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Peptide deformylase (PDF) catalyzes the removal of a
formyl group from the N-terminal methionine residue of
newly synthesized polypeptides in order to yield mature
proteins. This deformylation step is an essential process in
bacteria.1,2 For this reason, PDF has been proposed as an
attractive antibacterial target.3,4 While it has been thought
that only prokaryote PDFs are functional, recent studies
have shown that eukaryotic PDFs, including human mito-
chondrial PDF, are also active in vitro and in vivo.5 The
functionality of human PDF in human mitochondria strongly
raises the possibility as a new cancer drug target. Moreover,
the PDF inhibitors have been reported that they stimulate
cell death or proliferation arrest in a variety of cancer cell
lines.5,6,7 Furthermore, inhibitors against PDF showed low
toxicity to human and other animal cells.8,9 Interestingly, it
has been reported that the representative PDF inhibitor
including actinonin has a considerable influence on innate
immune reactions in human.10,11 Such consequences can be
beneficial for human and also serve to resist cancer.11

Several inhibitory mechanism of PDF inhibitors against
cancers has been suggested.12 The PDF inhibitors may induce
a tumor-specific mitochondrial membrane depolarization and
ATP depletion, which promote cell death or arrest prolife-
ration in a wide variety of cancer cell lines.5-7 However, the
exact mechanism of anticancer effect of PDF inhibitors is

still unclear.
In the present study, we aim to identify the new potent

human PDF inhibitors for the development of anticancer
reagents focused on breast cancer. These inhibitors were pre-
viously reported to show strong inhibitory activities against
pathogenic bacteria.13

For the study, we tested two classes of PDF inhibitors,
which consist of the hydroxamate/peptidomimetic [PMT387
(7a) and PMT497] and the reverse hydroxamate/nonpeptide
scaffold inhibitors [PMT1039 (15e) and PMT1067] (Figure
1). Most known PDF inhibitors were developed based on the
naturally occurring inhibitor, actinonin, which is composed
of hydroxamate moiety and peptide backbone.

The compound possessing hydroxamte moiety such as
actinonin is an effective inhibitor, however, it shows poor
selectivity by chelating the metals of other metalloproteins.
This kind of compound can be cytotoxic to mammalian cells
and presents poor oral bioavailability related to characteri-
stic rapid metabolization.14-16 Therefore, our newly develop-
ed reverse hydroxamate/nonpeptide scaffold can aid in the
design of new potential inhibitors against human PDF.

In a biochemical enzyme assay, the Ki values for the four
compounds [PMT387 (7a), PMT497, PMT1039 (15e), and
PMT1067] inhibiting the human PDF were measured as
243.5(± 3.2), 91.3(± 29.5), 360.3(± 54.5), and 62.9(± 8.2)

Figure 1. Chemical structures of the peptide-scaffold hydroxamate inhibitors [PMT387 (7a) and PMT497] and non-peptide scaffold reverse
hydroxamate inhibitors [PMT1039 (15e) and PMT1067]. 
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nM, respectively (Figure 2). IC50 value of actinonin was
25.1(± 4.4) nM.

We also performed cytotoxicity test for our four chemicals
using two kinds of breast cancer cell lines (MDA-MB231
and MDA-MB468). These cell lines were obtained commer-
cially from ATCC. The cancer cells were exposed to four
PDF inhibitors ranging from 3 µM to 200 µM and the viability
was measured using Sulforhodamine B (SRB) assay.17 We
found that our inhibitors effectively inhibit cell proliferation
similar to actinonin (Figure 3). The strong anti-proliferative
activities of hydroxamate/peptidomimetic [PMT387 (7a)
and PMT497] and the reverse hydroxamate/nonpeptide
scaffold inhibitors [PMT1039 (15e) and PMT1067] were
detected with IC50 values of 28.8 (± 9.8), 20.9(± 5.3), 55.4
(± 5.6), and 54.9(± 10.7) µM, respectively (against MDA-
MB231) and 70.6(± 31.9), 21.2(± 6.4), 69.1(± 10.1), and
37.6(± 5.4) µM, respectively (against MDA-MB468) (Figure
3). IC50 values of actinonin against MDA-MB231 and MDA-
MB468 were 28.1(± 10.3) and 49.4(± 19.5) µM, respectively.

To understand the molecular interactions between human
PDF and our two kinds of inhibitors, we have predicted the
binding of two kinds of inhibitors to the active site in human
PDF by molecular docking study. Human PDF has an
approximate sequence identity of 28-34% and shares similar
three-dimensional structures with bacterial PDFs.18 When
we superimposed the structure of human PDF to that of
S. aureus PDF, the overall folds including the active site are
highly similar to each other and had r.m.s. deviations

(r.m.s.d) of only 0.6-0.7 Å for 96 of the Cα atom pairs. The
ligand-binding sites which consisted of three major inter-
acting regions (P1', P2', and P'3) as well as a metal are highly
conserved in human PDF.

The presence of a cobalt ion at human PDF active site was
important in the mode of action of inhibitors. The predicted
binding mode of two kinds of PDF inhibitors were shown in
Figure 4.

The docking data show good agreement with our previous
crystallographic data of four inhibitors-bound S. aureus PDF
structures.13 The docking data also suggest that metal (cobalt
ion) binder group and active site-interacting groups (S1, S2,
and S3) are quite important to form the inhibitory confor-
mation in the binding pocket. Especially, the hydroxamate
moieties of PMT387 (7a) and PMT497 and the reverse
hydroxamate moieties of PMT1039 (15e) and PMT1067 are
expected to form the selective interactions with the cobalt
ion. In addition, three ligand-interacting regions (P1', P2',
and P3') in PDF also contribute the extra stabilization and
selection on the enzyme surface to the corresponding inter-
active moieties of four ligands (S1, S2, and S3).

In summary, our four PDF inhibitors, which were design-
ed to be developed as antibiotics, were shown to also inhibit
human PDF enzyme. The inhibitors could effectively inhibit
the proliferations of two representative cancer cell lines. We
also predicted the binding modes of four inhibitors, which
were very similar to those of our previously reported data. 

Experimental Methods

Chemistry and Measurement of PDF Activity. The

Figure 2. Biochemical PDF assay.

Figure 3. Sulforhodamine B proliferation assay. Dose-response
curves of the peptide-scaffold hydroxamate inhibitors [PMT387
(7a) and PMT497] and non-peptide scaffold reverse hydroxamate
inhibitors [PMT1039 (15e) and PMT1067] for the inhibition of
breast cancer cell lines (MDA-MB213 and MDA-MB468) in the
presence of variable concentrations of inhibitors.

Figure 4. (a) The predicted models of the four inhibitors bound to
human PDF (PDB code 3G5P), and (a) sequence alignment of
human PDF and S. aureus PDF. The P1', P2', and P3' moieties of
the inhibitors and the corresponding binding regions in the active
site (S1', S2', and S3') are depicted. The one cobalt ion is shown as
a sphere. Inhibitors-interacting residues in S. aureus PDF are
highlighted with a yellow background, which are highly similar to
those in human PDF. The figure of sequence alignment was gene-
rated using NCBI Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
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inhibitors hydroxamate/peptidomimetic [PMT387 (7a) and
PMT497] and the reverse hydroxamate/nonpeptide scaffold
inhibitors [PMT1039 (15e) and PMT1067] were synthesized
and supplied by ProMediTech (Figure 1).19,20 Human PDF
were purified according to previously reported method18 and
biochemical PDF assays were performed closely followed
by previous studies.13 The IC50 value was calculated using
nonlinear regression and GraphPad Prism 5.

In vitro Cell-based Chemosensitivity Assay. Cancer cells
were cultured in RPMI 1640 containing 10% fetal calf serum,
100 U/mL penicillin, 100 µg/mL streptomycin, and 2 mM L-
glutamine (complete RPMI medium). All cancer cells were
plated at 1 × 104 cells per well in a 96 well plate. Drugs of
different concentrations were then added. The sulforhod-
amine B assay is used for cell density determination, based
on the measurement of cellular protein content.17

Molecular Docking Study. The binding modes of four
inhibitors to human PDF (3G5P)18 were predicted using
AutoDokc-Vina.21 One cobalt ion and the flexibility of side
chains of the amino acids in the active site were considered.

Acknowledgments. This work was supported by a National
Cancer Center Research Grant (1310400) from the National
Cancer Center in Korea

References

  1. Guillon, J. M.; Mechulam, Y.; Schmitter, J. M.; Blanquet, S.;
Fayat, G. J. Bacteriol. 1992, 1, 4294.

  2. Mazel, D.; Pochet, S.; Marlière, P. EMBO J. 1994, 13, 914.

  3. Meinnel, T.; Mechulam, Y.; Blanquet, S. Biochimie. 1993, 75, 1061.

  4. Solbiati, J.; Chapman-Smith, A.; Miller, J. L.; Miller, C. G.; Cronan,

J. E., Jr. J. Mol. Biol. 1999, 290, 607.
  5. Lee, M. D.; She, Y.; Soskis, M. J.; Borella, C. P.; Gardner, J. R.;

Hayes, P. A.; Dy, B. M.; Heaney, M. L.; Philips, M. R.; Bornmann,

W. G.; Sirotnak, F. M.; Scheinberg, D. A. J. Clin. Invest. 2004,
114, 1107.

  6. Grujic, M.; Zavasnik-Berganta, T.; Pejlerb, G.; Renkoc, M. Cancer

Letters 2005, 223, 211.
  7. Xu, Y.; Lai, L. T.; Gabrilove, J. L.; Scheinberg, D. A. Clin. Cancer

Res. 1998, 4, 171

  8. Nguyen, K. T.; Hu, X.; Colton, C.; Chakrabarti, R.; Zhu, M. X.;
Pei, D. Biochemistry 2003, 42, 9952.

  9. Robien, M. A.; Nguyen, K. T.; Kumar, A.; Hirsh, I.; Turley, S.;

Pei, D.; Hol, W. G. Protein Sci. 2004, 13, 1155.
10. Fu, H.; Karlsson, J.; Bylund, J.; Movitz, C.; Karlsson, A.; Dahlgren,

C. J. Leukoc. Biol. 2006, 79, 247.

11. Mader, D.; Rabiet, M. J.; Boulay, F.; Peschel, A. Microbes Infect.
2010, 12, 415.

12. Escobar-Alvarez, S.; Gardner, J.; Sheth, A.; Manfredi, G.; Yang,

G.; Ouerfelli, O.; Heaney, M. L.; Scheinberg, D. A. Mol. Cell. Biol.
2010, 30, 5099.

13. Lee, S. J.; Lee, S. J.; Lee, S. K.; Yoon, H. J.; Lee, H. H.; Kim, K.

K.; Lee, B. J.; Lee, B. I.; Suh, S. W. Acta Crystallogr. D Biol.
Crystallogr. 2012, 68(Pt 7), 784.

14. Aubart, K.; Zalacain, M. Prog. Med. Chem. 2006, 44, 109.

15. Antczak, C.; Shum, D.; Bassit, B.; Frattini, M. G.; Li, Y.; de Stanchina,
E.; Scheinberg, D. A.; Djaballah, H. Bioorg. Med. Chem. Lett.

2011, 21, 4528.

16. Fisher, J. F.; Mobashery, S. Cancer Metastasis Rev. 2006, 25, 115.
17. Vichai, V.; Kirtikara, K. Nat. Protoc. 2006, 1, 1112.

18. Escobar-Alvarez, S.; Goldgur, Y.; Yang, G.; Ouerfelli, O.; Li, Y.;

Scheinberg, D. A. J. Mol. Biol. 2009, 387, 1211.
19. Lee, S. K.; Choi, K. H.; Lee, S. J.; Suh, S. W.; Kim, B. M.; Lee, B.

J. Bioorg. Med. Chem. Lett. 2010, 20, 4317.

20. Lee, S. K.; Choi, K. H.; Lee, S. J.; Lee, J. S.; Park, J. Y.; Kim, B.
M.; Lee, B. J. Bioorg. Med. Chem. Lett. 2011, 21, 133.

21. Trott, O.; Olsonm A. J. J. Comput. Chem. 2010, 31, 455.


