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Glycosyltransferases (GTs) comprise a large class of enzymes
involved in the biosynthesis of polysaccharides and the carbohydrate

moieties of glycoproteins, glycolipids, and glycosaminoglycans. )\/

Glycoside bond formation by sugar nucleotide-dependent glyco- o TN uDP
syltransferases (Leloir-type GTs) proceeds with either inversion or OgH% Mo on

retention of the anomeric configuratiédWhereas the mechanism e Ho$°: o Gale3GIep4GIc
of inverting GTs seems clearly established, a2 $action in a Q. ’,—o—\R”o HO +

single displacement step, the mechanism of retaining GTs is still p :ano_c";:o %
controversial. A double displacement mechanism was proposed by~ #° ©—Uridine uoP

analogy to retaining glycoside hydrolase3uch a mechanism trans-

ferred to retaining GTs would involve the participation of an enzyme

nucleophile and a general acid/base catalyst, typically Asp or Glu

residues (Figure 1a). In the first step, the nucleophile attacks the Figure 1. Proposed alternative mechanisms for retainiBygalactosyl-

anomeric carbon of the donor leading to the glycosyl-enzyme inter- transferase: (a) double displacement mechanism; (b) front side single
. . . . . displacement (@) mechanism.

mediate (an acid catalyst or a metal ion may be required to assist o o ] )

the exocyclic C+O bond cleavage of the donor). In the second nucleophile in retalnlng egco&das%-fsBec_ause of that, it was

step, the acceptor, activated by a general base, attacks the interSu99ested that Glu317 is not the nucleophile anddB&alT does

mediate to give the product with overall retention of configuration. g_ot lutlllze a double rc]ilsplacement mecr:]he;nlllsm._ Insthead, a sm?le
When the first 3D structure of a retaining GT was solved, that f;f?_afgmﬁgcvagezoag'z?;%V;?Cssciﬂgiets ?o?[\r/gngart] ﬁ]tpe)rrcrf;;izte
of LgtC from Neiseria meningitidig no carboxylic amino acid (Asp h gb ) d t q Y familv 6 GT P
or Glu) was localized close to the anomeric carbon of the donor axepuisl?nzorr;sﬂtlzt ?:an?g iirt]c))/ p?erl];lllv)\//hen th'e glutamine residue of
substrate, and a glutamine residue was tentatively suggested to b?_gtc was mutated to glutamate in an attempt to increase its
the enzyme nucleophile. To prove it and trap a covalent glyeosyl - . : .
y ophiie. 1o p ¢ frap glyeosy nucleophilicity and recheck the involvement of that residue in
enzyme !nt_ermedlate_, different strategies adopted frqm the work covalent catalysi&> Surprisingly, a covalent intermediate was
er(t)r\lli;eetalclr;? gl\%zc;i'gs ?;dglzziilge(;?s ﬁ?cﬂf:r?#fd:gmsm trapped but with the sugar substrate bound to an adjacent aspartate
P P . residue, which appeared far away from the reaction center in the
prompted the authors to propose a new mechanism, rather unusu ray structure of the enzyme-donor complex
and with “_m'ted chemlcal ) prece(jen@en which the reactl(?n In summary, there is no definitive evidence for one or another
proceeds via a front side single displacement, also knowryas S mechanism for retaining GTs and the debate remains open. With
mechanisnt. In this “concerted one-step” mechanism the nucleo-

i i this background, we here apply a “chemical rescue methodology”
philic hydroxyl group of the acceptor attacks the anomeric carbon to bovinea3GalT on inactive mutants at key residues of the active
at the same side from which the UDP leaving group departs

g - . o A B ' site with the aim of providing new mechanistic information for the
reaching a highly dissociative oxocarbenium ion-like transition state debate. Well established as a mechanistic probe for retaining
(asynchronous Ci-O-acceptor bond formation and €10—-UDP glycoside hydrolases, chemical rescue stands for enzyme reactiva-
bond cleavage) (Figure 1b). This mechanistic view has also beenijgn of inactive mutants by exogenous small molecules; addition
extended to other retaining GTs, for example, trehalose-6-phosphate,s an exogenous nucleophile such as azide to mutants in which the
synthase OtsA trehalose phosphoryladend glycogen phospho- catalytic nucleophile or the general acid/base has been replaced by
rylase? a non-Leloir GT for which an @ mechanism had been  janine reactivates the enzyme leading to the correspondiog
proposed several years afo. p-glycosyl azide adduct, the stereochemistry of which correlates
A different scenario may apply to other GTs for which the 3D jith the function of the mutated residife.
structures of enzymesubstrate complexes indicate the presence  Bovine 03GalT was recombinantly expressedBrcoli as the
of a carboxylic amino acid residue in a suitable position to act as soluble catalytic domain after removing the N-t transmembrane
an enzyme nucleophile. This is the case of family 6 GTs which domain” Wild-type and mutant proteins at Glu317 (tentative
include mammalian3-galactosyltransferases3GalT) and blood nucleophile) and Asp316 were purified to homogeneity as re-
group GTs (GTA and GTB)! For bovinea3GalT, Glu317 was  ported!® Enzyme activities and kinetic parameters for transferase
tentatively proposed as the enzyme nucleoptileut also a role  (with UDPGal donor and lactose acceptor), hydrolase (with UDPGal
in acceptor binding became apparent from the structure of the in the absence of acceptor), and rescue of inactive mutants (with
enzyme in complex with UDP and lactose acceptdvlutation by added sodium azide) were determined by monitoring both UDP
glutamine (E317Q) yielded an enzyme with increagdfor the release by the pyruvate kinase/lactate dehydrogenase (PK/LDH)
acceptor and 2400-fold lowdt,, a moderate reduction in activity  coupled assay, and product formation by the radiometric assay using
when compared to the effects of substitutions for the catalytic labeled UDPGal (UDP-[2H]Gal).
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Table 1. Kinetic Parameters for WT and Mutant a3GalTs assigned to the anomeric proton (synthetic reference was obtained

reaction Kear (871 Ku (donor) as in ref 19).
WT transferase 13 12.5:M T_o_ checl_< whe_ther 'Fhe_res_cue by az?de is speci_fic for the 317
hydrolaseéé 2.2 1072 12uM position, with azide binding in the cavity created in the E317A
D316A transfera 1.3x 1073 70uM i i
E317A ransforade ~10040 nd® mutant, two (_:ontrol experiments were performed. First, Asp316,
hydrolase 2.0¢ 1074 0.9 mM the neighboring residue to the target Glu317, was mutated to
rescué® 2.5x 1072 2.5mM alanine. The D316A mutant had a 1000-fold lowgy; than the

wild type enzyme (Table 1). The pH profile dg./Ky(donor) for
the transferase reaction was similar for D316A and WT enzymes,
with the same kinetic I§, in the acidic limb of 5.5, indicating that
Asp316 does not interact with the essential Glu317. Under the same
conditions used for the E317A mutant, addition of sodium azide
(up to 1 M) did not rescue the activity of the D316A mutant.
Second, other mutations at position 317 were analyzed for possible
rescue by azide. Mutants E317Q and E3171 have the carboxyl group
removed but do not leave a cavity as in the case of the alanine
mutant. Both mutant enzymes were inactive, and the addition of
azide (10, 50, or 200 mM) did not rescue their activity.

In this Communication we have reported the first successful
“chemical rescue” on a retaining glycosyltransferase. Azide acts

[NaN,] (mM) [NaN,] (mM) as nucleophile to givg-p-galactosylazide when the side chain of

Figure 2. Rescue ofE317A by sodium azide: (a) activity by the Pk/  Glu317 has been removed and a cavity is left. This result fits well
LDH coupled assay (rate of UDP release vs azide concentration) at 2 mM with the double displacement mechanism where Glu317 acts as
UDPGal and @) 10 mM lactose acceptor ofJj no acceptor. The inset  the catalytic nucleophile, since its role can be replaced by the
shows dependence on enzyme concentration at 2 mM UDPGal, 200 mM g o4anous nucleophile upon mutation to Ala, the same behavior
NaNs. Panel b shows the kinetic parameters as a function of sodium azide . . S .
(radiometric assay). obtained with rgtalnlng glyc03|da§es.. Howevgr, the fact of rescue

For the wild-type enzyme, increasing concentrations of sodium do_e_s not fu!ly discard the aIt(_ernatlveuSnechanlsm. Whether the

ability of being rescued is a signature of GTs operating by a double

azide had an inhibitory effect (first-order kinetics) on both trans- displ A hani d 1o oth tina by a diff t
ferase (IGo~ 300 mM) and hydrolase (&g~ 170 mM) activities Ispracement mechanism as opposed to others acting by a ditteren
mechanism (i.e., ) requires to extend this methodology to other

at 50 uM UDPGal with (10 mM) or without lactose acceptor, GTs

respectively. Removal of the carboxyl side chain in the E317A ]
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