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Abstract—A soluble polysaccharide concentrate was prepared from wheat seedling roots and coleop-
tiles by extraction with buffered 0-01 M sodium dodecyl sulfate. The extract separated into two peaks
on Sepharose 6B, Peak 1 (P,) at the void volume, and Peak 2 (P,) at V,/V, = 1-55 when eluted
with Tris buffer, and V,/V, = 2-0 when eluted with SDS buffer. The major monosaccharides released
by trifluoroacetic acid and Pectinol R-10 from both peaks were galactose and arabinose in a 1:1
molar ratio, together with lesser amounts of glucose, xylose, mannose and rhamnose. Galacturonic
acid and glucuronic acid were also detected in the enzyme hydrolyzates. In tracer experiments the
major portion of the activity of a membranous fraction co-chromatographed with P,.

INTRODUCTION

Plant cytoplasmic polysaccharides have been
extracted from several sources with cold trichloro-
acetic acid (TCA) solutions [1-5] or with salt
solutions [1]. Such extracts contain glycoproteins
in which arabinose is linked glycosidically to
hydroxyproline and they are believed to be precur-
sors of cell-wall extensin. The advantage of TCA is
that protein is not extracted and that enzymes are
rapidly inactivated. However, in at least one in-
stance, cell-wall hydroxyproline was also extrac-
ted [1].

In working with wheat root subcellular frac-
tions, we found that the polysaccharides could be
solubilized completely in neutral sodium dodecyl
sulfate (SDS). In SDS solutions enzymes are also
inactivated and the neutral conditions preclude
hydrolyzing the acid-sensitive arabinofuranosyl
links [6, 7] found in these polysaccharides. Dilute
basic solutions [8] also solubilize subcellular frac-
tions, but can induce f-elimination of galactur-
onans [9] and of galactosyl-serine links [7]. Con-
sequently we compared the type of polysacchar-
idesextracted by SDS from whole wheat root tissue
with that extracted from subcellular fractions.

* Contribution No. 158, Department of Biochemistry,
Kansas Agricultural Experiment Station, Kansas State Un.iver-
sity, Manhattan, Kansas, 66502, U.S.A.

A neutral detergent extraction procedure intro-
duced by Van Soest {10] has found wide use in
obtaining plant cell wall preparations of low
nitrogen content. The method is used to extract pec-
tins and cytoplasmic components leaving cellu-
lose, hemicellulose and lignin [ 1, 12] intact within
cell walls. The procedure differs from that de-
scribed here mainly in that our extractions are per-
formed with samples chilled in an ice bath, instead
of including EDTA and refluxing the samples.

RESULTS AND DISCUSSION
Gel filtration

Chromatographic mobilities of wheat seedling
polysaccharides on Sepharose 2B, 4B and 6B were
examined and 6B gave optimum resolution. Some
carbohydrate, Peak 1 (P,), was eluted at the void
volume in each sample examined. Only in coleop-
tile extracts was there non-dialyzable carbo-
hydrate, Peak 3 (P;), with a MW too low to be
resolved by Sepharose 6B. The Sepharose gels of
higher exclusion limit, 2B and 4B, failed to resolve
P,. although the elution volume of Peak 2 (P,) in-
creased so that in the case of 2B it was not resolved
from glucose.

UV absorbing substances were associated with
all peaks, but primarily with P, and P,. The UV
absorbances of P, and P, had pronounced peaks
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at 207 nm, with minor peaks at 240 and 280 nm. In
P. the primary peaks were at 240 and 280 nm.
while the peak at 207 nim was absent. Hydrolysis
of P, with trifluorcacetic acid (TFA) at 100" for
15 min liberated an as yet unidentified compound,
which was soluble in toluenc and which accounted
for most of the UV absorbance. It had an R, of 0-82
on TLC with C,H,-McOH HOAc (45:8:4). It
gave a bluc color with 5, FeCly in 05 N HCL
similar to phenols, but unlike phenols it had no
absorbance at 280nm. Only one peak was
obscrved at 195-200 nm. somewhat lower than for
the unhydrolyzed fractions. Ferulic acid and other
phenolic compounds linked to polysaccharides
have been reported [13.14] in cereals but the com-
pound found in our hydrolyzates did not corre-
spond in R, to ferulic acid.

The neutral monosaccharides released by TFA
([ hrat 121 ) and by Pectinol R-10 were similar. A
polysaccharide  concentrate.  containing 36,
carbohydrate as galactose was hydrolyzed for
68 hr with Pectinol R-10. About 24" of the sample

was recovered as four sugars in a molar ratio of

arabinose (1-0), galactose (0-96), glucose (0-12) and
xylose (0-05). In addition. mannosc. rhamnose,
galacturonic acid and glucuronolactone were iden-
tified. Similar results were obtained with TFA
except that the uronic acids were not released.
Since more acidic conditions known to
degrade pentose and uronic acids. a comparison
was not made with mineral acids.

Pectinol R-10 is a preparation derived from
Aspergillus niger which is known to produce x-b-
galactosidase, fi-p-galactosidase. z-p-glucosidase.
f-D-glucosidase.  1.2-a-D-mannosidase.  1.4-f8-D-
mannosidase. 1.2-z-L-fucosidasc. fi-N-acetylgluco-
saminidase, f3-N-acetylgalactosaminidase. xylosi-
dase, arabofuranosidase and 1.2-x-L-rhamnosi-
dase [15]. Arabinose in wheat scedling extracts.
therefore is probably in the furanose form because
it was released by this enzyme preparation, and
also by dilute TFA.

The similar monosaccharide composition of P,
and P,. and the apparent MW of 20 million or
more for P,. prompted an investigation to ascer-
tain if it was a colloidal form of P,. Freshly pre-
pared concentrates on standing {or 24 hr or more
at low temperatures became opaque and had to be
clarified by centrifugation before being applied to
columns. However. the precipitates in these in-
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stances invariably could be hydrolyzed to the
phenolic compound discussed above. and to glu-
cose. Rechromatography of a redissolved precipi-
tate on Sepharose demonstrated that it originated
from P,. However P, when concentrated remained
in solution and when rechromatographed did not
yield P,. Also its elution volume was not changed.
P, 1s therefore a mixture of at least two com-
ponents and distinct from P.. The extremely high
MW of P, reflects absence of degradation during
isolation. A dialyzed and {reeze-dried sample of P
gave 927 carbohydrate as galactosc. Pentoses give
a higher response than galactose to phenol-sul-
furic acid. and so this value may be somewhat
high. Also. a sample of P, from the labeled mem-
branous tissue was not degraded to any great
extent by pronase. It is quite likely, therefore. that
P, is mainly polysaccharide.

The composition of our wheat seedling concen-
trated polysaccharide fraction was similar to that
reported for Golgi fractions from mairze roots [ 16]
except for a lower glucose content. Perhaps the dif-
ference can be explained by the tendency of glu-
cose polymers to precipitate. and thus to be lost in
preparation of the concentrate.

It should be noted that P, (/17 = 1-55 in Tris
buffer and I'/1" = 2-0 in SDS buffer) was present
in roots and coleoptiles and in the membranous
fraction. In some membranous fractions up to 80°,
of their total activity was associated with P,. After
treating P, from a labeled membranous fraction
with pronasc. about 407 of its activity was in low
MW products. A similar experiment conducted
with P, from the whole tissuc showed that cssen-
tially all of the carbohydrate could be recovered
without altering the clution volume. The treatment
caused considerable loss of protein as shown by
the disappearance of the absorbance at 280 nm.
and the increased absorbance at 280 nm in the
peptide peak. Extensively digested samples. how-
ever. still retained a significant peak at 280 nm,
which suggests a mucopolysaccharide component.
Pronase resistance could be due to many factors
including the arabinosc-hydroxyproline fink [1].
Mild acid hydrolysis of that link made the protein
susceptible to degradation by pronasc.

The positive identification of rhamnose and
galacturonic acid indicates that the wheat extracts
are rhamnogalacturonans or pectins. These com-
pounds isolated from syvcamore cell cultures
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[17, 18] and many plant sources[19] contain
easily hydrolyzablec side chains of arabinan, galac-
tan, or arabinogalactan. Results from sycamore
cell cultures [20] also suggest that these molecules
are covalently linked to extensin. Extremely large
polymers such as P, may represent such com-
pleted structures, while P, may represent an earlier
state of biosynthesis of rhamnogalacturonan. The
fact that both were present in the membrane struc-
ture appears to suggest that complete synthesis of
cell wall polysaccharides occurs before they are de-
posited in the cell wall.

Fractionation of P,

Chrispeels [2] reported the separation on CM-
Sephadex of an extensin precursor derived from
carrots. The compound was retained on CM-
Sephadex at pH 8 at low ionic strength. Their pre-
cursor contained arabinose linked to hydroxypro-
line, but no galactose. Its MW, 200000, agrees
reasonably well with the elution volume found for
P,. In our experience however, no retention or
resolution of carbohydrate could be detected when
P, was eluted through CM-Sephadex at pH 4-8.

Some retention of P,, however, was obtained on
DEAE-Sephadex. In this experiment a sample of
P, obtained from a labeled membranous fraction
which had prior treatment with pronase was mixed
with P, carbohydrates from the whole root extract
and applied to the column. Three carbohydrate
peaks were resolved, two of which were radioac-
tive. While the whole root extract had not been
treated with pronase. it was established in separate
experiments that the heights of the peaks and elu-
tion volumes of the three components were not sig-
nificantly altered with pronase. Presumably pro-
nase has no effect on the major polysaccharide
components of the membranous tissue. Its effect
mainly is to digest extraneous proteins. From the
above experiments it appears that the mem-
branous fraction either did not contain the third
component, or this component did not become
labeled. Since a 2 hr incubation period was used,
the latter is unlikely. Indeed this period is long
enough to label proteins and lipids [8] and the
third component should have become labeled if
present. It is more likely that this component is
soluble and was lost during the preparation of the
membranous fraction.
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The monosaccharide composition of com-
ponents | and 2 were similar and did not differ sig-
nificantly from that of the whole sample. Separ-
ation on the column may possibly indicate resolu-
tion of methylated and unmethylated species.

EXPERIMENTAL

Wheat seedlings. Wheat seeds (cv Shawnee) were germinated
on covered trays between 256-mesh screens sandwiched
between 2 layers of filter paper. Mold growth was prevented by
sterilizing screens and paper before using them, and by treating
the seed with 0-19; HCHO for 30-45 min, immediately after a
4 hr soaking period in H,0.

Preparation of polysaccharide concentrate. Roots (< 1cm)
were washed in dist. H,O, then homogenized, while cooled in
an ice bath, in 0-01 M SDS-0-1 M Na phosphate, pH 7:6 (SDS
buffer) in a Sorvall Omnimixer for 10 min. The homogenate was
filtered through cheese cloth and centrifuged at S000 rpm for
10 min. The supernatant was dialyzed at 20° with CHCl; pre-
servative for 6-10 hr in 0-01 M phosphate buffer, pH 7-0-7-6,
and 3648 hr against frequent changes of dist H,O. Prior dialy-
sis with phosphate buffer prevents precipitation. After dialysis
the supernatant was lyophilized and stored at 4°, In a typical
expt, 0-57 g of lyophilate, which contained 39-42% protein by
micro Kjeldahl [21] and 15-17% carbohydrate as galactose by
pHOH-H,S0, [22], was obtained from 55 g of fr root tissue.
A polysaccharide concentrate was prepared from the lyophi-
lized powder as follows: 300 mg was dissolved in 6 ml DMSO,
diluted to 60 ml with dist H,O and the cloudy dispersion that
developed was clarified by centrifugation at 5000 rpm for 10
min. The ppt was re-extracted with 20 ml of H,O and re-centri-
fuged. The combined supernatant was applied directly to a
Sepharose column or dialyzed to remove DM SO and again lyo-
philized. It typically constituted 85-90%;, of the polysaccharide
extracted by SDS with carbohydrate content of 35-40%; as
galactose on a dry wt basis.

Preparation of a labeled membranous fraction. Seedling roots
were incubated in 100 uCi p-glucose[U-'*C] for 2 hr and a
membranous fraction (crude Golgi) was prepared that sedi-
mented between 0-5 and 1-8 M sucrose [8]. It was washed twice
by re-centrifugation through a 0-1 M phosphate buffer to the
0-5 M interphase. The sample was collected and solubilized by
adding SDS buffer and occasionally shaking for | hr at 20°. The
sample was centrifuged at 5000 rpm for 5 min and the superna-
tant applied to a Sepharose column pre-equilibrated with the
same SDS buffer. SDS eluting agent in membranous fractions
prevented precipitation or selective absorption of part of the
sample on the column.

Gel filtration and ion exchange chromatography. Sepharose
2B, 4B, 6B, DEAE-Sephadex A-25 and CM-Sephadex C-25
columns (15 cm x 90 ¢m) were prepared in either 0-05 M Tris
buffer, pH 8, with 0-001%; sodium azide preservative or SDS
buffer. Ton exchange columns were prepared as specified by
manufacturers. Eluates were monitored at 254 nm and assayed
for carbohydrate by the pHOH-H,SO, method [22] at 480 or
490 nm.

Digestion with pronase. A sample of P, or P, was treated with
0-5 mg pronase at 37° in a | mM KPi buffer, pH 8, with 0-02%
sodium azide preservative [8]. After 56 hr the hydrolyzate was
heated gently to inactivate enzymes, then applied to a Sephar-
ose 6B column and eluted with SDS buffer. Percentage of
carbohydrate recovered, or activity of eluted samples, was com-
pared with that of the low-MW peak formed by hydrolysis.
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Fractionation and assay of sugars. Polysaccharide fractions
were hydrolyzed with 2 N TFA in a sealed tube at 121" for |
hr [23] and the acid removed by evaporation. or with N HCl

for | hr at 100°, with acid removed by lyophilization. Polysac-

charides were hydrolyzed also with 0-1% Pectinol R-10 concen-
trate (Rohm and Haas) in 0:01 M citrate—phosphate buffer, pH
4, at 40°. Under these conditions | mg of enzyme produced 0-05
mg arabinose/min from 19, beet arabinan {24]; pH 4 is opti-
mum for arabinofuranosidase activity [24] and close to opti-
mum for - and f-galactosidase activity [15]. Sugars were chro-
matographed on Si gel plates in BuOH--Me,CO-H,0 (4:5:1)
and on Whatman No. 1 paper in BuOH-CH;N-H.O
(10:3:3). For PC spots were revealed by AgNO, and for TLC.
with triphenyltetrazolivm chloride (TTC). Plates were dipped in
a soln containing t g TTC dissolved in 50 ml dioxane with suffi-
cient MeOH to dissolve the TTC (9 mi). After drying. plates
were saturated with NH; vapor for 6 min. Development was by
heating in an oven (10 min, 75-80°) containing an atmosphere
of NH;. Plates were scanned using a densitometer. With NH;,
developed plates had a more uniformly white background than
when NaOH was added to the TTC soln [25]. As with the
NaOH dip. response was linear up to 10 ug. It was applicable
to 30-40 pg when 4-5 standards of different concn were used for
each plate, Rhamnose was identified by its characteristic color
reaction  with  aniline-diphenylamine-phosphoric  acid
spray {26].

REFERENCES

. Brysk. M. M. and Chrispeels. M. I. (1972} Biochim. Biophys.
Acta 257, 421.

. Chrispeels, M. J. (1969) Plant Physiol. 44, 1187.

. Lamport, D. T. A. (1970) Ann. Rev. Plant Physiol. 21, 235.

. Pusztai, A. and Watt, W. B. (1969) European J. Biochem.
10, 523.

5. Boundy, J. A. Wall, J. S, Turner, I E., Woychik. J. H. and

Dimler, R. J. (1967) J. Biol. Chem. 242, 2410.

ARSI )

6.

P. Norpiv, R. JiLka. P. CHASE and L. WHITLOCK

Whistler, R. L. and Richards. E. L. (1970) The Carbohyd-
rates (Pigman, W. and Horton, D., Eds.), Vol. 2 A, pp. 452~
458, Academic Press, New York.

. Lamport. D. T. A, Katona. L. and Roerig. S. {1973) Bio-

chem. J. 133, 125.

. Jilka, R.. Brown, O. and Nordin, P. (1972} Arch. Biochem.

Biophys. 152, 702.

. Albersheim. P. (1959) Biochem. Biophys. Res. Commun. 1,

253

. Van Soest, P. J. (1963) J. Assoc. Offic. 4nal. Chem. 46, 825.
. Van Soest, P. J.and Wine. R. H. (1967) J. 4ssoc. Offic. Anal.

Chem. 50, 50.

12, Morrison, I. M. {1973) J. Agr. Sci. 80, 407.
. Whitmore, F. W. (1974) Plant Physiol. 83, 728.
. Neukom, H.. Providoli, L.. Gremli. H. and Hui. P. A. (1967)

Cereal Chem. 44, 238.

. Bahl. O. P.and Agrawal, K. M. L. {1969} J. Biol. Chem. 244,

2970.

. Bowles, D. J. and Northecote. D. H. (1972) Biochem. J. 130,

1133.

. Talmadge. K. W., Keegstra, K., Bauer, W. D. and Alber-

sheim, P. (1973) Plant Physiol. 51, 158.

. Stoddard, R. W. and Northcote, D. H. (1967) Biochem. J.

105, 45.

. Aspinal, G. O. (1970) in The Carbohydrates (Pigman, W.

and Horton, D.. Eds.). Vol. 2 B, pp. 516521, Academic
Press, New York.

. Keegstra, K.. Talmadge. K. W., Bauer, W. D. and Alber-

sheim, P. (1973) Plant Physiol. 51, 188.

21. Mitchell, H. L. (1971) J. Assoc. Offic. Anal. Chem. 51, 1.

. Dubois. M., Gilles, K. A.. Hamilton, J. K., Rebers. P. A. and

Smith. F. {1956) Anal. Chen. 28, 350.

. Albersheim, P.. Nevins, D. J,, English, P. D. and Karr. A.

(1967) Carbohyd. Res. 5, 340.

. Kaji, A, Togawa. K. and Matsubara, K. (1967) 4gr. Biol.

Chem. 31, 1023.

. Moczar, E.. Moczar. M., Schillinger, G. and Robert, L.

(1967) J. Chromatogr. 31, 561.

. Bailey. R. W.and Bourne. E. J. (1960) J. Cliromatogr. 4, 206.



