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Chemical Studies of Mucopolysaccharides of Rat Blood Platelets. (24494) 

BONNIE ANDERSON AND T. T. ODELL, JR. (Introduced by A. C. Upton) 
I3lnlogy Ilivisi'olz, Oak Ridxe Xational Laboratory,* Oak Ridge, Tenn. 

Isolation of a sulfated mucopolysaccharide 
from blood platelets of rats has been repxted 
( 1 ) .  Subsequent investigation on larger quan- 
tities of extracts of rat platelets (200 to 500 
pg) revealed another mucopolysaccharide-rich 
fraction that is not sulfated. This report de- 
scribes the separation and further chemical 
characterization of these two fractions by pa- 
per electrophoresis, hydrolysis, and paper 
chromatography . 

Materials and methods. 39ale Sprague- 
Dawley rats weighing 272-477 g were used as 
platelet donors. Platelets labeled in vivo with 
Na2S''*?O4 and harvested by the procedure de- 
scribed ( 1 ) were lyophilized or frozen for stor- 
age. Mucopolysaccharides (XIPS) were ex- 
tracted from platelets by alkali treatment ( 1) 
or by trypsin digestion. The trypsin diges- 
tion medium was made by adding 0.1 ml of a 
0.1% trypsint solution to 0.9 ml of M/IO 
NaHCO:3 buffer (pH 8.3, M/lOOO with re- 
spect to CaCls). One milliliter of this mix- 
ture was added for each 13.3 x 10:' platelets 
and reacted for 1 week at  34"-38"C. The un- 
dissolved material was removed by centrifu- 
gation at  2190 x g for about 30 minutes. The 
supernatant was neutraIized with 1 N HCl, 

*Operated by Unicn Carbide Corp. fcr U .  5: 
-12tomic Energy Comm. 

t The trypsin was a crystallized, lyophilized, salt- 
free preparation (TL 550) obtained from Worthing- 
ton Biochemical Sales Co. 

~- _ _ _ _ _ _ ~  

diluted to 10 ml with water, and repeatedIy 
treated with chloroform-amyl alcohol reagent 
( 2 )  to remove protein. The resulting super- 
natant was dialyzed and lyophilized( 1) .  In 
addition to the method of electrophoresis used 
before [essentially that of Rienits ( 3 )  ] we 
also used as the electrolyte a 3576 solution of 
propanol in M/15 phosphate buffer (pH 6.4) 
a solvent system similar to that used by 
Kerby (4) for chromatographic separation of 
heparin and chondroitin sulfate( CSA) . The 
extract was electrophoresed on strips of What- 
man #2 filter paper (3.0 x 30.5 cm) for 5 
hours at  10.8 V/cm. The two MPS-rich frac- 
tions were located on paper strips by staining 
with Alcian blue. Each MPS-rich fraction 
was eluted from unstained paper electro- 
phoresis strips run by the Rienits procedure, 
dialyzed, lyophilized, and hydrolyzed by modi- 
fication of the method of Glegg and Eidinger 
( 5 ) .  Two hundred to 500 pug (estimated by 
comparing staining density of small samples 
on paper strips with that of known amounts 
of CSA) of each fraction and 12 mg of Dowex 
50 cation exchange resin3 in the hydrogen 
form anS 0.1 ml of water were heated a t  
100°C for 33 or 40 hours in a sealed tube with 
a volume of about 3 ml. In this procedure 
hexosamines released during hydrolysis ad- 
sorb to the resin, and sugars and uronic acids 

3 Dawex-50 resin of analytical grade, 50 to 100 
- - ~ _ _ _ _  

mesh, obtained from Bio-Rad Laboratories. 
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remain in solution. ‘I’he hydrolysis was car- 
ried out on 2 different batches of  each frac- 
tion as well as in control samples of CSA,O of 
paper electrophoresis strips, and of resin alone. 
Sugars and uronic acids were chromato- 
graphed on Whatman #1 filter paper. Each 
paper was stapled together to form a cylinder 
and placed in glass jar with one of the follow- 
ing solvents: ( 1 ) butanol-acetic acid-water 
(4:l:j). bottom layer used to saturate the 
atmosphere; ( 2 )  phenol-water ( 7  1 : 29) ; (3) 
butanol-pyrodine-water ( 5 : 3 : 2 ) of Yosizawa 
(6) ; (4) pyridine-ethyl acetate-acetic acid- 
water (5 : 5 : 1 : 3) ! and ( 5) pyridine-ethyl ace- 
tate-water ( 11 : 40: 6) used to saturate the at- 
mosphere( 7 ) .  The solvent was allowed to rise 
to the top of the paper 3 times. Jlaterial from 
fraction 1 (faster moving fraction) was chro- 
matographed in all 4 systems. but fraction 2 
material was run only in the last 2 .  The 
papers were sprayed with aniline hydrogen 
phthalate to reveal sugars and uronic acids. 
Hexosamines were eluted from the resin with 
0.5 N HCl and chromatographed in water- 
saturated collidine by Jt’oodin’s procedure 
(8). These papers were sprayed either with 
ninhydrin or with the Elson-Morgan reagent 
(9) to reveal hexosamines. Once when nin- 
hydrin was used: the pentose sugars formed 
as oxidation products of hexosamines( 10) 
were eluted and chromatographed in the pyri- 
dine-ethyl acetate-acetic acid-water system 
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FIG.  1. Paper electrophowsis of 11iuropolys,7ccll:1- 
rides aiid platelet vstract b j  iilodificd Ricnits pro- 
cedure (conditions: M/10 1>lios1)lliItC buffm, pll 
8 .6;  3 l ir; 5°C;  10.8 V/cni). ;I, chonilroitiu sul- 
firtc.: I), h y n r i n  : C, Ii~illuroliic acid ; d, platelot 

extract; o, uutoracliograai of d. 

0 The chondroitin sulfate was obtained from Nu- 
tritional Biochemicals Corp. 
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I “ I  G .  2. Piilwi- c~lrctro~~horrsis of mncopolysaccha- 
riilt’s :11i(1 Id:itc1lct estr:ict in propanol-phosphate 
I)iifYcsr system (conilitions: 35% propnnol, 65y’ 

\-/cni j .  a ,  clioiidroitin sulfate; b, heparin; c, mix- 
t lire of clioiitlroitiii su1f:itc: :ind heparin; d, platelet 

(1st r:wt ; (1, 1iyV:iluronic acid. 

11/15 ] l l l o s ~ ~ l l : l t ~ ~  buffer, ]’H 6.4; 6 hr ;  5°C; 10.8 

described to confirm identification of the hex- 
osamines. Hydrolysis was carried out on 2 
different batches of each fraction as well as 
on control samples of CSA, of paper electro- 
phoresis strips, and of resin alone. 

Two fractions that stained with 
Alcian blue were observed on paper electro- 
phoresis strips that were run either in phos- 
phate buffer or in 35% propanol-phosphate 
buffer (Figs. 1 and 2) .  In both systems frac- 
tion 1 had the same electrophoretic mobility 
as CSA. Autoradiograms of paper electro- 
phoresis strips of extracts of S350i--labeled 
platelets showed that fraction 1 was sulfated 
(Fig. 1 ) .  In the phosphate buffer system, 
fraction 2 (the slower moving fraction) moved 
slightly behind hyaluronic acid (HA) 11 but 
overlapped it (Fig. 1) ,  whereas in the 35% 
propanol-phosphate buffer that separates 
CSA and heparin,T[ fraction 2 moved in front 
of and overlapped the position of HA (Fig. 
2 ) .  Neither fraction had a mobility corre- 
sponding to that of heparin. 

Chromatograms of the hexosamines sprayed 
either with ninhydrin or with Elson-Morgan 
reagent showed the presence of galactmamine 
in fraction 1, whereas fraction 2 contained 
glucosamine. When the hexosamine spots that 
were oxidized with ninhydrin were eluted and 

Results. 

11  The H.4 from vitreous humor was obtained from 

TThe heparin was Liquaemin Sodium from Or- 
Mann Research Labs. 

ganon. 
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rechroniatographed, xylose was present in the 
material from fraction 1 and arabinose in ma- 
terial from fraction 2, confirming the presence 
of galactosamine and glucosamine in the re- 
spective fractions. 

The results of chromatographic analysis for 
sugars and uronic acids from fraction 1 (4 
solvent systems) and fraction 2 (2  solvent sys- 
tems) are summarized in Table I. A uronic 
acid with same mobility and same color as 
glucuronic acid after aniline hydrogen phthal- 
ate staining and differing from galacturonic 
acid was present in hydrolyzates from fraction 
1 .  The Dische procedure( 11) confirmed the 
presence of uronic acid in fraction 1. No 
uronic acid was seen on chromatograms of 
fraction 2. The results of application of the 
Dische procedure to fraction 2 were somewhat 
equivocal; in a sample of fraction 2 several 
times larger than that of fraction I, there was 
a small peak in absorption curve a t  530 mp, 
the peak for uronic acids. However, a t  no 
time during the procedure was the color of 
this sample like that of any other samples 
tested, which included fraction 1, CSA, and 
sugars. If uronic acid was present, the com- 
pound of which it was a part must have been 
only a minor component of fraction 2. 

Small amounts of glucose were found in all 
samples, including the resin blank. (A strong 
glucose spot was present in samples obtained 
by subjecting a few fibers of Kleenex to the 
hydrolytic and chromatographic procedures) . 
About twice as much galactose was seen in 
fraction 2 as in fraction 1; it was sometimes 
present in small amounts in CSA but never 
in the resin blank. A faint spot with the Rf 
value of mannose or arabinose was seen on 
chromatograms of fractions 1 and 2 run in the 
butanol-pyridine-water solvent system but not 
in the Fischer-Dorfel system. Another sugar 
with the Rf value of lyxose or xylose and giv- 
ing the red color reaction to aniline hydrogen 
phthalate characteristic of pentose sugars was 
always present in samples of fractions 1 and 2. 
It was not found among hydrolysis products 
of CSA, except in one case when CSA was 
electrophoresed prior to hydrolysis. An elu- 
ate of a large amount of paper that had been 
carried through the electrophoresis procedure, 
was hydrolyzed, and the products chromato- 
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graphed. ‘There was a barely perceptible spot 
a t  the xylose position. Therefore. the pentost. 
sugar found in the iii\icopolq.saccharide h>*- 
drolyxates does not come from the paper but 
is either a component oi the mucopolysac- 
charides or a breakdown product. 

Discussion. The major constituents of frac- 
tion 1 were glucuronic acid. galactosamine. 
and sulfate, the components of VS-4. In ad- 
dition, fraction 1 behaved like USA when elec- 
trophoresed and chromatographed. The rea- 
son for presence of small amounts of other su- 
gars has not been esplained. but they were 
also sometimes found in commercial samples 
of (’S.\. It seems Iikel~. that a t  least the major 
part of fraction 1 is chondroitin sulfate. 

Attempts to identify fraction 2 have been 
less successful, partly because very m a l l  
amounts of this fraction have been available 
for study. In addition to its staining with 
Xlcian blue. the presence of glucosamine in 
fraction 2 identifies it as a mucopolysacchar- 
ide. 1 ts paper-electrophoretic mobility did 
not coincide with that of VS.4. heparin. or hj-- 
aluronic acid. although it did migrate just in 
front of hyaluronic acid in one system and just 
behind it in another. Galactose appeared 
prominent. and some other sugars may be 
present in small amounts. I’olysaccharides 
without uronic acid containing glucosamine. 
sugars, and no uronic acid have been reported 
in calf bone(l2,13),  in calf and steer bone 
( 14),  and in connective tissue ( 15) .  Their 
presence in human costal cartilage has also 
been suggested ( 16).  The  blood group p l y -  
saccharides have a similar coniposi tion. The 
sugars most often found in these substances 
are galactose, mannose, and fucose. 

The  functional significance of the fractions 
described in this account is not known, but 
several possibilities have been suggested ( 1 ) . 

Sunzm(zry. Two mucopolysaccharide frac- 
tions have been extracted from blood platelets 
of rats. I’aper electrophoresis and paper chro- 
matography of the intact MPS of fraction 1 
and paper chromatography of its hydrolysis 
products show it  to be similar to chondroitin 
sulfate. Fraction 2 is probably a uronic acid- 
free mucopolysaccharide. 
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