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a-1,4-Glucan lyase (EC 4.2.2.13, GLase), which occurs widely Scheme 1

in eukaryotes, degrades1,4-glucans and maltooligosaccharides H H

via a nonhydrolytic pathway to release h&nhydrofructose (1) Ho= Q HO— S HO= 0

from the nonreducing end (Scheme'The enzyme is mechanisti- B GLase

cally interesting since, in contrast to other polysaccharide lyases OR HO ©

which cleave uronic acid-containing polymers via an elimination 1

reaction of the C401' bond facilitated by the acidity of the proton

adjacent to the acid, no such activation is available-iglucans. 28.3+ 2.1 mM. Active site binding of the inactivator is shown by
Nonetheless, GLases cleave the bond betweéraad O1 of the protection experiments in which the competitive inhibitor acarbose

nonreducing sugar residue ofglucans to generate a monosac- (0.2uM, K; = 0.02uM) reduced the pseudo-first-order rate constant
charide product with a double bond betweeri @id C2.1 In this for inactivation by 30 mM 5FIdoF from 0.31 mitto 0.055 mirrt,
communication we present a mechanistic study of the GLase consistent with the value predicted on the basis of competitive
including the trapping of a covalent glycosyl-enzyme intermediate binding k = 0.053 mirr?). Further, the catalytic competence of

and measurement of kinetic isotope effects. the intermediate is indicated by the first-order reactivation observed
Several lines of evidence indicate that GLases are related to (Keac. = 0.036 min?) after removal of excess inactivator.
retaininga-glucosidase$?2 For example, oxocarbenium ion-like Fully inactivated GLase along with a control sample was

transition states are suggested on the basis of inhibition by the subjected to peptic digestion followed by LC/ESI M®mparative
known a-glucosidase inhibitors, acarbose and 1-deoxynojirimycin, mapping, which revealed that a peptide fragment corresponding to
while inactivation by a carbodiimide suggests a role for a carboxylic m/z 1206 was detected only in the inactivated sample while a
acid23 Amino acid sequence analysis reveals that GLases sharefragment ofnv/z 1025, lower in mass by the amount expected for
sequence similarity with retaining-glucosidases of glycoside the 5-fluoroidosyl moiety r(yz 181), was detected in the control
hydrolase family 3%.These enzymes employ a two-step catalytic sample. This strongly suggests that the fragmentnif 1206 is
mechanism involving the formation and hydrolysis of a covalent the active site peptide labeled by 5FldoF and therefore contains
glycosyl-enzyme intermediate via oxocarbenium ion-like transition the catalytic nucleophile. This fragment was isolated by LC and
statest Two carboxylic acids are involved in this mechanism, one sequenced by ESI MS/MS (Figure 1). The daughter ion spectrum
acting as a nucleophile, the other as an acid/base catalyst. If the(Figure 1b) reveals a fragment corresponding to mass 1025 (mass
GLase closely mimics these glycosidases, its mechanism maydifference ofim/z 181 from the parent ion) arising from the peptide
involve the formation of a covalent glycosyl-enzyme intermediate without label. However, interpretation of the rest of the fragmenta-
via an oxocarbenium ion-like transition state followed by an E1- tion pattern was not fruitful. Fortunately, an excellent fragmentation
type syn-elimination. Alternatively, the GLase may directly cleave pattern was observed in the daughter ion spectrum of the species
the substrate via a trans-elimination mechanism that likely involves of nVz 1025 generated by orifice fragmentation (Figure 1a). This
substantial E1 character. Distinction between these two options readily yielded a sequence of FVWQDMTYV and revealed that the
could be achieved via a search for a covalent glycosyl enzyme uninterpretable peaks in Figure 1b arose from the loss of water or
intermediate and through measurement of kinetic isotope effectsa hydroxyl from the peptide. Inspection of the daughter ion spectrum

with substrates deuterated at C1 and C2. further reveals fragments ofVz 645, 989, and 1089 which are
The mechanism-based glycosidase inactivators, 5-flaepe- consistent with peptides DMTV, FVWQDM, and FVWQDMT,
glucopyranosyl fluoride (5FGIcF) and 5-fluofbt-idopyranosyl each bearing the 5Fldo moiety. Consensus amino acid residues

fluoride (5FIdoF), have been used to trap covalent glycosyl-enzyme within the smallest peptide correspond to Asp 553 and Met 554 in
intermediates oro-glucosidase®.” In many cases, epimers of the sequenckAsp 553 is absolutely conserved in all family 31
fluorosugars inverted at C5 have turned out to be more effective enzymes including GLases and this equivalent residue has been
and indeed 5FIdoF is the more poteaglucosidase inactivatéi® proposed previously as the catalytic nucleophile in family 31
Thus,a-1,4-glucan lyase fronGracilariopsiswas incubated with a-glucosidase$? 10

5FIdoF. Time-dependent inactivation according to pseudo-first-order  These results indicate that Asp 553 is the catalytic nucleophile

kinetics was observed, yielding an inactivation rate conskaruf of GLases, which strongly suggests that GLases adopt a mechanism
0.61+ 0.02 min't and an inactivator dissociation constal, of very similar to that of retaining.-glucosidases involving formation
of a covalent intermediate followed by a syn-elimination rather than
* Corresponding author. E-mail: withers@chem.ubc.ca. ; _alimi ; i R R f
s University of British Columbia. a d!rect trans elllmlr?atllon. Further evidence for thIS. mechamsm is
¥ Danisco Biotechnology. derived from kinetic isotope effect (KIE) analysis using two
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Figure 1. ESI MS/MS daughter ion spectrum along with interpretation:
(a) daughter ion spectrum af’z 1025 peak from spectrum b; (b) daughter
ion spectrum ofwz 1206 peak from labeled peptide.

Scheme 2. Proposed Mechanism of a-1,4-Glucan Lyases
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substratesp-nitrophenyl a-b-glucopyranoside (PNIEGIc, Kear =
0.38 s, Ky = 2.0 mM) anda-p-glucopyranosy! fluoridedGIcF,
keat= 505 s'1, K, = 28 mM), substituted with deuterium, separately
at the 1- and 2-positions. KIEs upég, of 1.19+ 0.02 and 1.06
=+ 0.01 were measured with PNP{#aGlc and its [2¢H] substrate,
respectively, while KIEs upoRga/Kn, of 1.16+ 0.01 and 1.0A4
0.01 were measured with PH]aGIcF and its [22H] substrate.
Since PNRGlc is cleaved over 1000-fold slower thaIcF, it is
highly likely that itsk.o; value reflects the formation of the glycosyl-

dases! More diagnostically useful are the KIEs measured for the
2-deuterio substrates. If GLases adopted a direct elimination reaction
mechanism, a significant primary kinetic isotope effect would be
expected. However, the observed values (+067) are not big
enough for primary KIEs and presumably represgisecondary
KIEs. The absence of a primary KIE on the 2-deuterio substrates
therefore confirms that a direct trans-elimination mechanism is not
in operation but rather a two-step mechanism in which the rate-
determining step involves formation of the covalent glycosyl-
enzyme intermediate. The-secondary deuterium KIEs measured
confirm that the glycosylation step has substantial oxocarbenium
ion character.

In conclusion, we suggest that GLases catalyze the breakdown
of a-1,4-glucans via a mechanism involving the formation of a
covalent glycosyl-enzyme intermediate which then undergoes a syn-
elimination (Scheme 2). The base involved is likely an enzymatic
group, and could well be the carboxyl group of Asp 553 as it departs
from the anomeric center. Such a mechanism would be consistent
with proposals for the mechanism of hydration of glycals by
glycosidases in which a syn addition of the protonated nucleophile
occurs, followed by hydrolysis of the glycosyl-enzyme intermedi-
ate!? Other examples of enzymatic syn-eliminations are found in
crotonas® and UDP-N-acetylglucosamine 2-epimeraddnterest-
ingly, earlier work by Wolfenden on nucleoside 2-deoxyribosyl-
transferase demonstrated that the elimination prodwdbal was
occasionally released in the absence of accéptadeed, it is quite
easy to imagine this modified mechanism having arisen in a
glycosidase through mutations that suppress hydrolysis and favor
deprotonation at C2.
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