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Glucosamine 6-phosphate synthase (GImS, EC 2.6.1.16)

catalyzes the transfer of NHfrom the amide group of
L-glutamine (glutamine dependent amidotransferase)p-to
fructose 6-phosphate (6P)The participation of the N-terminal

cysteine residue in the catalysis and the structure of its glutamine

binding domaiA definitely established GImS as a member of
the N-terminal nucleophile(Ntn)-hydrolase superfamiilfthe

formation of glucosamine-6P catalyzed by GImS is a key step
in the biosynthesis of bacterial peptidoglycan and fungal chitin.
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Scheme 1. Putative Three-Step Mechanism of GImS
Inactivation by Compound
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a Conditions: (a) 2-methylpropan-2-ol, DCC, DMAP (cat), dioxane,

Therefore, GImS has been considered as an interesting theraZ8%; (b)tertbutyl glyoxylate, DMF, cyclohexane, reflux, 89%; (c)

peutic target. Glutamine site-directed inhibitors of GImS
actually display goodin vitro antibacterial and antifungal
activities when incorporated in oligopeptidesMost of these
inhibitors are affinity labeld,e., glutamine analogs incorporating
one electrophilic function (halid#9°> o-keto epoxidé, oS-
unsaturated carbonyl derivatiig¢hat interact irreversibly with
residue Cysof GImS. The need to find more specific inhibitors

prompted us to design glutamine derivatives bearing a latent

electrophilic function. As a first result of this novel approach,

we present in this paper the first mechanism-based inhibitor,

L-y-glutamyl-2-[((-difluoromethyl)phenyl)thio]glycine, referred
to as compound.

The good inhibitory properties &f®-fumaroyl-2,3-diamino-
propionate derivativésad previously shown that the glutamine
site of GImS is large enough to accommodate a bulky grou
that would be linked to thé\>-amide nitrogen of substrate
glutamine. During the course of our investigations in the
chemistry ofa-heteroatom-substituted glycinespompound1

was designed as a possible mechanism-based GImS inhibitor.
Enzyme-catalyzed hydrolysis of its peptide bond (Scheme 1,
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acetic anhydride, pyridine, 79%; (d) 4-mercaptobenzaldehyde, triethyl-
amine, DMF, 95%; (e) DAST, dichloromethane, 39%; (f) 20%
trifluoroacetic acid-dichloromethane, 61%.

step a) should lead to the formation of glutamate ahd
deacylateda-arylthioglycine which is known to be highly
unstablé®. Its decomposition (stelp) would generate ammonia
and glyoxylate on the one hand as well as HF and 4-thioquinone
fluoromethide on the other hand. This latter powerful electro-
phile would then react with any active-site nucleophilic residue
(stepc), resulting in enzyme inactivation. Although previous
approaches have been based on the generation of quinone
methide or quinonimine methiél!'1to achieve phosphatdée

or elastas¥e1tinhibition, this is the first report of utilization

of 2-heteroatom-substituted glycines in the inactivation of a

D glutamine-hydrolyzing enzyme.

Compoundl was prepared according to Scheme 2. Con-
densation of suitably protected glutamine aed-butyl gly-
oxylaté? afforded the 2-hydroxyglycin@ in 90% yield, as
expected from earlier studies performed with simple amides.
After conversion o into the acetoxy derivative, nucleophilic
substitution with freshly prepared 4-mercaptobenzaldetyde
This
aldehyde was converted with DA%Tinto the difluoro deriva-
tive and deprotected by trifluoroacetic acid to give compound
1 as an undefined mixture of epimétsn 12.4% overall yield
from Boci-glutamine. Attempts to prepare the 2-(phenoxy)-
glycine and the 2-(anilino)glycine analogs failed because of the
instability of these products. Compoufdvhich turned out to
be perfectly stable under the conditions of enzyme assay even
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— ~ production was also detected by lactate dehydrogenase and
) < NADH,2 but the exact amount could not be quantified because
_\e\mo \ g of excessive background noi&. The 4 equiv (5.25-1) of
< * 4-thioquinone methide released in the medium could add a water
EWX\ #1170 e molecule (1,6-addition) to generate an unstatfuoro-o-
k) '\’ =N (hydroxymethyl)phenyl thiol precursor of 4-mercaptobenzalde-
3 v\\ hyde. A new 214 nm absorbing compound was indeed detected
2 SN in the HPLC profile of the inactivation mixture, but the minute
S guantity formed precluded its identification.
s o o o0 150 Although the four observations above meet the criteria

Time of incubation (min) required for suicide inhibitioA? GImS inactivation was pre-

Figure 1. Time-dependent inactivation of GImS. GImS (8) was vented by nucleophiles such as dithiothreitol (5 mM), cysteine
incubated at 20C and pH 7.2 in 10@L of 100 mM KPQ containing (20 mM) or tetran-butylammonium phenylthiolate (1.25 mM)

10 mM fructose-6P and at varying concentrations. At different time  which are not competitive inhibitors of the glutamine site. The
points, aliquo_ts (_5¢L) were \_Nithdrawn and the reaction was s_to_pped possibility of enzyme reactivation by breaking an enzyme/
by 200-fold dilution at 0°C in 100 mM KPQ at pH 7.2 containing  nhipjtor species adduct was discarded since extensive dialysis
both saturating substrates (10 mM fructose-6P; 6 mM glutamine). Then of inactivated enzyme in the presence of 5 mM dithiothreitol
residual activity is assayed at 3€ by the described proceduf€The (5 mM) did not result in regain of activity. This protective effect

enzyme remained 100% active during 120 min of incubation in the th t that th p ible for i tivati
presence of fructose-6P and in the absencé. @urves show time- may then suggest that the Species responsibie Tor inactivation

dependent inhibition (semilog plot) witlD} 11.6, @) 14.5, () 17.4, was releqsed into the solutllon (where it can be quenched by
and (v) 22.6 mM. Inset: double reciprocal plot of similar inactivation ~Nucleophiles) before alkylating the enzyife. ]
experiments performed withat 14.5, 16.0, 17.4, 20.3, and 22.6 mM. However, this assumption would be in contradiction with the
Above 25 mM, precipitation of occurred. The data points represent absence of a lag time before the onset of inhibition and with the
the average of three determinations. low partition ratio of about 7 ((5.25/0.66) 1, see above) which

was deduced from the quantitation of glutamate formed during
inactivation. It is then possible that in the protection experi-
ments the thiols enter the active site and compete with the active-
site nucleophiles for the activated thioquinone methide. The
design of a bulky thiol unable to enter the glutamine site of the
native enzyme would certainly be of interest to elucidate this
phenomenon. A similar behavior was actually observed in the
inhibition of B-glucosidases by difluoromethyl arylglucosidés.
Although the structure of native GImS has not been determined
yet, the active site has been consistently located at the bottom
of a cleft widely exposed to solvent on the recently reported

in the presence of 20 mM dithiothreitol was tested&stheri-
chia coli GImS purified as described.

The conclusion that compouridbehaved as a mechanism-
based inhibitor was drawn from the following results. (i) When
GImS was incubated with at concentrations 123 mM and
saturatingo-fructose-6P, a first-order loss of enzyme activity
was observed (Figure 1) over a period of about 18 Rhis
inactivation process displayed saturation kinetics, as shown from
the positivey-intercept in the double reciprocal plot of the
apparent inactivation ratersusinhibitor concentration (Figure
1, inset). Therefore, reversible enzyme/inhibitor complex - . . S :
formation is much faster than the inactivation step it&lf. three-dimensional structure of the glutamine binding doriain.

Values found for inactivation rate constaki{s) and irreversible The nature of the adduct betwegand GImS remains to be
inhibition constantKiy) are 0.054+ 0.002 min and 35.8+ elucidated. The participation of cysteinel in this adduct is

0.1 mM, respectively. (i) Extensive dialysis of inactivated Nighly unlikely since it is assumed to be still engaged in the
enzyme did not result in any recovery of activity, demonstrating ¥-9!utamy! thiol ester resulting Irom inhibitor processing by the
that the inhibition is an irreversible process. Furthermore, the catalytic thiol (Figure 1, step).” The observed absorption at

ultraviolet spectrum (not shown) of this dialyzed dead enzyme 308 M, @ wavelength higher than the typical vatu@g0 nm)

was different from that of the native one as shown by appearence®’ Phenyithiols or -thiolates but lower than that reported for
of a broad peak afmax = 308 nm. (i) The presence of a doubly conjugated thioketoff{330 nm), might reveal further

glutamate semialdehyde (0.27 mM), a potent glutamine site- €velution of the methyl-substituted 4-fluoromethylphenyl thiol
directed reversible GImS inhibitorK( = 55 «M),2° totally adpluct resultlng from nucleoph|I.|c 1,6-additféron the.thlo-
protected the enzyme from inactivation. This demonstrates thatduinone methide formed according to Scheme 1. Since elec-
inactivatorl is directed against GImS glutamine site. (iv) The TOSPray mass spectroscopy failed to give reproducible results
inactivation resulted from inhibitor processing by the enzyme: N the analysis of the inactive protein, further investigations are
glutamate dehydrogenase analysis of a GImS gMpsolution required to understand the molecular details of this inhibition.
inactivated to 66% by compoundl (28 mM) revealed the Despite moderate efficiency, further use of glutamine deriva-
formation of 214 2 «M glutamate that is a 5.25-fold excess tiVeS releasing reactive leaving groups may constitute a general

over the protein. Consistently, a simultaneous glyoxylic acid PProach to the design of irreversible inhibitors of glutamine-
hydrolyzing enzymes. The application of this concept to

(16) It has never been possible to separate at any stage diastereomerprotease inhibition is currently under investigation.
on reverse-phase HPLC. Nonetheless, all compounds gave satisfactory
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