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tudents often believe that there are no more important discoveries to be
made in science and that their textbook contains the final word on what we
know about the natural world. Of course, nothing could be further from the
truth. In work completed at the SER-CAT 22-BM-D and 22-ID-D beamlines at the
APS, colleagues from St. Jude’s Children’s Research Hospital and the University of
Tennessee Health Science Center have learned something new about an old topic:
sulfonamide antibiotics. Their results explain the mechanism by which bacteria develop resistance to these drugs and provide detailed information about the catalytic
action of the bacterial enzyme they inhibit. This information can guide the development of new antibiotics that will target the same pathway but not be as susceptible
to resistance as previous antibiotics.
Introduced in the 1930s, sulfonamide (sulfa) drugs were the first antibiotics to act on a wide range of bacterial
infections. They inhibit the bacterial enzyme dihyropteroate synthase (DHPS)
by competing with the enzyme’s natural
substrate, p-aminobenzoic acid
(PABA). DHPS is an enzyme in the folate pathway that is essential to bacterial growth. The sulfa drugs work
because humans get folate from their
diet and are not affected by the inhibitor, so bacteria are specifically targeted for killing. The sulfa drugs are still
used but, due to mutations in DHPS
that allow some bacterial strains to develop resistance to them, they are often
only second- or third-line options.
However, some sulfa drugs have
proven effective against infections that
are resistant to other antibiotics and in
immune-compromised patients, creating renewed interest in developing antibiotics that target DHPS but do not
allow resistance to emerge. The St.
Jude/Tennessee team is interested in
developing antibiotics that target the
binding of the other DHPS substrate, 6
hydroxymethyl 7,8-dihydropterin pyrophosphate (DHPP).
In previous structural and molecular studies of DHPS, it was determined
that mutations allowing for resistance
were clustered within two flexible, conserved loops near the enzyme’s active
site. However, these regions were not
< Fig. 1. Model of the DHPS active site with
space-filling representation of the bound transition state intermediate (DHP+), the pyrophosphate leaving group (PPi), and pABA after the
crystal was soaked in DHPP, pABA, and Mg2+.
Loop 1 is shown in magenta and loop 2 in
green.

well-visualized in crystal structures,
leaving open many questions about
how the mutations confer resistance
and what role the loops play in enzyme
catalysis. To gain more information
about the catalytic mechanism of
DHPS, the group approached the problem by trying to visualize the structure
of DHPS in complex with both its substrates.
After soaking their DHPS crystals
in PABA and DHPP, the researchers
were surprised to find that the enzyme
had catalyzed the reaction, leaving an
intermediate molecule still bound in the
active site (Fig. 1; DHP+). This intermediate structure provided two new findings. First, the structure showed that
atoms involved in the catalysis were
likely to undergo a unimolecular (SN1)
rather than a bimolecular (SN2) nucleophilic substitution reaction mechanism
as was previously hypothesized. This
provides important information about
the catalytic mechanism of DHPS necessary for inhibiting its activity. Second,
the structures of the flexible loops were
stabilized in the presence of the intermediate; this allowed the team to see
what was going on at that crucial point
in catalysis.
Visualization of the loop 1 and loop
2 structures showed that during catalysis the loops form the pocket that binds
to the substrate, PABA. This explains
why amino acids in those loops are
conserved in the enzyme and why mutations in those amino acids can confer
antibiotic resistance. If they serve to inhibit sulfa drug binding but retain PABA
binding, the bacteria can still make folate. Indeed, crystals soaked with the
DHPP substrate and a sulfa drug instead of PABA showed that the sulfa

drugs insert directly into the pABA binding site.
Next, the team plans to use the insights gained from this study to develop
drugs that can bypass these mutations
and inhibit DHPS via the DHPP site.
— Sandy Field
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