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Abs.tru!t-Dclignifial rycgra~ cell walls were e&ctively hydrolyscd by a mixture of cndo-1.Qg-glucanasc and 
xylanasc, but the rate and extent of hydrolysis was greater when the cdkrbiohydrolasc part of the celluksc system was 
also present. Dcacetylation of the xylan in the cell walls hd a sign&ant e&t on the rate but not on the extent of 
hydrolysis of dcligni6al cell walls. Deacctylation followed by cndogl umnasc-xylanasc action resulted in a sign&ant 
dazeasc in the proportion of xylosc present in the residual cell walls. However, when cdiobiohydrokse was acting in 
admixture with the endoglucanas+ xylanase, it was the cellulose component of dcacctylatcd cell wails that was 
preferentially hydrolysai. The proportion of galactosc in the unhydrolyscd fr&tion of the all walls increas& 
significantly after enzyme action by the aUobiohydrolaJtendoglucanas+ xylanasc system. 

INTRODUCTION 

Acctyl groups arc known to be present as substituents on 
various plant polysscchar&s, notably, hemicelluloses 
and pectins. In a study on a hard-wood hcmiccllulosc 
preparation (I] it has been concluded that the a0etyl 
substitucnts are lamtad on C-2 and C-3 of the XYIOSC 
rcsiduesofthc 1,4+1inkaJ lincarxylanchain [2],and it is 
assumed by analogy that the aacyl groups found in other 
hcmicellulosu can be assigned to similar positions [3). 

Tbt degrees of substitution reported are high. In hard- 
wood xylan [I] and in xylans in mature grasses [2] every 
sacond xylose residue may be acetylatcd, but in beech 
leaves during expansion and maturation every xylose 
residue may carry an aatyl substittunt [33. 

Acetylation cot&J greatly impede cnqmic hydrolysis by 
microorganisms,and it has been suggested that it Could be 
an important factor ind ucncing digestibility of the plant 
all wall in the ruminant [4]. Ih&e claims were based on 
the results of digestibility tests carried out on dried grass 
instrta! into the rumen in nylon bags, when it was found 
that xylosc was the least digcstibk sugar, and that the 
proportion of acetyl inrrerrsed in M with the xylosc 
as digestion proceeded. In this paper all-fru alluke and 
xylanase components from the fungus Trichonden~ 
koningii have been used in an attqmpt to examine the effect 
ofacctylsubstitucntson thedegradation ofgrassccll walls 
by microorganisms, and to identify factors that might 
affect digestibility in the rumcn. 

RESULTS AND DSCUSSION 

Xylanase (EC 321.32) is a constitutive enzyme in 
T. konhgii. When cultural using virtually pure cellulose 
(cotton fibre)as the sokcarbon source, it is synthaizcd, in 
good ykkl, along with the aUulasc (EC 321.4) (all* 
biohydroiasc, endo-i*4+glucanasc) ~glucosidasc 
enzymes. For the purposes of the present investigation the 

enzyme system was fractionated into, (a) a highly purified 
~kb~hydro~ (EC 321.91) component [ 5). (b) a 
fraction containing high M, cndo-l~4+glucanasc 
(EC3.tI.4) and ~glucosidasc (EC3.21.21). and (c) 
another fraction containing low hf, endo- 1,4+glucanase 
[6]. Neither of these enzyme fractions acting alone could 
solubilizc, to a significant extent, native highly ordered 
crystalline alhdosc (e.g. cotton fibrc): reconstituted 
mixtures of the cnzymeq however, solubilizui all form of 
crystalline cdluiosc with case. 

Xylanasc aclivity was found in the fraction containing 
high M, cnd+l&&glucanasc aaivity. but not in the 
fraction containing allobiohydrolasc. Only the cd- 
lobiohydrolase and the high M, endo-M-/3- 
glucanasc-xylanasc fractions were used in the present 
study. 

Ejkl of acetyl groups on he independent action oj 
cellobiohydrolose and eNloglucMarP_xylanase on deli@- 
jied cell walls 

DdignSal ryegrass cell walls were not hydrolysed by 
purified aUobiohydro~ to any significant extent 
(Fig. l), but hydrolysis of the neutral carbohydrate was 
extensive with the endoglucanasc-xylanase portion of the 
enzyme system The relative proportions of the neutral 
sugars present in the residual cell wall material left after 
enzymatic hydrolysis for I4 days by cndoglucanase- 
xykriasc was similar to that in the untreated all wall 
(Tabk I), and thii demonstrates that neither the ailulose 
nor the xylan were limiting in this circumstance. 

Dclignidcd aU walls containal 1.7% occtyt Removal 
of these actlyl substitucnts on the xylan chain with 
sodium m&oxide resulted in a am&al increase in rate 
but not in the extent of dcgr&ation of the cell wall 
pol~haridcs to action of the axlogirrcanax-xykna 
fraction when measured over 14 days (Fig. 1). 
Dcacctylation rcsuitcd in a markai &crease (22% to 
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Fig. I. Hydrolysis of ryegram cell mlk by xyknmc ti 
cdhrhrcumpumta of T. koaingU. Dctds of the incuhtion unl 
~yoflohJbkrupsrekuducgiveninthexpcrimmul 
section.4 cluld0,Dacetyktc4iallw&4BMd.,au 
walls not ckuztyltai. CBH, cdlobiobydrdroe; ado. cnd~~1.C 

IO?;) in the proportion of xylose present in the residual 
cell walls after 14 days incubation (Tabk 2). In contrast, 
cndogltcmmcxylanasc &on on cell walls th8t ttA not 
been deacttykted (Tabk 1) did not result in any charge in 
the proportion of sugars in the residual cell walls, despite 
the frt that the dcgra of hydrolysis was similar to that 
effectal on the deocetyktcd material (Fig. 1). 

On the basis of that results it would appear that xylan 
became more srrPceptiblc IO enzyme saion after dcaaty- 
lation with sodium methoxide. 

The ratio of arabinosc IO xylosc in the enzyme-treatal 
dcaatylatcd all walls was higher (0.43) than in the control 
(0.32), indicating that arabinose residues were more 
resistant than xylosc rcsiducs to enzyme xtion [7]. 

Ejkct of acetyl subsiifuenfs on I/W combined caction of 
cellobiohydrolase, endogltmmase and xyh on deligni- 
jied cell walk 

Although cxllobiohydrolase is an essential component 
of the ccllulasc system that can solubilize ‘crystalline’ 
highly ordered alluJose in cotton fibrc [5,8], its prcserxe 

Tabk 1. Suprampoaition ofdcligni!M rycgrus cdl v&Is befort md after tratmm~ with 
7: kaaiq#r ccllukrc md xylume ccmqwmnu 

SW 

Rhmnm 
FuawC 
Anbinocc 
Xylosc 
Wnnose 
G8iactoac 
Gluul6c 

No- 
IratmenI 

0.99 
222 
7.83 

22.97 
- 

285 
63.15 

ccllobiobydrohK 
cdlota EJdo@lbmnaac +cndoglucMaae 
hydrohrc + xylMuc* + xylurw. 

0.59 0.67 1.40 
0.54 - 

a.79 6.84 I 258 
24.27 22.34 31.48 

- - 0.75 
L91 4.16 8.69 

63.74 66.06 45.49 

T&k 2 Sugu composition of ddign&cddacctyLtod ryegta~~ all walk before and &a 
tnrtatcn~ with T. &onhgN czlhhsc d xyhusc compomrs 

Cellobiohydrolasc 
Noenzyw Cellobio- Endoghmmsc +cndogluanuc 
trmtlWnt hydrohuc + xykNs.P + xyluusc. 

RhUtWXC 0.41 - 0.78 4.15 
FWXC - _- 0.72 
Ar8binosc 7.18 8.02 4.52 15.33 
XYk= 224 23.2 10.50 26.17 
Mulnorc - - I .03 - 

G&ctoSc 241 242 271 II.10 

Gl- 67.n 65.84 81.01 43.26 

*These ftmctions &o conW j%gluoGdase tiivity. 
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did not appear to be nbccssary for hydrolysis of cellulose 
in the all walls of delignifkd perennial ryegrass. Indeed, 
as already indicated. extensive hydrolysis could be 
effectad by the action of the cndoglucanasexylpMse 
fraction acting independently (Fig. I). However, 
when allobiohydrolasc was tied with the 
cndo&anasc -xylanasc fraaion to give a compkte 
enzyme system, there was a sign&ant increase in the rate 
and extent of hydrolysis, and this, presumably, was 
because the crystalline allulosc component was now also 
being hydrolyxd. Deacctylation caused a marked increase 
in the rate of hydrolysis by the complete enzyme system 
(Fig. I), but after 14 days incubation the dcgra of 
hydrolysis was approximately the same as all walls thaat 
had not ban dmttylatai. 

l’%e ratio of glucose to xylosc in the enzyme-treata! all 
walls (dcaatylatcd. 1.65; nondcmcetylatcd, 1.44) was 
considerably kss than in the control (2.75) (Tabks I 
and 2), indicating that a larger proportion of the allulosc 
was being hydrolysai; and this was IO be expected. What 
was not expected was the E and Cfoki increases in the 
proportion of the galactosc present, without and with 
deacctylation. respectively. 

The disaccharide 0-B_D-gabctopyranosyl-1,4+xylose 
has ban noted in acid hydrolysatcs of some xylans 
and it has bctn suggested that these may derive from 
O-~-~gala~opyranosyI-1,40-~-~xylopyraooJyl-l~2-L- 

arabinofuranosc side chains [9]. If side chains similar to 
those occur in the xylans of perennial ryegrass, albeit in 
small amounts, the present results woukl suggest that they 
are relatively resistant to enzymatic hydrolysis by T. 
koningii xylanasc and perhaps to other xylanasc systems. 
It is possible that such side chains may be important in 
controlling digestibility of the plant all wall in the 
ruminant. 

EXPEnIME!vTAL 

Phr mawriul. Pcrcnnral ryqrass wax cut caSan from the 
ground from aubiixhai pastwa at the East of Scotland 
Agricultural Collqq Craibstone. Aberdeen. II was freeze dried 
immediately. hnmmtrmilled (2 mm). exrrwztal with merhylated 
spirits in a Soxhkt extmor and driad in air. Delignification with 
HOAc-NaClO* wax ax described in ref. [IO]. 

Enryrrvpcprr~ionMdfr~rto~lionCulturesolTrL~~ 
lroningii IMI 7302.2 were prepared using cotton fibfa ax the sole 
carbon xoura, titcd and coned as previously described [ 1 I]. 
The alluhsc and xyhasc emyam were fractionated by pcl 
filtration on Ultrogel AA44 [ 1 I] and on DUE-S@urose [ I I] 
into a low M, erd*l.4-Bglucanasc, a ccllobiohydroke and 
another end* I .C~gluana compcant auxiatat with 
xylanax and ~gluaxidasc activity. Purified allobiohydrolasc 
wax obtained by isoekc~ti &using in an LKB isoclaztti 

focrrring~lrrmnuriagMpbdytecovaingIbcpHMge~[5]. 
hlcddon 01 cd wdls uilh mryrm D4Aigdd all walls 

(20 a@ wcrc incutmtal at 37” for I4 dryx with cnxymc [a 
biohydroluc, 200% cndel.C~gluanuc (loal unitx CM- 
cdluku)[l2]].inanrtioamhturr~in8of5mloT0.2M 
NaOAc buffer, pH 4.8.0.2 ad of 0.05 M N&V,. and HxO and 
enzymctogivcatoulvoLoC10mlAtintcrvalsxcvcrdtubuwcrc 
removal and the tGlucs ixolatal by antrifu@oa The 
unhydrolysed ocll wallx were wuhed with Ha0 and freeze dried. 
The supcmalanl were uldysd for total sug8r using the 

phenol- H,SO. method [ 131. 
~ndysu oj nturral ccrrbohy&itr o/cell wdls. Acid hydrolysis 

wuperforwdudeJcribcdinrd.[I4].Altaddilionotinoritol 
as internal standud, the neutral xugars in hydrdyxatcs were 
&tcrminadbyGConaPyeModd1(W~chromrtognph,~g 
aglx.scolumn(1.5mx6.0mm)oC5~;SR234OcoatuionGu- 
Chrom Q. 

Demmimuion o/octiyl. Aatyl groups were &terminal by GC 
ax the bmzyl cstcr d-m arrrcrion with NaOMc [ 151. 
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