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ABSTRACT. The three-dimensional structureseridel,4-xylanase Il (XYNII) fromTrichoderma reesei
complexed with 4,5-epoxypentgtb-xyloside (X-O-G), 3,4-epoxybuty3-p-xyloside (X-O-G), and 2,3-
epoxypropyls-p-xyloside (X-O-G) were determined by X-ray crystallography. High-resolution measure-
ment revealed clear electron densities for each ligand. Both X-@@ X-O-G were found to form a
covalent bond with the putative nucleophile Glu86. Unexpectedly, XsQv&s found to bind to the
putative acid/base catalyst Glul77. In all three complexes, clear conformational changes were found in
XYNII compared to the native structure. These changes were largest in the XeOr@plex structure.

Due to its potential applications, for example, in the pulp 2 1 +1 +2
bleaching and food and feed industry, the enzymatic hy- Ho o ° l Ho °” °
drolysis of xylan has recently drawn more and more attention. 4 HOm\ %owo%
endel,4-Xylanase Il fromTrichoderma reeseiXYNII)  is
one of the best characterized hemicellulolytic enzymes 0 o
(Tenkanen et al., 1992). XYNII cleaves thel,4-glycosidic b X-0-Cs H°M°M
linkage between two xylose residues (Figure 1a). The "
enzyme is an endohydrolase consisting of a single 190 o
residue polypeptide chain folded into one domain composed X-0-C, “°m0\/\<\
of two 3-sheets packed parallel to each other andwchelix. on ©
The two separat8-sheets are oriented at almost @hgles .
relative to one another, forming an overall shape that has X0C, Homo\/@
been described as similar to a right hand. The fagheets oH
form the fingers, and the twisted part of tfiesheets and -

OH

the a-helix form the palm. The concave face of the twisted ¢ CAG-OC ngOMO\/\{‘
0.C, 5

OH o

p-sheets forms the substrate binding site. The long loop CHz0H
between twgs-strands makes a “thumb” which partly closes Ficure 1: (a) Chemical structure of a model substrate, xylotetraose.
the cleft (Figure 2a). The point of cleavage by XYNII at a 1,4-p-glucosidic bond is

Two glutamic acid residues located on the different sites marked by an arrow. The number, —1, +1, and+2 refer the

s ; .. different subsites of the enzyme. (b) Chemical structures of XYNII
of the substrate binding cleft of XYNII are putative catalytic ligands X-O-G, X-O-Cy, and X-O-G, (¢) Chemical structures of

residues (Todnen et al., 1994). Both of the residues are Bacillus1,3-1,48-glucanase ligand G4G-O(Keitel et al., 1993).
completely conserved among XYNII homologous xylanases

(family 11/G) (Taronen et al., 1993a). Glul77is probably pas five subsites:2, —1, +1, +2, and+3, where positive

the so-called acid/base catalyst whereas Glug6 is likely to nympers represent reducing end direction and negative
be the nucleophile. In a previous paper'(ibmen et al.,  nonreducing end direction. The cleavage takes place be-
1995) we reported that a change in pH caused a striking yyeen subsites-1 and+1 (Figure 1a). The side chain Trp18
conformational change in the active site of XYNII, especially 5rms subsite-2, in which the residues Tyr77 and Tyr171

in the position of the catalytic residue Glul77. The change .5p pe hydrogen-bonded to the substrate. Subsiteand

in Glu177 brings it closer to the substrate. XYNII probably 1 \yere expected to have no potential interactions other than
those of the catalytic residues Glu86 and Glul77. The
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School “Protein Structure and Function” (R.H.). residues Tyrl79 and Tyr96 are thought to determine subsites
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epoxybutyl3-p-cellobioside. epoxyalkyl glycosides have proved to be beneficial when
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FIGURE 2: (&) Schematic drawing of XYNII (drawn using Molscript; Kraulis, 1991). (b) Superimpogesé&etons of two XYNII molecules
in stereo, native A (pH 4.5) (thick lines) and X-Or€mplex B molecule (thin line) showing the conformational change caused by ligand
binding. The ligand in the active site is from the complex structure Xs0-C

studying the ligand binding and reaction mechanisms of vealed also conformational changes in the protein, different
glycosyl hydrolases. It has been suggested that the epoxybinding modes, as well as new information about enzyme
oxygen acts as the target for the nucleophilic attack from mechanism. We present here the results of the analysis of
the acidic catalytic residue and the sugar moieties attachedthree complex structures of XYNII using the covalently-
to the aglycon can bind to the subsites of the enzyme in thebinding inhibitors 4,5-epoxypenty-p-xyloside (X-O-G),
same manner as the natural substrate (Hgj et al., 1989). 3,4-epoxybutyj3-p-xyloside (X-O-G), and 2,3-epoxypropyl
While a number of kinetics studies using epoxy-based j-p-xyloside (X-O-G) (Figure 1b).
inhibitors have been reported (Hgj et al., 1989, 1991, 1992;
Clarke et al., 1988), there have been few complex crystal EXPERIMENTAL PROCEDURES
structure analyses using these covalently-binding alkylating Inhibitors. The chemicalo-(+)-xylose, 4-penten-1-ol,
agents. The complex structuresBa#cillusH(A16-M) hybrid 3-buten-1-ol, and 2-propen-1-ol were produced by Aldrich.
1,3-1,4-glucanase with the covalently-bound inhibitor 3,4- The inhibitors used in this study were mixtures of diastere-
epoxybutyl3-p-cellobioside (G4G-0O-¢) (Figure 1c) have  oisomers of epoxyalky$-p-xylosides. The epoxyalkyi-p-
been determined at 2.0 A resolution. In this study the ligand xylopyranoses were prepared by a modified Koenigs-Knorr
formed the covalent bond with the catalytic nucleophilic condensation of 2,3,4-tD-benzoyle--D-xylopyranosyl bro-
residue, Glul05. A long butyl linker is strongly twisted and mide with the appropriate unsaturated alcohol (4-penten-1-
makes no close contacts to active-site atoms. The positionol, 3-buten-1-ol, and 2-propen-1-ol). The epoxyalkyb-
of the hydroxyl group of th¢g-hydroxy ester was not visible  xylopyranoses were purified by column chromatography
in the electron density map (Keitel et al., 1993). performed on short columns (£@5 cm) of silica gel (Merck
Barley 1,38-p-glucanase isoenzyme Gll complexed with  70-230 mesh ASTM). Thin-layer chromatography (t.l.c.)
the inhibitor 2,3-epoxypropyp-laminaribioside has been was performed on silica gel 60 F254, precoated aluminium
determined at 2.8 A resolution. The coordinates of this sheets (Merck Article 5554). The double bonds were
complex are not available in the Brookhaven data bank, andoxidized to epoxides witm-chloroperoxybenzoic acid. The
the electron density of the complex structure has not beeninhibitors were stored as their benzoylates in the dark at 4
presented. However, the ligand was found to form a covalent°C. Prior to use, they were suspended in anhydrous MeOH
bond with the nucleophile Glu231 (Chen et al., 1995). to a concentration of 100 mg/mL and deacetylated with an
In this study the aim was to characterize the substrate equal volume of 1 M NaOMe at room temperature for 60
binding cleft of xylanases by using the covalently-binding min with continuous mixing. The sample was then neutral-
inhibitors. Interestingly, the observed ligand binding re- ized with 1 M HCl and filtered. The filtrate was evaporated
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Table 1: Crystal and Diffraction Data Table 2: Summary of Refinement
benzoic benzoic
X-0-Cs X-0-C4 X-0-Cs acid X-0-Cs X-0-C4 X-O-Cs3 acid
pH 6.1 5.3 5.8 5.8 resolution of data (A) 8616 8.0-1.6 80-1.8 8.0-1.6
no. of crystals 1 1 1 1 R factor (%) 18.0 18.1 18.1 19.9
space group P2, P2, P2, P2, reflns used 33775 31504 26750 29913
a (A) 81.94 81.84 82.34 81.66 freeR factor (%) 22.2 22.3 22.9 24.7
b (A) 60.96 60.81 60.88 60.81 no. of non-H-atoms 3275 3222 3233 3258
c(A) 38.04 38.09 37.89 38.12 protein 2960 2960 2960 2960
£ (deg) 94.03 94.20 94.28 94.41 water 290 238 250 289
max resolution (&) 1.6 1.7 1.8 1.6 Itl)gand_ id 196 195 194 9
refins collected 88868 84926 82450 110823 devgt‘é‘r’]“]ﬁrﬁ% deality
o refins o005 Sobal S0167 33695 bond lengths (A) 0006 0006 0005  0.005
, . . ' bond angles (deg) 1.4 1.4 1.3 1.3
0,
comple.tenefss (%) 76.0 85.1 85.5 67.3 dihedrals (deg) 272 270 271 272
resolution bin 1617 1/+/18 1819 16-17 improper dihedrals (deg) 1.0 1.0 0.9 0.9
1o(1) 1.9 2.4 2.7 16 av B factors (&) 20.8 215 22.4 18.7
completeness (%)  25.9 57.5 60.3 17.7 main chain atoms 18.1 18.5 19.6 15.9
Rmerge (%0)* 7.28 9.07 8.60 9.41 all protein atoms 19.3 19.9 21.0 17.1
a — 2(i) — [E2(i 2(i water 35.0 35.8 38.4 344
Rmerge 100 x 3 3 |F4(i) 231 0. 3 F2(1). Iigand 30.2 36.5 23.9
benzoic acid 42.9 54.7 48.9 43.9
to dryness under reduced pressure af@5 The products ~ PDB code IRED IREE 1REF
were analyzed by usingd and*3C NMR spectroscopy. The aRfactor= y|F, — Fl/YFo.

spectra of studied compounds showed the peaks correspond-
ing the epoxyl compounds. In addition, the samples t5010r for the water molecules was 602A The final
contained some impurities, mainly benzoic acid. Because afinement statistics are given in Table 2.

of small yield, the products were not purified further but

were used immediately for soaking. RESULTS
Enzyme, Crystallization, and Soaking Experimersi-
rification and crystallization of the nativendoe1,4-xylanase Binding of the Inhibitors to the Acte Site The XYNII
Il from Trichoderma reesehas earlier been described by Crystals belonged to the space grdef and contained two
Torronen et al. (1992, 1993b). For soaking, 100 of enzyme molecules named as A and B in an asymmetric unit.

saturated inhibitor solution in water was mixed with 200 The inhibitors were bound only to molecule B. No electron
of 5 M ammonium sulfate. The concentration of inhibitor density was observed for any ligand in the active site of
in soaking solutions was estimated to be 50 mg/mL. The molecule A in all three complex structures. The omit
pH of the X-O-G, X-O-C,, and X-O-G soaking solutions difference electron density maps of the bound ligand and
were 6.1, 5.3, and 5.8, respectively. Before measuring, thethe corresponding glutamic acid residue are shown in Figure
native crystals were soaked in these solutions overnight. 3 together with the final atomic models after the structure
Crystallography The X-ray diffraction data were col- reﬁngr_‘nent. The_ final maps showed very good electrqn
lected at 20°C using an R-AXIS IIC imaging plate area densities for the ligands. For example, the electron density
detector mounted on a Rigaku RU200HB rotating anode Of the hydroxyl group formed of the ligands is visible in all
generator using Cu & radiation. The current was set at of the three complex structures determined. The inhibitor
180 mA and the voltage at 50 kV. The oscillation method solutions were a mixture dR and S stereoisomers. Based
was used to measure diffraction intensities. Exposures ofOn the refined complex structures, the bound epoxy ligands
10 min per % oscillation were used over the range of 180  X-0O-Cs and X-O-G seem to be of the isomé&but X-O-C,
The observed decay during data collection was under 20%.could be eitheR or Sisomer.
The R-AXIS image plate data were scaled and processed X-O-G bound covalently to the catalytic residue Glu86.
with the R-AXIS software (Sato et al., 1992). The data The covalent attachment is indicated by the continuous
collection statistics are given in Table 1. The complex electron density in the side chain of Glu86 (Figure 3a). The
molecules were refined with X-PLOR (Bnger et al., 1987).  xylose moiety is in the chair conformation and occupies
The native protein coordinates were used in the refinementsubsite—2 and the twisted aglycon stretched over subsite
of the complex structures since both the native and com- —1. The torsion angles of the chain are all staggered or
plexed protein had the same cell dimensions and belongednear staggered. The xylose unit forms hydrogen bonds
to the same space group2,. For the complex structures  between its hydroxyl groups and the side chains of the
with ligands X-O-G, X-O-C,, and X-O-G diffraction data residues Tyr77 and Tyrl71. The hydroxyl group of the
in the range of 8.61.6 A, 1.7 and 1.8 A were used, hydroxyl ester formed is hydrogen-bonded to the residues
respectively. The refinement cycles included energy mini- Tyr88, Tyr77, and the catalytic residue Glul77. The ether
mization and individuaB factor refinement. Fourier maps 0xygen also forms a hydrogen bond to the Tyr77. Trpl8
and model phases were calculated after each refinemengontributes to the ligand binding by packing against the
cycle. 3F.| — |F¢ and|F, — |F¢| were used as Fourier ligand and so holds the xylose moiety stably in place. The
map coefficients. Some manual corrections in the side chainhydrogen bonding of the inhibitor is presented in more detail
geometry and water position adjustment along with adding in Figures 4a and 5a.
water molecules were made with program O (Jones et al., X-O-C,. The original electron density map suggested a
1991) between the refinement cycles. The cutoff temperaturebinding to Glul77 although the electron density was not
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b)

Ficure 3: The omit electron density maps (coefficiéits — Fcai9 around the ligand and the corresponding glutamic acid residue (drawn
using XtalView; McRee, 1992). All the maps are contoured at2evel and superimposed on the final atomic model: (a) X-£{B)

X-0-Cy; (€) X-O-Cs.

continuous. The refinement process improved the ligand (Figures 4b and 5b). A somewhat obscure electron density
electron density confirming the binding of the ligand (Figure was also observed on the other side of the active site, and it
3b). The binding of the xylose moiety is similar to that in may indicate weak ligand binding also to the subsites

the complex structure X-O-C The hydroxyl group of the  and+1.

hydroxyl ester formed is hydrogen-bonded to the side chains X-O-G; binds convalently to the side chain of the catalytic
of the residues Tyr88, Tyr77, and the catalytic residue Glu86 residue Glu86 (Figure 3c). The xylose moiety is stabilized
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a)
A, Y88
W1 =9 E86
Y88
W1
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Y77
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Ficure 4: Binding of ligands in the active site of XYNII. (a) X-OsC(b) X-O-C,, and (c) X-O-G. Figures are drawn with Molscript
(Kraulis, 1991).

by hydrogen bonds to the residues Tyr77 and Tyrl71, andthe asymmetric unit. The discovered electron density was
the ether oxygen forms a hydrogen bond with the residue suspected to be benzoic acid, which appeared as an inpurity
Tyr77. The hydroxyl group formed is hydrogen-bonded to in the inhibitor solution. To confirm the coordination of
the catalytic residue Glul77. Moreover, the catalytic residue benzoic acid, a crystal was soaked in benzoic acid solution,
Glul77 and residue Tyr88 are also hydrogen-bonded. Trpl8a data set collected, and the structure refined (Tables 1 and
packs against the xylose moiety as is the case in the two2). The initial difference electron density map had previously
other complex structures, X-Oz@nd X-O-G (Figures 4c showed similar flat electron density between the A and B
and 5c¢). The twisted aglycon stretched over subsiteand molecules, as observed in the all three complex structures.
the torsion angles of the chain are all staggered or nearThe benzoic acid molecule binds in the small cavity between
staggered. the A and B molecules and forms hydrophobic contacts with
Binding of Benzoic Acid In the first complex structure  six residues, namely, with three N-terminal residues, GInl,
determined, X-O-g a large flat electron density was Thr2, and lle3, of molecule B and with three residues,
observed between the two XYNII molecules, A and B, in Lys104, Gly106, and Glul07, of the A molecule. The
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Ficure 5: Hydrogen-bonding of the ligands in the active site cleft of XYNII: (a) X-@-®) X-O-C,;, and (¢) X-O-G. The distances
between non-hydrogen atoms are given in arigssr¢A).

Table 3: The rms Differences between Xylanase Moleéules

(a) Between A Xylanase Molecules Pyl
natlve A CompleX A H22-G23 T120:Q121 5139 Hz,ﬂsi
pH pH45 pH6.0 pH6.5 X-O-€ X-O-C;, X-O-C3 304
natve A 45 0.092 0.158 0.221 0.190 0.318
native A 6.0 0.099 0.176 0.153 0.278 o 144
natve A 6.5 0.128 0.116  0.237 ; :
X-0-CsA 6.1 0.092 0.162 wof  --- apw —_ —
X-0-C,A 5.3 0.181 — o
X-0-C;A 5.8
st
(b) Between B Xylanase Molecules
native B complex B sl
pH pH4.5 pH6.0 pH6.5 X-O-€ X-O-C;, X-O-C3 Ficure 6: The differences of th¢ andy main chain torsion angles
native B 45 0081 0128 0321 0274 o580 Dbetween the native A molecule (measured at pH 4.5) and the B

molecule complexed with X-O-£

natve B 6.0 0.094 0.314 0.274 0.581
tveB 6.5 0.273  0.240 0534 . :
natve approximately 2 times larger (0.240.581 A) (Table 3b).
§'8'g5g gé 0.138 (?55402 There are also differences between the three ligands used.
-U-Ls . B .
X-O-CsB 5.8 The change was smallest in X-Qr(D.240-0.274 A) and
(c) Between A and B Xylanase Molecules slighly larger in X—O—Q,.whereas X-O-gcaused a signifi-
native A complex A cantly greater change in the whole structure (0-58484

A). The largest difference was found when comparing

H pH4.5 pH6.0 pH6.5 X-O-€ X-O-C; X-O-C )

. PP P P s : ‘ molecule A measured at pH 4.5 and molecule B complexed

native B 45 0244 0249 0276 0272 0249 0276 ity X.0-C, (0.690 A). The conformational changes were

natve B 6.0 0.240 0231 0.251 0249 0.228 0.253 . . . , ; ;
studied further by calculating the difference in the main chain

natve B 6.5 0.272 0.246 0242 0226 0215 0212 St : :
X-0-CsB 6.1 0484 0451 0430 0386 0340 0.314 dihedral torsion angles between the native moIeche A (pH
X-0-C;B 5.3 0.422 0.394 0378 0389 0340 0285 4.5) and the molecule B complexed with X-Q-Gigure

X-0-C;B 5.8 0.690 0.653 0.612 0562 0.574 0.491 6). The peptide flip between His22 and Gly23 in the fingers
aThe three native structures measured at different pH have been'®gion (Figure 2b) caused the largest change. This change
determined earlier (Trobnen et al., 1995). has been observed constantly between A and B molecules,
and it is probably not related to the movement of the thumb.
coordination of the benzoic acid did not influence the There are no significant changes in the backbone torsion
conformation of XYNII but was an interesting side observa- angles in the thumb region but slightly larger changes in the
tion. residues just before (Thr120 and GIn121) and after (Ser139)
Changes in the Enzyme Structur@he conformational  the thumb polypeptide region. In addition, the changes can
changes were analyzed by calculating the rms difference frombe observed in the irregular polypeptide structure, namely,
Co. atoms between all the refined individual A or B in Leul64, Thrl65, and Leul66, following thehelix.
molecules (Table 3) by using the Isq option of the program  When analyzing different conformations, we soon realized
O (Jones et al., 1991). The effect of ligand binding is clearly that these differences are related to the position of the
seen in these numbers. The striking feature was that all the“thumb”, a long irregular structure which closes the active
ligands bound only to molecule B. In spite of this, small site (Figure 2a). As a measure of the movement or closeness
changes in molecule A were also observed (0-10.818 of the “thumb”, the distance between two atomg; 6f
A) compared to the nonliganded A molecule (Table 3a). Pro126 and G2 or Trp18, on the opposite side of the active
Ligand binding to molecule B causes a change which is site cleft were calculated (Table 4). The calculated distance
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Table 4: The Closeness of the Thumb: The Distance (A) between
Cy or Pro126 and €2 of Trpl18

PDB code structure molecule A molecule B
1XYO native pH 4.5 7.4 6.7
1ENX native pH 6.0 7.2 6.7
1XYP native pH 6.5 7.3 6.7
1RED X-0-G 7.0 55
1REE X-0-G 7.0 55
1REF X-0-G 6.7 4.8

was largest in the native A molecule, 7.4 A. The native B
molecule is more closed, the distance being 6.7 A. In
complexed molecule B the distances for X-@-&-0O-C,,

and X-O-G were calculated to be 5.1, 5.5, and 4.6 A,
respectively. Thus the binding of the shortest ligand, X-O-
Cs, caused the movement in the position of the “thumb”.

Biochemistry, Vol. 35, No. 29, 199®623

might be more unfavorable than the used XYNII ligands
because many dihedral torsions are eclipsed.

So far, only one ligangdenzyme complex structure in
family G xylanases has been published (Wakarchuk et al.,
1994). In this study xylotetraose was soaked in the crystal
of the inactive mutant (Glul72Cys) d@acillus circulans
xylanase. The study showed electron density in two subsites
(corresponding to subsites2 and—1). The xylose ring in
subsite—2 binds in a similar manner to the xylose residue
in XYNII complexes. The inhibitors aglycon-spanning
subsite—1 in XYNII occupy an analogous position to the
second xylose ring in the vicinity of the glutamic acid
residues Glu78 and Glul72 to th& circulans complex
structure.

Conformational ChangesWe previously determined three
native XYNII structures at pH 4.5, 6.0, and 6.5 (T@en

Especially the highly conserved side chain Tyrl37 and etal., 1995). In this study we have determined three XYNII
Leul64 had undergone a conformational change. Tyrl37 complex structures. One alternative to compare structure is
is located in thes-strand, next to the loop region forming to use the rms difference (Table 3). When comparing
the “thumb” of the imaginary “right hand”. The residue different values, one must keep in the mind that the average
Tyrl37 turned at about 90as a consequence of the coordinate error of the structures is approximately 0.2 A.
movement of the whole loop region (Figure 2b). Some of the calculated differences are thus very small, but
all together they may give a general view about the different
conformations observed in XYNII crystals. In these six
structures we can observe three kinds of conformational
changes. These are due to (1) the crystal packing, (2) pH
change, and (3) ligand binding. Some of the changes are
local, for example, the specific side chain movements or
movements in the position of the “thumb”.

The influence of crystal packing is reflected in the
fferences between the A and B molecules (Table 3c). In
the native structures the rms differences between the
molecules are in the same range, 020276 A. The ligand
binding to molecule B does not seem to affect the conforma-
tion of the unliganded A molecule because the rms difference
between the A molecule from the complex structures and
the B molecule from the native structures are in the same
range, 0.2120.276 A.

DISCUSSION

Ligand Binding In all the measured complex structures
the inhibitor was bound only to molecule B in the asymmetric
unit. By inspecting the packing of the molecules, it was
concluded that this is probably not due to the crystal packing
which could prevent the ligand molecule from binding to
the active site of molecule A. The most likely explanation ;
for the ligand binding only to molecule B is that the two
molecules, A and B, in the asymmetric unit have slightly
different conformations. The thumb has closed the active
site a little bit more in molecule B than in molecule A.
However, the difference is small as indicated by the distance
between @ of Prol126 and €2 of Trpl8 which is ap-
proximately 0.5 A shorter in molecule B than in molecule
A. Yet, the final reason for the observed differences in the The pH change in particular caused the conformational

ligand binding in the XYNII crystals remains open. change in the catalytic residue Glul77"(fiamen et al.,

~ The measurement of three complex structures showed1994). The magnitude of this change can be estimated by
interesting similarities but also differences in ligand binding. comparing different native A and A or B and B molecules.
In all three cases the xylose residue binding to subse  |n these structures, the rms difference is small, 0:6®258

was very similar; for example, the hydrogen bonds with A probably within the experimental error limits (Table 3a
Tyr77 and Tyrl71 as well as the packing with Trp18 were gnd 3h).

the same. Itis thus clear that the xylose residue dictates the | this study we can now estimate the effect of ligand
b|nd|ng Of the Compounds and the b|nd|ng Of the different b|nd|ng on the structure Of XYNII. When we Compare
aglycon chains can vary. The aglycon occupies subslte  |iganded B molecules and native B molecules, the rms
and although the lengths of the aliphatic side chain varies, difference is 0.2730.534 A. The change is thus signifi-
the ligand can adopt a suitable conformation for binding to cantly larger than the changes due to the pH change or crystal
the active site. In the X-O-£complex the aliphatic chain  packing. By comparing the structures, it is quite obvious
is strongly twisted reaching the nucleophilic Glug6. The that these changes are especially due to the changes around
X-O-C4 complex represents an intermediate stage where itthe active site. The conformational change is also related
is probably incapable of adopting a suitable conformation g the ligand used. In X-O-Cthe change was smallest
to form a covalent bond with Glu86 but is in a favourable Compared to native molecules (02-4@_274 A) whereas in
position toward an acid/base catalyst, Glul77. The shortestx.0-C; the change was largest (0.538.581 A). The latter
ligand, X-O-G, seems to fit best into the active site reaching case probably better resembles the binding of the natural
Glu86. In this structure the thumb was the most closed. Substrate’ Xy'an_ We could |dent|fy Changes both in the main
More detailed information for the similar mechanism-based chain torsion angles (Figure 6) and in the side chain torsion
inhibitor is available only for 3,4-epoxybutglp-cellobioside angles, especially in Tyrl37 and Leul64. These changes
bound to the active site @acillus1,3-1,4-glucanase (Keitel are concentrated mainly in the area on the base of the thumb
et al., 1993). In this case the ligand has formed a covalent(Figure 2b). It is possible that this region forms part of the
link with the catalytic nucleophile. The binding of this ligand hinge which regulates the closing or opening of the thumb.
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The family 11/G xylanases (Henrissat et al., 1993r-To The different covalent binding of the epoxide xylosides
ronen et al., 1993a) all have highly conserved catalytic used indicates that the reaction mechanisms must be slightly
residues and a unique fold typical to them. As a result of different. Recently, Kuroki et al. have shown that the
this study, it can be suggested that the family 11/G xylanasesreaction mechanism of another glycosidase, T4 lysozyme,
function in a similar manner in the case of the enzyme can be changed by site-directed mutagenesis (Kuroki et al.,
changing the conformation when binding the substrate. The 1995). This study suggests that the reaction mechanism can
trigger for the conformational change is probably the also be affected by changing the ligand although XYNII
substrate binding to the active site especially to the subsitesworks with a single mechanism with natural substrate. In
—1and—2. In particular in the case of XYNII the packing addition, this study has indicated that the epoxide xylosides
of Trpl1 against the xylose ring seems to be important for cannot be used to label the catalytic nucleophile.
the triggering.
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