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Trans-sialidases are glycosylphosphatidylinositol-anchored sur- w01 Co HO OH o Cop HQ DM o GOH
face proteins expressed during the developmental stages of some \—AWOH \—Am: WF
trypanosomal parasites suchTagpanosoma cruzandT. bruceil? Hd H HO
Trans-sialidases belong to the family of sialidases (E.C. 3.2.1.18), 1 2 3

but rather than catalyzing hydrolysishey preferentially transfer o _on o _om

0-(2,3) linked sialic acid with retention of anomeric configuration @& 0”0 & °”O

from a terminal galactose of host sialyl glycoconjugates to a terminal o ﬂ&ﬂw " Y 3&4%
galactose on the surface of the paras#@. cruziis the causative . o . "o

agent of Chagas’ disease, a parasitic infection that currently affects

over 20 million people in Central and South America. Since

. e . . . that acceptor lactose binding was required to promote formation
trypanosomes are incapable of sialic acid biosynth&sisruzi P 9 q P

e g of the intermediaté® However, incubation witt2 in the presence
trans-sialidase (TcTS) represents a promising target for the develop-of the incompetent 3'-deoxy lactose acceptor analatjéialso did

mer_lt of therape_utlcs to treat Chfs\gas disease and has been th(ﬁot lead to accumulation of an intermediate. This indicates either

subject of extensive structural studies. Recent X-ray crystal structurey -+ > is not a substrate for TcTS or that hydrolysis of the

(rjep:olrltsdhzye ?hgd ?ome Ilfg:httonttr;g mohde of;cnon offT;:’édand intermediate is occurring at a rate similar to or greater than that of
etarled inetic isotope eflect studies have been perto . _its formation. Improved accumulation of the intermediate might

Howe_ver, many fundamer_nal q“.es“c"?s about the . mechanism be expected if a mutant form of TcTS is used in which the putative
remain, espeually_concermng the identity, or even existence, of a acid/base residue has been replaced. The presence of the excellent
catalytlg nucleophile. fluoride leaving group obviates the need for acid catalysis, allowing

A unique Tyr/G_Iu couple has been _suggested t(.) act as Fhethe intermediate to form, but leaving the second step impaired by
catalytic nucle_oph|le for_enzymes belonging to glycosidase family the absence of general base catalysis. Indeed, incubation of the acid/
GH 33, of which TCTS 'S a member, though th_e exact ne}ture of base mutant of TcTS (D59A) witB produced a single species of
the role of each residue is yet to be determifietlternative mass 71 45@: 6 Da, corresponding to the stoicheometric attach-

mechanisms .|nvolv.e a discrete oxo?arbenlum ion |ntermeq|ate Of ent of a single 3-hydroxy sialyl moiety (306 Da) to the mutated
an a-lactone involving the substrate’s own carboxylaten this protein

Communication we demonstrate that the reaction catalyzed by TcTS Alternatively, the use of a sialic acid analogue with a (more

procEed_s through a covalent gl)_lcpsybhlzyme_d|nterm'(§d|art1e, a electronegative) fluorine atom incorporated at C3 should also lead
mechanism common t.o most rgtalnlng glycosiaases. urthermore,, 3 more stable intermediate. Indeed, incubation of wild-type TcTS
via LC-MS/MS analysis of peptide digests, we identify Tyr342 as with the 2,3-difluoro derivative8!? produced a single species of
the catalytic nucleophile, the first such example of a retaining mass 71 56& 6 Da. This increase of 304 12 Da is that expected
g|yCOSId§SE utilizing an aryl glyCOSId? Intermgdlate. - for the covalent attachment of one 3-fluorosialyl moiety (308 Da).
Trapplng of the glycosyfrenzymg lntermedlates on_retamlng When TcTS, prelabeled by incubation wBhwas subsequently
glycogldases hag been achieved using actlvgted glyc93|de substrate‘ﬁcubated with the competent acceptor lact6s® min), labeled
n Whlch a fluor|r111e atom has been _substltutgd adjacent Fc_) the protein was no longer observed by LC-MS, indicating turnover of
anomeric cent_e»‘h . Th? electro_n_egatlve substlFuent destabilizes the intermediate. However, little change was observed in the degree
the oxocarbenium ion-like transition state, slowing the deglycosy- of labeling when TcTS was incubated wighand the 3deoxy

lation step. Since sialic acid itselfl bears no electronegative lactose acceptos. Importantly, this turnover in the presence of
substituent at C3, adjacent to the anomeric center, the introductionlactose but not in the presence of tHed@oxy analogue, directly

ofa quon;e aﬁ_?m_or even 6;_ hydr]?xyfllgro_tép ?t C? might servr:a tr:z demonstrates the catalytic competence and mechanistic relevance
same end, while incorporation of a fluoride leaving group should ¢ - iviermediate trapped.

rer\f/Er th_er|r11_tsermed|§lte Ignetldcallyhacrc]esrs]ltijle. ated siali id 2,3-Difluorosialic acid3, was found to inactivate wild-type TcTs
en TeT'S was Incubated with the hydroxylated sialic acid j, 5 time-dependent manner according to essentially first-order

o 2 L
derivative2,”# only unlabeled protein with mass 711966 Da kinetics, although inactivation, particularly at lower inactivator

was observed bY ES/MS. Slnce_ earlier kln_etlc gnaly5|s h?d concentrations, did not proceed to completion (Figure 1a). This is
suggested that a ping-pong mechanism was unlikely, it was poss'bleconsistent with a kinetic modélin which turnover keaq) of the
A — - sialyl—enzyme is significantly slower than its formatidg) @t high,

; pniversity of British Columbia. but not at low, inactivator concentrations. When freed of excess

§ Instituto de Investigaciones Biotechnologicas. inactivator by ultrafiltration, followed by incubation in buffer at
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Figure 1. (a) Inactivation of wild-type TcTS witl8. Enzyme was incubated
with the following concentrations & 1 mM (O), 5 mM (M), 10 mM (»),
20 mM (®). (b) Spontaneous reactivation of TcTS when freed of ex8ess

M/Z (amu)
25°C, a first-order spontaneous recovery of enzyme activity Was rigyre 2. ESI tandem MS daughter ion spectrum of the 3-hydroxysialyl
observed Keo: = 0.055 min'?, corresponding tdy, = 12.6 min), peptide (z 1392). Observed B and Y series fragments are shown below

again indicating a catalytically competent intermediate that is and above the peptide sequence, respectively.
capable of turnover, but at greatly reduced rates (Figure 1b).

To identify the site of covalent attachment, TcTS (D59A) was achieves appreciable negative ion character at the transition state,
incubated with2 and then immediately subjected to peptic digestion thereby avoiding this electrostatic repulsion.
at pH 2 along with a sample of unlabeled protein. The peptic digests  In conclusion, we have shown that TcTS operates through a
from both labeled and unlabeled enzymes were then purified by double displacement mechanism involving the transient formation
RP-HPLC coupled with on-line MS analysis. Comparison of the of a covalent sialytenzyme intermediate with Tyr342. The relay
two LC-MS elution profiles revealed that a peptide of mass 1392 of charge required for the generation of this novel intermediate is
Da was observed only in the chromatogram for the labeled sample, likely a consequence of the structure of sialic acid. Indeed, some
with a corresponding peptide ofz= 1086 present in the unlabeled ~ form of charge relay will probably prove to be a common feature
sample. Daughter ion fragmentation analysis of this 1392 Da peptideamong enzymes that process sialic and neuraminic acids.
revealed a sequence of DENSAYSSYBOHSial, as shown in
Figure 2. Importantly, only the B ion fragments up to and including Pr
Tyr342 include the 3-hydroxysialyl label, indicating that the sialic
acid is attached at that point. A similar result was obtained for wild-
type TcTS which had been labeled wish

The importance of this tyrosine is revealed by the fact that it is References
completely conserved in enzymes belonging to family GH 33. ) _ )
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glycoside hydrolases, a negatively charged catalytic nucleophile E+LF <N pop 2~ E_I_/]fﬂi‘ E+1
directly attacks the anomeric carbon to generate the covalent K HOH

intermediate, while a neighboring residue (e.g., Tyr) stabilizes the (15) T. cruzicontains over 100 genes encoding for trans-sialidase, of which
negative charge in the free enzyme. However, as both sialic and ibout half are catalytically inactive and contain the mutation Y342H (ref
neuraminic acids bear a carboxylate group adjacent to the anomeric (16) Interestingly, the Glu to Asp mutant dfgrobacteriump-glucosidase
ce_nter_, it is likely that unfavora_ble electrosta_tic interactions_ would ;‘g:?ne;;”c?n” totf"Qe;?:bﬁz”Sfé‘éy'{?;cytévoiﬁ'gg_ Igég?er?r?ecn;circi);%ﬂ?? tlgét%.\;”a
arise if the Glu were to function as the direct nucleophile. By Warren, R. A. J.; Aebersold, R.; Namchuck, M.; Withers, S. G.
invoking the Tyr/Glu couple in TS, the tyrosine relays charge from BiochemistryL995 34, 14547.

the more remote glutamate residue so that the phenolic oxygen only JA0344967
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