u

) <

The University of Osaka
Institutional Knowledge Archive

Elucidation of the structure based mechanism of
the sterol-dependent membrane disrupting
activity of the marine sponge derived peptide
Theonellamide A

Title

Author(s) |[Cornelio, Kimberly

Citation |KFRKZ, 2017, HEHwX

Version Type|VoR

URL https://doi.org/10.18910/61486

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name ( Kimberly Cornelio )

Elucidation of the structure based mechanism of the sterol-dependent membrane

Title disrupting activity of the marine sponge derived peptide Theonellamide A
(R RARTF R 23T I FAOHEE -5 AT 0 — RTEAEHRELIE M OBRATE )

Abstract of Thesis

Sponges comprise of a large and diverse group of invertebrates under the phylum Porifera, which are
considered ecologically important members of the marine benthic communities. Marine sponges have been
an abundant source of new, diverse, and highly bioactive compounds. The structural diversity of
compounds isolated from marine sponges provide novel leads against bacterial, viral, fungal, parasitic and
cancer diseases. Bioactive metabolites isolated from sponges include terpencids, alkaloids, macrolides,

polyethers, nucleoside derivatives, and peptides to name a few.

Theonellamide-A (TNM-A) belongs to the family of antifungal bicyclic dodecapeptides known as
theonellamides, isolated from the marine sponge Theonella sp. Although the detailed mechanism of action
of TNMs is still unclear, it was recently revealed that the peptides have preferential interaction with
3B-hydroxysterols in the plasma membrane. Moreover, surface plasmon resonance measurements have
indicated that its affinity to POPC liposomes is greatly enhanced in the presence of 3f-hydroxysterols and
this preferential binding is revealed to be due to the peptide’s direct interaction with 3p-hydroxysterols
based on solid state “H NMR studies. In order to propose a mechanism underlying TNM-A’s membrane
activity, several aspects that could affect its membrane action were examined in this study such as its
behavior in solution, interaction with 3p-hydroxysterols, and interaction with sterol-free and
sterol-containing membranes,

The affinity and interaction of TNM-A with 3f-hydroxysterols was assessed by solution '"H NMR
titration measurements. However, due to the poor solubility of Chol in the NMR solvent of TNM-A (4:1
DMSO-d¢/H;0), a polar Chol derivative 25-hydroxycholesterol (25-HC) was used for peptide/
3B-hydroxysterol interaction studies. First, the suitability of 25-HC as a Chol substitute was examined
using solid state NMR techniques. Through *H solid state NMR measurements, it was confirmed that
TNM-A also exhibits direct interaction with 3¢-25-HC, similarly to 3d-Chol and 3d4-ergosterol. Moreover,
results from *'P solid state NMR indicated that TNM-A’s interaction with 25-HC-containing POPC
membranes also caused similar membrane perturbations as it did with chol-containing membranes as
evidenced by the appearance of an isotropic peak within the powder pattern spectra characteristic of
lamellar membranes upon incorporation of TNM-A to POPC/25-HC membranes. Altogether, these results
indicate that 25-HC can be used as a Chol substitute in the examination of TNM-A/3B-hydroxysterol
interactions, Results from 'H NMR titration measurements indicated that TNM-A has moderate affinity to
3B-hydroxysterols in solution with the K value of about 37 uM-49 uM. Moreover, peptide protons only
incurred very minor chemical shift changes (48) upon addition of 25-HC, suggesting that the electronic
environment of the peptide protons remained relatively unchanged during the peptide/sterol interaction.




Interestingly, most of the TNM-A protons incurring the greatest A3 after addition of 25-HC were confined
in one region of TNM-A’s sequence involving residues Iser, p-MeBrPhe, OHAsn, Asn, Apoa and sAla
which points to a possible sterol interaction site of the peptide. It is highly possible that this is a
consequence of the moderate affinity between TNM-A and 25-HC where the peptide/sterol complex may
be exhibiting a fast association/dissociation exchange beyond the timescale of NOESY NMR detection
limits. The tendency of TNM-A to form micellar aggregates in solution and in the presence of 25-HC was
also examined by the pyrene 1:3 ratio method. Results indicated that TNM-A forms micelle-like
assemblies in aqueous media above the peptide concentrations of ~186 uM. However, in the presence of
25-HC in solution, the formation of micelle-like assemblies by TNM-A was observed at the higher peptide
concentration of ~ 299 pM. This result not only confirms the interaction of TNM-A with 25-HC but also
suggest that the interaction of TNM-A/3B-hydroxystercls interaction in solution is stronger than
TNM-A/TNM-A interactions.

The propensity of TNM-A to form self-aggregates in aqueous environment was also assessed by diffusion
ordered spectroscopy (DOSY NMR). Results indicate that TNM-A has the propensity to form oligomeric
structures in aqueous environment, with an approximate aggregation number of 2 and 9, based on peptide
concentration. Moreover, the lowest concentration at which the peptide forms micelles/aggregates (~186
uM) agrees well with the results obtained from DOSY measurements (~200 uM) when minimum
aggregation was detected. The effect of TNM-A in the membrane morphology of artificial membranes
were also assessed through differential interference and confocal fluorescence microscopy using POPC or
POPC/Cho GUVs with pure TNM-A or with 10 mol% of the fluorescent TNM derivative TNM-DCCH.
Microscopy images indicate that TNM-A binds faster to Cho-containing GUVs than to sterol-free ones.
More importantly, the fluorescence images revealed that TNM-A can disrupt membrane bilayers by
altering membrane curvature but only to Cho-containing liposomes. In addition, TNM-A’s membrane
association and localization were also assessed by 'H NMR paramagnetic quenching measurements using
phospholipid assemblies such as SDS-d,s micelles and Cho-free and Cho-containing DMPC-ds,/DHPC-d;;
(1:2) bicelles. Data suggest that TNM-A binds more abundantly to Cho-containing membranes and
inefficiently associates with Cho-free ones. Results also indicate that when TNM-A interacts with model
membranes it remains surface bound and does not penetrate, regardless of the presence or absence of Cho.
However, it should be noted that when TNM-A binds Cho-containing membranes, it resides in a relatively
deeper region close to the depth of the carbonyl moiety of phospholipid. On the other hand, when TNM-A
associates with Cho-free membranes, it resides mostly near the most hydrated region of the membrane
where the ionic headgroup of phospholipids resides. All these results obtained in this study were organized
to propose a mechanism to explain the membrane activity of TNM-A.
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