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Effects of Surfactant Protein B1-25 on Lipid Dynamics and Morphologies
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Introduction 
	Pulmonary surfactant (PS) is a lipid protein mixture that coats the inner lining of the alveoli and allows for proper lung compliance. Primarily, PS reduces the work needed to ventilate the alveoli, in addition to preventing alveolar collapse at the end of expiration. Mammalian PS possesses a highly conserved lipid composition for achieving equilibrium (25 nM/m) and ~0 nM/m surface tension during rapid alveolar expansion and retraction. Of the four surfactant proteins, surfactant protein B (SP-B) is the only one capable of facilitating surface tension reduction to near 0 nM/m and consequently is the only one required for survival. Despite its critical role in respiration, the molecular mechanism of action for SP-B is still poorly understood. It has been shown that the first 25 residues of SP-B (SP-B1-25) are capable of recapturing activity of full length SP-B, stimulating interest in the mechanism of the highly conserved N-terminus region. Current models for SP-B1-25 propose its role in stabilizing multi-layered lipid bilayer structures within the alveolar hypophase, allowing for rapid and reversible lipid adsorption to the alveolar air-water interface. Here we present effects of point mutations in SP-B1-25 on lipid dynamics and morphologies illustrating its potential mechanism of action and application in tailoring of peptides for specific therapies. 

Experimental
	Variable temperature 2H and 31P NMR spectra were collected for multilamellar vesicles with the indicated amount and variant of SP-B1-25. 2H and 31P NMR was collected on a 500 MHz Bruker Avance III spectrometer with a 5 mm BBO. 2H NMR was collected using a quadrupolar echo pulse sequence (90º--90º--acq and a 30  echo time) with a 2H B1 field of 38 kHz (6.55  90º). 31P NMR was collected using 25 kHz proton decoupling and a 31P B1 field of 15.6 kHz. 

Results and Discussion
[image: ]	2H and 31P NMR spectra of 4:1 DPPC/POPG-d31, were collected to monitor individual lipid acyl chain and bulk lipid head group dynamics. Addition of 5 mol% SP-B1-25 WT induces non-lamellar lipid morphologies, depicted by isotropic peaks in both 2H and 31P NMR spectra (Figure 1). Isotropic spectra suggest SP-B1-25 WT induces either cubic or isotropic (randomly disordered) lipid phases, and may explain its mechanism for promoting rapid, reversible lipid adsorption to the alveolar air-water interface. 2H NMR spectra containing SP-B1-25 WT show isotropic behavior from 4-26 ºC, indicating POPG-d31 acyl chain dynamics are completely motionally averaged and distinct from the pake powder pattern observed in the liquid crystalline phase at 46 ºC. Similarly,31P NMR spectra show isotropic behavior at 0 ºC and an isotropic shoulder from 10-20 ºC, indicating motional averaging of bulk lipid head groups. Strikingly, point mutations in SP-B1-25 (SP-B1-25 C8S C11S) amplify isotropic behavior in both 2H and 31P spectra compared to SP-B1-25 WT. This is shown with isotropic peaks persisting in wider temperature regimes in both 2H (0-40 ºC) and 31P (0-50 ºC) NMR spectra. [bookmark: _GoBack]
Fig.1 (A) 2H NMR spectra of 4:1 DPPC/POPG-d31 containing 0 mol% (left), 5 mol% SP-B1-25 WT (center) and 5 mol% SP-B1-25 C8S C11S (right) from -20-46 ºC. (B) 31P NMR spectra of 4:1 DPPC/POPG-d31 containing 0 mol% (left), 5 mol% SP-B1-25 WT (center) and 5 mol% SP-B1-25 C8S C11S (right) from -20-50 ºC


Conclusions                              
	These results illustrate point mutations in SP-B1-25 dramatically alters lipid dynamics and phase behavior. This has prompted synthesis of additional SP-B1-25 mutants aimed at delineating the significance of cysteine residues 8 and 11. Our results have garnered interest in investigating the sequence dependence of SP-B1-25, with potential applications in PS replacement therapies.
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