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ABSTRACT 

The mode of action of the extracellular endo-( 1+4)-j?-D-xylanase produced by 
Tram&es hirsuta on a (4O-methyl-D-glucurono)-D-xylan and a modified, essentially 
neutral D-xylan from white willow (Salk aZba L.) has been studied. Xylotetraose and 
xylohexaose, together with aldotetraouronic and aldohexaouronic acids, were ihe 
main products. The acidic oligosaccharides had a 4-O-methyi-D-glucopyranosyluronic 
acid group attached to the non-reducing D-XylOSyl end-group. The action pattern of 
the. xylanase corresponds to that of a typical endo-enzyme that acts more readily 
in the middle of chain, and the specific region of its action appears to involve five 
D-xylosyl residues. The products of the enzymic treatment of the D-xylan have re- 
vealed a regular distribution of the 4-O-methyl-D-glucopyranosyluronic acid groups 
attached to the D-xylan backbone. 

INTRODUCTION 

Chemical procedures for the structural analysis of biopolymers are being supple- 
mented to an ever-increasing extent by enzymic methods. Highly purified enzymes 
may provide extremely quick and accurate information about the fine structure of 
investigated polysaccharides, if their specificity and mode of action are known. 

Thus, for the investigation of plant cell-wall xylans, xylanases may be useful 
and, therefore, considerable attention has been devoted to their study. The effect of 
endo-xylanases from various sources or commercial enzyme-preparations on various 
xylans has been investigated’. Some of the xylanases were highly purified and suffi- 
ciently characterizedZm5, but the structures of the oligosaccharides formed by enzymic 
hydrolysis have been investigated in only a few cases6-‘. 

We now report on the specificity and action pattern of a purified endo-(1+4)- 
/I-D-xylanase [(l-+4)-D-xylan xylanohydrolase EC 3.2.1.8-J isolated from the wood- 
destroying fungus Trametes hirsuta. 

EXPERIMENTAL 

Enzyme. - The endo-(1+4)-p-D-xylanase was isolated from Trametes hirszrta 
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(Gulf.) PilBt, str. No. 121. The fungus was obtained from the Laboratory of Anatomy 
and Physiology of Plants, Faculty of Sciences, J. E. PurlcynE University, Brno. 

Substrates. - (4-0-Methyl-D-gLucurono)-D-xylan from the willow S’alix aZba 

L-lo had d-p. 121 and a molar ratio of D-xylose and uranic acid of 11: 1. (4-O-Methyl- 
D-ghlcurono)-D-xylan, d.p. 40, uranic acid content 2.0x, was obtained from de- 
acetylated O-acetyl-(4-O-methyl-D-giucurono)-D-xylan” after uranic acid elimination. 
(1+3)-/I-D-Xylan from the green seaweed Caukrpa JXjkmis was kindly supplied 
by Dr. E. E. Percival (Royal Holloway College, University of London). Sodium 
carboxymethylcellulose (2.96 mequiv./g) and laminarin (ex. Laminaria hyperborea) 

were commercial samples (Koch-Light Laboratories). D-Mannan was obtained from 
Saccharomyces cerevisiae12, D-gluco-D-mannan from willow13, L-arabino-D-gala&an 
from Lark sibiricana14, and D-gala&an and L-arabinan from willow bark1’*16. 
/l-~-(1 +4)-Xylo-oligosaccharides of d-p. 2-6 were isolated from acid hydrolysates 
of (4-O-methyl-D-glucurono)-D-xylan from willow, and gave reduced xylo-oligo- 
saccharides of d-p. 3-6. 

GeneraI methods. - Optical rotations were measured with a Perkin-Elmer 
Model 141 polarimeter for aqueous solutions at 20”. The enzymic degradation of the 
oligosaccharides was followed by determination of the change in optical rotation 
at 436 nm (IO-cm microcell at 40”). 

T.1.c. was performed on Kieselguhr G with solvent A, 65% 2-propanol-ethyl 
acetate (1: l), and detection with anisa!dehyde-sulphuriic acid17. 

P.c. was performed on Whatman No. 1 and ~MM papers with B, ethyl acetate- 
acetic acid-water (18 : 7 : 8); and C, ethyl acetate-acetic acid-formic acid-water 
(18 : 3 : 1: 4). The compounds wer, _= detected with aniline hydrogen phthalate” and 
silver nitrate-ammonium hydroxide”. The mobilities (Rxr,) and (RWGA) are ex- 
pressed relative to those of D-xylose and 4-O-methyl-D-glucuronic acid. 

G.1.c. was performed on a Hewlett-Packard Model 5711 A gas chromatograph 
with D, a column (200 x 0.2 cm) of 3 % of OV-225 on Chromosorb W AW DMCS 
(SO-100 mesh) at 140” with nitrogen as carrier gas at 28 ml/min; E, a column (200 x 
0.2 cm) of 3 % of SP 2340 on Chromosorb W AW DMCS (80-100 mesh) at 120-,170” 
(2”/min) with nitrogen as carrier gas (26 ml/min); and F, a column (200 x 0.3 cm) 
of 3 oA of ECNSS-M on acid-washed Cbromaton N-DMCS (70-80 mesh), at 164-+ 
180 o (2 “/min). 

Reducing end-groups were determined by the spectrophotometric method of 
Somogyi”. The zppearance of sugars in column eluates was monitored by the phenol- 

sulphuric acid method21. Uranic acid content was determined by the carbazole 
method2’. 

Preparation of xylo-oligosaccharides. - (40-Methyl-D-ghtcurono)-D-xylan 
(10 g)-in 98% trifluoroacetic acid (200 ml) was kept at room temperature for 12 
days23. The hydrolysate was evaporated to a small volume at 35q and traces of acid 
together with the acidic portion of the hydrolysate were retained on a column of 
Dowex-1 X8 (CH,CO) resin. The neutral and acidic sugars, after elution of the 
Dowex column, were separated on a charcoal-Celite column by using a linear gradient 
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of enzyme-substrate complexes. As may be judged from the great change of K, and 
kr values from xylotetraose to xylopentaose, the specific region of action of the endo- 
(I-+&D-XylanaSe appears to be at least five D-xylose residues. 

Based upon the results of enzymic hydrolysis of (4-o-methyl-D-glucurono)-D- 
xylan, a possible mode of action of the xylanase may be proposed (Fig. 7). The double 
amount of xylotetraose formed, compared with xylohexaose, supports the assumption 
of preferential cleavage of the D-xylan as shown in Fig. 7a; this is in good agreement 
with the high content of aldotetraouronic acid in the hydrolysate. The ratio of the 
K, values for xylohexdose and xylotetraose is 1: 27, suggesting a rapid degradation of 
xylo-octaose to xylotetraose with only a slight degradation of xylotetraose to xylo- 
biose. The low content of xylobiose in the enzyrnic hydrolysate conf%ms this pre- 
sumption. However, the presence of aldohexaouronic acid and xylohexaose does not 
exclude the possibility of enzymic attack as shov:n in Fig. 7b, although to a lower 
extent. 

Etuzymic hydrolysis of the essentially neutral and linear D-xylan, obtained 
after elimination2g of the uranic acid side-chain, released identical products. It 
indicates that the binding site of the enzyme is effectively filled by a chain of five 
D-xylose residues_ In addition, a conclusion may be drawn about the fure structure 
of the willow-xylan macromolecule. The products of xylanase treatment on (4-0- 
methyl-D-glucurono)-D-xylan indicate that the 4-0-methyl-D-glucopyranosyluronic 
acid groups are regularly distributed along the D-xylari backbone, thus excluding 
blocks having a higher degree of substitution. This contrasts with the situation for 
birch (Betula verrucosa) xylan, where an irregular arrangement was found41. 

The present results do not provide a reliable basis for explaining why the purified 
endo-xylanase attacks oligosaccharides of d-p. > 3. The high enzyme-activity towards 
the longer chains, together with the continuous removal of the hydrolysis products, 
may provide a possible explanation for the absence of oligosaccharides of lower d.p. 
in the D-xylan hydrclysates. 
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