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First Moment Analysis
The first moments were calculated for 2H NMR spectra to determine lipid phase
transition temperature and behavior. First moment plots of 0 mol% overlaid
with 5 mol% SP-B1-12 and SP-B12-25 are very similar indicating similar lipid
dynamics for both DPPC-d62.
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Solid State 2H NMR Confirms Fragmented SP-B1-12 & SP-B12-25 Results
Variable temperature 2H spectra of 4:1 DPPC-d6/POPG and 4:1 DPPC/POPG-d31 containing 0 mol% and 5 mol%
SP-B1-12 and SP-B12-25. Our result show no isotropic spectra for DPPC-d62 and POPG-d31, indicating lipid acyl
chains are in a lamellar phase.
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Figure 3: General Scheme for Solid Phase Synthesis.
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Pulmonary Surfactant (PS) is a complex lipid/protein mixture covering the
alveolus’s inner lining and has the crucial function of reducing the surface
tension. PS is produced in alveolar epithelial type II (AE2) cells and stored in
organelles termed lamellar bodies [3]. It’s essential function during the breathing
process is the reduction of surface tension to prevent a collapse of the alveolar
system during expiration and to reduce the work of breathing. PS is primarily
composed of 80% phospholipids, 10% cholesterol and 10% surfactant proteins [3].
The four major phospholipids in PS are dipalmitoyl phosphotidylcholine (DPPC), 1palmitoyl-2-oleoyl-phosphatidylglyceroL (POPG), 1-palmitoyl-2-oleoyl-sn-glycero3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3phosphoethanolamine (POPE). The four Surfactant Proteins in PS are Surfactant
Proteins –A (SP-A), B (SP-B), C (SP-C), and D (SP-D). Of the four surfactant
proteins, SP –B is critical for survival, promoting alveolar surface tension reduction.
The lack of mature SP-B leads to Respiratory Distress Syndrome (RDS), which is
demonstrated by insufficient respiration aptitude. Unfortunately, this occurs in
infants who were born at 26-31 weeks of gestation, lacking mature SP-B [1].
Standard therapies involve the application of exogenous mammalian PS. In our
studies, we investigate the mechanism SP-B1-25 as its been found to recapture
activity of full length SP-B4. We use 2H and 31P to study lipid trafficking induced by
SP-B1-25 in the model lipid system 4:1 DPPC/POPG.
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Figure 4: a) Peptide sitting in King’s Reagent (2:2:1
TFA/Tis/H2O. b) Ether precipitation of The Peptide. c) Remainder
of the Peptide after the evaporation of Ether .
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Figure 5. First moments from 2H NMR spectra collected from -20 to 50 °C for (top) 4:1 DPPC-d62/POPG and (bottom) 4:1 DPPC/POPG-d31 containing 5
mol% SP-B1-12 and SP-B12-25.
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Conclusion and Future Works
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spectra for SP-B1-12 and SP-B12-25 show lamellar phases for both DPPC-d62
and POPG-31. Isotropic 31P NMR spectra indicate a non-lamellar lipid phase only
for samples containing SP-B1-12. We propose that SP-B1-12 is likely responsible for
the lipid trafficking mechanism of SP-B1-25, while the helical fragment SP-B12-25
anchors the peptide into the lipid bilayer. In the future, we plan to determine high
resolution solution and solid state structures of SP-B1-25.

4:1 DPPC/POPG-d31

Solid-state 2H and 31P NMR were utilized to investigate lipid dynamics and lipid
morphologies in pulmonary surfactant model lipid systems. Our previous work
has shown that the first 25 residues of Surfactant Protein B (SP-B1-25) induce a
stable cubic lipid morphology for DPPC lipids at physiologic temperature.
Considering DPPC is uniquely responsible for reducing surface tension at the
alveolar air-water interface, this motivated our studies in characterizing
functional motifs of SP-B1-25. Peptide fragments of Surfactant Peptide B1-25 (SPB1-12 and SP-B12-25) were synthesized added to binary lipid mixtures, 4:1 DPPCd62/POPG and DPPC/POPG-d31. Our results show that upon addition of 5 mol%
peptide, non-lamellar lipid morphologies were only observed with 31P NMR for
samples containing SP-B1-12. 2H spectra for SP-B1-12 and SP-B12-25 show lamellar
phases for both DPPC and POPG lipids, indicating different timescales of motion
between the lipid head group and acyl chains. Based on our results we propose
SP-B1-12 is likely responsible for the lipid trafficking mechanism of SP-B1-25,
while the helical fragment SP-B12-25 anchors the peptide into the lipid bilayer.
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Figure 2: Rat alveolar surfactant with arrows showing the airwater

Methods

Two lipid mixtures have been utilized in this study a 4:1 mole ratio of
DPPC/POPG at different mole percentages. The peptides used in this studies
were: SP-B1-12 and SP-B12-25. They were both synthesized via Fmoc solid phase
peptide synthesis, purified via RP-HPLC and purity confirmed with mass
spectrometry. 2H NMR was collected on a 500 MHz Bruker Avance III
spectrometer with a 5 mm BBO probe and a Doty L-N2-L preamp. Spectra were
collected from -20 to 50oC using quadrupolar echo pulse sequence. 31P NMR
was collected on a 500 MHz Bruker Avance III spectrometer with a 5 mm BBO
probe and a Doty L-N2-L preamp. Spectra were collected from -20 to 50oC.
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Figure 1: Depiction of SP-B1-25 treating the alveolar air – water
interface with DPPC lipids. Indicating a induction of a cubic and
interlock lipid phase.
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