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Abstract

Bacteria are becoming increasingly resistant to antibiotics, and therefore there is an urgent need for novel antibiotics targeting alternate pathways. Toward that goal, our research studies
inhibitors of the di-zinc metalloenzyme acetylornithine deacetylase (ArgE), an enzyme found in the arginine biosynthesis pathway of bacteria. Because ArgE is only present in bacteria, inhibiting this
enzyme would kill bacteria without mechanism-based toxicity to humans. We screened classes of potential inhibitors and tested inhibitors in a 214 nm assay and found IC., values for the most
potent compounds. We also tested select inhibitors in a thermal shift assay (TSA) with Escherichia coli ArgE to determine the stability of the enzyme in the presence of inhibitors.

Introduction Methodology Results and Discussion
Due to the prevalence of antibiotic-resistant infections, itis |[214 nm Assay Fifteen inhibitors were tested in the 214 nm assay with a
crucial to identify new antibiotics, especially those with a To test inhibition of the ArgE enzyme, the activity of the concentration of 100 uM, with the most potent being 4-
new mechanism of action!. An underexplored target for enzyme was measured by monitoring the amount of product |[diethylamino phenylboronic acid (93.4%+2.2).
developing such antibiotics is the di-zinc metalloenzyme N- |created. As the concentration of the product increases, the Table 1: ArgE Inhibitors
Acetyl-L-ornithine deacetylase (ArgE). absorbance of light at 214 nm decreases. This was observed
with UV-Vis spectroscopy. The percent inhibition and IC., . TR v syvesl Wnscres I | NaorArgE [assay, Nao:
A values were calculated using the absorption data. This 214 nm eisgkt | iy aelsing | Gy
assay is simple to use and reproducible, but because many e BB M| I thydroxyphenyl g sncar 112
organic molecules absorb in the UV region, it is difficult to | oS e
detect the enzyme’s products. This applies especially to Oty Phenytboronicacia  46.1%+-45 1324108 |~ [T (diet:ﬁ%}:menyl 934% +/-4.6
drugllke molecules. OHE?_ Bf’“ 4-iarbo§yph§:yl 7/8.2‘? /@rg'f% 4-;nethxlph§r;y1 44.9%+/-2 2
Ninhydrin ASSBY NCO—B{OH 4-Cyanophenyl — 45 994+/-7.1 Fsc""[”'f\\lj"g?o“ bis(triflli;:)methyl) 0%
The use of a ninhydrin assay allows detection of more complex o oromienad L., phenylboronic acid
inhibitors. Previous work in our group designed a ninhydrin F& iigarorciiiihcn T S0 ~ . d-chlorophenyl (0o
assay with DapE. Given the similarity between DapE and ArgE, ||~ ' sorosica o roromeadd
Figure 12: The E. coli ArgE dizinc structure (green) compared to similar We Creaj(ed a ninhydrin assay for Argk. Ninhydrin reacts with 9 L o o 391%4-78 W T e 397%-25
proteins. (A) EcArgE mono-zinc form (cyan) (B) Haemophilus influenzae free amine to form Ruhemann’s purple. However, the amine N-4- J\/C.’H CERARRSHV
DapE (orange) (C) Enterococcus faecium DapE (brown) (D) group on NAO would interfere with the ninhydrin assay, so AN ot oM boromicacid o
Rhodopseudomonas palustris ArgE molecules other than the product react, obscuring the results. || % saceypheyt 5,50,
To address this, we synthesized an analog of NAO, N>, N5- RN rorome s
The ArgE enzyme is part of the arginine biosynthesis dimethyl-ornithine, which substitutes the primary amine with |1h€ results for captopril in the 214 nm assay were compared to
pathway in all Gram-negative and most Gram-positive methyl groups, forming a tertiary amine. Ninhydrin reactions the results for captopril in the ninhydrin assay and confirmed

the validity of the ninhydrin assay. 4-diethylamino
phenylboronic acid had the highest potency in the ninhydrin
assay as well, as anticipated, with an IC., value of 50.1uM.

bacteria3. Without this enzyme, the cell is not viable®. The with the primary amine product of the substrate analog form
enzyme is also similar in structure to DapE, an enzyme our [Ruhemann’s purple.

group has worked with previously. Both enzymes have To validate the assay, its results must be compared to those
similar homodimeric structures and similar active site from the 214 nm assay. o - _
" The TSA data shows a positive shift in the melting temperature
resiaues. L-Glutamate + Acetyl Co-A O O . . . .. .
| ArgA of the enzyme in the presence of inhibitor. This indicates that
-aCC urtamate ~ - I : : : :
N tylgll tArgtB HQNMOH NMOH the enzyme stabilizes when the inhibitor binds.
N-acetylglutamate phosphorylate HN O | HN O " HCI .
ylg 1 g Cp y \f \f [captopril] Tm Ki
rg
N-acetylglutamate semialdehyde
0 uM 56.4 + 0.24
_— fh{gD N-acetyl ornithine NS, NS-dimethyl-acetyl ornithine ble 22 TA data "
-acetylornithine ] . . 1 uM 564+0.17
Omithin,zrgE | Polyamine biosynthesis Figure 3: The natural substrate compared to the synthesized analog. for EcArgE in the 10 uM 56.6 4 0.07
Crutiline 0 Formaldehyde. o O O : 50 uM 57.8£0.30
v ArgG o @ NaBH3CN, ~X O . in ether ~ capto r|| H
L-arginosuccingate HsNﬁkg Acetic acid in g TWINH% MR T&/;‘\l)kgl_l‘ HCI p p 70 “M 58.5+0.29
l ArgH \f 2% MeOI1-I grlld 38% ACN \f \f 90 uM 59.1 £0.13
L-arginine 1 o N , N ; 100 uM 60.0 £ 0.35
Figure 42: Synthesis of N°,N>-dimethyl-N®-acetylornithine -
Figure 2: The biosynthetic pathway where ArgE operates. Conclusion and Future Work
The k_,./K,, and IC, values for the ninhydrin assay are We sent the most potent inhibitor, 4-diethylamino
Work by the Blanc.:ha.rd group found using a 214 nm assay | statistically identical to the results from the 214 nm assay, phenylboronic acid, to our collaborators as Argonne National
that N“-acetylormthme (NAO) was the s.ub.strate for ArgE, | demonstrating the validity of the ninhydrin assay. Laboratory. We hope to find a crystal structure for the inhibitor-
forming the products acetate and L-ornithine3. bound enzyme.
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Ne-acetylornithine Acetate L-Ornithine

Figure 3: The reaction catalyzed by ArgE, the conversion of N&-
acetylornithine (NAQO) to acetate and L-ornithine




