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XYLOSYL TRANSFER TO CELLOBIOSE CATALYSED BY AN ENDO- 
(l-4)-P-D-XYLANASE OF Cryptococcus albidus 

PETER BIELY ANDM.&RIA VRSANSKA 

ABSTRACT 

In transglycosylation reactions catalysed by an endo-(l-4)P-D-xylanase of 
the yeast Crypkxoccus albidus, cellobiose is a relatively good acceptor of xylosyl 
residues. Three transfer products isolated from a reaction mixture containing 
phenyl P-D-xylopyranoside, cellobiose, and the enzyme were established by i3C- 
n.m.r. spectroscopy to be 6’-0-/3-D-xylopyranosylcellobiose, 6’-0P-D-xylobiosyl- 
ccllobiose, and 6’-0P-D-xylotriosylcellobiose. When these compounds were 
treated with the enzyme, the 6-0-P-D-xylosidic linkage was hydrolysed slowly in 
comparison to the rate of hydrolysis of (1-4)~B-D-xylosidic linkages. 

INTRODUCTION 

Some polysaccharidc hydrolascs (glycanases) catalyst not only the hydrolysis 
of glycosidic linkages, but also such reactions as transglycosylation, condensation, 
and some non-hydrolytic reactions ‘G Investigations of such atypical activities usu- . 
ally provide new information on the mechanism of action, the catalytic capabilities, 
and the active site of the enzymes. 

The cxtraccllular cndo-(1-4)~P-D-xylanasc (EC 3.2.1.8.) of the yeast Cryp- 
tncaccus afhidus catalyses the degradation of (1 44)-linked P-D-xylosaccharides 
and some aryl P-D-xylopyranosides by both transglycosylation and hydrolysis, de- 
pending on substrate concentration 6,7 In accord with the specificity of the enzyme, 
the transglycosylation reactions generated mainly (1 +4)-/3-D-glycosidic linkages; 
howevcri (l-3)-_R-D-xvlosvl transfer occurred to a minor cxtcnts? The observa- ..,. __,. .._.~___~ 
Lions that phenyl P-D-xylopyranoside was almost as good a xylosyl acceptor as 
xylobiose” and that the P-D-xyhmase binding-site accommodated a (1+3)-linked 
D-D-xylobiosyl residue’ indicated a certain degree of non-specificity of the enzyme. 

We have now examined, as xylosyl acceptors in the transfer reactions of C. 
alhidus P-D-xylanase, several, mostly radiolabelled, saccharides and glycosides, of 
which cellobiose was found to be one of the best acceptors but was xylosylated at 
HO-6’ and not at HO-4’ as might be expected. 
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strates (1 and 2Om~) were incubated with the appropriate amount of P-D-xylanase 
at 30”. Aliquots of 20rIIM mixtures were subjected to t.1.c. Larger ahquots of the 
mM incubation mixtures were heated at 100” for 2 min, to inactivate the enzyme, 
and then concentrated in wcuo and chromatographed. P-D-Xylosidase degrada- 
tion was performed with 20mM substrate. 

General. -Optical rotations were measured with a Perkin-Elmer Model 141 
polarimeter. ‘%Z-N.m.r. spectra of solutions of oligosaccharides in f&O were re- 
_-_.-I_-1 __.:rl- ^ I_^, T;-” rnn ^__^._^__.__. _-___.:-_ _. ?r L lflTT_ :- *I__ -__*_- rl- ~“‘“G” WLLll ‘9 JF”, l-z%-ruu >PeCLIWnFLel opeI”L”‘g aL JJ.V L”I”L III ll,C Pl”L”“-ue- 
coupled mode by using a repetition time of 1.0 s, a pulse width of 20 /*s, a sweep 
width of 4000 Hz, and Sk real data-points. Chemical shifts were measured relative 
to that of internal methanol (50.15 p.p.m.). Smith degradation and chromatog- 
raphy of polyhydric alcohols were performed on a microscale2’~ZZ. Radioactivity of 
compounds on segments of chromatograms was measured in toluene scintillation 
fluid with a Packard scintillation spectrometer, type 3330. 

RESULTS 

Specificity of the fl-D-XykUKI.w. -Decrease in the radioactivity of compounds 
tested as xylosyl acceptors in the transglycosylation reactions of xylotriose 
catalysed by C. albidus P-D-xylanase is shown in Table I. The data show that al- 
dopentoses and aldohexoses, including D-XylOSe, are poor xylosyl acceptors in 
comparison with xylobiose and phenyl p-D-xylopyranoside. Of the three glucose 
disaccharides examined, cellobiose, which is structurally closely related to 
xylobiose, was the best acceptor. 

30 min Ih 
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Fig. 1. Transfer of xylosyl residues to A, 4-nitrophenyl fl-D-glucopyranoside; B, 4-nitrophenyl a-D-
xylopyranoside; and C, 4-nitrophenyi/3-o-galactopyranoside (each at 50mM) during degradation of
xylotriose (20mM) with C. albidus fl-D-xylanase (3 U/mL) , demonstrated by t.l.c. The spots marked
with full lines correspond to reducing saccharides, and those marked with dotted lines to 4-nitrophenyl
glycosides.

The determination of radioactivity distribution on chromatograms of the in-
cubation mixtures confirmed that the decrease in the proportion of the radioactiv-
ity of the acceptors was accompanied by concomitant increase of radioactivity in
the regions corresponding to slower-moving compounds, to xylosylated acceptors,
or to the products of their subsequent hydrolysis. However, a substantial part of
the radioactivity of phenyl fl-D-[U-14C]xylopyranoside appeared in free oligosac-
charides, and a considerable part of the radioactivity of [1-3H]xylobiose in D-
xylose. The transfer products to methyl fl-D-[U-lnC]xylopyranoside exhibited the
chromatographic mobilities of methyl fl-D-xylobioside and methyl fl-D-xylo-
trioside, indicating that (1--,4)-/3-D-xylosyl transfer was the main type of trans-
glycosylation.

T.l.c. of incubation mixtures containing xylotriose (20mM), 4-nitrophenyl
glycoside (50mM), and fl-D-xylanase (3 U/mL) (Fig. 1) showed that the enzyme can
also transfer xylosyl residues to 4-nitrophenyl fl-D-glucopyranoside, fl-D-galac-
topyranoside, and a-D-xylopyranoside. These reactions were not evaluated quan-
titatively, but the low intensity of the spots corresponding to xylosylated products
indicated only a very low extent of xylosylation of the glycosides. 4-Nitrophenol
was not liberated.

Isolation o f the products o f xylosyl transfer to cellobiose. ~ The relatively
high efficiency of cellobiose as a xylosyl acceptor in the transglycosylation reactions
of xylotriose allowed the transfer products to be prepared on a larger scale. This
was accomplished by using phenyl/3-D-xylopyranoside, which is more readily avail-
able than xylotriose and gives transglycosylation products7'8.
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Fig. 2. Distribution of radioactivity on a p a p e r chromatogram of a 24-h incubation mix tu re containing
phenyl fl-D-xylopyranoside (150mM), [1-3H]cellobiose (100mM), and/3-D-xylanase (0.25 U/mL)" I - I V ,
products of xylosyl t rans fe r to cellobiose.

T A B L E II

PAPER-CHROMATOGRAPHICa MOBILITY OF XYLOSYL-TRANSFER PRODUCTS TO CELLOBIOSE AND (I---*4)-fl-D-
XYLOSACCHARIDES

Compound Rxyi

Solvent B Solvent C

Xylobiose 0.73 0.83
Xylotriose 0.47 0.65
Xylo te t raose 0.28 0.45
Cellobiose 0.58
Xylosylcellobiose 0.45 0.63
Xylobiosylcellobiose 0.31 0.40
Xylotriosylcellobiose 0.19

aWhatman No. 1 p a p e r .
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When phenyl P-u-xylopyranoside:.al~oside (1X)mM) and [ I-“H]ccllobinsc (tU(hnM) 

were incubated with /3-u-xylanase (0.15 UlmL) for 74 h. the subsquent distribu- 
tion of radioactivity on paper chromatograms (Fig. 2) demonstrated that -20% of 
the original radioactivity of the cellohiose appeared in four ftnctions: I (X.OC>). II 
(6.5%). IfI (1 .0’S), and IV (KS%;,). Fractions If and TIT had m<+ttilities distinct 
from those of f 1~. r3)-P-u-xyiosacutlarides, whcvzas fraction I cri-rhromar~,gruphed 

with xyiotriosc (Table 11). 
The products of a large-scale incubation mixture (sea Expcrimcntal) were 

chromatographed (solvent B). and fractions II and III were isolated and re- 
chromatographed (solvent C’). to give chromatographically homogeneous, syrupy 
11 (66 mg). [cx]i;’ -17.5” (c 1.3. water). and III (55 mg). [a];; - 74” (CT 1.3, water). 
Fraction 1. eluted from the paper together with xylotriose. was treated witb /.3-n- 
xylostdasc to hydralyse, selectively, xytotriose, which is it much betrer subsiratc. 
The reaction was monitored by t.1.c. nntl ierminated when xyiose iibcratiiw crssed 

and when the spot corresponding to xylotriosc gave a green-bnnvn colrwr with 
aniline hydrogrnphthalate (xylotriose. red; xylosylatcd ccllobiocc. green-brown). 

The mixture was then chromutographed (solvent B), which szparatcd the xylose 
from fraction I and allowed the latter to be isolated (I6 mp) with m.p. 72’.226” 
{from methanol). [a]$’ .-.3” (r 1. water). 

rde~?t~~catjorl 01.the pr~duccs 0-t‘ fransfrr to celfohiosr. --- Since ccllohiasr and 
cellotriose are not attacked by C. nthitfus P-D-xykmase and D-gtucosr was not gen- 

TABLE 111 

‘3C-NM R (‘HE-MICA, 9H,FnOFCF, I ORIOS~--CONI‘AIUIN~;Y,IOSA~‘~:H1KI"Z"I 

C‘onrpwrd" .Sug,zr reszdue C%em1cal shlftr rp p 111 I 
<ir rrnornvr 
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erated during treatment of the phenyl p-D-xylopyranoside-cellobiose mixture with 

/3-D-xylanase, fractions I-III must represent a series of products of xylosyl transfer 
to cellobiose, differing in the number of xylosyl residues. According to the chro- 
matographic mobility, fraction I appeared to be a trisaccharide, xylosylcellobiose. 
This was confirmed by hydrolysis of fractions II and I11 with P-D-xylosidase. A 
compound corresponding to fraction I was formed after liberation of one xylose re- 
sidue from fraction II and two xylose residues from fraction III. Fraction I was hy- 
drolysed very slowly by the P-D-xylosidase preparation, affording xylose and gluco- 

se, and xylose and cellobiose when nojirimycin was included in the incubation mix- 
ture to inhibit P-D-glucosidase. 

The structure of cellobiose-containing oligosaccharides was established by 
‘3C-n.m.r. spectroscopy. The spectra were interpreted on the hasis of published 
data for series of D-glucobiosesz3, D-glucotrioses23, D-xy10biosesz4, methyl B-D- 
xylobiosidcs”, cellosaccharides”~*6, xylosaccharide?, and methyl P-glycosides of 
xylosaccharides”. 

The ‘3C-n.m.r. spectrum of fraction I (Table III) contained 20 signals, in- 
cluding all of the resonances of cellobiose with the exception of that of C-6’ re- 
ported25*26 to he at 62.4 p.p_m. This was replaced by a resonance at 70. I p.p.m., 
which is compatible only with the substitution of cellobiose at HO-6’. as indicated 
by the i3C-n.m.r. data for isomeric glucobioses and glucotrioses*3. Other reso- 
nances were assigned to the fi-D-xy1osy1 residue. A comparison of the chemical 
shifts of the stgnals of the xylose carbons in fraction I with those of the non-reduc- 
ing, terminal xylosyl groups in various xylosaccharides showed that the upfield 
position of the C-l signal of the xylosyl residue in fraction I is to be expected. 

Thus, fraction I is 6’.0-P-D-xylopyranosylcellobiose. This conclusion was 
supported by the results of Smith degradation, which gave ethylene glycol, 
glycerol, and erythritol. 

The “C-n.m.r. spectrum of fraction II contained 26 signals (Table III), and 
the resonances of C-la and C-lp of the cellobiose moiety were resolved. The 
number and the position of xylose resonances indicate that the two xylosyl residues 
are not magnetically equivalent. The additional resonances of fraction II, in rela- 
tion to those of fraction I. correspond to an internal D-xylosyl residue P-linked 
through I-IO-4. The resonance at highest field (104.6 p.p.m.) was assigned to C-l 
of the xylosyl residue linked to O-6’ of cellobiose. The spectrum of fraction II did 
not contain resonances corresponding to carbons involved in (1+2), (1+3), and CP 

(l-4) linkages, and therefore fraction IT appears to be 6’-O-p-u-xylobiosylcel- 

lobiose 

The i3C-n.m.r. spectrum of fraction III contained 27 signals. With the excep- 
tion of the peak at 103.0 p.p.m. assigned to C-l”’ (xylosyl), the chemical shifts of 
the others were identical with those of fraction II. The presence of two internal 
xylosyl residues in fraction III was reflected by the intensities of resonances at 74.0, 

74.9, 77.5, and 64.2 p.p.m., corresponding to C-2.3,4,5 of the internal xylosyl re- 
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DISCUSSION 

In accordance with the distribution of subsite affinities in the four subsites of 
the binding site of C. albidus P-D-XylanaSe”‘, all of the monosaccharides tested 
were poor xylosyl acceptors. The enzyme showed only a slight preference in 
transferring xylosyl residues to xylose. Higher acceptor-efficiency was observed 
only with such xylose-containing compounds as xylobiose and phenyl and methyl fi- 
D-xylopyranoside, which could interact with both subsites of the aglycon site. For 
xylobiose and phenyl P-D-xylopyranoside, it should be noted that their glycosidic 
linkages become subject to hydrolysis as soon as they are glycosylated. Thus, the 
continuous decomposition of the xylosyl-transfer products may contribute addi- 
tionally to the high extent of their utilisation as glycosyl acceptors. These consider- 
ations may apply, in part, to the transfer products of methyl o-D-xylopyranoside, 
but not to the products of xylosyl transfer to cellobiose, because the cellobiose moi- 
ety is not attacked by the enzyme. 

Xylosyl transfer to xylobiose and phenyl and methyl fi-D-xylopyranoside 
mainly involves the formation of p-(1+4) linkages. The surprising finding that (I’- 
0-xylosylation of cellobiose occurred may indicate that the synthesis of the glyco- 
sidic linkage can be determined by the properties of the active site of the enzyme 
and by the structure of the acceptor molecule. Thus, a glycanase may exhibit differ- 
ent specificity with different substrates. The reasons for 6’-0-xylosylation of cel- 
lobiose may be steric in relation to the enzyme, and conformational in relation to 
cellobiose, and further work is required to clarify this point. 

Examination of the mode and the rate of hydrolysis of the ccllobiosc-contain- 
ing oligosaccharides by the enzyme rcsponsiblc for their synthesis offers some in- 
formation on the mechanism of their formation and on the specificity of certain 
subsites in the enzyme binding-site. The low rate of hydrolysis of ~‘-O-~-D-X~IOS~~- 
cellobiose suggests that this compound is a secondary product of hydrolysis of 

X-G-G X-X-G-G x-x- G-G 

*w B rvvrJy~r-rvr-ry 

X-X-G-G X-X-G-G X-x-x-G--G X-x-x-G--F 

c DrJvrvl=-m 
Pig. 4. Productive complexes of p-D-xylanase of C. albrdw with cellobiosr-containing xylosaccharides: 

A, enzymes’-0-p-u-xylosylcellobiose complex; B. ctnzy1nc-h’.O-P-n-xylobiosylcelloblose complexes 
formed at low concentration of substrate: C. tcrmolccular shifted cnzyme~‘.O-p-D-xylobiosylcel- 
lob&c complex formed at high concentration of substrate: D, enzymes’.0-P-o-xylotriosylcrllobiosc 
complexes formed at low concentration of substrate. Roman numerals mark the cn~ymc subsItes 
around the catalytic groups (arrow). 
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higher oligosaccharides rather than a primary product of xyk@ transfer tr) ccl- 

lobiose. 

6’.O-p-D-Xylosylcellobiuse forms only a shifted productive complex with the 

enzyme (Fig. 3A), in contrast to the unimalecnlar mode of binding of xylotrioae’. 

The cellohiosyt moiety directs the whstratc to an uncunvcntional pwittun. hccausc 

the subsitc 1 cannot accommodate a gtucosyl residue. A Gmtlar. shifted enrymr~~ 

whstrate complex is formed with .3-O-~-n-xylopyran~~sylxyi~~l~io~~”. 

6’.O-P-D-Xylohiosy1celtobt~sc. at low conccntratlw7s. fol-tn\ tw<i produclivr 

complexes with the txvyme (Fig. 38). of which that with all the xuhvtes wcupietf 

preponderates. At high concentrations, the trtrasaccharide xems to he degraded 

by a mechantsm involving transglycvsytation whtch xcompanies \ubctrate d~1gra- 

dation via a tcrmolecular shifted enzymc~suhstratc complex (Ftg. &‘I 

The man productive binding of ,!3-u-xylanax with 6’-O-B-n-x~lotriosyl~~l- 

loblose, at low ctmcrntrationx ofxuhstratz, involves intrrdctiun 0f the rnzymr sub- 

site with all ot the xylosyl rcsiducs present in the substrate molecule (Fig. 411). In 

genei-al. the mechanism of &gradation pi ccllc,t,icrse~c~,ntainin~~ xyl~x~ccharides by 

C. ulbidus &I>,-xylanase is strongly dependent on substrate amccntr;rtion, as has 

been dcmonstratrd wtth (1 -~)-P-o-xylos:rccharides”. 

6’-O-Xylosylated cellohiose has been isolated from snzymic digests of vari- 

ous plant xyloglucans. but. III all c~~sc~, the wxylose was reported” “I to Ix CI- 

tinlied. 
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