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The First Structural and Mechanistic Insights for and of the class A TEM-1 enzyme fror&scherichia coli
Class Df-Lactamases: Evidence for a Novel conclusively indicates that the class D and class A enzymes share
Catalytic Process for Turnover of -Lactam an overall common fold, although the distribution of secondary
Antibiotics structure elements in space varies considerably. A remarkable

feature is the nearly perfect superimposition of all atoms from
. . residues providing the catalytic machinery for acylation (Ser-67,
Dasantila Golemf, Laurent Maveyraud,Sergei Vakulenks, Lys-70, Ser-115, Lys-205 in Oxa-10 and Ser-70, Lys-73, Ser-
Samuel Tranief,Akihiro Ishiwata3 Lakshmi P. Kotrd, 130, Lys-234 in TEM-1) (rmse= 0.5 A)
Jean-Pierre Samamd,and Shahriar Mobashery* Y5 - S ’ . .
’ The first difference occurs in the connection between helices
aC andoD (Figure 1A; residues 98 and 99 shown in green).
Instead of the classical long loop between helkd and strand

205 route de Narbonne, 31077-Toulouse Cedex, France f3 that lines the active site in class A enzymes, a three-residue
Department of Chemistry, Wayne State admsity long strand £3a) is found in Oxa-10. This feature, which has
Detroit, Michigan 48202-3489 never been obseryeq in a_yi’ylactgmase, pr_owde_s an extension
of the substrate-binding site. This groove is defined by residues
Receied April 21, 2000 from strand$33a, 33, and4 and the C-terminal helix, and may
either be a reminiscent vestige of the substrate-binding site of an
B-Lactamases hydrolyzélactam antibiotics, and as such serve ancestor to class [B-lactamases or it indicates that class D
as the primary cause of bacterial resistance to these antibiotics.enzymes may have another function that remains to be character-
Four classes gf-lactamases, classes A, B, C, and D, are known. ized. The last highly significant feature in the Oxa-10 enzyme is
Classes A, C, and D follow the active-site-serine mechanism in the completely new fold of the loop between residues 141 and
their chemistries, and class B enzymes are zinc-depeh@i€dss 159. The loop is reduced in size compared to that in class A
D p-lactamases are the smallest (27 kDa) among active-site-serineanzymes, and very importantly, it bears no acidic amino acid that
B-lactamases, and they are the least studied. To date, more thagvould act as a general base in promotion of the hydrolytic water
20 of these enzymes have been identified. Clagslactamases  for deacylation of the acyl-enzyme intermediate, such as is the
lack any overall amino acid sequence homology to class A and case in class A8-lactamases.
C enzymes. These enzymes have become important clinically with  The striking identical spatial positions of the serines and lysines
the recent discoveries of new variants such as Oxa-11 and Oxa-in the active sites of class A and D enzymes underscore the
14 to Oxa-20, which show an extended-spectrum préfilée statement that these residues, involved in enzyme acylation, were
genes for most of these enzymes are borne on integrons or orhanded down from the ancestral penicillin-binding protéifite
plasmids; which facilitate their dissemination among various  similarity of the acylation machineries between class A and D
organisms. enzymes is strengthened by the presence of an oxyanion hole
The current knowledge about the catalytic mechanism of the provided by the main chain nitrogen atoms of Ser-67 and Phe-
class DB-lactamases is extremely limited and there is no known 208. The identical spatial location of all of these atoms enabled
crystal structure for any of these enzymes. We have undertakenus in model building of the acyl-enzyme species of Oxa-10 (not
to study the Oxa-1@-lactamase fronfPseudomonas aerugingsa  shown), based on the knowledge of such complexes in the X-ray
a human pathogen. We present herein the X-ray structure of thisdata for the TEM-15-lactamasé.
enzyme, which is the first such structure for any class D
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B-lactamase Crystals of Oxa-10 diffracted to at least 2.4 A R, S, 1 R= HOY
resolution. They belong to space grdep, with cell parameters EI J/K;U HO
ofa=664Ab=2894A c=1015A 8= 9525 The ° co; 2 R- A
structural and kinetic results indicate this to be a novel enzyme :
with a distinct catalytic machinery. R S 3 R= HOYY
The comparison of the structure of the Oxa{lfactamase @J ] N \>/ HO
with those of the class C enzyme frdemterobacter cloaca®99 o 1"’002‘ 4 A= N
Pm— - —
Q,T,?%é “Siaﬁ’é‘admi‘gﬁ’s'ﬁg'e et de Biologie Structurale du CNRS. This model indicates that the approach of a water molecule to
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(2) Massova, |.; Mobashery, 8ntimicrob. Agents Chemothet99g 42, The approach of the hydrolytic water in the class A enzymes is
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In Resoling the Antibiotic Paradox: Progress in Understanding Drug D Oxa-10 enzyme as well, since theface is open and exposed
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Chemother1998 42, 2074-2083; Danel, F.; Hall, L. M. C.; Duke, B.; Gur,  and 2, as effective inhibitors of class f-lactamases. These
D.; Livermore, D. M.Antimicrob. Agents Chemother999 43, 1362-1366. compounds acylate the active site serine and resist deacylation

Mugnier, P.; Casin, |.; Bouthors, A. T., Collatz, Bntimicrob. Agents - .
Chemother1999 42, 3113-3116; Philippon, L. N.; Naas, T.; Boutors, A. N class A enzymes by the virtue of the fact that the hydroxyalkyl
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171, 6423-6429. application of this principle, we have shown that a judicious

(5) The final model comprises 243 residues per molecule and four molecules
per asymmetric unit. Six Au(CN)-2 species, five sulfate ions, and 461 water (6) Maveyraud, L.; Massova, |.; Birck, C.; Miyashita, K.; Samama, J. P.;
molecules were included in refinement. The fifafactor was 0.187Rsec is Mobashery, SJ. Am. Chem. Sod.996 118 7435; Mourey, L.; Miyashita,
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Ultracentrifugation analysis of the protein indicated that the Ox#-1&cta- (7) Miyashita, K.; Massova, |.; Taibi, P.; Mobashery JSAm. Chem. Soc.
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site-serings-lactamases, classes A, C, and D, appear to be distinct.
Class A enzymes have a general base (Glu-166) that activates
the hydrolytic water from then-face?%1! Class C enzymes
promote the hydrolytic water from the-face? and there would
appear to be a substrate-assisted component to the catalytic
process:*® The results reported here indicate that class D
p-lactamases also promote the hydrolytic water molecule from
the a-face, but the process of water activation is different. The
conceivable scenario for promotion of the hydrolytic water
involves Lys-70. The side chain nitrogen of Lys-70 in Oxa-10 is
ensconced in a rather large hydrophobic pocket (Figure 1B), in
contrast with the crowded and polar environment of the corre-
sponding Lys-73 in class A enzymes. This hydrophobic environ-
ment is made up of the side chains of Phe-69, Val-117, Phe-120,
Trp-154, and Leu-15%} and gives room for significant confor-
mational flexibility for Lys-70 (Figure 1B). On acylation of the
active site, the substrate would cap the top of the hydrophobic
pocket and this environment would be completely shielded from
solvent in the acyl-enzyme complex. The low dielectric constant
for this pocket may mandate that Lys-70 exist in the free base
form. Hence, Lys-70 is likely to be involved in both activation
Figure 1. (A) Stereo view of the main-chain tracing of the 2.4 A X-ray ~ of Ser-67 for enzyme acylation by the substtdtend promotion
crystal structure of the Oxa-1@-lactamase. The region in green of the hydrolytic water for deacylation. Therefore, it would appear
corresponds to the residues 98 and 99, in magenta corresponds to thé¢hat the class [B-lactamases exhibit symmetry in the two catalytic
Q-loop. (B) Stereo view of the active site region is depicted. The steps, a situation not seen for othtactamases. In summary,
hydrophobic pocket is shown as a dot surface in orange. Backbone ofthe mechanism of class D Oxa-fdactamase is distinct among
the enzyme is shown in yellow. In both panels, amino acid residues in known p-lactamases. Since class B-lactamases are zinc-
the active site are shown as capped sticks, and color-coded according tdependent and operate by a different mechanismfyeis clear

the atom type (carbon in white, oxygen in red, and nitrogen in cyan). that nature has devised at least four distinct approaches for
destruction ofs-lactams in manifestation of resistance to these

hydrogen bond formation by the inhibitor to the active site of ,qtiniotics

serine protease chymotrypsin may even prevent enzyme acylation '
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