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ABSTRACT. We have recently reported that a functiowal-fucosidase could be expressed by a single
insertional mutation in the region of overlap between the ORFs SS011867 and SSO3060 of the
hyperthermophilic Archaeo8ulfolobus solfataricufCobucci-Ponzano et al. Biol. Chem(2003)278,
14622-14631]. This enzyme, belonging to glycoside hydrolase family 29 (GH29), showed micromolar
specificity forp-nitrophenyle-L-fucoside (pNp-Fuc) and promoted transfucosylation reactions by following

a reaction mechanism in which the produsttainedthe anomeric configuration of the substrate. The
active site residues in GH29 enzymes are still unknown. We describe here the identification of the catalytic
nucleophile of the reaction in the-L-fucosidase fronS. solfataricudy reactivation with sodium azide

of the mutant Asp242Gly that shows a340ld activity reduction on pNp-Fuc. The detailed stereochemical
analysis of the fucosyl-azide produced by the mutant reactivated orn pliprevealed its inverted (beta-
fucosyl azide) configuration compared with the substrate. This allows for the first time the unambiguous
assignment of Asp242, and its homologous residues, as the nucleophilic catalytic residues @f-GH29
fucosidases. This is the first time that this approach is used-feglycosidases, widening the applicability

of this method.

o-L-Fucosidases (3.2.1.51) are exoglycosidases capable oframeshift and this leads to a truncated product. However,
cleaving a-linked L-fucose residues from glycoconjugates by inserting a single base by site-directed mutagenesis in
involved in a variety of biological processel.(In particular, the region of overlap between SSO11867 and SSO3060, we
the determination ofi-fucosidase activity can be used to obtained a full-length thermophilic and thermostable-

predict the development of several carcinom&s-4), fucosidase. This enzyme, namedxSsc, showed & ./Ky
whereas the deficiency in this enzyme causes fucosidosis, aof 10 250 s* mM~* on pNp-Fuc and promoted transfuco-
well-known lysosomal storage disordé).( sylation reactions by following aetaining reaction mech-

We have recently reported that the fikstL-fucosidase ~ anism €). Remarkably, the mutation was designed on the
from an Archaeon, the hyperthermophsellfolobus solfa- ~ basis of the programmesd1 frameshifting mechanisn8);
taricusstrain P2, could be expresseddacherichia colfrom therefore, the functionality of the full-length enzyme gave
the ORFs SS011867 and SSO306p These ORFs encode  support to the hypothesis that translatioreddodingevents,
polypeptides homologous to the N- and the C-terminal known so far only in Eukarya and Bacterig)(could be
fragments, respectively, ef-fucosidase enzymes of family ~ used to regulate gene expression in Archaea.

29 (GH29% (7). The two ORFs are separated by—d Our data unequivocally demonstrate that GH29 enzymes
follow a retaining reaction mechanism. Retaining enzymes
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acid in the active site acts as the catalytic nucleophile, leadingaspartic/glutamic acid residues identified by sequence analy-
to the formation of the covalent intermediate, while the other sis and conserved in the family of interest. Mutations of the
plays the role of the general acid catalyst in the first step catalytic residues with non-nucleophilic amino acids lead to
and the general base catalyst in the second step of thehe strong reduction or even abolition of the enzymatic

reaction.

The active site residues in GH29 enzymes are still
unknown. For the identification of the catalytic nucleophile
in retaining a-p and j-b-glycosidases, fluorosugars have
proved to be useful mechanism-based inhibitdr$),( by
trapping the glycosytenzyme intermediate. This approach
involving 5-fluoroglycosides has been employed previously
to identify the catalytic nucleophiles of-p-glucosidases in
GH13 and GH3112, 13), a-D-galactosidases in GH214),
and o-pD-mannosidases in GH385%, 16). Interestingly, a

activity (18). However, these mutants can be reactivated in
the presence of external nucleophiles as sodium azide. The
isolation of glycosyl-azide products with an anomeric con-
figuration opposite to that of the substrate allows the
identification of the catalytic nucleophile of the reaction
(Scheme 2A) 18). By contrast, reactivated mutants in the
acid/base catalyst produce glycosyl-azide with the same
anomeric configuration of the substrate (Scheme 2B). It is
worth noting that this approach has been exploited so far

2-deoxy-2-fluoro sugar has been successfully used recentlyonly for f-p-retaining glycosidases, as recently reported for

for the identification of the catalytic nucleophile ofoaL-
iduronidase 17). An alternative approach often exploited for

GH51 o-L-arabinofuranosidasgbkb-xylosidases 19) and
GH52 -p-xylosidasesZ0), whereas it has never been used

retaining glycoside hydrolases consists of the mutation of for a-(p/L)-retaining glycosidases.
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This report describes the identification of the catalytic was linear in the first 5 min of incubation. Steady-state
nucleophile of a known archaeal GH29.-fucosidase by kinetic parameters of the wild-type &$uc were measured
reactivation with sodium azide of a strongly inactivated as described previously6), Kinetic constants of the
mutant and by analysis of the anomeric configuration of the Asp242Gly mutant were measured by following the same
fucosyl-azide isolated from the reaction mixture. This is the method described above and by using pNjuc substrate
first time that this approach is used farL-glycosidases,  concentrations ranging from 0.05 to 4 mM and from 0.05 to
showing that it can be of general applicability for retaining 6 mM for sodium azide and sodium formate, respectively.

enzymes. All kinetic data were calculated as the average of at least
two experiments and were plotted and refined with the
MATERIALS AND METHODS program GraFit22).

Thermal activity of the wild type was performed as
described previously6j. Thermal activity of Asp242Gly
mutant in the presencd @ M sodium azide was analyzed
by assaying the enzyme (&) as described above on pNp
Fuc substrate concentrations of 2 and 3 mM in the temper-
ature ranges of 4065 °C and 76-90 °C, respectively.

Isolation of 5-L-fucosyl azide from enzymatic reaction

Reagents.All commercially available substrates were
purchased from Sigma. The GeneTailor site-directed mu-
tagenesis system was from Invitrogen, and the synthetic
oligonucleotide was from Genenco (Italy).

Site-Directed Mutagenesi$he plasmid pGEX-frameFuc
expressing Ssfuc was described previousIg) The mutant

Asp242Gly was prepared by site-directed mutagenesis from ... .ot the mutantri 2 M sodium azide was performed

the pGEX-frameFuc plasmid, by following the instructions by reverse-phase column chromatography and preparative
of the manufacturer. The mutagenic oligonucleotide carrying 1 ~ (CHCl/MeOH/H,0, 65:25:4 by vol). Acetylation of
the mutation GAC— GGC was the following (mismatch is the eluted material from silica gel was conducted overnight

underlined): at room temperature in pyridine/A®. NMR studies (Bruker
D242G: 5GGCCATGGCTAGTCTATTTCGGCTGGTG-  instryment, 400 MHZ!H, COSY andH-13C correlation) of
GATTGC =3 . . _ ~ the acetylated product were conducted by dissolving it in
The plasmid containing the desired mutation was identified cpcl, using this solvent signal as internal reference standard.
by direct sequencing and completely resequenced. IH (3C) NMR signal assignments: 4.58 H1 £ 8.6 Hz)
Enzyme Preparation and Characterizatiohild type and ~ (89.7 C1); 5.14 H2 (68.19 C2); 5.03 H3 (70.99 C3); 5.27
mutanto-fucosidase were expressed and purified as describedH4 (69.80 C4); 3.90 H5 (71.48 C5); 1.25 H6 (15.88 C6).

previously 6). The enzymes resulted95% pure by SDS FT-IR spectrum of the acetylated product shows a diagnostic
PAGE. Protein concentration was determined with the (N;) peak at 2119 cri.

method of Bradford 21), by using bovine serum albumin
as the standard. The samples stored &C4in sodium  RESULTS AND DISCUSSION
phOSphate buffer 20 mM pH 7.0, NaCl 150 mM, and 0.02% The enzyme Ssfuc expressed irE. coli by a Sing|e

sodium azide are stable for several months. insertional mutation, as recently describe@), (will be

The standard assay of the-fucosidase activity was  considered the wild type in this paper. To identify the
performed at 65C in 50 mM sodium phosphate buffer at residues involved in catalysis in &$uc, which are unknown
pH 6.5, with pNp-Fuc substrate at the final concentration in GH29, we multialigned its amino acid sequence with other
of 1 mM as reported previoushp). In all the characteriza-  non-redundant ORFs from GH29 (Figure 1). Because of the
tion, spontaneous hydrolysis of the substrate was subtractecessential role played in catalysis by the nucleophile of the
by using appropriate blank mixtures without enzyme. One reaction, this residue is generally completely conserved in
unit of enzyme activity was defined as the amount of enzyme glycoside hydrolases of the same family. The multialignment
catalyzing the hydrolysis of Amol of substrate in 1 min at  produced only four highly conserved aspartic/glutamic acid
the conditions described. residues, corresponding in &$uc to Aspl24, Aspl4e,

The activity of the Asp242Gly mutant at standard condi- Glu229, and Asp242. However, in GH29, both Asp and Glu
tions was measured by using up to 26 of enzyme. The  residues are present in the position corresponding to Asp124
activity of the Asp242Gly mutant rescued by azide was and Glu229 of Ss-fuc (Figure 1). Instead, only Asp146 and
measured in 0.2 mL of 50 mM sodium phosphate buffer, Asp242 are invariant aspartic acid residues in all members
pH 6.5, sodium azide at the concentrations indicated, 2 mM of the family, strongly suggesting their catalytic role. In fact,
pNp—Fuc, and mutant enzyme (&g). The reaction was in all the glycoside hydrolase families but one (GH90), in
started by adding the enzyme, and, after 5 min of incubation which the active site residues were experimentally deter-
at 65°C, it was stopped by adding 0.8 mL of iced sodium mined, the catalytic nucleophile/base and the proton donor
carbonate 1 M. The optical density of the solution was correspond to invariant Asp or Glu residues (http://afmb.
measured at 420 nm at room temperature. The molarcnrs-mrs.fr/ICAZY/index.html).
extinction coefficient ofpara-nitrophenol, measured at 420 The residue Asp242 was changed into glycine by site-
nm, at room temperature, andi M sodium carbonate buffer  directed mutagenesis to completely remove the side chain
is 17.2 mM* cm™L. The activity of the Asp242Gly mutant  of the aspartic acid. The Asp242Gly mutant is expressed
in the presence of sodium formate/formic acid buffer, at the fused to the glutathion&transferase (GST) enzyme as
concentrations indicated, and in the pH range-6®, was reported previously for the wild-type &guc (6), and we
measured in 0.2 mL final volume, at 88, in 2 mM pNpFuc could purify the enzyme by a single purification step by
by using Asp242Gly enzyme up to 2@. The activity was affinity chromatography. As reported for the wild-type
measured after addition of sodium carbonate as describedenzyme, the mutant was separated from GST by thrombin
above for sodium azide. At the conditions tested, the reactioncleavage onto the column and was elute@% pure.
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Celeg SISMRINLIK LYFVFTSKHH EGFIMWPSRT SWNWNSMDI. .GPKRDIVGE LRDAFKK.TD VHFGLYFS.. Q.FEW...FH PMFLDD.GK. ...F......
Cfam ARGAR..... YVLITKHH EGFINWPSSV SWNWNSNDV. .GPHRDLVGE LGRALRKRN. IRYGLYHS.. L.LEW...FH PLYLID.KK. .NNF......
Hsap AAGAK..... YVVLTTKHH EGFINWPSPV SWNWNSKDV. .GPHRDLVGE LGTALRKRN. IRYGLYHS.. L.LEW...FH PLYLID.KK. .NGF......
Rnor AAGAK..... .YVVLTAKHH EGFINWPSAV SWNWNSKDV. .GPHRDLVGE LGAAVRKRN. IRYGLYHS.. L.FEW...FH PLYLID.KK. .NGL......
Mms ASGAK..... YVVFTSKHH EGFIMAGSDR SWNWNAVDE. .GPKRDIVKE LEVAVRNRTG IHFGLYYS.. L.FEW...FH PLFLED.QS. .SSF......
Hror ESGAK..... YVVLTSKHH EGFINWGSKY SWNWNAVDI. .GPKRDLVGD LERATRNRTD LRFGLYHS.. L.FEW...FN PLFIRD.QA. .NNY......
Dmel DSGAR..... YVVLTSKHH DGFTLWPSKN SYGWNSMDV. .GPKRDIVKE LAAATRKESD LRFGLYYS.. L.FEW...FN PLWIDD.KL. .HLL......
Ddisc KSGAK..... YVVLTSKHH EGYTLWNSEQ SWNWNSVET. .GPGIDIVGE LTKSVKNM.G LHMGLYHS.. L.FEW...FN PLYLAD.AET GKNP......
Tmar KAGAK..... YVIPTTKHH DGFCLWGTKY T.DFNSVKR. .GPKRDLVGD LAKAVRE.AG LRFGVYYS.. GGLDWRFITE PIRYPE.DLS YIRP......
Ccresc EAGAK..... . YFMSMANHH DNLDMFDSRH H.AWNIVRL. .GPKRDIVGT WAKVARA.HG LRFGVSNHGA HAWHWWQTAY GYDAEG.PRK GQRYDAFRLT
Micr KAGAK..... .FAGPMGTHH DNFMLWDSEV T.RWNSVRT. .AGV.DVVGD LEEATRA.KG MKYLITFH.. HAFSWWFFSE SYKYDG.GI. .PGN......
Xaxo QSGAR..... .YVVPVAEHH DGFALYDSKL S.DWTAMKM. .GPKRDLLGE LSKATRA.QG IHFGLSSH.. RAEHNWFFDG GRTFDS.DVN DPRY......
Ssa-fuc KSGAK..... FVVLVAEHH DGFALWESNY T.RWCATKI. .GPKRDIVRE LKEAVEG.QG LIFGISYH.. RAEHWWFFDQ GMKIES.DVK DPRY......

Cperf EAGK..... YMILTAKHH DGFCLFDSKY TDFKSIN.T. .KIKKDLVRE FIEAARE.EG LKVGLYYS.. .LIDWRHKDY P..KYN.DLY HPMRGN
Scoel RAGAG..... . YAVLTARHH DGVALWEIRL SDLSVVGRT. .PAGRDLVAE YVSAMRD.RG LRAGLYYS.. .HSDWANHPDY ASVRHP.RPP HPELVD....
Strept AAGAE..... .QVMLTAKHH DGFVLYPSRY TDHSVELSP. ..GSPDVVGA YVKAARK.AG LKVGLYLSPS DGAELPHAWH AQWVESIRKK QAEGKPLSLP
Xfast AAGAK..... YLILVAKHH DGFALWPTAQ SEYSVKNSPW MGGKGDVVKL TAAAVRQ.QG MGFGIYLSPW DRHEPKYA.. .........c. cevnenen..
Consensus  .aGak..... .$vvltakHH #gf.Sw.s.. s..wn..... .gokrD.Vge l..a.r...g 1.fGly.s.. ....W..... iiiiiiiit i
191 213 261

* *

L N = NTTFYPEQV S...o...... .YPOMIDIVT KYNP.EVVWS DGEWDKSDDY WK.AKEFLAW
[ = .KIQFFVRAK T......... .MPELYDLVN RYEP.DLIWS DGEWKCPDTY WN.STEFLSW
2= Y KIQHEFVSAK. T..o.o.... .MPELYDLVN SYKP.DLIWS DGEWECPDTY WN.STNFLSW
RO . il i i e KIQHFVSTK T......... .MPELYDLVN RYKP.DLIWS DGEWECPDSY WN.STEFLAW
MILS .. it it s i e QKORFPVSK T......... .LPELYEIVN RYQP.EVLWS DGDGGAPDHY WN.STGFLAW
1) TTFDFIDIK T......... .MPELYEIVN KYKL.DIVWS DGDIGSSDYF SSRAPEFIAW
1= MOOHFVERK V......... RPEQVETVQ QYLP.EITWS DGDWEAPAKY WR.SEEFIAW
DAISC ittt et e e .TIQVYVDET L......... MKQLKDIVT TYEP.ELIWA DGDWMQLSNY WK.STEFLSW
THAE .ottt ittt e eeeeeiee eeeaeaan NIYEYAD.Y A......... . YKQVMELVD LYLP.DVLWN DMGW..PEKG KEDLKYLFAY
Ccresc KADGKGOWWE GLDPQDLYTG RNMVIPDGID SIAAANAWHD ANDGOWVETP PPNNPGFVRN WLARONDIVE RYRP.DMVYF DNY.GLPLGQ AGLDATAHYY
Micr .......... ....EDLYGR PHIFS..... .......... .SDGDSFAEY P. .DEEYEEL WFRKLEEAAT KYSP.DLYWF DMGLELISEN IRKKAFARLIL
Xaxo ... WAGLYGP AQVRIPG. .. ....on.... KDDADVANDW TPVSQAWLDD WLARTTELID TYQP.DLIYF DWWIAHPTFR RSLPIMLAYY
Ssa-fuc .......... IDLYGP AQSASIN... ....cov.n. PRDPPSLDNV QP.NDEFIMD WLLRIVEAVE KYRP.WLVYF DWWIANPSFQ PYLKAFASYY
(60 = o EN FINEEVN... ...FDNYLSY MHSQVEELVT NYGKLDILWF DFSYDKMFGE VWKAKELIDM
5= SP YVSPAPGAED PRAWERYIDY RDGQVRELLT RFGP.DLLWF DGEWERS.AE QWRMSELARL
Strept EQMATEDGDR APAGEGRFGN GSAVIERTIP TLVPGDDRAA AVKRHKLPTF TVMADDYDAY YINQLYEIFT QYGPIEEIWL DGANPWSGSG ITQKYNVKOW
XEast o i i e i . .NVDAYNQF YAAQIVEIAS HYGPLTEWWL DGAG..... S AGHEYDFDKY
CONSENSUS  itvtitntn teetetetne teeeneneee teeumenmenen tenenenene teeeenannn coogeHlve Yopdowe Dl ieiin cieienen..

Ficure 1: Partial multiple sequence alignment of non-redundant amino acid sequences ofbbGti@%sidases. Sequences were aligned

with the program MultAlin 23), by following Ssx-fuc numbering. Celedzaenorabditis elegan@49713); CfamCanis familiaris(P48300);
Hsap,Homo sapien$Q14334); RnorRattus noregicus(P17164); MmusMus musculugAK002230); Hror,Halocynthia roretz{AB070600);

Dmel, Drosophila melanogastdAAF50054.1); DdiscPictyostelium discoideuiti?10901); TmarThermotoga maritimgQ9WYE?2); Ccresc,
Caulobacter crescentU®AK22780); Micr, Microscilla sp. PRE1 (AAK62841.1); Xaxo{anthomonas axonopodi{$AM37917.1); Ssa-

fuc (Ssxa-fuc); Cperf, Clostridium perfringeng Q8XNK9); Scoel, Streptomyces coelicologfAAD10477); Strept,Streptomycesp. 142
(AAD10477); Xfast,Xylella fastidiosa(AAF85750). The amino acids present in low and high consensus (50 and 90%, respectively) are
indicated in lowercase and uppercase, respectively. The symbols %, #, and $ indicate any one of F/Y, N/D/Q/E, and L/M amino acids,
respectively. The symbol * on the top of the alignment indicates highly conserved D/E.

When assayed in standard conditions at®5the turnover  tions (19). To test if the residual activity of Asp242Gly could
number Kea) of the Asp242Gly mutant on pNpFuc, 0.24 be increased by external nucleophiles, we assayed the
s 1, results in 1.0x 1072 of that of the wild-type activity purified mutant on pNpFuc at 65°C in standard conditions
(245 s1), suggesting that the mutation affected the active with addel 2 M sodium azide. At these conditions, the
site of the enzyme. The elimination of the catalytic nucleo- mutant showed k.0f 11 s%, indicating a 46-fold activation
phile typically results in a 19-10°-fold decrease in the by azide. As a comparison, the wild-typeoSkic, assayed
catalytic activity of 5-glycosidases19). However, higher in 2 M azide, showed a specific activity (339 scomparable
residual activity ins-glycoside hydrolases mutated in the to that found at standard conditions (243)sThe activation
nucleophile has been observed, generally resulting from wild- observed in the Asp242Gly mutant by the addition of azide
type contaminations or translational misincorporation during falls in the range typical gf-glycoside hydrolases (10-, 10
protein synthesis irE. coli (19, 29. For the Asp242Gly  fold) (25, 26) supporting the hypothesis that the wild-type
mutant, contamination from external sources seems unlikely, contamination is negligible.

because the purification consists of a single glutathione- The effect of external nucleophiles on the activity of the
Sepharose affinity chromatography that is performed with a Asp242Gly mutant was further investigated by using different
matrix that is dedicated only to the purification of the mutant. concentrations of sodium azide (Figure 2A). At these
The extent of reactivation in the presence of sodium azide conditions, the maximal activity (11°% was found at the
could shed some light on the origin of this residual activity, highest concentration of nucleophile used. Noticeably, the
since limited catalytic acceleration (about2-fold) indicates activity of the mutant was rescued on pNpuc also in the
that the activity could result from tiny wild type contamina- presence of sodium formate. Optimal activity (0.44 U)g
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FiGure 2: Enzymatic characterization of the Asp242Gly mutant.
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Table 1: Steady-State Kinetic Constants of the Wild Type
o-Fucosidastand of the Mutant Asp242Gly

kca{KM
Kv (MM) Keat(s™) (s*mM™)
wild type 0.02840.004 287+ 11 10 250
Asp242Gly ND ND
sodium azide 0.1940.02 9.66+ 0.28 51.55
sodium formaté  1.03+0.11 5.91+ 0.20 5.76

aEnzymatic assays were performed at ¥5 in 50 mM sodium
phosphate buffer pH 6.3.ND (not detectable) means that, using 20
ug of enzyme in the assay, the rates of change in absorbance at substrate
concentrations below 0.1 mM did not vary in the experimental
conditions and were approximately the same as in the control without
enzyme . Assays were performed at 86 in 50 mM sodium phosphate
buffer pH 6.5 2 M sodium azide? Assays were performed at 6&
in 100 mM sodium formate buffer pH 4.0.

reactivated in the presence of azide. The comparison of the
energy of activation of the mutant (44 4 kJ mol?) and

the wild type (91+ 2 kJ mol?) indicates that the reaction
catalyzed by the Asp242Gly mutant depended less on
temperature.

The catalytic activity of the Asp242Gly mutant at standard
conditions without external nucleophiles was too lowKgy
determination at high temperature. Therefore, we measured
the steady-state kinetic constants of the mutant on-pNp
Fuc in the presence of external nucleophiles at the optimal
conditions (Table 1). Sodium azide and sodium formate
produced about 0.5 and 0.056% of reactivation of the mutant,
respectively, calculated taking as 100% tqg/Ky of the
wild-type enzyme assayed at standard conditions. The higher
nucleophilicity of sodium azide, if compared to formate,
explains the higher reactivation produced by the former.

The reactivation experiments indicate that the Asp242Gly
mutation affected a residue involved in catalysis i-$sc.

To unequivocally determine if the mutation altered the acid/
base residue of the reaction or the catalytic nucleophile, we
analyzed the stereochemistry of the product of the mutant
reactivated by azide. TLC analysis of the reaction mixture
containing Asp242Gly, pNpFuc, and azide, after incubation
at 65 °C, revealed the formation of a new produ& &
0.6), distinct from fucoseR; = 0.4) and pNp-Fuc R =
0.8). This new product was isolated and identifiedsas
fucosyl azide. The identity of the product has been estab-
lished by an FT-IR spectrum (2119 c#) that is identical

to that of f-p-fucosyl azide enzymatically synthesized by
the 8-glycosidase fron$. solfataricugdata not shown). The

Dependence of the activity on sodium azide (A) and sodium formate anomeric configuration is indicated by the coupling constant

(B). Assays were performed at 86 on pNp-Fuc as described in
Materials and Methods. (C) Dependence on temperature of the wil
type Ssi-fuc (open squares) and Asp242Gly mutant in the presenc
of 2 M sodium azide (closed circles). The Arrhenius plots (inset)
of the mutant and the wild type are reported in the range8m

°C and 46-95 °C, respectively.

is observed in 100 mM sodium formate buffer pH 4.0,
corresponding to an activation of 16-fold (Figure 2B). Lower
activity in 100 mM sodium formate buffer pH 5.0 and 6.0
was found (not shown). In sodium formate buffer pH 4.0,
the wild type shows a specific activity of 46 U migwhich

is only 1.6-fold higher than that found at standard conditions.

The specific activity of the mutant increases with tem-
perature up to 8C°C (Figure 2C) indicating that, after
mutation, the enzyme maintains its thermophilicity when

(J = 8.1 Hz) of the doublet signal of axial anomeric hydrogen
d-
o as also observed fgt-p-glucosyl azide Z4), 3-b-xylopyra-

nosyl azide 20), and authenti@-p-fucosyl azide. The Ht
H5 *H NMR spectrum is reported in Figure 3.

The fact that the fucosyl-azide product obtained by the
Asp242Gly mutant is found in the inverted (beta) configu-
ration compared with the substrate (Scheme 2A) allows, for
the first time, the unambiguous assignment of Asp242, and
its homologous residues, as the nucleophilic catalytic residues
of GH29 a-L-fucosidases.

The azide rescue method has been used so far only for
p-retaining glycosidase, and it is generally based on sub-
strates that are very reactive (showing leaving groups with
pKa < 5) to facilitate the first step of the reaction (Scheme
2). Therefore, it is worth noting that Asp242Gily is efficiently
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Ficure 3: H1—-H5 H NMR spectrum of the fucosyl-azide product. The product was isolated from the reaction of Asp242Gly with pNp
Fuc in the presencef@ M azide (see Materials and Methods for complete assignment).

reactivated on pNpFuc, which shows a leaving group with  groups having better leaving ability hampers the possibility
a pK,of 7.18. In fact, as a comparisgbhglycosidases from  to analyze the reactivation extent of the Asp242Gly mutant
GH1 and GH52, mutated in the nucleophile, could not be with more reactive substrates. Work is in progress to test
reactivated by azide op-nitrophenyl-glycosides, but they the a-fucosynthetic potential of this mutant on suitable
require substrates with excellent leaving groups for an substrates and the functional role of the invariant residue
efficient chemical rescue of their activitylq, 24). The Aspl46 in GH29.

reactivation of Asp242Gly by azide on pNFuc may be
due to the higher specificity constant ofoS&ic (10 250 st
mM~1) if compared to those of thg-glycosidase frons.
solfataricus(498 s* mM~1) and of thea-L-arabinofuranosi-
daseB-p-xylosidase fromGeobacillus stearothermophilus
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