by analysis 
durmg purificattons) m all of the fracttons clearly mdrcates that there was an addmo- 
nal source for it. However, the presence of neutral sugars other than galactose and 
xylose in some glycosammoglycans from aquatic’ and mammahan4’ sources has 
been reported 
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