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ABSTRACT: Sulfolobus solfataricug-glycosidase expressed Escherichia coliwas fully inactivated at

65 °C, according to pseudo-first-order kinetics, Byconduritol B epoxideL-1,2 anhydramyoinositol)
synthesized as the active site directed inhibitor by a slight modification of Legler’s procedure [Legler, G.
(1977)Methods Enzymol. 4868-381]. The determination of kinetic constants for the inactivation showed
that the process took place through the formation of a stabilized inhitetmzyme intermediate.
Inactivation and reactivation studies suggested that the inhitetaryme intermediate complex was formed

more rapidly and hydrolyzed at a lower rate than it was for other glycosidases. Moreover, the stoichiometry
of the binding, determined by electrospray mass spectrometric analysis, revealed that one molecule of the
inhibitor was covalently bound to each enzyme subunit. The binding sitéHjcdnduritol B epoxide

was identified by the isolation and partial sequence analysis of the radioactive peptide obtained by cyanogen
bromide and pepsin digests. Electrospray tandem mass analysis of the labeled peptide showed that the
inhibitor was covalently bound to E387. This result, in agreement with data obtained from sequence
alignments ofS. solfataricugi-glycosidase with other gluco- and galactosidases of the glycosyl hydrolase
family 1 [Henrissat, B. (1991Biochem. J 280, 309-316], indicates that the conserved E387 is the
nucleophilic amino acid residue in the active site of the enzyme.

As industrial biocatalysts, enzymes have long been in usecrystallized (Pearl et al., 1993), and its structure has been
in food processing and pharmaceutical areas. Some of thesolved at 2.6 A (Sanderson et al., 1996). Investigations on
most common industrial enzymes and their applications the effects of detergents on the functional and structural
include glycosidases, which, being responsible for the properties ofS. solfataricus3-glycosidase have shown that
hydrolytic cleavage of glycosyl bonds, are utilized as sodium dodecyl sulfate (SDSjctivated the enzyme at room
catalysts of lactose hydrolysis in dairy products in the food temperature and modified its substrate specificity. In fact,
industry (Cheetham, 1985; Ghose & Mattiasson, 1993).  in the presence of SDS, the enzyme was unable to hydrolyze

In our laboratory, af-galactosidase activity from the natural substrates, such as cellobiose and laminaribiose, while
thermophilic archaeoBulfolobus solfataricysgrown at 87 an activation (50%) was observed when synthetic substrates,
°C, pH 3.0 (De Rosa et al, 1980), was purified t0 such as 2-nitrophenyB-b-galactopyranoside and 4-nitro-

homogeneity (Pisani et al., 1990). It was barely active up phenyls-p-glucopyranoside (pNPGlu), were utilized (Nucci
to 30°C, showing its maximal enzyme activity over 96, et al., 1995).

at pH 7.0. More recently, thg-galactosidase activity has
been characterized as a glycosyl hydrolase, and in view of
its wide substrate specificity and exoglucosidase activity, the
enzyme has been classified g8-glycosidase (Nucci et al.,

Identification of the amino acid residues occurring at the
active site in glycosidases is of considerable importance for
structure/function or mutagenic studies as well as, when

1993). The gene coding for this enzyme has been clonegMutants are b‘?‘”g designed, for providing enzymes with
and expressed in bofscherichia col(Cubellis et al., 1990)  itered properties.

and Saccharomyces cersiae (Moracci et al., 1992). The In an effort to further contribute to the structure/function
recombinant enzymes have been purified to homogeneity andstudies of the glycosidases family, we performed a mecha-
characterized, showing the same structural and functionalnistic characterization of the thermophiffeglycosidase by
features as the native enzyme (Moracci et al., 1995; D’Auria
et al.,, 1996). Moreover, the native enzyme has been

1 Abbreviations: {H]CBE, [2-*H]-pL-1,2-anhydramyeinositol; CBE,
pL-1,2-anhydromyainositol; Sgly, Sulfolobus solfataricug-glycosi-
T Supported by Target Project “Ingegneria Genetica” (CNR Italy). dase expressed Escherichia coliCNBr, cyanogen bromid@NPGlu,

Partially supported by EU Project on Extremophiles. 4-nitrophenyl3-p-glucopyranoside; SDS, sodium dodecyl sulfate; TFA,
*To whom correspondence should be addressed. trifluoroacetic acid; ESMS, electrospray mass spectrometry; MS/MS,
* Also at the University of Naples. tandem mass spectrometry; FABMS, fast atom bombardment mass
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using [24H]conduritol B epoxide @H]CBE) (Legler, 1977). One enzymatic unit was defined as the enzyme amount
This family of inhibitor molecules is widely used for catalyzing the hydrolysis of 1.0mol of substrate in 1 min
identifying active site nucleophiles in glycosidases, as in at 75°C, assuming amsos of 13 x 10° M~* min~? for the
bitter (Legler & Harder, 1978) and sweet almgfdjlucosi- pPNPGIu.
dases (Legler & Hasnain, 1970). Inhibition Kinetics. gly inactivation by CBE was moni-
This paper is concerned with the inhibition kinetic studies tored by incubating the enzyme in 50 mM sodium phosphate,
of S. solfataricug3-glycosidase expressed i coli (5gly) pH 7.0, at 65°C, in the presence of different CBE
by conduritol B epoxide (CBE), as well as with the concentrations (0, 10, 20, 30, 40, 50, 70,8@). Residual
identification of its active site nucleophile by mass spec- activity was determined at different times by assaying a 5

trometry. uL aliquot of the inactivation mixture for glucosidase activity.
The pseudo-first-order rate constant at each inhibitor
EXPERIMENTAL PROCEDURES concentrationko.ps Was determined by plotting the natural

logarithm of the residual activity versus time. By replotting
the reciprocal of the pseudo-first-order rate constants versus
the reciprocal of the inhibitor concentrations, we found the
values for the inactivation ratek) and the equilibrium
binding (K;) constants.

Materials. All chemicals were of analytical grade. The
conduritol B epoxide andnycinositol were from Sigma.
[2-*H]-myoInositol was from Amersham. The HPLC chro-
matographic system Gold was from Beckmald NMR

iﬂpsc;cra were recorded on a Bruker WM 270 instrument (270 Protection against inhibition was performed by following
32 : . . . the inactivation rate at 5%0M CBE in the presence of-€0.05
[*H]Conduritol B Epoxide Synthesis. (A) 1,2-0-1S0pro- 54 9.1 M glucosel; = 96 mM; Pisani et al., 1990).
pylidene-myo-inositol 2,2-Dimethoxypropane (0.55 mL) and Reactivation of the inhibited enzyme was investigated by
p—tqluenesulfonlc acid (4 mg) in anhydrous d'”ﬁeth.V' sul- removing the excess of the inhibitor by a centrifugal
foxide (1 mL) were added to the mixture aiyoinositol microconcentrator (Centricon 30, Amicon, Inc., Beverly,

(200 mg, 1.1 mmol) andnyo[2-*H]inositol (8.7 x 10™°  \1ay and by incubating it in 50 mM sodium phosphate
mmol). After 30 min at 100C the reaction was quenched buffer, pH 7.0 at 30C, in the absence and in the presence
by addition of triethylamine (0.05 mL) and ethanol (2 mL). t 5 05 and 0.1 M glucose. Enzyme activity was assayed
The mixture was dried under reduced pressure, dissolved i”for over 300 h, using 4.0 M\WNPGIu as substrate.

1 mL of H,O/CHOH (8:2 viv), and chromatographed ona Determination of the Acte Site NucleophileSgly (31.87
reversed-phase C-18 column (Lobar Merck). The fractions nmol) was treated wittH]CBE (744L, 21.5 mM, specific
eluted with 10 mL of HO/CHOH (8:2 v/v) yielded 180 activity 0.537 nCi/nmo) in 1.0 mL10f 50 mf\/l sodium
mg of 1,20-isopropylidenemyoinositol (75% yield). *H phosphate buffer, pH 7.0, and incubated at65for 24 h;

NMR data were in agreement with the values reported in gger incubation, the enzyme was 99% inactivated, while the
the literature (Legler, 1977). _ _ control enzyme retained full activity. Unboun@H]CBE
_ (B) 3,4,5,6-Tetra-O-acetyl-1,2-O-isopropylidene-myo- \yas removed by a centrifugal microconcentrator. Before
inositol. 1,2-0-Isopropylidenemyoinositol (180 mg, 0.82  peing discarded, the filtered material was assayed and no
mmol), dissolved in pyridine (3 mL), was treated with acetic protein was detected. The resulting radiolabeled enzyme was
anhydride (2 mL). Afte3 h atroom tempefature, 3mLof jcubated with cyanogen bromide (CNBr) in 200 of 70%
CHyOH was added, and the mixture was dried under reducedyif|yoroacetic acid (TFA), using a 10-fold molar excess of
pressure. The residue was dissolved in GHCb mL) and reagent on methionine residues, for 18 h at room temperature
washed three times with water (30 mL). The organic layer i, the dark. The CNBr reaction was stopped by adding 10
dried under reduceq pressure provideq alr_nost pure 3,4,5,6y,0lumes of water, and the sample was lyophilized. The
tetraO-acetyl-1,20-isopropylidenemyoinositol (294 mg,  resylting peptide mixture was purified by reversed-phase
93% yield). *H NMR (270 MHz, CDC}) 6: 5.50 (1H, dd),  HpLC on a Viydac C-18 column (218TP54, 250 nxm4.6
5.32-5.17 (2H, complex signal), 5.03 (1H, dd) [H-3,4,5,6]; ' mm, 54m, 300 A pore size). The elution system consisted
2.09, 2.08, 2.04, 2.01 (3H each, 460); 1.59 and 1.33  of 0,19 TFA (eluent A) and 95% acetonitrile, containing
(2CHs isopropylidene). 0.07% TFA (eluent B); peptides were eluted by means of a
The synthesis procedure from 1,4,5,6-tefracetylmyo nonlinear gradient of eluent B (from 20% to 35% in 15 min
inositol to conduritol B epoxide was performed as described and from 35% to 60% in 33 min), at a flow rate of 1.0 mL/
by Legler (1977). At the end of the purification 36 mg of min; the elution profile was monitored at 220 nm. Fractions
pure conduritol B epoxide, with a final yield of 18%, was were collected and lyophilized. An aliquot of the radiola-
obtained. beled CNBr peptidic fragments was digested with pepsin for
Protein Purification and Enzymatic Assaysgly was 48 h at 37°C in 20% acetic acid, pH 2.0, using an enzyme:
overexpressed ig. coliand purified as described previously substrate ratio of 1:50 (w/w). The reaction was stopped by
(Moracci et al., 1995). Protein concentration was determined raising the pH to 4.5 with 40QuL of 5.0 M sodium
using theezgo of the protein (6.90« 10> M~t cm™) in 50 hydroxide. The sample was stored &4 The peptic digest
mM sodium phosphate buffer, pH 6.5, at 25, or by Bio- was fractionated by a Vydac C-18 reversed-phase HPLC,
Rad assay, using bovine serum albumin as standard (Bradusing the solvent system described above and a linear
ford, 1976). gradient of eluent B, from 0% to 55% in 65 min, at a flow
Assay for the glucosidase activity was carried out at 75 rate of 1.0 mL/min; the elution profile was monitored at 220
°Cin a 1.0 mL final volume reaction mixture containing 50 nm. Fractions were collected and stored-&0 °C.
mM sodium phosphate buffer, pH 6.5, and 4.0 pNIPGIlu A second aliquot of the CNBr-radiolabeled peptidic
(Km = 0.5 mM), and the release rate of the 4-nitrophenolate fragments was subdigested with endoproteinase Asp-N
was measured. (Boehringer Mannheim, Mannheim, Germany) in 0.4%
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enzyme:substrate ratio of 1:50 (w/w). The reaction was
stopped by lyophilization.

The N-terminal sequence of the modified peptide was B 500
determined by using an Applied Biosystems 477A pulsed-
liquid protein sequencer equipped with an Applied Biosys-
tems 120A HPLC apparatus for Pth-amino acid identification.

Electrospray mass spectrometric (ESMS) and electrospray
tandem mass spectrometric (MS/MS) analyses were per-
formed on HPLC-purified samples by using a VG BioQ triple 100
quadrupole mass spectrometer (Micromass, Manchester,

U.K.). Aliguots (10 uL) of the protein and/or peptide 0
solution were injected in the ion source at a flow rate of 10 0 10 20 30 40 S0 60
uL/min; the mass spectrometer was scanned frofn500 1[Il mM

to m/z 1800 at 10 s/scan, using a cone voltage of 40 V.
Fragmentation experiments were carried out using argonas
collision gas and a collision energy of 260 eV. Data were

acquired and elaborated using the MassLynx program. Mass
calibration was performed by means of the multiply charged

ions from a separate injection of horse heart myoglobin
(Sigma; average molecular mass 16951.5 Da); all masses

are reported as average mass.

Fast atom bombardment mass (FABMS) spectra were
recorded on a VG ZAB 2SE double-focusing mass spec-
trometer (Micromass, Manchester, U.K.) fitted with a VG ) .
cesium gun operating at 25 kV (2A). Samples were Time [min]
dissolved either in 5% acetic acid or in 0.1 M HCI, and 2 FiGcure 1: Inactivation ofggly by conduritol B epoxide. (A) The
uL aliquots were loaded onto a glycerol-coated probe tip; €nzyme (25Qug/mL) was incubated with different concentrations

. : : of CBE at 65°C in 50 mM sodium phosphate:Of 10, @) 20,
thioglycerol was added just before the probe was mserted(D) 30, @) 40, (1) 50, and &) 70 uM. (B) Reciprocal plot of the

into t_h_e ion source. Spectra were reco_rded on ultravi(_)let- slope from (A) against inhibitor concentration (mM). (C) Inhibition
sensitive paper and manually counted; signals were assigneay 50 uM CBE in the presence of different glucose concentra-

to the corresponding peptides within the enzyme sequencetions: ©) 0, (®) 50, and {0) 100 mM.

on the basis of their molecular masses with the aid of & ghows the kinetic inhibition reaction between the enzyme
suitable computer program (Pucci & Sepe, 1988). and CBE. The same inhibition mechanism has already been
described for calf liver cytosolig-glucosidase (Legler &
RESULTS AND DISCUSSION Bieberich, 1988), rat liver glucosidase Il (Alonso et al.,
Kinetic Inhibition Studies.CBE is a more refined version  1993), Agrobacterium faecalig-glucosidase (Street et al.,
of epoxide inactivators of glycosidases. It incorporates an 1992),E. coli 5-galactosidase (Gebler et al., 1992; Mc Carter
endocyclic epoxide in a cyclical ring, which itself mimics et al.,, 1992), andStaphylococcus aureu§-phosphg3-
the sugar ring. The reactivity of the epoxide group in a galactosidase (Staedtler et al., 1995).
tetrahydroxycyclohexane system to acid-catalyzed and nu- According to Scheme 1, the inhibition rate constént
cleophilic addition is greatly diminished by the electron- corresponds to the glycosylation constdatwhereasks
withdrawing effect of the neighboring hydroxyl groups. This represents the deglycosylation constant Since CBE acts
inertness makes conduritol epoxides idealinhibitors, as as an irreversible inhibitor, the rate constlagtis very small.
they are resistant to spontaneous hydration and react withThe inactivation constank,,s for each inhibitor concentra-
proteins only if they are bound at a position that permits tion was obtained by plotting the natural logarithm of the
protonation of the epoxide oxygen atom by a neighboring remaining enzyme activity versus time (Figure 1A). A
acidic group. The specific reaction of a conduritol epoxide double-reciprocal replot of the pseudo-first-order rate con-
also requires a nucleophile for the formation of a covalent stants versus inhibitor concentration (Figure 1B) yielded an
bond. Studies of the conduritol B epoxide have shown that inactivation rate consta of 32.78 x 1073 min~! £ 2.51
it acts as an irreversible inhibitor of several glycosidases x 1072 and a dissociation constalt of 0.25+ 0.018 mM.
(Legler, 1990). The constants were calculated from intersections of both the
Incubation offgly with CBE led to total enzyme inactiva-  x-axis and they-axis, using the Grafit software (Leatherbar-
tion, according to pseudo-first-order kinetics. Scheme 1 row, 1990).
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The ki/K; ratio calculated for the inactivation kinetics of
pgly by CBE was 139.4 mint M~L. Similar inhibition A
investigations on lysosomgtglucosidase from calf spleen
(Liedtke & Legler, 1988) ang-glucosidase B from sweet MW=56690.3 + 4.2 Da
almonds (Legler & Hasnain, 1970) showk¢K; values of
360 and 76 min' M1, respectively. These results are quite
different from those described above figly but similar to %
those obtained for thé-glucosidases fromspergillus wentii
(150 mim* M~ (Legler, 1968) and\spergillus oriza¢130
min~t M1 (Legler & Omar Osama, 1968). The lower value
found for Sgly with respect to the purified calf spleen
lysosomal3-glucosidase could be due to intrinsic structural
rigidity of the thermophilic enzyme at the incubation
temperature of the inhibition kinetics.

Incubation of the enzyme with CBE in the presence of w
glucose (0.05 and 0.1 M) reduced the apparent rate constant
for inactivation Kopg9 from 7.64 x 1073 min~! £ 0.30 x
103to 7.18 x 103 min! 4 0.28 x 1072 and to 6.13x
103 min~! + 0.51 x 1073, respectively (Figure 1C), giving
the expected rate reduction for a competitive mechanism.
The protection from the inactivation, using a competitive
inhibitor, provided evidence that the inactivation edly
occurred at the active site.

The CBE-inactivated enzyme incubated for several days
in the absence or in the presence of 50 and 100 mM glucose
did not show any recovery of activity, thus suggesting both
that the rate constant for the trans-glycosylation readtign
is very small and that the deglycosylation reaction late T S N S T T R T s T
for this inhibitor is smaller than that for other inhibiter mags (Da)
enzyme complexes (Staedtler et al., 1995; Street et al., 1992)Ficure 2: Transformed electrospray mass spectra of the native

These results show that the inhibiteenzyme intermediate ~ (Panel A) and inhibited (panel Bjgly subunit. The multiply
is highly stable, probably for the presence of an OH group charged ion spectra are transformed on a real mass scale.
at the C6 position of the CBE ring. In fact, as described by
Withers et al. (1988), the inhibitors that possess a@H
group at the C6 position, such as the 2-deoxy-2-fihin-

T v/\'
50000 61000 62000 | 63000 54000 55000 56000 | 57000 6000 §90a0  60DOU 61000 « 62000 | 63000 64000 | 63000

MW=56861.6 + 4.7 Da

yield of 18%. The structures of the synthesized compounds
were confirmed byH NMR analyses (Legler, 1977). The

glycosyl derivatives, increase the ratigk; but reduce the specific activity of the final compound was calculated to be

stability of the inhibitor-enzyme intermediate. This suggests 0.537 n.C|/nM. ) ] )
a crucial role of the residue at the C6 position in the A rapid screening of the entifégly structure was achieved
inhibitor—enzyme interaction. In facigly is not able to by submitting PH]CBE-treatedfgly to CNBr hydrolysis,
hydrolyze the disaccharides which are phosphorylated onfollowed by HPLC separation on a Vydac C-18 column. All
position 6 of the nonreducing end sugar, unlike some the fractions collected were Sul:')mltted to I’¢’.idI0aCtIVIty
members of glycosyl hydrolase family 1. Moreover, the Measurements and ESMS analysis. The fraction eluted at
failed identification of glucuronic and galacturonic acid as 25.4 min gave positive results when examined for radioactiv-
substrates or inhibitors (Nucci et al., 1993) indicates the ity. The relative ESMS spectrum showed the presence of
possible repulsive interaction with the charged 2-carboxylate tW0 components; on the basis of the accurate mass measure-
group of these sugars. ment, the major species was identified as the C-terminal
Structural Analyses.HPLC-purified native and CBE-  fragment 448-489 (molecular mass 5849.3 0.7 Da),
modified Sgly were analyzed by ESMS. Figure 2 shows Whereas the minor component showed a molecular mass of
the corresponding ES spectra transformed on a real mas$587.5+ 0.1 Da, which did not correspond to any expected
as 56690.3t 4.2 Da, corresponding to the expected value t0 the CNBr peptide 384439 covalently linked to a single
of a singlegly subunit (Figure 2A), whereas the CBE- [*HICBE molecule. This assignment was confirmed by
treated protein displays a molecular mass of 5686147  N-terminal sequencing of the chromatographic peak, thus
Da (Figure 2B). The mass difference between these tWOln_dlcatlng_ the occurrence of the active site residue within
values was calculated as 171.4 Da, which is consistent with this protein region.
the covalent attachment of a single CBE molecule/jigdy An aliguot of the fH]CBE peptide was subdigested with
subunit. pepsin, and the resulting peptide mixture was fractionated
The identification of theggly active site residue boundto by C-18 RP-HPLC; fractions were assayed for radioactivity
the inhibitor was achieved by using a combination of mass and analyzed by ESMS. A single radiolabeled fraction was
spectrometric procedures with radioactivity measurements. detected, showing a mass value of 1448.8.1 Da (Figure
The synthesis of [2H]conduritol B epoxide was per-  3A), which was tentatively assigned to the peptide 384
formed starting from a mixture afiycinositolimyo[2-3H]- 395 containing the covalent modification. The N-terminal
inositol in a 1 to 3.6x 1075 molar ratio, with an overall  sequence of this fraction reported in the insert to Figure 3A
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- and D393 are unmodified and suggested E387 as the residue
A covalently bound to3H]CBE.
MW =14438£0.1 Da This finding was confirmed by ESMS/MS analysis of the
modified peptide following esterification of the free car-
YVTENGIADDAD boxylic acid with propanol. The tandem mass spectrum of

the doubly charged ion ah/z784.1 performed at a much
higher collision energy was dominated by two strong signals
at m/z393.4 and 413.7 Da, as shown in Figure 3C. Both
signals were interpreted as doubly charged fragment ions
belonging to the ¢ and b series?tand k?*, respectively.
These fragments correspond to the sequences Y-V-T-E-N
UL o s o mass (Da) and Y-V-T-E-N-G, respectively, both carrying the modified
e R i group and containing a single acidic residue, E387.
n i An independent confirmation of these results was achieved
B by a complementary approach. A second aliquot of the
2 CNBr-modified peptide 384439 was subdigested with
endoproteinase AspN, and the resulting peptide mixture was
directly analyzed by FABMS. The FAB spectrum showed
e the occurrence of a mass signalratz 1030, which was
. - . assigned to peptide 38891 containing the covalent modi-
fication. Since this peptide contains a single acidic residue,
E387 was again identified as thigly active site residue
specifically modified by the3H]CBE inhibitor.
The MS/MS experiments show that the inhibit@nzyme
intermediate is not easily hydrolyzed during the fragmenta-

M8 2
wgt Gt [ B 1 g0
AN (4

b,

i b

!
K L——a- m/z (Dale)

e e e tion process, as happens in the case of the xylanase from
o Bacillus subtilisinhibited by 2-deoxy-2-fluorg-p-glycosyl
C o (Withers & Aebersold, 1995), suggesting a higher bond

stability of the CBE-enzyme complex.
Sequence AlignmentThe Sgly sequence was searched
for homology against the NCBI protein data bank using the
BLAST (Altschul et al., 1990) network service and the
“ o SWISS-PROT data bank using the FASTA (Pearson &
Lipman, 1988) program. Sequence alignments were per-
formed by the program of multialignment PILEUP (default
setting) and when necessary by a word-processing program.
- The amino acid sequence gﬁgly derived from theS:_
o solfataricus la& gene (Cubellis et al., 1990) has classified

TN (N P m/z (Dale)

g S S T Yl S this enzyme as a member of the glycosyl hydrolase family
FiGURe 3: (A) Transformed electrospray mass spectrum of the 1 along with related archaeal and bactefiajlycosidases,
modified peptide (384395). (B) ESMS/MS spectrum of the doubly ~ 6-phosphqg3-gluco- and galactosidases, cyanogefigly-

charged ion corresponding to the potassium salt of the modified cosjdases, plant thioglucosidases, and mammalian gut lac-

peptide. (C) Daughter ion spectrum obtained by ESMS/MS of the (aqaq (Henrissat, 1991; Henrissat & Bairoch, 1993)
doubly charged ion corresponding to the esterified modified peptide. ; h ' h ’ i : If ]
For details see the text. Figure 4 shows the sequence alignmentS afolfataricus

B-glycosidase withA. faecaliss-glucosidase (Wakarchuk et
confirmed the assignment. The peptide 3895 contains al., 1988),S. aureusb-phosphgs-galactosidase (Breidt &
four putative catalytic sites, namely, E387, D392, D393, and Stewart, 1987)..actococcus lacti§-phosphg3-galactosidase
D395, each of which might bindfiHJlCBE. The sequence (De Vos et al., 1990), and other glucosidases and 6-phospho-
analysis, in fact, could not discriminate among these putative 8-glucosidases from archaea and bacteria.
active site residues, since the acetal bond between the protein According to the sequence alignmenfigly E387 co-
and the inhibitor is base-labile and the modifying group is valently bound to JH]CBE is equivalent to the active site
then released under the Edman conditions. However, D395E359 in A. faecalis(Withers et al., 1990) and E375 .
was recognized and cleaved by pepsin, indicating that thisaureus(Staedtler et al., 1995) and lactis (Wiesmann et
residue is very likely unmodified. al., 1995) identified through site-directed mutagenesis or by

In order to distinguish among the three active site covalent bond with suicide inhibitors.
candidates, the covalently modified peptide was submitted This paper points out that E387 is involved fgly
to different ESMS/MS experiments. Figure 3B shows the catalysis by covalent modification with a suicide inhibitor.
daughter ion spectrum of the doubly charged iom&t741.4, In addition, this amino acid residue has very recently been
corresponding to the potassium salt of the modified peptide. localized in the enzyme active site through X-ray crystal-
The fragmentation process yielded mainly doubly charged lographic determination of the 3-D structure (Sanderson et
fragment ions of the b series, although some fragmentsal., 1996). When g(1—4)-linked oligoglucose chain is
belonging to the a, y, and c series were also observed. Themodeled in the active site, with the nonreducing end directed
analysis of the daughter ion spectrum indicated that D392 toward the closed end, the nonreducing end sugar and the
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FIGURE5: Location of the nucleophile (E387) and the putative acid/
base catalyst (E206 or H150) with the spatial proximity of the E387
nucleophile to the R79 residue in tifigly active site at 2.6 A
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totally conserved residues, H150 and E206 (Figure 4), near
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base residue catalyzing the protonation of the glycosidic

oxygen in a retaining configuration of the catalytic mecha-
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As shown by the X-ray crystallographic analysis, the

guanidinium head group of R79 is hydrogen bonded to the
carboxylate of E387 (Figure 5) and probably serves to
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philicity. The H150 is well positioned to act as the general
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base for the second stage of the hydrolysis reaction (FigureMoracci, M., La Volpe, A, Pulitzer, J. F., Rossi, M., & Ciaramella,

5), activating a water molecule to attack the covalent

glycosyl-enzyme intermediate. On the other hand, the roles

M. (1992)J. Bacteriol. 174 873—882.
Moracci, M., Nucci, R., Febbraio, F., Vaccaro, C., Vespa, N., La
Cara, F., & Rossi, M. (199%tnzyme Microb. Technol. 1992—

of both general acid in the first step and general base in the 997.
second step can be attributed to E206 (Figure 5). However,Nucci, R., Moracci, M., Vaccaro, C., Vespa, N., & Rossi, M. (1993)

for a definitive description of the roles of E206 and H150

further studies are needed, and CBE offers us the opportunity

to investigate the catalytic mechanism ggly by the
crystallographic analysis of the inhibiteenzyme complex.
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