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Summarv: Pulmonary surfactant contains phospholipids including dipalmitoyl- 
phosphatidylcholine and three surfactant-associated proteins designated SP-A, 
SP-B and SP-C. A cDNA for rabbit SP-B has been isolated from a fetal (30 days 
gestation) rabbit lung cDNA library constructed in X gtll. The cDNA and deduced 
amino acid sequences show strong homology with the cDNAs and predicted 40 kDa 
proproteins for human and canine SP-B. Strong homology is also observed with 
the amino acid sequences directly determined for the mature 8 kDa bovine and 
porcine SP-B isolated from lung lavage. SP-B is remarkable for its high cysteine 
and proline content and for the hydrophobic nature of the organic solvent- 
soluble, mature protein. In vitro translation of sense but not antisense RNA 
transcribed from the cDNA led to the production of 40 kDa and 32 kDa proteins. 
These proteins were immunoprecipitated by an antibody raised against bovine SP- 
B. Northern blot analysis revealed the mRNA for rabbit SP-B appears in fetal 
rabbit lung late in gestation and falls slightly in the neonate. 0 1989 Academic 
Press, 1°C. 

Mammalian lung is stabilized by a material known as pulmonary surfactant 

which reduces the surface tension in the terminal airways (l-4). Pulmonary 

surfactant obtained through centrifugation of saline lavage from lungs contains 

= 90% lipid and 10% protein (l-7). The major apoprotein species consists of a 

glycoprotein group with a molecular mass of = 35,000, termed surfactant- 

associated protein-A (SP-A). However, lipid extracts of pulmonary surfactant 

lacking the 35 kDa apoprotein species retainmany of the essential physiochemical 

characteristics of natural surfactant (2,3,5). Preparations lacking SP-A have 

been used clinically to prevent and/or treat the Respiratory Distress Syndrome 

of the neonate (2,3,6,7). It has become apparent that lipid extract surfactant 

contains two low molecular mass hydrophobic proteins designated SP-B and SP-C. 

The SP-B recovered in pulmonary surfactant, which possesses a nominal molecular 

mass of = 15-18 kDa nonreduced or 5-S kDa reduced, is produced by proteolytic 

Abbreviations: DPPC, dipalmitoylphosphatidylcholine; SP, surfactant- 
associated protein; SDS, sodium dodecyl sulphate; Sp.Act., specific activity. 
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processing of a larger proprotein of = 40 kDa (5). The present report describes 

the cloning and sequencing of a rabbit SP-B cDNA. The deduced amino acid 

sequence for the precursor protein in this species is compared with the deduced 

sequences for human (8-10) and canine (11) SP-B and also with directly determined 

amino acid sequences for alveolar bovine and porcine SP-B (12,13). 

MATERIALS AND METHODS 

Poly(A)%A was obtained by oligo-dT affinity chromatography (14) of RNA 
isolated (15) from day 30 (term 31) fetal rabbit lung. The cDNA library was 
constructed in the EcoRI site of bacteriophage X 
nitrocellulose filter lifts of phage, plated at 5 x 10 

ktll (16,17). Replicate 
plaque-forming units/l50 

mm plate, were screened with a human SP-B cDNA (a kind gift of Dr. J.A. Whitsett, 
Pediatrics, Univ. of Cincinnati). The filters were prehybridized in 50% 
formamide, 5 x SSPE (1 x SSPE - 150 mM NaCl, 90 mM NaHzPO, and 1 mM EDTA), 5 x 
Denhardt's solution (14), 0.1% sodium dodecyl sulphate (SDS), and 100 pg/ml 
salmon sperm DNA at 42'C for 2 h. Hybridization proceeded overnight at 42°C in 
the same solution with the human SP-B cDNA probe labelled with 32P-dCTP (Sp.Act. 
3.33 x 10' cpm/pg) using random primed DNA labelling (Pharmacia). Filters were 
washed twice (15 min each) in 0.1 x SSC (SSC - 150 mM NaCl, 15 mM sodium 
citrate)(ll) and 0.1% SDS at 50°C and exposed for autoradiography with an 
intensifying screen at -70°C for 18 h. Positive plaques were purified by 2 
successive screenings. Phage DNAwas isolatedby amodified liquid lysate method 
(14,18). After digestion of phage DNA with EcoRI, the cDNA was analyzed by 
Southern blot analysis (14) using the hybridization conditions described above. 
The insert was further subcloned into M13mp18 and sequenced by the dideoxy 
sequencing method (19) with bacteriophage T7 DNA polymerase (Sequenase, United 
States Biochemical), using Ml3 'Universal" primer (Pharmacia) or appropriate 
synthetic oligonucleotide primers synthesized on anApplied Biosystems Model380A 
DNA synthesizer. 

Rabbit SP-B cDNA, amplified in pUC19 and labelled with 32P-dCTP as above, 
was used as a probe for Northern blot analysis (14). Total cellular RNA (15 pg), 
extracted from rabbit fetal and neonatal lung was denatured by glyoxal, size- 
fractionated on an agarose gel and transferred to Nytran (Schleicher and 
Schuell). The filters were hybridized at 42°C for 18 h in the solution described 
above but with 10 pg/ml poly U and 40% formamide and washed to a stringency of 
1 x SSC + 0.1% SDS for 15 min twice at 30°C. 

The EcoRI insert isolated from the hybrid pUC19 clone was ligated in both 
orientations with Bluescript.SK (Stratagene). Transcriptioninvitrowas carried 
out with T7 RNA polymerase (Pharmacia) in a 100 ~1 reaction volume using 2 pg 
of cDNA template. The RNA generated was extracted with phenol and precipitated 
with ethanol. In vitro translation took place in a reaction volume of 10 ~1 
containing [35S]methionine + [35S]cysteine (ICN), using a rabbit reticulocyte 
translation kit (Promega). After immunoprecipitation (20,21), the samples were 
electrophoresed on an 11% polyacrylamide gel containing 6M urea and 0.1% SDS 
(22) * The dried gel was exposed to Kodak KAR-2 film at -70°C with a Cronex 
intensifying screen. 

RESULTS AND DISCUSSION 

The rabbit lung cDNA library in X gtllwas screened with 32P-labelled human 

SP-B cDNA. Screening a total of 5 x 10' plaques yielded three positive clones. 

Recombinant phage DNA was digested with EcoRI and examined by Southern blot 

hybridization. One clone was found to contain a 1.7-kb insert which hybridized 

with the human cDNA. The partial restriction endonuclease map and the strategy 
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1. Fig. Partial restriction endonuclease map of the 1.7 kilobase rabbit SP-B 
cDNA and strategy for determining its nucleotide sequence. Solid and open 
structures represent the coding and noncoding regions, respectively. Recogni- 
tion sites for restriction endonucleases are indicated above the map. The arrows 
below the map indicate the direction and extent of sequences determined for the 
cDNA. Open arrows indicate sequences determined using universal primer; solid 
arrows indicate those sequences determined using synthetic oligonucleotide 
primers. 

used to sequence the cDNA in both orientations are depicted in Fig. 1. The 

nucleotide sequence of the cDNA (Fig. 2) contains a total of 1,705 nucleotides 

which includes a very short 5'-untranslated region, a potential open reading 

frame spanning 1,111 nucleotides followed by 583 nucleotides of 3'-untranslated 

region. Of the two possible initiating methionines, the first at nucleotide 9 

predicts a protein of 370 amino acids and a primary translation product of 40,700 

daltons including a leader-like peptide, whereas the second at nucleotide 254 

would produce a protein of 288 amino acids with a mass of 31,680 daltons. 

The 1,705 bp cDNA was inserted into an in vitro transcription vector 

Bluescript.SK and T7 RNA polymerase used for transcription. Addition of 0.1 to 

1.5 I.rg of the transcribed RNA to an in vitro translation system resulted in 

increasing amounts of proteins with apparent molecular masses of 40 kDa and 32 

kDa (Fig. 3). These proteins were observed with the sense but not the antisense 

strand of the RNA. Immunoprecipitation of the translation products with a rabbit 

antiserum against bovine SP-B mature protein (a kind gift of Dr. J.A. Whitsett) 

revealed primarily the major polypeptide of 40 kDa (Fig. 3), which corresponds 

to the mass of the human SP-B precursor protein (8-10,20,21). A similar product 

could be immunoprecipitated from fetal rabbit lung poly(A)%NA (data not shown). 

This indicated that the rabbit SP-B cDNA clone contains the entire sequence 

encoding for a 40 kDa precursor. Small amounts of a 32 kDa protein were also 

precipitated. 

Studies with human lung explants (9,20,21) and human lung adenomas (23) 

indicate the primary translation product is glycosylated at least once to produce 

a proprotein of = 42 kDa. Further processing involves proteolytic cleavage at 

both the N- and the C-termini to produce the low molecular weight hydrophobic 

proteins of 15-18 kDa:nonreduced and 5-8 kDa:reduced which have been recovered 

from alveolar lavage. The nature and the cellular localization of these events 

must still be clarified (5,20,21,23). Comparison of the deduced amino acid 

sequences with canine (11) andhuman (9) SP-B revealed 66% of the predicted amino 

acids in the proprotein are conserved in all species (Fig. 4). An increasing 
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Fig. 3. Immunological identification of translation products of rabbit SP-B mRNA 
produced by in vitro transcription. Rabbit antibovine SP-B antiserum was used 
to immunoprecipitate the in vitro translation products. The positions of the 
SP-B mRNA dependent proteins are indicated by arrows. Lanes a, b: translation 
products without exogenous RNA and with control Brome Mosaic Virus (BMV) mRNA, 
respectively. Lanes c to e: translation products of the rabbit SP-B mRNA (0.5, 
1.0 and 1.5 pg respectively). Lanes f  and g: translation products of the 
antisense rabbit SP-B RNA (0.5 and 1.0 pg). Immunoprecipitations of translated 
protein from samples with BMV RNA, no exogenous RNA and rabbit sense RNA are 
shown in lanes h, i and j respectively. 

homology of 84% is observed in the putative mature protein region. Many of the 

replacements are conservative, particularlywithinthehydrophobic active region. 

Deletions required to maintain alignment are observed in all sequences but these 

are 5' and 3' to the coding region for the mature polypeptide. Rabbit SP-B 

contains 37 prolines and 23 cysteines within the 370 amino acid proprotein. Some 

27/37 of the prolines and 22/23 of the cysteines are also present in the same 

position in either, and usually both, the human and canine sequences. Three 

domains found in the human sequence (24), each with sequence CX,CX2a-a,CX,- 

,,CX,,CX,CX1,-,, (where X is any amino acid) are retained in the rabbit sequence. 

One significant difference is the absence of the potential glycosylation site 

in the N- part of the rabbit protein sequence, a feature also reported for one 

of the human cDNA clones (8). Comparison of the predicted amino acid sequences 

for rabbit SP-B with the sequences directly determined for bovine (12) and 

porcine (13) SP-B confirmed the highly conserved nature of the mature active 

polypeptide. 

To analyze developmental changes in the levels of hybridizable SP-B mRNA 

in rabbit, total RNA from lung tissue of 19 to 30-day gestational age fetal 

rabbit and from neonates (3 day) was subjected to Northern blot analysis (Fig. 

5). A single RNA species of 1.9-kb, not detected in fetal RNA at 24 days 

gestation, was apparent in lung tissues of 27-day gestational age. This 

corresponds in size to the 2.0-kb mRNA identified in adult human lung (8,9). 

The relative proportion of SP-B mFWA increased on day 30, but declined slightly 
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canine 34 
rabbit 53 
human 52 

canine 84 
rabbit 104 

IKRIQANIPK 

canine 234 

canine 283 
rabbit 291 

4. Fig. Comparison of the deduced amino acid sequences for rabbit, dog, and 
human SP-B. Amino acids identical to that of human SP-B are boxed. Amino acids 
of each protein are numbered on the left. Asterisks indicate the potential 
glycosylation sites. The arrowheads indicate the putative start and end of the 
active fragment of SP-B. 

Gestational Age (days) 

19 21 24 27 30 N M 
I I I I I I I 

1.9 Lb- 

Fig. 5. Developmental changes in the levels of SP-B mRNA by Northern blot 
analysis. Total RNA isolated from 19 to 30 day fetal, 3 day neonatal (N) and 
maternal (M) rabbit lung was size-fractionated b agarose gel electrophoresis, 
transferred to Nytran, and then hybridized with SP P-labelled rabbit SP-B cDNA as 
described in Materials and Methods. The position of the SP-B mRNA is indicated 
by the arrow. 
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after birth. These observations are consistent with the rapid induction of mRNA 

for SP-B as well as SP-A (5,24) in late gestation during the period in which 

surfactant phospholipids accumulate in preparation for birth. 

Studies from a number of laboratories have demonstrated that reconstituted 

surfactant containing SP-B plus appropriate phospholipids can reduce the surface 

tension of a pulsating bubble to near 0 mN/m (10,26,27). The availability of 

cDNA clones for SP-B should facilitate studies on the structure-function 

relationships of this protein and could eventually lead to the production of 

artificial surfactants employing low molecular weight hydrophobic proteins 

derived through biotechnology. 
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