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Structural Studies of DNA-Bound Piscidin by 13C/15N Magic 
Angle Spinning Solid-State NMR
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Piscidin 1 (p1) and piscidin 3 are highly efficacious amphipathic cationic antimicrobial peptides (AMPs) that were discovered in hybrid striped sea bass1,2. While the peptides are membrane active,3 the possibility that they act by targeting other cellular components has not been explored. In this research, we investigate the interactions of p1 and p3 with DNA. Confocal microscopy indicates that both peptides translocate across bacterial cell membranes below their lethal concentration and co-localize with DNA. In vitro gel retardation assays and CD-monitored experiments indicate that the peptides interact with DNA and form insoluble aggregates, called psi-condensates. We used solid-state NMR and rotational echo double resonance (REDOR) to measure 13C/15N backbone distances and characterize the secondary structure of the DNA-bound piscidin. We hypothesize that piscidin would adopt an (-helical structure to complement the anionic surface of DNA. We placed the 13C-carbonyl and 15N-amide labels at positions i and i+4 to cover the distance of a hydrogen bond (~4.2 Å) in an assumed α-helix while this 13Ci/15Ni+4 distance in a β-sheet or extended structure would be too long (>5 Å) to be detectable by REDOR.2
Experimental 

MAS experiments were performed on the NHMFL 800 MHz Bruker Avance NMR spectrometer fitted with a state-of-the-art low-E probe for optimal performance.
Results and Discussion


As shown in Fig. 1, the distances of 4.30±0.55 Å in 13C-G8/15NV12 p1, 4.62±0.35 Å in 13C-G8/15N-A12 p3, and 3.46±0.51 Å in 13C-F2/15N-F6 p1 indicate that the peptides are α-helical bound to DNA.4
Conclusions

Using MAS solid-state NMR on backbone labeled piscidin, the secondary structure of piscidin bound to DNA as elucidated. Solid-state NMR was an excellent choice for this study on heterogeneous aggregates. To our knowledge, this is the first report of distances measurements performed on amphipathic peptides bound to polymer-and-salt-induced aggregates.4
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Fig. 1. Secondary structure of p1 and p3 bound to duplex DNA (AAATACACTTTTGGT). REDOR 13C/15N distance measurements between the 13C of the carbonyl at position i and the 15N of the amide at position i+4 in p1 (dark and light blue) and p3 (lavender). The distances of about 4 Å demonstrate the α-helical content of the peptides. Hydrated samples were prepared in buffer at pH 7.4 and studied at 280 K on the NHMFL 800 MHz Bruker spectrometer. 








