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Note 

Structural studies on the fi-D-glucan 
of the Avena coleoptlle cell-wall 
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(Receltcd OcLober ISth 1977 accepted for pubhcatlon m rewed form Dcxmber 24th 1977) 

The oat coleopt!le has been w!dely used as an expenmental mate!!al !n stud!es 
ot cell elongatron mcd!ated bp a plant hormone, rndole-3-acetic acid An ew-( l-+3)- 

fi-u-glucanase !soIated from Se/e/ O~IIMI /rber:rana Induces cell elongar!on when !t IS 

applied to oat-coleopt!le segments’ ‘, part!ally simulating the au\!!1 effect Thus 
enzy!ne causes cell wall loosen!ng !n oat coleopt!lcs !n a manner cons!stent with au\!n 

act!on” s NoJ!rlmyc!n (5-ammo-5-deoly-D-glucopyranose), a potent !nh!bItor of the 

glucannse !nh!b!ts au\!n !nduced cell elongat!on’ These observations suggesl that a 
ii-D-glucnn m the oat coleopt!le cell-\\a11 15 assoc!ated \\!th cell elongation In fact, 

Cu!x!n-!nduced cell elorlgatlon of oat-coleopt!le segnients IS accompan!ed bl a 

5!g!uficant decrease !n the co!itent of the noncelluiosx fi-D-glucnn in the cell \\n116 ’ 
Henxelluloslc /i-D-slucans Lontalnlng both (l-+3)- and ( I +l)-/?-wslucosldx 

I!nhages have been detected 111 stem5 and lea\es of grasses !n endo5perm t!sst..e of 
bxleq and oat, and !n coleoptlle \\alls of oat*-“, Eltenslx e studies hLl\ e been 

conducted by 4lbersheim and co-~~orh,crs on the structure of pr!mary cell \\Jls of d!- 
and mono-cotyledonous plant cells * 6--‘o Hokxever this group v,as unable to confirm 

the e\!stence of any s!gn!ficant (143)~/3-D-glucos!d!c linkages !n cell iballs of SUS- 

pens!on-cultured cells of fi\e d!fferent monocotyledonou5 plants”’ This conch!s!on 

nught be .!ttr!buted to the USC of a Bacdf~s Jrrbtrlu alpha-amnylase (Sqnu type II-A) 
to remove contaminating starch As this alpha amylase IS often contaminated \\lth a 

{i-o-gluc‘tnase, rt !s l!hely th‘tt the /i-D-@can \sas rnadvertently remoted The /I-D- 

zlucanse !n Baulhs _whths alpha amyldse causes a release of tr!- and tetrd-sc!c- 

chandes from the oat coleoptJle cell ~xall” Tentat!\e !dent&atIon of these products 

.!s 3-O-j?-cellob!osyl-D-glucose and 3-0-/3-cellotnosq I-D-g1UCOSe ha5 been made’ ’ 

4ddJt!onal ev!dence for the structure of the tn- and tetra-saccharides IS ,o!\en he!e!n 

For the structural analys!s of the oat coleoptrle glucnn, the action of BLZLIIIUY wbtrlr~ 
Lmd Rlrrxptrs glucanases has been compared 

RfSULTS AND DlSCUSSlON 

The oat coleopt!le cell-wall wa5 treated with a /?-D-glucanase purllied from dn 
alpha-amylase preparation (Sigma type III-A) wth a Blo-Gel P-100 column as 
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reported by Huber and Nevms 22 The products were separated wth a column of 
Blo-Gel P-2 and were found to be tn- and tetra-saccharides,,“› as shown in Fig 1A 
Both ohgosacchandes were composed entirely of D-glucose This enzyme degraded 

hchenan and oat-endosperm glucan, but not lammaran, cellulose, or p-rutrophenyl 
P-D-&coslde 22 It has been suggested that the structure of D-GIG-(1 -A)-D-Glc- 

(1-,3)-~-Glc-(1+4)-~-GIc 1s required for recogmtlon by the enzyme, and that the 

p-~-(1 -4) hnka, me of the 3-substituted group IS susceptible to the cleavmg action of 

the enzyme 23 By consldenng thx enzyme speclficlty, the tn- and tetra-saccharides 
are deduced to be 3-O-P-cellobrosyl-D-glucose and 3- O-b-cellotr~osyi-D-glucose, 
respectively The tn- and tetra-saccharides accounted for 5% of the wall preparation 
and were present m the molar ratio of 2 3 1 ( Fig 1 A) 
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FIN 1 (A and B) Elutlon prohks on Blo-Gel P-2 of the hldro’ysls products upon treatment of Acetrrr 
roleoptde ceil-u alls (10 mg) \\ Ith 6~1crll1rs gluca~~se (4) and Rltrzoprr~ $lucmase (B) 

The trl- and tetra-saccharides were methylated and subJected to formolysls 2nd 

hydrolysis Hydrolyzates \\ere acetylated and exammed by g 1 c The molar ratios of 
2,3,4,6-tetra- and 2,4,6- and 2,3,6-tll-U-methyl-glucltol were approximately 1 1 1 

and 1 1 2 for trl- and tetra-saccharides,,“› respectively This result agrees with the 
su==estlon’ ’ that the tn- and tetra-saccharides are 3-O-fl-cellobiosyl-D-glucose and -_Z 
3-O-lJ-cellotnosyl-D-glucose 

Furtner structural analyses of the trl- and tetra-saccharides \\ere carried out on 

the components m partial hydrolyzates obtamed by separate treatments with pyndme 
sulfuric acid, alzd P-D-glucosrdase The hydrolytic products of each reaction were 

separated by paper chromatography Sugars detected are hsted m Table 1 The 
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dlsaccharldes dewed from the trlsaccharlde were celloblose upon treatment with 
pyndme, celloblose and lammarablose upon hydrolysis with sulfuric acid, and 
lammarablose upon treatment wth B-D-glucosldase Base (pyndme) shows pre- 
ferential degradation of the constituent at the reducmg end Therefore, celloblose 1s 
produced from the trlsaccharlde upon removal of the 3-substituted group Lammara- 
blase is produced by treatment wth /3-D-glucosrdase, which attacks from the non- 

reducmg end This result IS consistent with ldentlficatlon of the tnsaccharlde as 
3-O-/?-cellob~osyl-D-glucose Smularly, the products from the tetrasacchanae 
malcated It to be 3-O-B-cellotnosyl-D-glucose The /I-D-glucan m the oat coleoptlie 
cell-wall IS a hnear molecule havmg p-~-(1 -3) hnkages separated by cellotrlosyl and 
cellotetraosyl residues The proportlon of P-D-( l-+3) lmkages m the glucan IS 30 3% 

TABLE I 

A\Al-YSIS OF TRISACCHARIDE A\D TETRASACCHARiDE RELEASED FROM Are/m WALLS BY 

/?-D-G~_UCA~.~SE OR ~nno-(l-3)-8-D-cLuc~~~s~ 

Trerrrntt III 

Tetrasncchrrrrde 

Ctlloblose 
Lammnrablosc 
Glucose 

3-O-/%CeliObtosyt-o-glucose 
Ct110tr10sc 
Celloblose 
Lammarablose 
Glucose 

Celloblose 
Unhno\\ n 

Csllotrlose 
Cellobtose 
Unhno\\ n 

/i-u-Glucosld IX Lamlnar?blose 
Glucose 

3-O-/3-Cclloblos) I-D-glllcOSt 

Lammarablosc 
Glucose 

Confirmation of the /I-D-glucan structure was prowded upon hydrolqsls of the 
cell wall wth a Rhtztpt~ em/+(1 -+3)-/I-D-glucanase This enzyme preparation 
degraded lammaran, hchenan, and oat-endosperm glucan, but not cellulose [O- 
(carboxqmethyl)cellulose or Awcel], mgeran, pustulan, orp-nitrophenyl-j?-D-glucoslde 
It liberated tn- and tetra-saccharides from the oat coleoptlle cell-wall, as shown m 
Fig IB The molar ratio of trl- and tetra-saccharides was 2 5 1 Treatment of the trr- 
and tetra-saccharides with pyndme sulfuric acid, and /?-D-glucosldase gave the 
products listed m Table I Thus, the tn- and tetra-saccharides are also xdentlfied as 
3-O-/3-celloblosyl-D-glucose and 3-O-/3cellotr~osyl-D-glucose The proportion of 
( i-+3)-/I-D-glucoudic hnkages In the glucan IS calculated to be 30 4% These values 
are m agreement wth those dewed upon apphcatlon of the Bncrllr~ $ucanase 

The enzymlc hydrolysis techmque as employed here appears to provide a 
more accurate value for the p-(1+3)//?-( l-+4) ratlo than methylatlon or Snuth- 
degradation analysis Moreover, using these enzymes, we obtained rehable evidence 
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that both (I +3)- and (I--+4)-P-D-glucoadlc hnk ages exist m the same polysaccharlde 
cham 

Four components \\ere obtained by chenucal fractlonatlon of the cell-wall 
preparatron, and the glucan m each nas evammed by hydrolyssls with Birc1fhs 

glucanase The oat coleoptile cell-wall \\as ex.tracted successl\eIy with hot ammomum 
oxalate, and 0 5 and 4~ potassmm hydroklde Each fraction was treated with Badhs 
glucanase, and the reactlon rmxture nas apphed to a column of Bro-Gel P-2 The 
yields of each fractron and the &stnbutlon of the tn- and tetra-saccharides are hsted 
m Table II Most of the glucan was extracted by potassmm hydroxide, mdlcatmg that 
the glucan IS a component of the herrucellulose of oat coleoptlle ceil-wall A small 
amount of glucan remamed m the r-cellulose fraction The ratios of trl- and tetra- 
saccharides m the &fferent fractions are constant, suggestmg that the glucan IS a 
copolymer of 3-O-P-ceIloblosyl-D-glucose and 3-O-P-cellotnosyl-D-glucose, but not a 
nurture of po1~(3-O-/?-cellob~osy1-D-glucose) and poly(3-O-P-cellotnosyl-D-glucose) 

TABLE II 
DISTRIBUTIO\ OF TRISXCCHXRIDE XKD TETR \S \CCY XRIDE I\ \ \91OUS CELL-\\ 4LL FR \CTIO\Sa 

Ammomum oulars IS 5 0 0 

0 5\1 KOH 67 7-t 11 5 79 
4x1 KOH 105 3s 179 II 1 

c2mliose 92 33 30 I9 

k\PERI\IEhTXL 

Matei ral - Oat ( -fLetla Jar/La L , cv Victory 1) seedlmgs were grown as 
described prevlously6 Segments (30 mm) were evclsed from 30-35-mm coleoptlles 
and the aplcal 4-mm portlons and the first leaves i\eere removed The segments were 
\\ ashed \\ Ith \t ater and frozen at -20’ Frozen segments were homogemzed \\~th cl 
mortar and pestIe m water and centnfuged at 20,OOOg for 20 mm The pellet uas 
suspended m N ater and centrifuged at I ,OOOg for 20 mm This procedure was repeated 
three times The pellet ivas then nashed three times \\rth acetone and twice with 1 1 

(k/v) methanol-chloroform, and dned 1~ bacno The preparation was heated m \%ater 
for 10 mm at 100” to mactlvate b-D-glucosxdase actlvlty associated with the cell wall 
and then treated lath 0 01 ml of hog pancreatic alpha-amylase (Sigma Type IV) m 
1 ml of 25mhr potassmm phosphate buffer, pH 7 0, for 20 h at 30” to hydrolyze any 
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residual starch A drop of toluene was added to all enzyme-reaction mlvtures to 
suppress mlcroblal activities The residual wall-fraction was washed with water and 
dried 

Preparation of trr- and tell n-sacchardes - The cell-wall preparations (IO- 
100 mg) were treated \wh 2-5 ml of Bac~Ihs glucanase (6 jig protein/ml) or of 
Rhz~opus glucanase (10 ,ug protem/ml) for 20 h at 30” A buffer soiutlon (IOm\r citric 

acid and 20m~ dlsodmm hydrogenphosphate) at pH 6 0 for Baczlh glucanase or at 

pH 4 6 for Rhrioplis gkcanase was used as solvent for the enzyme reactIon After 
rncubatlon for 20 h, the insoluble wall was remob ed and the mixture \\as heated for 

10 mm at 100” to mactivate glucanase actwity The soIuble portion \\as applied to a 
column (1 5 x 90 cm) of Blo-Gel P-2 (200-400 mesh) The column nas cluted 1, Ith 

\\ater at the rate of 6 ml/h at room temperature The elutlon profile nas morutoled 
M lth a differential refractometer Fractions (1 ml) \\eere collected and the carbohydrate 
content of each fraction was measured by the phenol-sulfuric acid methodZs TII- 
saccharlde was eluted m fractions S2-S5, and tetrasaccharrde In fractions 76-79 
Fractions comprlsmg each peak were combined and dried 

Metizl Iat zolz af zalysrs - The tn- and tetrd-saccharrdes (-3 mg) derived from 
the cell \$a11 upon hydrolqsls \\ith Bacrfh glucanase dere methylated by the method 
of Hakomorl’ ’ LMethylated sugars Rere subjected to formolysis wth 90% fornuc 
acid for I h at 100” and hydrolyzed \ lth 0 2~ sulfuric acldZ6 The hydrolyzates were 

nzutrahzed (b~rmnz carbonate), apd then reduced ~lth 20 mg of sodwm boro- 

hydride/ml and acetylated \\lth 1 1 (\/v) pyndme-awtlc anh] dride for 1 11 at 100’ 
Borate was removed as meth>I borate by vacuum rotary e\ aporatlon bclon 40’ 
hlethylated sugars were then examined by gas chromatography at ISO’ on J glass 

column (0 3 x 150 cm) pached nlth 3% of ECNSS-M on G,ls Chrom QZi 

Parfzal /zydrofjsrs of the tt I- atzd tetra-sacclzat r&s - Samples (3 x 500 11s) of 

the trl- and tetra-saccharides nere separateIy treated nlth (a) 1 ml of 57’0 pyndme 
for 30-60 mm at 100°, (b) 1 ml of 0 2&1 sulfuric acid for 60 mm at 100’ or 1~) 0 5 r~l 

of 1 mg/ml P-D-glucosldase (extracted from almond, Worthington Blochenucal Co ) 
m cltrlc acid (5mr)-phosphate ( 1 Omsr) buffer at pH 4 6 for 1 O-30 mm at 30’ The 

products v,ere clammed by descendmg paper chromatography on Whatman No 1 

paper m 2 S 1 (\/v/v) pyndme-ethyl acetate-water for 90-135 h at 36” Components 

on the paper were detected \\ith alkaline silver rutrateZs Celloblose, Iawmarablose, 

gentloblose, 3-O-p celloblosyl-u-glucose, Iammara-ohgosacchandes, and cerlo- 

ohgosacchandes \\ere used as standard sugars 3-0-/i-CeIIoblosyI-D-glucose \\as 

prepared from oat-endosperm glucan Lammara-ohgosaccharldes \\cere prepared by 
hydrolysis of Iammaran w 1th 0 2x1 sulfuric acid for 2 h at 100’ Cello-ohgosacchandes 

were prepared by acetoIysls of cellulose 
fiactzonatrotz of tlze cell zLall - The cell-\\a11 preparation (2S1 mg) was treated 

three times for I5 mm each time with 0 25% ammoruum okalate (5 ml) at loo”, and 

the soIuble portion nas then dialyzed A few drops of acetlc acid \\eere added to the 

dialyzate Ad&tlon of ethanol gave a preclpltate (the ammomum ovalate fraction) 
The residual cell-wall material was then treated wth 5 mI of 0 5~ potassmm hydroude 



280 

three times for a total of 24 h (0 5~ fraction), and 5 ml of 4x1 potassmm hqdroxlde m 

three separate S-h treatments (4~ fraction) The potassmm hydioxlde solutions 
contamed 0 5 mg of sodmm borohydnde/ml The potassmm hydroxide extracts were 
neutrahzed with acetlc acid, and polysaccharrde was preclpltated by addltlon of 3 

volumes of ethanol at -30” The final residue, after treatment wth potassium 
hydroxide, was washed wth L> ater, 0 I M acetlc acid, and water, and the product was 
preclpltated wth ethanol (r-cellulose fraction) The fractions (0 511, 4~~ and rl- 
cellulose fractions) \vere then suspended m methanol, and dried with a stream of 
filtered air (procedure repeated five times) The dry weelghr of each fraction was 
determmed prior to hydrolysrs by Bacllhs glucanase 
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