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Summary 

The soluble fraction from adult rat lung type II cells stimulated the 
transfer of various phospholipids between either fiposomes or rat, lung micro- 
somes and rat lung mitochon~a. Compared to whole lung, type II cells are 
highly enriched in transfer activity suggesting that phospholipid-tr~sfer 
proteins play a role in the transport of surfactant phospholipids. Sephadex 
chromatography of pH 5.1 supematant from type II cells yielded only one 
fraction catalysing the transfer of phosphatidylcholine, phosphatidylglycerol 
and phosphatidylethanolamine, while chromatography of pH 5.1 super- 
natant from whole lung yielded in addition a specific phosphatidylcholine- 
transfer and a specific phosphatidylgly~erol-transfer protein. 

Disaturated phosphatidylcholine and phosphatidylglycerol are the 
major lipid components of pulmonary surfactant which lowers surface ten- 
sion in the alveoli and prevents lung collapse during expiration [l--3] . 
Alveolar epithelial type II cells are considered to be the site of surfactant 
synthesis f 3-51. These cells contain unique subcellular structures, the lame- 
lar bodies, which store the surfact~t prior to its secretion onto the alveolar 
surface [ 51. The mechanism via which the surfactant lipids are transferred 
from their site of synthesis in the type II cell to the storage organelle is un- 
known. Several reports [ 6-101 suggest that phospholipid-transfer proteins 
are involved in the intracellular transport of surfactant phospholipids. 
Recently, we demonstrated the presence in whole rat lung of two specific 
transfer proteins, one catalysing the transfer of phosphatidylcholine and the 
other that of phosphatidylglycerol. In addition, a third protein or mixture of 
proteins was isolated from whole rat lung cytosol which catalysed the trans- 
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fer of phosphatidylcholine, phosphatidylglycerol, phosphatidylinositol and 
phosphatidylethanolamine [lo] . The suggestion was made that the specific 
phosphatidylcholine- and phosphatidylglycerol-transfer proteins may contri- 
bute to the biogenesis of lamellar bodies in the type II cell. However, all 
these studies f6-101 have been carried out with soluble proteins isolated 
from whole lung. Due to the heterogeneity of lung tissue, the results of these 
studies are not necessarily pertinent to type II cells, the producers of surfac- 
tam. 

The present paber is the first report on the phospholipid-transfer activ- 
ities of proteins in the soluble fraction of isolated type II cells from normal 
adult rat lung. In previous articles, these cells were shown to have the capabil- 
ity to synthesize phosphatidyl~holine with a high percentage of disaturated 
species [11,12] and to produce a considerable percentage of phosphatidyl- 
glycerol [12], indicating that the cells retained these important functions 
during the isolation. 

The isolation procedure involved trypsinization of lungs from male 
Wistar rats and density gradient centrifugation of the liberated cells [ 13,141 
followed by differential adherence in primary monolayer culture [ 14,151. 
The type II cells attached to the culture dishes were rinsed with medium 
[11,12] and scraped from the dishes with a rubber policeman into 2-3 ml 
0.25 mM sucrose/l mM EDTA/lO mM Tris-HCl (pH 7.4). Cells and medium 
were sonicated four times for 30 s at 0°C with an MSE ultrasonic disinte~ator 
at maximal output and the sonicate was centrifuged at 105 000 X g for 60 
min at 4%. A pH 5.1 supernatant fraction was prepared from the 105 000 X g 
supernatant exactly as described earlier [6]. The 105 000 X g supernatant 
fraction from whole rat lung was isolated [16] and a pH 5.1 supernatant was 
prepared as described by Engle et al. [6] . 

Donor liposomes were prepared according to Kamp and Wirtz [17]. Lipo- 
somes consisting of egg yolk phosphatidylcholine and di[ 1-14C] palmitoyl 
phosphatidylcholine (molar ratio 99:l) were used as donor membranes to 
measure phosphatidylcholine transfer; liposomes of phosphatidylcholine, 
phosphatidylglycerol and di[ l-14C] palmitoylphosphatidylglycerol (molar 
ratio 95: 2.5: 2.5) for phosphatidylglycerol transfer; and liposomes of phos- 
phatidylcholine and phosphatidyl[ 2-14C] ethanolamine (molar ratio 50:50) 
for phosphatidyleth~ol~ine transfer. 

Labelled microsomes were prepared by perfusion of isolated rat lung for 
4 h with 0.5 mCi [1,3-3H] glycerol as described previously [ 181. After the 
perfusion, the microsomes were isolated according to Vereyken et al. 1161, 
and suspended in 0.25 mM sucrose/l mM EDTA/lO mM Tris-HCl (pH 7.4). 
Unlabelled mitochondria were isolated from rat lung by the procedure of 
Engle et al. [6]. 

The transfer of phospholipids from donor liposomes to rat lung mito- 
chondria was measured as follows. Donor liposomes (0.05 pmol phospholipid) 
were incubated at 37°C for 1 h with rat lung mitochondria (0.75 mg protein) 
in the presence or absence of pH 5.1 supematant from either type II cells or 
whole lung. The transfer reaction was terminated by cent~fugation at 10 000 
X g for 4 min. The mitochondrial pellet was washed once with 1 ml of ice- 
cold 0.25 mM sucrose/l mM EDTA/lO mM Tris-HCl buffer. It was subsequent- 
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ly dissolved in 0.2 ml buffer, transferred to a scintillation vial, and assayed 
for radioactivity. The transfer of phospholipids from radioactively labelled 
lung microsomes to lung mitochondria was performed as described by Engle 
et al. [6] . Labelled microsomes (0.6 mg protein) were incubated at 37°C 
for 1 h with unlabelled lung mitochondria (0.6 mg protein) and pH 5.1 super- 
natant. Incubations without addition of supematant served as controls. The 
assay was terminated by pelleting the mitochondria at 10 000 X g for 4 min. 
The pellets were washed once with 1 ml of 0.25 mM sucrose/l mM EDTA/lO 
mM Tris-HCl buffer. Lipids were extracted from the mitochondria [19] and 
phospholipids were isolated by twodimensional thin-layer chromatography 
as described before [20] . The various phospholipids were assayed for radio- 
activity by liquid scintillation counting. Protein was determined according to 
the method of Lowry et al. [21] with bovine serum albumin as standard. 

Table I shows that pH 5.1 supernatant from type II cells catalysed the 
transfer of phosphatidylcholine and phosphatidylglycerol between liposomes 
and rat lung mitochondria. This transfer was linear with incubation time for 

TABLE I 

TRANSFER OF VARIOUS PHOSPHOLIPIDS BETWEEN LIPOSOMES OR RAT LUNG MICROSOMES 
AND RAT LUNG MITOCHONDRIA IN THE PRESENCE OF PH 5.1 SUPERNATANT FROM WHOLE 
RAT LUNG AND RAT LUNG TYPE II CELLS 

The transfer of phosphatidylcholine, phosphatidylglycerol and phosphatidylethanolamine was assayed 
using 18 and 300 fig of supernatant protein from type II cells and whole lung, respectively. Data are 
averages (+ S.E.M.) of three experiments, each carried out in duplicate. PC, phosphatidylcl@ine: PG. 
phosphatidylglycerol: PE. phosphatidylethanolamine. n.d.. not determined. 

DOnOr Acceptor PH 5.1 Transfer of phospholipids (%/lo0 fig protein per h) 
membranes membranes Supernatant pc 

PG PE 

Liposomes mitochondria type II cells 52.6 * 1.9 35.5 * 1.2 n.d. 
whole lung 3.1 * 0.1 2.3 k 0.6 n.d. 

Microsomes mitochondria type II cells 18.3 2 1.4 22.0 + 3.3 19.8 * 6.0 
whole lung 1.1 f 0.1 1.6 * 0.4 1.5 ? 0.4 

_ ____- 

at least 1 h and was proportional to protein concentration up to 20 pg of 
supematant protein. The transfer of both phosphatidylcholine and phosphat- 
idylglycerol between the liposomes and mitochondria was also stimulated by 
the pH 5.1 supernatant from whole lung. However, the transfer activities in 
supernatant from type II cells were at least an order of magnitude greater than 
those in whole lung supernatant. It can also be seen that pH 5.1 supematant 
from type II cells catalysed the transfer of phosphatidylcholine, phosphatidyl- 
glycerol and phosphatidylethanolamine from [ 1 ,3-3H] glycerol-labelled lung 
microsomes to lung mitochondria. This transfer was proportional to protein 
concentration up to 20 1.18 and was linear with incubation time up to at least 
1 h. The pH 5.1 supernatant from whole rat lung also enhanced the transfer 
of the various phospholipids between lung microsomes and mitochondria. 
With this assay system, we again observed that, compared to whole lung, type 
II cells are highly enriched in transfer activity. The transfer activities in super- 
natant from type II cells were about 16 times greater than those in whole lung 
supematant. Although it seems unlikely it is possible that transfer activities in 
supernatant from whole lung were damaged by active protease during the 
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isolation of supernatant. In that case, the enrichment in transfer activity of 
type II cells would be overestimated. Therefore, pH 5.1 supernatant from 
type II cells (50 pg) was preincubated with whole lung homogenate (120 I.cg) 
for 3 h to investigate the possibility of such an effect of protease activity on 
the transfer of phospholipids in type II cells. It was found, however, that the 
transfer activities of type II cells were not in~uenced by this preincubation. 

In other experiments (not shown) it was found that rat lung lamellar 
bodies can also accept phospholipids from labelled microsomes in the pres- 
ence of pH 5.1 supernatant from either whole lung or type II cells. Also, in 
this case the transfer activity of type II cells was far greater than that of whole 
lung. 

In a recent study [lo] we showed the presence of specific phosphatidyl- 
choline- and phosphatidylglycerol-t~nsfer proteins in whole rat lung by 
Sephadex chromato~aphy of pH 5.1 supernatant. The suggestion was made 
that these proteins may contribute to the biogenesis of lamellar bodies. In 
order to examine the correctness of this assumption, the pH 5.1 supernatant 
from type II cells was applied to a Sephadex G-75 column and eluted with 
50 mM NaC1/2 mM potassium phosphate, pH 7.0, at a flow rate of 4 ml per 
h (Fig.1). The phosphatidylcholine-, phosphatidylglycerol- and phosphatidyl- 
ethanolamine-transfer activities emerged as a single peak. However, when pH 
5.1 supemat~t from whole lung was chromatographed on the same Sephadex 
G-75 column, a similar profile was observed as published earlier [lo] : a non- 
specific fraction catalysing the transfer of phosphatidylcholine, phosphatidyl- 
glycerol and phosphatidylethanolamine with the same elution volume as the 
transfer activity shown in Fig.1, was preceded by a specific phosphatidyl- 

Fig.1. Chromatography of PH 5.1 supernatant from rat lung type II cells on Sephadex-G 75. The 
column (1 X 100 cm) was eluted with 0.002 M potassium phosphate buffer (PH 7.0) containing 0.05 
M N&l; fractions of 1 ml were collected. Protein (-) was measured by absorbance at 280 nm. and 
phosphatidylcholine (a-m). phosphatidylglycerol (O--Q) and phosphatidylethanolamine (A-) 
transfer activities were determined using the liposomelmitochondria assay. Aliquots of 0.5 ml were 
assayed. 
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choline-transfer protein and followed by a specific phosphatidyl~ycerol- 
transfer protein. The chromatography of pH 5.1 supernatant from type II 
cells on Sephadex G-75 suggests that in these cells only a non-specific transfer 
protein is present. It is tempting to speculate that this activity in type II cells 
(Fig.1) represents the non-specific transfer protein found in rat liver by Bloj 
and Zilversmit [22] , although the present findings do not allow the conclu- 
sion that the phosphatidylcholine-, phosphatidylglycerol- and phosphatidyl- 
ethanol~ine-transfer activities reside in the same protein. 

The far greater phospholipid-transfer activity in the type II cells as com- 
pared to whole lung endorses earlier suggestions [6-101 that transfer proteins 
play a role in the transport of surfactant phospholipids. 

The investigations described in this paper were supported in part by the 
Netherlands Foundation for Chemical Research (S.O.N.) with financial aid 
from the Netherlands Organization for the Advancement of Pure Research 
(Z .W .O .) and by the Dutch Asthma Foundation (Nederl~ds Astma Fonds). 
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