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Synthesis and antimicrobial activity of the bacteriocin pediocin PA-1 and analogs thereof
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Introduction

Bacteriocins are a family of ribosomally-synthesized antimicrobial peptides produced by a wide variety of
bacteria. With their attractive antimicrobial properties and activities, these peptides are promising alternatives to
conventional antibiotics in the food and animal production industry as well as veterinary and human medicine.
[1-3] Among the large number of bacteriocins, we were particularly interested in pediocin PA-1, a peptide of
44 amino acids containing two disulfide bonds produced by Pedioccocus acidilactici able to inhibit the
growth of several clinically relevant pathogens such as Listeria monocytogenes.[4] Despite its great
potential as an antimicrobial agent, the problems associated with its production continue to limit its
applicability and delay regulatory approval. To pave the way for the future use of pediocin PA-1 in different food,
veterinary and medical sectors, our main objective was to develop a convenient and efficient approach to
prepare bioactive pediocin PA-1.

Results and Discussion

The chemical synthesis of pediocin PA-1 has been attempted in the past but with limited success (yields below
1%, use of multiple purification steps).[5] To overcome difficult couplings and prevent aggregation during peptide
synthesis, PEG-based ChemMatrix resin bearing the HMPB linker was used and pseudoprolines introduced at
the critical positions Val8-Thr9, Ala21-Thr22 and Ala34-Thr35 (Fig. 1). After cleavage from the resin, linear
pediocin PA-1 1 was purified by HPLC and cyclized in presence of N-chlorosuccinimide to yield oxidized
analogs 2a-c. After HPLC purification, the oxidized Met of 2c was selectively reduced to give pediocin PA-1 3c.
Pediocin PA-1 oxidized at the Met31 position is 100X less active.6-8 This high sensitivity to aerobic oxidation
strongly limits the production,storage and use of pediocin PA-1. For this reason, the Met31 was replaced by a
Leu residue in analogs 4 and 5.[7,8] Finally, the Cys residues were replaced by Ala in analog 6 to determine if
disulfide bonds are essential for activity. Pediocin PA-1 3c thus synthesized was obtained in 11% overall yield
and showed similar strong inhibition of L. monocytogenes (MIC = 13.5 nM), similar to the bacteriocin produced
naturally by P. acidilactici (Table 1).9 On the other hand, linear M31L analog 4 was obtained in 55% overall
yield and showed an activity comparable to that of 3¢ with a MIC of 13.5 nM against L. monocytogenes (Table 1).
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Figure 1: Synthesis of pediocin PA-1 3c and its analogs.
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Table 1: Minimal inhibitory concentrations of synthetic pediocin PA-1 3c and its analogs

Minimal inhibitory concentration® (nM)

Peptide L. ivanovii HPB28 L. monocytogenes ATCC 19111
1 KYYGNGVTCGKHSCSVDWGKATTCIINNGAMAWATGGHQGNHKC 6.8 135
2¢ KYYGNGVTCGKHSCSVDWGKATTCIINNGAN(O)AWATGGHQGNHKC 1562 25000
/1
3a KYYGNGVTCGKHSCSVDWGKATTCIINNGAMAWATGGHQGNHKC 27.0 27.0
3b KYYGNGVTCGKHSCSVDWGKATTCIINNGAMAWATGGHQGNHKC 13.5 135
3¢ KYYGNGVTCGKHSCSVDWGKATTCINNGAMAWATGGHQGNHKC 6.8 13.5
4  KYYGNGVTCGKHSCSVDWGKATTCIINNGALAWATGGHQGNHKC 6.8 13.5
5 KYYGNGVTCGKHSCSVDWGKATTCIINNGALAWATGGHQGNHKG L7 13.5
6 KYYGNGVTAGKHSASVDWGKATTAIINNGAMAWATGGHQGNHKA na’® na’®

ADetermined from micro-dilution assay. "No activity detected at concentrations up to 100uM

Table 2: Spectrum of activity of linear pediocin PA-1 M31L analog 4

Strain Reference MIC? (nM) Diffusion assay® (mm)

Carnobacterium divergens ATCC 35677 1.9 35

Leuconostoc mesenteroides ATCC 23386 1.9 33
Listeria seeligeri ATCC 35967 4.7 32
Clostridium perfringens AAC 1-222 3738 25
Clostridium perfringens AAC 1-223 75.7 22

“Determined from micro-dilution assay. *Inhibition zone diameter

As expected, the oxidized Met31 analog 2c showed an important decrease in inhibition while analog 6
was inactive, demonstrating that disulfide bonds are important for pediocin PA-1 activity. Analogs 3a and 3b
with incorrect disulfide bond pairings were 2-4 times less active (Table 1), suggesting the presence of an
equilibrium in disulfide bond pairing that ultimately leads to the most stable and active conformation of
pediocin PA-1 for a portion of the peptide. The equivalent antimicrobial activities observed for pediocin
PA-1 3c and its linear analogs 1 and 4 suggest that the disulfide bonds are formed in situ in the bioassay medium
since they are essential for activity. Based on the bacterial target of pediocin PA-1, a protein Blast with the
sequence of manPTS IID from L. monocytogenes (WP_003721724.1) allowed us to identify several potential
sensitive strains.9 Among the tested strains with peptide 4, the strongest activity was observed against C.
divergens, L. mesenteroides and L. seeligeri with MICs ranging from 1.9 to 4.7 nM (Table 2). The most
interesting result from this focused screening was the strong activity against Clostridium perfringens with
MICs of 37.8-75.7 nM (Table 2).9 This important food-borne pathogen is one of the most common causes of
food poisoning in North America.

In summary, a combination of solid- and solution-phase strategies was used to overcome synthetic pitfalls and
produce pediocin PA-1 in good yields. Replacement of the sensitive methionine at position 31 with leucine did
notaffect antimicrobial activity and improved peptide stability. The linear analogs 1 and 4 were equally potent as
their bicyclic counterparts3c and 5 with low nanomolar MIC against L. monocytogenes. With higher yields,
increased stability and strong antimicrobial activities against major food-borne pathogens such as Listeria spp.
and Clostridium perfringens, the linear M31L pediocin PA-1 analog 4 has great potential in the prevention and
treatment of infections in the food and animal production industryas well as in human and veterinary medicine.
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