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A CASE OF NONSPECIFIC SUBSTRATE SPECIFICITY

Fig. 1. Space-filling model of NDm-1 active site with hydrolyzed ampicillin substrate containing bro-
ken β-lactam moiety and zinc atoms bound. major structural elements of NDm-1 are shown in gray
ribbons. Zinc atoms are shown as pink balls and hydrolyzed ampicillin is shown in colored stick repre-
sentation with green for carbon, red for oxygen, blue for nitrogen, and yellow for sulfur atoms.



enzyme efficiencies observed with dif-
ferent metals.

ndm-1 has proven to be difficult to
inhibit due to its promiscuous ability to
inactivate multiple β-lactam-based an-
tibiotics. however, the knowledge
gained in this study has led the team to
believe that development of new in-
hibitors for ndm-1 that focus on struc-
tures that contain oxygen molecules
that mimic the distance found in β-lac-
tam antibiotics could be successful. the
work continues on the discovery of
ndm-1 specific inhibitors that will take
advantage of the β-lactam recognition
by the enzyme. Some promising com-
pounds have been identified already.
the race is on as 12 variants of ndm
have been found in 15 different strains
of pathogenic bacteria all over the
world.  — Sandy Field
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gen molecules on the β-lactam ring and
the active site containing the zinc ions.
Any additional structural elements on
the antibiotic that come off the β-lactam
ring are neatly annexed to a spacious
and flexible area adjacent to the active
site and do not appear to participate in
recognition by the enzyme or in cataly-
sis. this allows for catalysis of a wide
variety of β-lactam antibiotics without
regard to molecular variation beyond
the β-lactam ring. 

using a combination of the infor-
mation gained from the structures and
molecular modeling calculations, the
team discovered an explanation for the
reported discrepancies in the distance
between zinc molecules in the ndm-1
active site and learned more about how
the catalytic reaction proceeds. model-
ing showed that variations in ph result
in the presence of either a water mole-
cule (lower ph) or hydroxide ion (higher
ph) oriented between the zinc ions and
that the differences created by this
change can account for the different
distances reported in previous ndm-1
structures, which were solved at differ-
ent phs.  calculation of the energies in-
volved in the hydrolysis reaction based
on the new structures allowed the team
to discard the previous hypothesis for
catalysis and propose a new mecha-
nism for catalysis that is more energeti-
cally favorable and explains differing

ndm-1 is capable of hydrolyzing
(inactivating) the β-lactam ring present
in over 60% of antibiotics used in clin-
ics and of working with more than one
metal to catalyze the enzymatic reac-
tion. indeed, ndm-1 has proven to be
the ultimate example of a promiscuous
enzyme. but the question is, how does
it work? Previous studies suggested
that the reaction occurs in multiple
steps and involves two zinc (or other
metal) ions that catalyze the reaction.
however, only the first and last steps of
the reaction had been visualized by
previous structures and the available
studies reported different distances be-
tween the two metal ions, leaving open
the possibility of a number of alterna-
tive catalytic mechanisms. the re-
searchers in this study, from Argonne,
the university of texas-Pan American,
and texas A&m university, sought to
learn more about the precise catalytic
mechanism of ndm-1 by using high-
brightness x-rays on the Sbc-cAt 19-
id-d beamline at the APS to solve four
structures of the enzyme in complex
with β-lactam antibiotics and either
zinc, manganese, or cadmium ions. 

the structure of ndm-1 in complex
with ampicillin plus zinc (Fig. 1) and
computer-modeling experiments reveal
the basis for the promiscuity of ndm-1.
the enzyme makes only two main con-
tacts with the substrate, between oxy-

E nzymes are known for their specific recognition of the molecules they
act on and for the speed of their reactions. much of the work done by
researchers who study protein structure is devoted to discovering the

precise architecture of enzyme catalytic sites in order to uncover the exact
features responsible for this specificity and speediness. the recent discovery
of a bacterial enzyme, called new delhi metallo-β-lactamase, or ndm-1, that
can neutralize nearly all of the β-lactam antibiotics, suggests that promiscu-
ity, rather than specificity, may also be an effective strategy. in an effort to un-
derstand exactly how ndm-1 can work on so many different antibiotics,
researchers solved the structure of ndm-1 in four different configurations
using data collected at the APS. then they used their structural data as a
basis for modeling the energetics of possible catalytic pathways. While the
evolution of ever more promiscuous microbial enzymes is not surprising, it is
hardly good news in this era of increasing antibiotic resistance. efforts to in-
hibit the action of this enzyme have thus far been unsuccessful but insights
from this work provide important information that will be used to guide the ra-
tional design of future drugs to control the spread of bacteria that harbor the
ndm-1 enzyme.
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