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Peptide Deformylase: A New Type of Mononuclear Sequence alignment of peptide deformylases from nine bacterial

Iron Protein organisms revealed a highly conserved sequence motif, HEXXH
(H, histidine; E, glutamate; X, any amino acfdjvhich is the

P. T. Ravi RajagopalahX. Christopher YU and signature motif of zinc metallopeptidasesSite-directed mu-

Dehua Pei® tagenesi® and structural determination by X-ray crystal-

) lography! and nuclear magnetic resonance spectros@dmve
~ Department of Chemistry and  established that the zinc metal is tetrahedrally coordinated by
Biological Mass Spectrometry Facility  the two histidines from the signature motif, cysteine 90, and a
The Ohio State Unersity water molecule. However, the zinc protein is a very stable but
100 West 18th Zenue, Columbus, Ohio 43210 sluggish enzymek{a/Kn ~ 80 M1 571 with formyl-Met-Ala-
Receied September 30, 1097  Ser as substraté).On the other hand, the deformylase purified
) i _in this laboratory has much higher catalytic activiky,(Ku =
The emergence of drug resistance among pathogenic bacterig g x 10* M1 s~1 with the above substrate) but remains highly
has stimulated the search for novel drug targets as well as theynstableéd Furthermore, metal analy$#of our protein revealed
development of new drugs that inhibit the traditional targets the presence of significant amounts of iron and copper, and small
(e.g., ribosome and enzymes for cell wall synthesi®eptide  amounts of calcium, cobalt, and magnesium as well as zinc.
deformylase, which catalyzes the removal of an N-terminal This raises the possibility that a different enzyme isoform and/
formyl group from newly synthesized polypeptides, appears to or a metal ion other than zinc is responsible for the higher
be ideally suited for such an exploitation. While N-terminal = activity of our enzyme.
formylation and subsequent d_eformy_lation are a univgrsally Using an improved gradient, we were able to separate our
conserved feature of prokaryotic protein synthieaie peptide  yotormylase preparation into two species, referred to as peak 1
deformylase is essential for bacterial survi¥éie deformylase and peak 2 hereafter, on a Phenyl-Sepharose column (Figure

is appareljtly_ a_lbsent in higher animalsThus, _specific QG- la). On SDSPAGE gels, both species migrate as a 20 kDa
formylase inhibitors may provide a new generation of antibacte- polypeptide (data not shown). Electrospray ionization mass

rial agents. _ Unfortunately, although the defor_mylase a_(_:tivity spectrometric analysié of acid-denatured samples gave a
was recognized three decades égbg_ext_raordmary Iabll!ty . molecular weight of 19 198 2 for both peak 1 and peak 2
of the enzyme has prevented any purification or (:haracterlzatlonenzymes (Figure 1b), consistent with the calculated molecular
until very recently when weand other$ overexpressed the weight of 19 197 (mi,nus the N-terminal methionine). These

Eschgrichia colidef(_)rmylase _a_nd purified the _recombinant results suggest that peak 1 and peak 2 are likely to have the
protein to homogeneity. Surprisingly, the recombinant enzymes g e nolypeptide sequericeCircular dichroism (CD) spectra
obtained in the two laboratories exhibit dramatic differences in of peak 1 and peak 2 are essentially superimposed, except for
specific activity and other (_:atalytlc propertfesve now report slightly more negative ellipticity in the 265217 nm region for
that peptide deformylase is a novel mononuclear iron protein y,o hea 2 protein (Figure 1c). This indicates the presence of
?hndl_;:rov;de a possible explanation for the conflicting results in pigny similar secondary structures and likely a similar tertiary
‘;'efg L“;je.f | . | d b . structure for both species. However, there also exist some
eptide deformylase was previously reported to be a zinc gjqnificant differences between the two species. First, while
metalloenzyme, containing one Zrion per polypeptide chaih. the peak 1 protein always contains approximately 1.8 Zrer
* Corresponding author. Telephone: (614) 688-4068. Fax: (614) 292- polypeptide, the peak 2 protein contains mostly iron (up to 1.0
1532. E-mail: pei@chemistry.ohio-state.edu. iron atom per polypeptide), along with small amounts of other
Department of Chemistry. adventitious metals, although the iron content (and activity)
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same metal-binding site in the protein. Thus, the iron is likely
Figure 1. Comparison of the two deformylase forms. (a) Elution profile ~coordinated by residues His-132, His-136, and Cys-90 in the
of a Phenyl-Sepharose column (Pharmacia HR 16/10). The gradientprotein, although other residue(s) may also serve as metal ligand-
was from 1.76 0 M (NH4)>SO: in 20 mM potassium phosphate (pH  (S).
7.0) and 10 mM NaCl over 200 mL (4 mL/min). (b) Deconvoluted To determine the valence state of the iron metal, freshly
spectra from LC-ESI MS analysis. (c) Circular dichroism spectra (10 purified peak 2 deformylase was acid denatured and the released
scans) of peak 1 and peak 2 enzymes (M) at 20 °C. (d) iron was quantitated by complex formation with 1,10-phenan-
Denaturation profiles. Deformylase (2M final) was added to solutions  throline and ammonium thiocyanate. These experiments
(V= = 500 uL) containing 6-4.5 M guanidinium hydrochloride and  ghowed that the native deformylase contained 02 F&*
incubated at 23C for 12 h prior to CD measurement at 225 nm. and 0.20+ 0.03 Fé' per polypeptidé® When the native
deformylase was treated with hydrogen peroxide prior to acid

peak 1 protein unfolded a3 M and the peak 2 protein unfolded  denaturation, 0.95 0.03 Fé* per polypeptide but no Ré
at=1.7 M denaturant (Figure 1d). The simplest explanation was found. The peak 2 protein was also examined by electron
for these observations is that peak 1 is a zinc-containing enzymeparamagnetic resonance (EPR) and was found to be EPR silent,
as reported by Meinnel et &l.whereas peak 2 contains a consistent with an P& center. Our preliminary results show
different metal ion, most likely iron. that peptide deformylase frordlaemophilus influenzaalso

To demonstrate the functional role of iron in peptide contains aniron metal and is highly unstable. ThusRheoli
deformylase, nine fractions from five independent protein peptide deformylase, and perhaps deformylases from other
preparations, all of which contained homogeneous deformylaseorganisms as well, is an Femetalloenzyme. The dramatically
polypeptide as judged by SB¥AGE and coomassie stain, different catalytic activities associated with the?Fars Zr¢*
were analyzed for metal content and catalytic activity. Alinear enzymes, which apparently have a similar tertiary structure,
correlation between catalytic activity and iron content was found provide further support that the metal ions are directly involved
(Figure 2). No such correlation could be found for any of the in catalysi€® To our knowledge, this represents the first example
other 19 metals tested. These results firmly establish that iron, of an iron-containing amidase. Since most of the metallopro-
instead of zinc, is the functional metal in the peak 2 enzyme. teases and metallopeptidases utiliz&'Zas the catalytic metél,
Since the peak 2 enzyme resembles in many properties (highthe unique structural feature of peptide deformylase will

activity and lability) the deformylase activity in nonoverpro- facilitate the design of selective deformylase inhibitors.
ducingE. colistrains? the iron-containing deformylase in peak

2 is most likely the physiologically relevant species. The zinc-
containing peak 1 protein, with much lower activity, is likely
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