Secondary structure and alignment analysis of
membrane-active peptides in lipid bilayers by
oriented circular dichroism
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Oriented Circular Dichroism Spectroscopy (OCD)

OCD is a fast and sensitive spectroscopic method for analyzing the secondary Basic principle

structure and orientation of membrane-embedded peptides and proteins in lipid -
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bilayers that are macroscopically aligned with respect to the light beam®2 . It helps,
e.g., to understand the mechanisms during formation of transmembrane pores by anti-

. (surface-aligned) spectrum:
peptide is A

I“ (inserted) spectrum:

+ relative fast measurement (typically 3 hours / sample)
+ no isotope labeling required (wt peptide can be used)
+ simple sample preparation (similar to solid-state NMR)
+ exact control of temperature and humidity

microbial peptides. The method Is complementary to solid-state NMR structure § , ety of the 208 _
analysis using the same oriented samples and exhibits characteristic features: <:?' B/ pand is fingerprint for 1 <:?
| i | orientation
+ very high sensitivity, minimum amount of peptide required ~ 1 ug / sample 5 E/
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oriented parallel to lipid bilayer Wavelengthinm) oriented perpendicular
to lipid bilayer

- low resolution method: only global information on alignment and secondary According to Mofiit's theory® the dipole moment of 77-ir* electronic transitions of amide chromo-
structure of peptide phc_)res In a helix are polarized _parqllel or perpendlcular_to the helix axis. CD_ band |n_tenS|ty _of a-

: : : . helical peptides depends on their orientation. The OCD line shape of an a-helical peptide, which is

- at present theory Is restricted to o-helical peptides oriented In macroscopically aligned lipid bilayers reveals its orientation with respect to the field
vector E of the circularly polarized light. Different OCD spectra (S and |) are obtained for surface-

aligned and inserted peptides in oriented membranes. Intermediate states can be fitted by a linear

Experl mental set-u P OCD cell combination of the S- and I-state spectra.
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OCD reveals secondary structure, re-orientation and aggregation of membrane-active peptides in lipid bilayers

Most organism use antimicrobial peptides as a first line of defense against bacterial o PL: Palad DNPG 1.0
invasion. A peptide found in the skin of the African frog Xenopus laevis*® is PGLa 20l i ' \ S PILY = 1063 ‘ PGla
(GMASKAGAIAGKIAKVALKAL-NH,). MSI-103 ([KIAGKIA];-NH,), Is a peptide desig- s o s 087 FF’)//LLZflliig " MAP
ned based on the sequence of PGLa, and has a higher antimicrobial activity®”. MAP 10 —— 1:109 5 | \ | .« MSI-103
(KLALKLALKALKAALKLA-NH,) is also a designer-made peptide, which can pene- o [~ — e S 067 )
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trate cell membranes®. They all have amphipathic properties, bind to lipid bilayers and s | 3
should form a-helices in membranes. We have used OCD to study their structure and S o} = 04 \
orientation in DMPC bilayers for understanding structure / function relationships. e . . \ :51118650
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view of the helix is shown for re-alignment from a surface-bound a-helical S-to a by fitting the intermediate spectra with a linear
each peptide with amino acids in tilted T-state induced by increasing the peptide/lipid combination of the corresponding S- and T-state
stick representation. Here, blue ratio spectra
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tively charged residues, polar .
residues are green and Results: 6
hydrophobic residues white. The  « PGLa, MSI-103 and the D-epimer of a MAP KLALKL-Ala-03-LKALKAA-CF;-Phg-KLA-CONH,
peptide’s net charge and oy hali - o
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Hydrophobic consensus scale®) are stated and re-alignment in DMPC 3- GBan &
moment p,%  0.411 0.524 0.631 below. - for low peptide concentration the S-state —
predominates, at threshold P/L* the T-state a2
Solution, unordered state starts to appear, and above a higher threshold 3
OCD as an independent P/L* all peptides are in the T-state @ 0
analytical method sup- d For all three peptides P/L* was _about four =
PGLa, MSI-103, f\ MAP wt, ports solid-state  NMR times P/L#, but the value of P/L* varies strongly §
MAP D-epimer H m MAP L-epimer results on behavior of in the order MSI-103 < MAP < PGLa (same  Z -2
the three peptides in order found in NMR10) - -sheet format :
.. . . . . -Ssneet 1ormation, aggregates
DMPC lipid bilayers. - the P/L* threshold is inversely correlated with P PP i s
the charge and hydrophobic moment of the 180 190 200 210 220 230 240 250 260
- peptides Wavelength / nm
High Low conc., Medium to high - for MAP-wt and its L-epimer a change to B- OCD of MAP mutant (L-epimer) in DMPC bilay-
conc.,tilted surface conc., pleated structure was found, thus OCD offers ers for varying P/L ratio showing the peptide in a-
state state aggregation also a simple way to identify the formation of helical conformation and S-state at low and /-

such aggregates pleated structure at high P/L ratios.

Conclusion
OCD allows to screen and identify conditions where functionally relevant changes in peptide structure and orientation occur as a function of concentration, lipid environment, temperature, and
humidity!. These conditions can then be used in high-resolution solid-state NMR structure and alignment analysis of such systems.
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