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Note

Structural studies on the g-D-glucan
of the Avena coleoptile cell-wall

RyorcHI YAMAMOTO AND DoxarLp J NevIns
Department of Botany and Plant Pathology lowa Stare Unicersiey Ames fowa 30011 (U S A)
(Recenned Ocuiober 18th 1977 accepted for publication 1n revised form Deocember 24th 1977)

The oat coleoptile has been widely used as an experimental matetial 1n studies
ot cell elongation mediated by a plant hormone, indole-3-acetic acid An evo-(1—-3)-
f-p-glucanase 1solated from Sclerorima liber:iana induces cell elonganon when 1t 15
applied to oat-coleoptile segments' *, partially simulating the auwin effect This
enzyme causes cell wall loosenung 1n oat coleoptiles in a manner consistent with auxin
action® * Nojirimycin (5-amino-5-deowv-D-glucopyranose), a potent inlubitor of the
glucanase nhibits ausin induced cell elongation® These observations suggesi that a
p-D-glucan in the oat coleoptile cell-wall 1s associated with cell elongauon In fact,
aunin-induced cell elongation of oat-coleoptile segments 1s accompanied by a
sienuficant decrease 1n the content of the noncellulosic f-p-glucan n the cell wall® *

Hemicellulosic fi-p-glucans contamning both (1 —3)- and (1 —4)-B-p-glucosidic
linkages have been detected in stems and leaves of grasses 1 endosperm tissue of
barley and oat, and 1n coleoptile walls of oat®'" Extensne studies have been
conducted by Albersheim and co-workers on the structure of primary cell walls of di-
and mono-cotyledonous plant celis!®2® However this group was unable to confirm
the enistence of any significant (1-3)-$-p-glucosidic linkages in cell walls of sus-
pension-cultured cells of five different monocotyledonous plants?® This conclusion
nught be attributed to the usc of a Bacilirs subtilis alpha-amylase (Sigma type [[-A)
to remove contamunating starch As this alpha amylase is often contaminated with a
f-b-glucanase, it 1s likely that the f~p-glucan was advertently removed The fi-D-
glucanse 1n Bacillus subtilis alpha amylase causes a release of tri- and tetra-sdac-
charides from the oat coleoptile cell wall?! Tentative 1dentification of these products
as 3-0-f-cellobiosyl-D-glucose and 3-O-fi-cellotriosyl-D-glucose has been made?!
Additional evidence for the structure of the tri- and tetra-saccharides 1s given heiein
For the structural analysis of the oat coleoptile glucan, the action of Bactllus subtiles
and Rfuzopus glucanases has been compared

RESULTS AND DISCUSSION

The oat coleoptile cell-wall was treated with a -pD-glucanase purified from an
alpha-amylase preparation (Sigma type III-A) with a Bio-Gel P-100 column as
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reported by Huber and Nevins?2 The products were separated with a column of
B1o-Gel P-2 and were found to be tri- and tetra-saccharides, as shown mn Fig 1A
Both oligosaccharides were composed entirely of D-glucose This enzyme degraded
lichenan and oat-endosperm glucan, but not laminaran, cellulose, or p-nitrophenyl
B-b-glucoside?? It has been suggested that the structure of D-Glc-(1 —+4)-b-Gle-
(1-3)-p-Gle-(1—-4)-p-Glc 15 required for recogmition by the enzyme, and that the
B-D-(1—4) hinkage of the 3-substituted group is susceptible to the cleaving action of
the enzyme?® By considering this enzyme specificity, the tri- and tetra-saccharides
are deduced to be 3-O-f-cellobiosyl-D-glucose and 3-O-f-cellotriosyl-D-glucose,
respectively The tri- and tetra-saccharides accounted for 5% of the wall preparation
and were present 1n the molar ratio of 23 1 (Fig 1A)
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Fig 1 (A and B) Eluuon prohles on Bio-Gel P-2 of the hydro'ysis products upon treatment of Atena
coleoptile ceil-walls (10 mg) with Bacidius glucanase (A) and Rhuzopus glucanase (B)

The tri- and tetra-saccharides were methylated and subjected to formolysis and
hydrolysis Hydrolyzates were acetylated and examined by gl ¢ The molar ratios of
2,3, 4,6-tetra- and 2,4,6- and 2,3,6-t11-O-methyl-glucitol were approximately 111
and 112 for tri- and tetra-sacchanides, respectively This result agrees with the
suggestion?! that the tri- and tetra-saccharides are 3-O-B-cellobiosyl-D-glucose and
3-0-f3-cellotriosyl-D-glucose

Furtner structural analyses of the tri- and tetra-saccharides were carried out on
the components 1n partial hydrolyzates obtained by separate treatments with pyndine
sulfuric acid, and f-b-glucosidase The hydrolytic products of each reaction were
separated by paper chromatography Sugars detected are hsted in Table I The
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disaccharides derived from the trisaccharide were cellobiose upon treatment with
pyridine, cellobiose and laminarabiose upon hydrolysis with sulfuric acid, and
lamunarabiose upon treatment with f-D-glucosidase Base (pyridine) shows pre-
ferential degradation of the constituent at the reducing end Therefore, cellobiose is
produced from the trisaccharide upon removal of the 3-substituted group Laminara-
biose 1s produced by treatment with fi-p-glucosidase, which attacks from the non-
reducing end This result 1s consistent with identification of the trisaccharide as
3-0-f-cellobiosyl-b-glucose  Simularly, the products from the tetrasacchariae
maicated 1t to be 3-0-B-cellotriosyl-D-glucose The f-D-glucan 1n the oat coleoptile
cell-wall 1s a iinear molecule having -p-(1—-3) linkages separated by cellotriosyl and
cellotetraosyl 1esidues The proportion of -p-(1 —3) linkages in the glucan 1s 30 3%

TABLE I

ANALYSIS OF TRISACCHARIDE AND TETRASACCHARIDE RELEASED FROM Atena WALLS BY
B-D-GLUCANASE OR endo-(1—-3)-B-D-GLUCANASE

Trearment Products from
Trisaccharide Tetrasaccharide
Parual acid hvdrolvsis Ccllobrose 3-0-B-Cellobiosyl-p-glucose
Laminarabiose Cellotriose
Gilucose Cellobtose
Laminarabiose
Glucose
Base-c 1talvzed degrad wion Cellobiose Cellotriose
Unknown Cellobiose
Unknown
B-0-Glucosid 1se Laminarabiose 3-0-p-Cellobiosy I-p-glucose
Glucose Laminarabiose
Glucose

Confirmation of the f-b-glucan structure was provided upon hydrolysis of the
cell wall with a Rhluzopus endo-(1-3)-f-pD-glucanase This enzyme preparation
degraded laminaran, lichenan, and oat-endosperm glucan, but not cellulose [O-
{carboxymethyl)cellulose or Avicel], nugeran, pustulan, or p-mitrophenyl-f-p-glucoside
It hberated tri- and tetra-saccharides from the oat coleoptile cell-wall, as shown 1n
Fig 1B The molar ratio of tri- and tetra-saccharides was 2 51 Treatment of the tri-
and tetra-saccharides with pyridine sulfuric acid, and f-p-glucosidase gave the
products histed 1n Table I Thus, the tri- and tetra-saccharides are also i1dentified as
3-0-f-cellobiosyl-D-glucose and 3-0-fB-cellotriosyl-D-glucose The proporuon of
(1—3)-f-D-glucosidic linkages in the gluean 1s calculated to be 30 4% These values
are in agreement with those derived upon application of the Baci/lus glucanase

The enzymic hydrolysis technique as employed here appears to provide a
more accurate value for the f-(1—-3)/f-(1—4) ratio than methvlation or Smuth-
degradation analysis Moreover, using these enzymes, we obtained reliable evidence
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that both (1—3)- and (1 —4)-$-p-glucosidic inkages exist 1n the same polysaccharide
chain

Four components were obtained by chenmucal fractionation of the cell-wall
preparation, and the glucan in each was examuned by hydrolysis with Bacillus
glucanase The oat coleoptile cell-wall was extracted successively with hot ammonrum
oxalate, and 0 5 and 4\ potassium hydroxide Each fraction was treated with Bacillus
glucanase, and the reaction nuxture was applied to a column of Bio-Gel P-2 The
yields of each fraction and the distmbution of the tri- and tetra-saccharides are listed
in Table IT Most of the glucan was extracted by potassium hydroxide, indicating that
the giucan 1s a component of the herucellulose of oat coleoptile cell-wall A small
amount of glucan remained in the «-cellulose fraction The ratios of tri- and tetra-
saccharides in the different fractions are constant, suggesting that the glucan 1s a
copolymer of 3-0O-f-cellobiosyl-D-glucose and 3-O0-f-cellotriosyl-D-glucose, but not a
minture of poly(3-0-f-cellobiosyl-D-glucose) and poly(3-O-f-cellotriosyl-D-glucose)

TABLE II
DISTRIBUTION OF TRISACCHARIDE AND TETRASACCHARIDE IN \ ARIOUS CELL-W ALL FRACTIONS?
Cell-wall fracuon Yield Yield Trisuccharide Tewrausaccharude
(mg) (°a) (pegfmy cell wally
281 100 33 19
Ammonium oxalate i5 5 0 0
0 5\ KOH 67 24 115 79
4\t KOH 105 38 179 111
z-Celiulose 92 33 30 19
Sum of fractions 279 100 324 2009

“Each fraction v as treated with BaceVus Jlucanase and tne products were resolved by chromatography
on Bio Gl P-2

ENXPERIMENTAL

Material — Oat (Awena satna L, cv Victory 1) seedlings were grown as
described previously® Segments (20 mm) were excised from 30-35-mm coleoptiles
and the apical 4-mm portions and the first leaves were removed The segments were
washed with water and frozen at —20° Frozen segments were homogenized with a
mortar and pestle in water and centrifuged at 20,0009 for 20 min The pellet was
suspended 1n water and centrifuged at 1,000g for 20 min This procedure was repeated
three times The pellet was then washed three times with acetone and twice with 1 |
(v/v) methanol-chloroform, and dried 1 vacuo The preparation was heated in water
for 10 mun at 100° to mactivate ff-D-glucosidase activity associated with the cell wall
and then treated with 0 01 ml of hog pancreatic alpha-amylase (Sigma Type IV)
1 ml of 25ma1 potassium phosphate buffer, pH 7 0, for 20 h at 30° to hydrolyze any
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restdual starch A drop of toluene was added to all enzyme-reaction mixtures to
suppress microbial activities The residual wall-fraction was washed with water and
dried

Preparation of tri- and tena-saccharides — The cell-wall preparations (10-
100 mg) were treated with 2-5 ml of Bacillus glucanase (6 ug protein/ml) or of
Rhizopus glucanase (10 ug protein/ml) for 20 h at 30° A buffer solution (10m»1 citrie
acid and 20mM disodium hydrogenphosphate) at pH 6 0 for Bacillus glucanase or at
pH 4 6 for Rhuzopus glucanase was used as solvent for the enzyme reaction After
incubation for 20 h, the msoluble wall wasremoved and the mixture was heated for
16 mun at 100° to nactivate glucanase activity The soluble portion was applied to a
column (1 5x90 cm) of Bio-Gel P-2 (200-400 mesh) The column was eluted v.ith
water at the rate of 6 ml/h at room temperature The elution profile was momtoied
with a differential refractometer Fractions (1 ml) were collected and the carbohydrate
content of each fraction was measured by the phenol-sulfuric acid method** Tii-
saccharide was eluted n fractions §2-83, and tetrasaccharide n fractions 76-79
Fractions comprising each peak were combined and dried

Methy lation analysts — The tri- and tetra-saccharides (~3 mg) derived from
the cell wall upon hydrolysis with Baci/lus glucanase were methylated by the method
of Hakomori1®*®> Methylated sugars were subjected to formolysis with 90% fornuc
acid for [ h at 100° and hydrolyzed v 1th 0 2x1 sulfuric acid*® The hydrolyzates were
neutralized (barium carbonate), ard then reduced with 20 mg of sodium boro-
hydride/ml and acetylated with 1 1 (v/v) pynidine-acctic anhydrnide for | h at 100°
Borate was removed as methyl borate by vacuum rotary evaporauon below 40°
Methylated sugars were then examined by gas chromatography at 180° on a glass
column (0 3 x 150 cm) pached with 3% of ECNSS-M on Gas Chrom Q*7

Parnal hydrolysis of the tii- and tetra-saccharides — Samples (3 x 300 pg) of
the tii- and tetra-saccharides were separately tieated with (¢) 1 ml of 5% pyridine
for 30-60 nun at 100°, () 1 ml of 0 21 sulfuric acid for 60 mun at 100° or () 05 ml
of 1 mg/ml B-p-glucosidase (extracted from almond, Worthington Biochemical Co)
m citric acid (Smy)-phosphate (10mar) buffer at pH 4 6 for 10-30 nun at 30° The
products were esamuned by descending paper chromatography on Whatman No |
paper in 2 8 1 (v/v/v) pynidine-ethyl acetate—water for 90-135 h at 26° Components
on the paper were detected with alkaline silver mitrate®® Cellobiose, laminarabiose,
gentiobiose, 3-O-f cellobiosyl-p-glucose, laminara-oligosaccharides, and ceilo-
oligosaccharides were used as standard sugars 3-0-fi-Cellobiosyl-D-glucose was
prepared from oat-endosperm glucan Lanunara-oligosaccharides were prepared by
hydrolysis of laminaran with 0 2um sulfuric acid for 2 h at 100° Celio-oligosaccharides
were prepared by acetolysis of cellulose

Fractionation of the cell wall — The cell-wall preparation (281 mg) was treated
three times for 15 mun each time with 0 25% ammonium oxalate (5 ml) at 100°, and
the soluble portion was then dialvzed A few drops of acetic acid were added to the
dialyzate Addition of ethanol gave a piecipitate (the ammonium oxalate fiaction)
The residual cell-wall material was then treated with 5 ml of 0 57 potassium hydrowde
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three times for a total of 24 h (0 5 fraction), and 5 ml of 4): potassium hydroxide in
three separate 8-h treatments (4 fraction) The potassium hydroxide solutions
contained 0 5 mg of sodium borohydride/ml The potassium hydroxide extracts were
neutralized with acetic acid, and polysaccharide was precipitated by addition of 3
volumes of ethanol at —20° The final residue, after treatment with potassium
hydroxide, was washed with water, 0 IM acetic acid, and water, and the product was
precipitated with ethanol (x-cellulose fraction) The fractions (0 5v, 4M, and «-
cellulose fractions) were then suspended in methanol, and dried with a stream of
filtered air (procedure repeated five times) The dry weight of each fraction was
deterrmuned prior to hydrolysts by Bacillus glucanase
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