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ABSTRACT: Although the membrane-associated surfactant protein B (SP-B) is an essential component of
lung surfactant, which is itself essential for life, the molecular basis for its activity is not understood.
SP-B’s biophysical functions can be partially mimicked by subfragments of the protein, including the
C-terminus. We have used NMR to determine the structure of a C-terminal fragment of human SP-B that
includes residues 6378. Structure determination was performed both in the fluorinated alcohol hexafluoro-
2-propanol (HFIP) and in sodium dodecyl sulfate (SDS) micelles. In both solvents, residué8 ke

on an amphipathic helical structure, in agreement with predictions made by comparison to homologous
saposin family proteins. In HFIP, the five N-terminal residues of the peptide are largely unstructured,
while in SDS micelles, these residues take on a well-defined compact conformation. Differences in helical
residue side chain positioning between the two solvents were also found, with better agreement between
the structures for the hydrophobic face than the hydrophilic face. A paramagnetic probe was used to
investigate the position of the peptide within the SDS micelles and indicated that the peptide is located
at the water interface with the hydrophobic face of the helix oriented inward, the hydrophilic face of the
helix oriented outward, and the N-terminal residues even farther from the micelle center than those on the
hydrophilic face of thex-helix. Interactions of basic residues of SP-B with anionic lipid headgroups are
known to have an impact on function, and these studies demonstrate structural ramifications of such
interactions via the differences observed between the peptide structures determined in HFIP and SDS.

Lung surfactant is essential for normal breathing due to failure associated with acute injury or illness. The clinical
its ability to reduce alveolar surface tension to extremely introduction of surfactant replacement therapy in the early
low values, thus preventing alveolar collapse during expira- 1990s dramatically improved pulmonary morbidity and
tion and reducing the work of breathing. Surfactant is mortality in premature infants with RDS) and may also
synthesized and secreted into the alveolar fluid by type Il be effective in ARDS 9). Clinical trials have found that
pneumocytes and is composed of approximately 80% phos-artificial surfactants which include SP-B and SP-C are much
pholipids, 10% neutral lipids, and 10% proteins, Q). more efficacious than protein-free surfactant preparations
Surfactant-associated water soluble proteins A and D (SP-A(10). SP-B fulfils a crucial role since hereditary SP-B
and SP-D, respectively) are important for host defense deficiency is lethal in humandly) and in SP-B knockout
(3, 4) but have less impact than the hydrophobic surfactant mice (12), while antibodies against SP-B cause RD%iv0
proteins on the biophysical properties of bilayers and (13). SP-C deficiency is not lethal at birthl4) but is
monolayers. By contrast, the presence of hydrophobic associated with familial interstitial lung diseadé&), and its
surfactant proteins B and C (SP-Bnd SP-C, respectively) absence modifies the biophysical properties of monolayers
is critical for optimizing surface tension reductiob).( (19).

Deficiency in lung surfactant leads to conditions such as  Biophysical studies of SP-B have yielded a long listrof
neonatal respiratory distress syndrome (RDS), which is a vitro activities that may be important in SP-Bisvivo roles,
crucial problem in premature newborr@,(as well as acute
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including membrane binding, membrane lysis, membrane (37) but has shown some promise as a bronchoalveolar

fusion, promotion of lipid adsorption to aitiquid surfaces, lavage for improving lung function in meconium aspiration
stabilization of monomolecular surface films, and respreading syndrome 88).
of films from collapsed phases (reviewed in ®f SP-B High-resolution structural data for SP-B and SP-B-based

preferentially associates with ani_onic lipids i_n surface mono- peptides are critical in understanding the molecular mech-
layers (L6), and upon compression of the film, the SP~-B  anisms by which SP-B functions, as well as improving
anionic lipid network forms buckled structures that remain therapeutic interventions for RDS and ARDS. Residue
attached to the monolayet?). Upon re-expansion of the  specific structural information about the N-terminal and
film at a lower surface pressure, the buckled structures areadjacent midsequence of SP-B has been determined in
rapidly reincorporated into the film to re-form a flat surfactant lipid using isotope-enhanced FTIR [PDB entry
monolayer {8, 19). SP-B is a critical component in the 1DFW (39)] and in the structure-promoting solvent methanol
formation of SP-A-DPPC tubular myelin structures that are ysing solution NMR [PDB entry 1KMR40)]. In this study,
thought to be important in the transport of lipid from the we use solution NMR to examine the structure of the
aqueous subphase to the lipid monolay2®, (21). These  C-terminal segment of human SP-B in two environments,
observations suggest that SP-B plays a critical role in the fluorinated alcohol hexafluoro-2-propanol (HFIP), which
maintaining the molecular continuity of the monolayer of s known to be effective in inducing secondary structure in

the lipid and peptide at the aiwater interface during  peptides, and in micelles composed of the anionic detergent
breathing, as well as facilitating the incorporation of lipid sodium dodecyl sulfate (SDS).

from the lung aqueous subphase into the lipid monolayer at
the alveolar airwater interface. MATERIALS AND METHODS

SP-B @2 is a small (MWhonomer ~ 8.7 kDa), lipid- . . o
associating protein that belongs to the saposin protein _Peptide Synthesis and Purificatior8P-Bss7s (NH.-
superfamily 23, 24). SP-B is found in the mammalian lung GRMLPQLVCRLVLRCS-COOH) with _amldé5N labels at
as a covalently linked homodimer. Transgenic mice express-leucines 4, 7, 11, and 13 and valines 8 and 10 was
ing only monomeric SP-B have normal longevity but synthesized by solid phase peptide synthes_ls employing
significantly inhibited lung hysteresis, and surfactant from O-fluorenylmethyl-oxycarbonyl (Fmoc) chemistry. Fmoc
these mice was less able to reduce surface tension on @&Mino acids were supplied by AnaSpec, as were coupling
Wilhelmy balance 23). Like other members of the saposin 29ents.*N-labeled amino acids were obtained from Cam-
superfamily, SP-B has a dominant amphipathic helical brld'ge'lsotope Laboratories and converted to their Fmoc
conformation in lipids and in structure-promoting solvents derivatives by AnaSpec. Organic solvents and other reagents
(25, 26). Six conserved cysteines form three intrapeptide Us€d for peptide synthesis and purification were high-
disulfide bonds and define a fold that has been conservedPerformance liquid chromatography (HPLC) grade or better
for an estimated 300 million yearg7). The experimentally  (Fisher Scientific, Aldrich Chemical). ThéN-labeled pep-
derived structures of three members of the superfamily, tide was synthesized at a 0.25 mmol scale with an ABI 431A

including saposin B [PDB entry 1N628)], saposin C [PDB  Peptide synthesizer configured for FastMoc double-coupling

entry IM12 @9)], and NK-lysin [PDB entry 1NKL 80)], cycles for all residues to optimize yield). The peptide
all display this fold, although the helical splay of each of Was assembled on a prederivatized N-Fristert-bu-
the proteins may differ. tylserine HMP resin (AnaSpec). Deprotection and cleavage

One of the most interesting features of SP-B is the of the peptide from the resin were carried out using a TFA/
localization of cationic residues in the amphipathic helix thioanisole/EDT/phenol/water ml'xtu're (lQ:O.5:0.25:0.5:0.5 by
regions of the N- and C-terminal segments of the protein. volume) followed by cold preC|p|t_a_t|on wnhart—buty! ether.
These positively charged segments likely provide important The crude product was then purified by preparative reverse
surfaces for interaction of the protein with lung surfactant Phase HPLC with a Vydac C-18 column, using a water/
phospholipids, especially phospholipids with anionic head- acetonitrile linear gradient with 0.1% trifluoroacetic acid as
groups @). The functional importance of anionic lipids is & ion pairing agent. The molecular weight of the peptide
underlined by the observation that an anionic phospholipid, Was confirmed by fast atom bombardment or MALDI-TOF

such as phosphatidylglycerol (PG), is a critical component Mass spectrometry and its95% purity determined by

of artificial lung surfactant31). analytical HPLC. The peptide was lyophilized and stored at
Many of thein vivo andin vitro activities of SP-B can be 4°C.

mimicked to some extent by peptides containing subsegments NMR and Structure CalculationsIMR experiments were

of the full-length protein. Surfactant preparations containing carried out under two sample conditions: organic solvent

synthetic peptides representing either N- or C-terminal and detergent micelles. For the organic solvent sample, the

segments of SP-B improve oxygenation and lung compliance peptide was dissolved in 40% hexafluoro-2-propanol (HFIP),

in surfactant-deficient animal model82 33). A peptide ~ 50% HO, 10% DO, and 2 mM DSS (pH 3) with a peptide

comprised of the 25 N-terminal residues of SP-B5)( concentration of 2 mM, and NMR spectra were obtained at

facilitates dynamic respreadin®®4) and improves lung 5 °C. A second peptide sample was dissolved in 9050 H

function in premature and lavaged ra@§), Another peptide ~ 10% DO, 200 mM deuterated sodium dodecyl sulfate (SDS)

design strategy has used the Leu-Leu repeat sequence in th€rom Cambridge Isotope Laboratories), and 2 mM DSS (pH

C-terminal helical region of SP-B (residues-553) as a  6.9) with a peptide concentration of 2 mM and NMR data

molecular template for the synthetic peptide {Burfaxin) collection at 25°C.

(36). This peptide does not have the vitro andin vivo Two-dimensional (2D) spectra were acquired on a Bruker

efficacy observed for native and synthetic SP-B sequencesAvance 500 MHz spectrometer and three-dimensional (3D)
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data on a Bruker Avance 700 MHz spectrometer, both BN [ A
equipped withe-gradients and triple-resonance TXI probes.
Initial studies used one-dimensional (1D) proton and 2D
15N—IH HSQC spectra to aid in the choice of sample 120L
conditions. Frequency assignments were based on 2D homo- V74
nuclear NOESY (mixing time of 1006300 ms) with water-
gate water suppression (typically-6428 scans) and TOCSY
(mixing time of 80 ms) (typically 64 scans) and 3EN-
edited NOESY.

To determine the position of the peptide within the
micelles, 0.6 and 1.2 mM 5-doxylstearic acid (DSA) was

118}

122

added to the sampl&N—H HSQC and 2D TOCSY spectra 120
were acquired, and the reduction in peak intensity was -
measured. A small amount of nondeuterated SDS was added 1221
to the final sample, and an additional 2D NOESY experiment r
was performed in an effort to identify SD$eptide NOEs. 84 82 80 78 76 74 ’1H

While the SDS resonances could be clearly seen (at 4.00

: 'AIGURE 1: N—IH HSQC spectra of partiall}*N-labeled SP-
1.66, 1.33, and 0.86 ppm), no NOEs to the peptide were g * " .| 204 v residues (six) labeled withiN] in 40% HFIP

observed. _ _ ~ at5°Cand pH 3 (A) and in 100:1 SDS at 28 and pH 6.9 (B).
Spectra were processed using NMRP#3 (and analysis Resonance assignments are given.

was aided by NMRView43). For both conditions, frequency _ _ _
assignments were obtained for all nuclei expected to beWith CNS, using the unambiguous NOEs as well as the
observable. The N-terminal amino group was not assigned,@mbiguous NOEs implemented using the CNS “OR” state-
and in most cases, it was not possible to make stereospecifign€nt. For each of the two experimental conditions, a total
assignments. NOEs were quantified using the peak volume©f 40 refined structures were produced an_d the_lO lowest-
from the 2D NOESY spectra using a mixing time of 250 €nergy structures were retained f(_)r analysis. This set of 10
ms for the peptide in HFIP and 150 ms for the peptide in structures mcluded structures_ derived from at least four of
SDS. For HFIP, 79 sequential, 48 medium-range, and 28 the .structures highly rated using En_semble. _The frequency
ambiguous NOEs were defined, and for SDS, 67 sequential,2ssignments have been deposited in the BioMagResBank
60 medium-range, and 87 ambiguous NOEs were defined. (entry 406Q) and the structure coordinates in the Protein Data
Ambiguous NOEs were assigned in cases in which up to Bank (entries 1IRG3 and 1RG4).
four different inter-residue assignment possibilities existed. RESULTS

Structure calculations made use of hydrogen bond and
dihedral angle restraints where secondary structure could be The peptide used in these studies was composed of
clearly determined from local NOE patterns (Figure 4). Using residues 6378 of human SP-B (hereafter termed SE-Rw)

these criteria, residues 648 in HFIP and residues 698 and was produced by chemical synthesis. Preliminary studies
in SDS were determined to be-helical and assigned used circular dichroism (CD) to assess the secondary
hydrogen bond restraints (H:+:O; = 2.5 A and Ny4++O; structure of the non-isotope-labeled peptide in various solvent
= 3.5 A) and dihedral angle restrainig € —60 &+ 30°, ¢ conditions, including organic solvents, fluorinated alcohols,

= 120+ 40°). and detergents (data not shown). The data were deconvoluted

A special structure calculation strategy was designed to using Selcon46) to estimate the percentage of helix present
address the large number of ambiguous NOEs and to fully under each condition. In a 2:3 (v:v) hexafluoro-2-propanol
sample all conformational space consistent with experimental (HFIP)/water mixture, the CD indicated tha#t52% of SP-
data. Initially, 500 structures were calculated using the Bcrerm Was helical. In a 70:1 (molar ratio) sodium dodecyl
simulated annealing algorithm within CNS 1.24] with sulfate (SDS)/peptide mixture, the secondary structure
restraints derived from the unambiguous NOEs and a list of content was similar (47%:-helix). Other solvents, such as
NOEs that randomly assigned one of the possible assign-trifluoroethanol (TFE), lead to lowex-helical and increased
ments for each ambiguous NOE. This produced a wide $-sheet content in SPderm. In the solvent systems in which
variety of structures that satisfied at least a large portion of a greater-sheet content was measured, we observed
the experimental data. This set of structures was analyzedsignificant aggregation over time, possibly due to the
using Ensembledf), a software package that was developed formation of amyloid-like aggregates.
to weight structures of conformationally heterogeneous Forthe NMR work, the same peptide was synthesized with
peptides to indicate the relative prevalence of different >N isotope labels on all valine (two) and leucine (four)
conformations. Since SPB=rv does not appear to be residues. NMR structures for SR-Bry Were determined
conformationally heterogeneous under the conditions that for the peptide in both 40% HFIP and SDS micelles (100:1
were chosen, Ensemble was employed instead in indicatingSDS:peptide ratio). The HFIP sample was analyzed by NMR
which structures best fit the experimentally derived ambigu- >N—'H HSQC and 1D proton NMR spectra between 5 and
ous and unambiguous NOEs. A small number of structures45 °C. The HN resonances appeared to be least overlapped
were highly weighted by Ensemble (for HFIP, five of 200 at 5 °C (Figure 1A), and therefore, this temperature was
structures contributed more than 73% to the ensemble; forchosen for structural analysis. However, the spectra at higher
SDS, six of 200 structures contributed more than 67% to temperatures were consistent with a degree of helical
the ensemble), and these were subjected to further refinemensecondary structure similar to that present at the lower
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and the SDS structures were calculated with 67 sequential,
60 medium-range, and 87 ambiguous NOEs. Ambiguous
NOEs were used when two to four possible inter-residue
assignments were evident for a cross-peak. To make the best
possible use of the ambiguous NOEs, a special structure
calculation strategy was employed.

Use of explicitly ambiguous NOEs (for example, by using
the OR statement of CNS) in structure calculations generally
results in poor sampling of the full set of conformational
states consistent with all the possible assignments of an
ambiguous NOE. To mitigate this difficulty, a structure
calculation strategy was designed to more fully sample the
conformational space consistent with the experimental data.
An initial set of structures was calculated using the list of
unambiguous NOEs and a list of NOEs that randomly
assigned one of the possible assignments for each ambiguous
NOE. This produced a wide variety of structures that satisfied
at least a large portion of the experimental data. This set of

temperature. Initial spectra of the peptide in SDS af@5  Structures was analyzed using Ensem#lg).(Ensemble was
showed that all thé5N-labeled residues were resolved and initially developed to weight by probability structures of
indicated only minor amounts of structural inhomogeneity, conformationally heterogeneous peptides and hence indicates

as evidenced by some very weak peaks in addition to thethe relative prevalence of different conformations. Sf=Ru
six expected ones (Figure 1B). does not appear to be conformationally heterogeneous under

Resonance frequency assignments were determined fo[the conditions that were chosen. Therefore, Ensemble was
both conditions (see the Supporting Information) and are employed instead in indicating which structures best fit the
compared in Figure 2. Figure 3 shows a subsection of the €xperimentally derived ambiguous and unambiguous NOEs.
2D NOESY spectra with selected NOE assignments (which The structures most highly weighted by Ensemble were
indicate spatial proximity) labeled. As expected, the cross- subjected to further refinement, using the unambiguous NOEs
peak line widths for the SDS sample were significantly as well as the ambiguous NOEs (implemented using CNS
broader than in the HFIP sample. This lead to greater overlapOR statements). This structure calculation strategy was
and hence a larger portion of the NOEs that could not be applied to both the SDS and HFIP data sets to produce
unambiguously assigned. NOEs indicative of secondary €nsembles of structures that fulfill the experimentally derived
structure as well as theddchemical shift index (CSI) are ~ restraints (Figure 5).
shown in Figure 4. /gi—HN;+3 NOEs indicated an The position of the peptide within the SDS micelles was
o-helical conformation for at least residues-68 in HFIP probed using 5-doxylstearic acid (DSA), which is a molecule
and at least residues 698 in SDS. Ht CSl values suggest  containing a paramagnetic moiety and an acyl chain that
that in SDS, the helix extends from residue 67 to 78, but positions it among the acyl chains of the SDS micelt.(
this could not be confirmed using NOEs due to overlap with Addition of DSA leads to broadening of peaks from nearby
intraresidue peaks. Significant positive CSlI values and strongnuclei and thus a reduction in observed peak intensity, with
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Ficure 2: Differences in chemical shifts of SPcBrm HN, Ha,

HpB, and Hy resonances between HFIP and SDS. Values were

calculated by subtracting the SDS chemical shifts from the HFIP

chemical shifts.

G
63

Hoi—HNi;3 NOEs in the N-terminal region of the peptide
in HFIP suggest this segment tends to take on an extende
conformation in HFIP.

The structure of SP-8erv in HFIP was calculated with

the greatest intensity reductions occurring for the atoms that
chre closest to the DSA and hence the acyl chains of the SDS.
The reduction in TOCSY HNHo and™N—H HSQC peak
intensity was measured at 0.6 and 1.2 mM DSA (Figure 6).

79 sequential, 48 medium-range and 28 ambiguous NOEs,A few of the TOCSY HN-Ha resonances were very weak
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Ficure 3: HN—Ha region of 2D NOESY spectra (mixing time of 150 ms) of SBr&wm in (A) HFIP and (B) SDS. Selected inter-residue
NOEs are labeled.
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FiGure 4: Secondary structure indicators for SRrBrm in HFIP

(A) and SDS (B). Black bars indicate unambiguous NOEs, and
gray bars indicate ambiguous inter-residue (up to four-way) NOEs,
i.e., peaks that were consistent with the indicated assignment but
may also have been due to another inter-residue NOE. Strong,
medium, and weak classifications are indicated by the height of
the bar for the sequential NOEs. Note that many potential NOEs
are marked as not observed because they could not be clearly
identified in the spectra due to overlap with intraresidue peaks. The
lower portion of each panel shows the chemical shift index (CSI)
for the Ho resonances. CSl values close to zero are indicative of
a random coil conformation, significantly negative values of a
helical conformation, and significantly positive values of an
extended g-strand) conformation. The random coil values used in
the CSI calculations were taken from &2 for the HFIP data (5

°C) and from ref56 for the SDS data (25C).

even in the DSA-free sample due to the weak scalar coupling
between HN and H protons ino-helices, and several more
became too weak to measure after DSA addition; therefore,
15N—1H HSQC data were used to supplement the TOCSY Ficure 5: Structure of SP-Brerw. (A) Ensemble of 10 structures
data. Residues 66, 73, and 74 exhibited greater than averag?;etg\? P;t%tﬁg ic;lan)Flgr-englol?ggkb?Qg issid%ragl',]aziigs ;ir(ée c%rllg:g?i
'”tef‘s'ty. reduction "’F”d are thus. relatively close to DSA and accort)jling to their h);/drophobicity (see key). For clarity, disordered
the Interior of the micelles. R’_eS|du_es 64, 65, 72, 77, and 78 gjge chains of residues—% are not shown. (B) Ensemble of 10
exhibited less than average intensity reduction and are thusstructures of the peptide in SDS micelles. The coloring is as in
relatively far from the acyl chains of SDS; i.e., these residues panel A. Red spheres represent atoms with peaks that showed
face outward from the micelle. When mapped onto the réduction more severe than average 5-DSA-induced peak intensity

. : . 1 reduction and hence are positioned closer to the acyl chains of SDS.
structure, these define two opposite faces of the peptldeBlue spheres represent atoms that exhibited reduction less severe

(Figure 5B). Note that although only a relatively mild than average DSA-induced peak intensity reduction and hence are
TOCSY peak intensity drop for residue 69 was observed, at positioned away from the SDS acyl chains. The gray arc represents

1.2 mM DSA its HSQC peak disappeared; therefore, this the surface of a 50 A diameter SDS micelle; note that this is shown

Kk is mark having n nsen r It. merely to.indicate thg degree of curvature Qf the mice_lle surface,
peak is marked as having no consensus result not to indicate a particular depth of the peptide. (C) Alignment of
DISCUSSION SP-B-term HFIP and SDS structure ensembles colored by heavy

atom rmsd from the mean structure (see key). (D) Overlay of the

Ri ine SP-Borerm SDS structure (red) and saposin B (cyan) [PDB entry
The sequence of SP-B is homologous to those of protelns1N69 28], saposin C (blue) [PDB entry 1M129)]. NK-lysin

such as NK"YS"? $0), s_aposin B 28), and saposin C20), ) (green) [PDB entry 1INKL 30)], and granulysin (yellow) [PDB
for which three-dimensional structures have been determinedentry 1LN9 67)]. Panels A-C were prepared using MolMol

Thus, the SP-B monomer can be expected to consist of a(58), and panel D was prepared with PyMOBY.
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s TOCSY 0.6 mM DSA environments, the 10 or 11 C-terminal residues of SR=&;
s take on a well-defined-helical structure (Figure 5). In HFIP,
04 the N-terminal segment of the peptide appears to be in a
as poorly defined, extended structure, whereas in SDS, these
0 residues take on a well-defined, semicompact structure.
08 TOoCSY The fluorinated alcohol, TFE, is commonly used in NMR
06 e studies to induce secondary structure in proteins and peptides
c 04 that would otherwise be unstructured. HFIP appears to have
'§ ”-2:l ] III an even stronger secondary structure-inducing effect than
2 ﬂ‘; N HSGC TFE but, to date, has been much less commonly used in
€ . NMR stL_Jdles. Cur_rently, no widespread consensus about the
3 0:4 DSA mechanism by which these solvent systems induce secondary
e, I structure has been reached, although strengthening of both
o intrapeptide hydrogen bonds and intrapeptide local hydro-
08 "N -HSQC phobic interactions is likely to be important in TFE or HFIP
06 1.2mM stabilization of secondary structuré-51).
NSA . . .
04 Many structure determinations of membrane-associated
02 peptides are performed in organic solvent rather than in
O g B — B By — S Ry micelles. Hence, it is of general interest to analyze which
-LL M. . . LMM LL structural features are the same or different between struc-
Residue tures determined in HFIP and SDS. This comparison also

FiGurRe 6: Reduction in TOCSY HNHa and'H—'N HSQC peak provides clues about the role of anionic lipid headgroups in
intensity with the addition of 0.6 and 1.2 mM DSA. Values were  defining the structure of SP-B. HFIP provides a convenient

computed as the fractional reduction in peak intensity from the : P : ;
DSA-free sample. Grey horizontal lines show the average fractional reference structure, as in preliminary studies, i did

reduction for each plot. Below the residue number is the consensusn©t produce informative NMR spectra in zwitterionic deter-
result: L for reduction less severe than average DSA-induced gent micelles such as DPC. The structures determined in

reduction (i.e., fractional peak reduction closer to 0), M for reduction HFIP and SDS are very similar in the-helical region
more severe than average DSA-induced reduction (i.e., fractional (residues 6678) and most disparate in the N-terminal

reduction closer to 1), blank for residues for which no definite trend : ‘s . :
could be discerned, antdfor residues for which it was not possible region, which is poorly defined and extended in HFIP but

to obtain a measurement (due to weak or overlapped peaks). ~ Well-defined and compact in SDS (Figure 5C). Both struc-
tures show an amphipathic distribution of hydrophobic and

bundle of four or five helices, stabilized by three disulfide hydrophilic side chains (Figure 5A,B), although the SDS
bonds, two of which link the C-terminal and N-terminal structure displays a slightly better defined partitioning
helices. The structure of segments of SP-B from near its between hydrophobic and hydrophilic side chains. The
N-terminus has previously been probed in lipid by FTER)( position of the helix side chains was more similar between
and in methanol by NMR40). This study examines the the two solvents on the hydrophobic face than on the
structure of the 16 C-terminal residues of SP-B (SReRv) hydrophilic face (Figure 5C) which indicates that HFIP does
which contains the predicted C-terminal helix and several a better job of mimicking the hydrophobic elements of the
residues N-terminal to the putative helix. A similar C- more membrane-mimetic SDS micelles than it does of
terminal peptide has been shown to possess partial biologicaimimicking the hydrophilic elements. It should be noted that
activity (32). Since determination of the structure of full- the while the SDS and HFIP experiments were performed
length SP-B has long been hampered by its high degree ofat different pHs (6.9 and 3), this is expected to have very
hydrophobicity, structural studies of the C-terminal peptide little, if any, effect on structure, since the only chemical group
were initiated to add to our understanding of SP-B’'s on the peptide that may change in charge between these two
mechanism of function. pHs is the C-terminal carboxyl group.

NMR structures of the peptide were determined both in ~ The positioning of the peptide within the SDS micelles
the fluorinated alcohol, HFIP, and in detergent micelles. SDS was probed using the paramagnetic molecule DSA (Figure
was deemed to be an appropriate choice of micelle detergen6B). For the helical portion of the peptide, these experiments
because it has a negatively charged headgroup. Electrostatiindicated one face was oriented toward the interior of the
interactions between SP-B and anionic lipids have beenmicelle and one face pointed toward the exterior. The interior
shown to be important in the functional interactions of SP-B and exterior faces defined by the DSA experiments cor-
with bilayers and monolayerst®). Such interactions are  responded well with the hydrophobicity of the side chains.
likely to be important in promoting contact between the The residues that appeared to be located farthest from the
surfactant monolayer on the alveolar surface and bilayer micelle interior were those at the N-terminus of the peptide.
structures in the subphase surfactant reservoir. Although SDSAltogether, the DSA results indicate that the peptide is
micelles can be expected to better mimic theivo bilayer positioned at the water interface with the hydrophobic face
environment than HFIP, we opted to use HFIP as well for of the helix close to the acyl chains of SDS, the hydrophilic
two reasons: (1) to help in the analysis of the SDS spectraface of the helix toward the SDS polar headgrewater
(which have much broader lines than the HFIP spectra) andinterface, and the irregularly shaped N-terminus extending
(2) to give clues about the structural consequences of even farther from the micelle than the hydrophilic helix face.
interactions between the positively charged residues on the Chemical shifts (resonance frequencies) are very sensitive
peptide with the headgroups of anionic lipids. In both probes for changes in protein conformation, and so it is
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interesting to compare the chemical shifts for the peptide in SUPPORTING INFORMATION AVAILABLE
HFIP and SDS. For residues 686, the Hx, Hj, and H 1 15 , . . .
resonances change very little between HFIP and SDS (Figure H a}nd' N ch¢m|cal shift aSS|gnmerjts for SRe@w. This )
2), indicating these residues take on a similar structure in material is available free of charge via the Internet at http://
the two solvent systems. Conversely, the five N-terminal and pubs.acs.org.
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