Monitoring Lipid Phase Transitions of Pulmonary Surfactant Mixtures
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Abstract

First Moment Analysis

SP-B1-25 Induces Metastable Cubic Lipid Phase
Variable temperature 2H spectra of 4:1 DPPC-d62/POPG and 4:1 DPPC/POPG-d31 containing 5 mol% SP-B1-25 shows
cubic phase lipid morphology with an isotropic peak between the gel and liquid crystalline phases.
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Pulmonary Surfactant (PS) is an essential protein-lipid mixture found at the
alveolar air-water interface in the lungs. PS lipids form a monolayer at the airwater interface and together with Surfactant Protein B (SP-B), reduces surface
tension to maintain the integrity of the alveoli during rapid gas exchange.
While the components of PS have been identified, there is an ongoing
investigation of both the lipid and protein morphologies that allows the
continuous shuttling of lipids to the air-water interface. Interestingly, SP-B1-25
have been shown to recapture full length activity of SP-B. Previous work in our
lab have shown SP-B1-25 induced cubic lipid morphology in PS mimetic systems
under physiologic conditions, and have contributed this to the main architecture
for lipid transit in PS systems.1,2 We have extensively monitored these lipid
phase transitions using 2H solid-state Nuclear Magnetic Resonance (NMR) and
Differential Scanning Calorimetry (DSC), collecting both lipid specific and bulk
phase information. This study aims to identify critical thermodynamic
properties of non-lamellar lipid phase transitions in complex PS mixtures, with
broad impacts in advancing current PS formulations for respiratory distress
syndromes.
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Figure 1: (Left) Illustrations of human lungs with magnified view of the
alveoli (right)3
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Figure 4: First moments calculated from 2H NMR spectra collected from -20 to 50 °C in both 1°C
and 5°C increments for 4:1 DPPC-d62/POPG and 4:1 DPPC/POPG-d31 containing 5 mol% SP-B1-25
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Figure 2: (Left) Cartoon depiction of rat alveoli. (Middle) TEM image of rat alveoli showing type II epithelial
cells at the edge of the air-water interface2. (Right) Molecular model of the lipid monolayer at the air-water
interface
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Figure 3: Simulated geometries of lipid cubic phase morphology4

Cubic Lipid Phase Hysteretic Behavior
1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC)

Liquid
Crystalline
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphatidylglycerol (POPG)

Our previous studies have shown cubic lipid morphology to be dependent on thermal cycling schedule. Here we
observe a metastable cubic lipid phase in both DPPC and POPG lipids containing 5 mol% peptide when samples are
equilibrated at 0 °C and warmed to 20 °C. Spectra shown below were collected in 1 degree increments, increasing
from 20-50 °C (purple) and decreasing from 50-20 °C (grey). Interestingly, the lipid cubic phase is stable during the
time scale of the experiment (~50 hrs) with DPPC exhibiting hysteretic behavior. This is not unprecedented, as DPPC
is well known to exhibit hysteretic phase behavior and multiple lamellar phase transitions. We plan to further
investigate DPPC lipid dynamics in more complex PS mixtures, to characterize the unique role of DPPC in reducing
alveolar surface tension.
4:1 DPPC-d62/POPG 5 mol% SP-B1-25 at 25°C
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Tm determine by sigmoidal fit of M1 vs temperature.

b

Tm determined by differential scanning calorimetry

Figure 5: (left) Differential Scanning Calorimetry
thermograms for binary PS mimetic systems including 0
mol%, 2.5 mol%, and 5 mol% SP-B1-25

Conclusions
 Thermal cycling schedules of SP-B1-25 and bulk lipid properties were successfully
characterized using 2H NMR and Differential Scanning Calorimetry
 2 H NMR induces a metastable cubic lipid phase between the gel and liquid
crystalline phases in both DPPC and POPG lipids
 This cubic lipid phase is highly dependent on thermal cycling parameters and
illustrates the complex thermal properties of PS
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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 -20-50 ºC using a quadrupolar echo pulse
sequence (90º-𝜏1-90º-𝜏1-acq and a 30 𝜇𝑠 echo time) with a 2H B1 field of 100 kHz (2.50 𝜇𝑠 90º).

