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Structure of SP-B/DPPC Mixed Films Studied by Neutron Reflectometry
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ABSTRACT The structures of films of pulmonary surfactant protein B (SP-B) and mixtures of SP-B and dipalmitoylphosphatidylcho-
line (DPPC) at the air/water interface have been studied by neutron reflectometry and Langmuir film balance methods. From the film
balance studies, we observe that the isotherms of pure DPPC and SP-B/DPPC mixtures very nearly overlay one another at very high
pressures, suggesting that the SP-B is being excluded from the film. The use of multiple contrasts with neutron reflectometry at a range
of surface pressures has enabled the mixing and squeeze out of the DPPC and SP-B mixtures to be studied. We can identify the SP-B
component of the interfacial structure and its position as a function of surface pressure. The mixtures are initially a homogeneous layer
atlow surface pressures. At higher surface pressures, the SP-B is squeezed out of the lipid layer into the subphase, with the first signs
detected at 30 mN m~'. At 50 mN m~', the subphase is almost completely excluded from the DPPC layer, with the SP-B content

significantly reduced. Only a small amount of DPPC appears to be associated with the squeezed out SP-B.

INTRODUCTION

A wealth of experimental data concerning the pulmonary
surfactant system has become available in recent years, with
researchers using techniques as diverse as genetic mutation
(1), fluorescence and Brewster angle microscopy (2), NMR
(3), circular dichroism and infrared absorption (4), and x-ray
reflectometry (5), prompting many reviews of the topic (6-8).
The primary role of pulmonary surfactant is to enable the
very low surface tensions necessary to prevent pulmonary
collapse, although it may also have other functions (9) in
addition to pulmonary defense (10). Four main proteins are
associated with pulmonary surfactant, known as surfactant
protein (SP)-A, SP-B, SP-C, and SP-D.

The hydrophobic SP-B and SP-C are of particular interest
in the context of surfactant behavior and have been studied
(6). SP-B is of primary interest because its deficiency can be
fatal (11,12). Although SP-B is thought to mediate the
transfer of lipids between the monolayer at the air/water in-
terface and various structures in the alveolar fluid, the
mechanism by which this is accomplished remains specula-
tive. The primary structure of SP-B has been determined for
several species and is well conserved among mammals. It is a
small, homodimeric protein with dimeric molecular mass
~17.4 kDa, with each monomer consisting of 79 amino
acids. A structure has been proposed for SP-B based on ho-
mologies with the protein NK-lysin (13), for which the NMR
structure has been determined (14).
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There has been considerable interest in the changes induced
in surfactant phospholipid films by SP-B (as well as the smaller,
even more hydrophobic peptide, SP-C) at the air/water inter-
face. The surface activity of films of phospholipids mixed with
SP-B have been studied by captive bubble methods (15), which
demonstrated that SP-B facilitates rapid incorporation of lipids
into the air/water interface and that the protein remains asso-
ciated with the surface film. Langmuir trough measurements
have also been reported on phospholipid/SP-B mixtures; re-
sults demonstrated evidence that the protein was lost from
saturated lipid films at high surface pressures (16). More direct
probes of structural changes induced by the surfactant proteins
include scanning force microscopy after transfer to a solid
support (17,18) and fluorescence microscopy or Brewster angle
microscopy (19), among others. Another direct method that has
not been applied to our knowledge is neutron reflectometry
(NR). Although x-ray reflectometry studies of SP-B; 5 were
used to obtain structural information about the orientation of
this model compound in monolayers of palmitic acid (5), we
know of no similar studies to date of the native protein in
monolayers of the primary pulmonary surfactant dipalmitoyl-
phosphatidylcholine (DPPC) nor of any studies that have ap-
plied NR to such mixtures. Indeed, the only other related work
in which NR has been applied in a similar way is that of Follows
et al. (20), in which extracted samples of porcine and bovine
lung surfactant dispersed in aqueous buffer were observed to
form multilayer stacks at the air/water interface. Although not
directly comparable to this work due to the very different nature
of the samples (which, in their study, contain both SP-B and
SP-C and associated lipids), our study demonstrates the power
of NR to probe surface structure of complex biological film-
forming materials.

This study includes two aspects: first, it extends previous
investigations of the interfacial structure of SP-B on buffer
solution as a function of surface pressure (21). These findings
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form the basis for the second aspect of the work, which is a
study of mixtures of SP-B and DPPC on the same subphase.

MATERIALS

SP-B was isolated from cow lungs, as described previously (21), with the ex-
ception of the second chromatographic purification, which was carried out as
described by Biinger et al. (22). In brief, fluid from lavaged lungs was centri-
fuged, and the pellet extracted into chloroform/methanol. The organic phase
was evaporated to a few milliliters, applied to a Sephadex LH-20 column
(Sigma-Aldrich, Sydney, Australia), and eluted with a 2:1 chloroform/metha-
nol mixture. The first peak, monitored at 280 nm and containing the hydro-
phobic proteins and lipids, was dried and redissolved in chloroform/methanol.
To separate the proteins and lipids, the mixture was eluted through a Vydac C4
preparative high-performance liquid chromatography column with 1:1 chlo-
roform/methanol + 5% 0.1 M trifluoroacetic acid, and the first peak, containing
the SP-B, was collected. The identity of the SP-B peak was confirmed by
matrix-assisted laser desorption/ionisation-time of flight mass spectrometry.

Phospholipids were purchased from Avanti Polar Lipids (Alabaster, AL).
To provide different contrasts for the NR measurements, either DPPC or
chain deuterated (des;) DPPC were used as appropriate, dissolved in a 4:1
chloroform/methanol (v/v) solvent mixture. Mixed films were produced by
spreading from a single solution containing both lipid and protein in the
appropriate proportions, determined as described in the Experimental sec-
tion. The subphase was 0.1 M NaCl in either H,O or D,O with 0.01 M
HEPES buffer and pH adjusted to 7.2. A buffer solution with a scattering
length density of zero, the same as air, was made by mixing appropriate
amounts of the two subphase solutions (air contrast-matched water
[ACMW], H,O/D,0 ~ 92:8).

EXPERIMENTAL

Surface pressure-area isotherms were recorded using a 600 cm®
polytetrafluoroethylene (PTFE) Langmuir trough (NIMA
Technologies, Coventry, UK) with a 1 cm chromatography
paper (Whatman (Maidstone, UK) CR1) strip as the surface
pressure sensing Wilhelmy plate. Isotherms were measured
both independent of, and in conjunction with, the reflectometry
measurements. Small volumes (typically ~150 nL) of sample
were spread dropwise onto the subphase surface, allowed to
equilibrate for at least 5 min, then compressed to the desired
surface pressure using a PTFE barrier. During reflectometry
measurements, constant pressure was maintained using a
feedback loop, although in general the films were quite stable
over the course of the measurements. An antivibration table
supporting the trough was activated during measurements.

Because the concentration of the SP-B solution was un-
known before the NR experiments, the ratios for the mixed
films were based on the isotherms of the pure components at
30 mN m~ ' so that the coverage of the surface would be in
the ratio of 2:3 (protein/lipid) at that pressure.

NR experiments were carried out using the CRISP time-
of-flight reflectometer (23) at the ISIS spallation neutron
source at Rutherford Appleton Laboratory, Didcot, UK. The
reflectivity is measured as a function of momentum transfer,
O = (4m/M)sinf, where A is the wavelength of the incident
radiation and the angle of incidence, 0, was fixed at 1.5°. The
reflectivity data were placed on an absolute scale after de-
termination of the scale factor from a clean D,O/air interface.
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Typical neutron measurements involved illumination times of
~1 h, during which the isotherms indicated little loss of
material from the interface. Films of SP-B were measured at
surface pressures of 5, 15, 25, and 30 mN m~!. We were
unable to vary the contrast of the naturally derived SP-B
molecule by deuteration, and so only the subphase and DPPC
contrasts were varied. For the mixtures at each surface pres-
sure measured (5, 20, 30, and 50 mN mfl), three different
contrast combinations were examined, which we denote A, B,
and C throughout this work:

A = dg,-DPPC + SP-B on ACMW.
B = h-DPPC + SP-B on D,O.
C = dgp-DPPC + SP-B on D,0.

Data fitting programs based on the optical matrix formal-
isms (24,25) were used. The fitting depends upon parameter-
ising the interface into one or more layers of material with
interfaces whose shape is the convolution of the step function
with a Gaussian function. The standard deviation of the
Gaussian thus defines the interfacial roughness and is fixed at
o = 3 A in the fits described here, which is a value comparable
to the average amplitude of thermally excited capillary waves
(26,27). In practice, the fits are not critically dependent on the
roughness value chosen, and repeating the fits with a rough-
ness of 6 A (data not shown) has only a small effect on the fits
and does not change the conclusions. Conversely, setting the
roughness to 0 A significantly changes the results. Our expe-
rience is that it is more reliable to use a constant value of 3 A
for liquid interfaces rather than to treat the roughness as a
variable to be fitted. Simultaneous constrained refinement of
the data collected with different contrasts was carried out. This
fitting process reduces the number of models that adequately
describe the data. The simplest possible model (a single layer)
was examined first, with further layers added as required.

Subtraction of the appropriate contrast sets enables the
volume fraction (V) of each component within a layer to be
determined. For example, C — A, where the difference in
signal is due to the change in subphase contrast, leads to the
determination of the water density profile (and hence V)
through the structure. Similarly, C — B leads to information
regarding the lipid tail profile, providing the ability to de-
termine the SP-B profile by subtraction of the volume frac-
tion profiles from unity. The caveat on this approach is that
two basic assumptions are required: first, the packing density
and molecular arrangement are directly related to that of the
pure compounds and, second, no account is taken of any
hydrogen/deuterium exchange that will take place between
the SP-B and the subphase (lipid headgroup exchange is well
defined and can readily be calculated). For these reasons, the
volume fraction analysis is most applicable to the upper layer,
which has the lowest subphase content and where the con-
formation of the lipid tails and SP-B are most likely to be
closest to the native state. The analysis gives particular in-
sight into the pressure-dependent rearrangements that take
place in this upper layer.
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RESULTS AND DISCUSSION

This work follows our earlier study on the structure of films of
pure SP-B at the air/water interface (21). It is important to note
that the samples of purified SP-B were not dried after purifi-
cation, and so it is difficult to accurately determine their con-
centration. This difficulty was overcome by the use of the
unique ability of NR to measure surface concentration of films
formed from our spreading solutions of pure SP-B, which al-
lowed us to calculate the concentration and correct the iso-
therms. Before describing the work on mixed films, therefore,
we discuss the reflectometry of the pure SP-B films.

SP-B reflectometry

The reflectivity and fitting from the protein prepared for this
series of experiments is in agreement with those published
previously (21), with the layer thicknesses within a few
angstroms of the reported values. This work concerns only
bovine SP-B and includes data collected at one extra surface
pressure, 25 mN m~'. As is shown in Table 1, the data are
fitted by a single-layer model at the lowest surface pressure,
5mN m™! and, similarly at 15 mN mfl, there is no dis-
cernable improvement in fit quality with the application of a
second layer. As the pressure is increased, the protein content
of the layer increases, and the interface becomes more struc-
tured, such that at 25 and 30 mN mfl, the data best fit a model
with two layers extending a total of 5060 A into the solution,
with the bottom layer containing a greater amount of subphase.

To analyze the scattering length density (SLD) values de-
rived from the fitting procedure, knowledge of the scattering
lengths of the various materials is required. Gaining this in-
formation is quite straightforward for DPPC and the subphases
but somewhat more complicated for SP-B, because the protein
sequence and the number of exchangeable protons needs to be
known. The amino acid sequence of bovine SP-B has caused
some controversy in the literature (28) owing to an early
Edman degradation sequence (29) suggesting that it lacks
several of the cysteine residues that have since been found to
be critical to the tertiary and quaternary structure of the protein
(30), as well as SP-B’s intracellular trafficking during bio-
synthesis (1). In recent work, our group used a variety of

TABLE 1 Layer thicknesses for SP-B spread on pH 7.2
HEPES buffer

Layer 1 Layer 2 Protein at
Pressure thickness thickness Area/SP-B interface Spreading solution

mNm™ A A) (nm®) (mg) (mg mL™")
5 26 (1) - 29 (2) 0.017 (1) 0.12 (1)
15 231 - 20 (1) 0.020 (2) 0.14 (1)
25 187(7) 30(1) 144 (7) 0.020 (1) 0.14 (1)
30 224(5) 35(1) 1144 0020(1)  0.143 (9)

The calculated area per SP-B monomer and solution concentrations for the
upper layer listed here have been calculated from the fits to the neutron
reflectivity data.
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techniques to determine the bovine SP-B sequence shown in
Fig. 1. This sequence is in very good agreement with a bovine
sequence presented previously (6) and is used in our calcula-
tion of the SP-B scattering length.

If we use the fitted values as a guide and we repeat the
analysis but arbitrarily fix the interfacial roughnesses at zero
(thereby constraining all the material into the layer), the SLD
and thickness values can be used to calculate the area per
molecule. This method is straightforward when the subphase
is ACMW (where the SLD equals zero) and, by definition, all
scattering comes from the material spread at the interface. In
other circumstances, allowance needs to be made for the
contribution of the subphase to the scattering. The area per
protein (Ap) is calculated using Eq. 1 for systems with an
ACMW subphase as follows,

Yb
A= 1
P T dXSLD’ W

where 2.b is the sum of the scattering lengths of the individual
atoms that make up the protein, and d and SLD are the fitted
layer thickness and scattering length density, respectively.
Because the trough area and the volume of solution are also
known, the amount of material spread, and hence the concen-
tration of the spreading solution, can be calculated for SP-B.

From the fits and application of Eq. 1, the area per protein,
the amount of protein at the interface, and the concentration
of the spreading solution were calculated (Table 1). It can be
seen from the calculated values that the amount of material
present at the interface is the same for the three higher
pressures and slightly reduced for the lowest surface pres-
sure. For consistency, it would be expected that the total
amount present at the interface would be independent of
surface pressure, assuming that the material is totally insol-
uble in the subphase. However, at the lowest surface pres-
sure, the area per molecule is quite large, and the sensitivity
of the techniques is at its worst. Despite this, the amount of
material and the calculated solution concentration is almost
within the error bars. The NR results enable calculation of the
area per SP-B molecule. Fig. 2 shows the isotherm for SP-B
corrected with the area per molecule calculated from the NR
results. If the isotherm is compared with typical examples
from the literature (16,22,31-33), it displays a similar shape
and area per molecule.

SP-B/DPPC isotherms

Fig. 2 shows typical isotherms of SP-B, DPPC, and the mixed
film. The SP-B solution concentration, determined above,
was used to calculate a molar ratio of 46.2 DPPC molecules

10 20 30 40 50 60 70
| [ | [ | [ |
FPIPIPYCWLCRTLIKRIQAVIPKGVLAMTVAQVCHVVPLLVGGICQCLVERYSVILLDTLLGRMLPQLVCGLVLRCSS

FIGURE 1
calculations.

Confirmed bovine SP-B amino acid sequence used in SLD
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FIGURE 2 Pressure area isotherms of, DPPC, SP-B + DPPC mixture,
and pure SP-B where the vertical arrows indicate the relevant molecular area
axis. A compression and expansion trace is shown for the mixture, with the
arrowheads showing the compression direction.

per SP-B monomer. The isotherms provide useful input to the
constrained neutron refinements.

The isotherm of the mixture has been plotted as a func-
tion of the area per molecule of DPPC and shows some
striking features. First, a phase transition similar to that
observed for the lipid is still visible, but it is rather less
distinct and shifted to noticeably higher surface pressure
(~12 mN m_l), whereas a second kink is observed at a
higher pressure (~42 mN m~ ') Similar features have been
observed previously (7,16). Second, when the surface pressure
is above ~50 mN mfl, the isotherm of the mixture almost
overlays the pure DPPC isotherm. This effect is even more
pronounced when the initial region of the expansion section of
the isotherm is considered. A straightforward interpretation of
these results is that the nearly vertical region at high pressure
corresponds to complete exclusion of SP-B and that, once this
process is complete (that is, above ~50 mN m™ ! ), the area and
slope of the isotherm are determined by the material remaining
at the interface, namely DPPC. For this interpretation to be
correct, it is evident that no substantial quantity of DPPC is
taken into the subphase during the squeeze-out of the protein.
We note that, on expansion, the SP-B returns to the interface,
with an initial region of hysteresis. It is quite remarkable, given
the relative sizes of the SP-B and DPPC and much greater
structural complexity of the protein, that it returns to the in-
terface so quickly and apparently with a very similar area per
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molecule. Isotherm cycling (data not shown) reveals that there
is little reduction in area on subsequent isotherms, indicating
that the SP-B is readily incorporated back into the DPPC layer
at low surface pressures and that any conformation variations
on exclusion are reversible.

SP-B/DPPC reflectometry

Fig. 3 shows reflectivity data (points) and fits (solid lines)
from the dg,-DPPC/SPB system at low and intermediate
surface pressure on D,O buffer (@) and ACMW buffer (b).
The data sets with the higher surface pressure display greater
variations from the Fresnel reflectivity profile than the lower
pressure equivalents, indicating the development of interfa-
cial structure with increased pressure. Fig. 4 displays the
models used to obtain the fits in the form of SLD profiles as a
function of depth. Data were fitted using a model with
varying numbers of layers and a Gaussian roughness kept
constant at 3 A, smoothing the edges of the layers. The
vertical lines in Fig. 4 are located at the center of the Gaussian
interfacial roughness between each of the layers resulting
from the fitting procedure, therefore indicating the positions
of the boundaries between the layers. In the fitting of the three
different contrast data sets, the layer thicknesses were con-
strained between each data set, because it is assumed that the
physical dimensions of the films are unaffected by changes in
deuteration of the components. The SLD profiles clearly show
structural development at the interface as a function of surface
pressure. All data sets were fitted with at least two layers, the
basic interpretation being that the upper layer consisted pre-
dominantly of lipid tails/SP-B, the second layer was mainly
lipid headgroups with some subphase, and, where required, a
third layer of material squeezed out of the top layer. A two-layer
model gives a good fit to data collected at 5 and 20 mN m ™.
Previously published x-ray (27) and neutron (34) reflectivity
data on DPPC monolayers collected at surface pressures from
1.4 to 45.8 mN m~! were also fitted with two-layer models,
with the upper layer containing lipid tails and the lower layer
containing lipid headgroups. Increasing the pressure to 30 and
50 mN m ™' requires the addition of a third layer (not seen in
pure DPPC films) to give an acceptable fit. The thicknesses and
SLD values of the resultant fits are shown in Table 2.

A comparison of the mixed-film SLD profiles (Fig. 4 and
Table 2) with those from either of the components alone reveals
a more complex interfacial structure for the mixture, particu-
larly at high pressure. The form of the density profile is different
at30mN m ™', and the extent of penetration into the subphase is
different (~60 A for SP-B only and 75 A for the mixture). This
difference approximately corresponds to the expected thick-
ness of the tail region of a DPPC monolayer, suggesting that the
SP-B has been excluded from the film.

The interpretation of these results is aided by calculation of
the V¢ of each component, shown in Fig. 5. From the plot, it is
quite clear that the proportion of water, DPPC tails, and SP-B
in the upper layer remain virtually constant at the two lowest
surface pressures. The initial response of the film to compres-
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indicate the fit to the data.
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FIGURE 4 SLD profiles resulting from the constrained fitting of the three
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downward direction.

sion is a thickening, which is most likely driven by a reduction
in the tilt angle of the DPPC tails. This thickening enables in-
creased surface pressures without a change in film composition.
Inspection of the V; profiles reveals that the dominant change
that takes place at surface pressure >20 mN m ™' is the ex-
clusion of water from the film, with the V; decreasing from
~0.37 to 0.08. Simultaneously, the SP-B volume fraction de-
creases to 0.21, which is still quite high considering the surface
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TABLE 2 Fitted parameters for mixed films of SP-B/DPPC with each of the three contrast combinations spread on pH 7.2

HEPES buffer

Layer 1 SLD layer 1 Layer 2 SLD layer 2 Layer 3 SLD layer 3
Contrast thickness (A) /107% (A2 thickness (A) /107 (A72) thickness (A) /107 (A2 X2
5mNm '
A 14.5 22 8.3 0.4 - - 1.576
B 14.5 0.63 8.3 54 - -
C 14.5 4.0 8.3 54 - -
20 mN m™'
A 21.4 2.4 6.5 0.7 - - 2.4295
B 214 1.1 6.5 4.5 - -
C 21.4 53 6.5 4.5 - -
30 mN m™!
A 20.8 39 9.2 0.46 429 0.13 1.1409
B 20.8 0.98 9.2 44 429 6.1
C 20.8 55 9.2 44 429 6.3
50 mN m™"
A 22.0 53 14.5 0.91 435 0.12 1.286
B 22.0 0.38 14.5 4.6 435 6.0
C 22.0 5.8 145 4.6 435 6.3

pressure and area per DPPC molecule (Fig. 2). This observation
reveals that the condensed DPPC film can incorporate a sig-
nificant amount of SP-B and retain its surface activity.

From the SP-B dimer structure proposed by Zaltash et al.
(13), one can estimate a dimer volume of ~75000 A3, The
spreading mixture contained 46.2 DPPC molecules per SP-B
monomer. Therefore, taking a tail volume of 1026 A’ per
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FIGURE 5 Volume fraction of film components in the upper layer (/ines,

left axis) and DPPC/SP-B V; ratio (line and markers, right axis) as a function
of surface pressure. The lines serve as a guide to the eye.
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DPPC molecule, the volume ratio of DPPC/SP-B would be
1.26. Fig. 5 also includes a trace representing the V; ratio of
DPPC/SP-B. At the lowest surface pressures, this value is in
excellent agreement with that calculated above. At 30 and 50
mNm— 1, this ratio increases, indicating that the ratio of DPPC/
SP-B in the upper layer has increased relative to the initial
composition. This increase is readily explained by SP-B
squeeze-out, which is also indicated by the third layer required
for the fits. If SP-B and DPPC were squeezed out in the same
ratio as initially spread, this line would remain constant.

Layer three consists of material excluded from the upper
layer at higher surface pressures. At 50 mN m ™', this layer
has a subphase V; of 0.92, with the remaining 8% consisting
of SP-B and DPPC. At this level, the material is at the de-
tection limits of the experiment, and it is not possible to
quantitatively determine the relative proportions of each
component. From Figs. 4 and 5, one can draw some quali-
tative conclusions. As seen in Fig. 5, there is DPPC enrich-
ment of the upper layer, and it is clear from Fig. 4 that layer
three is not exclusively SP-B because there is a fitted SLD
difference between contrasts B and C that could only be due
to DPPC inclusion. That is, the SLD is lower for the mixture
containing h-DPPC. Contrast A (containing d-DPPC) dem-
onstrates that the DPPC content of the layer is quite low,
because a significant DPPC incorporation would have re-
sulted in a much higher fitted SLD.

As the surface pressure is further increased to 30 and fi-
nally 50 mN m™', the volume fraction of the dominant
component in each layer increases, and the thicknesses are
better defined, as shown by a decrease in the uncertainties of
the fitted parameters. Data interpretation was tested by the
selection of starting parameters to bias the fitting based on the
following initial assumptions:
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1. The initial parameters for the lower layer were selected to
correspond to a layer of lipid tails. Under these condi-
tions, one of two outcomes was observed: either the SLD
refined to the form (seen in Fig. 4) or it remained near the
starting position but altered the parameters of the other
layers such that a poor fit to the data was achieved.

2. The SLD of the lower layer was fixed at a value represen-
tative of a mixed layer, which produced a poor fit with the
program typically attempting to place two lipid-like layers
with nonphysical thicknesses above the mixed layer.

3. Finally, we attempted to invert the layers, that is, the
middle layer was made to be lipid tails, the lower layer
the headgroup region, with the top layer assumed to be
squeezed-out SP-B. This approach produced poor fits
with nonphysical values for the fitting parameters.

We therefore conclude that the interpretation showing a
squeezed-out SP-B layer below the DPPC with a layer con-
taining lipid headgroups in between to be appropriate.
Whereas SP-B is considered to be a very hydrophobic pro-
tein, it is not as hydrophobic as the aliphatic tail regions of
DPPC. Pastrana-Rios et al. (35,36) have used external re-
flection Fourier transform infrared spectroscopy to study
monolayers of SP-B and DPPC. Their work has demon-
strated that SP-B is squeezed out of DPPC monolayers into
solution, but they do not comment as to whether the protein is
escorted by lipid. Taneva and Keough (16) concluded from
surface pressure-area measurements that SP-B accompanied
by a small amount of DPPC is excluded from mixed films at
surface pressure >40 mN m~'. This is qualitatively in
agreement with this work, although comparisons are often
complicated by variations in composition used by different
authors. A dimer structure for SP-B squeezed out of mono-
layers of DPPC and DPPG (4:1 molar ratio) has been pro-
posed (33) in which a positively charged a-helix face is
presented to the solution with the more hydrophobic un-
charged region of each monomer adjacent. This type of
conformation would be quite stable in solution. A number of
other authors have studied mixtures of DPPC and unsaturated
lipids with SP-B derived from various sources, and it has
been shown that SP-B resides in the fluid environments of
such films (8) and that exclusion of both protein and lipid
occurs in the fluid parts of the film at high pressure. All these
studies reinforce the important role of SP-B in establishing
and maintaining DPPC-rich layers for lung function.

CONCLUSION

NR results were used to calculate the molecular area of SP-B at
the air/water interface as a function of surface pressure. From
this information, we were able to obtain an independent de-
termination of the concentration of the protein spreading so-
lution. Mixing ratios for SP-B to DPPC were initially
determined from isotherms of the pure solutions. The NR re-
sults indicate the mixture contains 46.2 DPPC molecules per
SP-B molecule.
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Analysis of the NR data for the mixtures showed the build-
up of layers at the interface as the surface pressure was in-
creased. With the range of contrasts used, these layers were
assigned as a top layer of DPPC tails, amiddle layer consisting
predominantly of headgroups, and a region of SP-B excluded
from the DPPC layer next to the subphase. This layer of SP-B
remains closely associated with the DPPC layer.
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