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might have resulted from the degradation of a glycan associated6 with linear 
hemicellulose B. In the present studies with the enzymes HC 111 and HC IV, insol- 
uble, degraded hemicellulose B was obtained but no cellobiose was detected. This 
paper reports the compositional analysis of the insoluble, degraded hemicellulose 
R obtained from spear grass (Heferopxyon contorrus) by degradation with HC III 
and HC IV; and the effect of inorganic, organic, and organometallic compounds on 
the activity of HC III and HC IV. 

EXPERIMENTAI 

Materials. - Authentic samples of L-arabinosyl-D-xylose and D-xylose 
oligosaccharides’ of degree of polymerisation (d.p.) 3 and 2-S. respectively, were 
provided by Drs. Dekker and Richards, and authentic L-arabinosyl-D-xylose 
oligosaccharidess of d.p. 4-5 by Drs. Beveridge and Richards’. HC III and HC IV 
were purified as described’. Commercial, silica gel t.1.c. plates (0.25 mm thickness) 
were obtained from E. Merck (Darmstadt, Germany). All chemicals used in this 
work were analytical grade (A.R.) or were purified before use. 

Chromatographies. - Samples to be chromatographed were de-ionised with 
mixed Amberlite IR-120 (H+) and IR-45 (OH-) resins for 30 min. and the solu- 
lions evaporated. Qualitative paper chromatography (p.c.) was carried out on 
Whatman No 1 paper with (A) 10:4:3 ethyl acetate-pyridine-water, (B) 3: 1: 1 
butan-1-ol+thanol-water, and (C) 12:8:5 butan-1-ol-pyridine-water for mono- 
and oligo-saccharides; and (D) 4:1:5 butan-l-ol+thanol-water (upper layer) and 
(E) 41:,9 butan-Z-one water (all v/v) for methylated sugars. T.1.c. plates were acti- 
vated for 30 min at 100” and allowed to cool before samples were applied. The sol- 
vent systems employed were: (E) as in p-c. for methylated sugars; and (F) 8:3:1 
ethyl acetate-pyridine-water for mono- and oligo-saccharides. On duplicate paper 
chromatograms, spots were detected by (a) the alkaline silver nitrate’“, and (b) the 
p-anisidine hydrochloride” spray reagents. Mono- and oligo-saccharides were 
detected, on t.1.c. plates, by spraying with 50% sulphuric acid or saturated am- 
monium sulphate, followed by heating for 20 mm at 100 and 140”. respectively, and 
methylated sugars with spray (b). Migrations are given relative to those of D-xylose 
and 2,3.4,6-tctra-0-methyl-o-glucose (Tmg). 

General methods. - Delignification was obtained by the acidified sodium 
chloride procedure’*, and the hemicellulose extracted, from delignified spear- 
grass, with 10% sodium hydroxide. The oligosaccharide solutions were evaporated 
at 40”/3 kPa in a rotary evaporator. The concentration of L-arabinosyl-D-xylose and 
D-xylose oligosaccharides was determined by the phenol-sulphuric acid methodi 
with L-arabinose and o-xylose as standards. and that of reducing sugars by the Nel- 
son method14. Branched and linear hemicellulose B were prepared by the method 
of Gaillard”, in 83.3 and 16.7% yield, respectively. 

The compositions of insoluble, degraded products and whole hemicellulose B 

were determined by total hydrolysis with 7270 sulphuric acid”, followed by quan- 
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whole hemicellulose B. - Solutions (0.5%) of linear, branched, and whole 
hemicellulose B in 5OmM sodium acetate buffer, pH 6.0, were centrifuged at 
I6 700g. TO an aliquot (4.0 ml.,) of these solutions were added toluene (0.02 mL), 
and either HC III (0.160 mL) or HC IV (2.0 mL). The mixture was incubated at 
37”, and samples were withdrawn at various time-intervals for reducing-power 
assay. After 73 h, the hydrolysates were de-ionised and p.c. performed in solvent 
A. The insoluble, degraded hemicellulose formed was washed (3 x 20 mL) with 
warm water (60”), and then freeze dried. The rate of hydrolysis is shown in Figs. 
1 and 2 for HC III and HC IV, respectively. 

Comparison of degradation, by fIC IV, of insoluble, degraded hemicellulose 
3 (IDHI) and whole hemicelfulose D. - IDHI was dissolved in a minimum amount 
of M sodium hydroxide, the solution made neutral with M acetic acid, and the con- 
centration of IDHI diluted to 0.5% with %)nlM acetate buffer, pH 6.0. The relative 
rates of attack of HC TV on IDHI and hemicellulose B were compared (see Fig. 3). 

Effect of various additives on HC 1111 and HC IV. - Solutions of various inor- 
ganic salts (0.04 mL) and organic compounds (1tlmM) were added to an 0.5% solu- 
tion of hemicellulose B (2.0 mL) in %mM acetate buffer, pW 6.0, and a solution of 
either HC III (0.04 mL.) or HC IV (1.0 mL). The final volume was completed to 4.0 
mt with acetate buffer, and the mixture incubated at 37”. Samples were withdrawn 
at 5 min and 1 h for HC III, and at 1 h for HC IV, and the reducing sugar was deter- 
mined. The l-h hydrolysates were de-ionised and examined by p.c. in solvent A. 

Ejfect ofcysteine. - Solutions of p-chloromercuribenzoic acid (PCMB, il.04 
mL) and 0.5% hemicellulose B in 50mM acetate buffer (2.0 mL), various volumes 
of ‘%&rIM cyst&e, and a solution of either HC III (40 pL) or IIC IV (1.0 mL) were 
combined, the volume was completed to 4.0 mL with acetate buffer, and the mix- 
tures were incubated for 1 h at 37”. Samples were withdrawn and the reducing 
sugar value was determined. 

Fig. 3. Comparative rate of attack of HC IV on IDHT and hem~ceilulose B: (O----O) bemicelTuiosc R 
and 4,&--O) ID1 (insoluble, degraded hemicellulose B). 
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TABLE II 

Whole III 7 7 2 10 9 8 8 4 
Branched III 7 7 2 10 9 8 8 4 
Linear III 7 7 2 10 9 8 8 4 
Whole IV b 1n 6 R 6 6 
Branched IV b IO 6 8 6 6 
Linear IV b 10 6 8 6 6 
IDHI III 7 7 2 10 9 8 8 4 
IDHI III h 1” 6 8 6 6 

“By p.c. in solvent A, The values were scored visually wth 10 as maximum. ‘Trace. 

5 min Ih 

117.8 117.8 
102.0 102.0 

MgClz R1.6 
CaClz 90.6 
r17c1, 6.8 - 
CUCIZ 
p.Chloromercuribcnzolc acid 
Sodium lauryl sulphafe 
N-Bromosuccmimide 
EDTA (d&odium salt) 
Control 

74.8 
34.0 
27.2 
00.0 
83.8 

loo.0 

81.6 
00.6 

6.8 

74.8 
34.0 

Y.0 

00.0 
x3.x 

100.0 

“As rl concentration of SmM. “Percent of activity. 

HC III and HC IV, of substituted or branched regions may be due to these regions 

being in more random polymer configuration than the less branched regions. The 
slight differences in relative rate of attack, of HC III and HC IV, on branched and 
linear hemicellulose is probably due to linear hemicellulose having more regions 
that are accessible to the enzymes than does branched hemicellulose. It is possible 
that, in the highly branched fractions of the hemicellulose, more and longer side- 
chains may prevent the approach of the enzymes by simple physical “crowding” or 
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or 70.6’3, respectively. A similar effect was earlier reported for HC 1 produced by 
Ceratocystis paradoxa’“, and attributed to product inhibition. 

ACKNOWLEDGMENT 

The author thanks Professor G. N. Richards for his advice throughout this 
work. 

REFERENCES 

1 R. 1~ww.T. YAMAMOTO.ANDM. PIJNATSU,Agric. Eiul. Chrm., 37(1973) 1169-1175. 
2 T. IWA?IAKI, R. IKEUA, K. HAYASHI. AND M. FUNATSU. .I. Riol. Biochem. (Tokyo). 57 (1965) 418- 

487. 

3 H. K. G~I.DSCHM~ .&ND A. S. PEKLIN. Can. J. Chem.. JI (1963) 2272-2277. 
4 A. S. PF.RI.XIN A”~D E. T. REESE, Gun J. Biochem. Physiol.. 41 fl96.i) 1842-3846. 
5 R. F. )_I. UFKKPR dhio G. N. RICIIAKI;~, Carbohydr. Rus., 42 (lY75) 107-123. 
6 R. W. BAII.F.Y ANI) B. D. E. GAILL.AR~, Biochrm. J. 95 (196.5) 75X-766. 
7 R. F. II. DFKKERAND ti. N. KICHARIX, Carhohydr. Res.. 43 (1975) 335-344. 
8 K. J. W~‘VFHIIX~~.ANDG. N. RICHARDS, Curbohydr. Re.r., YX(1973) 79-87. 
9 G. N. RTCHARDSAND’~‘. SHAMBE, Carbohydr. Res.. 49 {1976)371-381. 

10 W. E. TREYELYAN. D. I’. Pnocw~,.wi> J. S. ~IAKHIBON, iriarure flunrioni, I66 (19%1)444445. 
11 .I. L. Howxi, J. K N. Jcwts.+vw W. Ii. WADMAN,I. f’hem Snc., (1950) 1702-1706. 
12 T. E. TTMMELL. Mvlhods Chrhohydr. Chcm., 5 (1965) 134-137. 
13 M. DIIROIS, K. A. GILL~S, J. K. HAMILTON, P. A K~BERS. AND F. SMI I’H, Anal. Chew,., 28 (1956) 

350-356. 
14 N NELSON,J. Bzoi. Chrm., 1X+(1944) 37.5-380. 
15 B. D. E. GAILLARU. Narure (London). 191 f1961> 1295-1296. 
16 J. F. SAEMAN, W. E: Moon;, R. C. h;f;ir H& n&M. A. MILLETT, Tappa, 37(1954)X&-343. 
17 J. .i‘. G~I.~MHIIS, Anal. Biochem.. 19 (lY47) IIY-137. 

18 R. F. H. DLKKFR, Ph.D. Thesis, Jamea Cook Unwersity of North Queensland. Townsville. 1974. 
19 R. F. H. DEKKER AN” ci. N. RICHAKUS. Carbohydr. Rrs , 3Y (lY75) 97-114. 


