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Synthetie pepudﬂ bised on the nitive human sequence of surfactant protem B have been used © genernte pclyeional munospecnﬁc antibedies

agmnst specific yegmenlts of the nalive SP-B protein. Circular dichroism anulysis of the synthatic peptides shows they have a dominant helical content’

in structure promoting environments aad tensiomenrie measurements indicate thése peplides fower surface tension at air-waler inteefaces mpiying

that they contain amphiputhic aipha helical motifs. Antbodies divected against the C-lerminal segment of SP.B react with the native protein in

the oxidized and reduced state. Antibodies dirested againgt the N-lerminal sequence of SP.B react with the nutive protein only in the reduced state
suggesiing that thid domain has & conformation dependent on d:sulﬁde band I’ormmmn.

Surfactant peplide; Amphipathic helix; lmmunodum:‘nancﬁ

. INTRODUCTION

Surfactant protéin B is a hydrophobzc protem that

enhances the adsorption of surfactant lipids to the
air-water interface of the lung, thus promoting the for-
mation of a lipid surface film. Although SP-B has a

proteolipid-like character because it coisolates with.

lipid, predictions of its secondary structure based on the
primary sequence suggest that the protein has several
distinct amphipathic regions [1,2]. Amphipathic syn-
thetic peptides based on native protein sequences have
been used to investigate the structural and antigenic
properties of native proteins [3,4]. In particular anti-
peptide antibodies offer a sensitive approach for the
detection of confermational changes in surface accessi-
ble sequences of proteins {16]. This approach is
especially useful in the study of the native SP-B protein
domains because, with the possible exception of
disulfide ‘dependent - oligomerization, SP-B is not

known to undergo post translational modification such

as phosphorylation or glycosylation [5). In this report
we describe the binding characteristics of two an-
tibodies raised against: synthetic peptides containing
surface seeking segments of surfactant protein B.
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2. MATERIALS AND METHODS

2.1, -Synthesis and purification of synrhatie peptides of SP-8

* Peptides of SP-B segments (Tabte 1) were prepared by the Mer-
rifiald solid phase synthesis method using a BOC strategy ai the
UCLA Peptide Synthesis Facility, as described previously [1,6], After

“cleavage of the peptides from the resin, the purity of the product was

estimated by compositional analysis at the UCLA Protein Sequencing
Facility, The synthetic peptides were further purified by reverse- -phase
HPLC and the expected molecular mass obtained by FAB-Mass Spec-

trometry (City of Hupe, Mass Spectrometry Facility, Duarte, CA),

2.2, Analysis of peptide secondary structure by circular dichroism
The secondary siructure of synthetic peptides was determined from
circular dichroism spectra using an AVIV model 60DS ‘spec-
tropolanmeter or a JASCOQO J6Q0 spectropolarimeter, Samples were
suspended in saline buffer (154 mM NaCl, 5§ mM  potassium
phosphate, pH 7.0) and triftuoroathanol (TFE - Aldrich Chemical

- Co., Milwaukee, WI),"TFE/5 - mM potassium phosphate buffer pH

7.0, 2.5:7.5, and 1:1, viv or sadium dodecylsulfate 20 mM (BioRad,
Richmond, CA) with 5 mM potassium phosphate, pH 7.0 and spectra
were obtained using 0.01 ¢m, 0.05 cm and 0.1 ¢m pathlength quarlz
cells. Peplide sample concentrations were based on quanmauve
amino acid analysis at the UCLA sequencing facility.

‘The amount of helix, coil, and A-sheet for the paptides in’ the
various solvents was estimated by fitting the spectra to the reference
data of Greenfield and Fasman [7] using a non-restrained least-
squares algorithm and hv the CD spectral analyqns prograni, CONTIN
[8}

2.3, Surface aclivity measurements of peptides

The surface aclivity of dispersions of the selected amphipathic
segments of SP-B in saline solution' was detérmined using a
King/Clemenis surface adsorpiion device 193], The sample pepiide was
injected beneath the hypophase and the changg in surface tension was
monitored at the air-water interface using a platinum plate hung from
3 Gould Metrigram 350 force transducer, The time caurse of adsorp-
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Table 11
Sequenses from SP:B used for studies

SP.R{1-T0H \
FRIPLPY
} 3

rrn"'iP BI04

WIKRIQAMIPKG

14
| SP-B(1-2810H

E"F‘IPLFVCWLCRALIKR!Q.@\MIP!&C‘

|
Nleu"él‘ B{49-66) NHy

3

LAERYSVILLBI‘LLC;RNlRLCONHg

49

&6

Amino acid sequenees of §P-1 peptide that were used for studles. Residues are
numbered from the Nerminus; CONH; represents carboxyamidation of the C.
terminus; NUis the non-oxidizable methionine analeg, notleuging,

ton of -the peptide 1o the air-water interface was recarded using a
Hewleu-f’aekard 70448 X-Y recorder.

24 .4 ntisera 10 syitherle pepiides

Antisera used in the study were obtained by hypcnmmumzing New ‘
Zezland white rabbils with synthetic peprides of $P-B (residues 125

and 49-66, Table 1) ar with native bovine surfactant protsing after

Sephadex LH-20 delipldation [10]. Peptides and proteins were in-

Jected in Freund's adjuvant without conjuganon to ather protein to

avoid possible alteration of the antigenic properties of the pepride
(1]

2.5. SDS polyacrylamide gel electrophoresis
Polyacrylamide. gel electrophoresis (PAGE) with sodium’ dodecyl
sulphate {(SDS) was conducted by dissolving dried bovine surfactant
proteins obtaiped from Sephadex LH-20 chromatography in SDS
sample buffer. Polyacrylamide gel electrophoresis was perferred on
PhastSystem (Pharmacia, Piscataway, N.J.) using 20% polyacryl
amide gels and loaded with 250 ng surfactam protein/ul with or
without reducing agents in SDS.

2.6, Elecrrob{omng and Immunostam{ng

Electroblotting and immunostaining of the prmeins ware done ac«
cording to methods of Burnette [12]) and Phelps et al, [13) modificd
by using ‘a trans-blot cell (BioRad, Richmond, CA) and poly-

vinylidene difluoride (PVDF, Millipore, Bedford, MA) membranes

with z pore size of 0.45 gm. After SDS-PAGE electrophoresis, the gel

wis removed from the plastic backing, soaked in transfer buffer,
sandwiched between & sheet of PVDF membrane and two sheats of
filier paper, assembled in the trans-blot cell, and clectiroblotted, After
transfer, non-specific binding on the PYDF membrane was blocked
by 3% gelatin. The membrane was then ineubated with each rabbit
antisern 1:500in 1% gelatin for 1 k. The membrane was further wash-
ed, incubated with goat and-rabbit 1§G conjugated with horseradist
peroxidase (Cappel, Malvern, FA) diluted at'1 ; 1000 for 3¢ min, The
membrane was washed again, and color was developed with 3,3'-
digminobenzidine tetrahydroehlorida (Aldrich, Milwaukee, WIS) and
3% hydrogen peroxisle for 15 min, The.reaction was stopped by
deionized water, anct the membrane was dried on filter paper, The
presence of antigen-antibedy complex on the PYDF membranes can
be easily 1denuf|ed as a d"ll'k brown color,

3. RE,SULTS AND DISCUSSION
The CD specita of the SP-B symheuc peptxdes were

_ measured in normal saline solution containing varying

concentrations of the structure promoting solvent TFE
and in the interfacial micellar environment of sodium
dodecyl sulfate, CD data for  the synthetic SP-B
segments are summarized in Table II.

In dilute TFE-saline solution (TFE/saline, 2.5:7.5,
v:v) the shorter segments of SP-B, SP-B (1-7)OH and

. Table IV

Summary of conformation analysis- for SP-B peptides by curve “fitting of eircular

dichroism spectra. Spectra were recorded from 250 nm to 195 nm, at 0.2 nm intervals using

a scan speed of 10 nm/min and were the average of 8 scans, Spectra were smoothed before
computer analysis. The peptide concentration was 25 uM.,

Percent helix content'

Peptide .25% TFE? 50% TFE " 200mM SDs?
SP-B(1~25)0H 40 75 ‘ 75
Nleu®’SP-B(d9-66)NH; 65 75 s 70
TrpSP-B(14-25)OH 20 65 ‘ 35
~SP-B(1-70H 10 15 10

'Based on. poly-Lys reference data [7) using unrestrained least squares fit algorithm [14].
Triflucroethanol/154 mM NaCl, $ mM potassium phosphate buffer pH 7.0, 2.5:7.5, viv,
*rifluoroethanol/154 mM NaCl, 5 mM potassium buffer pH 7.0, 1:1, viv,

*20 mM'SDS, 5 mM potassium phosphate buffer pH 7.0, ;
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Trp*SP-B (14-25)0H had Iutle sccondary sirueture. In

‘eontrast to these shorter segments of the N-terminus of
SP-B, the longer segment SP-B (1-23)0H and the C-
terminal segment Nleu®*SP-B(49-66)NH; had ap-
‘preciable helical content in dilute TFE. Fifty-fold dilu-
tion of the two longer SP-B synthetic peptide (from 20
2N o 0.4 4M peplide) reduced the helicai component to
approximately one-half suggesting that these segments
have self association properties in this environment.
When the concentration of TFE was increased
(TFE/saline, 1:1, viv) the CD spectra changed (Table
[y indicating an enhanced helical component for
Tep'*SP-B(14-25)OH, SP-B(1-25)0OH and Nleu*'Sp-
B(49=-68)NH:. The shorter segment, SP-B(1-7)OH,
showed no appreciable difference in secondary struc.
fure in dilute or ¢concentrated TFE solution,
Examination of the peptides in SDS solution in-
dicated that threc of the peptides adopt considerable

secondary structure in this interfacial environment. SP-
B(1-25)0H and Nleu**SP-B(49-66)NH; in SDS had

helical components similar to that in TFE/saline (1:1,
viv) suggesting that these scgments express maximal
helix c¢ontent in  these structure promoting en-
vironments. Trp'*SP-B(14-25)OH had less halical con-
tent in SDS than in TFE/saline (1:1, viv). This finding
may be related to the partition of the peptide beiween
the interface of the SDS micelle and the bulk solution
since the CD spectrum of the peptide represents a com-
posite of random and helix conformations, SP-
B(1-7YOH had little secondary structure in SDS and

TFE were similar. Air-oxidation of SP-B{1-25)0OH in’

TFE/normal saline or 20 raM SDS for 24 h (30%
disulfide oligomess) did not alter the CD spectra, imply-
ing that peptide-peptide disulfide oligomerization does
not affect conformation in these solvent systems.
‘Surface tension measurements of the synthetic pep-
tides in saline solution also provide information regar-
ding possible structure’ (Fig. 1). SP-B(1-25)OH and
Nleu®*SP-B(49-66)NH, = showed . surface = activity
resembling that of many types of amphipathic peptides.
‘The shorter segments of the SP-B (1~25)0H had less
surface activity than the intact peptide. Trp'*SP-
B(14-25)0H was more effective than SP B(1-T)OH m
lowering surface tension,
In combination with the CD measurements, the sur-
face tension experiments with the peptides suggest that
the three segments used in this study contain elements
.that assume amphipathic helical structures as predicted
from the hydrophobic moment. plot analysis [1,15] of
the human SP-B sequence. Since SP-B{i-25)0OH and
Nleu®SSP-B(49-66)NH; had the highest surface activity

and adopt the highest helical secondary structure, they

were selected for studies with antibodies.

Antisera  developed  against native bovine
hydrophobic surfactant proieins identify oligomers of
native bovine SP-B protein {10] at 26 and 17 kDa (lanes
i and 3, Fig. '2), and have some reactivity with
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Fig.. 1. Surface tenslon chauiges ol $P-B pepHies at the altewater ine

terfaee, after Injection of synthetie pepridesin sullne dispersions, x

axis, sime in seconds, ¥ axly, surface wnon In mN2m, Hypaphase,

138 mdE NaCl pH 5.3, 37*C. Pepride concentration ¥ 4N, (A SPB .
1-F, () 8P-1) 14-25. (@) SPB [=25, (&) SP.0 d%66. Mean = stan.

dard deviation.

monomers at 8 kDa (lanes  1-4) with or without
dellpidation. .

“When synthetic peptides were used as antigen, the an-
tisera against the N-terminal SP-B peptide reacted with

K 2 a3 . 4

Fig. 2. Immunostaining of bovine surfactant with antisera directed
against bovine hydrophobie surfactant proteins. Each lane contains
250 ng of proteins. Lane 1: non-reduced low molecular ‘weight
( surfactant  proteins . after Sephadex LHM-20
chromatography delipidation, The 8, 17 and 26 kDa bands are iden-
lified with heavy background. Lane 2: same materiuls as late 1 but
reduced, Only a faint 8 kDa band is identified. Lanc 3: non-rediced
bovine surfactarit from bronchoalveolar lavage, the 8, 17 (double)
and 26 kDa bands are seen. The wavy looking line at the-end of the
laneis due to lipid. Lane 4! same materials as lane 3 byt reduced. Only

. 8 kDa band is identified, The heavily regatively stained 35kDa (not

labeled) region is due to surfactant protein A.



Wlum@ 342, pumber 2

bath the Midixed and reduwd synthetic mpndﬁ §P-
B{1-25)0H. These results  complement the CD
measurements of the N-terminal peptide that Indicnte
~there is no detectable change in helical cantent In This
segment in the oxidized and reduced forms.

When the antihody direeted againgt the Neterminus
of SP-B (1-280H iy used for immunostiining, only ¢

monomeric SP-B iy identified ar 8 kDa for both
delipldated and undelipidated materiais (lanes 2 and 4,
_Fig. 3). The oxidized oligomeric native SP-B does not
react with. antibody raised against SP-B(1-25)0H.,

If the mmscra directed aguinst the C- terminus: s¢g-
ment (Nleu**SP-B(49-66)-NH;) sire: used, different
results are abserved (Fig. 4). Antibodies against the syn-

. thetie  C-terminal segment identify native SP-B

“oligomers at 26 kDa (lanes | and 3y and 17 kDa (lanes
[ and 2}, and native SP-B monomers (lanes 1-4}, before
and after delipid‘atian. These immunoreaciivities are
summarized in Table [I1.

These observations suggest some conformational
cdépendency on disulfide bond formation. ‘The antisera

against the C-terminal segment of SP-B react with

native SP-B in both the oxidized and reduced state. This
finding indicates the C-terminal segment (residues
49-66) of native SP-B is accessible before and after
- disulfide bond formation and oligomerization. In con-
trast, the antisera developed against the N-termina! se-
quence of SP-B only react with the native monomers in
the reduced state suggesting that this domain has

o 3. T ‘4

Fig. 3. Immunostaining of a similar gel ‘as Fig, 2, using anlisera
against synthetic SP-B(1~25)0H. Only 8 kDa bands in lanes 2 and 4

arc identified indieating untibody binding only with reduced, “

monomeric SP-B,

‘FEBRS LE%TTERS

“ May 1991 |

undergﬁne mnmrmmmml changes nl‘wr disutﬁdﬂ bond
formation and oligomerization. These results suggest
that C-terminal segments of native SP-B are less ¢con-

- strained hence more mobile than other sectians of the

polypeptitle chain, and are surface-oriented as is typieal

of C-terminal domains in many proteins [17,18].
Antisera raised against native hydrophobic surfac-

tant proteins identify SP-B aligomers, namely 26 kDa

bands, mueh better than the monomers at 8 kDa (Fig.©

2}, The C-terminal synthetic segment antisera identify

monomeric 8 kDa SP-B better than oligomers (Fig. 4),

especially on undelipidated material (lane 3 of Fig. 4).
This observation suggests that delipidated material used
to raised antisera may be predominantly oligomeric, or
ollgomers are immunodominant, thus the polyclonal -
antibodies raised mostly identify oligomeric forms. ,
In conelusion, the amphipathie synthetic peptides of .
SP-B usged in this study appear to be useful in the pro-

~ duction of antibodies against native surfactant protein

B. The N-terminal and C-terminal segment specificity
of the antibodics toward the native protein in the ox- -
idized -and reduced state allows determination: of
monomeric and oligameric states of the pratein. Such
specificity should provide detection of different SP-B -
conformations in the dcvelopment of clinically relevam
protocols, ‘ N

26 kDa -
17 kDa —

B kDO =

1T 2 =2 4

Fig. 4. Immunostaining of a similar gel as Fig. 2, using antisera
against Nleu®*SP-B(49-66)MH.. Lane 1: the 8, 17 and 26 kDa bands
are all identified.: Larie 2: the & and 17 kDa bands are seen. The
prasence of 17 kDa band may be due to incomplete reduction. Lane

“3:the 8 kDa and a very faint 26 kDa bands are seegn, Lanc 4: a wavy

8 kDa band is identified, Thus anlibody against the segment near the

carboxyl terminus of SP-B binds in a similar fashion to antibody rals-

ed agamst native bovine SP-B, vet favor monomers more than
: oligomers.
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‘ Tabl 111 . ‘
Symmary of Immunareaetivities® between Bative P18 and theee aniisadic
. ' Amlbodies
Lane Antigen © Mative Newgrpsinus  Qarermibnus
1 Extracied SP-B § 174 0 - 817, 24
wrldized : ‘ :
2 Extracted SP-¥ & a 51
reduced
3 Bovine surfactant 8, 26 - 3,26
: exidized :
4 Bovine surfactant 8 B ' R
reduced

* numbers refer to meleeular weight in kDa of bands 1dcntmed with Immunesiaining
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